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OMNIDIRECTIONAL ANTIREFLECTION 
COATING 

FIELD OF THE INVENTION 

This disclosure relates to thin film coatings in general, and 
more particularly, but not by way of limitation, to antireflec
tive coatings. 

2 
art to which the invention pertains will be able to devise other 
forms of the invention within the ambit of the appended 
claims. 

SUMMARY OF THE INVENTION 

The present invention disclosed and claimed herein, in one 
embodiment thereof, comprises an antireflective coating 
comprising at least one layer of a first material with a first 

BACKGROUND OF THE INVENTION 
10 refractive index profile and a first thickness, the first refractive 

index profile and first thickness being chosen to be substan
tially conforming to a refractive index profile developed 
according to the methods taught herein. 

It is now well understood that any inhomogeneity in an 
otherwise homogeneous medium can cause at least a partial 
reflection of any energy passing therethrough. For example, 
when light encounters an interface between two different 
dielectrics, a partial ( or, in some cases, total) reflection 
occurs, the magnitude of which depends on the physical 
parameters of the dielectrics. A common measure of the 20 

expected reflection intensity at an interface is the reflection 
coefficient, which is the ratio of the intensity of the reflected 
light to that of the incident light. For nonmagnetic media, 
reflectivity depends on the polarization of the incident light, 

25 
the angle of incidence, the dielectric constants of the media, 
and also the wavelength of the incident light, since the optical 
properties may depend on the wavelength (referred to as 
dispersion). 

In one embodiment of the present invention the antireflec-
15 tive coating has a refractive index profile derived by selecting 

the free parameters A 1 ... AN and K 1 ... KN for the set of 
simultaneous linear equations given by: 

N 

~ MufJ(z) = -A;eK;,, Mu= 6u + ---', i = 1 ... N 
~ ~+~ 

calculating the determinant, D, of a matrix of the set of coef
ficient of the set of simultaneous linear equations, determin
ing a refractive index profile by the equation: 

2 d2 

n2 (z) = n; + 2 ------,-[log(D)] 
k0 dz 

Although occasionally it is desirable to enhance the reflec- 30 

tivity at an interface, it is more common to seek to reduce it. 
The air-glass interface provides one common example of a 
scenario where a reduction in reflectivity is often sought. As In another embodiment, in order to account for the sub-

35 strate, the refractive index profile is given by the equation: an example, it is often a must for optical instrumentation to 
suppress reflection at the many interfaces of the optical com
ponents in order to increase the light throughput. 

The )J 4 technique for reducing reflectivity at an interface is 2 &
2 nI2 -nI1 

a well-known one. In brief, in order to reduce reflectivity at an 
interface for light at wavelength A, a thin film of thickness )J 4 40 

is introduced between the two media. The refractive index of 
the thin film is typically chosen to be intermediate between 
that of the medium of incidence and that of the substrate. The 

n2 (z) =n;1 + 2 ------,-[log(D)] + ---[! +tanh(K1Z)]. 
k0 dz 2 

BRIEF DESCRIPTION OF THE DRAWINGS 

physical principle that enables the operation of a )J 4 plate is 
the fact that waves reflected back in the medium of incidence 45 

Other objects and advantages of the invention will become 
apparent upon reading the following Detailed Description 
and upon reference to the drawings in which: from the two interfaces cancel each other in a destructive 

interference. Clearly, for a given polarization and angle of 
incidence, this approach will only be optimal for a single 
wavelength. Thus, perturbing any of the foregoing param
eters will tend to reduce the amount of destructive interfer
ence, thereby resulting in greater reflection at the interface. 

Generally speaking, antireflection coatings today suffer 
from limited bandwidths as well as very restricted range of 
angles of incidence for satisfactory operation. The limited 
wavelength range and angle range of existing films render 
them unsuitable for disparate applications eliminating the 
off-the-shelf, immediate delivery of such components. 

