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1. PURPOSE

Work under this contract was directed toward the investigation
and development of nonlinear dielectric materials useful for application in

the microwave region.
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2. ABSTRACT

The loss tangent and the nonlinearity constant in polycrystalline
mixtures of (Ba, Sr)TiO3 have been studied. It was found that the nonlinearity
constant and the part of the loss tangent which originates from fourth order
anharmonic scattering stays essentially constant as a function of barium
concentration, whereas the impurity contribution to the loss tangent varies
appreciably. This indicates that barium acts as a lattice imperfection in
strontium titanate. A microstrip phase shifter with SrTiC3 as a voltage

sensitive element has been built and tested.
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Company met to discuss the contract on September 25 at Waltham.



4, FACTUAL DATA

4,1 Introduction

The following brief summary of the ferroelectric properties of
SrTiO3 is intended to give enough background that the conclusions drawn

in this report may be readily understood.

There is strong evidence that the ferroelectric behavior of S1 T’103
arises from an expected instability of an optical mode at the Curie tempera-
ture TC. From infrared measurements one can conclude that this soft
mode may be identified with the normal mode which involves the vibration
of the Sr sublattice against the sublattice of the TiO3 octahedra. The
absorption peaks in the near infrared have been attributed to two optically
active normal vibrations of the T'103 octahedron. An analysis of this sit-
uation in the harmonic approximation leads to the conclusion that the pres-
ence of the Ti03 octahedron plays an important part in explaining ferro-
electric properties. In essence the TiO3 sublattice provides a medium of
large dielectric constant for the embedded Sr ions whose collective motion
becomes unstable. Before this instability can set in, however, a phase
transition at 112 °K occurs. The details of this transition are still under
investigation. A great deal of information has been collected by a variety
of independent experiments. The results indicate that this phase transition

is due to a change of the oxygen configuration.

An important feature of our work schedule is to obtain a more basic
understanding of the origin of the microwave losses. To date we have been
successful in interpreting most of the microwave loss data in a qualitative
fashion. Further results from a systematic experimental program now in
progress should clarify many points which are now somewhat speculative.

Our ideas concerning the loss mechanism are briefly reviewed.

It is assumed that the microwave radiation field couples into a long

wavelength optical mode of the lattice. The electric field drives this soft



mode in a forced vibration. The energy loss is believed to result from the
scattering of microwave phonons out of this mode into other modes of the
material. The scattering can result from the presence of imperfections or
anharmonic interactions in the lattice. As the temperature is lowered the
frequency of the long wavelength optical mode is reduced and can be driven
more effectively by the microwave field. The increase in the loss tangent
as the temperature is lowered is then due to this improved match be-
tween the lattice and microwave frequencies. The loss tangent of single
crystal strontium titanate goes through a minimum at about 170°K and in-
creases roughly linearly with temperature at higher temperatures. This
can be explained if anharmonic interactions are held responsible for the scat-

tering of phonons out of the long wavelengtk mode.

The experimental results on doped material also can be understood
qualitatively with this assumption. The addition of barium to single crys-
talline strontium titanate, for instance, modifies the low temperature value
of the loss tangent without affecting the high temperature linear component. *
This strongly suggests that the high temperature contribution is intrinsic
to the lattice and possibly related to anharmonic interactions. A different
behavior is observed for the addition of gadolinium to strontium titanate,
where the loss tangent is enhanced at all temperatures investigated. This
is not surprising since a trivalent ion is being substituted for a divalent ion.
A disturbance of the charge periodicity enables the microwave field to couple
into modes with wavelength different from the wavelength of the radiation
field in the material. On the other hand, the introduction of oxygen defici-
encies into the lattice does rot affect the loss tangent. We suspect that the
vacancies are,each,charge compensated and therefore not very effective as
microwave phonon scatterers. The reason may be that the ionic potential
of the Sr ions in the vicinity of an oxygen vacancy show only insignificant
modification whenan oxygen ionisreplaced by a'color center.'" This result
seems to support the inifial assumption that ferroelectricity in SrTiO3 comes

from the Sr ions in a highly pmamzable surrounding of 1‘103 octahedra.

This has been shown for polycrystalline ceramic material in a previous
report.



4.2 New Materials - Cadmium Niobate

Preliminary studies on cadmium niobate have been started. Cad-
mium niobate becomes ferroelectric below -90°C and has room temperature
dielectric losses nearly equal to BST-50 at 21 kMc. The crystal structure

is cubic pyrochlore with a lattice constant of a = 10. 371 A.

Both hot pressed and dry pressed ceramics and small single crystals
have been prepared. The hot pressed samples are still too lossy to be
measured, but the dry pressed specimens have room temperature dielectric
constants (1 kc) of c.a. 1000 and losses c. a. 0.03. The microstructure

reveals that the crystals in the dry pressed ceramics are almost always
twinned.

Since CdO vaporized quite easily from the lattice, care must be
taken to prevent this volatilization which lowers the Curie temperature, the
dielectric constant, and the dielectric losses.

A Curie constant of 8, 3X1 04 °K was calculated from a Curie-Weiss
plot for dry pressed ceramics. Data on the hot pressed ceramics or the

single crystals are not yet available.

