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A LOW EMISSIVITY FILM

. Thelpresént invention relates to a low emissivity
film which is excellent in durability, especially in
méisture resistance.

A film composed of (2n+l) layers (n>l) such as a film

- composed of three layers in which an oxide film, an Ag

film, and an oxide film are successively coated on a

surface of a substrate, or a £ilm composed of five layers

in which an oxide film, an Ag film, an oxide f£ilm, an Ag

f£ilm and an oxide film are successively coated on a

surface of a substrate, is a heat mirror £ilm of Low-E

(Low-Emissivity) £ilm. A glass in which such a low-E
film is formed, is called a Low-E glass. This glass can
prevent lowering of room temperature by reflecting the
thermal infrared radiation emitted from within a heated
room, which is mainly used in cold district in a form of
double glazing for the purpose of decreasing heating

load. PFurthermore, since this glass has a heat
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A LOW EM SSI VI TY Fl*hk"éhee?ﬁa%%re&,fﬁe Q’% The present invention relateg to a
| ow em ssivity fil Fent in durability, espeC|aIIy I n

nmoi sture resist- HHIBI m Im i ' m conposed ‘of - (2n41) :l ayers (n=1)-guch
as. a filmconposed s in which an oxide fil'm an Ag filr and
an oxide filmare successively coated on a surface of a substrate, or§a
filmconposed of five layers in whiehgan oxide film an Ag film an §xide

film an Ag filmand an oxide filmare successively coated on a surfade of
a SUbStreufﬁsufEtln aéffect of the solar radiation energy, it is

adopted in a windshield of an automobile in a form of
laminated glass. Since this glass is transparent and is
electrically conductive, it has a utility as an

5 electromagnetic shielding glass. When this glass is
equipped with an electric heating means such as a bus bar
composed of an electrically conductive printing or the
like, this glass can be used as an electrlcally heated
window for defogging and deicing.

10 In the conventional Low~E glass, white dot or white 10

turbidity is caused, by moisture in the air or by
- moisture contained in an intermediate plastic f£ilm in
case of the laminated glass. Therefore, caution is
":eﬁuired in the long term storage or in handling of a

.15 single plate having the Low-E f£ilm, before it is 15
transformed into the double glazing or the laminated
glass.

A detailed investigation on the deteriorated pprtion
of the conventional Low-E glas;;(film composition:

20 2n0/Ag/ZnO/glass) reveals that damage of the film such-as 20
wrinkle, or crack, or exfoliétion takes place on the
outermost layer of the oxide film. Furthermore, it is
found that considerable grain gréwth of Ag takes place.
From these facts, the mechanism of the generation of the

25 white turbidity is found to be as follows. The outermost 25

layer of the oxide film can not resist with internal

stress of the film, is exfoliated from an interface with
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m _r, gor fiIn1of_LOMfEE(¢o Leysivity) film A.glass in which such a lowE
fildghis formebhiss et Bag. fe&d ow E glass. This  glass cai prevent: | owering
oﬂ:'oon1tenpera % U “l ting the thermal .infraced r:adiation.emdtted.
froppwithin a . ich is minly used in cold district in a form
of @ouble glazing for the purpose of decreasing heating | oad. Fur-

t hegnore, since this glass has a heat 3nsulating effect of the solar

radgati on energy, it is adopted in a windshield of an autonobile in a form
of
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sparen;nsgggbgghgcgl) and a coating
5 Therefore, the inventbrs found that decreasing the
internal stress of the oxide film, as a measure for
improving the moisture resistance, is extremely
effective. (described in Japanese Patent Application No.
191063/1991) By this measure, the durability of the film
10 1is considerably improved. However, it is necessary to
further enhance it.
It is an object of the present invention to provide a
Low-E glass eicellent in the durability thereof,
especially in the moisture resistance thereof, by solving
15 the above shortéomings of the conventional technology.
According to an aspect of the present invention,
there is provided a low emissivity film formed on a
substrate which comprises: a coating of oxide films and
films whose majof component is Ag alternately formed on
20 the substrate in a total of (2n+l) layers where n is an
integer being equal to or more than 1, with the innermost
layer being an oxide film, wherein an integral width
pi(°) of (11ll) diffraction line of a cubic Ag in an X-ray
diffraction diagram of the low emissivity film exists in
25 a first range of IBOA/(dncosﬂ)gﬂiﬁl&ﬂ&/(dxcose)+0.15,

where d(A) designates a thickness of a £ilm whose major

component is Ag, A(A), a wave length of an X-ray for




conposed of transparent—oxi+de—2-4,6) and silver layers (3,5) alternately

| am nated in a,ﬁpt la f gnm:h%% (n>2) layers w'th the Fhner 'nost and
outer nost |aye 1] jecr ent oxide layers. : .:.. ln the_conventional
Low E gl ass, whi EHﬁﬁH ﬂ ﬁiF

or by noisture c

turbidity is caused, by noisture in theair

_ an internediate plastic filmin case of ghe
| ami nated gl ass. Therefore, caution is4equired in the long termstor- §age
or in handing of a single plate having the LowE film before it is

transf or nedméas@réfiendonbde 99! 82agg angtiles | am nated gl ass. A
detailed investigation on the deteriorated portion of the conventional
LowE gl ass (fi Anmegeppyielfieddable/Hand@® S0 tHaSNtddvek | widimtptanpge co
the filmsuch as winkle, or crack, or exfoliation takes place on the
outer- nose£l gykl)ol8itlicactida line ofuat kaibiw @g iils i s found that mo
considerable grain gromh of Ag takes place. Fromthese facts.
180/ (drcosf)<piL1801/(dncosf)+0.10. at
5 The most preferable range of the integral width gi(°) 5 hu
is 180/(drcos®)<Bi<1804/(drcosd)+0.05. fo
In the accompanying drawings: te
Figures 1A, 1B and 1C ‘are cross sectional diagrams be
showing examples of Low-E glasses on which Low-E films dai
10 .are formed; _ o 10 adai
Figure 2 is a graph showing a relationship between ai
the film thickness of an Ag film and the integral width in

of (111) diffraction line of cubic Ag; Ly : cul
Figure 3 is an X-ray diffraction diagram showing '
15 change of profile of (111) diffraction line of Ag beforgf 15
and after the moisture resistance test of sample 2; and
Figure 4 is an X~-ray diffraction diagram showing
change of profile of (111) diffraction line of Ag before

and after the moisﬁﬁie resistance test of sample 5.

20 This invention improves the moisture resistance of 20
the Low-E £ilm by improving imperfection of Ag crystal, 13
and by stabilizing Ag. The moisture resistance can th
further be improved by combining the oxide film 4 having i
low internal stress, with the Ag layer. £
25 Explanation will be given in details in the following 25 in
th

on the relationship between the stability of Ag and the

v
-

deterioration of the Low-E film.



the:nechanlsn1of the generation of the white turhidity is found.to be as
follbms . The vmiﬁkamﬁiB&ﬁk.lm&f the oxide film,can not*jresist With )

nal stres |s exfoliated fron1an i it ersf ace “wi f:h an.Ag. .

and is d M:}E the grain size of Ag i ncreases. Light is :

ered by t hrface and the large Ag grain, which causes the i
turbidity in appearance. Therefore, the inventors found that 5

asing the internal stress of the oxide film as a neasure for

ving the anpiollstif e Geisilstiate itestXiv; or RIrnmeed io4e.a (described in
ese Patent Application No. 191063/1991) By this neas- ure, the

i Iitycehveheibna® LoweEnfider 42nD/mayZa0gladeseverin ithiss necessary
rt her enhance it. It is an object of the present invention to

de a ho%Eugbasesestahbentesm t hhedsaniplle tiys tlefitedn aspecially in
noi sture resi stance thereof, by solving the above shortcom ngs of the
nt i onatmospheokeogf. 50°C in temperature and 95% in relative

5 humidity for 6 days. White dots and white turbidity are
found in the Low-E film after the moisture resistance

test. 1Investigation is performed on the Low-E film

before and after the moisture resistance test by X-ray
diffraction method. Table 1 shows respectiveiy the

10 diffraction angle 26 (center of gravity position of X-ray
diffraction peak), the interplanar spacing 4,;,, and the

integral width Bi, concerning (111) diffraction line.of

cubic Ag.
Table 1
15 . ' Before After
moisture test -~ moisture test
26 (°) 38.09 38.09
dyyqy (A) 2.361 2.361
Bi (°) 0.977 0.675

. According to Table 1, concerning (111) diffraction
20

line of Ag, after the moisture resistance test, the

integral width fi is decreased to a large extent, and the
diffraction peak becomes considerably sharp. This shows

that the crystallite size of Ag is considerably

increased. (That is, the crystallite size becomes larger )

25 i
than the £ilm thickness.) The increase of the grain size i

and the agglomeration of Ag is recognized by the |




According to an aspect of the present invention; there is.provided a |ow
em ssivity fﬂhnﬁ Sl eplasihst rat e whi ch COHPF]SGS“a coating:of oxide
films,and f|| mi corponent is Ag altérnately. f.br med .on: the ™
substrate in a +1) layers where n is an integer belng equaj to
or nore than 1 mnth the i nnernost | ayer being an oxide film ‘wherein
integral wwdth [err] of (111) dlffractl nline of a cubic Ag in an X-r
diffraction diagramof the low emssivity filmexists in a first rangef of
180[err]/(dphaﬂnnaﬂ}nn]qﬁquhe]sampﬂﬁnbj(aﬂSEM]tss@mm1¢g+®l&5trmhere d(®)
designates a thickness of a film whose major conponent is Ag. [err](A)
wave | engt hmicr@scoepely dﬁ)rthﬂamlnar&fﬁ@r rihe Broaygtungl e.
preferable range of the integral width [err]i([err]) of (111) dlffractl
|ine of a cwlesdskgnos tesOl.er ny (Wiis gpeeibicayions r¢rystallite
180[err]/(d[err]cos[err])+0. 10. The nost preferable range of the
i ntegral wi desipaates [3er°r1]Y)5ﬁa§- motdiale (xReesnized ePY]|3R[¥rF3¥, and
180[ err] (d[err] coéerr
grain 51gnates a particle aggregated with the

crystallite recognized by an SEM. From this observation,
- it is found that the Ag film is changeable and unstable.
The Low-E £ilm is liable to be deteriorated due to
the instability of such Ag. This is due to the foliowing
10 two reasons. '
: ' 10
First of all, exfoliation of the oxide film islliable'
. to take place at the interface between Ag and tbg.oxide,
and.the outermost lajer'of the oxide £ilm is liable to be

destroyed. The portion wherein the oxide film is

'15 exfoliated and destroyed appears to be the white 5o

15
turbidity. (This phenomena is naturally significant when

the internal stress of the oxide film is large. The fact

that the deterioration can be prevented by lowering the

internal stress of the oxide film, was mentioned in

20 details in Japanese Patent Application.No. 191063/1991}. .

Secondly, in addition to the destruction of the oxide 20

film, the grain growth of Ag and the agglomeration
thereof take place, by which the degree of white
turbidity becomes more and more conspicucus. This is

25 also due to the inétability of Ag. -

When Ag is stabilized, exfoliation of the oxide f£ilm

is hard to take place at the interface between Ag and the

R Fia ¢ 2 TN w e el el .
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In. the acconﬁaﬂy+ﬂg—d+aMkﬂgs——- Figures 1A, 1B and 1C are cross

sectional .di %ﬂstﬁ p npl es of LowE gl.asses priiwhich LOwE fil'm
ar.e': forr M as i's a graph showi ng a el ationship, between,

t he fi|ﬁ]tthk |In1and t he |ntegral wi dt hof (111)

di fgraction |i Figure 3 is an X-ray diffraction di agram
shoy ng change of proflle of (111) diHfaction line of Ag before and after

noi sture resistance test of sanple 2: and Figure 4 is an
XrBy difioagalon ghadkan shoub095e0e0de . bnPhl! the Bhekbhbbetidyat on
of the oxide film is hard to take place. Even when the
outermost layer of the oxide film is eifoliated, the
degree of the white turbidity is not so conspicuous since
5 the grain of Ag does not considerably grow and
agglomerate. As a result the deterioration of the ﬁow-E
f£ilm is prevented.
From above reasonings, it is found that the
stabilization of Ag is indispensable for improving the
- 10 durability of the Low-E film.

A search is performed by observing the X-ray
diffraction line, on the imperfection of Ag crystal, and
the relationship between the stability of Ag and the
observation result is mentioned as follows. =

15 Scherrer introduced the following experiment formula
concerning a general crystal, assuming that there is no
imperfection in crystai and the spacing of the profile
depends only on the crystallite size, and presuming that
the crystallite size is uniform. B

20 Dpyy = K-1801/(nBRicosf)
where Dpxa (A) is a crystallite size perpendicular to
hkl, K, a constant, A (A), an X-ray wave length for
measurement, fi (°), an integral width, and ¢, a Bragg
angle of a diffraction angle (2§ is peak poéition). When

25 Pi signifies the integral'width, K is about 1.

Generally speaking, an Ag £ilm coated by a sputtering

method is liable to be oriented in (111) plane parallel




nmoi sture resistance test—of sanpte 5. /
noi st ur e. resi stRRSkeas BRA ReQiéed i1 m by inproving inperfiection qf

Tt oved bydcgéﬂmﬂllwrm

Ag | ayer.
rel ati onshi
Low-E film
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iﬁ. The noi sture rdsi stance can farther

This invention inproves the
Ag

be:!

p between the stability o fg-and the deterio- ration of th

to the substrate. Accordingly, normally, only (111) |
diffraction line of Ag is observed.

When Ag is a perfect crystal in the direction
perpendicular to the substrate, the crystallite size in
the direction perpendichlar to the substrate is the same
as the film thickness. 1In case of the above (11l1) plane
oriented in parallel to the substrate, the crystallite
size D;;; is equal to the film thickness. Therefof%i the
film thickness and the integral width are defined by the
following equation.

| d = Dy;; = 180&/(xBicosf)
- Therefore,
pi = 1804/(drcosf) . (1)

Figure 2 shows the relationship between :the £ilm
thickness of Ag and the integral width of (111) .
diffraction line of Ag. The bold line shows the
relationshiﬁ'as shown in equation (l). Each dot
signifies a measured value in the conventional
Zn0/Ag/Zn0/glass.

