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[57] ABSTRACT 

An optical notch filter having a suspension of small 
absorbing particles which blocks a narrow band of fre
quencies. The small absorbent particles are suspended 
as a colloidal system which can have either a solid, 
liquid or gas as host material. The absorbing particles 
can be incorporated in a solid matrix as a transmission 
filter or used on the surface of a mirror as a reflection 
filter. The filter can be tuned by an externally applied 
electric field or by applying hydrostatic pressure. 

22 Claims, No Drawings 
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OPllCAL NOTCH FILTER UTILIZING ELECI'RIC 
DIPOLE RESONANCE ABSORPI10N 
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BACKGROUND OF THE INVENTION 5 If the particles are imbedded in a medium with dielec-
The present invention relates to optical fIlters, and tric constant EO' the absorption cross section is recom-

more particularly to optical fIlters using the electric puted using the relative dielectric constant E/Eoand the 
dipole resonance absorption in polarizable particles. wavelength in the medium AlEa*- For a spherical parti-

The resonant absorption frequency, fO' or wave- cle 
length, A.. of polarizable particles which are small in 10 
spatial extent with respect to the wavelength of incident 
radiation depends upon the complex dielectric constarit. 
l(A), where E'(A) = E\(A) + iE2(A), upon the shape of the 

(5) 

particle, and upon the alignment of the particle with 15 The resonant condition is now E\(Ao) = -2EO' E2(A) < < 
respect to the incident radiation field if the particle is 
not spherical or isotropic. For example, the absorption 
cross section in vacuum at wavelength A of a smaIl 
isotropic spherical particle of a radius a is 

20 
(1) 

EO' 
If the scattered radiation fields at a particle from all 

other particles is negligible, then the particles behave 
independently. In this case, if the suspension consists of 
N identical spherical particles per unit volume, then the 
absorption coefficient a (Lambert'S law) = NC", or 

(6) 

where x = lea = 21Ta/A. The scattering cross section is 
similarly given by Rayleigh's solution 25 

(2) where m is the mass of suspended material per unit 
volume of space, and p is the bulk density of the suspen
sion material. Thus, the absorption coefficient is inde-

30 pendent of particle size within the assumption x < < I, 
The smaIl particle assumption is equivalent to assuming X(Ei) < < I. 
that both X and X(Ei) < < I, so that if there is any 
absorption at all, it will in general dominate any scatter
ing effects as a result of the dependence of Ca and C. on 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

~ ~ An optional notch fIlter is constructed by suspending 
resonant absorptive particles, which are small with 
respect to the wavelength of incident radiation, in a host 
material to form a colloidal system. The host material 

(3) 

40 can be a solid, liquid or gas. For a given notch fre-
Hence, for a suspension of smaIl absorbing particles quency a particle material for which E\ = - 2Eo is 
only the absorption contribution to the total extinction chosen per Equation (1). The fIlter can take any desired 
need be considered. physical form, i.e., a plane parallel slab or a spherical 

If E2(A.o) < < 1 and E\(Ao) - -2, then from Equation shell, for example. 
(1) Ca becomes large. This resonant behavior is related 45 One method for producing a transmission filter incor-
to the resonant surface absorption observed on rough porating the absorbing particles in a solid matrix is as 
metal surfaces in the ultraviolet (surface plasmon ab- follows: 
sorption) and on rough dielectric surfaces in the infra- (a) Mull the absorbing particles together with fmely 
red (surface polariton absorption). The condition E\ = ground powder of the suspending matrix material, 
-2 will occur in a given material at a given wave- 50 but not to the extent of changing the shape or char-
length. In this wavelength region E\ and E2 will be acter of the absorbing particles; and 
strongly wavelength dependent. (b) Place the powder between the dies of a "pilI 

For a spheroidal particle of volume V with depolar- press", evacuate the air, and press. 
ization factor L, the absorption cross section is 55 Typical pressures required are 100,000 Ib/in2 or less. 

Heating the powder mixture to 150·-350· C in the dies 
.will greatly aid in producing a high density (no voids) 
component when using suspending matrix materials of 
high yield point such as CaF2 or LiF. 

(4) 

For an oblate spheroid of large aspect ratio (disc shape) 60 Other fIlter configurations are possible. If the absorb-
with radiation incident perpendicular to the plane of the ing particles are allowed to settle on the surface of a 
disc, substrate, the particles behave substantially as if they 

were in air.lftbe substrate is transparent, a transmission 

where a and b are respectively the minor and major 
semi-axes of the ellipse. The new resonant condition is 

fIlter results, but if the substrate is a mirror, a reflection 
65 fIlter results where absorption occurs by the radiation in 

passing to and from the mirror. Or the absorbing parti
cles could be suspended in a mixture of miscible lyo
philic liquids in a cell. 
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Table I lists possible absorbing particles and suspend

ing material~. This list is representative of the types of 
materials which can be used. 

