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ARSTT. CT

Studices hrve been made of the nreraration and pronertics of Y com ornds
vith compositions nerr Zny oY, My gZnp Y, Cu0_5an.5Y, and T'ig 30ug 727 Y.
X-ray diffr-ction —atterns talenon Y comrounis with aluminum sub-stituted for iron
strongly indicate the formation of a second phase, rather thin o rerlaceniont of
Fot3 by AL 3 in the Y structvre. While densities of great~r than 05 nercent
of the theoretical value and 2lirmment indices of 0,96 and above have been obtained,
lincwidths romain sonevhat high, approxim-tely 400 oersteds. Attermts at nremaring
Y coimounds; fron tonotactienl rveaction of 11 commounds and row oxides have - roved
fruitlese, ¢ thdth firivy temseratures up to 1400°C no raction occurs.

Because of the extremely rood alipnment of »la—ar naterinls achieved, cx-
perinents have been started to orient evbic meterizls. Initial ~urerinents with
solycrystalline yttrium iron garnct have been very encouraging, ond Yinewridths of
15 to 19 oersteds lizve been obtained,

Injtial investic-tion of the arplication of lanar forrites to izol:-tor
structurcs ar~ rerorted. Because of the smell sizes and sha cs of nlanar fer-it-o
nowr available only louvr isolation v-lucs ar~ found, but isol:tion ritice of ng Lih

as 60 ave obtnined.
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ADVANCED MICROWAVE COMPONENTS AND TECHNIQUES PLANAR
HEXAGONAL FERRITES AND DEVICES

1. TiTRODUCTION

Thic reuort covers work werformed under Conbracit AC30{652)-2757 F36-A002,
Development of Advanced liicrousve Components and Tochniques - Planar llexag nal
Ferrites and Devices, for the neriod from Junc 28, 1963 to September 28, 1963, This
renort describes and discusses continued progress in the first, or miterials, phase
of the nrogram and initial experiments on the second, or applications, phase.

The results renorted show that the materials synthesis efforts have pro-
duced materials of good ceramic auality with high densities and extrenely high
aliprment factors, In view of these favorable indications it is somevhat sur-
nrising that linewidths no more narrow than 375 oersteds have been obt-ined. At-
tempts are being made to reconcile this data.

Pecause of the oxtromely good alirmment obtained in planar nstericls, it
vas f21t justified to attem>t orientation of cubic ferrites, Preliminary, but
very oncouraming results are renorted that could have very cifnificant rractical
importance,

The iaitial isoloator structure measurements reorted should be co-sidered
in view of the fact that only 5-all sorl-s of a sin~le material wvere used, and

therefore t'ece results represent only rrelinizary findings,




2. OBJECT

The objret of this ~rojecet iz to investig-te theor~tically nnd eox ->ri-

sated 1y the nicromve chortctoristics ~Ff nlan e hexaponn]l magnctic oxides, wvit

oplicntion to wicroveve devices and cirerits.
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he controlled over a ranse of viluns svitohle te microrave arplication., Efforts

11 he dir-eted towsrds the utilization of these mreterials in low frequency

(1.0 rfc to 10 Ge) devices.
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3. FRCGRESS CF PROJECT

3.1 ATERIAL STLECTICH

During this second qrarter of the rregrem more compleie dat~ have been
obtained on matericl nrovertics as a function of firing tomnerature fer a number
of comrositions, Five different compositions have been studied with rother
complete firing curves ohtained for three of these.

For isolcator applications it is well knovm intuitively ond demonstrated
analytically in Sect’on 3,5 that best resulis 1ill be ohizined on materizls having
the narrouest resorance linewidth and the lovest diclectric loss. The ficld of
neterials svitable for this application can be n.rroved doun to comrositions neor
Ni.BCu.7an.OY, g oZm oY, or Cu s2ny sY. The optimum comnositions ~robably lic
near one ol these compositions.

At this woint it is not yot clear ubat material cheracterictics oro most
important for the switching spplication, and therefore some of the more hishly
anisotronic comrocitions lile COZ/BCuZ/an2/3Y 1ill contive to be investins-ted.

The substitution of aluninum for iron, initinted in the lost cunrter,

+

vas found to be friitless for controlling the magnctization of th~ :terinl,

>

1

X-ray data incicated that the aluminmum substitution r-sulted “n 2 second ‘hase
fornation in th: material that adversely affected its microv-ve rrorertins. This

fanily of moterials hes therefore been dronpec.

