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SECTION I

INTRODUCTION

The effort in this program is directed toward the development of a high -

power broad-band low-cost linear format injected-beam crossed field ampl i fier

(IBCFA) in 1/3-band for electronic warfare. The work to date has included

the construction and testing of an E/F-band cold-test devi ce, an operating

E/F-band tube, and an I/J-band cold-test device .

A major cost factor in present IBCFAs is the meander slow-wa ve structure,

which incorporates a meander strip of copper and a separate ceramic insulator

supporting each segment of the meander. By replacing the set of insulators

w ith a single shaped substrate which can be manufactured at moderate cost ,

very substantial cost savings in both time and labor can be achi eved. The laser

cut, shaped—substrate concept was originated by U.S. Army ERADCOM personnel , and

has been the subject of study by C. Bates and J. Hartley of ERADCOM.

The objective specifi cations for the E/F-band operating model are as

follows:

Frequency 2-4 GHz
Peak Power Output 3 kW
Average Power Output 1 kW
Efficiency 35%
Gain 20 dB
Cathode Voltage 7 kV (max)
RI Input Impedance 50 ohms

The cold-test circuit to be built for 1/3-band is directed toward the

achievement of the following objective specifications:

Frequency Range 8.5-17 GHz
Peak Power Output 1 kW
Average Power Output 200 W
Efficiency 30%
Gai n 20 dB
Cathode Voltage 8 kV
RF Input Impedance 50 ohms

2
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For realization of an E/F-band model , it has been necessary to develop

suitable technology wi th respect to cutting the shaped substrate from beryllia

ceramic, metallizing it, and bonding it to the coexpansive ground plane and 
p

to the meander line . Serious problems with the fragility of such substrates

remain wi th respect to both manufacture and assenthly. Nevertheless , substan-

tial progress has been made as evidenced by the devi ces built and tested.

1 3
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I

SECTIO N II

TECHNOLOGY

In the previous report on this program1 , there was described a problem

of flatness of the co-expansive copper-tungsten composite material (ground

plane) when it was brazed to the yieldable support posts. A test with this

plate thickened for added sti ffness indicated no improvement. However, when

the support posts were made thinner over one-quarter of the length of the

assembly at each end , flatness was within 0.001” over the total length . The

assembly wi th thinner posts is shown in Figure 1 , and may be compared with

Fi gures 2b and 4 of the previous report.

In the previous report, several possible sequences of operations for

making the assembly of meander line on the laser-cut substrate and co-expansive

plate were described. The sequence which was adopted was:

(1) Metallize the ceramic blank on both sides .
(2) Photo-etch the meander pattern on one side .
(3) Laser-cut the slots.
(4) Bond the assembly of photo-etched meander, laser-cut ceramic , and

co-expansive plate .

Wi th this sequence, the laser cuts from the photo-etched side of the

ceramic bl ank into bare ceramic. At the boundary between metal lizing and

ceram ic, tiny globules , or burrs, of ceramic appeared, which were large enough

to prevent the photo—etched meander from lying flat on the substrate . The

globules were removed by hand for the first test. An objective for the future

must be to prevent the formation of these globules , or to find means of elimi-

nating their adverse affect.

1 ln terlm Technical Report, I/J Band Low-Cost Crossed-Field Amplifier , Report
No. ECOM-77-2642-l , By Northrop Defense Systems Di vision for U.S. Army Elect-
ronics Coninand, Feb. 1978.
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FIgure 1. E/F-Band Cold Test Model with Added Slotting of Support Posts.
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SECTION III

ElF BAND CFA

3.1 Cold Test Model

A cold-test model for the E/F-band design was constructed , using as a

starting point the mock—up of the co-expansive ground plane and yieldable

posts , where the ground plane was flat within 0.001” as described in the

previous section. The shaped substrate was one on which a meander pattern

had been etched before laser cutting, and which had broken during laser cut-

ting so that one piece was nearly full l ength. The bonding procedure was car-

ried out in the same manner as that to be used in the operating tube . The

bond appeared good, and no cracking of the ceramic was observed. This assem-

bly was shown in Fi gure 1. The assembly included a photo-etched meander stri p

0.00511 thick on top of the substrate.

No effort was made to achieve a match for cold testing. Coupling to the

signal source was quite loose. The delay ratio was determined from the suc-

cessive resonances, the coupling impedance by the shift of resonance fre-

quencies due to dielectric perturbation , and the attenuation from the Q’s of

the resonances. Results are shown in Figure 2. Note that attenuation is in

dB per inch ; a full-length meander line is about 3•5h1 long.

3. 2 Operating Model

An operating IBCFA was constructed using the design described in Refer-

ence 1. When the ladder-shaped substrate was bonded to the ground plane , the

bars on each end fractured. The broken bars were filed off, and pieces of

broken substrates of the same design were patched in. It is expected that

modification of the fixture will prevent this problem in the future. In the

design which was used, a stainless steel piece was used to apply pressure to

6
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I
the substrate as part of the bonding process. In repairing the assembly, and

in future assemblies , a cerami c piece will be used to apply the neces~1ary p-ic-

sure, thus assuring uniform therma l expansion during the bonding cycle. A

photo—etched meander line was brazed to the top of the repaired substrate ,

thus assuring circuit continuity .