Particle 

MgO 

BeO 

BN 

AgI_.,Cd. 
alloy 
system 
Ag 

Table I 
Sus-

pending Absorption Peak 
Material (Spherical Particles) 

air 
KBr 
air 

NaF 
air 

KBr 
air 

KBr 
air 

CaF2 

air 
CaF2 

16.5 I'm 
18.1 I'm 
10.4 I'm (double peak) 
10.8 I'm 
12.9 I'm (double peak) 
l4.0,.,.m 
7.9 I'm 
8.3 I'm 

.28 - .35,.,.m 

.32 - .39,.,.m 

.35 I'm 

.39 I'm 

Peak Width 
(Half Maximum) 

0.7 I'm 

0.4,.,.m 

0.5 I'm 

0.3 I'm 

0.01 I'm 

tive (spherical particles of unoriented nonspherical par
ticles). For unoriented nonspherical particles the filter 
response is the superposition of absorption cross sec
tions of all possible orientation which extends the re-

S sponse over a broader wavelength range (smeared out) 
than for a given orientation. Additionally, the fIlter area 
can be very large with virtually any shape, and the 
notch frequency can be adjusted by varying material 
parameters, and can be fme tuned after construction by 

10 applying an external electric field or by hydrostatic 
pressure. 

What is claimed is: 
1. An optical notch ftIter comprising: 

15 a suspending material wherein said suspending mate-
rial comprises a material selected from the group 
consisting of air, KBr, NaF, CaF2, BaF2, LiF, KCI, 
NaCI, KRS-5 and ZnSe; and 

Other possible matrix materials for use in the infrared a plurality of absorbing particles within said suspend-
include KCI, NaCI, KRS-5 (a well known optical mate- 20 ing material to form a colloidal system, said parti-
rial which is an intimate thallium bromide-iodide mix) cles having a dielectric constant such that a reso-
and ZnSe. For use in the near infrared into the near nant absorption condition exists for a given wave-
ultraviolet the nonhygroscopic materials, CaF2, BaF2 length of incident radiation, and being small in size 
and LiF, are available. The difference in wavelength of relative to said wavelength. 
the absorption peaks for air and KBr or CaF2 indicated 2 An f al t h fiilt 't d' I' 1 ti rth 
is due to the effect described by Equation (5), i.e., the 25 . op IC no c er as reci e m c aIm u er 

comprising a means for reflecting said incident radiation 
notch center frequency can be varied by changing Eo- situated such that said colloidal system is between said 
This can be accomplished by changing materials or by reflecting means and said incident radiation. 
changes in composition of a mixture of compatible ma- 3. An optical notch fIlter comprising: 

te~ notch frequency can also be varied by changing 30 a suspending material; and 
the optical properties of a given material by changes in a plurality of absorbing particles within said suspend-
composition. For example, silver can be alloyed with ing material to form a colloidal system, said parti-
Zn or Cd to at least 30% atomic concentration with a cles having a dielectric constant such that a reso-
corresponding shift in the resonant wavelength, as indi- nant absorption condition exists for a given wave-
cated in Table I, from 3500 A. (pure silver) to 2800 A 35 length of incident radiation, and being small in size 
(30% alloy). Any notch frequency in this range can be relative to said wavelength. 
obtained by producing an alloy with the proper compo- wherein said absorbing particles comprise a material 
sition. selected from the group consisting of MgO, BeO, 

The fIlter can also be "tuned" by changing the shape aAl20 3, BN, Ag1_xCdxalloy system, Ag1_xZnxalloy 
of the absorbing particle. As indicated by Equation (4), 40 system and Ag. 
the fIlter notch frequency is independent not only upon 4. An optical notch fIlter as recited in c1aim3 wherein 
the particle material parameter, E; but also upon a geo- said Ag1_xCdx and Agl_xZnx alloy systems comprise Ag 
metrical factor, L. The absorption cross section is now alloyed with Cd and Zn, respectively, to at least 30% 
anisotropic, since L changes dependiitg upon the angu- atomic concentration. 
lar relationship between the electric field vector of the 45 5. An optical notch fIlter as recited in claim 3 further 
incident radiation and the axes of the particle. This comprising a means for reflecting said incident radia-
geometrical "tuning" is significant, but is achieved at tion, situated such that said colloidal system is between 
the expense of losing the angle of incidence insensitivity said reflecting means and said incident radiation. 
present with spherical absorbing particles. 6. An optical notch fIlter as recited in claim 3 wherein 