FIG. 1 is a graph illustrating the intensity reflection coef
ficient Ras a function of angle of incidence 8 for an inhomo-

50 geneous film according the present disclosure (a) without or 
(b) with a substrate atA=l .06 µm, with the insets showing the 
refractive index profiles. 

FIG. 2 is a graph illustrating the intensity reflection coef
ficient R as a function of angle of incidence 8 for another 

55 inhomogeneous film according the present disclosure (a) 
without or (b) with a substrate at A=l .55 µm, with the insets 
showing the refractive index profiles. 

Therefore what is needed is a system and method for 
60 

addressing the above and related issues. 

FIG. 3 is a graph illustrating a normal incidence intensity 
reflection coefficient R as a function of wavelength A for an 
inhomogeneous film according the present disclosure (a) 
without or (b) with the substrate. 

Before proceeding to the description of the present inven
tion, however, it should be noted and remembered that the 
description of the invention which follows, together with the 
accompanying drawings, should not be considered as limiting 
the invention to the examples ( or preferred embodiments) 
shown and described. This is so because those skilled in the 

FIG. 4 is a graph illustrating a normal incidence intensity 
reflection coefficient R as a function of wavelength A for 
another inhomogeneous film according the present disclosure 

65 (a) without or (b) with the substrate. 
FIG. 5 is a graph illustrating the reflection coefficient Ras 

functions of (a) angle of incidence 8 for TM polarized light 
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and (b) wavelength A for normal incidence, with correspond
ing profiles designed at A=l .06 µm shown in the inset. 

FIG. 6 is a graph illustrating the reflection coefficient Ras 
functions of (a) angle of incidence 8 for TM polarized light 
and (b) wavelength A for normal incidence. 5 

FIG. 7 is a graph illustrating the intensity reflection coef
ficient R as a function of angle of incidence 8 for another 
inhomogeneous film according to the present disclosure (a) 
without or (b) with the substrate. 

FIG. 8 is a graph of normal incidence intensity reflection 
coefficient R as a function of wavelength A for the inhomo
geneous film of FIG. 7 according to the present disclosure (a) 
without or (b) with the substrate. 

10 

FIG. 9 is a cross sectional view of a thin film antireflective 15 

coating constructed according to aspects of the present dis
closure. 

4 

(1) 

,J2'}{ d'}{ d(lnE(Z)) 2 2 -- - - --- + (ko1o(z) - kx )'}{ = 0, 
dz2 dz dz 

(2) 

where~ =k0yEssin 8 is the x-component of the wave vector 
for wave incident at -oo at an angle 8, k0=w/c is the free space 
wave vector, Eis the electric field of transverse electric waves, 
and Jlis the magnetic field of transverse magnetic waves. For 
a given E(z) profile introducing E and V(z) as 

(3) 

(4) 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Eq. (1) can be recast in the form of stationary Schriidinger 

20 
equation with energy E and potential V(z). 

In one embodiment, a method of designing one dimen
sional refractive index profiles which does not depend on 
quarter wavelength plates is disclosed. Broadly speaking, the 25 

method is founded on a consideration of reflectionless poten
tials in quantum mechanics and optics (see e.g. I. Kay and H. 
E. Moses, "Reflectionless transmission through dielectrics 
and scattering potentials", J. Appl. Phys. 27, 1503 (1957), 
herein incorporated by reference). As shown and explained in 30 

the examples herein, realistic index profiles based on the 
reflectionless potentials can lead to almost-onmidirectional 
antireflection coatings which are effective over broad wave
length bands for both TE (transverse electric) or the TM 

35 
(transverse magnetic) polarizations of light. 