Hysteresis data have been obtained on polycrystalline samples at
temperatures from -180°C to 0°C. The saturation polarization just below

the Curie point (-108°C) is 5. 14p coulombs/cmz.

Single crystal platelets about 1 mm on a side and 0.5 mm thick

have been grown from a KF flux.

Work will continue on hot pressing CdszZO7 as well as growing
larger single crystals. A slab line specimen is now being prepared for

measuring of the nonlinearity at microwave frequencies.



4,3 Materials Improvement Studies

Work on perovskite-type materials has been continued on the
solid solution system of barium titanate and strontium titanate. In this
system the Curie temperature can be shifted at will over a wide range. It
is the purpose of this investigation to find out how properties and losses in
these mixtures compare with those of the strontium titanate single crystals.
The work on polycrystalline material was continued because of its importance

for practical applications.

4.3.1. Single Crystal Growth of (BaXSrl_x)TiO3

The flux method was chosen for the growth of these solid solution
crystals with potassium fluoride as a flux.. At 1200°C, approximately

10 mole percent titanate would dissolve in the potassium fluoride flux.

The first crystals grown were the end members of the solid solu-
tions, SrTiO3 and BaTiO3. The SrTiO3 crystals were small and had a
yellow-brown coloration in contrast to the colorless Verneuil grown crystals.
The loss tangent was slightly higher inthese crystals butno significant dif-
ferences could be found between both types of crystals concerning their di-
electric behaviour. The BaTiO3 crystals appeared in the characteristic
butterfly twins. The first solid solution crystals were then grown from a
starting composition of (Ba. SSr. 5)TiO3. The crystals that resulted were
agglomerates of several crystals. Small single crystalline areas could be

separated from the agglomerate.

Two pieces of information were used for the identification of the
crystal composition, the Curie temperature and lattice parameter. The
maximum of the dielectric constant was measured and compared to results
from known polycrystalline samples. Lattice parameters were measured
with a GEXRDS x-ray diffractometer and compared to parameters from

known samples.



Identification of the early solid solution crystals grown from the
starting composition, (Ba. 5Sr. 5)TiO3, indicated that the crystals were ag-
glomerates consisting of several small crystals of different compositions.
One small single area was separated from the agglomerate and measured
by itself. This area turned out to have a Curie temperature of -178°C cor-
responding to a crystal composition of (Ba- 1651'. 84)'1*10;’. This was 34 mole
percent higher in strontium than the starting composition. It was then de-
cided to grow crystals with a high concentration of barium. Starting com-
positions were: (Ba. 9Sr. l)TiO3, (Ba- SSr. 2)TiO3, and (Ba. 7Sr. 3)TiO3.
These crystals had compositions close to their starting composition. How-
ever, the maximum of the dielectric constant became less pronounced and
wider with increasing strontium concentration** This indicated that the

agglomerates were possibly of several compositions.

Since the last report crystals have been grown from starting com-
positions (Ba- 6Sr. 4)TiO3 and (Ba. SSr. 5)TiO3. These crystals were also
agglomerates. This was borne out by the measurement of the dielectric con-
stant as a function of temperature exhibiting several independent peaks at
temperatures from -180°C on up to the Curie temperature of pure BaTiO3.

Different crystals from the same batch show different peaks and different
ranges of peaks.

The formation of agglomerates was observed for all those crystals
runs where crystallization took placed in the whole temperature range from
1200°C to 800°C. It is evident that the barium-strontium molar ratio of
the precipitating solid solution was changing during crystallization. A pre-
liminary investigation indicated that the first crystallization had a high con-
centration of SrTiO3 and that the barium-strontium ratios changed i_r} favor
of BaTiO3 as crystallization continued to lower temperatures. The rounded

*See Fig. 1, Report No. 2 (DA 36-039 SC-87369).

**See Fig. 5, Report No. 3 (DA 36-039 SC-87369).



edges on the crystallites in the interior of the agglomerates showed that there

was soine redissolving of the original crystals as others appeared.

It, therefore, became necessary to control the range in which a desired
composition will crystallize. A small portion of the crystallization range
was selected, where the crystallizing solid solution was expected to vary the
least in composition. This was felt to be the case at the beginning of the
crystallization prccess, where, in our experience, the larger crystallites in
the interior of the agglomerate had been produced. Now, the experimental
procedure was the same as in previous runs with the exception that the crucible
was quenched from an appropriate temperature to prevent redissolving of
already formed crystals or co-precipitation of a different barium-strontium
ratio. Quenching a starting composition (Ba. SSr. 5)TiO3 from approximately
1050°C resulted in single crystals (Fig. 1A and 1C). A comparison with the
results of the previous method is shown in Fig. 1B. Aside from quenching,
the experimental conditions were the same in both runs. The single crystals
obtained by quenching had a Curie temperature of -135°C (Fig. 2) which can
be related to a crystal composition of (Ba. ZSSr' 75)TiO3. Another run was
then made under identical conditions with a starting concentration (Ba. 6Sr' 4)
TiO3. The resulting crystals were single with a Curie temperature of -95°C

(Fig. 3) indicating a crystal composition of (Ba 4Sr‘ 6)TiO3.

