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Juns 16, 1958
_iMSD-SO1Y

NUCLEAR RADIATION EFFECTS ON INFRARED
 MATERIALS AND COMPONENTS, PAR® I

BFFECTS OF GAMMA RADIATION ON INFRARKD
TRANSMITTING MATERIALS AND FILTERS

Introduction : -

The infrared systems designer is confronted with a nusber of problems
arising from interactions of the system with the environmert in which his
device is required to operats. An increasingly important addition to the
catalog of envirommental effects is that due to muclear radistion. The
importance of cansidering the effects of this envircument becomes apparent
whenever the aystex mast be designed to operate in. the vicinity of &

source of nuclear radiatiazi, mch s & BuCleary power source.

- — ————Tt-was with the purposs in mind of providing the informstion useful
% 4o the infrared systems cesigner that a study of muclear radistion effects
on infrared materisls and comporsnts was initiated at the Loakheod Missile
Systens Division Research Laborstories,

It is propossd that the results of this investigation bs presented in
s series of reports, of which this is tb: first. These reports will
include gumma-ray and neutron radiation damage to infrared trsnemitting




materials, filters, and detectora. As new and interesting materisls and
components become available thay will be evaluated and the results
1nc1mied in periodic supplementary reports.

This first report will be confined to a study of the effocts of

————————— genms radiation on the infrared transmission of optical materdals amd = -

infrared filters, Ii is preosented as & survey of & number of usaful
infrared materials, rather than as a scientific study or a tutorial
article. For information of this character, the reader is referred to a
recent publication by G. J. Diener and G. H. Vinsyard, Radistion Effects

in Solids, Interscience Publishers, Inc., New York, 1957, and the ..cluded
dibliography.
Q Experimental Procedure
' Infrared transmisaion curves of the optical materials and filters
ware obtained before andafter exposure to rnqgtian. ;n this study a

double-pass, single-team Perkin«Elmer Model #112 Universal Infrared

Spectromster was used. This instrument employed & globar source, a rockw
salt prism, and & thermocouple detector with a EBr windows The experie
mnantal error in determining transmittance as a function of wavelength vwas
found to be less than LX.

The samples wers irradiated by exposure to cobalt-60 gemma radistion
in the Lockheed Missils Systems Division 100 curds facility. Dosimetry
measurements on this scurce show that a maximum dose rate of 2 X 105
roentgens/hr can be obtained for small samples, However, in this study a

2
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~ from this source,

dose rate of 10° rosntgens/hr was used. Irrsdiations snd spectral transe
mission measurements wers all conducted at room temperature,

In addition to the gamma irrsdiaticon studies, m available polonium-
berylliws source was used in a loweflux neutron irrsdiastion investigation
of the optical materiala. A neutron flux of 105/&\2 aec. wa3s obtained

Rasulte

Solocﬁon of infrared optical materials to be tested in this study
was based on & number of factors. Consideration was given to all materiais
with optically useful transuiltances in some reglon of the infrarsd
spectyum above 2 mioronsy however, the very hygroscopic and ths more
chemically, or thermally, unstable substunces were ruled out.

The accompanying trarsmission curves show the percent transmission as
& function of wavelangth for the materials tested., The infrared trens«

—mittances of nvat of the substances axaminad*mm,ror aJl**pracﬁ.cll* T e

purposes, unaffected bty a totel scowmlated gemma dosage of 2 X 107
rosntgens, In the interest of coupleteness, the curves of all materials
examined, including those not affected by radiation, are shown.

The following infrared materials were studied:

1) 7905 Vycors This product of Corning Glass Works avoids the strong
absorption band at 2.7 microns that is a characterdstic of most silica
glesses, A gamme dose of 2 X 107 roentgens rendered it opaque in the
visidle region of the sprotrum, but produced only a very slight



depression in its infrared tranmuittance. The radiation induced
transxission properties of this material, shown to be relatively stable
below sbout 250° 0, may have possibls applications as band-pass filters
in the near infrared region.

