PL-TR-97-1058 : PL-TR-
97-1058

Design Considerations for a Half Impulse Radiating
Antenna

Everett G. Farr et al.

Farr Research
614 Paseo Del Mar NE
Albuquerque, NM 87123

January 1996

Final Report

1 997071 7 225 DTIC QUALITE RoPTUTED 8

PHILLIPS LABORATORY

Advanced Weapons and Survivability Directorate
AIR FORCE MATERIEL COMMAND
KIRTLAND AIR FORCE BASE, NM 87117-5776




PL-TR-97-1058

Using Government drawings, specifications, or other data included in this document for any
purpose other than Government procurement does not in any way obligate the U.S. Government.
The fact that the Government formulated or supplied the drawings; specifications, or other data,
does not license the holder or any other person or corporation; or convey any rights or permission
to manufacture, use, or sell any patented invention that may relate to them.

This report has been reviewed by the Public Affairs Office and is releasable to the National
Technical Information Service (NTIS). At NTIS, it will be available to the general public,
including foreign nationals.

If you change your address, wish to be removed from this mailing list, or your organization no
longer employs the addressee, please notify PL/WSQW, 3550 Aberdeen Ave SE, Kirtland AFB,
NM 87117-5776.

Do not return copies of this report unless contractual obligations or notice on a specific
document requires it’s return.

This report has been approved for publication.

Project Manager

FOR THE COMMANDER
T
yD TOM HUSSEY, GS-15 WILLIAM G HECKATHORN, COL, USAF
Chief, High Energy Sources Director, Advanced Weapons and Survivability

Division Directorate



Form Approved

REPORT DOCUMENTATION PAGE
OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson

Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Proj

ect (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE
January 1996

3. REPORT TYPE AND DATES
COVERED

Final Report, Mar 1995 - Jan
1996

4. TITLE AND SUBTITLE
Design Considerations for a Half Impulse Radiating Antenna

6. AUTHOR(S)
Everett G Farr, Gary D Sower, and Lanney M Atchley

5. FUNDING NUMBERS
C: F29601-95-C-0106
PE:65502F
PR:3005
TA:CO
WU:KZ

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
Farr Research, 614 Paseo Del Mar NE, Albuquerque, NM 87123

8. PERFORMING
ORGANIZATION
REPORT NUMBER

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)
Phillips Laboratory/WSQ, 3550 Aberdeen Avenue SE, Kirtland AFB, NM

10. SPONSORING/MONITORING
AGENCY REPORT NUMBER

87117-5776 PL-TR-97-1058

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for Public Release; Distribution is Unlimited

12b. DISTRIBUTION CODE

13. ABSTRACT (Maximum 200 Words)

Recently developed pulsers have the capability to generate approximately 100GW of peak power with an
impulse width of about 150 ps Full Width Half Max, and with a repetition rate of about 1 kHz.
However, all these hydrogen-gap pulsers produce output into a coaxial waveguide, which is a single-
ended configuration. This configuration is difficult to match to an antenna, since most free-space antenna
designs require a balanced feed. One can convert the signal to a balanced configuration with a coaxial
unzipper or point geometry converter, but there may be losses associated with these transitions. An
alternative is to feed the signal into half a reflector Impulse Radiating Antenna (IRA). For this project,
we developed the design principles of half reflector IRAs, and we calculated the radiated far field. We
also provided a design for the lens that converts a coaxial Transverse Electromagnetic (TEM) mode to a
spherical wave on the feed arms. Finally, we provided measurements of a ground-plane mode! of a half
reflector IRA. The results of this project have already been summarized in two Sensor and Simulation
Notes and a Prototype IRA memo, so we only very briefly summarized their contents.