Annealing of these crystals was started for several purposes. It was
expected that at high enough temperatures, for long periods of time, some of
the impurities such as K and F~ might volatilize. If cooled sufficiently slowly,
a release of the strains caused by the quenching may also be expected. Further,
at sufficiently high temperature and extended period of time the diffusion
of the Batt and srtt
measurements of the dielectric constant on (Ba. ZSSr. 75)TiO3 crystals,
which were annealed at 1000°C, 1200°C, and 1400°C for 10 hours showed no

noticeable changes.

ions might reduce compositional gradients. Preliminary
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4. 3.2. Polycrystalline (BaxSrl_x)'I‘iO3

The hot pressing was concentrated on obtaining a (Ba 5Sr 5)TiO3
polycrystalline ceramic with nearly theoretical density. In urder to achieve

this goal the starting material must be uniform and small in particle size.

During this report period the development of proper starting materials
was pursued. Two adequate preparation techniques have been found. Barium
and strontium titanates were weighed out in molar ratios, mixed thoroughly
by milling, and were then calcined to obtain a complete solid solution. This
calcined material was then ground up by milling and the small particles were
separated out by a sedimentation procedure. Powders of colloidal particle
size were obtained by this method. The second technique consists of the
chemical precipitation of (Ba. SSr. S)TiO3(C204)2- ZHZO (barium -strontium
titanate oxalate tetrahydrate) which was calcined at 900°C to produce (Ba. SSr‘ 5)

TiO3 in small particle size.

4.4 Dielectric Measurements

The dielectric constant of BST-50 hot press run number 7 was measured
at K-band by observing dielectric resonances in a sphere of diameter 2. 34 mm.
Figure 4 shows the results of these measurements. The dielectric losses were
also measured for this BST-50 sample and are in substantial agreement with

previously reported data.

An investigation of the loss tangent of Cdsz207 has been made at
22 kMc. Figure 5 shows tan 60 versus the temperature. The loss tangent at
22 kMc/sec is approximately

a

T-T
@

tan 6 =
o

where a = 4. 4°K. This a is 1.8 times larger than the value for BST-50 at the

same frequency. No attempt has yet been made to reduce this value by

13
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annealing. A slab line of CdZNb207 has been constructed to measure the
microwave dielectric constant and nonlinearities, but results are not yet
available.

The nonlinear behavior of the dielectric constant of BST-50 H. P.
below its Curie temperature has been observed at 1000 cps (Fig. 6). The
nonlinearity constant for low fields is roughly the same as was obtained above
the Curie temperature and at microwave frequencies. At higher fields the

rate of change of the dielectric constant decreases.

In order to investigate the effect of composition on the nonlinearity
constant <A>, a slab line of composition BST-20 was constructed. Figure 7
shows the results of measurements made at 5. 00 kMc. Evaluation of the data
yields <A> = 2.8 X 10718 (m/volt)2°K as compared to 1 X 1o T8 (m/volt)2 °K
for BST-50 and single crystalline SrTiO3. Since the sample was rather short,
some difficulty was encountered with the identification of the modes of the

slab line cavity. This result will be checked with a larger slab line.

The nonlinearity constant, A1 100 Was measured for a slab line of
single crystalline SrTiO3 doped with 0. 1% gadolinium oriented in such a way
that the electric field was applied along the [110] axis with the result
<A> = 0.96 X 10-18 °K (m/v)". This agrees with previous measurements
on undoped SrTiO3. The loss tangent at 21 kMc/sec of the gadolinium-doped
sample was roughly 50% greater than undoped SrTiO3 at the same frequency.
An attempt to measure the losses on a sample of SrTiO3 doped with 0. 4%

gadolinium was unsuccessful.

4,5 Phase Shifter

Single crystalline SrTiO3 was used as the voltage sensitive element
in a microstrip phase shifter. A top view is given in Fig. 8. Two transitions,
coaxial-to-microstrip line serve as input and output terminals, and launch
the microwaves into a microstrip with a height of 0. 032'". The impedance

match of the Sr‘TiO3 crystal (0. 976" length) was achieved by a TiO2 transformer

16
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between the SrTiO3 crystal and the alumina stripline. The phase shifter was
cooled with liquid nitrogen. The temperature of the voltage sensitive SrTiO3
was probably close to 88°K. Figure 9 shows the phase shift ¢ in degrees as a
function of applied voltage V for a frequency of 4. 46 kMc. The insertion loss

was 4.5 db. The standing wave ratio as a function of applied voltage is shown
in Fig. 10.

5. CONCLUSIONS

The investigation of the microwave losses in single crystalline
strontium titanate showed the existence of ferroelectric material with low
microwave losses and gave an insight into the loss mechanism. In this con-
nection the studies on polycrystalline strontium titanate became quite important.
Annealing studies supported the basic assumption that the microwave losses
are composed of two essential contributions: lattice imperfections and fourth

order anharmonic scattering.

