&
O

R,
——_

UNCLASSI FIED

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION. ALEXANDRIA. VIRGINIA

Reproduced From
Best Available Copy

UNCLASSIFIED




-

NOPICE: ¥aen povernmont or othor dyavings, specle
Sleations o obher dota are wsed for any purposce
cther than in conrvection with o definitely roloted
soverDment procursmapt operstion, thke U. &,
Zovernomat thercty incurs no responsiblilliy,
obligation vihatasever) and the fact thabt ihe o
mant ray hove formulasted, furmisred, or In any woy
supplied the geoid drawlngs, spucificaticns, or uvther
data is not to be regarded by impllcaticw or othewr-
wice as in any manner licensing the bolder or ony
other person or corporation, or conveying eny rigats
or permission to manufacture, uszec or scll ony
patented inventicn that may in any wey be relased
thereto.

Reproduced From
Best Available Copy



=2 | MICROWAVE FERRITE DEVICES
£ | (OCTAVE BANDWIDTH Y-JUNCTION CIRCULATORS)
=L ' FOURTH QUARTERLY REPORT

CATALOGED BY DG

< . 715 January 1963 to 15 April 1963
Report No. 4 Contract MNo. DA-36-039-5C-89214
. . o« .

SIGNAL CORPS TECHNICAL REQUIREMENT SCL-7644
DEPARTMENT OF THE ARMY PROJECT RO 3A-99-15-002

U. 8. ARMY ELECTRONICS RESEARCH AND
DEVELOPMENT LABORATORY
 FORT MONMOUTH, NEW JERSEY

MlcROWAvg Eu-:crnomcs COM-PANY




.

iR

ASTIA AVAILABILITY NOTICE

"Qualified requestors may obtain copies of

this report from ASTIA. ASTIA Release to:

OTS Not Authorized."

- e et NEPREEAINER



RESEARCH

® DE ELOPMENT

PRODUCTION

MICROWAVE
ELECTRONICS
COMPANY

DIVISION OF SPERRY RAND CORPORATION

Weapons Systerns Support Iquipment
e Rupid Automatic Checkout Equipment

_ # Systers Evaluators
» System Performance Monitors

- o Simulators for Training Personnel

Test Equipment

e for Radar and other Systems

o for Production Line and Laboratory
Testing Microwave Components

Microwave Components
Antennas

Microwave Solid Siaie Devices
and Materials

Miesrotme and RACE are trademarks applied to quality
products of the Sperry Microwave Electronics Company,



e

FOURTH QUARTERLY REPORT
MICROWAVE FERRITE DEVICES
' (OCTAVE BANDWIDTH Y—JUNCTION CIRCULATORS)
. 15 Janua ry 1963 to 15 April 1963
Contract No. DA336~039aSC-89214

Signal Corps Technical Requlxemeuu SCL- 7644
. dated 18 October 1961

May 1963

Developmnent ofnbctave Bandwidth Y-Junction Circulators

‘Prepared bys

Q}f Ty

F. w. Slmon

///<79 6f L143 Mﬂﬂéc}C/

G. A. Burdick

W C Weoge

W. C. Heithaus

Approved by:

~B J. yuncan

SPERRY MICROWAVE ELECTRONICS COMPANY

DIVISION OF SPERRY RAND CORPORATION
CLEARWATER, FLORIDA

SJ=-224-0041-4 » copy No. 9%




TABLE OF CONTENTS

Section ' 4 ' . Page
" 1 PURPOSE OF PROGRAM - u 1-1
1.1 Purpose of Erogram 1-1

2 ABSTRACT o 2-1

3  DUBLICATIONS, LECTURES, REPORIS AWD

_CONFERENCES 3-1
3.1 Publications . 3-1
3.2 Lectures 3-1
3.3 Reports 3-1
3.4 anferences 3-1
4 FACTUAL DATA 4.1
. 4.1 General . ' g 4-1
4.2 Theoretical Investigation , 41
4.3 Device Development 4-8
' 4.3.1 Introduction 4-8
4.4 Device Performance in Specific
Bands ; 4-9
4.4.1 UHF (400 to 800 Me)- 4-9
4.4.2 Lower L-Band (600 to 1200 Mc) 4-12
4.4.3 L-~Band (1.0 to 2.0 Ge) 423
- , 4.4.4 Low S-Band (1.5 to 3.0 Ge) 4-28
4.4.5 8-Band (2.0 to 4.0 Ge) 4-31
4.4.6 C-Band (4.0 to 8.0 Gc) - 4-33
4.5 References 4-43
5  CONCLUSIONS 5-1
6  PROGRAM FOR NEXT INTERVAL 6-1

7 IDENTIFICATION OF PERSONNEL 7-1



Figure No.
k3

10

11

12

LIST OF ILLUSTRATIONS

Heff VS U for Zero Linewidth
Keff VS8 w for New Zero Linewidth

Strip Transmission Line Circulator
Housing and Ferrite Configuration

Impedance Grouping, and Effect of
Shield Disk for Material No. 13.
Table I (47mMg = 1780C)

Room Temperature Characteristics of
a Matched UHF Circulator Above Reso-
nance .