3.2 SYNTUESIS TECHNIQUES

The =reparcticn -rocess used in this cvarter was essontially the comw as
that outlined in tle First . u: rterl- Reort, Exneriaentsl dato obtoined en o variety

of szmles indicnte that t' e use of ~thyl alcohol re the carrier in the sttritoring




stere results in better nnteriel nreoperties and gro-tly focilit: tes tie
nrOCess,

The torotactical reaction technigve discussed in the lrst Qu-rterly

Report failed to give sufficiently oncouraging results lo varrant contimance,
Firing temperaturs 2s ligh as 1400°C failed to roduce a conclusive cenvorsicn of

the I compound nlus raw oxtides to the desired Y structure.

3.3 EASURE: ZNTS

The me:surcnent techniques discussed in tihe First Quarterly Report have
not been a2ltered with the exce~tion of the determinction of resonance propertics.
Resonance measurencents have been carried out in cavities at both X-band (9300 i)
and V-band (370001%c) fregue:icies. The use of two freguencies allows the caleulation
of the anisotropy ficld and g-factor uithout having to resornte the material with
the d-c ficld applied in the hard direction., A frce nounted sphere e n then be
uged in both cavities, For euacl: Iroquency Fittel's cquation then talkics the
familiar forn for resonance of a nlanar matericl with d-c nagnetic ficld aplicd

in the casy nrline

w =Y Eg, (g }IAz] ¢ (1)

were lpgy is the applicd d-c ficld required for rcsonnce «t the fre.uency 44, and

Inig 15 the effeetive plenar anisotrony ficld of tic material. Since a spherical

sanple 1s used the demagretizing terms do not entrr this equation. A cimilir

cqu tion will hold for “recuency w,, oand tic anisotrepy £icl?d sy then be calcul-ted

by taking the rctio .
Wy [0y + iig) (mon) ) -
wo (:502 + HA) (Hp»)

5 (wl)z 2
and therefore Hy = ol ~ w5/ Hoo .

Wiy H
@) Vo2 - Hon
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Figure 1. Density and alignment index of ZnsY samples plotted as a function
of firing temperature. Data are shown for three different carriers
used in the attritoring process.
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6. PERSONNEL

During the second quarter, time spent on the project by technical

nersonnel was as follows:

EMGINEERING PERSONNEL

J. E, Pippin 28 hours
G. P. Rodrigue 85 hours
H. A, Willing 405 hours
Total Engineering Time 518
LABORATCRY TECHMICIANS 60/, hours
SHOP PERSONHEL _149 hours
TOTAL 127

In this same vneriod the following time was spent on company sponsored,

directly related research:

E:GIFEERING PERSOKI'EL

J. E. Pippin 37 hours
G. P. Rodripue 83 hours
E. L. Hecks _90 hours
Total Engineering Time 210
LATORATORY TECH ICTAKS 8 hours
GRAID TOTAL 1489 hours
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density that is ©6.5 rerecent of the tleorctical density. The alignnent factor
data giver ot the top of this grach shous a decide? inmrroveanent in alipmment
factor when alcohol is used as the carrier in the attritor stope. A firine
temperature of 1250°C was also found to »raduce a maximw aligniient facter of
«07. This very mar'zed imnroverent in alirmment with the use of alcohol os the
carrier has becn consistently found for all matericls wrepared. ''hile 1256°C
would be an ontirum firing temperaturc for this ZnpY wmotericl as far as dencity
and alignment are concerned, the actual firing temperature will be influenced
also for practiccl materinls by the affcet of firing temneriture on dielectric
loss tangent. Sec Figurcs 7 and 8 and sccompanying discussion.)

Figure 2 shows curves of density und f-factor for the Cu 5217 5Y moterisis
as a function of firing temperature., For this material a substentinl im.rovernent
in alignnent is crain noted on these cammles in wlich aleohol wos used an the
carrier. Tor this -articular moterisl the mozdmun density of the sonrles attrite-ized
with aleohol was rcached at a decidedly lower firing temer-ture thrn uss the coce
for szrnles nrevarcd wvsing either unter or Lyso 45 in the attritoring stoapge. TFor
this material polyvinyl alcohol wex w s used as a binder uith the Lyso 45. The
maximum density obtained at 1150°C rcwresents $7 percent of the theoretical density
calecui. ted from X-rsy data and thie molccular weights of the corstituent ions. Tie
alipnment index data shoum in tle u ror ~orticn of this grooh show a maximum vilue
achieved at 1200°C or ahove, iAn ontimum firing temperature nisht lic between 1150°C