The microwave losses were measured on one and the same sample
after subsequent annealings at increasing temperatures. The marked reduction
of the loss tangent was attributed to the increase in grain size during this
treatment (and therefore decreasing grain boundary scattering) and an expected
perfection of the crystal lattice within the grains. These two effects, however,

could not be separated in this experiment. Annealing studies of the polycrystalline

hot pressed barium strontium titanate, however, gave additional information. It
was observed that the grain growth in these mixed crystals during the annealing
process was about the same as in hot pressed strontium titanate and it was
therefore expected that the grain boundary scattering would be approximately
the same in both cases. However, only an insignificant decrease of the loss
tangent was obtained with subsequent annealing. This led to the conclusion
that in the case of mixed crystals the barium ions act as impurities in the
strontium titanate lattice, caused by impurity scattering. As expected under
these circumstances the losses due to lattice imperfections increased with
increasing barium concentration. The losses due to fourth order anharmonic

scattering, on the other hand, remained unchanged. This is in agreement with

20
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a study of the nonlinearity constant <A> as a function of the barium concentration.
Although <A> varies somewhat from sample to sample, it can be stated safely
that the nonlinearity constant does not depend strongly upon the barium concen-
tration. Since <A> is directly connected with the fourth order anharmonic terms
in the potential of the strontium ions it appears reasonable that the losses

from this source do not change with varying barium concentration. This result

strongly supports the initial interpretation of the microwave loss mechanism.

The results quoted above are actually very disappointing. It was
hoped that barium strontium titanate mixtures would exhibit similar low losses
as was observed in strontium titanate. This negative result was accepted very
reluctantly and not before single crystals of barium strontium titanate were
available. These crystals,however, were grown by the flux method and there-
fore contain probably a relatively large amount of impurities. The uniformity
is also by no means perfect. It is not until recently that reasonably uniform
single crystals of barium strontium titanate have been obtained. These
crystals, however, are not yet evaluated to be included in this report. Another
piece of information, however, though not entirely convincing, is available.
The loss tangent in flux-grown strontium titanate is only about 50 percent larger
than the loss tangent in the flame fusion grown crystals. This indicates that
the impurities which enter the crystal during its growth from the flux do not
influence the loss tangent severely. The same situation might be expected to
hold for mixed crystals. Therefore, all the evidence is pointing toward the
result that barium acts as an impurity in strontium titanate. The final answer
to this question, however, should depend on the outcome of some additional
experiments which will exhaust rather completely the possibilities of obtaining

low loss mixed (Ba, Sr)TiO3 as a nonlinear dielectric material.

22



6. IDENTIFICATION OF PERSONNEL

)——ﬁ

Georg Rupprecht - 80 man hours

Bernard diBenedetto - 104 "

Paul C. Murray - 130 ¢ "
I 23




uaaq sey JuaWI[d 2AI}ISUIS ade}[oa e se EOLLAS

yitm J9331ys aseyd drajsoadtw y  *9jeue;ir; wn
-13U0a3S ul uoljoagaadwi 301318 € se S}0' wnlieq jey;
saieotput Sty “Lrqeraadde sariea juadue} sSo|

ay3 03 uonnqrajuod Ljrandwt ayj seazaym ‘uorjed)

-U20U0D Umideq JO UOl}ouUN} B SE JUB}SUOD A[[El}UISSI

sfe}s 3ur1ajjeds dIUOCWIEYUE I3PJ0 Y}InoJ woay

- N . sajeuldrao yotym juadue} sso[ ayj jo jaed ayjy pue
JUBISUOD AJIIBIUITUCU 3} }BY} PUNO) SBM 3] °'palpnis

_ AIILISSVTIONN *paisa) pue j[inq

69€L8-08
6€0-9¢ V{ »oenuoy -y 1224 el EOLL(IS ‘Bg) JO saunixw durTeIsAaok(od
otaeq ul JuBISUOD K3LIBAUITUOU Y3 pue juafue} SSO] Ay _
uturefluag ‘IewWIaAllS ‘Il 110dax payyrsseroun
31090 “yyosaddny °I (69£L8-256£0-9¢ VA 10eI13U0D)

(6¥¢-S 110day)
*syoa g ‘tadelp ‘sjaeyo ‘snil
out *d €2 1961 1961 12qwdidag $1-0961