- When Aglis of a.perfect crystal in the @ifection
perpendicular to the substrate, thé integral width of
(111) diffraction line of Ag should approximately agree
with the bold line in Figure 2. However, Figure 2 shows
that the measured value of the integral width of the
conventional Low-E £ilm are larger than that of the bold
line.

The main reason that integral width is enlarged, is

e film4 having l'ow'infernal stréess; with the
be given in details in the follow ng ongthe
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that the Ag crystal is not a perfect crystal, and

contains imperfection such as ununiform distortion.or
defect.

Due to the imperfection of the crystal, Ag becomes
unstable then oxide film is liable to be exfoliated and
the grain growth of Ag is liable to take place. As the
result, the moisture resistance of the Low-E film is
deterlorated, and white turbidity or white dot is
generated. | |

In this invention, it is found that alleviation of

the imperfection of the Ag crystal is effective for

breventing the white turbidity or the white dot due to

moisture.
Table 2 shows the relationship among the integral
width Bi of (111) diffraction line of cubic Ag of the

Low-E film before the moisture resisfance test, the ratio

| of change of integral width of the Low-E £ilm after the

moisture resistance tést in comparison to the integral
width before the moistugé resistance test, and the
moisture resistance. Every uppermost layer of the ZnO
film and every Ag film are produced under the same
condition. The film thickness of the Ag film is 100 A.
The internal stress of the uppermost layer of ZnO film
is 1.2 x 10!® dyn/cm®. 1In samples 4 and 5, heat
treatment of 200 to 300°C is performed after the film
deposition. When the samples are investigated by X-ray

diffraction method, almost no change is found on the peak




A nnlsture resi stance test was performed on a conventlonal LowE film
(ZnQ Ag/-ZnQ QhaSl&@tHakBemlﬂbﬁldeMI sture resistange fest,: the sanpk e is lpft

i n an at nosph in tenperature and. 95% i n° retathE hun1dr?y
whiite turbidity are found i'n'the LOWE fi
stance

for 6 days.
after the nnlsture resi test. Investigation is performed on the

Low-E fil m'before and after the noistul® resistance test by X-ray
diffraction nethod. Table 1 shows respectively the diffraction angle

2Lerr (oerbeaiBhot BF (97R9Zaeeatt b 24l e st e |
diffracti onpbggfeChn@UREEefIthe heat treatment. From this fact, it

seems that there is almost no change in the internal

stress of Zn0 film.

5 The moisture resistance of sample is evaluated by
performing the test in which the sample is left in an
atmosphere of 50°C in temperature and 95% in relative
humidity for 6 days. As the evaluation standard, O is .
for a sample having no white turbidity at adjacent to

10 the edge of the f£film, and white dot with a diameter less
than 1 mm or no white dot, & for a sample having no.
white turbidity at adjacent to the edge of the film,. and
white dot with a diameter of 1 to 2 mm, and X for a
sample having white turbidity at adjacent to the é@ge_of

15 the film, or white dot with a diameter of more than 2 mm.

From Table 2, it is found that the moisture
resistance depends on the integral width fi of (111)
diffraction line of cubic Ag of the Low-E f£film before the

moisture resistance test.

o~
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Table 1

After noi-stif&hlcEREs Been Replaced

Before noisture test
2[ebkr] - .2 )

3809 . el P dletr] (A
T T R
0.9%7 . v~ According to Table 1, concerning (111)
diffraction line of Ag, after the noilsture resistance test, the integral
wi dgh [err] _
Table 2
Layer system of |Integral Ratio of Moisture
Low-E film width (°) of |[change of resistance
(numerals: £ilm |[Ag(lll) integral
thickness (4)) diffraction |width of
line Ag(1l1l)
diffraction
line (%)
Zn0/Ag/G 1.75 63.5 X
450 100 .
Z2n0/Ag/Ti/Zno/G 1.25° 48.2 X -
450 100 40 450
Zn0O/Ag/Zn0/G 1.12 14.4 Fa
1450 100 450 .
Zn0/Ag/Ti/Zn0/G 1.03 7.1 O
450 100 40 450
| Zn0/Ag/Zn0/G 0.95 0.3 e,
450 100 450
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i s decreased to a large extent, and the diffraction peak becones
conS|derabITmsﬁaﬂ dsmhnkqﬂhﬂMB that the crystallite size -:of Ag is
con5|derably

t he fi|ﬁ]th| E

of Ag is recognlze by the observation of the sanmple by a SEM (scanni ng
el ectron mcroscope) of the LowE fi m2akter the noisture resistance t
In this specification crystallite designates a crystal par- ticle

:is, the crystalllte si ze-becones: Iarger-than
crease of the grain-‘size and the agyldieration

recogni zed by ar, 2%1%31 vﬂ:ﬁﬂﬂ ?%egmg Pagﬁacgggggggﬁggéid wi t h§t he

crystallite recognlz 'S o servat |

the Ag fil ggk;gaq PR £ ANEHNH 3Pl a1ue c%\i@'@%_#% Eff'%gé(‘géa{:}{lggl et

deteri orat ue to the instability of such IS 1S

fol  owing t {8 )r ¢A¥Mthe £ilnfithilckHesd 'ofe\qoiéaim@moftwe £} danlh 1Y

liable to take pl ace at the interface between Ag and t he “oxr de;

out - errmsrtnbamrysctfamue;eoel% fil et di Pl i d® d@@:ﬁ@ﬁ&i@«f& gge por

wherein the oxide filmis exfoliated and destroye
5 the substrate is approximately equal to the film

thickness (that is, imperfection of crystal is not
considerable), the change of (111) diffraction line of Ag
after the moisture resistance test in comparison to that
of before the test is small and Ag is stable.

10 Figures 3 and 4 show the change of the profile of
(111) dlffractlon line of Ag before and after the
moisture resistance test in X-ray dlffractlon diagrams of

‘"samples 2 and 5, respectively. S

Furthermore, in Figures 3 and 4,-thé profiles after

15 moisture resistance test are shifted with respect to the.
profiles before moisture resistance test, in order to
clearly show the change of profiles before and after
moisture resistance test. Moreover, Figures 3 and 4 show
only the relative change of the profile, and do not

20 necessarily show the absoclute values of the intensity.

In the conventional Low-E f£ilm which is‘deteriorated
and which has white turbidity caused by the moisture
resistance test, and in the Low-E film of the present
invention in which the imperfection of Ag crystal is

25 alleviated, both integral widths of (111) diffraction
line of Ag are small, compared with the conventional Low-

E film before the deterioration. However, as shown in

Sund t §at
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appears to be the white turbldlty (This phenonena is naturally si-gnificant

when the inte he g oxide filmis [Jarge. Theg fact tftat the
de?-rloratlon d iby lowering the .interndl stress, of: t he“éxi de
filn mes nent I§ i n Japanese Pat’ent” Application’ No.

191@®63/ Secondly, in addition to the destruction of the oxide

mhifrséhgude?geehgf ﬁ@{tg'tu{bldlty beconmes nore 2ndigogfagon?ggguous. Thi s
exfoliatio%%ﬂ ﬁqﬁe% 4 Fﬁ%&?r&ﬁthEP?%EV%SEEEEEBFetﬁB k"hf’erfece

&0 TR A ey A A uRTT) S0 BeBhhBTackniRE 2 S st

of s Bl nise @ia t?é§dtl?éh$h 20" EGrplally By bRe! urbi dity

ot so Since the grain €s no
moisture resistance test, the peak top thereof is sharp

5 as shown in Figure 3. In case of the sample of the
present invention in which the integral width is narrowed

Ag by removing the imperfection of Ag crystal, the shape of

the peak does not change and is smooth as shown in Figure
4.

10 Furthermore, as mentioned above, when the

conventlonal Low-E film is deteriorated, the grain growth
of of Ag or the agglomeratlon of Ag crystal is observed by a
SEM (scanning electron microscope), which is clearly

differentiated from the Low-E film of the present

[{1)

15 invention.
Normally, since the crystallite size in the

direction perpendicular to the substrate varies with the

ow film thickness of Ag, naturally, so does the'integral
width. Accordingly, the optimum value of the integral

20 width of Ag crystal changes with the f£ilm thickness of
Ag. Table 3 shows the relationship between the integral
width of (111) diffraction line of cubic Ag and the
moisture resistance when the film thickness of Ag in the
Low—-E film (2n0O/Ag/Zn0O/glass), is changed. The

25 evaluation standard of the moisture resistance is the

same as in the above Table 1.

the graln grom h of Ag and the. agpl-oneration thereof take place, by .

R v Y Py -t -




si der abl y grmﬁ@gHm

filmis. preve
stabilization
Low-E film .

AL

1o

m ap ove reasoni ng,
fpensable for

a result the deterioration of the LowE

|t,|sfoundthatthe .
| mproving: the durablltty of th.e'_e
~performed by obserV|ng the X-ray diffractieén

line, on the inperfection of Ag crystajq -and the relationship between the

stability of Ag and the observation result

is nentioned as foll ows.

Scherrer introduced the follow ng experinent formula concerning a gener gl
crystal, assunming that there is no Tabteféction in crystal and the spacfng

of the profile
crys- tallite

epends only on

The crystallile

STZe, and presu

i ng t hat gt he

iFAdn <hivkmesa | Integral width Moisture
of Ag (A) (°) resistance
1.34 X
1.20 A
20 1.05 O 5
(1.03)
1.25 X
1.12 A
100 0.95 O
(0.93)
1.07 X
1.01 FAN
10
(0.84)
' ? 15
20
25

t

[}

1,



[err] where D er

rl] (A is(picrystallite size perpendicular to hid, K a
const ant. fes SheetHal BeeAREBETF Ay wave | ength for ‘measuremest, [€rrid ([err]),
an:i nt egral \ H_'r]‘ a Bragg angle of. a diffraction:andgle (2Ferr]
i s peak posi ' rrii signifies the inteégral "'width, Kis‘ about 1.
rally speaking, an Ag filmcoated by a sputtering nethod is liable to
riented in (111) plane parallel. tjg t.he substrate. Accordingly,

Iy, only (111) diffraction line of Ag is observed. When Ag is a

ect crystal in the digectjon perpendicul h bstrate, th
Cal 11 te s Tae| HaERESahh cbhe GRARERERBERRI 1 TADIS ChETEUEAS ate |s the

5, eyl RL KT e BePo5o8le 108 BBOYoa41D) of! ALY ented i

diffraction line of Ag powder in case of X-ray
diffraction by CuKe radiation (A = 1.54 &), is put into
5 the equation (1). |

Figures 1A, 1B and 1C are cross sectional diagrams
showing representative embodiments of the Low-E film
according to the present invention. FigureIiA is a cross
sectional diagram of the Low-E film composed of three

10 layers, Figure 1B, a cross sectional diagram of the Low-E
film composed of (2n+l) layers, and Figure 1C, a cross
sectional diagram of the Low-E film wherein the
interstitial layer 5 is interposed between the f£ilm 3
whose major component is Ag,. and the oxide film 2. A

15 reference numeral 1 designates a substrate, 2, an oxide
film, 3, a £ilm whose major component is'Ag (hereinafter,
Ag f£ilm 3), 4, the oxide film (B) formed on the outer
side of the Ag £film 3 (A) being most apart from the
substrate, and 5, an interstitial layer for alleviating

20 the imperfection of the Ag crystal.

As for the material of the Ag film 3 whose major
component is Ag, an Ag film, or a film whose major
component is Ag containing at least one selected from the
group consisted of Au, Cu, and Pd, can be utilized.

25 The film thickness of the Ag film 3 is desirable to
be 80 to 160 A, prefer#bly 90 to 120 A, considering a

balance between the high heat reflective function and the
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visible light transmittance of Low-E £ilm.

In the Low-E film according to the present invention,
the integral width £i(°) of (11ll) diffraction line of
cubic BAg in the X-ray diffraction diagram of the Low-E
film, is desirable to be in the range of

1801/ (drcosf)<pi<1801/(drcosf)+0.15, more preferably,

_ 1804/ (drcosf)<Li<1804/(dncosf)+0.10 and the most

preferably, 1801/(drcosf)<pi<1801/(dncosf)+0.05, where

10

15

d(A) designates the thickness of the Ag layer 3 whose
major comppnent is Ag} A (A), the wave length of the X-
fay for measurement, and #, Bragg angle (26 is peak.
position).

~  Furthermore, the X-ray diffraction analysis in this

specification is performed by using an X-ray  diffraction

" apparatus, RU200-RINT (with a diffracted beam curved

- orystal monochromator, Rigaku CN2726Al) of- RIGAKU

Company. The measurement is performed by utilizing CuKa

Jgadiafion, in step scanning by every 0.002°. 1In

" calculating the value of the integral width Bi,

20

correction for removing the influence of the instrumental -

broadening of the profile, is performed.

In the Low-E film according to this invention, when

there are a plurality of layers of the £ilm 3 whose major

25

component is Ag, the mean thickness value of the
respective Ag films 3 is considered to be regarded as the
thickness d in the equation

(180A/(drcos#)<Bi<1804/(drcosf)+0.15.

e Lzef[{érr] Is equal to the filmthickness.
¥f%and the Integral w-dth are defined by th%
e - T
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This invention concerns with the crystallized Ag
£ilm, and promotes the corrosion resistance of the Ag
film by diminishing the incompleteness of the crystal.
Accordingly, the effect of the present invention shows
especially in the crystalline Ag £ilm. In the X-ray
diffraction of the crystalline . Ag £ilm, the peak of (111)
diffraction line shows significantly. The intensity I of
the peak top is frequently a large value, in comparisoﬂ::
with the intensity ﬁf background, as shown in, .

I-Ig>0.5nI, (2)
(where n designates number of layers of the film 3 whose.
major component is Ag).