Reflectionless potentials theoretically extend from -oo to oo 
in thickness, however any coating that is actually produced 
will likely be in the range of several microns thick. Moreover, 
the coating may be applied to a substrate ( e.g., a glass lens, a 40 

prism, a viewfinder, etc.) whose presence is to be accounted 
for. 

d2'¥ (5) 
dz2 + (E - V(z))'JI = 0 

The potential V(z) in Eq. (5) is said to be reflectionless if 
any wave with arbitrary positive energy can pass through the 
potential completely. It is also clear that Eq. (3) establishes 
the relation between the reflectionless potential and the cor
responding dielectric function profile E(z). Since the refrac
tive index is given by the square root of the dielectric function, 
Eq. (3) can be rewritten to yield the corresponding reflection
less refractive index profile n(z) as 

2 2 V(z) 2 
n (z) = ns - - 2 , Es = ns 

ko 

(6) 

Due to the presence of the log derivative of the profile E(z) 
in (2), a similar rewriting leading to an equation like (6) is not 
achievable for the TM-waves. Eq. (4) clearly indicates that a 
change in the angle corresponds to a change in the energy 
( albeit in a finite domain) in the corresponding quantum prob-As described and disclosed herein, by deposition of suit

able refractive index profiles on the two sides of any lossless 
thin film, the same can be, in effect, rendered substantially 
invisible. Such invisibility would hold for a large range of 
angles and also over a broad frequency range. 

Disclosed herein is a procedure for constructing refractive 
index profiles, with or without a substrate, which may lead to 
substantially total transmission of incident light. Since any 
realistic system is bound to be finite, the refractive index 
profile is and the reflection coefficient for both TE and TM 
polarizations is calculated. 

45 !em. It is thus possible to consider reflectionless dielectric 
function profiles for all possible angles of incidence for a 
given wavelength. As will be shown later, such omnidirec
tional substantially total transmission exists even for realistic 
(i.e. truncated) finite domain E(z) profiles. However, design-

50 ing a profile that is totally reflectionless for both TE and TM 
waves is not possible ( compare Eqs. (1) and (2)). Fortunately, 
as we will see reflectionless profiles for TE waves turns out to 
be substantially reflectionless even for TM-waves for large 
angular domains. 

The situation is a bit more involved in case of wavelength 
dependence. As is clear from Eq. ( 6) that the index profile n( z) 
depends on the wavelength. Potentials designed to be reflec
tionless at one wavelength are not necessarily reflectionless at 
other wavelengths. Fortunately again, the deviation from total 

By way of an explanation of the underlying theory, con- 55 

sider a nonmagnetic (µ=1) stratified medium with the dielec
tric function varying as E=E(z). Initially, the case is consid
ered where E(z)=Es as z---;,±oo, though this can be relaxed 
later to incorporate the effect of a substrate. Any incident 
plane wave with arbitrary polarization can be considered to be 
a mixture of two independent polarizations, namely, the TE 
(transverse electric) or the TM (transverse magnetic). The TE 
(TM) wave has only one non-vanishing electric (magnetic) 
field component perpendicular to the plane of incidence ( e.g., 
the xz plane). Assuming a temporal dependence, the propa- 65 

gation equations for the electric field of the TE waves and the 
magnetic field of TM waves can be written as 

60 transmission at lower wavelengths is not significant. There
fore, in application, dielectric function profiles based on 
reflectionless potentials can offer flat response almost with 
total transmission over large angle and wavelength regions. 

Described below is one method to construct the reflection
less potentials and the corresponding refractive index profiles 
(see Eq. (6)). Several known theorems developed by I. Kay 
and H. E. Moses, mentioned previously, can be useful here. 
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Assume that 2N positive arbitrary constants Ai, A2 , ... AN and 
Ki, K2 , ... KN, are given. The following steps are then under
taken: 

1. Consider the following set of simultaneous linear equa
tions: 

N 

~ MufJ(z) = -A;eK;,, Mu= 6u + ---, i = 1 ... N. 
~ ~+~ 

(7) 

Note that, in Eq. (7) -kn 2 and fn(z) correspond to eigen
value and eigenfunction of the corresponding Sturm-Liou
ville problem with V(z) in Eq. (5) representing the reflection
less potential. 