sa93jtys aseyd °z

_ sarjradoad
sta09ra1qg Jaquwaidag ¢1 jr1odaa ssaafoad 1eurg *saayio _
_ - SajeuEln pue uewJaA[lg *g ‘g ‘wpaxddny "D £q §TIVIY
WNTLOd}S- umideg | -ALVA DIMLDATAId FAVMOUOIN HVANIINON _
*Sse]y ‘wByIem ° ‘0D uoaylkey
| QHIAISSVIONA ¥L ‘8 *Ald av |
_I| AALAISSYVIONA *pajsa} pue j[ing -
_ uaaq Sey jUaWa[d IAT}ISUS IFe}[0A B SE €O1LIS
gt Jayjrys aseyd dinsoadiw y  *2jBUB] W _
-1JU0J}S Ul uolloayiadwl ad111E] B SB S10' WmLleq B
_ sajeorput sty ‘Arqeroasdde satiea wuafuel sso
ayy 03 uonngriiuod Ajranduwt ayl seaIaym ‘UONIBIY _
_ -U20UoD WNLIBG JO UOTIOUN] B SE JUBISUCD A[[Bljuassa
gAe}s JuUrIa}lBOS DTUOWIIRYUE 19PJO YMINO] WOod} _
_ sajeurdido yotym juadue} sso] ayl jo jaed ayy pue
69¢L8-58 JUBISUCD AllIBAUT[UOU U} 1BY} PUNO) SEM 1] ..ve_mn_w _
. uaaq IAe tL(IS ‘e 0 SaINIXIUI SUT[TBISAIDATC
_ 6€0-9¢ VA ﬁ:w.::ou I _m_" #cmmmcoOu.w:mmu:ﬂ*cw: ayl _wcm Emuﬂm: s80][ mH,.C. _
_ urure{uag .:uﬂmiwmim ‘I FAOANL PALTSFRI
_ s “wpeinn (69€L8-256£0 ammﬂm.%ww“mmw _
= *gjaa z ‘'*adeip ‘siteyd ‘' *sniqt
et ‘pout *d £7 "1961 1961 22quaidag §1-0961 _
_ SopIaco saquiadag g1 itodaa ssaafoad [eurq 'saayjo
wwum«wwﬁmwwm_ pue uewriaA(ls ‘g ‘g “yoaxddny "D £q STIVIH _
_ EEthm-:awwum - - LVIN DIMLOETAId HAVMOHDIN HVANIINON _
k ' ‘ggey ‘WERYITEA ' ‘0D UO3UIARY
_ AardISSvVIONN #1 'R "Ald av _

R S S —

_ 69¢18-0
6£0-9¢ Vd 10eIU0D
ptaeq
_ urweluag ‘UewWJIaA[IS
81090 ‘jyoaaddny
saay1ys aseyd
sarjaadoad
otaydaratd
- Sajeue}r)
WMIjuoJd}s-umiaeg

AATAISSVTONN

q

aaIAISSVIONA

69¢.8-98
6£0-9¢ Vd 1eajuo)
plaed
urwelfuag ‘UBWIIA[IS
8a0an ‘jyoaaddny

51931J1ys aseyd
sarjaadoad
o1a303131d
- sajeue}r}

WIN [}U0.13S - nrieg

AAIAISSVIONI

‘paisay pue jing

uaaqg Sey jusuIala aATjisuas adejoa B SE tO1L38
s a23j1ys aseyd diasoadrw y  ‘@jeuERil) um
-1juoa}s ul uonoajaadwl 3n11e] B SB S108 UmMLIBg 1By}
sajeapur STyl ‘A[qeroaadde sataea juafue} sso|

ayy 03 uonnqiajuoo Ajpanduwl ay) seasaum ‘UonRI}
-UADU0D WNLJIEq JO UOIJOUN] € SB juejsuod A[[eljuassa
sAe}s Juriajjeos DTUOWLIBYUER JI9PJI0 YLINOJ WDd]
sajeurdtao yorym juadue) s30] aul jo 1aed syl pue
JUBISUOD A}IJEaUl[UOU 2yl 1EBY} PUnoj Sem 3] ‘paipmis
uaaq aaey mOC.Em ‘eg) jo sainmyxiw aur[esfioiiod

1l ut juejsuod AjLIEduUl[UOU Ay} pue juafue) sso| ayL

. 11odaa petjisseouf)

.w (69€ L3-986£0-9€ VU 19BIU0D)
(6¥€-S 110day)

. *sjaaq z ‘cJafep *siaeys ' °snil

g ‘rout *d €2 *1961 ‘1961 42quiaidag ¥1-0961

aaquaidag g1 3jsodaa ssaafoad 1eurq -“ssayjo

pue urwLIBATIS ‘A ‘" ‘Wpaaddny "o Ag SIVIH

1 -HLVIN DIHLDETHIA SAVMOHDIN HVEANITINON
‘ssep ‘weyi[Ep ‘ "0D uoayiley

¥1 '8 ‘ald av|

*pajso} pue :.:...._I_

u2aq SBY JUBWI[2 IAT}SUSS 23e}[0A E SE €O1LIS

Y Jaytys aseyd diaisoadtw vy “23BUE}I} LN
-13u0d3s ur uorydajaadwur 8d113€[ B SE §108 umlIeq jey}
sajeotput sty], A(qerdaadde sataea juadue) ss0]

ay} 03 uornqrajuod Ajrandwr Jyj SeIIIYM ‘uoriEd}
_us0UOD WMIJeq JO UOI}OUN} B SE jUB}SU0d A[[BlIUassa
sAe}s Suria}jeds JTUOWIBYUE IS8PJIO YlINOJ Wody
sajeutdrio yoym juaduey §so 3y} Jo jaed ayj pue
JuB}SU0D A}1IBIUI[UOU DY} }BY} punoj sem }[ ‘palpnis
uaaq aAey mOE.?m ‘eg) jo saanyxiw aureisLxokrod

