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[ 5 7 1 ABSTRACT 

A non-absorbing, substantially colorless, multi~layer 
anti-re?ection coating for use on a substrate having an 
index of refraction of 1.43 to 2.00 comprises a first 
layer of a low~index ?lming material deposited on the 
substrate and having a thickness less than M4, a sec 
ond layer of a high-index ?lming material deposited 
on the ?rst layer and having a thickness of less than 
1/4, a third layer of a low-index ?lming material de 
posited on the second layer and having a thickness ap 
proximately between 5 M16 and 7A/l6, a fourth layer 
of a high-index ?lming material deposited on the third 
layer and having a thickness of less than M4, a fifth 
layer of a low-index ?lming material deposited on the 
fourth layer and having a thickness of less than M4, a 

’ sixth layer of a high-index ?lming material deposited 
on the ?fth layer and having a thickness of more than 
M2, and a seventh layer of a low-index ?lming mate 
rial deposited on the sixth layer and having a thickness 
of A/4, wherein A is a selected wavelength of near ul 
traviolet range to near infrared range. 

4 Claims, 6 Drawing Figures 
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MULTI-LAYER ANTI-REFLECTION COATING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to an anti-re?ection coating 

comprising seven thin layers. 
2. Description of the Prior Art 
It is known from German Pat. No. 742,463 (I943), 

for example, that a multi-layer coating comprising in 
combination two or three different stable materials de 
posited into thin layers of less than M4 in thickness, 
where k is the wavelength of light, can be equivalently 
expressed as a single-layer coating having a value of re 
fractive index between the maximum and the minimum 
refractive index of the deposited materials and within 
the range over which the refractive indices of the exist 
ing filming materials vary with the variation in the 
wavelength of light, if the wavelength range is repre 
sented by the concept of wave number range (1-0', 
1+0), where (r = A,/)\ for the standard wavelength )t, 
(usually 5500A). Especially, it was taught by L. I. Ep 
stein that a multi-layer coating of symmetrical con 
struction can be replaced by a single-layer coating of 
equivalent refractive index according to the theory of 
equivalent coating. I 

Such a property may be applied to a three-layer coat 
ing of the construction substrate - M4 — M2 — M4 - me 

dium. If the layer adjacent the substrate is replaced by 
a three-layer coating of equivalent refractive index and 
the refractive index of the substrate-adjacent layer of 
the new three-layer is selected to be the most suitable 
one for the substrate, then there may be provided an 
anti-re?ection coating which will never be affected by 
the refractive index of the substrate. This is disclosed 
in US. Pat. No. 3,432,225 (1969) and U8. Pat. No. 
3,565,509 (I971). _ 

Nowadays, with the diversi?ed usages of photo 
graphic lenses, the developments of optical instru 
ments, the adaptation of photosensitive materials for a 
wider band and the specialized usages of such photo 
sensitive materials, it has become essential to reduce 
the re?ection factor over a wide range from near ultra 
violet to near infrared. In order to provide an anti 
re?ection coating with such a property, it would be in 
suf?cient to express the refractive index of each layer 
in a three~layer coating of the form substrate — M4 — M2 
— M4 — medium simply by using the concept of alter 
nate layers, inasmuch as variations in the refractive in 
dices of the existing ?lming materials with respect to 
wavelength must at least be taken into consideration. 
An anti-re?ection coating will now be considered in 
terms of its properties as a multi-layer coating, with the 
construction of such coating regarded as a fundamental 
periodic layer. For the convenience of description, the 
wavelength range from a non-transmissive band to the 
next non-transmissive band is referred to as the peri 
odic width of the fundamental periodic layer. 
Here it is assumed that the uppermost layer of the 

fundamental periodic layer which is adjacent the me 
dium is composed of a ?lming material having a lowest 
possible refractive index, such as magnesium ?uoride 
(MgFz), lithium ?uoride (LiF) or cryolite (NaaAlFe), 
and that an intermediate layer adjacent the uppermost 
layer is composed of a ?lming material such as zirco 
nium oxide (ZrOz), titanium oxide (TiOz) or scandium 
oxide (sc,o,,). 
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2 
Generally, the periodic width of the fundamental pe 

riodic layer may be improved by increasing the thick 
ness of such layer. With this method, however, per 
formance is superior for perpendicular incident rays 
but inferior for oblique incident rays. That is, the angu 
lar characteristic is deteriorated. 