However, when the Low-E f£ilm comprises two or more
films 3 whose @ajor cbmponent is Ag, equation (2) is .
applied to the case wherein the f£ilm thicknesses of the
;espective layers are almost equal. When the thicknesses
of the respective layefs are significantly diffeteht,

equation (2) is not applicable. An Ag film showing small

. peak intensity I, wherein I-Iy<0.5nIlg, is considered to

be in a state of partial crystallization, or a state of
amorphous. The X~ray diffraction data of Ag in this
specification (including Examples, Comparative Examples,
and data in Tables 1 to 3), show values of profiles
wherein significant peaks which satisfy equation (2) are
recognized. |

As for the methods of forming the Ag film 3 wherein

the imperfection of the crystal is alleviated, the heat
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Therefore, [err] Figure 2 shows the rel ati;onship.between_ the film
t hi ckness of %ﬁﬁgﬁaﬁﬁeehm sl wi dth of (111) diffractlon ling of Ag. The

bol d |ine sho hip as shown in equation (1)..:Each:dof i

......

signifies a'ne t he conven- tional ZnCYAg/ZnCYgIass

When Ag is of a perfect crystal in the direction perpendicular to the
substrate, the integral width of (11%)1@i#fraction line of Ag shoul d
approximately agree with the bold line in Figure 2. However, Figure 2 shows

that the megsuLefled! U¢ at least about 200°C during or after the
£ilm deposition, or forming the interstitial layer 5
which alleviates the imperfection of the Ag crystal on

one side or both sides of the interface between the Ag .

5 film 3 and the oxide film, are proposed. Furthermore, 5

the method depends on the film deposition condition of
the.Ag £ilm 3, or the kind and the film forming condition
of the integgiifial layer 5. The respective concrete
condition may be chosen according to each film deposition
10 device and is not particularly restricted. N 10
"7 As an interstitial layer 5 which alleviates the .
imperfection of Ag crystal, a film which is easy to
crystallize and in which the inter-atomic distance in the
crystal plane parallel to the substrate is approximately
15 equal to that of Ag lattice, is desirable. The film_in e 15
the hexagonal system in which the C axis is easy to be
"orientated peffendicular to the substrate, or the film in
the cubic system (face centered cubic lattice, diamond-

type, NaCl-type) which is easy to be oriented in (111)

s RN Mt b 7 meowPLL 0 T

20 plane parallel to the substrate, has tendency to promote

20
the crystallization of Ag. As the examples, Ti, Zr, and
Zn0 liable to be oriented in (001) plane parallel to the
substrate, Tiﬁ, ZrN, Pt, Au, Al, and P4 liable to be
oriented in (1lll) plane parallel to the substrate, are
25 pointed out. Even in using the same £ilm material, the b o

degree of the crystalline perfection and the orientation

differ depending on the deposition condition thereof, or

jof
ol
re
¢
\2
tl
be
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of the integral_ nventional LowE filmarg |arger, than that

of &he bold line. The n reason that int€gral ‘wrdth is &enlafged,:

th3} the Ag Thi Ha _-?png%erfect crystal ,: ard centains inpes.- fectlnn
such as ununi f] @mﬁ or defect. Due to the inperfection of the
crystal, Ag b ' then oxide filmis liable to be exfoliated and

thej grain gromh of Ag is |iable t Q tiake. place As the result, the moisture
resy stance of the Lome filmis deteriorated, and white turbidity or white
dotfi s generated. In this |nvent|on it 1S foung that all eviation of

th |nperﬁ&ﬁ|4ﬂ9§ﬁetQEeQchﬁﬁﬁﬁ%ﬂ }inerperteckien o r EBENEPAGTt he white E
';glr {?ghg%oyéwa%&éjﬁ%gu %rol St%‘ﬁr??eo?t?'il%‘gﬁl P?‘h \évtsl E)Eel i ne of '
cubgc Ag %LJJE;'#%%QEJAAQE factors. Furthermore, when the oxide %
£ilm 2 or the oxide film 4 is composed of a single layer |
5 of ZnO, or when these layers are composed of multi-layers
and have a ZnO film at the interface with the Ag film 3,
the interstitial layer 5 can be dispensed with, since,

these ZnO films show the effect similar to the

interstitial layer 5.
10 The f£ilm thickness of the interstitial layer 5 is not

particularly restricted. When it is too thin, the effect

of decreasing the crystalline imperfection of Ag is
reduced. When it is too thick, it influences on the

total color hue of the Low-E.film, and reduces the

50 15 visible light transmittance. Considering these factors,

the thickness of the interstitial layer 5 is desirable to

j
g
]

be 10 to 40 A.
The interstitial laye§ 5 functions to alleviate the

incqmpieteness of the cryégallized Ag f£ilm, and is

20 different from the conventionally known nucleating layer,
which is utilized in order to provide coalescence at the
beginning of the formation of a f£ilm to be deposited on
the nucleating layer and thereby ensure a smooth and thin
continuous layer.

25 The material of the film 2 is not particularly
restricted. It is possible to utilize a £ilm composed of

a single layer made of ZnO, SnO,, TiO, etc., or composite




of the LowE ﬂbkghgﬁh§ the noi sture resistance:test.in conpariséh to the
i nt egral mndth RN :
resi st ance. !ﬁ | ayer of the zZnO fil'm and every Ag f|In1are
produced under tion. The filmthickness of the Ag filmis 100
dyn/cnierr]. In sanples 4 and 5, heat treat- nent of 200 to 300[err]Cis
performed after.the fjlm it e ted b

11 BEL EBES %eﬂ?oto?rq%‘i% drﬁ&*hﬁgﬁﬁt@r £IF FoaB8 Nl BBt
(002) diffragt I X q@nﬂg g{ﬁé t \kreat ngnt
Fromthis f&@?h%%t %%Hnﬁ't re |sq£§ aéée?eég Q?ﬁte?na
stress of Z@ ef'E%Ve f nEpe @34&{3réﬁﬁé%&?ﬁfhﬁftﬁ@S?iSdﬁﬁth?L ated By

before the noi sture Tesistance test, the ratio of change of integral wdth
csd ure resistance testy and the noistyure -7

A. The internal stress of the uppermest2d ayer of ZnOfilmis 1.2 x 10[er ]

X-ray diffr ange 'S Toun he™ pea i tionjof

perform ng the test |ch e sanple 'S an nosphere o

S0[err]Cing theT ttig l@che%&{oamé el qtiver D &l sy f p11R, daV8noss the
eval uation s is for a sanple having

5 _fllm, a ZnO film added with at least one selected from 5

the group consisted of Al, Si, B, Ti, Sn, Mg and Cr, by ‘

10 atomic % or less in total quantity including 2Zn, or a

multi-layer f£ilm in which ZnO and Sn0, are alternatively

laminated.
10 The oxide f£ilm 2 influences Ag crystal, directly, or . 10
indirectly through the interstitial layer 5. Therefore, '
as the oxide £ilm 2, a:crystalline film is .desirable in
order to promote the crystallization of the Ag f£film 3.

As the oxide £film 4, a f£ilm similar to the above.

15 --oxide f£ilm 2 can be utilized. Furthermore, when a = : 15

laminated glaés is produced by laminating another

proget

substrate on the Low-E glass interposing an intermediate
plastié film, (for example, polyvinyl butyral), the oxide
film 4 may be composed of a multi-l;§er £ilm, and may be
20 comprising an oxide f£ilm (for instance, chrominum oxide) : 20
of the film thickness of 100 A or less, is formed, as a
layer contacting the intermediate plastic film for the
purpose of cbntrolling the adhesive strength between the
Low-E film and the intermediate plastic £ilm, or for the
25 purpose Sf increasing the durability of the laminated
glass. In this case, the oxide film 4 may be composed of

two layers or more including these £films.

25
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no mhlte_LuLb+d+%y;a%—aﬂratent to the edge of the film_and white dot with

a di aneter Iess t apn 1 mm oy no white dot, [€kr] for a 'sanpl e haV|ng no
leie t ur bitft Sa" 12650 {0 t he edge of the £ilm™ ard ‘whi't e *dét With_a
dlf ter of ﬂ. ui 11

X for a sanple having whife Turbidity at

adjfcent to Ve film or white dot with a diameter of nore t han
2 From Table 2, it is found that the noisture resistance depends on
theg integral width [err]i of (111) di fraction |ine of cubic Ag of the

Lo E filmbefore the noisture resistance test. | . .

Talf e 2 When the internal stgmgss Q&ithe Axidm-Ein his|integral width
Rat§ o of _Moistur

large, the film is liable to be exfoliated and destroyed,
which causes the deterioration of the Ag £film 3
- {especially Ag film (A)). BAccordingly, it is desirable
5 that the internal stress of the total of the oxide £film 4
is 1.1 x 101° dyn/cm? or below. When the oxide film 4
has a film whose major component is ZnO, and when the
interhal stress is small, the value of the diffraction
line 28 (center of gravity position) of (002) diffraction
10 line of hexagonal Zn0O by X-ray diffraction method
utilizing. CuKe radiation, of the Low-E film is not
smaller than 33.88° and not larger than 35.00°.
Especially, in case of the Low~E film comprising five
layers of an oxide film 2, a.metallic £f£ilm, an oxide film
15 2, a metallic film, and an oxide film 4, or of more than
five layers, the internal_stresé of the oxide film 2
other than the oxide film 4, is also desirable to be 1.1
x 1010 dyn/cm? or less, for improving the moisture
resistance thereof. |
20 The f£ilm thicknesses of the oxide film 2 and the
oxide film 4 are desirable to be in the range of 200 to
700 &, considéring_the total color hue and the visible
light transmittance of the Low-E film. In case the oxide
£ilm 2 and the oxide film 4 are composed of a multi-layer
25 film, a total film thickness of the oxide film is
desirable to be in the range of 200 to 700 A, and the

film thicknesses of the respective layers are not




(nunerals filTmthickness (A)) ([err]) of Ag(ll;) change of _xresistance

di ffracti on Thisrshest HustBe [ ot e e e e
of Ag(111) df AR N i -
fractlon Ilne (@@ , 1 ZnCYAg/G

X 2 i
ZnCYAg/T|/Zno/G 450 100 40 B 25 22 - 48. 2 X
450 3 ZnQ Ag/ ZnQ.G 450 100 450 1.12 14§ 4

[err] restricted.

As the substrate 1 of the present invention, a glass

substrate, a film or a substrate made of plastics or the

like may be utilized.
5 EXAMPLE 1
A an £ilm, an Ag £ilm, and a Zn0O film are
successively deposited on a glass substrate, with the
£ilm thicknesses of 450 A, 100 &, and 450 4,
‘respectively, by the RF sputtering method. In this

10 Example, during deposition of a ZnO film as the first

10

layer the temperature of the substrate is set at 200°c.

A ZnO target and an Ag target are used and the
. sputtering is performed in an atmgsphere_of argon gas.
-The f£ilm deposition of the first layer of Zpo-is_.
15 . performed under the sputtering pressure of 5,0_8-15'2

Torr, with the RF power density of 1.8 W/cmz, at the

15

substrate temperature of 200°C. The film deposition of

Ag is performed under the sputtering pressure of 3.0 x

10~3 Torf, with the RF power density of 1.1 W/cm?, at

20 the substrate temperature of room temperature. The film

formation of the third layer of ZnO is performed under

"~ the sputtering pressure of 1.0 x 102 Torr, with the RF

power density of 1.8 W/cm?, and at the substrate
temperature of room témperature.

25 The obtained Low-E f£ilm is examined by X-ray

diffraction method utilizing RU200-RINT of RIGAKU Company

(the same for the following Examples and Comparative

20

25

nmn
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Vhed
h is a v
DO A, |that is, when the crystallite size in the direction perpendicular
he substrate is approximtely egquglato the filmthickness (that is
fection of crystal is not considerable), the change of (111)dif-

width is small and approximat &l § eQuq}_fo'U.QS

ThisShee*HasBER}m@Ag/ ZnQ G 450 100 #56: - - +H.95° 1 : 073

from equation (1) Wwhen the filmthickness of Ag

Examples). The integral width of fi of the (11l)
diffraction line of Ag is 0.98°.

The moisture resistancg test (hereinafter the same
test is performed in the following Examples, and
Comparative Examples) is performed on the Low-E f£ilm, by
leaving the sample in an atmosphere of 50°C in
temperature and 95% in relative humidity. The appearance
of the sample after 6 days of the moisture resistance
test, is fair wherein no cdnspicuous white dot nor white
turbidity is observed, although very small negligible
dots are found partially.

EXAMPLE 2 |

A ZnO £ilm, an Ag £ilm, and a-Zn0 film are
successively deposited on a glass substrate having
respectively the £ilm thicknesses of 450 A, 100 A, .and
450 A, by the RF sputtering method similar to the above
Example 1. In this Example, the sample is heat-treated
at 240°C in vacuum after the film formation.

A ZnO target and an Ag target are uéed, and the
sputtering is performed in an atmosphere of argon gas.
The substrate temperature is set at room temperature
during the deposition. The film deposition of the first
layer and the third layer of ZnO is performed under the
sputtering preséure of 1.0 x 10”2 Torr, with the RF power
density of 1.8 W/cm?. The film deposition of the Ag
layer is performed under the sputtering pressure of 3.0

x 1072 Torr, with the RPF power density of 1.1 W/cm?. The
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Low-E £ilm after the film deposition is heat-treated at
240°C in vacuum for 1 hour. The Low-E film after the
heat treatment is examined by X~-ray diffraction method.
The integral width Bi of (111) diffraction line of Ag is
0.95°.

The appearance of this Low-E film after 6 days of the
moisture resistance test is excellent without any white
dot or white turbidity observed.

Furthermore, a laminated glass is made by laminating

another glass plate on top of the Low-E glass plate

interposing a polyvinyl butyral intermediate film, with
the Low-E film before the moisture resistance test being
diéposed inbetween, and the similar moisture resistance
test is performed for this laminated glass. No white
turbidity nor white dot is observed in the laminated
glass after 14 days of the moisture resistance test.
EXAMPLE 3

A ZnO film, a Ti £ilm, an Ag film, and a ZnO film,
are successively deposited on the glass substrate having
respectively the £ilm thicknesses of 450 A, 40 A, 100 &,
and 450 A&, by the RF sputtering method similar to the
above Example 1. In this Example, the Ti film is formed
as the interstitial layer 5, and the sample is heat-
treated in vacuum after the £ilm deposition of the Low-E
£ilm.