Rt ur jue}sUCO A3rdeauliuou Ay} pue juddue} SSO UL

g jaodaa parjisserouf

i (69€L8-956€0-9€ V 19€43U0D)
(6¥¢-S 110day)

. *sjad g *-adep ‘sjaeyd ‘°sn(it

ce ‘pour d €2 "1901 ‘1961 42quieidas $1-0961

aaquajydag ¢ ja0daa ssaa8oad [eurd °sJayjo
pue uewr1aAls *d ‘g ‘yosaddny D Aq STVIH
. ~AILVIN OIHLOFTIId IAVMOUIIN HVINITINON
{ ‘ssepy ‘wWweyl[em ‘0D uoayiey

¥l ‘s "Ald av

I— -
|
I
|
I
|
|
|
|
|
|
|
I
|
|
l
I
|
|

»e
-
=



T
JALAISSVTONN 'p23}82a} pue j[Ing
_ uaaq sey juawale aAniIsuas afejjoa e se Eorag
s 1ayrrys aseyd drajgoadtw y  *ajEUR}} um
-Tu0.1318 Ui uorydajiadumn Hor)e] B Se S]08 WNLIB] 1BYL
sajeotpul s1y], ‘Arqeroaxdde sanrea juafue} ssor
ay1 03 uonngrIjuos {randur ay) seaJaym "uoilea)
-U30U0d Wnileq jo uoljoun] B Se JUBISU0D A[[BIjU3SSa
sdeis Juraa)leds DIUOWIBYUR J9PJI0 YINOJ WoJj
sajeurfrio yorym waduey ssoy ayy jo jaed ayy pue

JUB}SUOD ham..-uwz:nos 24} 1By} punoj sem }J °paIpnis

Fa s - uaaq asey "OIL(IS ‘ed) Jo sainixiw aure}sAaoitod

DEB.IIUO. £ IS LI O

6£0-9¢ V1 ﬂv;uan_ 2 ul JUBISUOD A}lJEaUI[UOU JUl pue .Ewmm:w,. §80] wq_._,r
urureluag ‘UBWJIIAIS °II Wodss pagpsserou)

(69€L8-9856€0-9€ VA 10BIU0D)

(6¥€-S noday)
*sypaa z ‘raferp ‘sjaeyd ‘sl

Jioan “jyoaaddny g

_
_
|
_ 69€L8-08
_
|
_

slaytys aseyd -z . od . ;i
sarjradead rout *d €7 1961 ‘1961 Jaquadag $1-0961
atn0arag Jaquiaidag g1 jrodaa ssaafoud [eurg ‘saayjo
- sajeURIn} pU® UBWLIBAILS *d g “yesaddny D Aq STIVIH

umpuodis-umiieg '{ ~dLVIN DIHLDETAId SAVMOHOIN HVAINITINON
*SSE ‘WweEy[ep ‘' "o) uoayliey
d3I4ISSYVIONN ¥1 ‘s "AlqQ av
—|| AJIASSVYIONN *pajisaj pue jring -
uaaq SEBy JUSWIAA IATIISUIS 2FEI[OA B SE £OLLIS
_ yitm Jayrys aseyd drajsosdtw y  "ajEUEL) W _
-Tju0a3}s ul uoTjoajraduwur 301}1E] B SE 108 UMIJeq 1By}
_ sojeotput sty -Arqeroaadde sataea juafue) SsO]
a8y} 0} UOTINGLIIUOD KLyrandwr ayy seadaym ‘uoliedl _
_ _u30uOD WMLIBG JO UOI}oUNJ B SB JUBISucd A[[Euassa
ske}s Suriajiedss SIUOWIBYUE I3PIO0 YlInoy wmoIy _
_ sajeutdrao yoym juddue} ssor auy jo jxed ayj pue
69€28-98 juUB}SUOD bmumw:ﬁ:oc a2y} ey} punoj sem 3| .MBMEM _
5 ua2dq aAe 1 L(IS ‘e O S2an}XTur SUI[[eISAIDATO
_ 6€0-9¢ V(I wenu0D LI %ﬂ Ewumcnmw*wmmmw:mﬁvcwc au; m:n Ewm.ﬂm« sso] wﬁsk _
_ uturef{uag .cmﬂhwwmﬁﬁm I 1a0dag payisserdun
iy . - - 2BJIUO
_ 8a0en ‘“yooeaddny °I (63ELE==REED ommwmuw fwwawmw _
. *syjax z ¢ -aderp ‘sjaeyo ‘-snr
WINGTIE Sl 2 tous d €z 1961 1961 20quiodas §1-0961 _
v _ sapiradoad Jaquwaldas g1 3jxodex ssaaload [eurd -Saayjo
.. St iob pue uewzaATls *d ‘€l ‘}uoa1ddny D 44 STVIE _
_ o— Mm.” E:w.umm ; -FLVIN DTHLOFTAId AAVMOUDTIN HVINITNON _
: . “SSeJy ‘WeYeEm ‘ "0D uodyiAey
_ QA1AISSVION »1 ‘8 "Ald av |