In this case, the periodic width of the fundamental 
periodic layer could be increased by slightly increasing 
the thickness of the layer if the refractive index whose 
wave number range (l—o', I+0') is in the vicinity of 0 
= 0.3 — 035 could be greatly increased or decreased 

with respect to the refractive index in the center range 
(the “center“ means that wave number equals I). 

SUMMARY OF THE INVENTION 

The present invention aims at improving the anti 
re?ection coating of the conventional type of the form 
substrate 4/4 — M2 - M4 - medium to increase the pe 

riodic band width of the fundamental periodic layer. 
According to the present invention, there is provided 

a non-absorbing, substantially colorless, multi-layer an 
ti-re?ection coating for use on a substrate having an 
index of refraction of 1.43 to 2.00 which comprises a 
?rst layer of a low-index filming material deposited on 
the substrate and having a thickness of less than M4, a 
second layer ofa high-index ?lming material deposited 
on the ?rst layer and having a thickness of less than M4, - 
a third layer of a low-index ?lming material deposited 
on the second layer and having a thickness approxi 
mately between 5k/l6 and 7k/16, a fourth layer of a 
high-index ?lming material deposited on the third layer 
and having a thickness of less than M4, a ?fth layer of 
a low-index ?lming material deposited on the fourth 
layer and having a thickness of less than M4, a sixth 
layer ofa high-index ?lming material deposited on the 
?fth layer and having a thickness of more than M2, and 
a seventh layer of a low-index ?lming material depos 
ited on the sixth layer and having a thickness of M4, 
wherein X is a selected wavelength of near ultraviolet 
range to near infrared range. 
The high-index ?lming material may be one of ZrOZ, 

TIOZ, Nd203, C602, T803, TIzOa, PI'gOu, Tazoa'prgou 
and lnO2, and the low-index ?lming material is one of 
MgFz, SiO,, Na;,AlF,i and UP. The low-index ?lming 
materials of the ?rst, third, ?fth and seventh layers are 
identical and the high-index ?lming materials of the 
second, fourth and sixth layers are identical. 
The low-index ?lming material may preferably be 

MgF,, and the high-index ?lming material may prefera 
bly be ZrO,. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will become fully apparent from the 
following detailed description thereof taken in con 
junction with the accompanying drawings, in which: 

FIG. 1 is a diagram showing the manner in which may 
be provided for the wave number 0.7 by substituting for 
the substrate-adjacent layer in a conventional three 
layer coating of the form substrate - M4 - k/Z — M4 - 

medium; 
FIG. 2 is a similar diagram for the wave number 1.3; 

FIG. 3 is a diagram showing the manner in which im 
provement may be provided for the wave number 0.7 
by substituting for the intermediate layer in said three 
layer coating; 
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FIG. 4 is_a similar diagram for the wave number 1.3; 

FIG. 5 is a graph illustrating the spectral characteris 
tics provided by a ?ve~layer coating of the form sub 
strate — A/4 - M4 - M4 — M2 — M4 - medium and having 

the numerical data as given in Table I; and 
FIG. 6 is a graph illustrating the spectral characteris 

tics provided by a seven-layer coating of the present in 
vention having the numerical data as given in Table II. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The principles underlying the present invention will 
?rst be described in detail. 
When the refractive index of the uppermost layer ad 

jacent the medium in a coating of the conventional type 
substrate - M4 - M2 - M4 — medium is considered to 

be limited to physico-chemically stable materials such 
as MgFz, LiF, cryolite, etc., the intermediate layer has 
nothing to do with the overall re?ection factor in the 
center wavelength range, that is, the intermediate layer 
becomes an “absent-layer,” and therefore the refrac 
tive index of the substrate-adjacent layer can be deter 
mined by determining the residual re?ection factor to 
be left in the center wavelength range and by determin 
ing the refractive index of the substrate. 

Further, the refractive index of the intermediate 
layer, which has so far been irrelevant, can be readily 
obtained by determining the refractive index of the 
substrate-adjacent layer determined by the center 
wavelength range; by determining the refractive index 
of the uppermost layer adjacent the medium; and by 
determining the residual re?ection factor allowed in 
the marginal wavelength range. This is disclosed in de 
tail by French Pat. No. 1,005,866 (1952). 