Impedance Grouping for 1.750 inch
Diameter Shield and Material No. 6.
Table I (4mMg = 315)

Impedance Grouping for 2.000 inch
Diameter Shield and Material No. 6.
Table I (4TrMs = 315)

Impedance Characteristics of a Quarter
Wavelength Open Circuited Resomnant Stub

(600 -.1200 Mc)

Open Circuited Quarter-Wavelength Stub
Mounted in Series with Stripline Center

Conductor

Agssembly of 600 - 1200 Mc Circulator
Utilizing Resonant Stubs

Octave Bandwidth Operating Character-

istics of the 600 - 1200 Mc Circulators

Impedance Grouping Before and After
Matching for Material No. 82, Table I
(41TMS - 379)

Preceding Page Blank

4-13

4-14

4-15

4-17

4-18

4-19

4-20

4-21

4-22

4-.25

iii



LIST OF ILLUSTRATIONS (Cont'd)

 Figure No.

iv

13

14

15

16

17

18

1o

20

21

22

23

Impedance Characteristics of a
Quarter Wavelength Open Circuited
Resonant Stub (1.0 ~ 2.0 Gc)

Impedance Grouping After Matching
Using Dielectric Transformers and
a Resonant Stub

Sketch of 1.0 - 2.0 Ge Circulator
with Tuning Tabs

Impedance Grouping After Matching
Using Dielectric Transformers,
Resonant Stubs, and Tuning Tabs

Octave Bandwidth Operating Char-
acteristics of the 1.0 - 2.0 Ge
Circulator

Impedance Grouping After Matching
for Material No. 2a, Table I
(4TT'Ms = 653}

Scaled Drawing of Modified 2.0 -
4.0 Gc Center Conductor

Octave Bandwidth Characteristic of
the 2.0 - 4.0 Ge¢ Circulators

Two Section Quarter Wavelength
Transformer Assembly

Impedance vs Ffequency Characteristics
of a C-Band Circulator Using Material
No. 16. Takle I. (41TMs = 1800 gauss)

Impedance vs rrequency Characteristics

of a C-Band Circulator Using a One
Section Quarter Wavelength Matching
Transformer. (50 - 20 ohms) '

R

o

4-26

4-27

4--28

© 4-29

4-30

4-32

4-34

4-35

4-36

4-39

4-40




Fiqure No.
24

25

LIST OF ILLUSTRATIONS {Cont'd)

Page
Impedance vs Frequency Characteristics
of a C-Band Circular Using a Two
Sectloun Quarter Wavelength Matching
Transformer. (50 - 20 ohms) 4-41

Impedance vs Frequency Characteristics

of a C-Band Circulator Using a Two

Section Quarter Wavelength Matching ‘
Transformer (50 - 12.5 ohms) - 4-42



B it LRS- o e s

e

\ K

1. PURPOSE OF PROGRAM

1.1 P’URPOéE OF PROGRAM

' ‘The purpose of this program is to advance the
state-of-the-art in the fielé of microwave ferrite three
port circulators th;ough applied research and development.
Advanced fgrritéftgchniquas and approaches will be applied
to the deva;opment of symmetrical three port circulators
having one octave bdndwidth. Tﬁe circulatora which are
déveloped willﬁjoihtly cover the frequency range of 400 to
8000 mc.

This series of fixed tuned three port circulators

' will operate in TEM mode strip transmission line and have

the performance characteristics indicated below.

‘Freguency 400900 600-1200 1600- 2000 1500-3000 2000-4000 4000-8000
mc/sec . )

Reverse loss,

db (Ports 2-1, ’ .

1-3, & 3-2) 20 min. 20 min. 20 min, 20 min, 20 min. 20 min,

Forward loss,
.4y {Porte 1-2,

2-3, & 3.1) 0.5 max, 0.5 max. 0.3 max, 0.3 max, 0.3 max. 0.3 max
VBWR, at all ' - , ’
. ports, max, 1.2051 1.20:1 1.20:1 1.20:1 1.20:1 1.20:1
Terminations Coaxial Coaxial Coaxial Coaxial Coaxlal Coaxial
o : . Type N Type N Type N Type ¥ TYps N Type N
Hin. CW Power 5 watts 5 watts 5 watta 5 watts 5 watte 5 watts

It is also the purpose of this program to provide
a theoraetical analysis explaining the basic mechanisim that

governs the microwave propagation at the junction of the

circulator and to present an analytical method for deter-

nining optimum circulator performance over a frequency band
i

of”interest.

1-1




In addition to the original scope of the existing
program, the following series of fixed tuned three port
circulators have been made a part of this program.
Froguency ' ”
Mc}sec 200-400 700010000 8200-1 2400
Reverse Loss
db (Ports 2«1, ‘ ,

1-3, & 3=2) 15 min, 20 min, 20 min,

Forward losa,
db (Ports 1-2,

2-3, & 3=1) 1,0 max.. 0.5 max, 0.5 max.
N . VSWR, at sll S

portg, max. 1:30:1 1.2081 ) 1.2011

Transmiéslon : ,

3tructure Stripline RG-51/U RG=52/1

Terminations Caaxlal . H .
Typs N uG-51/U U6-39/U

Min, CW Power 5 watts 50 watts 50 watts



2. ABSTRACT

As part of the theoretical study, the effects of
introducing a nonzero linewidth in the equations for uegs
' are considered for the’first time. Some interesting re- -
sults are reported wﬁich are in agreement with earlier
empirical data.

A substantial increase in bandwidth has been
achieved in the 400 - 800 Mc band through the use of re-
dured strir width and puck heights.