5 "

and 12000C denendine on the Aiclectric loss variation with fir
and 1200%C depe 5 on the locs variation with £i

P

I~ Eameagn by ™
HES g tw...A,\.I‘._tuI“ « 4T

nmaximum aligmert index for th o -iterinl was very nearly .99 2nd ro rosents co-
sentially connlete elirmnent of the gr ing-wdthin the -olyerysielline ~-te-ial,
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Figure 2., Density and alignment index of Cuo,zZn1,5Y sampleg plotted as a
function of firing temperature. Data are shown for three

different carriers used in the attritoring process.
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a firing temmerature nenr 1150°C and represents 98 =orcent of the theoretical
dersity. The maxinmum alignment once aain occvrs for higher firing temperatures -

at 1200°C and atove, A very marked improvenent is noticed in these curves when

alcohol is used in the attritor stage. Omce again an optimum firing temperature
should be determined by considering the temperaturc necessary to achieve high
density, good alignment, cnd low dielectric loss.

Firure 4 shows density and alignment indices for three differcnt materials
reving the basie M 4Cu oZm oY composition with various amounts of alumimm sub- {
stituted for the iron. ‘Jhile this substitution was initiated in an attempt to con-
trol the magnetization of this material, the effort has been abandoned because of
the resvlts evidenced here., The upper portion of this curve shows that the aliipn-
ment index is great’y deteriorated upon the substitution of aluminum for iron.

Taking, as an example, the firing temrerature of 1250°C we find thet in two batches

of m terials prepared using gleohol a2s the carrier, the alignment index drops from

aproxinctely .99 to .7 uson the substitution of 5 percent aluminum for iron, For

the same substitution end with the firing temperature of 1200°C the alignment index

drops from .98 to less than .2, The observed X-ray diffraction patterns strongly

indicnte that the aluminum does not actually replace iron in the Y structure but

instead goes ints a second phase in the material, Such second phase formation is

evidenced by a drastic decrcase in indicated aligmment factor. This evidence,

together with th-t obtained on magnetization for these aluminum substituted materials,

wzs taken as sufficiently conclusive to elimincte such compositions from further

consideration. R i
Figures 5 and 6 ghow data talen on two further cemmositions that have not

et been nreopzred using a'cohol as the carrier. In both cases the aligmment factor

10




.o
{
.91 o
.8
L )
X !
s 0 Nig 3Cug q Zny oY
Yy s ad
O Nip 3Cug 727y oAy, 29Fe5 51
4| & Nig 5Cug o2y Aly sgFes gaY
0,0 ALCOHOL AS CARRIER
.3} | ® A WATER AS CARRIER
A
2 4y
q
.1 P
5.5
(]
w
:BS.O L ?
b .
£ ? 1& |
z 0
%)
Q
4,5
o
4.0
1100° 1150¢ 1200° 12500 130@° 1350°
FIRING TEMPERATURE (°C) 434A
Figure 4. Density and alignment plotted as a function of firing temperature

for Nip, 30w, 7Zn1.0Y compounds in which there has been a partial
substitution of aluminum for iron, Data are shown for two
different carriers used in the atiritoering process.

11




1.0

 Bf—
CARRIERS
E 6 . O ALCOHOL |
2 ® WATER
z ® KYSO 45
bal
.4

5.5
THEORETICAL
Y DENSITY
@
E 5.0
t£ @
<3}
a
4.5 . . I
J 9 J‘ Jd 4
4 o't 1 o 1 1
) 1100¢ 1150¢ 1200° 1250° 13000
435A

FIRING TEMPERATURE (°C)

Figure 5. Density and aligmment index for Nij,pZny,0Y samples plotted as
a function of firing temperature. Data are shown for twe
different carrlers used in the attritoring process.