In order to further enhance the anti-re?ection effect 
of the anti-re?ection coating of the described type 
which is determined by the above-described method, 
there are the following two alternative methods typi 
cally in the case of the re?ection factor for the wave 
number range of (0.7, 1.3) ((7 =0.3). 

1. To replace the substrate-adjacent layer by a layer 
of a higher refractive index than that of the intermedi 
ate layer and having a thickness of M4 + mk/2, where 
m=1, 2, 3 and so on. 

2. To replace the intermediate layer by a layer of a 
lower refractive index than that of the uppermost layer 
adjacent the mediumand having a thickness of N2 + 
mk, where m=l, 2,3 and so on. 
The implementation of these two methods will be dis 

cussed with reference to FIGS. 1 to 4. 
In these ?gures, the coating employs the basic form 

substrate - )t/4 — M2 - M4 — medium in which the re 

fractive indices are 1.4, 2.0 and 1.52 for the uppermost 
layer, the intermediate layer and the substrate, respec 
tively. The refractive index of the substrate is herein as 
sumed to be 1.52 but the refractive index may be less 
than 1.52. 
FIG. 1 shows the implementation of the method (2) 

for the wave number 0.7; FIG. 2 shows the implementa 
tion of the method (2) for the wave number 1.3; FIG. 
3 shows the implementation of the method (1) for the 
wave number 0.7; and FIG. 4 shows the implementa 
tion of the method (1) for the wave number 1.3. 

In these ?gures, re?ection is represented according 
to the vector expression. 
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The circle centered at the base point 0 of the vector 

represents the range within which the re?ection-factor 
R is within 0.3%. In other words, if the end of the com 
posite vector lies within such circle, the overall re?ec 
tion is within 0.3%. Referring to FIG. 1, the vectors 
designated by a show a case where the refractive index 
of the substrate-adjacent layer in the three-layer coat 
ing is varied, and the ends of those vectors are passed 
by a dashed line p. The vector designated by B shows 
a case where improvements have been made by assum 
ing 3 M2 and order of 1.5 (1.50 - 1.59) for the thick 
ness and refractive index of the intermediate layer, re 
spectively. Similarly, in FIG. 2, the solid line vectors 
commencing at 0 represent the conventional anti 
re?ection coating of the form substrate - M4 - 1\/2 - 

M4 — medium. The dashed line p shows a case where 

the refractive index of the substrate-adjacent layer is 
varied, and it is seen in this case that the residual re?ec 
tion factor R’ is much greater than 0.3%. The vector 
designated by B shows a case where the refractive index 
of the intermediate layer is varied, and in this case the 
residual re?ection factor R0,, is approximately 0.3%. 
Also similarly, in FIG. 3, the dotted line ._i shows a case 
where the substrate-adjacent layer has a refractive 
index of approximately 2.5 and a thickness of 3 M4. 
This is also the case with FIG. 4. In both of FIGS. 3 and 
4, the residual re?ection factor R», can be made ap 
proximately 0.3%. 
Although the two methods are available as described 

above, it will be seen that the improvement provided by 
the method (1) is preferable in view of the possible de 
terioration of the angular characteristic resulting from 
the increase in the thickness of the coating. 
When, according to the method (1 ), the re?ection in 

the center range is eliminated in a coating of the form 
substrate- 5X73; )7?‘- M4 L medl am; there ‘is ' estab 
lished the relation as suggested by A.F. Turner: 

(1). 

where nl is the refractive index of the uppermost layer, 
n3 is that of the substrate-adjacent layer and n, is that 
of the substrate. 
Where some residual re?ection factor R is left in the 

center range, the equation (1) will become: 

(1'). 
which determines the refractive index of the substrate 
adjacent layer in the center range. If, for example, the 
refractive indices of the substrate, the uppermost layer 
and the intermediate layer are 1.52, 1.39 and 20, re 
spectively, then it will be seen that the lowermost layer 
has a refractive index of 2.5 and a thickness of 3M4 in 
the marginal range of wave number (0.7, 1.3) and has 
a refractive index of 1.67 and a thickness of 3M4 in the 
center range. ~ 

In a coating of the form substrate — )t/4 - M2 - i\/4 

— medium, this means that the M4 layer adjacentthe 
substrate may be replaced by a layer of the above 
described refractive index and a thickness of 3M4. 