Octave bandwidths have been achieved in the 600 -
1200 Mc, 1.0 - 2.0 Ge, and 2.0 ~ 4.0 Gec circulators
through the use of improvedbmicrowave parameters and match-
ing techniques. The circulators for the remaining two
bands, 1.5 ;A3.O Gec and 4.0 - 8.0 Gc, are currently being

modified to reflect similar changes.




3. PUBLICATIONS, LECTURES, REPORTS AND CONFERENCES

3.1 PUBLICATIONS

None in this reportihg period.
3.2 TECTURRS

None in this reporting period.
3.3 REPORTS

None in this reporting period.
3.4 CONFERENCES

A conference .was held on March 28, 1963 at the
U. S. Army Electronics Research and Development Labora-
tory, Foft Monmouth, New Jersey. Present were Messrs.,
N. Lipetz, J. Agrics, I. Bady, E{ Freibergs, and R, Stern
of the Signal Corps ahd Messrs. B. J. Duncan, F. Tyrdall
“and J. W. Simon of the Sperry Microwave Electronics Com~-
pany, Clearwater, Florida.

‘ The purpose of this meeting was to discuss the

technical progress of the program.

3-1



- 4. FACTUAL DATA

4,1 GENERAL

Technical‘activity dufing‘the fourth quarter on the
theoretical phase of this prog;éh consisted of s#udyihg
desirable regions of opératioﬁ‘for optimum bandwidth, assum-
ing & necessary condition to'be kR equal to a cgnstant over
the band. From this study, facts pointing to a possible
dependence of bandwidth ow»linewidth were brought to light..

In the development area, significant progress was

made in all six bands. Several new techniques were devel-

oped which have been utilized to achieve full octave band-

widths.

4.2 THEORETICAL INVESTIGATION

If one starts with the assumption that it is desir-
able to make kR a conétant for increasing bandwidth and if
linewidth is included in the équationlfor p and k some

interesting consequences ariss.

Thus
K = U‘/ueff E (l)
ﬁhcro
Peff E'——, . (2)



and, neglecting the imaginary parts

2
- hm (h% = 1) (3)

g l+(h2-1)2+52

x = —nmi-1) (a)

(h2 - 1)2 + 82

where, as usual, Bosma's notation has been used. The symbol

"s" 1s the "normalized" linewidth and is given bv
5 = YAH (5)

If "s" is set equal to zero considerable simplification of

Equations (3) and (4) results and peff is given by

W= (m + h (6)
Heff Lt S ‘ .
To bring out the frequency dependence in Equation (6) specif-
ically, let
B = H + 4mMg . (7

Then

2. .
boge = 1+ LA B ;ZM " (8)

A typical plot of Equation (8) is given in Figure 1.

.
ki
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To keep k constantk(and hence also kR for n fixed R),
it is necessary to work in a regicon where the Wagnitude of
ileff 18 proportional to wfz. The only possible region satis-
fying this“condition in Figure 1 is the region just tqkthe
right of the singularity at w = vVHB . Assﬁming an ine
finite media, Kittel's'equation can be used and this region
is below magnetic resonance}(on the high frequency side},
iJe., w';s‘greater than w, where w. = ¥H énd H is the internal
magnetic biésing field. Thus, for zero linewidth there exists
just one region where the magnitude of p.ff decreases with
increasing fréquency. waever, if a nonzero linewidth is

included, a rather dramatic and abrupt change occurs in the

appearance of Figure 1. This is to say, any linewidth greater

than zero - independent of how small the linewidth is -
intrdduces é new point at which Paff becomes infinite. This
can be seen -most easilyyby examining Equation (2). In general,
borf becomes infinite whenever p becomes zero. When s is not
zero, setting L equal to zero resulits in a quartic equatioh
for w if we treat H and 4'rrMS as parameters,

‘Two of the roots correspond to negative frequencies
and are thereforé of no practical importance. The two physic-

ally meaningful roots are

Y1 =L (5% + mB - (2m)? +,/[H2 + HB = (AH)2]2 - au3p )12 (9)
V2



and

3 1/2

Wy \/.%- - (2H) 2 j[H2+ HB - (AH)2]2 48 B

The first root, wi, corresponds to the root w = YJEE‘which

(10)

has been slightly displaced due to the .nonzero linewidth.
The second root corresponds to an entirely new singular

point for pefg. From Equation (10) it is seen that

W
__________9 H
2 LH-» O ¥

A typlcal curve for nonzere linewidth is inen in Figure 2.
The broken line curve near the first singularity
shows the effect of increasing the linewidth; it increases
the region within which pgge decreaseslwith increasing fre-
quency. This is the qualitative behavior required to reduce
the variance of kR. For infinite media, this second singu-
larity occurs very near magnetic rescnance (wy = YH) and
introduces a region just below and just above magnetic
resonance where the magnitude jgge decreases with increas-
ing frequency. Thus, if minimizing the variance of kR is
desirable for increasing bandwidth, this would suggest that
it is desirable to operate closn to magnetic resonance both
above and below resonance. Below magnetlc resonance, the
region to the right of the second singularity may also prove

desirable.