12




0.5 w
G.4
H iy
€3]
S 0.3
o
N A
> 0.2
ha A A
0.1
0.0
5.5 T
THEORETICAL
DENSITY
¢ ¢
3] 5.0 ®
o
b
el
2 1
g
®
Q45
4.0 0 0
1100° 1150° 1200 1250 13000
FIRING TEMPERATURE (°C) 436A

Figure 6., Density and alignment index for 002/3Cu2/32n2/3Y samples

plotted

as a function of firing temperature. A1l data shown

were obtained with Kyso 45 as the carrier in the attritoring

process.,

13




is inferior to the general run of materials, and it 1s expected that considerably
improved results will be obtrined when these moterials are prepared with the alcohol
carrier,

Data on dielectric loss tansent as a function of firing temperature for
the Znp oY material ere shown in Figar~s 7 and 8. Three comnositions with different
iron content were tried. The starting compocitions of these three compounds were
varied from approximately 3 porcent iron deficient (5.8 Fe) to approximately 6-1/2
percent iron deficient (5.6 Fe), to 10 percent iron deficient (5.4 Fe)., Figure 7
shows data tellen in an X-band cavity on rods of the matericl A0 mils in dinmeter,
while Figure 8 rcpresents data taken on dises of the natericl at 20 He using a
Roonton { meter, It is folt that for wicrouvcve mirnosns the X—band envity —erturbo-
tion measurements ~re consider:bly more reliable than are the Q meter measurements,
In general, the measured fdat~ are in rrasomably good sgrecement. There is a con-
siderable sprecd in the  meter measurcrents, but this is inherent in the accurncey
of the measurement. It is scen from both thesc curves th-t the dielectric loss
tangent increases rapidly for this material cs the firing temperature is raised
above 1100°C, and is quite high at 1250°C, the o-timum firing temperature for both
good alipnment and hirh density, Thus sore compromice must be sourht betueen the
loss tangent and the alignment and density reavirements on firing tempersturc,

One possible cause for this ranid increase in loss tangent with firing
temperature ic that zine is being lost on firing at the higher tenmperaztures, and as o
result the m:terial has excess iron. It was to correct this mossible cause thot the iron
‘eficient compositions were synthesized, It is secn particularly clearly in Figure 7

trst the redrvetion in iron stoichiometry does, in fact, reduce the dielectric loss

tarront in the f3n2) material., The lowest loss tangent neasured, houvever, ic still
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Dielectric loss tangent of ZnpY samples plotted as a function
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Data shown were obtained by X-band

cavity measurements and represent results obtained on materials
of three different iron gtoichlometries.
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0,011 - a relatively high value for microwave applications,

Figure 9 shows the dielectric loss tengent of the Ni.BGu.7an.OY comnound
as a frncticn of firing temserature, Data on two compositions of differing iron
stoichiometry are also shown. These data, thourh not yet complete, indicate thet
iron stoichiometry is of 1little immortance in determining the dielectric loss of
these materials. These data werc all t ken at X-band by cavity perturbation
techniques,

In Figure 10 are shown data taken by both cavity and J meter methods on
te Cu, 52m 5Y comround,

It should also be noticed that in neither of these materials is there
as ctrong a tendency for the dielectric loss to incrrase with increasing firing
temperature as was experienced with the Zng¥, In fact, the dielectric loss of
these compositions remain relatively comstant as the firing temperature is reised
to 1200° At still higher firing temperaturcs there is scome evidence of an in-
crcagse in diclectric loss. The relatively flat curve of loss tangent as a function
of firing temr~erature for taese materials and the absence of any apvarent dependence
on iron stoichiometry both indicate thot the loss of zinc is not severe with these
tuo materiels. Again loss tangents of the order of .01 to .02 are obtained.

Table I contains a variety of data on scattered, tlough representative,
samples of planar materials. The data shoum here illustrzte the results obtained
in terms of average values as well as departures from the average values., While
some results may seen inconsistent from one standnoint or anotier, they are showm
tere nevertheless. The various samples were nrepared with alcohol; Kyso A5 and
vater as a carrier in the attritor strge, and were fired at differing firing
temrer-tures.

The saturtti-n mrrnetization for the Zn2Y material showm in Column 5 of

thiz tnble is centered zround eporoximetely 2100 gruss with approximately 100

17
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Figure 9. Dielectric loss tangent of Nig, 3Cug, 7Znj oY samples plotted
as a function of firing temperature. Data shown were obtained
from X-band cavity measurements and represent results obtained
on materials of three different lron stoichiometries.
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TAGLE T

