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TEERA'I‘URE COM?ENSATED YTT' 1‘ " ‘ 
GOLINIUM EON GARNET?) 

.Gordon R. Harrison, Dunedin, and Leslie R. Hodges, in, 
meal-water, Fish, assignors to Sperry Rand Corporation, 
Great N ecir, N.Y., a corporation of Deiaware 

Filed Mar. 14, 1962, Ser. No. 186,410 
‘7 (Iiaims. (Cl. 252-625) ’ 

_ The present invention generally ‘relates to microwave 
garnet materials and, more particularly, to "yttrium gado 
linium iron garnets of improved temperature stability and 
high power handling capability. . > 

‘ Ferrimagnetic garnet materials have stimulated much 
interest since their ‘discovery, especially with respect to 
their applicability to present microwave devices; This 
interest has led to intensive'studies of the crystallo 
graphic, magnetic and other fundamental properties of 
these‘ materials. Less attention has been given heretofore 
to properties which are primarily signi?cant from a micro-' 
wave engineering point of view. Of the ferrimagnetic 
garnet compositions developed to date, yttrium iron gar 
net appearsto‘ be the most promising for microwave ap 
plications. It has been _ found, however, that pure 
yttrium iron garnet does not adequately satisfy certain 
microwave desiderata including temperature stability and 
power handling capability. More particularly, there is a 
need for improving yttrium iron garnet materialso as to 

1 render its saturation‘ magnetization characteristic substan 
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tially independent of temperature over. a Wide range of 
temperature values including room temperature and to 

, ext-end its high power handling capabilities. ‘It is 'impor— 
'tant, of course, that the improvements desired be achieved 
without undue sacri?ce’respecting other pertient micro 
wave properties such as line-width,.g-factor and Curie 
temperature. ’ _ ~ ' . 

It is the principal object of the present invention to 
provide‘ solid solutions of ferrim‘agnetic garnet materials 
having improved temperature stability. . 

Another object is to provide solid solutions of ferri 
- magnetic garnet materials having increased microwave 
power handling capability. > 

.A' further object is to provide ferrimagnetic. garnet ma 
terials characterized by iinpoved temperature stability and 
increased power handling capability. ' 
An ‘additional object is to provide a mixed yttrium 

gadolinium iron garnet having a relatively low saturation 
. magnetization value which remains substantially constant 
over an extended range of temperature values. 

These and other objects, as will appear from the read‘ 
7 ing of the following speci?cationarare accomplished in a 
?rst aspect of the invention by. mixing yttrium, gadolini 
um, iron‘ oxide,‘ and one ,of the metals aluminum and gal 
lium in special proportions to produce a composite garnet 

"material. When-the proportions of the constituent mate 
rials are=~established in accordance with the‘relationships 

istics-of .the ?rst composite garnet material is stabilized 
' at values as low as about 300 gau‘ss over a temperature 
range from about >—30 tolabout 140° ‘C; 1' " - 

terial characterized by a saturation'lmagnetization‘ of the, 
order of 900‘ gauss 'which ‘remains substantially constant 
overthe temperature range from about to' about 
100° C.. Additionally, the power hand-ling capability of 
the composite garnet material is‘ increased by?two' orders 
of magnitude as compared to, pure yttrium iron garnet. 

In \a’third aspect, the ‘invention provides for a solid 
solution of'yttrium, gadolinium, 'dysprrosium, iron oxide 
and one-of the metals aluminum and gallium in special 

In ‘another aspect, the invention provides for the mix- ' 
ture of yttrium, gadolinium, 'dysprosium and iron oxide ] 
in special proportions, to provide a composite garnet ma- ' 
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2 
proportions to yield a composite garnet material pose 
sessing a wide range of saturation magnetization values, 
each of which is temperature stabilized in addition to 
having improved high power handling capability. 
I For more complete understanding of the present inven 
tion, reference should’ be made to the following speci?ca 
tion and to the ?gures of which: 

FIG. 1 is a plot of the variation of saturation mag 
netizat-ion with respect to temperature for yttrium, gad 
olinium iron garnet; . , 

FIGLZ is a plot of the variation of saturation mag 
netization with'respect to temperature for yttrium gado 
linium aluminum iron'garnet and; ' 
FIG. 3 is a plot of the variation of saturation mag 

netization with respect to temperature for yttrium gadolin 
ium dysprosium iron’ garnet. , . 