Heff

o B 7 i AN

LINEWIDTH

OR DECREASED 47 M

Figure 2.

beff VS w for Non Zero
Linewidth

[0}

e e e e i
i
!
I
i
I
I
1
i
i
|
1 }
i |
|
. i '




N

Another point of interest worth speculating on is
the possible effect,4nMs ﬁas on Bandwidth, according to
this model. When operating in the region between the two
gingularities an upper limit on the expected bandwidth
{without added matching structures) can be taken as the
separation of the singulagities. This suggests that for

-operation in this region 4WM5‘should be as large as other
factors will allow since
W Wy =y (VHB - H)

and

5

B = H + 4mMg.
The region above resonance (to left of uwy) is increased
with decreasing 4mMg. Thus, a 47TMg as low as possible
may be aesired for above resonance operation. Some evidence
of this has been observed experimentaliy and was,repprted
in the third quarterly report.

- The effect on bandwidth in other regions is not

obvious and will not be pursued”unless this model proves

fruitful elsewhere.

A summary of theoreticél work is currently being

prepared and will be included in the next quarterly report.



4.3 DEVICE DEVELOPMENT

4.3.1 Introduction

The basic development on all of the circulators due
for delivery 15 May, 1963 ia essentially complete. Minor
problems are still being worked on in the 1.5 - 3.0 Gc and
the 4.0 - 8.0 Gc regions, however, it is felt that these
can be worked out satisfactorily;

Essentially, all of the design goals have been met
in the 600 - 1200 Mc, 1.0 - 2.0 Gc, and 2.0 - 4.0 Gc regions.
The develoﬁmeht procedures used for the development of the
first three units are being carried out in a similar fashion
for the two reméining units, aﬁd the results are expected
to be comparable.

The basic technique which has been successfully used
to extend the bandwidth to the desired octave was carried
out in two ways. First, it was observed that the impedance
plots of the circulators in the 600 - 1200 and 1000 - 2000 Mc
regions were such that the addition of a series resonant cir-
cuit could further improve the matched performance consider-
ably. With these resonént elements placed in each circulator
port, it was essenﬁially possible to match the end frequencies
without affecting the impedance characteristics of the center

.

frequencies. Using this technique it was possible to match

the 0.6 -~ 1.2 and the-1.0 = 2.0 Gec units.




A second method which was found to produce imprbved
results was an alteration of the center conductof geomeiry.
Specifically, it was found that in the 2.0 - 4.0 Gc circulator
small changes in the center conductor geomeiry siumplified tﬁe~
matching sufficiently that the conventional dielectric trans-
formers cbuld be used to achieve the octave bandwidth. It
was also found tﬁat the characteristics of the 1.0 - 2.0 Gc
unit could be further improved using this method.

4.4 DEVICE ’PERFORMAN?E IN SPECIFIC BANDS

4.4.1 .UHF (400 to 800 Mc)

During this quarter, the evaluation of ferrite mate-
rials No. 6A and 13, Table I, was continued. Material No. 6A
is an iron deficient version of material No. 6 which was dis-

cussed in the last report. This iron deficient materlal was
tested under conditions similar to those used for material

No. 6. The results indicated that the impedance versus fre;
guency characteristics are not as good as those reported in
the third quarterly report for materiél No. 6. This is

possibly due to the large drop in the magnetization of this

material., Further teéting‘of‘material No. 6A will be dis-~
continued in the above resonance experiments as materials
No. 6 and 13 have digplayed superior characteristics.

In the testing of material No. 13, a significant
imprqvement in results has been accomplished by using a

totally new stripline structure of a narrower strip-

width. The new stripline configuration is illustrated in

4-9
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Figure 3. - This - structure has produced a close grouping

of impedance characteristics and can be matdhed utilizihg
a shield disk bgneath thé ferrite. This type of matching
seems inherently better for above resonance circulators, in
contréét to the quarter wave matéhing transformer technique
used>for below resonance type circulators. this is;particu—
larly advantageous at the lower frequencies where quarter
wavelength transformers become excessively long. »

Several shield diameters were tried and their imped-~
ance characteristics are shown in Figure 4. The USWR, iso-
lation, and forward loss éharacteristi;s of the 1.250 inch

shield are shown in Figure 5. Although these characteristics

.do not meet the design performance goals, this represents a

substantial improvement for this band.

During the next quarter, other shield diameters will
be“investigated and a further reduction in stripwidth and
groun@ plane spacing will be explored.

4.4.2 Lower L-Band {600 to 1200 Mc)

Previous work in this band indicated that the use of
material No. & in conjunction with either the 1.750 or
2.000 inch shield diameter would provide broadband opera-
tion and final optimization would be accomplished using the

deliverable hardware.

4-12
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FERRIMAGNET | C MATERIAL 3Y203 -5(Fe 0,)

1.92573
PUCK SIZE = 3.220 IN. DIAMETER x 0.115 IN. HIGH
GROUND PLANE SPACING - 0.255 IN. : '
STRIP WIDTH - 0.300 IN.
STRIP THICKNESS .= 0,025 IN.
SHIELD DIAMETER - * IN.
MAGNETIC FIELD - A GAUSS
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Figure 4. Impedance Grouping, and Effect of
- Shield Disk for Material No. 13.
Table I (47TMS = 1780)
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Both shields were tested and the results matched using

the conventional dielectric transformers. These results are

shown in Figures 6 and 7, respectively.