1 2 1 3 4 5 6 47 1 81 9 1
N T
Yo ;.E‘iring 1| l '
. (Temperature 4LTr Mg ; OH ; Ha_ is
Sample Haterial {°c) Carrier | (gauss) | F [(oe)! Y 11 z(;;)
¥ I
HP-29A Zny, oY 1150 Alcohol | 2180 .817 569 14,650
1P-29A%  Znp oY 1150 Alcohol | 2090 742 587 ¢
IP-154 Zny oY 1150 Kyso 45 ! 2010 .18
HP-15E Znz,0Y 1200 Kyso 45 | 2180 48638 5 3.12] 14,800
1IP-15C 2np,0Y 1250 Kyso 45 ! 2220 605 539
1IP-1C Zn Y 1250 Water ! 2200 347 1200
P-20B | Cu g2y sY 1100 Alcohol | 2260 J70 723
HP-20A Cu 52n7, 5Y 11150 Alcohol | 2320 .85 513 2,6 | 11,000
IP-20b |  Cu,5Zn],5Y 11200 Aleohol | 2390 .995 496 2,14} 21,677
HP-20F |  Cu, 5Zn, 5Y 1250 | Alcohol | 2370 .9831527 1,751 39,700
HP-194 Su,5Zny 5Y £1200 | Kysu 45 2260 66 |620
IP-19C |  Cu_52Zn],5Y *1200 | Kyso 45 | 2000 «864{ 710 2.48 14,100
FP-19E | Cu, 52Zm,sY 11250 { Kyso 45 2190 J713:682 1,96 18,700
TIP-54 Cu,_5Zn7, 5Y 11250 | Water 12290 2792 100
i i i
HP-21B |  Ni 30u, ;Znj oY 1100 Aleohol . 2760 L601 419 2,61 9,200
IP-21A ¢ i 30u gZn.of ;1150 Aleohol : 2330 «893 375 (2.9 | 7,400
UP-21C 1 Wi 30u,7Zn1,of 1200 Alcohol | 2550  :.984 431 i2.46 13,700
P-6a ' Wi 30w 5Zny oY Ilzso dater 2820 ;.358 | i
: ! ; ;
HP-21A |  Ni_40u,42ny oY(3A01150 " Alcohol ‘1530  '.232.435 | 1 7,09
HP-21C ; Wi 30u, 427, o¥55A0)11200 i Aleohol ©1590  :.476 400 L 7,700
HP-7D ; mi BCu.7Zn1.OY(5%U) 1250 i Water 2400 “.6 0 '870 8,430
1
i H 4 B
IP-88 I, 3Cu 72np,oX1068)1250 S Mater - 2450 1 ,284-1800 750
HP-8A | Mi, 3Cu,7Zn1,0Y0048);1250 P Vater 2130 "1400 1,000
i i
WP-9A © ii,30u,7Zn1,oY0O5AY 1250 Uater 2490
P-4 . i) gZn,oY 1250 Pilater 2390 -863|1070 13,600
1P-18 ;|  Nij o2np oY 1250 " Kyso 45 2450 i 434y 680 15,000
HP-1ZE Co2/'3(}u2 /32n2/3 1150 yso 45 2219 24
0G-5 3¥ 03+ 5Fe04 14,50 Al.cohol 18.3
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;s oorand in meccured velues, Dotz oon tlo Cu 5Zm 5Y conpeun’s ingicrte o
L -

soturati-n negnetizatt on omenr 23C0 pouss, T o case thie

read of data is

conevhnt crerter, and on onc sayple o voluve of enly 2000 [russ wes meacured.,  The

QO

yes

Ll.ZCU.7Zn1.0Y comound hrs a saturation n:rmeligation of epproxinmately 2550 fuvres.
The “ata on tle olunimum substituted nickel-conper-zine commound show rather errntic
results for the 5 -ercent aluninua svbstituted comcound.  On the ofher hand, no
sipaificant chanse in winosctization occurs when 10 and 15 »rreent nlundnum is sub-

stituted for iron., X-ray diffraction dat: stroncly indic ted a second nhese

a5 eviderced here by tie sanll alimment factors.
Colwmn 7 of T-ble T lists mensured volues of linewridth on the Aifferent
cor on*tions as o frnetion of fir'ng tenversture :nd carrier used. It shovld be

ovide bt fren this doto thet inoost diw

mces the measured linewidtl bears an in-
verse relntion to the alipnrent index. Misalignment ceems to be the ¢ief cavs

of 'ine boade ine Tn those commounds rit! sinele phasen swesent.,  MNarrowest line-

Lo M he tg b1l ooervoxiiactely 375 oercteds.  In view of the cxtrencly ligh valves

of ~li-mnert inder nctioved and tla relatively 'igh density of thiese samples it is