w.. - - -

—

|
|
|
|
|
|
|
|
|
|
_

s e e e — — — — —— — — ——— e . — — — —— —

7
|
_
|
|
|
|
|
|
|
|

69€L8-°8
6€£0-9€¢ Vd 1PeI1U0)
praeq
ururef{uag ‘UBUIIBA[LS
81080 ‘jyodaddny

SJ331Ys aseyd
sarjaadoad
211123131
- Sajeueln

Umijuoa}s - wniaeg

JdlAISSVTIONN

69€.8-9S
6€0-9€ V{J BIUOD
praeq
urwefuag ‘UBUIIBATIS
81080 ‘“yoaaxddny

s13331Ys aseydq
sarjxadoad
211399131Q
- sajeueln}
WIMTjuoI}s - wnrIeg

adiAISSYIONN

g AISSYTIONN

AdIIISSYTONA

‘I

It
I

a4

‘It

»

*‘paisa) pue j[ing
usaq sey juswaTa aanjisuas afejfoa B se EQILIS
ytm J23J1ys aseyd drajsosdtwr y  C31BUB wmn
-Tju0Ja}s ut uolddjIadwir 20133€[ B SB S108 wmideq eyl
sajeotpur Sy °‘Arqeroaadde saraea juafuel ss0[
ay3 0} uotjnqraued Ajrandurt auy} seadaym ‘UOTIBIY
-112DUOD WNIJEq JO UOIjouUNny € Se jJUBiSUod ArTenjuassa
sAe1s Jur1ajjess SIUOWIBYUE I3PJ0 YLINOj WO}
sajeutdrio yotym juadue} sso| ay; jo yaed ayy pue
uBISUOD hum‘_mmczco: 2y} 1By} punoj Sem 3| ‘palpnis
uaaq aaey “OLL(IS ‘ed) JO saanixiw aur[[eisAaoArod
UT JUBISUOD A}IJERUIUOU 3y pue juafue} §SO] aYL
wrodaa paijisseou))
(69€.8-286€0-9¢ YA 12BIU0D)
(6¥g-S 110day)
*syox z ‘¢ caderp ‘siaeyd * snit
‘fout *d €2 “1961 °1961 4aquaidag #1-0961
zaquaydag g1 1todax sseadoad [eurg “sIayjo
pue uewa2A[1S *d ‘" ‘wessddny D £q STVIH
-dLVIN DIHLOFTIId SAVMOUDIN HVINITINON
*ssep ‘weyjlem ‘0D uoayikey

Pl ‘8 °"ald

avl|

[ —

‘pajsay pue .:mﬂnln—

uaaq Sey jUIUWIATd dAI}ISUdS aFejjoa B SB €orLIS
ypm a9331ys aseyd diajsoqdiwl y TjEBUBLL Um
_11u0a3}s ur uotjodgaaduir 9o11je[ B SE S10® umiieq 2y}
sojeotpur STy -A[qelosadde sataea juaiuel ssof
ay} 0} uolINQLIuUod Ajrandurt ayj Seadaym ‘uonedy
-U3oUO0D UMIJeq JO UOTOUN] € SE JuB}suod A[[B1IUassa
sfe1s Surro}leds SIUOWIBYUER 13PJ0 YlINOJ WOoIj
sajeurdtao yotym juadue) ssof ayy jo jied ayy pue
jueisuoo Ajlaeaulfuou ay} }ey} punoj sem j[ “palpnis
usaq aAey COIL(IS ‘ed) JO SaInIXiw aurpreis£asLiod
ut JUBISUOD A}LIBAUI[UOU 3} pue juaduel §SO[ UL
jxodax parjisseroun
(69€.8-986£0-9€ VA 102I3U0D)
(6¥€-S wroday)
*syaa z ‘*aderp ‘sixeyd ‘ ‘snyIt
-out *d €2 1961 ‘1961 12quidldas #1-0961
Jaquaidag g1 3sodea ssaadoud eury °saeyjo
pue uewaaA[ls “d ‘€ ‘Wypeaddny ‘D Aq STIVIY
~ALVIN DIHILDFTIId GAVMOHUDIN HVINITINON
‘sse| ‘weyem ‘ ‘0D uoayikey
av

¥l ‘s "ald

|
L ZEEERTETE

4



Copies

10

DISTRIBUTION L:ST

Technical Library, OASD (R&E) Rm 3E1065, The Pentagon, Washington
25, D. C.

Commanding Officer, U. S. Army Signal Research and Development
Agency, Fort Monmouth, N, J., ATTN: SIiGRA/SL-RE

Commanding Officer, U. S. Army Signal Research and Development
Agency, Fort Monmouth, N. J. ATTN: SIiGRA/SL-ADT

Commanding Officer, U. S. Army Signal Research and Development
Agency, Fort Monmouth. N, j.. ATTN: S:GRA/SL-ADJ (MF&R
Unit #1, ECR Dept.)