2. Construct the determinant D=IM,) of the coefficient 
matrix in Eq. (7). 

3. Then the reflectionless potential V(z) is given by 

d2 (8) 
V(z) = -2 dz2 [log(D)], 

6 
Equations (8) and (9) and the methods described herein 

place no per se limitations on the choice of the A's and K's 
except that they should be real valued and non-negative. 
However, since the refractive index values are limited in a 

5 practical sense to values for known and usable materials, 
discretion should be exercised in choosing the constants, so as 
not to end up with design parameters that call for a thin film 
that is impossible to produce. Further, any engineered inho
mogeneous system needs to be finite, in contrast to the theo-

10 retically optimal profile (6) (or (9)), which is defined on 
infinite support. Therefore, it may be useful to look at the 
deviations from truly reflectionless behavior that may result 
when the substrates are finite in thickness and/or extent. 

Finally, the thin AR (antireflective) coatings will prefer-
15 ably be deposited on a substrate. Referring now to FIG. 9, this 

figure contains a cross sectional view of a thin film antireflec
tive coating constructed according to aspects of the present 
disclosure. FIG. 9 is not to scale but has had portions enlarged 
to better illustrate the present techniques and methods. A 

20 substrate 902 is shown, which may be, for example, a lens, a 
portion of a lens, or any other substrate for which antireflec
tive properties are desired. A thin film antireflective coating 
904 is shown applied to the substrate 902. As can be seen, in 

4. As per Eq. (6) the corresponding index profile n(z) is 25 

given by 

some preferred embodiments the thin film coating 904 will 
comprise multiple layers 906, 907, 908 of antireflective mate
rials which have been chosen in such as way as to discretely 
approximate a continuously varying reflection index profile 
(n(z)) of the sort discussed above. The materials 906,907,908 
will preferably be chosen based on their known indices of 

2 d2 

n2(z) = n; + 2 ------,-[log(D)] 
k0 dz 

(9) 

Note that D is determined from IMi/1 which in tum is 
determined by the choice of the free parameter A,'s, K,'s 
Some principal aspects of the instant invention will be illus
trated further in the following examples. 

Example 1 

30 refraction and may be applied to the substrate 904 in prede
termined thickness in order to replicate the designed and 
desired refractive index profile derived as described herein. 
Although, FIG. 9 illustrates an example that was constructed 
using three layers 906, 907, 908, it is understood that more or 

35 fewer could be used depending upon the desired profile, the 
materials available, and other needs of the user. In FIG. 9, the 
variable 8 represents the angle of incidence (as measured 
from the normal to the surface) of a wave of light having 

40 
Consider a case where there is only one non-vanishing A 1 

wavelength A. Thus, from this figure the concepts of wave
length, incidence angle, and a multi-layered AR coating built 
to a specified profile can be more readily appreciated. and K1 pair, withA1 =2K 1 . It then follows that: 

(!OJ 45 

The potential V(z) in the quantum context is known by the 
name modified Poschl-Teller potential. 

Choosing A 1=2K1 , results in a maximum of Eq. (10) (i.e. 
the refractive index) at z=0. Similarly, for the 2-parameter 
family Ai, A2 ;,0, 

50 

In order to account for the substrate effects, one may con
sider the profile built on a smooth hyperbolic-tangent ramp 

2 2 2 cl2 nI2 - nI1 
n (z) = n,1 + 2 -:,,: [log(D)] + --

2
- [l + tanh(K1Z)] 

k0 uz 
(12) 

where ns1 and ns2 are the refractive indices of the bounding 
media on the left and right of the inhomogeneous medium, 
respectively. 

When a four-parameter profile is used, it may not be pos-

(11) 

55 sible to symbolically manipulate and solve the equations as 
was done with Eq. (11 ). Of course, methods for numerically 
solving such a system of equations are well known to those of 
ordinary skill in the art and/or values might be obtained by 
numerical simulation or some other method. 

Thus, increasingly complex refractive index profiles result 60 

with an increase in the permissible number of parameters. In 
the experience of the instant inventors, a four-parameter fam-
ily will typically achieve satisfactory results over large wave
length ranges and a large range of angles of incidence, 
although it is possible to use more or fewer parameters. In 65 

fact, equal or even better performance with lower parameter 
families is not ruled out. 