& frienlt to »

nd thr renson for this broad linewidth, Different comrositions

be tricd in te viciaitr of this commound in order to see if a dennrture from
tic ¢ eie ) Poriwls yill rerult in 2 mor~ narrow linewidthe Is addition, efforts
T e o e e doterdine o ethicr or ot the neasurcd lineuidth v ries with orientation

of L1 - n-tic £i27d, lesisured lineuidihc are found to vory b as rmuch as

¢ wereent betuecn imacuremerts tolien on soriplos of the same meteriel at X- and

V-iund frosvencies. I'e consistert fra vency derendence is sresently notod,

o]

Colurms C, 7, and 10 contnin g-factor and anicotrony field data for ceveral

different cnir ozitions. The valuns listed in Colurms O and 2 are deduced from
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rasonance ne-sure ents at X and Velend froovencios s ovilined 'n Section 7.3, Trlues
listed in Colwm 10 nre coimvted frow X-band »o-surcrents clone vn'er the asovo-tion
Yot o= 2o0r Y= 2.5, Tt chiould he ocoiciod ont et the comrutations invelwed in

c¢otermrining those velues licted in Columgs 8 n? @ are rather sensitive to smnll

errors in ‘etorcining the ficld required for resenance at the tuo frequencies.

“ceavse of thoe extreme’y food aligmnent factors actieved on rlan'r nmte-i-e)

2fTort wrs corrizd ort on an agsrecinted conrany-snonsored regran to test these
etiods on cubic materials., Listed ot the bettor of Trble T is the linetidth ce-
torined on o sirsle sanrle of polyerystzllicze ritrium iron garnet that wvas ~resced

1ot the orientation tocehnivues evolved in thic stidy of -lanar materi:ls. The

tw cnm he considerab’y i

wroved by eriployine 2 different firing ter-erature.

The et that a lincuidbh £ only 18.3 oersteds w-s obtained on t1is rolycrystallire

1

otorial u reletively lou denaity is fe't te Do o o o “ndication of =t lrost

srbicdly successfil aliourat o the erbie reinn of tlGo

IR

otreryat:1lie rarnet wlerinls Dewving e aane densitics nornl]y st Jinet

af the order of 0 ~ercteds o tlodl o caried vod cting hoo hoen sl Toved. acnvon

of £ o immortet -rocticnl inclicoviong of Uis ramlt, thio offort in hoine con-

t wed into tle noxt o rteor. IE 2R Soco rove Torgidle te oriont tUo ~raing of

cvwic mirvets cod ferriteos ~od T evetw dres

L
[

a1l redvce t'oir Yinevidths, 2 uviccn

wou ~anerst on of g tic naterials vee’d be avaitoable,

3.5 APPLICATIC. S 57 DIES

st oreorter stedes love bren dniticted into the application

AT

~racticnl microuave devices, Initial offorts hrve been

corneenirtte’ on v

le ic-~liater confirvrations,
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o, Theoreticel Annlysic

Jt iz werl: o vel !:z:.’n-ml £ ot te romimm dqolation ratia of - sivenetic

terial doc ted in o wvemdde i pTwen b perturbotios theorr on

XXZ . (,,\

o
e

vhen one coounes the Aieleclric losser cre not corn roble to the 1ematic lonses,

), " . n n . . N sy s
"-)’c: N be 77 , ond X}:z are t' e arprosricte terms of the ovacertihility tensor nd
the S ieetic Ffield 95 eomcidered ansplied in the y--tipection . T nning mccerti-

of cLinir forrites one can dct -rivine

bHilit ternms anronricte to the ~ rifcul-r e
the ovtimu neterial e ficur tion ts well e the influence of v rov: mrterind
»ronertics on this neximum icolatirn r-tio.

The susce 4ibility tevian e e darived frein the Landou-Lifshits eavation

> -
Q—‘:‘(Z—f}}:?+°—;\i— T)vﬂ ‘_') (4)
at lig ’
vhere 17, 17, and X ope oo wreviously efined, and o is the approsriate damning factor.
Following throv:h £~ “eriv-tion for a »l-n.r wnterial -<dth ~osy »lane in the x-y

1 ne, e finds for the Foasinae or loss terms of tie tensor suscertibility

7
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1%
N 572 ) 2
i D= ET::TTZ(J- Fav) - j + a7 (g )
By dnzerting cquntions (3), {6), i (7)) into (3) and acouniro thet Py
oceurs =t rasennnce, that is
HEES Ly,
~ne further thnt
2
"< 1,
the vrlation for Fu.y becones
™ —
frans T -—é—? s (8)
a?
“n@ since q = BAOL this beconcs the fomilinr relation
20,
y 2
Fiax = | 29T . (9
nax
Warp

The relrtionshin for the nawimum izolaton ratio indicates that this ratio is in-
Arrendent of tlie anicotrony icld of the ruterial.