Cold test results on the assembly are shown in Figure 3. At the low

end of the frequency band (longest wavelength in Figure 3), the delay ratio

is significantly less than the va l ues calculated from the succession of res-

onances in the cold-test model (Figure 2). Otherwise the results are compar-

able.

Thermal conduction measurements were made by passing a current through

the meander line to heat it while the base block was liquid cooled , and mak ing

thermocouple measurements of temperature difference. Results were initially

quite uniform over the total length of the line , with some degradation at each

end where the substrate had been pat~-hed.

Initial operating test results at 5% duty are shown in Figure 4. Sole

voltage was set at three diffe rent values to cover the octave bandwidth range

in the same manner as specified for the standard RW-619 CFA made at Northrop.

For comparison , results for a typical RW-619 are also shown . Only in the

center of the band is power output signifi cantly less , and this is in part

due to l ower beam power. No signifi cant spuri ous signals were observed (i.e., . 

-

greater than -20 dB with respect to main signal). Results for optimum sole

tuning at each frequency are shown in Figure 5, wi th slightly lower beam

current.

8
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SECTION IV

I/J BAND C

A cold test model delay line on a laser-cut ceramic substrate with dime n-

sions designed for 1/3-band has been built and tested. Laser cutting of met-

allized parts was not successful initially, and metallization after laser cut-

ting has not yet been shown to be feasible either for ELF-band or I/J-band.

The co1d test model was therefore made with a photo-etched meander line att-

ached to an unmetallized laser-cut ceramic by means of adhesive cement. The

dimensions were as follows :

Pitch 0.018 in.
Groove width 0.008 in.
Groove length 0.106 in.
Substrate thickness 0.010 in.
Number of bars 50

The substrate and the meander line are shown in Figure 6. After attach-

ment to the substrate, the smal l webs between bars of the meander line are re-

moved by hand. The test assembly, including OSSM connectors, is shown in . -

Figure 7.

Test results for delay ratio and coupling impedance are shown in Figure

8, and for insertion loss in Figure 9. The method of attachment of the con-

nectors produced poor matching, which is believed to account for the excessive

insertion loss at the high end of the band , as well as to somewhat erratic

measurements of coupling impedance.

For an octave bandwidth design to be accomplished without excessive sole

tuning , dispersion should be reduced, and this is accomplis hed by reducing the

substrate thickness to 0.00611. For efficient operation at the level of 1 kW

peak power output, the delay ratio is too low, and a smaller value of pitch is

requi red to take into accoun t a sa ti sfactory va l ue of beam impedance . For
good efficiency, a pitch of O.014~ is cons idered more des i rable, and is not

12
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expected to increase the difficulty of substrate manufacture very greatly as

compared with 0.01811 pi tch.
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SECTION V

FURTHER WORK TO BE PERFORMED

5.1 Technology

The key problem remains the laser cutting and fragility. The fragility

probl em appears as breakage during laser cutting and breakage during tube

construction.

A modification to the l aser cutting sequence is to be investigated . In

the proposed new sequence, the substrate is bonded to the co-expansive ground

plane before laser cutting. Preliminary experimental effort is necessary to

determine whether this approach is feasible in principle. The laser is ex-

pected to cut through the ceramic in normal fashion , but when the ground plane

is exposed, the copper will reflect substantially all of the laser beam that

strikes it. If a clean cut of the ceramic takes place, along wi th no more

than minor eros ion of the ground pl ane , this sequence should be successful .

As a parallel effort, refinement of the presently used process is re-

quired . The apparent problem of berylhia ‘burrs’1 , whi ch appear during laser

cutting after metallizing and etching, must be resolved if the laser-cut sub-

strate is to be effective wi th respect to cost. Hand deburring of the sub- C

strates would be costly because of time and because of probable breakage of

some of them. Dimensional changes at the edge of the cerami cs to provide C

greater strength may be considered .

Another subject to be considered -is the formulation of the co-expansive

material for the ground plane . Commercially available Elkonite * has a

*Trade Mark , P.R. Mallory & Co. , Inc .

1~’3

.i ~~~~~~ TL1~~~~~~~~~~~~, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~



composition of 43% Copper, 57% tungsten by vol ume. This composition corres-

ponds to a coefficient of linear thermal expansion of about 10 x 1O 6/°C

according to Mallory data, as compared with about 8 x lO 6/°C for beryllia

ceramic material . A composition of 32% copper, 68% tungsten by volume is

considered desirable. Special billets of copper-tungsten composite are to

be formulated, wi th the additional feature of OFHC instead of electrolyt ic

copper.