Example 2 

As was mentioned previously, the A's and K's should be 
chosen to be non-negative and real to increase the possibility 
that the resulting n(z) is physically realizable. Once a design 
wavelength has been chosen, the practical guideline is offered 
by the profile (10). For example, for a given A, using the 
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extremal valueofV(z), e.g., -2K1 
2 inEq. (6), one can estimate 

the value ofK1 using the following equation 

(13) 

8 
length 1.55 µm. The solid lines are for the inhomogeneous 
film occupying -3 µm~z~3 µm and the dashed lines for the 
inhomogeneous film occupying -2 µm~z~2 µm. 

It can thus be seen that these films exhibit extremely low 

where nmax, is the peak value of the refractive index profile 
corresponding to (10). For example, for A=l.06 µm, n5=l.0, 
nmax =1.65, Eq. (13) yields an approximate value ofK1 of 5.5 
µm- 1. Henceforth, it will be assumed that length is measured 
in microns and the units in the constants will be suppressed. 
Thus for the simplest reflectionless index profile one has 
K1=5.5 andA1=2K1=11.0. 

5 reflectivity over a very large range of wavelengths, though 
they are designed at particular wavelengths. Such flat 
response over such large spectral ranges is not typically 
achievable with conventional AR coatings based on quarter 
wave plates. It is also clear from the comparison that trunca-

Regarding the effect of the additional three pairs of con
stants of the four parameter family on this profile as compared 
with the single parameter family, if the eigenvalues K/s are 
disparate, then the localized profile will typically remain 
similar in character and relatively smooth, possibly with 
some distortions. On the other hand, closely spaced eigenval
ues may lead to profiles with distinct peaks. In the experience 

10 tion has insignificant effect if the essential features of the 
inhomogeneity are retained. As has been shown, a higher 
order family of potentials may provide greater flexibility over 
the profile leading to lower reflection. 

Referring now to FIG. 5, the reflection coefficient R as 

of the instant inventors, the values of A/s do not typically 
substantially affect qualitatively the shape of the profile. In 
view of the aforesaid, in this example the following values 
were assigned to each constant: A1=l l, A2=A3=3.0, K1=5.5, 
K2=0.l, K3=l.0, K4=9.0. 

15 functions of (a) angle of incidence 8 for TE polarized light 
and (b) wavelength A for normal incidence is shown. The 
solid lines are for A1=ll, A2=5.5 and K1=5.5, K2=2.25 (i.e., 
for disparate eigenvalues). The dashed lines are for A1=ll, 
A2=5.5 and K1=5.5, K2=5.4 (i.e., for closely spaced eigenval-

In one embodiment, a transfer matrix technique of numeri

20 ues). The corresponding profiles designed at A=l.06 µmare 
shown in the inset. These graphs suggest how the proximity of 
the eigenvalues to each other can potentially yield single and 
multiple peaked profiles. That is, it can be seen from these 
examples that systems that have eigenvalues that situated are 

25 close to each other produce profiles that have distinct peaks. 
cal simulation that utilized a fine subdivision of the varying 
profile was used. Both the angle and the wavelength depen
dence of the reflection coefficient are calculated. Referring 
now to FIG. 1 a graph of the intensity of the reflection coef
ficient R as a function of angle of incidence 8 for a thin film 30 
constructed according the values above (a) without or (b) with 
the substrate at A=l .06 µmis shown. The solid curves repre
sent the theoretical value for the TE polarization and the 
dashed curves are for the TM polarization. The insets show 
the refractive index profiles. In the current example, the inho- 35 
mogeneous film is assumed to occupy a region -3 µm~z~3 
µm beyond which the left medium is assumed to be air 
(ns =n51=1.0), while the substrate is assumed to have a refrac
tive index 1.4 (n52=1.4). 