The ‘material geometries employed in most microwave 
devices ‘are such that the frequency of ferrimagnetic reso 
nance is not onlyldependent on the magnetic ?eld but also 
on the saturationmagnetization of the material. Conse 
quently, it is desirable in the design of and development 
of microwave ferrimagnetic devices which are to operate 
over large temperature ranges that the magnetization of 
the material utilized be stabilized with respect to tem 
perature. As can be seen from inspection of FIG. 1, a 
certain degree of magnetization stabilization may be ob 
tained by the appropriate proportioning of the yttrium 
and gadolinium constituents of yttrium gadolinium iron 
garnet.v ' . 

The magnetization vs. temperature characteristics de 
picted in FIG. 1 are those of polycrystalline garnets of 
the form 3[(1‘.0O—x)Y2O3-xCrd2O3] -5Fe2O3. The data 
is plotted over a temperature range from about —195° C. 
to the Curie temperature of the compositions. The curves 
differ from 'each other due to a change in the proportion 
ing of ‘the yttrium and gadolinium constituent‘ materials. 
It will be noted that the magnetization values above about 
‘15° C. decrease as the gadolinium content (x) increases 
and that the compensation points‘ (when present) appear 
at relativelyrhigher temperatures as x increases. It should 
be particularly noted that when x=0.6, the polycrystal 
line garnet materials exhibit a relatively stable saturation 
magnetization‘ over alarge" temperature range. Other 
microwave properties of this particular composition have 
been found to be as‘ follows: _ s . 

Liiiewidth AI-I (25° C., X-band) :200 oersteds; 
gaff-factor (25° C.,. Xéband) =2_.08; 
Dielectric loss tangent (l ‘gc.)=‘0.004; and 
Dielectric constant (1 gc.)=13.* _ , 

Although a substantial degree of temperature stabiliza 
tion of saturation magnetization is achieved when the 
yttrium, and gadolinium constituent materials are in the 
proportion of 2:3, little control over thevalue of‘ the 
stabilized magnetization can- be effected.“ In accordance . 
with the present invention, however, the stabilized value ~ 

»of the constant magnetization may be controlled over ' 
extended rangesby the introduction of certain amounts 
of one orvmore of aluminum, gallium and dysprosium in 
the . yttrium gadolinium materials ‘whose characteristics 
are plotted in FIG.‘1. In particular, the valueof the tem-' 
perature stabilized magnetization parameter may be con-1 
trollably,decre‘ased'fromithe 750, gauss ‘value of FIG. 1. 
Such a decrease is especially signi?cant-in certain micro? 

eluding microwavev phase shifter applications“ , 
The magnetization vs. {temperature characteristics 

plotted in’ FIG. 2 are. those of‘ a typical ‘solid solution of 
yttrium. gadolinium garnet material wherein relatively 
small amounts of aluminum are substituted forythe iron 
in accordance with s the expression , V 

wave'applications of the composite garnet material inf 
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For small substitutions, the aluminum locates predomi 
nantly on the 240! site in the garnet structure. As can be 
seen in FIG. 2, this reduces the resultant magnetization at 
25° C.,-reduces the Curie temperature, and positions the 
compensation point to higher temperatures as'the alumi 
num content (w) increases. The result is a series of 
polycrystalline garnet materials exhibiting controllable, 
temperature stable magnetizations from about 900‘ gauss 
downward. Other microwave properties of these com 
positions have been found to be as follows: 

Line-width AH (25° C., X-.bai1d)=165 to‘ 300 otersteds; 
gaff-Factor (25° C., X-b-and)v=2.04 to 2.10; and 
Dielectric loss tangent (11 gc.)=0.004. . 

True compensation points were not observed for these 
compositions presumably due to a slight ,nonuniformrty 
in composition from grain to grain. More generally, it 
has been found that controllable values of magnetization 
may be stabilized with respect to temperature in accord 
ance with the expression 

where the values of x are in the range from about .4 to 
about .7 and the values of y are in the range from about 
.02 to about .15. Similar results may be achieved by the 
substitution of gallium ‘for aluminum in accordance with 
the ‘foregoing expressions. . ' 
A series of garnet materials having greater high power 

thresholds (superior power handling capability) can be 
obtained by the introduction of certain amounts of dys 
prosium. ‘In accordance with the present invention, such 
garnet materials may be de?ned by the expression 

where the values of x ‘are in the range from about .3 to 
about .50 and the values of y are in the range from about 
.01 to about .15. The magnetic properties of a number 
of typical materials de?ned by theforegoing expression 
are slotted in FIG. 3. By inspection of FIG. 3, it can 
be seen that controllable values of magnetization are tem 
perature stabilized ‘for values of x between about 0.3 and 
about 0.5. Other microwave properties of these mate 
rials have been found to be: 