2) Quartss A nuaber of samples of cMuny available quarts (Amersil,

Gneral Elactric, etc.) were surveysd. The post-irradistion transe
n:lni.aﬁ curves szhowed the same opacity in the visible region as did the
Vysor.
3) Yused Silicas This materisl, recently developed by Corning Glass Worke
‘ and olained to be 100X pure 810, was exposed to & total gamm dosage
of 108 ﬁéﬁtgﬁhd with no observable effects in its infrared transmission
§ | propertizs. It has been suggested that this unique resistance to
raddation damage results from the absenc. of impuritiss normally found
1o quarts and glaes. |
—om e ) - Caledum -Alwdnate Olagss A number of types of oalolum aluminate
(RIR-10, 11, 12, 2, 20), mupplied by Bausch & Leab Optical Campmy were
stodleds All amnmples were, within the experimental error, found to be
unaffected by gamma dosages of 107 roentgens., A typical transmission
ourve is shown.
5) Arsenio Trisulfide Olassr Samples of this material, available from the
Servo Corporation of Americs under the trade name "Servofrax", showed
no change in optical propertiss after & 2 X 107 roantgen gamsa dose,

N



6) Selenium Qlass: Bastman Kcdsk Company has recently developed an arsenice

selenium glass with an index of rafrsction of 2,45 or higher, mnd a
tranamittance that is opticelly useful out to 25 microns,

The acconpanying curve shows its transmittance, which showed no
change after 107 roentgens, out to the long-wavelength limdt of the

' 'upoctr&nter. R T e

7) Magnesiunm Oxider Smmples of Mgl (periolau)‘inn obtained from tuec

- 8)

9)

sources, HRigh-purity optical quality orystels supplied by the Infra=Red
Development Company, England, sppeared cuq:_le?ly resistant to gasma
radistion at a dosage level of 2 X 107 roentgens., Howevor, this dosage
induced an absorption band near 2.5 microns in commercial grade
magnesiun cxide obtained from Norton Conpmny.

Sapphirat Thin windows of Al,0y supplied by Linde Adr Producte-Gowpeny
vers oxposed 0 & gumma dosage of 2 X 107 roentgens with no observable

- optioal effectee 0 -
8ilieons ‘The infrared transaission of highwpurity, single-crystal

vindovs of Texas Instruments, Incorporated Silicon ramsined unchenged
after 2 X 107 rosntgens.

A repressntative number of various types of infrared filters wers

svalusted with respect to gumma radiation «ffects.
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o Undversdty. - o
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The spectral transmittance of each filter was obtained before and
after exposure t0 an accumlated gamua dosage of 107 roentgans, Within
limits of sxperimental error, the infrared trsnsmission properties of all
samples tested remained unchanged, both with respect to radlation-induced
infrared absorption bands and detuning effects. Again, infrared tranae

" mission ourves have been included which plot percent tranmission as &

function of wavelength in minrons.

Two types of filters were sxamined, These included Bsusch & Lomb
interfercnoe filters, and glass sbsorption filters from Coyning Glass. Thw
first type may be obtained either as bandw=pass filters or an long-wavelength=
pass filters, Proper combinations of the two types result in composite
filters with clean, single-band tranmuission characterdstics.

4lm0 shown in this report are the transmission ocurves of two multiple-
layer interforence filters developed by R. Go Greenled® of Johne Hopkins

With reference to the results ¢f the previcusly mentioned lowsflux
nsutron irradiation study, 4t came as no surprise that integrated {luxes of

¢ X 10%° eu*? produced no observable affects. This phate of the investigae
tion will be extended to include high=flux neutron irradiations,




Canclusdons
The results of this study show that, with few sxceptions, infrared
optical materials and filters are insensitive to gamma radiation at a dossge
. level of 107 roentgens or more. In thoss casss whers ths optical properties
~are affacted, the changes are not necessarily detrimental to the operation
of infrared systems employing these particular nmsterialas.

A note of caubion with regard to the behavior of sume of these
materials, in particular substances contadning silies, appoars to be in
ordexrs A :tud;(fzgfarsducted at the Boesing Adrplane Comgpany has indicated the
existence of luminous emanation from & nuwmber of opticel saterials under
gamua boubardment. It is proposed that this effect will be investigated as
part of the general nuclesr radiation study at a future date,

(2) Mm’ Js A and Bt“k, Hth, Boudng Rep. D2«1662 (Jmo 11, 1957)
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