Referring now to FIG. 2, the value of the reflection coeffi- 40 
cient Ras a function of angle of incidence 8 for the inhomo
geneous film constructed according (a) without or (b) with the 
substrate at A=l.55 µmis shown. The insets show the calcu
lated refractive index profiles for the given parameters. Here 
the same set of constants was used as with FIG. 1, but at a 45 
different wavelength (A=l.55 µm) leading to an analogous 
profile with a larger peak value of refractive index (see inset of 
FIG. 2). Again, the solid curves are for the TE and the dashed 
curves are for the TM polarization. 

One can easily note the flat response over a very large 50 

angular range for both the polarizations. The substrate, while 
retaining this feature, evens out the differences in response for 
the two polarizations and demonstrates the methods 
described herein work well for different wavelengths. 

The wavelength dependence of the reflectivity from such 55 

films such as those designed above are now considered in the 
case of normal incidence. Referring now to FIG. 3, normal 
incidence intensity reflection coefficient R as a function of 
wavelength A for the inhomogeneous film (a) without or (b) 
with the substrate. This inhomogeneous film is designed at 60 

wavelength 1.06 µm. The solid (dashed) lines are for the 
inhomogeneous film occupying -3 µm~z~3 µm and the 
dashed lines are for the inhomogeneous film occupying -2 
µm~z~2 µm. Referring now to FIG. 4, normal incidence 
intensity reflection coefficient Ras a function of wavelength 65 

A for the inhomogeneous film (a) without or (b) with the 
substrate. This inhomogeneous film is designed at wave-

In view of the foregoing, it should be clear that, generally 
speaking, systems where the eignvalues are spaced apart from 
each other tend to yield better antireflection behavior. 

Example 3 

This example illustrates the increased flexibility that can be 
obtained through the use of higher order family profiles. 
Referring now to FIG. 6, this figure contains a plot of the 
reflection coefficient Ras a function of (a) angle of incidence 
8 for TM polarized light and (b) wavelength A at normal 
incidence. The solid, dashed and dotted lines represent three 
different parameter sets (i) A1=11, K1=5.5, (ii) A1=ll, 
K1=5.5, A2=5.5, K2=2.75, and (iii) A1=ll, K1=5.5, A2=5.5, 
K2 =2. 7 5, A3 =2, K3 = 1, respectively. The corresponding reflec
tion coefficient profiles designed at A=l.06 µmare shown in 
the inset. In order to illustrate the additional flexibility that is 
available with higher order analyses compare the one, two 
and three parameter families in this figure. It should be clear 
from FIG. 6 that the two parameter example yields a much 
better result than the Poschl-Teller profile in both angle and 
frequency scans. The three parameter profile offers better 
performance in the angle scan, while its frequency response 
slightly lags behind that of the two parameter family. How
ever, up to the design wavelength (in this example 1.06 µm), 
the performances of all the three profiles are substantially 
similar. 

Example 4 

This example considers a case wherein a three parameter 
family inhomogeneous film, grown on substrate, exhibits 
almost identical angular response for both TE and TM polar
izations. Referring now to FIG. 7, this figure contains plots of 
the intensity reflection coefficient Ras a function of angle of 
incidence 8 for the inhomogeneous film (a) without or (b) 
with the substrate. The solid and dashed lines are for TE and 
TM polarizations, respectively. Referring also to FIG. 8, the 
normal incidence intensity reflection coefficient R as a func
tion of wavelength A for the inhomogeneous film (a) without 
or (b) with the substrate is shown. With respect to FIGS. 7-8, 
the inhomogeneous film (occupying -4 µm~z~4 µm) is 
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designed at wavelength 1.55 µm. The parameter combina
tions that yielded the curves of FIGS. 7-8 were chosen as 
follows, A=l.55 µm, A 1 =11.0, A2 =8.0, A3 =5.5, K 1 =5.5, 
K2=4.0, K3=2.25. For comparison, the results without the 
ramp in the upper panels of the corresponding figures are also 5 

shown. While the angle scan for TE polarization for the pro
file without the ramp is significantly better than that for the 
TM (see FIG. 7a ), they are almost identical for the film grown 
on the substrate (FIG. 7b). 