Finally, it is possible to tune the fIlter continuously 50 said suspending material comprises a material transpar-
and reversibly by varying Eo with an external applied ent to said incident radiation. 
electric field, or by applying hydrostatic pressure. 7. An optical notch fIlter as recited in claim 3 wherein 

The optical notch fIlter can be used in the infrared as said suspending material comprises a solid. 
a high Q notch filter against unwanted narrow band al il 
radiation, i.e., BeO in NaF would be effective against 55 8. An optic notch fi ter as recited in claim 3 wherein 
10.6 /Lm COl laser radiation. In the ultraviolet a notch said suspending material comprises a fluid. 
fIlter, consisting of particles of Ag1_xCdx or Agl_xZnx in 9. An optical notch fIlter as recited in claim 8 wherein 
CaFlfor example, can be used as an absorption filter for said fluid is a ~as. . . . 
solar blind applications to provide the very sharp ab- 10. .An ~PtlC~ .notc~ f!1ter as recited m clatm 8 
sorption edge required. A fIlter having a range of parti- 60 wherem SaId ~uld IS a liqwd. ... 
cle composition results in smearing out of the absorp- 11. (U ?Pt~cal. n~tch ~tlt~r as recl~~d ~ ~latm 10 
tion peak, i.e., broadening the wavelength range of wherem SaId .liqwd IS a ffilsclble lYOp~lC bqUld. 
response. 12. An optiCal notch fIlter compnsmg 

Thus, the present invention provides a high Q notch a suspending material; 
absorption filter at a center frequency, f", which can be 65 a plurality of absoring particles within said suspend-
in principle any frequency desired from ultraviolet in~ material to form a colloidal system, said parti-
through microwave, typically with values of Q on the des having a dielectric constant sucb that a resc-
order of 20. The filter can be angle of incidence insensi- nant absorption condition exists for a given wave-
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length of incident radiation, and being small in size of a suspending material without changing the 
relative to said wavelength; and character of said absorbing particles; and 

means for tuning said filter. pressing said mulled powder mixture in a vacuum to 
13. An optical notch filter as recited in claim 12 form a solid matrix. 

wherein said tuning means comprises a means for apply- S / 19. A method for producing an optical notch filter as 
ing an external electric field to said filter to vary said recited in claim 18 further comprising the step of heat-
dielectric constant. ing said mulled powder mixture to a temperature of 

14. An optical notch filter as recited in claim 13 about 150· to 350· C while pressing said powder mix-
wherein said absorbing particles are non-spherical in ture. 
shape so that the resonant absorption condition is de- 10 .20. A method for producing an optical notch mter as 
pendent upon the geometric shape and orientation of recited in claim 19 wherein the step of pressing com-
said particles. prises pressing with a pressure of 100,000 Ib/in2 or less. 

15. An optical notch filter as recited in claim 13 21. An optical notch fllter comprising; 
wherein said tuning means comprises a means for apply- a suspending material selected from the group con-
ing hydrostatic pressure to said filter. 15 sisting of air, KBr, NaP, CaF2, BaP2, LiF, KCl, 

16. An optical notch fllter as set forth in claim 12 NaCI, KRS-5 and ZnSe; and 
wherein said filter's absorption wavelength is shifted by a plurality of absorbing particles within said suspend-
predetermined changes in the composition of said sus- ing material to form a colloidal system said parti-
pending material. cles having a dielectric constant such that a reso-

17. An optical notch filter as set forth in claim 12 20 nant absorption condition exists for a given wave-
wherein said mter's absorption wavelength is shifted by length of incident radiation, and being small in size 
predetermined changes in the composition of said ab- relative to said wavelength, wherein said absorbing 
sorbing particles. particles are selected from the group consisting of 

18. A method for producing an optical notch filter MgO, BeO. aAl20 3, BN, Ag1 ... Cd .. alloy system, 
comprising the steps of: 2S Ag1.xZn .. alloy system and Ag .. 

mulling a plurality of absorbing particles having a 22. An optical notch filter as recited in claim 21 fur-
dielectric constant such that a resonant absorption ther comprising a means for reflecting said incident 
condition exists for a given wavelength of incident radiation such that said colloidal system is between said 
radiation, and being· small in size relative to said reflecting means and said incident radiation. 
wavelength, together with a fmely ground powder 30 • • • • • 

35 

40 

45 

so 

5S 

60 

6S 