The impedance plot shown in Figure 7 is one which can
be further improved by the addition of a resonant element
having an impedance with an equal maghitude and an opposite

phase slope. This type of circuit can be éttained by the

use of an open'circuited, quarter-wavelength stub in series
with the stripline center conductor. A stub of this'type
is equivélent to a series resonant circuit whose resonance
frequency is controlled by the length of the stub. This
circuit was built and tested in a separate housing, the re-

sults of which are shown in Figure 8. A sketch of this de-

vice is shown in Figure 9, and a photograph of this circuit

built into the circulator is shown in Figure 10. The addi- A
tion of this second matching structure produced the desired
result when used in conjunction with the 2,000 inch shield
with the exception that the center frequency of the octave
bandwidth was shifted up by approximately 50 Mc. |
Both units were built in this manner and produced
results characteristic of those shown in Figure 1l. Thev
final characteristics are pfesently being measured and will

be reported in the next report.
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FERRIMAGN:Ti? MATERIAL 3Y203 - 5(25% A|203 ~15% Fel. 92503 )
PUCK SIZE - . = 3.200 IN. DIAMETER x 0.219 IN. HIGH
GROUND PLANE SPACING - 3,219 IN.

STRIP WIDTH - 0.550 iN.
STRIP THICKNESS - 0.062 IN.
SHIELD DIAMETER - = L500N.
MAGNETIC FIELD - 190 GAUSS

REFERENCE PLANE "~ - FFRRITE FACE

Figure 6. Impedance Grouping for 1.750 inch
Diameter Shield and Material No. 6.
Table T (41-’rrMB = 315)
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FERRIMAGNETIC MATERIAL

PUCK SIZE

GROUND PLANE SPACING
STRIP WIDTH

STRIP THICKNESS
SHIELD-DIAMETER
MAGNETIC FIELD
REFERENCE PLANE

Figure 7.

. Table I (47TMS =
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Impedance Grouping for 2.000

3Y,0

20 - 5(25%“203‘ 5% Fe

3.200 IN. DIAMETER x 0,219 IN. HIGH

0.500 IN. o

0.550 IN,

0.062 IN.

2.000 IN.

190 GAUSS

1700 IN. FROM FERRITE FACE
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Figure 8. Impedance Characteristics of a Quarter

Wavelength Open Circuited Resonant Stub
(600 - 1200 Mc)
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NO. 22  WIRE TEFLON SLEEVING.
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0.050 DIA.
A-A

Figure 9. Open Circuited Quarter-Wavelength Stub
Mounted in Series with Stripline Center
Conductor
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Figure 10. Assembly of 600 - 1200 Mc Circulator
Utilizing Resonant Stubs
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Figure 11l. Octave Bandwidth Operating Character-.
istics of the 600 - 1200 Mc Circulators
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The approximate low frequency limit of 742 Mc
established for the lowest frequency at which a below
resonance low lossg eirculator could be kuillt ucing mato-
rial No. 6 has been very closely approached in these two
‘devices. It is felt that this limit probably will not
be réduced apprreciably until a ferrite material can‘be
rdevéloped which has a considerably narrower linewidth,
than those presently available. 4

4,4.3 L-Band (1.0 to 2.0'éc

On the basgis of the promising results obtained pre-
viously, two materials (#8A and #18) were tested in both
the puck and triangular configurations. This evaluation was
carried out by carefully matéhing each of the separate mate-
rials and geometries in the deliverable circulaﬁor housings.

Previously the impedance plots made on each ferrite
have guided the selection of optimum materials. However,
because of the interaction of a number of complex reflection
coefficients (due to the imperfect coax-to-stripline trans-~
itionsg, boundary reflections from thg dielectric transfor-
mefs, etc.), the best choice can be made only after each
‘material has been individually matched.

These tests revealed that the combination which
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prbduced the optimum matched results was material #BA in
the shape of a 1.400 inch diameter puck. The unmatched
and matched‘results are shown in Figure 12¢ ,These re—
sults were obtained using the conventional quarter wave-
length dielectric trénsformers.

In the impedance plot of Figure 12, it should be
noted that only the end points are high and that the
impedance nismatch is dﬁg almost entirely to aﬁ imaginary_
component. As was the case in the 600 - 1200 Mg unit,
the addition ¢f a series resonant ciréﬁit appeared to be
possibly beneficial. A guitable series resonant circuit
wasudeveloped using the diménsions illustrated in Figure 9,
with thé exception that the wire length is_luéso inches
long. The impedance plot of this circuit was taken and
ié shown in Figure 13. With théraddition of the Bseries
resonant stﬁb in éach of the circulator érms; the matchéd
daita was improved as is ililustrated in Figure 14.

Further work was carried out on this device in an
effort to reduce the VSWR at the center frequencies. This
workAreveayed that the insertion of sﬁall tuﬁing tabs which
come in contact with the center conductor, as‘shcwn in
Figure 15, provided an additional improvement‘in the VSWR.
These tabs were soldered into place and the results éf the

combined dielectriq transformer, series resonant circuit
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FERRIMAGNETIC MATERIAL

PUCK SIZE

- GROUND PLANE SPACING

STRIP WIDTH
STRIP THICKNESS
SHIELD DIAMETER
MAGNETIC FIELD
REFERENCE PLANE

Figure 12.

]

3Y,0, - 5 (20% A1203 - 80% Fe )

2% 1.925%3
~ 1.400 IN, DIAMETER x 0.219 IN. HIGH
0,500 IN. v
- 0.550 IN. '

- 0.062 IN.