From the foregoing it is clear that reflectionless potentials 10 

may be utilized in the methods herein to design AR coatings. 
Such AR coatings can exhibit low reflectivity over ranges of 
angles and wavelengths. With the refractive index profile in 
place, an actual AR coating may be generated to match the 
profile based on known and emerging technologies involving 15 

titanium oxide films or other materials. 
Thus, the present invention is well adapted to carry out the 

objectives and attain the ends and advantages mentioned 
above as well as those inherent therein. While presently pre
ferred embodiments have been described for purposes of this 20 

disclosure, numerous changes and modifications will be 
apparent to those of ordinary skill in the art. Such changes and 
modifications are encompassed within the spirit of this inven
tion as defined by the claims. 

What is claimed is: 25 

1. An antireflective coating comprising at least one layer of 
a first material with a first index of refraction and a first 
thickness, the first index of refraction and first thickness sub
stantially conforming to at least a portion of a refractive index 
profile matching a reflectionless potential; 30 

wherein the refractive index profile n(z) is represented by 
the equation: 

2 2 
2 d2 35 

n (z) = n, + k} dz2 [log(D)]; 

wherein ns is the refractive index of the medium, ko is the 
free space wave vector, and Dis the determinant of a set 40 
of coefficients of simultaneous linear equations given by 

N 

~ MufJ(z) = -A;eK;,, Mu= ou + ---, i = 1 ... N, 
~ ~+~ 45 

10 
3. The antireflective coating of claim 1, wherein the anti

reflective coating is applied to a substrate, the refraction index 
of the substrate being accounted for in the refractive index 
profile. 

4. The antireflective coating of claim 3, wherein the sub
strate is selected from the group consisting of a prism, and a 
viewfinder. 

5. The antireflective coating of claim 1, wherein the anti
reflective coating is applied as a thin film to a substrate. 

6. The antireflective coating of claim 1, wherein a two 
parameter family of equations is utilized to derive the refrac
tive index profile. 

7. The antireflective coating of claim 1, wherein a param
eter family of three or greater is utilized to derive the refrac
tive index profile. 

8. The antireflective coating of claim 1, wherein the refrac
tive index profile is numerically derived. 

9. An antireflective coating comprising at least one layer of 
a first material with a first index of refraction and a first 
thickness, the first index of refraction and first thickness sub
stantially conforming to at least a portion of a refractive index 
profile matching a reflectionless potential; 

wherein the antireflective coating is applied to a substrate, 
the refraction index of the substrate being accounted for 
in the refractive index profile; 

wherein the substrate is selected from the group consisting of 
a prism and a viewfinder; and 

wherein the refractive index profile n(z) is represented by 
the equation: 

2 2 2 d2 
n (z) = n, + 2 ------,- [log(D)], 

k0 dz 

wherein ns is the refractive index of the medium, ko is the 
free space wave vector, and D is the determinant of a set 
of coefficients of simultaneous linear equations given by 

N 

~ MufJ(z) = -A;eK;,, Mu= ou + ---, i = 1 ... N, 
~ ~+~ 

whereinA1 ... AN and K 1 ... KN are free parameters, f/z) 
is the Sturm-Liouville Eigenfunction, and Ii is the Kro
necker delta symbol. wherein A 1 ... AN and K 1 ... KN are free parameters, f/z) 

is the Sturm-Liouville Eigenfunction, and Ii is the Kro
necker delta symbol. 

2. The antireflective coating of claim 1, further comprising 
a second layer of a second material with a second index of 
refraction and a second thickness, the second index of refrac
tion and second thickness substantially conforming to at least 
a portion of the refractive index profile matching a reflection
less potential. 

10. The antireflective coating of claim 9, wherein a two 

50 parameter family of equations is utilized to derive the refrac
tive index profile. 

11. The antireflective coating of claim 9, wherein a param
eter family of three or greater is utilized to derive the refrac
tive index profile. 

* * * * * 