Nevertheless, among the existing filming materials 
which are physico-chemically stable, there can be 
found no material whose refractive index is greatly 
variable with the great wavelength variation as shown 
in the foregoing example (such as a material having a 
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refractive index of 1.67 in the center range and a re~ 
fractive index of 2.5 in the marginal range). 
On the other hand, in the case previously described, 

it is theoretically possible to satisfy the required great 
variation of the refractive index for the wavelength by , 
utilizing the great variation in the equivalent refractive 
index expressed according to the theory of equivalent 
coating introduced by Herpin and in the equivalent re 
fractive index expressed by the non-transmissive band. 
In such case, the fact that the refractive indices in the 
visible marginal range and in the near ultraviolet and 
near infrared ranges are variable with respect to the 
refractive index in the center wavelength range must be 
taken into account, and it is desirable that the spectral 
characteristics represented by the equivalent thickness 
and the equivalent refractive index should have a sym 
metrical property about the center wavelength in the 
wavelength range. This means that an assembly must be 
formed by a symmetrical coating having a thickness 
substantially equivalent to p )t/4 where p is an integer. 

From such a theory, it is possible to satisfy the above 
described property by a construction employing a com 
bination of layers ofp M4 where p is an integer and to 
overcome the limitations existing in the conventional 
form substrate — M4 - M2 — M4 - medium. 

Generally, however, it is not so simple to ?nd the 
?lming materials whose refractive indices are suitable 
as the respective layer required to provide said con 
struction. 
Such a problem may be satis?ed by a method which 

will be described hereinafter. By introducing a charac 
teristic matrix IM which expresses the electric and 
magnetic ?elds in the interior of the coating in terms of 
the matrix, the electric field in the multi-layer coating 
may be expressed by the product of the characteristic 
matrices in the respective layers forming the coating. 
The nature of such characteristic matrices makes the 
refractive index symmetrical to some extent, but a mul 
ti-layer coating which is symmetrical about its thick 
ness can be replaced by a certain equivalent single 
layer coating within a range which satis?es the relation 
given below. If suf?xes a, b and c are used to represent 
the substrate-adjacent layer, the intermediate layer 
and the medium-adjacent layer in an ordinary three 
layer coating, then 

IM=< cos g. m 5111 g.) ( cos gb nb sln 9b) 
. jn. sin 9. cos 9. jnb sin gb cos g., 

_j_ . 

><(cos 9, no S111 go) 
jna sin gq cos g, 

(2) 

where g,, = 2 1r nkdk/A, - M/A, 

where It represents a, b or c, nk is the refractive index, 
dk is the thickness of the coating, and] is the imaginary 
number unit ( v'——1). 
If there is a very little difference between the magni 
tudes of n,, and nc, the following rewriting may be possi 
ble: 

n,l = nc(l + An/nc) 

If the An/n, is of the order of 0.05,_ 
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in, sin 0, "° 
cos g,1 

6 

n fit-6A1» 0 cos g sin 9 _ 
IME ° nc+An ' i” n, ° 

0 “"0 ]nc $111 9‘, cos y, 

‘ . cos ' - 

X cos gb 5]; S111 gb 9“ i sin gr) 
jnb sin 91, cos gb 

This may further be simpli?ed as follows, by multiply 
ing the respective matrices by each other: 

where 

If N is the equivalent refractive index of the symmetri 
cal three-layer coating, - 

(4) 

where the sign == means approximately equal to. Such 
N* is referred to as the pseudo-equivalent refractive 
index of a pseudo-symmetrical three-layer coating. 
Further, let ND be the equivalent thickness of the 
three-layer coating and N*D* be the pseudo 
equivalent thickness of the pseudo-symmetrical three 
layer coating. Then, there is established the relation: 

(5) 

These relations mean that the degree of freedom can 
be increased in the combination of the limited existing 
filming materials which are physico-chemically stable. 
It will thus be seen that, even in one and the same ?lm 
ing material, the degree of freedom of the expression 
of the equivalent refractive index can be increased by 
utilizing the difference in refractive index arising from 
the control of such factors as the degree of vacuum and 
temperature. As is apparent especially from formula 
(4) above, it can be uniformly increased or decreased 
by An/nc X l00(%) for the respective wavelengths. in 
the marginal wavelength range as shown in FIGS. 3 and 
4, the refractive index greatly different from that in the 
center wavelength range can determine the construc 
tion of a three-layer coating which satis?es the required 
conditions by relating it with the non-transmissive 
band in such marginal wavelength range. In the sym 
metrical three-layer coating fonning a 3M4 layer, let n,‘ 
and nu be the refractive indices of the substrate 
adjacent layer and the next layer and d“ and d, be the 
thickness of three layers, respectively. Then, under the 
condition that 