A ZnO target, a Ti target, an Ag target are used, and

the sputtering is performed in an atmosphere of argon

[P S N JN I

.small and Ag is stahle.: . Fugures 3 and 4.show
of | t(111) diffraction‘ine of -Ag-bef ore-:and after
test in X-ray diffraction diagrans of sanples R

15

20

25
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gas. The substrate temperature is at room temperature.
The fiim.deposition of the first layer and the fourth
layer of ZnO is performed under the sputterihg pressure
of 1.0 x 10°2 Torr, with the RF power density of 1.8
W/cm?. The film formation of the Ag layer is performed
under the sputtering pressure of 3.0 x 10~3 Torr, with
the RF power density of 1.1 W/cm?. The f£ilm deposition
ogfthe Ti layer is performed under the sputtering
pressure of 3.0 x 1073 Torr, with the RF power density of
1.8'W/cm2. The Low-E film after deposition is heat-
treated at 200°C in vacuum for 1 hour.

‘The Low-E film after the heat treatment is examined
by X~-ray diffraction method.. The integral width @i of
(111) diffraction line of Ag.is 1.03°.

‘The moisture resistance of the Low-E film is -fair as-
in the above Examples.

EXAMPLE 4

An Al-doped ZnO film{han Ag £ilm, and an Al-doped ZnO
film are successively degésited on a glass substrate
having respectively the thicknesses of 450 A, 100 A, and
450 A, by the RF sputtering method similar to the above
Example 1. In this Example, the Al-doped ZnO films are
formed, as the oxide film 2 and the oxide film 4, and the
Low-E film after the f£ilm formation is heat-treated in
vacuum.

A ZnO target containing Al by 3.2 atomic % of the

total quantity including 2n and an Ag target are used,



Moreover, Figures 3 and 4 show only the relative change of the profile, and
do not necessafhis|S eesH@\Betrﬁbph@éol ute values of-.the inteasity. *: :In the
conventi onal Lo i-s=deteriorated and: whi-ch has white, turblqlty
caused by the. - ‘ance test, and in the LowE filmof the:

pr esent |nvent|on |n | the |nperfect|on of Ag crystal is alleviated,d

are similar to those in the above Example 2. 1In this

Comparative Example, no heat treatment in vacuum after

both inte- gral widths of (111) diffre&t+on line of Ag are snall, conpared
with the conventional LowE filmbefore the deterioration. Fbwever
o 7 7o ppdclerlhg e pefesh i 4o it MS8einee o i, o
white turbigidy brhéhQuBQtﬁét'éetéﬂﬁé%EﬁQ@ tlgstwc &Bamp%@hpb%th'}%r eof 1§
sharp as shown in Figure 3. In case of the sanple of the“present invention
A crystal e Shane Bt ReReok Gase ot Enanestand Te Sroche LSCELSWT "
Figure 4. first and the third layers, is performed under the RF
5 pressure of 1.0 x 1072 Torr, with the RF power density of 5
1.8 W/cm?. The film.deposition of the Ag layer is
performed under the sputtering pressure of 3.0 x 1073
Torr, with the RF power density of 1.1 W/cm?. The Low-E
film after deposition is heat treated at 240°C in vacuum
10 for 1 hour. | . 10
The Low-E film after the heat treatment is examined
. by X-ray diffraction method. The integral width ﬁi'of
(111) diffraction line of Ag is 0.96°.
| The appearance of the Low-E film'aﬁter é days of the
15 moisture resistance test, is excellent without any white 15
dot or turbidity observed by human eyes. |
COMPARATIVE EXAMPLE 1
A ZnO film, an Ag film, and a ZnO f£ilm are
successively deposited having respectively tﬁ;f
20 thicknesses of 450 A, 100 A, and 450 A, by the RF 20
sputtering method similar to the above Example 2.
A ZnO target and an Ag target are used, and the
sputtering is performed in an atmosphere of argon gas.
The sputtering pressure, the substrate temperature, and
25 the RF power density in the film deposition of ZnO and Ag 25

(o )
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FurthernDreeﬂas—nEHt+eﬁed“abeve when the conventional LowE filmis
‘det éri orated, the dtm Lawt-h of Ag or the agg%oneratrpn of Ag crystal is

observed by'T el ectron mcroscope),. which ds cleardy 7 s
di f flerenti at wE filmof the present i nventi on.
Nor fqal | vy, 5| lite size in the direction perpendicular to the

subgtrate varies mnth the filmthicknegs of Ag, naturally, so does the
i ntggral wi dth. Accordingly, the optinum val ue of the i nt egral mﬁdth of Ag

n?(re?/ E?Lngﬂig’%ogﬁ%ﬁ%é%i{# mr%ﬁhlltfﬂk?Fte%? e(fl’ﬁ o\t fpégf‘{?g?ﬁ@?, ne of cubic
0 g e OB AT M e L R B R Pl I 1, Low E
i Jture reSi L ANGA IS ddtho™ de | Thidfr AP WELR%E de (111)
diffraction line of Ag is 1.12°.
£ 5 Oon the Low-E f£ilm after 6 days of the moisture
resistance test, conspicuous white dots with diameter of
1 mm or more are observed.
The Low—E‘fklm before the test is incorporated in a
laminated glass as described in Example 2, and then the
10 moisture resistance test is performed. On the laminated
glass after 14 days of the moisture resistance test, the
white turbidity having the width of 6 mm is observed from
the periphery of the sample.
COMPARATIVE EXAMPLE 2
15 : A zZn0 £ilm, a Ti £ilm, an Ag film and a Zn0O £film, are
successively deposited on a glass substrate having
respectively the f£ilm thicknesses of 450 &, 40 A, 100 &,
and 450 A, by the RF sputtering method similar to the
above Example 3.
20 A Zn0O target, a Ti target, an Ag target are used, and
 the sputtering is performed in an atmosphere of argon
gas. The sputtering pressure, the substrate temperature,
and the RF power density in the film deposition of the
ZnO f£film, the Ti f£ilm and the Ag film are the same with

A . . :
9 { 25 those in the above Example 3. In this Comparative

Example, the heat treatment in vacuum after the

deposition as in Example 3 is not perfofmed.

Lo e
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The.obtained Low-E film is examined by X-ray
diffraction method. The integral width fi of (111)
diffracfion line of Ag is 1.25°,.

As for the appearance of this Low-E film after 6 days
of the moisture resistance test, the white turbidity and
the conspicuous white dots with particle size of 1 mm or
more are observed.

In the Low—E £ilm of this invention, the moisture
resistance is considerably improved. Therefore, the
handling of the Low-E film on a single plate before it is
incorporated in a double glazing, or-a laminated glass -
can be facilitated. PFurthermore, the possibility of a
long term storage in a room as a single plafe is
realized. This leads to the.promotion of the reliability
of the Low-E glass for an automobile or for architectural
use. Furthermore, since the Low-E £ilm is not
deteriorated by moisture contained in an intermediate
plastic film when it %ﬁ used in a laminated glass, it
promotes durability ofuthe laminated glass for an
automobile or for architectural use.

Since the Low-E film of this invention comprises the
film whose major component is Ag, it has electrical
conductivity as well as the heat reflective function.
Therefore, this Low-E f£ilm of the present invention, can
be utilized in various fields of technology utilizing
this electric conductivity. For instance, it can be

utilized as an electrode in the field of electronics.

.. FiLn1 I nt egral
Thls Sheet Has Been Replaced .'_ t hi CIE' . ) V“'@“ h (.[ er‘r] )
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Furthermore, in caée of an electrically heating window,
it can be used as a heating body. 1In case of a window or
electronic components, it can be used as an
electromagnetic shielding film. In.some cases, the Low-E
£ilm of this invention can be formed on a substrate,
interposing films with various functions therebetween.

In such a case, the optical.property thereof can be
controiled by choosing the.sbtical £film thicknesses of
the respective films of the Low-E film of the present

invention, depending on the purpose.
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The values*rn— in Table 3 are the val ues wherein the peak

position 2] 1) diffraction |ine:'ef: Ag pogler i'n case of -
X-ray di ffrmmﬁm M@!ﬁm radi ation ([err]=1.54 A),. i.s. put into’the
equat i on (1 1B and 1C are cross sectional diagrams

showi ng represent atlve enbodi nent s of tbg Low E ﬂhfssheatQﬁ@Béi-‘anl&cQ :5

present invention. Figure 1A is a cr5sS%étti onal
conposed of three layers, Figure 1B, a cross sectl "!
filmconpowrhAIMSt2n+1l) | ayers, and Figure 1C, a Cros dla- gr aj
of the LowE filmwherein the interstitial Iay 5is |nterposed bet ween
the film 3 Whosk hepoemigsiondyt film\gformedt ba axsdbstiratel. whircg er encel
nuneral 1 designates a substrate, 2, an oxide film 3, a filmwhose ngjor
component comprises:

a coating of oxide films and films whose major
5 component is Ag alternately formed on the first substrate

in a total of (2n+l) layers where n is an integer being

L
m

equal to or more than 1, with the innermost layer being
an oxide film,
wherein an integral width Bi(°®) of (1lll) diffraction
10 line of a cubic Ag in an X-ray diffraction diagram of the
low emissivity f£film exists in a first range of
1801/(dncosﬁ)§pi;180A/(ancosﬁ)+0.15,

where d(A) designates a thickness of a film whose .

major component is Ag, A({A),.a wave 1eng£h of an X-ray
15 for measurement and §, Bragg angle. ' :
2. The low emissivity film according to Claim 1, wherein .
the integral width Bi(‘) exists in a second range of
1801/ (drcosf)<pi<1804/(drcosf)+0.10.
3. The low emissivity film according to Claim 1, wherein
20 the integral width Bi(°) exists in a third range of |
18021/(drcosfd)<Pi<180A/(drcosf)+0.05.
4. The low emissivity f£ilm according to Claim 1, further
comprising: an interstitial layer or layefs for
alleviating the crystalline imperfection of Ag, formed at
25 the interface between the film whose major component is
Ag and the oxide film.‘

5. The low emissivity film according to Claim 1, wherein

oAt

10

15

20
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is Ag (hereinafter film3), 4, the oxide film (B) formed on t he outer
si-tle of the Ag ,Hj“ﬂl“ﬂﬂ" nost apart from.he-subsirate, ahd %, an
~|n§erst|t|al ng the |nperfectron of the Ag crystar' :

Asifor the naterlal of the tilm 3 whose nmj‘or “compongmt 13 A§* an"Ag”™"

=ty m or a filmwhose mjor conponent B3 Ag containing at |east one
ected fromthe group consisted of Au, Cu. and Pd, can be utili zed.

2ob L R RSR SL0R ) sbeea BfleaP£ida B, PRl 60 (b

refl ective Juuid i RR38PdcbRBoketPiS 'Wg!Heidqnes ¢ taP&LL OF rbiveRel i I M
first substraté, has an internal stress which is equal to
or less than 1.1 x 1010 dyne/cm2.

5 6. The low emissivity film according to Claim 1, wherein
the oxide f£ilm (B) formed on outer side of the f£ilm (A)
whose.major component is Ag being most apart from the
first substrate, is composed of a single layer or a

multi-layer, comprising at least a layer whose major

10 component is zinc oxide, the crystal structure of the

zinc oxide being hexagonal, and a value of a diffraction
angle 28 (center of gravity position) of (002)
diffraction line of the hexagonal zinc oxide ‘in X-ray

diffraction method using CuKa radiation is not smaller

15 ghan 33.88° and not larger than 35.00°.
7.,/fgiflow emissivity £ilm according to Claim'l, wherein
the oxide £ilm (B) formed on outer side of the film (&)
whose major component is Ag .being most apart from the
substrate, is composed of a multi<layer film, the

20 outermost layer of which is a controlling layer for
controlling the adhesive strength between the low
emissivity film and an intermediate plastic film

interposed for lamination with another substrate.

I
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ABSTRACT

A low emissivity £ilm formed on a substrate, which
comprises a coating of oxide films and films whoée major
component is Ag alternately formed on the substrate in a
total of (2n+l) layers where n ié an integer being equal
to or more than 1, with the innermost layer being an_
oxide £ilm, wherein an integral width gi(°) of (11l1)
diffraction line of a cubic Ag in an X-ray diffraction
diagram of the low emissivity film exists in a first

range of 1804/(drcosf)<Bi<1804/(drcosf)+0.15, where d(A4)

~designates a thickness of a film whose major component is

Ag, A{A), a wave length of an X-ray for measurement and

8 Bragg_angle.
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In the LowE filmaccording tao the present—invention, the integral width
[err]l([err]) of (111) dlffractlon | i ne of cublc Ag-in the- X ray

diffraction diagram
the rgnge of 180[err]/(d[
nor e ef erably,

180[ e

preferably, 180[err](d[err]cos[err])<[err]s<180[err]/¢(d}ierp]cos[err]
where ¢(A) designates the thickness of the Ag | ayer 3

mﬁ ﬁEmRT fdyy  is .desirabl el : bé. b e ‘.
[err]l<180/(d[err]cos[errr)+0 15,

](d[err]cos[err])<[err]i<180[err](d[err]cos[err])+0.10 and t:;%gfst
)

05,
0Sg maj or ¢ onent

I S¢Ag, {[err] (A), the wave length of the X-ray for neasdréenent, and [err],
Bragg angle (2[err] is peak position). Furthernore, the X-ray
diffragtion analysis in this specification is performed by using an X-ray
diffra

Etion apparatusﬁéﬁﬂgﬁiéiég'(mﬁt a diffracted beam curved crystal
mnnochfonator, Ri gaku f R QuNA) Conpany. The

is

|
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nmeasurenent is performed by utilizing CuKa radiation, in step scanning by
every 0.002[err]. In ﬁggg},@étamgmnké}ﬂcéﬂal ue of the.,rhtegral*iw dth [err], ,

correction for renovi n __ of - the instruhental Brodadeni fg “of " the

profile, is perforned. “ w—E filmaccording to this invention,
ofi the film3 whose major c _gent

onfsi

when there are a plural
is Ag, the nean thickness value of the respective Ag filnms 3 is

to be regarded as the thickness d in the equation
(180[err]/(d[err]cos[err])<s[err]i<180[err](d[err]cos[err])+0.15.