It is to be noted that equations (3) through (9) were derived
assuming the applied field, Hp, is sufficient to saturate the material.
The required applied field for resonance may be determined from the

equation of resonance for a planar hexagonal material,

w=Y [HO + Hp + (N, - Ny)Ms] [Ho + (Y- Ny)MS} s,
where the x-y plane is the easy plane of the material, and the
y-direction corresponds to the direction of the applied field, Hy.
It may be shown, that the field required for resonance in a given

contiguration may not always be sufficient for saturation.
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Consider as typical examples of waveguide geometries those

shown in Figure 1l. Assigning parameter values of

Ha = 10 x 103 cersteds,
4TMg = 2.4 x 103 cersteds,
Y = 2.8 Mc/oersted,

and W = 3 Kmc .
We find the following results for a slab with dimensions .875" x .125"
x .020".,

CASE I - for the easy plane parallel to the plane
of the slab and the slab normal to the
broadwall of the waveguide, the required
Hy is 400 oersteds.

CASE II - for the easy plane perpendicular to the
plane of the slab and the slab normal to
the broadwall @f the waveguide, the required
H, 1s 1600 oersteds.

CASE III - for the easy plane longitudinal to the wave-
guide axis and the slab parallel to the
broadwall of the waveguide, the required
Hy is 3700 oersteds.

CASE IV - for the easy plane transverse to the wave-

guide axis and the slab parallel to the
broadwall of the waveguide, the required
H, is 1810 oersteds.

(o}
In Cases I and II the demagnetizing field is 336 oersteds
and in Cases III and IV the demagnetizing field is 2020 oersteds.
Thus it is seen that Case III would provide the greatest degree of
saturation; however, it also requires the greatest applied field
for resonance. Isolator measurements during this interim have been

primarily confined to Cases I and III due to the size and shape of

presently available planar material.
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Ho
Ho //,///},
///////,/’, ?
y //4;;/
X ] z
Lﬁf/’ x
z
CASE 1 CASE 2
Ho Ho e -
iz
///f;/
y X i e
X
Z
CASE 3 CASE 4 441A

EASY PLANE DENOTED AS THE x-y PLANE

Figure 11, Various possible configurations of a planar material mounted
in a rectangular waveguide.
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b. Measurements on Isolator Configurations

During this second quarter investigations were conducted
to determine the performance of isolators using the best of the
available planar hexagonal materials. The principle aim of this
study was to determine the correlation between theoretical pre-
dictions and experimental results. The material investigated was
Ni 3Cu 72n) Y. The material was made into slabs and mounted on
the broad wall of both S- and X-band rectangular waveguides and
subsequently inserted in a variable magnetic field. A special
section of waveguide was designed with one broad wall in the form
of a sliding plate, so that the position of the ferrite could be
continuously varied within the waveguide.

A slab of Ni _3Cu 72n; oY material fired at 1150°C was
mounted on the broad wall of the waveguide as shown in Figure 11, Case
IITI. The dimensions were .94" x .125% x .,032", The response of the
isolator to a varying applied d--c magnetic field at a frequency of
9 Kmc was observed for different positions of the ferrite across
the broad wall of the waveguide., These curves of attenuation
versus applied field are seen in Figure 12. Figure 13 shows
isolation ratios measured at resonance versus the position of the
ferrite across the waveguide. It can be noted that the maximum
isolation ratio is obtained with the slab positioned one quarter
of the broad dimension across the waveguide. Theoretical calcula-

2

tions“ show that for maximum isolation ratio for the given material,

the ratio of the magnetic fields, hgz, should be 3.78 to 1. This
hx

corresponds to a position across the waveguide of .435 of the

total width at the measurement frequency. The zero db reference
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level for these attenuation curves and isolation ratics was taken
as the output reading obtained with a maximum field applied in the
low loss direction. Hence, any dielectric losses associated with
the slab being measured are not considered in determining these
isolation ratios, and will degrade actual performance. The size
and shape of planar ferrites now available limits the dimensions
of the slabs and restricts isolation values of a single slab to
small values.

The same materiel was made into a slab of dimensions
.035" x .25" x .875" and mounted in the waveguide in accordance
with Figure 1, Case I. Measurements were carried out at 10 Kmc
and the response of the isolator to the applied field is seen
in Figure l14. Figure 15 shows isolation ratios at resonance
versus the relative position of the ferrite within the waveguide.