"udu : "adv 
there is obtained and equation: 

lcos gnlv = nu/(nu + 11,) 

. \ <62: 

whale gH = Z'I?nudu/AJXXJ/AHL 
where MA” = o- and it” represents a wavelength in the 
wavelength range given as l.25<a' and 0.7>o-. Thus, 
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g” shows the relation between n,‘ and n,J by equation 
(6). Meanwhile, the value of the ideal refractive index 
of the substrate-adjacent layer is obtained by the equa 
tion (1'), considering the residual re?ective index R 
within the center wavelength range. The equivalent re- 5 with the aid ofa variation M which is derived from the 
fractive index N to the ideal refractive index may be ex- relation that d,,=d,;tAd. Of course, Ad=0 means the 
pressed, as follows: provision of a symmetrical coating. 

Hunt Sin 2g“ COS gt From this fact, ‘it follows that the aforesaid basic form 
+ (n.-'-' COS2 gar-nit’ SlIT') g 11) Sin g, 0f ?ve-layer coatlng can be expressed in terms ofa sev 

N = 11,, . (6) 10 en-layer type of coating by uslng two different types of 
"""f' sm_,zg"_,cos g" _, . _, . physico-chemically stable materials. 

‘Hm’ COS‘ g“_n“' Sm- g") Sm 8“ ~ An example of this will be shown below. 

The values of n,, and n, are determined from the A ?ve-layer coating of the form substrate - M4,nl ~ 
above two relations (6) and (6’) or from the relation M4,n2 — M4113 — M2,n4 — M4,n5 — medium may be made 
(6), (6’) and (4). There is thus provided a ?ve-layer 15 into a nine-layer coating by substituting a symmetrical 
anti-reflection cbating of the form substrate — M4 — M4 three-layer coating for the substrate-adjacent layer 
- M4 — M2 — M4 - medium, which is a wide-band anti- (M4,nI layer) and the third layer (M4,na layer), respec 
reflection coating effective for a wider range than the tively. If the refractive index alone is considered with 
conventional three-layer anti<re?ection coating of the the thickness neglected, such nine-layer coating may be 
form substrate — M4 - M2 — M4 - medium. 20 expressed as: substrate -n,, -n,, -n,;, --n, -n;,, —n32 - n33 

Some examples of the numerical data are given in the — n4 - n5 - medium. Here, by establishing the relations 
Table I below, where n), represents the refractive index that n1|=n|3=ng=n32=7|5 and nI2=n3|=n33=n4 and by sub 
of the medium (air), and n, to us represent the refrac- stituting single layers for the two third and fourth layers 
tive indices of the successive layers beginning with the (rim and rig) and the two seventh and eighth layers (n33 
uppermost or first layer, and n, represents the refrac- 25 and m.) respectively, the nine-layer coating may be 
tive index of the substrate. ‘ made into a seven-layer coating. 

Table I Such seven-layer coating can be realized by employ 
_ a '1 ing a low-index material such as magnesium ?uoride 

fljdw'" "75,33 "753g (MgFz), lithium fluoride (LiF), silicon oxide ($10,) or 
x/2 n, = 2.0 r, = 2.1 30 cryolite and a high-index material such as titanium 

in :1: H5’; :1: :3; oxide (TiOz), zirconium, tantalum oxide (TaOa), in 
x/4 R; = 1264 ii; = 1:53 ‘dium oxide (lnOz) or the like. 
subs‘ra‘e . JliiL-?. . ??llL . According to the present invention, each thickness of 
The Spectral characteristics Provided thereby are mus‘ the ?rst to seventh successive layers beginning with the 
trated in FIG. 5 in which the ordinate is the refractive 35 uppermost medium adjacent layer ranges as fonows; 
index and the abscissa is wave length. The above forms ' " ‘ ‘ ' " " 

the basic form of the present invention. LQWSM' 7"‘ 6"‘ 5th 4th 3'd 2“d 1“ 

However, such basic form would encounter the prob- 3* X >\ A 7X 5) X X 3>\ k 55 0 9X 7x 