NONE

- 360 GAUSS
FERRITE FACE ( TOP CURVE )
DIELECTRIC FRONT FACE ( BGTTOM CURVE )

1

Impedahce Grouping Before and After
Matching for Material No. 8A, Table I.
(4mM_ ~ 379)
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Figure 13. Impedance Characteristics of a
Quarter Wavelength Open Circuited
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FERRIMAGNETIC MATERIAL

PUCK SiZE

GROUND PLANE SPACING
STRIP WIDTH

STRIP THYCKNESS
SHIELD DIAMETER
MAGNETIC FIELD
REFERENCE PLANE

3Y203 - 5 (20% AI203 - 80% Fe }

1.925%3
1.400 IN. DIAMETER X 0.219 IN. HIGH
0.500 IN.
0,550 IN.
0062 IN.

NONE
360 GAUSS
DIELECTRIC FRONT FACE

Figure 14. Impedance Grouping After Matching
' Using Dielectric Transformers and
a Resonant Stub




TUNING TAB

FERRITE PUCK
1.400" DIAMETER

Figure 15. Sketch of 1.0 - 2.0 Gc Circulator with
: Tuning Tabs :

and the tuning tabs are given in Pigure 16. The VSWR, iso-
lation and "insertion loss of this circulator are shown in
Figﬁre‘IT.‘

This technique is currently being pursued in the
fabrication of the second deliverable uﬁit. The final
data of both units will be presented in the next quarterly
report.

4.4.4 Lyw S-Band 5 to{3.0 Ge)

On the basia of the work done in the last quarter,

two materials (No. 2A and 18) were chosen for testing and
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FERRIMAGNETIC MATER (AL

3Y203 * 5 20% AI203 80% Fel. 92503 )

3

PUCK SIZE - 1400 IN. DIAMETER x 0.219 IN. HIGH
GROUND PLANE SPACING - 0.500 IN,

STRIP WIDTH - 0.550 IN.

STRIP THICKNESS - 0,062 IN,

SHIELD DIAMETER - NONE

MAGNETIC FIELD - 360 GAUSS

REFERENCE PLANE

Figure 16.

- FERRITE FACE
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)
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Impedance Grouping After Matching
Using Dielectric Transformers,
Resonant Stubs, and Tuning Tabs
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Figure 17. Octave Bandwidth Operating Char-
acteristics of the 1.0 -~ 2.0 Ge
Circulator
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optimization in the final uni%t, Only initial testing has
been accomplished at this time, as it was expected that the

results obtained in optimizing the 1.0 to 2.0 and 2.0 to 4.0
Gc bands would be useful in this band.

Preliminary testing of material No., 2A in the circu-
lator shows great promise, 1f the techniques of using a
series resonance circuit can be utilized in this frequency
range. This material was matched using dielectric trans-
formers, and the vesulis dare illustrated in Pigure 18, Al-
though this plot is not in exactly the optimum position for
the application of the geries resonant element, it is felt
that with further work it can be shifted into the correct
position,

7 During the next quarter, materials #2A and #18 will
be further evaluated and the material vielding the best per.-
formance will be chosen for the finalized unit. It is ex-
pected that the desired characteristics will be achieved by
using techniques similar to those in the 1.0 -~ 2,0 and 2.0 -
4,0 Gc bands. These results will be reported in the next
quarterly report.

4.4.5 S-Band (2.0 to 4.0 Gg)

Effort during the previous quarter revealed that ferro-
magnetic materials having 4m™Mg values on the order of 1000
gauss produced the broadest practical operating bandwidths.
With the use of these optimum materials and conventional
- matching technigques some difficulty has been encountered in

matching these devices over' an octave bandwidth. It was felt




1

- FERRIMAGNETIC MATERIAL 3Y203- 5(15% A0, - 85% Fe 0,;)

273 1.925 73
PUCK SiZE - 0.980 N. DIAMETER x 0,115 IN. HIGH
GROUND PLANE SPACING = 0.255 IN.
STRIP WIDTH - 0.300 IN.
STRIP THICKNES S = 0,025 IN.
SHIELD DIAMETER - NONE
MAGNETIC FIELD - T20 GAUSS

REFERENCE PLANE - FERRITE FACE

Figure 18. Impedance Grouping After Matching
for Material No. 2A, Table I
(4mM_ = 653)



that minor variétions in the microwave structure might yleld
the possible means for simplifying the matching problem. Us-~
ing this appreach, variations in the strip width, strip thick-
ness, center conductcr geometry etc. were evaluated for possible
improvement in the grouping of the impedance characteristics.
From this empirical approach, a new center conductor
geometry, not radically different from the oneg previously
used, was derived. The new geometry made it possible to achieve
the required match across the 2.0 - 4.0 Gc band using the con-
ventional dielectric transformers. Figure 19 is a scaled draw-
ing of this center conductor.
Upon suécessfully matching one unit, using material
No. 10A, the second unit was matched using material No. 9A
with equal  success. 'Typjlcal results of these units are shown
in Figure 20. The final characteristics of these circulators
are currently being measured and will be presented in the

next quarterly report.