This invention concerns with the crystallized Ag film and pronotes the
corrosion resistance of the Ag filmby dimn-

red

FIGURE 2
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i shing the inconpleteness of the crystal. Accordingly, the effect of the
prasent invention shows especially in the crystals*lline A% film tnh the -

L] L] an- L]

X-4-ay-di ffraction of the crystalline Ag film the peak of {111y = * %7 =
diffraction Iinfl@@@i@nific%tly. The intensity | of the peak top is
fRequently a large varue,~in conparison with the intensity of backgrpund,

aé shown in, - ]
(2) J{where n designates nynber of layers of the film3 V\Aose jo
conponent is AQ). Howgver, when the LowE filmconprijses t e

films 3 whose mmj or conpongnt is AgAQq zt{(pr) (2) is applijed to the Ease
wherein the filmthicknességs of the'r sg ctive layers arejal nost equal.
When the thicknesses of the respec-

> ‘_—/\_— After moisfuré resistance
= test
s e
_ '*2 | —| Before moisture resistanc
— 1 ! { 1 test
37 38 39 40
3
: 26 (deg)
FIGURE 4
Ag (111)

After moisture resistance

2
7] test
8
- Before moisture resistan:
= test
IR L 1 1
37 38 39 40
20 (deg.)
This Sheet Hag Been Re
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ti-ve | ayers are significantly different,

equat-+er—{2

Astﬁﬁfﬁ% ST ablses  An

Ag film shpw n nall eak 1 ntensit wher eij n | Lot e
In a stat etof LAGER SBERTS zat$én gr: a st a#/ﬂ 22 "%Qa i‘?’tb:ﬁ\ SoR
diffractio A t | eci fde£edtion (i ”f. ag
Conpar at i ve Sﬁrxﬁ%n g%gr%" %?} RgeFab'ircfés 1 toﬁ ' DEavane arl:f g% ot %;“Zﬁlfes
wher ei n si BRI FRE%Ht p de pagedi 5P lequat ijo é&%ﬁéﬁe r B 8 @ rases
As for the;iﬁlﬁbrhmjs(sbf paiganlm hg t6 bageAg. &I m 3 wHerein the i rrperfe % r{lcpé t he
crystal is|mfAditiit edpadele B4 phie@at aBrt Of dt DATSIORIRICERID]

during or er _the fil n]dEDOSIPIOH or fformmng—the nterstitial layer 5

which alleviates the inper- fection of the Ag crystal

on one side or both

sides of the interface between the Ag film3 and the oxide film are pro-
posed. Furthernore, the nmethod depends on the fLLﬁ%depU§TFT6ﬁ~%%ﬁgftion of

the Ag film 3,
interstitial
according to each f|In1dep-

A LOW EMISSIVITY FILM

or the kind and the filmformng condition of the
| ayer 5. The respective concrete condition nay be chosen

-1 3.

. The present invention relates to a low emissivity

film which is excellent in durability, especially in

moisture resistance.

A film composed of (2n+l) layers (n2l) such as a £film

composed of three layers in which an oxide £ilm, an Ag

film, and an oxide film are successively coated on a

surface of a substrate, or a £ilm composed of five layers

in which an oxide £ilm, an Ag f£ilm, an oxide £ilm, an Ag

film and an oxide film are successively coated on a

surface of a substrate, is a heat mirror £ilm of Low-E

(Low-Emissivity) film.

film is formed, is called a Low-E glass.

A glass in which such a low-E

This glass can

prevent lowering of room temperature by reflecting the

thermal infrared radiation emitted from within a heated

room, which is mainly used in cold district in a form of

double glazing for the purpose of decrgasing heating

load.

[REPLACEMENT SHEET

16 NOV 1996

Furthermore, since this glass has a heat

”

R



osi{ion device.EBBLAQ&m4BNTb§HEEEgIarIy restricted. As an interstitial

I*ayer 5 which &l [eviates the ifipkrfection of Ag crystal, a filmwhich is
easy to crystallifzesgmnhy 98hi hithe inter-atom c distance in the crystal
pl ane parallel {t¢ the substratg |s approximately equal to that of Ag
lattice, is degi : T | n the_hgxagonal systemin which the C axis
is easy to be drientated perpendjcul ar tg the sub- strate, or the filmin
the cubic system (face centered cubic lattice, dianond-type, NaC -type)

whi ch is easyinsalading eafifect nof 1uhe pohac padikkébnt enelrgysulist riaf e, has
tendency to pronote the crystallization of Ag. As the exanples, Ti, Zr, and
ZnO | i abl e t 8dePt®4d ekt @l Tindslvigld| afcapapitpipbider ha auiommtas Ti N,
ZrN, Pt, Au, A, and Pd liable to be oriented in_ (111) plane parallel to
the substrat damdn@ted BlRsdut . SiNeP FRlesghgSehiSshranspafendt ednd ig he
degree of the_crystalline ectjon apd the orientation differ depending

er
on the depos®Ble§tId&ahity PR ?&ﬁ?'o+tth%5d%gP§é&6FYtﬁ§ @&Yystalline per-

electromagnetic shielding glass. When this glass is

equipped with an electric heating means such as a bus bar
composed of an electrically conductive printing or the
like, this glass can be used as an eléctrically heated
window for defogging and deicing.

In the conventional Low-E glass, white dot or white
turbidity is caused, by moisture in the air or by
moisture contained in an intermediate plastic f£ilm in
case of the laminated glass. Therefore, caution is
'reﬁuired in the long term storage or in handling of a
single plate having the Low-E film, before it is
transformed into the double glazing or the laminated
glass. |

‘A detailed investigation on the deteriorated portion
of the conventional Low-E glass (film composition:
Zn0/Ag/Zn0/glass) reveals that damage of the f£ilm such-.as
wrinkle, or crack, or exfoliation takes place on the
outermost layer of the oxide £ilm. Fu:ghermore, it is
found that considerable grain growth of Ag takes place.
From these facts, the mechanism of the generation of the
white turbidity is found to be as follows. The outermost
layer of the oxide film can not resist with internal

stress of the film, is exfoliated from an interface with
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fection of the under lying |ayer (oxide film2), and theRﬁgha;££§VBﬁhﬁET

varies with these factors. Furthernore, when the oxide fliljm2 or the oxijde
film4is conposed of a single layer of ZnO, or when thgsq | gpay W,
conposed of nulti-layers and have a ZnO filmat the intgrflace wth the Ag
film3, the interstitial layer 5 can be_c_gs_pensed W t h, |since, these—Zr0
films show the effect simlar to the interstitial |ayer The film
t hi ckness of the interstitial layer 5 is not particularly restricted. WWE
it is too thian Rgefblimecands igerEssryg t-heNGP%Fstté!q igra i nfekie @f g of Ag
I's reduced. When it is too,thick, it influ the total col o] hue of
the LowE f|Ih?cﬁﬁﬂs?%ducﬁégPhel§l§FBF§9FF§h YtF R ing

t hese factors he th ckness of the inferstitial Ia r %} 3§m|4é£e to be
10 to 40 A E9etf9i aratdyeFhacp, FRLEESS AiA

|nconpleteness of the crgstalllzed Ag film and is different fromthe
in appearan

Therefore, the inventors found that decreasing the
internal stress of the oxide film, as a measure for
improving the moisture resistance, is extremely
effective. (described in Japanese Patent Application No.
191063/1991) By this measure, the durability of the film
is considerably improved. However, it is necessary to
further enhance it.

It is an object of the present invention to provide a
Low-E glass excellent in the durability thereof,
especially in the moisture resistance thereof, by solving
the above shortcomings of the conventional technology.

According to an aspect of the present invention,
there is provided a low emissivity £ilm formed on a
substrate which comprises: a coating of oxide f£ilms and
films whose major component is Ag alternately formed on
the substrate in a total of (2n+l) layers where n is an
integer being equal to or more than 1, with the innermost
layer being an oxide film, wherein an integral width
Bi(°) of (111) diffraction line of a cubic Ag in an X-ray
diffraction diagram of the low emissivity £ilm exists in
a first range of 180A/(drcosf)<Bi<1804/(drcosd)+0.15,
where d(A) designates a thickness of a film whose major

component is Ag, A(A), a wave length of an X-ray for



conventionally known nucleating |ayer, which is utilized in order to
pfovi de coal escence at the beginning of the formation o i 0 '

‘deposited on the nucleating |layer and thereby ensure a #ﬁa A¢ Wiﬂ?ﬁﬁﬁﬁﬁ
conti nuous | ayer. The material of the film2 is not{pparticularly

restricted. It is possible to utilize a filmconposed of p SIi&NO¥ Woger
made of ZnO Snderr], TiJerr] etc., or-cbnmposite of thepe materials, |lor
these materials added with other elenments, a nulti-Iaye I Tm conpristng lat
| east two of t&@é@@pgﬁeﬁhlggd FowByggg gg@g@derlng the productivity
thereof, it is desirable to utilize & ZnO film a Snerr] film a zZnOfilm

gddeﬁl/g Wi tg at | eash fBgeSpPreFerdbleOPaie TOWhE I WEe§LA10hidkh Bi(oB, Ti,
n an

-

of (111) diffraction line of a cubic Ag is
180/(drcosf)<pi<l801/(drcosf)+0.10.

The most preferable range of the integral width Bi(°)
is 180/(dncosﬂ)gﬂiﬁlBOl/(dxcosﬁ)+0.05,

In the accompanying drawings:

Pigures 1A, 1B and 1C ‘are cross sectional diagrams
showing examples of Low-E glasses on which Low-E films

-.are formed;.

Figure 2 is a graph showing a relationship bg;ween
.the film thickness of an Ag.film and the integral width.
of (111) diffraction line of cubic Ag;

Figure 3 is an X-ray diffraction diagram showing
change of profile of (111) diffraction line of Ag beforg
and after the moisture resistance test of sample 2; and

Figure 4 is an X-ray diffraction diagram showing
change of profile of (111) diffraction line of Ag before
and after the moisture resistance test of sample 5.

This invention improves the moisture resistance of
the Low-E film by improving imperfection of Ag crystal,
and by stabilizing Ag. The moisture resistance can
further be improved by combining the oxide £ilm 4 having
low internal stress, with the Ag layer.

Explanation will be given in details in the following
on the relationship between the stability of Ag and the

deterioration of the Low-E f£ilm.
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A moisture resistance test was performed on a
conventional Low-~E film (2n0O/Ag/Zn0O/glass). In this
moisture resistance test, the sample is left in an
atmosphere of 50°C in temperature and 95% in relative
humidity for 6 days. White dots and white turbidity are
found in the Low-E film after the moisture resistance
test. Investigation is performed on the Low-E film
before and after the moisture resistance test by X-ray
diffraction method. Table 1 shows respectively the

diffraction angle 28 (center of gravity position of X-ray

diffraction peak), the interplanar spacing 4,,,, and the

integral width fi, concerning (111) diffraction line.of

cubic Ag.
.Table 1
Before After o
moisture test —~ moisture test
28 (°) 38.09 38.09
d;;; (3) 2.361 2.361
Bi (°) 0.977 _0.675

According to Table 1, concerning (111) diffraction
line of Ag, after the moisture resistance test, the
integral width Bi is decreased to a large extent, and the
diffradtion peak becomes considerably sharp. This shows
that the crystallite size of Ag is considefably
increased. (That is, the crystallite size becomes larger
than the £ilm thickness.) The increase of the grain size

and the agglomeration of Ag is recognized by the




Cr,; by 10 atomic %or less in total quantity including ZaRE HHAERG €1
filmin which ZnO and SnJerr] are alternatively Ianinatgf.LAeLNEﬁq &t
film2 influences Ag crystal, directly, or indirectly thfjoygh t

interstitial layer 5. Therefore, as the oxide film2, alc siéINQ\h@%ll m
.is desirable in order to pronote the crystallization of th A film3, '
As the oxide film4, a filmsimlar ta tye above oxide f{lm2 can be
utilized. Furthernore, when a |lam nated glass is producég—by—tar-hrathg

anot he bst r at th E gl I nt ' I

i E{?,‘r’ BasRA L ian-of  bhe, apaie: §w$rp%?@4“%ﬁ%ghr”ifreén”§9ﬁs 788 composed
of a multi-I fil d

chr oni num oﬂ% %‘IFOIS%E ‘Pg ﬁﬁ%hpewngr@“ A 3 d:eg ch)ﬂﬁ gﬂé‘;siég&%or mIBSSt ZQC:
ayer contactln égﬁbengesg?d'§n tBlgSEp cféﬂ@géi on, crystallite

designates a crystal particle recognized by an X-ray, and

11%

grain designates a particle aggregated with the
crystallite recognized by an SEM. From this observatien,
it is found that the Ag film is changeable and unstable.

The Low-E film is liable to be deteriorated due to
the instability of such Ag. This is due to the foliowing
two reasons. '

First of all, exfoliation of the oxide film is liable

. fo take place at the interface between Ag and the oxide,

and the outermost 1a§er of the oxide film is liable to be
destroyed. The portion wherein the oxide £ilm is
exfoliated and destroyed appears to be the white
turbidity. (This phenomena is naturally significant when
the internal stress of the oxide film is large. The fact
that the deterioration can be prevented by lowering the
internal stress of the oxide film, was mentioned in
details in Japanese Patent Application No. 191063/1991).

- Secondly, in addition to the destruction of the oxide
film, the grain growth of Ag and the agglomeration
thereof take place, by which the degree of white
turbidity becomes more and more conspicuous. This is
also due to the instability of Ag.

- When Ag is stabilized, exfoliation of the oxide £ilm

is hard to take plece at the interface between Ag and the
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thé purpose of controlling the adhesive strength betweefREPACEMER T SHEEE
dhe internediate plastic film or for the pur- -pose of |igcreastng the

durability of the lam nated glass. In this case, the oxide ftég“ﬂ/ﬂ%x b
t

conposed of two layers or nore including these filns.
internal stress of the oxide film4 is large, the film jsUiableto-be

exfoliated and destroyed, which causes %he deteriorati¢n of the Ag film
(especially Ag film(A)). Accordingly, it is desirable ttrat—tte—Tnrernal

stress of thexideal Thérefeorexi tbef destsuvictibnl of HHerolteymost] taykror

bel ow. When the oxide film4 has a fil mwhose maj or conponent is ZnQ, and
when the int@F nehespxéde £ilmnik| harfe toattakeofpliane di fEventwhen| the 2[err]
(center of gravity position) of (002) diffraction |ine of hexagonal ZnO by
X-ray diffrRereraetnbayeri pfzEhg cuikder £dilm iisn exfiokiatedw EheéiImis not

han, 33. 88 apd,_ not arger than 35.00[err
smal ler t adegree of the whitegturbidity is %ot]so conspicuous since

D

I

the grain of Ag does not considerably grow and
agglomerate. As a result the deterioration of the ﬁow-E
film is prevented.