Linewidth AH (25° c., X-band)=450 to 700 oersteds; 
gen-Factor (25° C., X-band)_=l.80 to 1.76; and 
Dielectric losstangent (1 gc.)=0.\004. ' 

Aluminum or galliummay also be added vfor the fur 
ther control of the stabilized magnetization levels as dis 
cussed in connection ‘with FIG. 2. The resulting com’ 
posite garnet material maybe ‘de?ned by-the expression 

X and y are any decimal numbers between the valuesof 
about ‘0.3 and about 0.50 and between the values of about 
0.01 and about 0.15, inclusive, respectively. w is any 
decimal number between the values of about .02 and 
about_0.15 inclusive and (TM)"represent the metals of 
aluminum (A1) or gallium (Ga), ' 

The-polycrystalline garnet materials of the present in 
vention may be prepared in accordance with conven 
tional sinterin-g techniques. One suitable technique is 
described in the Microwave Journal, volume 4, number 6, 
page 53 (1-961); ‘ ‘ 4 ' ‘ a 

I . While the invention has been described in ‘its preferred 
embodiments, it is understood that the words which have 
been used are words of description rather than’ of limita~ 
tion and the changes within the purview of the appended 
claims may be made without departing from the true scope 

, and spirit of the invention in its broader aspects. 
What is claimed is: 
1. The composition of matter which is the solid solu-. 

tion of yttrium iron’ garnet and gadolinium iron garnet 
wherein one element selected from the metals group .con 
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4 
sisting _of aluminum and gallium- is substituted in place of 
part of the iron in accordance with the expression 

where x and y are any ‘decimal numbers within the range 
of values from about _.4 to about .7 and ‘from about .02 to 
about .15 inclusive, respectively, and MB is the element 
selected from said group. _ 

2. The composition of matter which is the solid solu 
tion of yttrium ironwgarnet and gadolinium iron garnet 
wherein aluminum is substituted in place of part of the 
iron in accordance with the expression 

where x’and y are any decimal numbers With-in the range 
of values from about .4 to about .7 and from about .02 
to about .15 inclusive, respectively. . 

3. The composition of‘matter which is the solid solu 
tion of yttrium iron garnet and gadolinium iron garnet 
wherein aluminum is substituted in place of part of the 
iron in accordance with the expression 

where w is any ‘decimal number within the range of values 
from about .02 to about, .15 inclusive. 

4. The composition of matter which is the solid solu~ 
tion of yttrium iron garnet, gadolinium iron garnet and 
dysp-rosium iron garnet in accordance with the expression 

where x and y are any decimal numbers between the 
values of about .3 and about -50 and between the values 
of about .01 and about .15 inclusive, respectively. 
_, 5. _The composition of matter which is the solid solu 
tion of yttrium iron garnet, gadolinium iron garnet and 
dysprosium iron garnet in accordance with the expres 
sion , _ 

where x is any decimal number between the values of 
about .3 and about .5 inclusive. 

6. The composition of matter which is the solid solu 
' tion of yttrium iron garnet, gadolinium iron garnet and 

5.5 
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dysprosium iron garnet wherein one element selected 
from the metals group consisting of aluminum and gallium 
issubstituted in place of part of the iron in accordance 
with the expression ' , ’ 

where x and y are any decimal number between the values 
of about .3 and about .50 and between the values of 
about .01 and about .15 inclusive, respectively, where w 
is any decimal number, between the values of about .02 
and about .15, inclusive, and ME is the element selected 
from said group. _ 

.7. The composition of matter which is the solid solu 
tion of yttrium iron garnet, gadolinium iron garnet and ? 
dysprosium iron garnet wherein aluminum is substituted 
luv-place ‘of part of the iron in accordance with the ex 
pression _ , . p _ _ . 

V i 

‘where x and y are any decimal numbers between the 
p values of about .3 and about .50 and between the values 
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of abou_t__.01 and about .15 inclusive, respectively, and 
where w is anydecimal number between the values of 
about .02 and about .15, inclusive. 
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