4.4.6 c-Band (4.0 - 8,0 dc)

During this quarter a study was made to determine
if the present bandwidth could be extended by increasing
the mumber of matching transformers from one to two. Two
transitions were designedl which theoretically match a
50 ohm impedance line into a 12.5 and a 20 ohm impedance
line respectively. The 12.5 and 20 ohm values were picked
because most unmatched circulators in this frequency band

have input impedance values in this general range. The



0.270
TYPICAL

-

120° TYPICAL

Figure 19. Scaled Drawing of Modified 2.0 - 4.0 Gc
Center Conductor
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Figure 20. Octave Bandwidth Characteristics of

thh: 2.0 - 4.0 CGe Circulators
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impédance ofveachytrénsformer was adjuéted by loading the
transﬁission line with the proper dielectric cohstént.
,Althoﬁgh the dielectric congtant necessary to obtain the
exact impedance required for the Tchebychefﬁ design were
not available, the values which were substituted were con-
sidered close enought to provide meaningful results for
this test. Both the design and the actual numbers which
were used are tabulated in Table IT. A sketch depicting
the géomeﬁry and method of assembly isvillustrated in
Figure 21.

' The circulator which has produced the best results

thus far, and whose characteristics and pertinent dimensions

FERRITE PUCK

Figure 21. Two Sectlon Quarter Wavelength Transformer
Assembly
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are given in the third quarterly report, .Figure 37, was
used for the evaluation of the double transformer match-
1ng rings. A Smith Chartbplot of this unit unmatched is
ahuwn in Figure 22. A'typical impedance,blot with a
single matching transfo;méf element in each of the arms
is shown in Figure. 23. The éesults of adding the double
step‘ﬁransformers are illustrated in Figures 24 and 25.
From these impedance plé%s it can.be seen that some im-
provement has been derived through the use of the 50 ohm-
to 20 ohm tran51tlon over that of the single transformer.
The response of the 50 ohm to 12.5 ohm transition has
heen over compensated, as was expected, on the basis of
the unmatched impedance plot. From these results, it
appeared that further investigation in this area might
prove to be valuable in effectlng greater bandwidths.
However, no further work was done on this scheme during
this quarter due to a lack of time. Based on all results

available it has been decided that the remaining time

will be utilized incorporating the new broadbanding
techniéues which were very successful in the lower fre-
quency bands.

Further work has been carried cut on material No. 13,
which indicated from the previous Smith Chart data that

the impedance grouping of the unmatched plot should yield

4-38



FERRIMAGNETIC MATERIAL - :
5. 0% AI203 - 51 62% MgO - 5. 68% MnO2 < 3. 7% Fe

%3
PUCK SIZE - 415 IN, DIAMETER x. 100 IN. HIGH
GROUND PLANE SPACING - . 262 IN.
STRIP WIDTH - 250 IN,
STRIP THICKNESS - 062 IN,
SHIELD DIAMETER - NONE
MAGNETIC FIELD - 660 GAUSS
REFERENCE PLANE - FERRITE FACE

Figure 22. Impedance vs Frequency Characteristics
of a C-Band Circulator Using Material
No. 16. Table I. (4TrMS = 1800 gauss)
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FERRIMAGNETIC MATERIAL

- PUCK SIZE

GROUND PLANE SPACING

STRIP WIDTH
STRIP THICKNESS
SHIELD DIAMETER
MAGNETIC FIELD
REFERENCE PLANE

H 1 1 1 ] 1 ]

5.0% Al0; - 51.62% MgO - 5.68% Mn0, - 37.7% Fe

0.415 IN. DIAMETER x 0. 100 IN. HIGH
0.262 IN.

0.250 IN.

0.062 IN.

NONE

600 GAUSS

FACE OF MATCHING RING

s, % D
& ",‘ ¢
5 y
GETON
0:0’:’ q)‘n/

o ‘—’ A \

Figure 23. Impedance vs Frequency Characteristics
of ‘a C-Band Circulator Ueing a One
Section Quarter Wavelength Matching
Transformer. (50 - 20 ohms)
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FERRIMAGNETIC MATERIAL

5

- 5.0% /\5203 - 51.62% MgO - 5.68% MnO2 < 31.7% Fe203

= 0.415 IN. DIAMETER x 0.100 IN. HIGH

PUCK SIZE :

GROUND PLANE SPACING = 0.262 1N
STRIP WIDTH - 0.250 IN.

STRIP THICKNESS - 0.062 IN.

SHIELD DIAMETER - NONE -

MAGNET{C FIELD - 660 GAUSS ' ’

REFERENCE PLANE

Figure 24.

- FACE OF MATCHING RING

Impedance vs Frequency Characteristics
of a C~Band Circular Using a Two Section
Quarter Wavelength Matching Transformer
(50 -~ 20 ohms)



FERRIMAGNETIC MATERIAL - 5.0%A1,0; - 51.62% MgO - 5.68% MnO, - 37.7% Fe,0,
PUCK SIZE - - 0.415 IN. DIAMETER X 0,100 IN. HIGH
GROUND PLANE SPACING - 0.262 IN.
STRIP WIDTH - 0.250 IN,
STRIP THICKNESSS -~ 0.062 IN.
SHIELD DIAMETER - NONE .
MAGNETIC FIELD - 660 GAUSS

REFERENCE PLANE - - FACE OF MATCHING RING -

3
g X
'«“L,
AR\ GEAY
~
[
i

Figure 25, Impedance vs Frequency Characteristics
of a C~-Band Circulator Using a Two
Section Quarter Wavelength Matching
Transformer (50 - 12.5 ohms)

4-42



broadband operating characteristics. To date this mate-
rial has produced slightly better results tﬁan material
No. 16. The final design hés not been‘completed as yet:
however, it'is anticipated that‘it will not change radi-
cally from the design previously indicated. The best
data produced in this interim 1s not appreciably better
than thatvdescribed in the last repoft and thus wiliv
not be reproduced here. It is expected that the use

of the new techniques, developed during this quarter
will”provide‘the small agssistance.needed to improve the
characteristics enough to meet the design goals. These
téchﬁiéﬁegrare-é;éééntiy being investigated and will be

reported in the next quarterly report.