From above reasonings, it is found that the
stabilization of Ag is indispehsable for improving the
durability of the Low-E film.

A search is performed by observing the X-ray
diffraction line, on the imperfection of Ag crystal, and
the relationship between the stability of Ag and the
observation result is mentioned as follows.

Scherrer introduced the following e#periment formula
concerning a general crystal, assuming that there is no
imperfection in crystai and the spacing of the ﬁrofile
depends only on the crystallite size, and presuming that
the crystallite size is uniform.

Dpky = K+1804/(rBicosf)
where Dy,, (A) is a crystallite size perpendicular to
hkl, K, a constant, A (4), an X-ray wave length for
measurement, Bi (°), an integral width, and 4, a Bragg
angle of a diffraction angle (260 is peak position). When
Pi signifies the integral width, K is about 1.
Generally speaking, an Ag film coated by a ;puttering

method is liable to be oriented in (111) plane parallel



Especially, in case of the LowE filmconprising five |ayg S\ LR

film2, a netallic film an oxide film2, a netal- 1lic fil and an oxid
film4, or of nore than five layers, the internal stress ¢f {t he6NOW99bBI |
2 other than the oxide film4, is also desirable to be 1j1jx 10[err]

dyn/cnferr] or less, for inmproving the mogsture resistancg¢ thereof.
The filmthicknesses of the oxide film2 and the oxide fillm 4 are desirablel

to bein th f_20Q tq 700 - sidering the total, cqlgr h d

Lhe vi i bl o | FOnEHE SHERGIARR ICTHETBALE: | PPRRAEAYea bR 1 d Thhlde 1 1 m 2
d the oxide fil.m 4 f L fil total fil

[hi ckness of BHETGRTIIT) TS Godd o0F CPBEESER (he range of 200 10 700

A, and the filmth Lye, ! restricted.

A The substrate M oKD 58 R AREFECETEFERESY BCERLSIBARRGIER LTI TN

substrate made Qb RlATIGT Vo Wife 4G FBYLOE the! b2§8tallite size in

the direction perpendicular to the substrate is the same

as the film thickness. 1In case of the above (111) plane
oriented in parallel to the substrate, the crystallite
size D;;; is equal to the film thickness. Therefore,.the
film thickness and the integral width are defined by the
following equation.

d = Dy;, = 1804/(npBicosd)

- Therefore,

pi = 180A/(drcosé) (1)

Figure 2 shows the relationship between :the £ilm
thickness of Ag and the integral width of (111)
diffraction line of Ag. The bold line shows the
relationship as shown in equation (1). Each dot
signifies a measured value in the conventional
ZnO/Ag/ZﬁO/glass.

When Ag is of a perfect crystal in the Qifection
perpendicular to the substrate, the integral width of
(111) diffraction line of Ag should approximately agree
with the bold line in Figure 2. However, Figure 2 shows
that the measured value of the integral width of the
conventional Low-E film are larger than that of the bold
line.

The main reason that integral width is enlarged, is



EXAMPLE 1 AZnOfilm an Ag film and a ZnO film ar AEFAIN 4+
deposited on a glass substrate, with the filmthicknesses |0 itggggﬁﬁﬁgﬁggﬂ?
and 450 A, respectively, by the RF sputtering nmethod. In thif{s Exa I%
during deposition of a ZnOfilmas the first layer the te erat"&ﬂBMfg?éhe
substrate is set at 200[err]C. A ZnO target and an Ag| tlarget are used
and the sputtering is perfornmed in an 5tﬁn§phere of argon gas. The film

deposition of the first layer of ZnOis performed under t hle—spetetrine

pressure of Ehatx th¥ &g Jerkmtral vid mdthea RbepbHeet depstailtyand 1. 8

Wcnierr], at the substrate tenperature of 200[err]C. The fil m deposition

of Ag is perfconted nmdapadfeaipion ssuchy as ununiform distortion or
defect.

Due to the imperfection of the crystal, Ag becomes
unstable then oxide £ilm is liable to be exfoliated and
the grain growth of Ag is liable to take place. &as the
result, the moisture resistance of the Low-E film is
deteriorated, and white turbidity or white dot is
generated.

In this invention, it is found that alleviation of
the imperfection of the Ag crystal is effective for
breventing the white turbidity or the white dot due to
moisture.

Table 2 shows the relationship among the integral
width Bi of (111) diffraction line of cubic Ag of the
Low-E film before the moisture resisﬁance test, the ratio
of change of integral width of the Low-E £ilm after the
moisture resistance test in comparison to the integral
width before the moisture resistance test, and the
moisture resistance. Every uppermost layer of the ZnO
f£ilm and every Ag film are produced under the same
condition. The f£ilm thickness of the Ag £ilm is 100 A.
The internal stress of the uppermost layer of ZnO film
is 1.2 x 101% dyn/cm?. In samples 4 and 5, heat
treatment of 200 to 300°C is performed after the f£ilm
deposition. When the samples are investigated by X-ray

diffraction method, almost no change is found on the peak



pressure of 3.99 x 10[err] nbar (3.0 x 10[err] Torr), wit } ! o
density of 1.1 Wcnierr], .at the substrate tenperature of B0 @Em;ﬁiﬂm
The filmformation of the third layer of ZnO is perfornmedjupder the
sputtering pressure of 1.33 x 10 [err]nmbar (1.0 x 10[err] Tbrr»péN\@Vtﬁ?éhe
RF power density of 1.8 Wcnferr], and at the substrate tenperature of ro
t enperature. The obtained LowE filmis exam ned by K-| ' '
met hod utilizing RU200-RI NT of RI GAKU Comtpany (the sane fpr the foll ow ng
Exanpl es and Conparative Exanples). The integral width of [err[iI of the
(111) diffraqposrtipe of @02} dibEracktjion lineTif MAxAIAMAX c31@t ance test
(hereinafter the sanme test is perforned in the foll ow ng Exanples, and
Conpar ati ve befipiesgndsafeer o&ﬂédhﬁﬁtt kEepsments | Rraw ths/i FRct heianpl e
in an atnosphere of 50[err]Cin tenperature and 95%in relative humdity.
The appear anceeRs tHRAS FRPES af 8 R 1BOGAy 8o ChARgedis tift% IS ERahce test,

is fair wherein no copspic-._.
stress oE‘%hO £ilm.

N

The moisture resistance of sample is evaluated by
performing the test in which the sample is left in an
atmosphere of 50°C in temperature and 95% in relative
humidity for 6 days. As the evaluation standard, O is
for a sample having no white turbidity at adjacent to
the édge of the film, and white dot with a diameter less
‘than 1 mm or no white dot, A for a sample having no
white turbidity at adjacent to the edge of the film, and
white dot with a diameter of 1 to 2 mm, and X -for a
sample having white turbidity at adjacent to the;ngelof
the film, or white dot with a diameter of more than 2 mm.

From Table 2, it is found that the moisture
resistance depends on the integral width gi of (111l) _
diffraction line of cubic Ag of the Low-E film before the

moisture resistance test.



uous white dot nor white turbidity is observed, although very small

negligi ble dots are found partially.
film and a ZnO filmare successively deposited on a gl ag
respectively the filmthicknesses of 450 A, 100 A, and 45
sputtering method simlar to the above Exanple 1.
sanple is heat-treated at 240[err]C in Vaffgnlafter the f
A ZnO target and an Ag target are used,
an at nosphere of argon gas.

The sub-

EXAMPLE 2

and t he

rate fenperature il
Thggﬁ &n4eposi tion of the first

AZ

In this

sputterin

M '_?[“ al
RLACVENT SEEE
OiA - by the RF
BxafBl NQV (1986
lim f or nation.
g is perfornmed in

and the thi

tenperature_during the deposition. layer
d Layer system of |Integral Ratio of Moisture
Low—-E film width (°) of jchange of resistance
(numerals: film |Ag(l1l) integral
thickness (4)) diffraction |width of
line Ag(11ll)
diffraction
line (%)
1 |znO/Ag/G 1.75 63.5 X
450 100 ..
2 {Zn0O/Ag/Ti/Zno/G 1.25° 48.2 X
450 100 40 450 '
3 {Zn0O/Ag/Zn0/G 1.12 14.4 A
450 100 450
4 |Zn0O/Ag/Ti/Zn0/G 1.03 7.1 O
" 1450 100 40 450
5 |{2Zn0O/Ag/Zno/G 0.95 0.3 @
450 100 450




| ayer of ZnO is perforned under the sputtering pressure o RpPEﬁ{E%ﬁ.NE ET
nmbar (1.0 x 10[err] Torr), with the RF power density of 1 vvu“lc.r] |
filmdeposition of the Ag |layer is perforned under the sppt erlégﬂgressur
of 3.99 x 10[err] nbar (3.0 x 10[err] Torr), with the RF boper! i U5 of
1.1 Wecnferr]. The LowE filmafter the filmdeposition ip beat-treated
240[err]C in vacuum for 1 hour. The Low E2f I m after the heat treatnent IS

£ 1.4.1.)

exam ned by X-ray diffraction nethod.. The integral w dth rFerrf+—e—++H)
diffraction line whemgthe n8kpeal] width is small and approximately

equal to 0.93 which is a value calculated from equation
(1) when the film thickness of Ag is 100 A, that is, when
the crystallite size in the direction perpendicular to
the substrate is approximately equal to the film
thickness (that is, imperfection of crystal is not
considerable), the change of (111) diffraction line of Ag
after the moisture resistance test in comparison to that
of before the test is small and Ag is stable.

Figures 3 and 4 show the change of the profile of
(111) diffraction line of Ag before and after the
moisture resistance test in X-ray diffréction diagrams of
samples 2 and 5, respectively.

Furthermore, in Fiqures 3 and 4, the profiles after
moisture resistance test are shifted with respect to the
profiles before moisture resistance test, in order to
clearly show the change of profiles before and after
moisture resistance test. Moreover, Figures 3 and 4 show
only the relative change of the profile, and do not
necessarily show the absolute values of the intensity.

In the conventional Low-E f£ilm which is deteriorated
and which has white turbidity caused by the moisture
resistance test, and in the Low-E film of the present
invention in which the imperfection of Ag crystal is
alleviated, both integral widths of (111) diffraction
line of Ag are small, compared with the conventional Low-

E £ilm before the deterioration. However, as shown in
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Figures 3 and 4, therenis a clear difference in the
profiles of X-ray diffraction. In a sample which is
deteriorated and which has thg'white turbidity by the
moisture resistance test, the peak top thereof is sharp
as shown in Figure 3. 1In case of the sample of the
present inQention in which the integral width is narrowed
by removing the imperfection of Ag crystal, the shape of
the peak does not change and is g;ooth as shown in Figure
4.

Furthermore, as mentioned above, when the
conventional Low-E film is deteriorated, the grain growth
of Aglor the agglomeraﬁion of Ag crystal is observed by a
SEM (scanning electron microscope), which is clearly
differentiated from the Low-E film of the present
invention.

Normally, since the crystallite size in the
direction perpendicular to the substrate varies with the
£ilm thickness of Ag, naturally, so does the integral
width. Accordingly, the optimum value of the integral
width of Ag crystal changes with the film thickness of
Ag. Table 3 shows the relationship between the integral
width of (111) diffraction line of cubic Ag and the
moisture resistance when the film thickness of Ag in the
Low—-E £ilm (ZnO/Ag/ZnO/glaSs), is changed. The
evaluation standard of the moisture resistance is the

same as in the above Table 1.



The appearance of this LowE filmafter 6 days of the npisture resistance

I est

Furt her nore,
top of the LowE glass plate interpos-

I s excellent without any white dot or

whi te turbi di

a laminated glass is made by |am nating an

ing a polyvinyl b

internmedi ate film with the Low-E fil m before the noistuy

bei ng di sposed i nbe-

t ween,

performed for this |am nat ed gl ass.

observed in the | am nated gl ass after

test.

and t he S|n1Iar

i m nmoi sture regijstance test i
ghlte turbidity nor white dot is
}L ibiure resist

days of the noi
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Table 3

Film thickness |Integral width [Moisture

of Ag (4) (°) resistance

1.34 p

1.20 A

90 1.05 O
(1.03)

1.25 X

1.12 A

100 0.95 O
(0.93)

1.07 X

110 1.01 A

0.84 O
(0.84)




EXAMPLE 3 AZnOfilm a Ti film an Ag film and a Zpe-—+i++A—are
successi vel y deposited on the gl ass substrate having respel®REPUACEMENT (8HEET
filmthi cknesses of 450 A. 40 A, 100 A, and 450 A, by the R SpUTTerimg
method simlar to the above Exanple 1. In this Exanple, tie THéI&bV155%
formed as the interstitial layer 5 and the sanple is heat}tjeate |ﬂ
vacuum after the film deposition of Lh; LowE film A |

Ti target, an Ag target are used, and t g

sputtering is pgrformed-in an
at nosphere of argon gas. The substrate tenperature is at TOONtenperature:
The film depositTbg yrlues finr &he pasentheser iouFahlPagerref theO is
performed under the sputtering pressure of 1.33 x 10[err] nbar &1.0 X
10[err] TorryaluesnhwhpseRr bbRePeaknPositdon 3 \§ cd$ektjof (111).

diffraction line of Ag powder in case of X-ray

diffraction by CuKe radiation (A = 1.54 A), is put into
the equation (1).

Figures 1A, 1B and 1C are cross sectional diagrams
showing representative embodiments of the Low—E film
according to the present invention; Figure;iA is a cross
sectional diagram of the Low-E film composed of three

. layers, Figure 1B, é cross sectional diagram of the Low-E
f£ilm composed of (2n+l) layers, and Figure 1C, a cross
sectional diagram of the Low-E f£ilm wherein the
interstitial layer 5 is interposed between the £ilm 3
whose major component is Ag,. and the oxide f£ilm 2. A
reference numeral 1 designates a substrate, 2, an oxide
film, 3, a £ilm whose major component is'Ag (hereinafter,
Ag £film 3), 4, the oxide £ilm (B) formed on the outer
side of the Ag f£ilm 3 (A) being most apart from the
substrate, and 5, an interstitial layer for alleviating
the imperfection of the Ag c;ystal. |

As for;the material of the Ag film 3 whose major
component is Ag, an Ag film, or a film whose major
component is Ag containing at least one selected from the
group consisted of Au, Cu, and Pd, can be utilized.