5.2 E/F-Band

Additional E/F-band effort is to be di rected toward improved line-sub-

strate-ground plane assemblies. Particular emphasis is to be placed on ther-

mal conduction and freedom from fracture, wi th the objective of maximizing

average power capability . C

The operating CFA previously built will be tested further. Testing

above and below the specified frequencies and tests with lower and higher RF

dri ve power will be conducted. In addition , optimum operating parameters for

lower and higher values of peak beam power will be sought.

5.3 I/J-Band

Based on data already obtained, the design of the I/J-band meander line

needs to be modified to incorporate a thinner substrate and reduced pitch.

Appropriate cold-test models are to be made wi th metallized ceramics. The

design assumptions are to be supported wi th large signal calculations.

19
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ATTN : DELNV-D
Fort Bel vo ir, VA 22060

Director, Ball istic Mi ss i le Defense 1
Advanced Technol ogy Center
ATTN : ATC-R, P0 Box 1500
Huntsv i lle , AL 35807

Chief, Ofc of Mi ss ile Electronic War fare 2
Electronic Warfar e Lab , ERADCOM
White Sands Missile Range , NM 88002

Chief 1
Intel Material Dev & Support Ofc
Electronic War fare Lab , ERADCOM
Fort Meade, MD 20755
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Commander US Army Electronics R&D Command
Fort Monmouth , NJ 07703

DELEW-D 1
DELCS-D 3
DELAS-D I
DELSD—A S
DELET-DD 3

DELET-DT (Mr. 3. Teti) 2
DELET-BM (Mr. C. Bates) 20
DELET-BM (Ofc of Record) 1
DELET-P 1
DELSD-L (Tech Library)
DELSD—D 1
DELET-D I
DELET-B (Mr. I. Rei ngold) 1
DELET-BM (Mr. N. Wilson ) 1
DELET-BS (Mr. G. Taylor) 1
DELET—BG (Mr. S. Schneider) 1
DELEW-P (Mr. R. Giorciano) 1
DELSD—L-S 2

MIT - Lincoln Laboratory 2
ATTN: Library - Rm A-082
P0B 73 -

Lexington , MA 02173

NASA Scientific & Tech Info Facility 1
Baltimore/Washington Intl Airport
P0 Box 8757, MD 21240 -

Comander
US Army Comunications R&D Command
Fort Monmouth, NJ 07703

DRDCO-COM-R0 1
USMC-LNO
ATFE-LO—EC 1 

C

Commander
US Army Communications & Electronics

Mater ial Readiness Command

DRSEL—PL—ST 1
DRSEL-MA-MP 1
ORSEL—PP—1—PI 1
DRSEL-PA 2
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Adv isory Group on Electron Dev ices 2
201 Varick St., 9th Floor
New York, NY 10014

Metals and Ceramic s Info Center I
Battelle
505 King Avenue
Co l umbus , OH 43201 

-

DCASMA , Chicago 1
O’Hare Int’l Ai rport
P0 Box 66911
ATTN : H. Barc ikowksi

DCRI-GCPE
Chicago , IL 60666

General Electric Co. 1
Electronics Park Library Bldg
Electronics Park
ATTN : Yolanda Burke, Doc Librarian
Syracuse , NY 13201

Hughes Ai rcraft Co. 1 
C

Mail  Station 3255
P0 Box 3310
ATTN: Mr. Kalson
Fullerton, CA 92634

Relmag Div , EEV Inc. 1
1240 Highway One
ATTN: Mr. D. Bl ank
Wa tsonv i lle, CA 95076

Raytheon Company 1
Microwave and Power Tubes Di v
Foundry Avenue
ATTN: Mr. J. Skowron
Wal tham, MA 02154

Var ian Eastern Tube Di v 1
Salem Road
ATTN : Dr. G. Farney
Beverly, MA 01915

Varian Eastern Tube Div 1
Salem Road
ATTN: H. McDowell
Beverly, MA 01915
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Litton Industries 1
1035 Westminster Dr.
ATTN : Mr. J. Munger
Williamsport , PA 17701

Ballistic Missile Defense 1
Advanced Technology Center
PD Box 1500
ATTN: RDMH-D (D. Schenk)
Huntsville, AL 35807

Naval Electronic Laboratory Ctr 1
271 Catalina Blvd
ATTN: 3. H. Maynard , Code 2300
San Diego, CA 92152
Cornander, AFA L 1
ATTN: AFAL/DHM , Mr. W. Fritz
Wright-Patterson AFB , OH 45433

Litton Industries 1
960 Industrial Road
ATTN: Dr. J.R.M. Vaughan
San Carlos , CA 94070

Mi crowave Assoc iates 1
South Avenue
ATTN : Dr. J. Saloom

C Burl ington, MA 01803

Watkins-Johnson Co. 1
3333 Hillview Ave.
Palo Al to, CA 94304

ITT Electron Tube Div 1
PO Box 100
Las ton, PA 18042
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