4.5 REFERENCES

1. S. B. Cohn "Optimum Design of Stepped
Transmission Line Transformers", IRE
‘Trans. on Microwave Theory and Tech-
nigques, Volume M1T-3, No. 3, pp. 16-21,
April 1955.
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5. CONCLUSIONS

Circulators in the 600 - 1200 Mc, 1.0 - 2.0 Gc and
2.0 - 4.0 Gc bands have been completed which very nearly
meet all of the program design goals. The technique used

for optimizing these units are presently being employed for

completing the 1.5 - 3.0 Gc and 4.0 - 8.0 Gc circulators

and it is expected that similar characteristics will result.
Two new techniques have been developed for extending
the circulator bandwidth. These have consisted of using
a resonant tuned stub for increasing the bandwidth of the
VSWR characteristics and using an improved center conductor
geometry.
In the 400 - 800 Mc region a considerable improve-
ment in bandwidth has been obtained tHrough the use of

narrower strip widths and smaller puck heights when used in

conjunction with pure yttrium garnet. Experimental evidence

indicates at this time that the optimum shield diameter is

approximateiy 1.250 inches.
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6. PROGRAM FOR NEXT INTERVAL

- A summary of the theoretical study will be completed
and presen£ed in the next quarterly report. '

Work will continue on the 400 - 800 Mc circulator
with émphaéis being placéd on utilizing new matching tech-
niques. Testing will be continued to determine thé effects
of fur£her-feduéing’£he stripwidth and ground‘plahe spacing.

. The second 1.0 - 2.0 Gc circulator will be comp;éted

.and tested. It is anticipated that théipresent work on

the 1.5 - 3,0 and 4.0 - 8.0 Gc units will be successfully
conpleted in early June. The development of these units
is being modeled after the 600 -~ 1200, 1.0 - 2.0 Gc and

2.0 - 4.0 Gc units, and it is expected that sgimilar char-

~acteristics will be obtained.

During the next interim, efforts to develoﬁlthe
200 -~ 400 Mc coaxial circulator will be”initiated. ‘Existing
test housings will be used for this-development effort and:
a small number of ferrite pucks will be manufactured for
initial testing. It is felt that a concentrated effort
should be maintained in the 400 - 800 Mc fégion for the pur-
pose of developing and improving proadbanding techniques
which are applicable above resonance. Until these techniques

are gufficiently developed & lesser effort shculd be expended.



N

The initial experiments in the 2§0 - 400 Mc band will%be
made on a sampliﬂg basis to compare the effectiveness of
techniques developed in the 400 . 800 Mc region. Final
§evelopment in both bands will be initiated only after better
technigques have béen devised; T

The test structures to be used in the de#eicpment of
the .7.05 ~.10.0 Gc.and 8.2 ~ 12.4 Go waveguide circﬁ;atcré
will‘Be desigped a;d fabricated during'tﬁo next inteérim,
The ferrite materials will be selected largelyhon the basigw
of past experience. Approximate”starting values Tan be extra.-

polated from Figure 38 of the Third Quarterly Report°
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7. IDENTIFICATION OF PERSONNEL

The personnel involved in this program are as

follows:

Supgrvisofx ‘ . Hours

B. J. Duncan lBQO)
" E. W. Matthews, Jr. 24.0

G. J. Neumann _ 36.0

Device Development

J. W. Simon 172.0
W. C. Passaro - 148.0
D. H. Landry ‘ - 72.0
W. C. Heithaus : 117.0
Theoretical

G. A. Burdick 257.5
J. E. Pippin 6.0
J. A. Hart, Jr. : 65.0

Materials Developtient

‘L. R. Hodges 40,0

Biographies of most of the «bove individuals were
included in the First and Second Quarterly Report. Biogra-
phies of new personnel appear on the following pages.

In addition to the hours reported each quarter in
the above section of these reports, an independent research

‘and development effort is heing contributed by Sperry in

support of this program. During this quarter approximately

226 additional man hours were expended on device develop-

ment as part of this independent research effort.
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J. A. Hart, Jr.. Fngineer

J. A, Hart was born in 1940 in Thomasville, Georgia.

"He received a Bachelor of Electrical Engineering degree

from Georgia Institute of Technology in 1962. .
Mr, Hart joined Sperry Microwave Electronics Company
in April of 1962 and was assigned to development work on
a monitor for Air Traffic Control Radar Beacon System
ground stations. Mr, Hart was later assigned to development
efforts associated with Sperry's Radar Performance Analyzer
test equipment line. Presently he is assigned to the
Advanced Studies Group in the Microwave Equipment Depart-
ment where he is performing studies on transient radiation‘
effects in microwave duplexing devices and investigating
the thermal 1mpedance of microwave diodes. ;

nProfessional Experience

. Design and developmént of ATC Radar Beacon
- System ground station monitoring eqguipment

. “Ciréuit development for Radar Performance
Analyzer equipment

. Theoretical computations assiciated with
broad band circulator study

. Development work on a background scintillation
counter at Georgia Tech Engineering Experiment
Station

. Development of instrumentation for use in the
investigation of thermal impedance of microwave
diodes

Professional Societies
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