14. SUBJECT TERMS
Half Impulse Radiating Antenna, Ultrawideband Antennas, High-Voltage,
Lens

15. NUMBER OF PAGES
18

16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY 20. LIMITATION
OF REPORT OF THIS PAGE CLASSIFICATION OF ABSTRACT
OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UNLIMITED




TABLE OF CONTENTS

Report DoCUMEntation. .......ccoveeeeeieeeiciieeii i i/ii
Table Of CONLENLS. .....ccvvnieieiiiiriiiiiiie et ee e e e ere e resa e il
LiSt OF FIUIES....euvvuveieniiiieie e ern s iv
() i1 S UP PP PP P OPPPPIEN v
Section

1.0 Introduction......... ........................................................................ 1

2.0 Balun Design PrinCiples...........coevveiiiiiiiimiiiiiiiiiiiiiiiiiiicicine e 2
3.0 Lens design prinCiples........c.oviieeiieiiiiiiiiiiiiiiie e 4
4.0 Radiated Fields.......coeveeriiiiiiiiiiirieeeceiiii et 5

5.0 MEASUTEIMENLS. ..eeuvueeeiiinneeeiin e eeeitieeeeettaiieeeeretaeeeertaneeesarsaseeerananes 7
6.0 CONCIUSION. ....eiiiiiiiiiie e ee e e 9
Distribution List.......coouniiiiiiiii 10

iii




FIGURES

Figure Page
1. Asketch of the Half IRA, shown here with an oil cap. 2
2. Two lens designs, with an oil cap (left) and without an oil cap (right). 3
3. Improved oil-lens-air design using A8, = 43°, and ¥/ ¥} = 2. 4

4. Radiated field on boresight for a 2 m diameter half IRA driven by a 150 ps source. 5
5. Fast part of the H-plane (top) and E-plane (bottom) radiated field for the half IRA. 6

6. A comparison of the boresight predicted and measured fields for a Half IRA. 8

iv



PREFACE

Many helpful discussions were held with Carl E Baum, James P O’Laughlin, and C Jerald
Buchenauer, of Phillips Laboratory. Their assistance is gratefully acknowledged.

DTIC QUALITY INCGPTOTED 3



1.0 INTRODUCTION

Recently developed pulsers have the capability to generate approximately 100 GW of peak
power with an impulse width of about 150 ps Full Width Half Max, and with a repetition rate of
about 1 kHz. However, all these hydrogen-gap pulsers produce output into a coaxial waveguide,
which is a single-ended configuration. This configuration is difficult to match to an antenna,
since most free-space antenna designs require a balanced feed. One can convert the signal to a
balanced configuration with a coaxial unzipper [1] or point geometry.converter, but there may be
losses associated with these transitions. An alternative is to feed the signal into half a reflector
Impulse Radiating Antenna, as first suggested in [2]. For this project, we developed the design
principles of half reflector Impulse Radiating Antennas, and we calculate the radiated far field.
We also provided a design for the lens that converts a coaxial TEM mode to a spherical wave on
the feed arms. The results of this project have already been summarized in two Sensor and

Simulation Notes, so here we very briefly summarize their contents.

11 E. G. Far, et al, Design Considerations for Ultra-Wideband, High-Voltage Baluns, Sensor and Simulation
Note 371, October 1994.

2. C. E. Baum, Variations on the Impulse Radiating Antenna Theme, Sensor and Simulation Note 378, February
1995.
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2.0 GENERAL DESIGN

We consider here a strategy for radiating a high-power single-endéd transient source using a
Half-Impulse Radiating Antenna (Half IRA). An example of a source we might wish to radiate
with such an antenna is the HASP or H4 pulser currently being developed by Phillips Lab. The
output of the H4 is a pulse with about 100 GW of peak power into a coaxial line. The pulse
width is approximately 150 ps Full Width Half Max, and the source has a repetition rate of about

1 kHz.

A sketch of the proposed antenna is shown in Figure 1. For simplicity, we have assumed an F/D
of 0.25. The feed impedance of the two arms combined is 100 ohms in air. Note that these arms
are the same angular width (+4° from the cone center) as would be normally used in standard full
IRA configurations, in which a single pair of arms with a full reflector has an impedance of
400 €. The lens is designed using the principles contained in [3]. An oil cap may or may not be
used be used, depending upon dielectric breakdown considerations near the feed point.

Configurations both with and without the oil cap are shown in Figure 2.

Parabolic
Reflector

1 atm SF, Air

Plastic

I—— 100.0 cm —I

Plastic

Lens

H 20.0 cm
{~ 50.0cm ~#

Figure 1. A sketch of the Half IRA, shown here with an oil cap.
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Figure 2. Two lens designs, with an oil cap (left) and without an oil cap (right).