Additional isolator measurements were taken at S-band
with larger slab sizes. The isolation ratios obtained were
relatively low and this is believed to be caused by incomplete
saturation of the material. To effectively construct isolators
using these planar materials at the lower frequencies one must
determine a technique of lowering either the anisotropy field,

the 47Mg value, or r=:haps Loth.
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ATTENUATION IN DB
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MATERIAL:
Nig 3Cug 520y oY

w= 10 KMC

SLAB DIMENSIONS:
Ix = 0.875"
1y =0.25"
fz =0,035"

=0.075"
1

/\

d = 0.025"

—
[}
i

o+ = SOLID CURVES
ot~= BROKEN CURVES

444A

Flgure 1.

1000 2000

APPLIED FIELD Ho (OERSTEDS)
Curves of forward and reverse attenuation measured as =
function of applied field for a slab of Nigp, s0ug,nZny of
meterials in the configuration of Case 1 of I%igure 1l. The

parametsr in these curves is the position of the slab across
the broadwall of the waveguide.

3000
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MATERIAL
NiO. 3Cu0. 7Zn Y

1.0
10 w= 10 KMC
SLAB DIMENSIONS: y
x = 0,875" X
y = 0, 25" .
/—\ z = (0, 035"
;HS ‘Mdlﬁ,f
2 a
3 [19%
5° |
> / "'l d L“'
<
w1
Q
2]

c 0.02 0. 04 0.06 0.08 0.10 0.12

446A RELATIVE POSITION OF FERRITE IN WAVEGUIDE-g—
1

Figure 15, Measured values of isolation ratio plotted as a function of
the relative position of the ferrite slab of Figure 14
across the broadwall of the waveguide.
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4, CONCLUSIOHS

The preparation -~rocess evolved is capable of producing rood ceramic
materials with hir~h density and good alismment, These ncterials do not os yet
exhilbit as narrow a linewidth as ecxpected. Comnositions near thosc already tried
should be checked ovte Trivalent alwadmum substituted for trivalent iron epnarently
foris o second »hase naterial rather than centering the ¥ structure., A deficiency
of iron helps to lower the dielecetric loss tangent of ZagY, perhans by offsctting
the zinc loss on firing, but this sten is not universnlly coffective aons the other
T cormpounds.,

By using the aligament techniques developed for these planar materi:ls,
cubic ferrites cnn be succcssfuily oriented even in cases of simall anisotrony., M
least partially svccessfvl aliemment has been achieved on yttrium iron garmet wit
anisotrony ficlds of A0 oerstecs,

While iritial isol-tor neasurcments are ercouraging, the fobrication of
practical low frervency isoletors will reguire immroved materials in teras of

linewidth, 2nd l-rger sized samples.
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5. PROGRA! FOR IEXT INTERVAL

The materials effort for the next quarter will concentrate on the study
of compounds with compositions near Iil, 3Cu, 7Zny,0Y, iy, 02n1,0Y, and Cug,g2ny,5Y in
an effort to oblaln materials with improved lincwidthe, The ‘rocess now nsed se-ns
adequate to nroduce materials of rood ceramic quality ond alirmment. Effort will
be made to nrocure precsing equipment capable of preparing samnles of larger
physicel dimensions.

Some studies of oriented cubic materials vill be continued as a natural
oxtension of the materials effort smecified in this contract.,

Studies of isolctor nerformance utilizing plancr hexaponal ferrites will
be continued during the next quarter. The configurations with the casy plane trans-
verse to the wavegvide axis, Cases II and IV of Figure 11, will be investigated and
commcred to Cases T and III., The results obtained empirically and that expected
tirou h treoretical nrodictions will be analyged. A final analysis of some of the
irherent advant-ges or Zisadvantages of each of the configurations will be made. 3

The features of using the plonar hexagonal materials in a coaxial structure
will “e analyzed and measurements of isolator performaence within these internal mag-
net strictures will »e made. However, in considering a configuration for pronosed
isolator desiga, the feature of high nower hancling camabilities will be of primary
consideraticn,

The utilization of dielectric materials for optiniszing the performance of
isoletors emnloying the planar hexugonal materials will be investi~ated, also the
desree of degradation of isolator nerformance produced by the dielectric losses
vithin the nlanar materials will be determined.

During the next interim the cnalysis and development of a microwave switeh *

oporated by the rlanar !oxagonal moterials will commence,
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