lems which will be described hereinafter. Firstly, there R Us? FE s 32 ET; To" 333 
are not always to be found ?lming materials required 40 _... 
to provide the most suitable construction for several Table II below shows numerical data where ZrOz 
different refractive indices of the substrate. Moreover, (refractive index 2.0) is employed as the high-index 
even if such combination was selected, the use of four material and MgF, (refractive index 1.39) as the low 
to five different ?lming materials would raise inconve- index material. In Table II, the thicknesses are all ex 
niences in practice and also, it would be difficult to 45 pressed in the unit of standard wavelength ()t,), and the 
maintain a sufficient physico-chemical stability in these first to seventh layers mean the successive layers begin 
?lming materials. ning with the uppermost layer. The spectral character- ' 
To overcome such difficulties, a combination of only istics provided by the combination as shown in Table 

two stable filming materials may be used by utilizing 50 II are illustrated in FIG. 6. 
the fact that such combination can express any desired When a combination of other materials is desired it 
refractive index between the values of the refractive in- can readily be provided by expressing the equivalent 
dices of the two materials. refractive indices by the use of other materials accord 
Acc'ording to the present invention, once the equiva- ing to the relation shown in Table II. Also, since the 

lent refractive index and equivalent thickness of the 55 thicknesses of the respective layers for the various 
symmetrical coating are determined by the theory of types of substrate shown in Table II are linearly corre 
equivalent coating, the thickness of the respective thin lated with one another, it will be apparent that the 
layers are primarily determined by that equivalent same result can be achieved not only for a substrate of 
thickness so that no more room is left to consider the optical glass but also for a substrate of single crystal 
dispersion of the refractive index. However, the varia- 60 such as CaFz, MgO or the like or for a substrate of any 
tion in the refractive index can be brought into consid- other refractive index. 

TABLE II 

Layers ____________ ._ 7th 6th bth 4th 3rd 2nd 1st 

. 0.023 As 0343M 0.042313; 0.114 As 0.508 to 0.240 As 
0.030 0337 0.040 0.110 0.511 0.243 
0.030 0.330 0.050 0.118 0.515 0.240 
0.050 0.321 0.051 0.121 0.521 0.250 
8.865: 0.315 0052 0.124 0.523 0 252 

8 
eration by introducing the asymmetry with respect to 
the thickness. For example, in the case of a three-layer 
coating of (namada)(n,,,n,,d,)(n,,n,,dc), where n,,d,,, etc. 
are optical thicknesses, asymmetry may be introduced 

0.521 0.255 
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I claim: - 

l. A non-absorbing, substantially colorless, multi 
layer anti-re?ection coating for use on a substrate hav 
ing an index of refraction of 1.43 to 2.00 comprising: 

a ?rst layer of a low-index ?lming material deposited 
on the substrate and having a thickness of less than 
M4; ' 

a second layer ofa high-index filming material depos 
ited on said ?rst layer and having a thickness of less 
than M4; 

a third layer ofa low-index ?lming material deposited 
on said second layer and having a thickness ap 
proximately between 5 k/l6 and 7 M16; 

a fourth layer of a high-index ?lming material depos 
ited on said third layer and having a thickness of 
less than M4; 

a ?fth layer of a low—index ?lming material deposited 
on said fourth layer and having a thickness of less 
than M4; 

a sixth layer of a high-index ?lming material depos 
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10 
ited on said ?fth layer and having a thickness of 
more than M2; and ‘ 

a seventh layer ofa low-index ?lming material depos 
ited on said sixth layer and having a thickness of 
approximate 1V4; 

wherein A is a selected wavelength of near ultraviolet 
range to near infrared range. 

2. A coating according to claim I, wherein the high 
index ?lming material is one of ZrO2, TiO2, Nd2O3, 
CeO2, TaOa, T503, PraOu, Ta2O3‘Pr5OH and lnO, and 
the low-index ?lming material is one of MgFz, SiO2, 
Na3AlF6 and LiF. 

3. A coating according to claim 1, wherein the low 
index ?lming materials of said first, third, ?fth and sev 
enth layers are identical and the high-index ?lming ma- > 
terials of said second, fourth and sixth layers are identi 
cal. 

4. A coating according to claim 3, wherein the low 
index ?lming material is MgF2 and the high-index ?lm 
ing material is ZrO2. 

* * * * * 