3.0 LENS DESIGN PRINCIPLES

A key problem in the design is how to convert the coaxial wave mode to a spherical wave. We
have developed a solution to this problem in [3]. The equations are derived in [3], so we simply
show here a sample solution to the equations, as shown in Figure 3. This lens converts a coaxial

mode on the left, to a spherical wave on the right.

» |
17.51 Conducting —~
Ground
15 Plane
Outer \(— Interface #2
12.5 Radius of v
Coax Feed \ SF
Flem) 14 Lens £ E 1
5 =
- &H = 6.6 \
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Figure 3. Improved oil-lens-air design using Af; = 43°, and ¥/ ¥ = 2.

3. E G. Farr and C. E. Baum, Feed-Point Lenses for Half Reflector IRAs, Sensor and Simulation Note 385,
November 1995.
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4.0 RADIATED FIELDS

The principles behind the field radiated from a half IRA were also developed. We adapted
earlier calculations of a full IRA to that of a half IRA. An example of the boresight radiated field
is shown in Figure 4. Furthermore, the radiated field as a function of angle off-boresight in the

H- and E-planes is shown in Figure 5. We leave the details of the calculation to [4].

. /\
rE@)/V, / \
3
2 } \
1 / \
0 J
0 1 2 3 4 5
Time (ns)

Figure 4. Radiated field on boresight for a 2 m diameter half IRA driven by a 150 ps risetime
source. The peak is 4.6, with a tpy, of 139 ps.

4. E. G. Farr and G. D. Sower, Design Principles of Half Impulse Radiating Antennas, December 1990,
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Figure 5. Fast part of the H-plane (top) and E-plane (bottom) radiated field for the half reflector
IRA.



5.0 MEASUREMENTS

Antenna pattern and TDR measurements were carried out on a ground plane model of a
half reflector IRA. The antenna was 12 inches (30.5 cm) in diameter, with an F/D of 0.25. The
radiated field was measured, and comparisons were made to theory. A summary of this work

appears in [5].

From TDR measurements, it was found that the impedance of the feed arms was not a
uniform 100 Q with perfectly conical arms. The impedance started out at 100 Q, and then
became lower as the feeds arms approached the edge of the reflector. This was attributed to the
proximity of the reflector. To raise the impedance to a more uniform 100 Q, the feed arms were
tapered in various ways as they approached the edge of the reflector. | In doing so, one can see an
improvement in the uniformity of the feed impedance on the TDR measurement. The peak

radiated field was also improved somewhat.

Experiments were also conducted which varied the impedance of the termination of the
feed arms to the reflector. A matched load, a short circuit and an open circuit were considered.
It was found that the matched load had some effect in damping out late-time oscillations, when
compared to the other two termination impedances. Little effect was seen in the prepulse or in

the magnitude of the radiated impulse.

Comparisons in the radiated field were made between the measurements and theory for
both on- and off-boresight directions in the H-plane. The measured fields off-boresight
demonstrated the double-hump characteristic in the impulse portion of the radiated field, as has
been predicted by the theory. Furthermore, the measured beamwidth (peak field down by 0.707
of the boresight value) were in general agreement, with a measured value of 6 degrees, and a

calculated value of 5 degrees. The magnitude of the peak measured field on boresight was about



half of what was predicted by the theory, as plotted in Figure 6. This is roughly consistent with
~ the results obtained in [6], where the measured field was 0.53 times the predicted field. This
might be attributed to any of a number of factors, including no correction for feed blockage in the

theory, and imperfections in the geometry at the feed point.

Comparison of electric fields
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Figure 6. A comparison of the boresight predicted and measured fields for a Half IRA.

5. L. M. Atchley, G. D. Sower, and E. G. Farr, Scale-Model Ground-Plane Measurements of a Half IRA, Prototype
IRA Memo 6, January 1996.

6. E. G. Farr and C. A. Frost, “Compact Ultra-Short fuzing Antenna Design and Measurements,” Sensor and
Simulation Note 380, June 1995.
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6.0 CONCLUSIONS

We have summarized here the most important results from our recent work in developing the
half reflector IRA. We have provided a design for the lens, and we have calculated the field
radiated from a typical aperture. Finally, we have provided measurements of ground-plane

measurements of a half IRA. Additional details can be found in the notes that have been cited.
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