- The film thickness of the Ag film 3 is desirable to
be 80 to 160 A, preferably 90 to 120 A, considering a

balance between the high heat reflective function and the



The filmformation of the Ag layer is perfornmed under the sputiering

pressure of 3.99 x 10[err] mbar (3.0 x 10[err] Torr), with |RRPLACEMENEY SHEET
density of 1.1 Wcnferr]. The filmdeposition of the Ti |aygrrs pcuuuuneﬁb '

under the sputtering pressure of 3.99. x 10[err] nbar (3.0{x
Torr), with the RF power density of 1.8 cnferr]. The Low E 1i|L§£kh@Pgé
deposition is heat- treated at 200[err] I n vacuum for 1 houl The
Low-E filmafter the heat treatment is exanined by X-ray d|1fract|on

s
n‘
¥
i

-

net hod. The ivitsddrlad Mighth §mangmibtagqe 19£ dLow-Ef £4df.on | ine—of AgTS
1.03[err]. The noisture resistance of the LowE filmis fair as in the
above Exanples. It low-E £ilm according to the present invention,
the integral width gi(°) of (111) diffraction line of
cubic Ag in the X-ray diffraction diagram of the Low-E
film, is desirable to be in the range of
lSOA/(dncosG)éﬁingOA/(dncosﬁ)+0.15, more preferably,
lBOA/(dncosﬁ)éﬁiélBOA/(dncose)+0.10 and the most
preferably, 1801/(dncosﬁ)épi;IBOA/(dxcosﬁ)+0.05, where
d(A) designates the thickness of the Ag layer 3 whose
major component is Ag, A (A), the wave length of the X-
fay for measurement, and §, Bragg angle (28 is peak.
position).
~  Furthermore, the X-ray diffraction analysis in this
specification is performed by using an X-ray diffraction
apparatus, RU200-RINT (with a diffracted beam curved -
éfystal monochromator, Rigaku CN2726Al) of RIGAKU
Company. The me#surement_is performed by utilizing CuKa
radiation, in step scanning by every 0.002°. 1In
" calculating thé value of the integral width Bi,
correcfion for removing the influence of the instrumgntal
broadening of the profile, is performed.

In the Low-E film according to this invention, when
there are a plurality of layers of the film 3 whose major
component is Ag, the mean thickness value of the
respective Ag films 3 is considered to be regarded as the
thickness d in the equation

(180A/(dncos€)§p1§180A/(dncosﬁ)+0.15.



An Al-doped

Exanpl e 1.

film2 and the oxide film4, and the.quinfiIn1after the fi

ZnO film an Ag film and an Al -doped ZnO filma EEEhﬁﬁﬁﬁﬁE}?~’ﬁbﬁT
deposited on a glass substrate having respectively the thickpe :
A, 100 A and 450 A by the RF sputtering nmethod simlar to h,

T8l s,

In this Exanple, the Al -doped ZnO filnms are fornedH as

heat-treated in vacuum A ZnO target containing Al by 32 atomc % of

the total t | udi Z d A e
Sput oring i o pel¥ER EAVFRELRS AeABERRRR oW o B G748 E SO A o o

t enperature
films of th
pressure of
density of

£ A PAGRBTRS  HS g oot oF ERRGRhaR B5 ol Adut Tering

uttering
£ B i B8 (e GidedpbREhenpeE e AV L0 o e
Accordingly, the effect of the present invention shows

especially in the crystalline Ag f£ilm. In the X-ray

 diffraction of the crystalline Ag f£ilm, the peak of (111)

diffraction line shows significantly. The intensity I of

the peak top is frequently a large value, in comparison

with the intensity éf background, as shown in,
I-Ip>0.5nIg (2)

(where n designates number of layers of the film 3 whose.

major component is Ag).

However, when the Low-E film comprises two or more
films 3 whose ﬁajor component is Ag, equation (2) is .
applied to the case wherein the film thicknesses of the
respective layers are almost equal. - When the thicknesses
of the respéctive layers are significantly different,
equation (2) is not applicable. An Ag film showing small
peak intensity I, whereih I-I,<0.5nIy, is considered to
be in a state of partial crystallization,.or a state of
amorphous. The X-ray diffraction data of Ag in this
specification (including Examples, Comparative Examples,
and data in Tables 1 to 3), show values of profiles
wherein significant peaks which satisfy equation (2) are
recognized.

As for the methods of forming the Ag film 3 wherein

the imperfection of the crystal is alleviated, the heat



under the sputtering pressure of 3.0 x 10[err] Torr, with
density of 1.1 Wcnferr].
at 240[err]C in vacuum for 1 hour. The LowE filmaft
treatment is exam ned by X-ray diffraction nethod. The int,
[err]i of (111) dif- fraction line of- ABis 0.96[err].

of the LowE filmafter 6 days of the noisture resistance

The LowE filmafter deposi- tioh Js
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COVPARATI VE EXAMPLE 1

[ eSS

film deposition, or forming the interstitial layer 5
which alleviates the imperfection of the Ag crystal on
one side or both sides of the interface between the Ag
film 3 and the oxide film, are proposed. Furthermore,
the method depends on the f£ilm deposition condition of.
the Ag £ilm 3, or the kind and the film forming condition
of the integgiiﬁial layer 5. The respective concrete
condition may be chosen according to each film deposition
device and is not particularly festricted.

As an interstitial layer 5 which alleviates the .
imperfection of Ag crystal, a f£ilm which is easy to
crystallize and in which the inter-atomic distance in the
crystal plane parallel to the substrate is approximately
equal to that of Ag lattice, ié desirable. The £ilm in
the hexagonal system in which the C axis is easy to be
orientated peffendicular to the substrate, or the film in
the cubic system (face céntered cubic lattice, diamond-
type, NaCl-type) which is easy to be oriented in (111)
plane parallel to the substrate, has tendency to promote
the crystallization of Ag. As the examples, Ti, Zr, and
Zn0 liable to be oriented in (001) plane parallel to the
substrate, TiN, ZrN, Pt, Au, Al, and Pd liable to be
oriented in (111) plane parallel to the'substrate( are
pointed out. Even in using the same film material, the

degree of the crystalline perfection and the orientation

differ depending on the deposition condition thereof, or



A ZnOfilm an Ag film and a ZnO filmare successively d '-dAQENE%ﬂWﬂﬁEgT

respectively the thicknesses of 450 A. 100A, and 450 A, byjtihe RF

sputtering method simlar to the above Exanple 2. A Zn taqqﬁ @qugn

Ag target are used, and the sputtering is perforned in an jatposphere of i

argon gas. The sput- tering pressure, Essubstrate t enper jat br-e—ame--t-he-RF
n

power density in the film deposition of O and Ag are sinflar to those in

t he above Exanple 2. In this Conparative Exanple, no heat Treatnent 1n
vacuum af t er the é@gm@ie@%sm oﬁrxétaﬁlsaﬁppérﬁep§19@t %‘erbrftﬁ HRPAer  The

obtained Low-E filmis examnp X-ray diffraction The integral
width [err]i kﬁlﬁﬂjﬁﬁyﬁﬁff?ﬁb ?OEX%an)ofaﬂS Fgelsféﬁﬂilty of A4 the LowE

fiimafter 6 davs,ofpihe [0Sl UEEctEeh st 2088 chethora S U ld& dots

film 2 or the oxide film 4 is composed of a single layer
of Zno{ or when these layers are composed of multi-layers
and have a ZnO ﬁilm;at the interface with the Ag £ilm 3,
the interstitial layer 5 can be dispensed with, since,
these ZnO films show the effect similar to the
-interstitial layer 5.

The film thickness of the interstitial layer 5 is not
pafticularly restricted. When it is too thin, the effect
of decreasing the crystalline imperfection of Ag is
reduced. When it is too thick, it influences on the
total color hue of the Low-E.film, and reduces the
visible light transmittance. Considering these factors,
the thickness 6f the interstitial layer 5 is desirable to
be 10 to 40 A.

The interstitial layer 5 functions to alleviate the
incompleteness of the crystallized Ag £ilm, and is
different from the conventionally known nucleating layer,
which is utiliged in order to provide coalescence at the
beginning of the formation of a f£ilm to be deposited on
the nucleating layer and thereby ensure a smooth and thin
continuous layer.

The material of the film 2 is not particularly
restricted; It is possible to utilize a film composed of

a single layer made of ZnO, SnO,, TiO, etc., or composite



nore are observed. The Low-E filmbefore the test is iggpihgﬁyﬁﬁﬁfSHEET

l am nat ed gl ass as described in Exanple 2, and then the ngi g—ture

| Y

resistance test is performed. On the |am nated gl ass after

4 day. he
noi sture resistance test, the white turbid- ity having the vﬁdg%'g??%¥kﬁ1tsg
observed fromthe periphery of the sanple. | e et ]

20 -

e

of these materials, or these materials added with other
elements, a multi-layer film comprising at least two of
the above films. However, considering the productivity
thereof, it is desirable to utilize a ZnO film, a SnO,
£ilm, a 2nO f£ilm added with at least one selected from
the group consisted of Al, Si, B, Ti, Sn, Mg and Cr, by
10 atomic % or less in total quantity including 2Zn, or a
multi-layer film in which ZnO and SnO, are alternatively
laminated.

The oxide film 2 influences Ag crystal, directly, or
indirectly through the interstitial layer 5. Therefore,
as the oxidé film 2, a crystalline film is desirable in
order to promote the crystallization of the Ag film 3.

As the oxide film 4, a film similar to the above.
-oxide film 2 can be utilized. Furthermore, when a
laminated glass is produced by laminating another
substrate on the Low—-E glass interposing an intermediate
plastié £ilm, (for example, polyvinyl butyral), the oxide
film 4 may be composed of a multi-layer film, and may be
comprising an oxide £ilm (for instance, chrominum oxide)
of the film thickness of 100 A or less, is formed, as a
layer contacting the intermediate plastic film for the
purpose of controlling the adhesive strength between the
Low—-E film and the intermediate plastic £ilm, of for the
purpose éf increasing the durability of the laminated
glass. In this case, thé oxide film 4 may be composed of

two layers or more including these films.
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When the internal stress of the oxide film 4 is
large, the film is liable to be exfoliated and destroyed,
which causes the deterioration of the Ag f£ilm 3
(especially Ag film (A)). Accordingly, it is desirable
that the internal stress of the total of the oxide £ilm 4
is 1.1 x 1019 dyn/cm? or below. When the oxide film 4
has a film whose major component is ZnO, and when the
internal stress is small, the value of the diffraction
line 26 (center of gravity position) of (002) diffraction
line of hexagonal ZnO by X-ray diffractiqn method
utiiizing.CuKa radiation, of the Low-E f£ilm is not
smaller than 33.88° and not larger than 35.00°.

Especially, in case of the Low-E film comprising five
layers of an oxide film 2, a metallic £ilm, an oxide film
2, a metallic £ilm, and an oxide film 4, or of more than
five layers, the internal stress of the oxide film 2
other than the oxide film 4, is also desirable to be 1.1
x 1010 dyn/cm? or less, for improving the moisture
resistance thereof.

The £film thicknesses of the oxide film 2 and the
oxide film 4 are desirable to be in the range of 200 t§
700 X, considering the total color hue and the visible
light transmittance of the Low-E f£ilm. Iﬁ.case the oxide
film 2 and the oxide f£ilm 4 are composed of a multi-layer
film, a total film thickness of the oxide filmlis
desirable to be in the range of 200 to 700 A, and the

film thicknesses of the respective layers are not



COVPARATI VE EXAMPLE 2 AZnOfilm a Ti film an Ag filmand a ZnO

film are successively deposited on a glass substrate havi T \FtATy &
the filmthicknesses of 450 A, 40 A, 100 A, and 450 A, by qﬁ:*%gﬁﬂgENTé

method simlar to the above Exanple 3. A ZnO target. aj T§ target, an
target are used, and the sputtering is_pezrj ornmed in an at npsphdr&NOV 188gon

gas.

=

5T

.

J

restricted.

As the substrate 1 of the present invention, a glass
substrate, a film or a substrate made of plastics or the
like may be utilizéd.

EXAMPLE 1

A ZnO £ilm, an Ag film, and a ZnO film are
successively deposited on a glass substrate, with the
f£ilm thicknesses of 450 A, 100 A, &nd 450 &,
respectively, by the RF sputtering method. 1In this
Example, during deposition of a ZnO f£ilm as the first
layer the temperature of the substrate is set at 200°C.

A ZnO target and an Ag target are used and the

.. sputtering is performed in an atmosphere of argon gas.

-The £ilm deposition of the first layer of ZnO is

performed under the sputtering pressure of 5.0 x 1072
Torr, with the RF power density of 1.8 W/cm?, at the
substrate temperature of 200°C. The film deposition of
Ag is performed under the sputtering pressure of 3.0 x
103 Torr, with the RF power density of 1.1 W/cm?, at
the substrate temperature of room temperature. The £ilm
formation of the third layer of ZnO is performed under
the sputtering pressure of 1.0 x 102 Torr, with the RF
power density of 1.8 W/cm?, and at the substrate
temperature of room temperatﬁre. |

The obtained Low-E film is examined by X-ray
diffraction method utilizing RU200-RINT of RIGAKU Company

(the same for the following Examples and Comparative




The éputtering pressure. the substrate tenperature, and the KEE&EmHFSHEET

density in the filmdeposition of the ZnOfilm the Ti film
are the sane with those in the above Exanple 3. In this Conparative
Exanpl e, the heat treatment in vacuum after the deposition ag ifn E&NQY ©93
I's not perforned. The obtained LowE filmis exam ned by|Xiray -

diffraction method. The integral w dth 23r+]i of (111) diffraction I1ne of

i
i
]
2

Ag is 1.25[err]. As for the appearance of this LowE filmafter 6 days

of the Mo StiifnpresslangRe! eRkegkht VLA e Bl and (e pon- spi cuous
white dots wth particle size of ™1 nmor nore are observed. In the

LowE film ofitfisSctD¥RNL LB, oENRgMPEShUBGer.esi stance is considerably
i nproved. Therefore, the handling of the LowE filmon a single plate

before it is incphgoneisdure 2egdoslhacel @estg,(H¥T el daft et £idle gb&RE can be
facilitated. Fur-
test is performed in the following Examples, and
Comparative Examples) is performed on the Low—~E £f£ilm, by
leaving the sample in an atmosphere of 50°C in
temperature and 95% in relative humidity. The appearance
of the sample after 6 days of the moisture resistance
test, is fair wherein no conspicuous white dot nor white
turbidity is observed, although very small negligible
dots are found partially.
EkAMPLE 2

A ZnO £ilm, an Ag film, and a-ZnO film are
successively deposited on a glass substrate having
respectively the film thicknesses of 450 &, 100 A, .and
450 A, by the RF sputtering method similar to the above
Example 1. In this Example, the sample is heat-treated
at 240°C in vacuum after the film formation.