Cominanding Officer, U. S. Army Signal Research and Development
Agency, Fort Monmocuth, N, J., ATTN: SIGRA/SL-TN

(FOR RETRANSMITTAL TO ACCREDITED BRITISH AND CANADIAN
GOVERNMENT REPRESENTATIVES)

Commanding Officer, U. S. Army Signal Research and Development
Agency, Fort Monmouth, N, ., ATTN: SIGRA/SL.-LNF

Commancing Officer, U. S. Arniy Signal Equipment Support Agency,
Fort Monmouth, N. J.. ATTN: SiGMS/ADJ

Commancing Officer, U. S. Army Signa! Equipment Support Agency,
Fort Monmouth, N. J., ATTN: SIGMS/SDM

Director, U. S. Naval Research fL.aboratory, Washingion 25, D. C.,
ATTN: Code 2027

Commanding Officer and Director, U. S, Navy Electronics Laboratory,
San Diego 52, California )

U. S. Army Signal Liaison Oftice, WWOL-9, Wright Air Development
Division. Buiiding 50, Room 025, Wright Patterson Air Force Base,
Ohio

Commander, Air Force Command and Controi Development Division,
Air Research and Development Command, United States Air Force,
L. G. Hanscom Field, Bedford, Massachusetts, ATTN: CROTLR-2

Commander, Romes Air Development Center, Air Research and
Development Command, ATTN: RCSSLD, Griffiss Air Force Base,
New York

Commander, Armed Services Technical information Agency, Arlington
Hall Station, Arlingwn 12, Virginia

Advisory Group or: Electron Dev:ces, 346 Broadway, New York 13,
New York

Commanding Gene~al, Army Ovdnance Missile Command Signa! Office,
Redstone Arsenal, Alabama

Chief, Bureau of Shigs, D«<pt. of the Navv, Wash:ington 25, D, C.,
ATTN: 691B2C

Commander, New York Naval Shipyard, Materials Laboratory,
Brooklyn, New York, ATTN: CODE 910-d

Commanding Officer, Diamond Ordnance Fuze Laboratories, Washingtor
25, D. C., ATTN: Technical Reference Section, ORDTL.-06. 33

Commanding Officer, Ergineering R&D Laboratories, Fort Belvoir
Virginia, ATTN: Techn.ca! Documents Center

Chief, U. S. Army Security Agency, Arlington Hall Station, Arlington
12, Virgima

Deputy Presiden®, U. S. Army Security Agency Board, Arlington Hall
Station, Arlington 12, Virginia



Copies

DISTRIBUTION LIST (Cont'd)

Electronic Communications, Inc., Research Division, 1830 York
Road, Timonium, Maryland
Bureau of Ships - 691B-2C, Electronics Division, Room 3329, Main
Navy Building, Washington 25, D. C., ATTN: Leo V. Gumina
Commander, Rome Air Development Center, Air Research and
Development Command, Griffiss Air Force Base, N. Y.,
ATTN: Mr. Patsy A. Romanelli - RCLRA-2
Commander, Hq., Detachment 2, AFRD, L. G. Hanscom Field
Bedford, Massachusetts, ATTN: Mr. Charles E. Ellis, Jr., CRRDM
Radio Corporation of America, Somerville, New Jersey, ATTN: Dr.
B. Schwartz
Airtron Division, Advanced Devices Laboratory, Morris Plains, N.J.,
ATTN: Dr. J. W. Nielszn
Sperry Microwave Electronics Company, Clearwater, Florida,
ATTN: Dr. A. L. Stanford
General Electric Company, Defense Electronics Division, Heavy
Military Electronics Department, Electronics Park, Syracuse,
New York
General Telephone & Electronics Laboratory, Bayside L.aboratories,
Bayside 60, New York
University of Michigan, 4523 East Engineering Building, Ann Arbor,
Michigan, ATTN: Prof. Howard Diamond
Commander, Rome Air Development Center, Air Research and
Development Command, Griffiss Air Force Base, N. Y.,
ATTN: Mr. J. Schenna
Commander, Air Force Cambridge Research Laboratories, Bedford,
Massachusetts, ATTN: Det. #2 Research Division, Mr. A. Schell
Sylvania Electric Products, Inc., Electronic Defense Laboratory,
. P. O. Rox 205, Mountain View. California, Ref.. EDL 61-121
Motorola, Inc., Military Electronics Division, 8201 E. McDowell
Road, Scottsdale, Arizona, ATTN: D. L. Fresh
Commanding Officer, Wright Air Development Division, Air Research
and Development Cornmand, Wright Patterson Air Force Base, Ohio
ATTN: Mr. Carl Greene, Materials Control
Commanding Officer, U. S. Army Signal Research & Development
Agency, Fort Monmouth, N. J., ATTN: SIGRA/SL-PPM
~ (Mr. I. Reingold)
Marine Corps Liaison Officer, U. S. Army Signal Research and
Development Agency, Fort Monmouth, N. J. ATTN: SIGRA/SL-LNR
Columbia University, Department of Electrical Engineering, New York
27, N. Y. ATTN: Mr. Victor Granatstein

Remainder - Commanding Officer, U. S. Army Signal Research & Development

Agency, Fort Monmouth, N. J., ATTN: SIGRA/SL-PEM (J. Charlton)