A ZnO target and an Ag target are uéed, and the
sputtering is performed in an atmosphere of argon gas.
The substrate temperature is set at room temperature
during the deposition. The f£ilm deposition of the first
layer and the third layer of ZnO is performed under the
sputtering pressure of 1.0 x 10™2 Torr, with the RF power
density of 1.8 W/cm?. The film deposition of the Ag
layer is performed under the sputtering pressure of 3.0

x 10°2 Torr, with the RF power density of 1.1 W/cm®. The



thermore, the possibility of a long termstorage in a room sigiLe——————@
plate is realized. This leads to the pronotion of the reli Hﬁﬂﬂy®8 ENBSHEET
LowE gl ass for an autonobile or for architectural use. Furfth e "sSTmce]
the LowE filmis not deteri- orated by noisture contained |n aq
iGNGY IR e
9

internediate plastic filmwhen it is used in a | am nated gl

durability of the |am nated gl ass for-.apgautonobile or for r

use. Since the LowE filmof this invention conprises the film whose

maj or . conmpon Al has el ect.ri C conductivity as S freat

reflective f ﬂﬂt 19*h@%§?5r§% % %ﬁ ﬁﬁ?ﬁl?rﬁﬁﬁFmgéﬁﬁ%eﬂvégtlon

can be utili ne arlo fi Id f tech y utiliz ectrlc

conduct|V|ty52€o¢ gﬁm f? gn Setut i | g‘é% f * ?Eg ' ® he field
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The appearance of this Low-E film after 6 days of the
moisture resistance test is excellent without.any white
dot -or white turbidity observed.

Furthermore, a laminated glass is made by laminating
another glass plate on top of the Low—E glass plate
interposing a polyvinyl butyral intermediate film, with
the Low-E film before the moisture resistance test being
disposed inbetween, and the similar moisture resistance
test is performed for this laminated glass. No white
turbidity nor white dot is observed in the laminated
glass after 14 days of the moisture resistance test.
EXAMPLE 3

A ZnO film, a Ti £ilm, an Ag f£ilm, and a ZnO film,
are suceessively deposited on the glass substrate having
respectively the film thicknesses of 450 A, 40 A, 100 &,
and 450 A, by the RF sputtering method similar to the
above Example 1. In this Example, the Ti f£ilm is formed
as the interstitial layer 5, and the sample is heat-
treated in vacuum after the film deposition of the Low-E
£ilm.

A ZnO target, a Ti target, an Ag target are used, and

the sputtering is performed in an atmosphere of argon
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gas. The substrate temperature is at room temperature.
The £ilm deposition of the first layer and the fourth
layer of ZnO is performed under the sputtering pressure
of 1.0 x 1072 Torr, with the RF power density of 1.8
W/cm?. The film formation of the Ag layer is performed
under the sputtering pressure of 3.0 x 10~3 Torr, with
the RF power density of 1.1 W/cm?. The film deposition
of the Ti layer is performed under the sputtering
pressure of 3.0 x 1073 Torr, with the RF power density of
l.8IW/cm2. The Low-E film after deposition is heat-
treated at 200°C in vacuum for 1 hour.

‘The Low-E film after the heat treatment is examined
by X-ray diffraction method. The integral width gi of
(111) diffraction line of Ag.is 1.03°.

‘The moisture resistance of the Low-E film is fair as
in the above Examples.

EXAMPLE 4

An Al-doped ZnO film, an Ag film, and an Al-doped ZnO
film are successively deposited on a glass substrate
having respectively the thicknesses of 450 A, 100 A, and
450 A, by the RF sputtering method similar to the above
Example 1. In this Example, the Al-doped ZnO films are
formed, as the oxide f£ilm 2 and the oxide film 4, and the
Low-E film after the film formation is heat-treated in
vgcuum. |

A Zn0O target containing Al by 3.2 atomic % of the

total quantity including Zn and an Ag target are used,
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and the sputtering is performed in an atmosphere of argon
éas. The substrate temperature is at room temperature.
The f£ilm deposition of the Al-dopéd ZnO films of the
first and the third layers, is performed under the RF
pressure of 1.0 x 102 Torr, with the RF powér density of
1.8 W/cm?. The film deposition of the Ag layer is
performed under the sputtering pressure of 3.0 x 10-3
Torr, with the RF power density of 1.1 W/cm?. The Low-E
f£ilm after deposition is heat treated at 240°C in vacuum
for 1 hour.

The Low-E film after the heat treatment is examined
by -X-ray diffraction method. The integral width Bi of
(111) diffraction line of Ag is 0.26°.

| The appearance of the Low-E film after 6 days of the
moisture resistance test, is excellent without any white
dot or turbidity observed by human eyes.
COMPARATIVE EXAMPLE 1

A ZnO £ilm, an Ag f£ilm, and a ZnO f£ilm are
successively deposited having respectively the.
thicknesses of 450 A, 100 A, and 450 A, by the RF
sputtering method similar to the above Example 2.

A ZnO target and an Ag target are used, and the
sputtering is performed in an atmosphere of argon gas.
The sputtering pressure, the substrate temperature, and
the RF power density in the film deposition of ZnO and Ag
are similar to those in the above Example 2. In this

Comparative Example, no heat treatment in vacuum after
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the film deposition as in sample 2 is not performed.

The obtained Low-E film is examined by X-ray
diffraction method. The integral width Bi of (111)
diffraction line of Ag is 1.12°. |

On the Low-E £ilm after 6 days of the moisture
resistance test, conspicuous white dots with diameter of
1 mm or more are observed.

The Low—E.Eilm before the test is incorporated in a
laminated glass as described in Example 2, and then the
moisture resistance test.is performed. On the iaminated
Qlass after 14 days of the moisture resistance test, the
white turbidity having the width of 6 mm is observed from
the periphery of thelsample.

COMPARATIVE EXAMPLE 2

A ZnO film, a Ti £ilm, an Ag £ilm and a ZnO £film, are
successively deposited on a glass substrate having
respectively the f£ilm thicknesses of 450 A, 40 &, 100 A,
and 450 A, by the RF sputtering method similar to the
above Example 3. |

A ZnO target, a Ti target, an Ag target are used, and
the sputtering is performed in an atmosphere of argon
gas. The sputtering pressure, the substrate temperature,
and the RF power density in the film deposition of the
Zn0 £ilm, the Ti £ilm and the Ag film are the same with
those in the above Example 3. In this Comparative
Example, the heat treatment in vacuum after the

deposition as in Example 3 is not performed.
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A180[err](d[err]cos[err])<[err]i<l180[err]/(d[err]cos[err]) 0'15. i
where d(A) designates a thickness of a fil mwhose major c

[err](A), a wave length of an X-ray for measur e and f?
Bragg angle. 2. The low em ssivity fllgéagcording to d g ,
integral width [err]i([err]) exists in second range of
180[err]/(d[err]cos[err])<[err]isl80[err]/d[err]co (%err])+0 10. 3 The
enissivity flln1ﬁb%o®btﬁgn?§ theirh filmndscieaxaminedtleyyr¥trraydt h p|([err])
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diffraction line of Ag is 1.25°.
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As for the appearance of this Low-E film after 6 days
of the moisture resistance test, the white turbidity and
the conspicuous white dots with particle size of 1 mm or
more are observed.

In the Low-E film of this invention, the moisture
resistance is considerably improved. Therefore, the
handling of the Low-E film on a single plate before it is
incorporated in a double glazing, or a laminated glass -
can be facilitated. Furthermore, the possibility of a
long term storage in a room as a single plate is
realized. This leads to the.promotion of the reliability
of the Low—-E glass for an automobile or for architectural
use. Furthermore, since the Low-E film is not
deteriorated by moisture contained in an intermediate
plastic film when it is used in a laminated glass, it
promotes durability of the laminated glass for an
automobile or for architectural usé;

Since the Low-E f£ilm of this invention comprises the
film whose major component is Ag, it has electrical
conductivity as well as the heat reflective function.
Therefore, this Low-E £ilm of the present invention, can
be utilized in varioué fields of technology utilizing
this electric conductivity. For instance, it can be

utilized as an electrode in the field of electronics.



4. The low emi ssivity filmaccording to Claim1, further ¢ S AGT —
interstitial layer or layers for alleviating the crys- ﬁ#ﬁﬁﬁmﬂ¢?%ﬂﬁﬁT
i nperfection of Ag, fornmed at the interface between the fi 1|whose maj or

conponent is Ag and the oxide film 5. The | ow em ssivity fli | méggyroegg
to daim1, wherein the oxide film(B) formed on outer side |of the film (A)
whose maj or conponent is Ag being nost apart fromthe |first substrate;
has an internal stress which is equal_tg§goL |ess t han 1 x 10[err]

dyne/cnferr]. 6. The low em ssivity filmaccording to Claim1l, wherein the

oxide film(B) forned on outer side of the film ose, .
%u%thermore, in case og an electricéi yvggatlng window,

it can be used as a heating body. 1In case of a window or
electronic components, it can be used as an
electromagnetic shielding film. In-some cases, the Low-E
film 6f this invention can be formed on a substrate,
interposing f£ilms with various functions therebetween.

In such a case, the optical_property thereof can be
controlled by choosing the:éﬁtical film thicknesses of
the respective films of the Low—-E film of the present

invention, depending on the purpose.
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maj or conponent is A@—beLng_npgg_gggL£1fron1the first gﬂﬁzggéng
conposed of a single a nulti-1ayer. com _ﬁﬂ:@ﬂﬁEﬂ
| ayer whose maj or cjﬂ M"ﬂum' xi de, the crystalf gtructure of _'Trn
zi nc oxi de being he m val ue of a difif ract bqpeangise
2[err](center of gravity p05|f|oﬁ) of (VOZ) diffracti¢n{line the
hexagonal zinc oxide in X-ray diffraction nmethod dsi ng COR[erTy
radi ati on iCLAKMSsmal | er than 33.88[err] and not Iarg&L than 35.00[err]
7. The low em ssivity filmaccording to Claim1l, wherein the oxide
filmB)foried ok baveemdisdd viftyt HELIm| fofmpdubosa substfate cowhbohnt is Ag
bei ng nost apart fromthe substrate, is conposed of a multi-layer film the
out er nost lcomprisessf which is a controlling layer for controlling the

adhesi ve strength between the |ow enmissivity filmand an interne-
a coating of ox1de films and films whose major

component is Ag alternately formed on the first substrate
in a total of (2n+l) layers where n is an integer being
equal to or more than 1, with the innermost layer being
an oxide f£ilm,

wherein an integral width fi(°) of (111) diffraction
line of a cubic Ag in an X-ray diffraction diagram of the
low emissivity £ilm exists in a first range of
lBOA/(dncosﬁ)éﬁi;lSOA/(dnqosH)+0.15,

where d(A) designates a thickness of a film whose
major component is Ag, A(dA),.a wave lengﬁh of an X-ray
for measurement and &, Bragg angle.
2. The low emissivity f£ilm according to Claim 1, wherein
the integral width Fi(°) exists in a second range of
1804/ (drcosf)<Fi<1804/ (drcosf)+0.10.
3. The low emissivity £ilm according to Claim 1, wherein
the integral width Bi(°) exists in a third range of
1804/ (drcosf)<Bi<1801/(drcos§)+0.05.
4. The low emissivity film according to Claim 1, further
comprising: an interstitial layer or layers for
alleviating the crystalline imperfection of Ag, formed at
the interface between the film whose major component is
Ag and the oxide filﬁ.

5. The low emissivity film according to Claim 1, wherein
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the oxide film (B) formed on outer side of the film (A)
whose major component is Ag being most apart from the
first substrate, has an internal stress which is equal to
or less than 1.1 x 1010 dyne)cmz.

6. The low emissivity film according to Claim 1, wherein
the oxide film (B) formed on outer side of the f£ilm (A)
Whose.major component is Ag being most apart from the
first substrate, is composed of a sinéle layer or a
multi-layer, comprising at least a layer whose major
component is zinc oxide, the crystal strucéure of the
zinc oxide being hexagonal, and a value of a diffraction
'angle 26 (center of gravity position) of (002)
diffraction line of the hexagonal zinc oxide ‘in X-ray
diffraction method using CuKa radiation is not smaller
than 33%88° and not larger than 35.00°.

7. -The low emissivity film according to Claim 1, wherein
the oxide film (B) formed on outer side of the f£ilm (A)
whoée major component is Ag being most apart from the
substrate, is composed of a multi-layer £ilm, the
outermost layer of which is a controlling layer for
controlling the adhesive strength between the low
emissivity £ilm and an intermediaté plastic £ilm

“interposed for lamination with another substrate.
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A LOW EMISSIVITY FILM

ABSTRACT

A low emissivity film formed on a substrate, which
comprises a coating of oxide films and films whose major
component is Ag alternately formed on the substrate in a
total of (2n+l) layers where n is an integer being equal
to or more than 1, with the innermost layer being an
oxide film, wherein an integral width fi(°) of (11l)
diffraction line of a cubic Ag in an X-ray diffraction
diagram of the low emissivity film exists in a first

range of 1801/(drcosd)<pi<1801/(drcosd)+0.15, where d(4)

~ designates a thickness of a film whose major component is

Ag, A(A), a wave length of an X-ray for measurement and

8, Bragg angle.

FIGURE 1A
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