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ILLUSTRATIONS
Figure Page
1. Principal measuring setup used in the .xperimentai 3

testing of the X-hand ferri.e pulse generator.

2. fa) Pulse shape with sharpenirg gap adjusted for 4
maximum RF power output; !b) pulse shape with
sharpening gap shorted. Vertical scale is 2,360
V/div. (based on 11,800 voltage divider) and the
horizontal scale is 0.5 ns/div.

3. QOutline drawing of ITT F-2720-11 spark gap switch. 6

4, Mounting schematic for ITT switch on 7.6~ohm 3
stripline.

5. (@) Pulse shape of ITT switch in 7.6-ohm stripline. g

(b) Stanford pulser. The charging line voltage is
10 kV 1or both cases, The veracal scales are 118u
V/div. (based on 11,800 divider) and the horizontal
scales are 1 ns/div.

6. Measured value of pulsed magnetic field versus time. 1u

7. Illustration of proposed process for increasing the 12
final precession angle.
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PURPOSE

The purpose is to determine the feasibility of a microwave generator in
which a ferrite material is used to convert energy from & pulsed magnetic
field into coherent energy.

The investigation includes studies of generator nerfarmance features and
limitations, and the fabrication of an exploratory developmental model to
demonstrate microwave generation of X-band power at nanosecond pulse
widths by the use of a ferromagnetic material emersed in a pulsed magnetic
field. The design objectives are as follows:

RF Pulse Width 1 to 3 nancseconds
Center Frequency 9.6 GHz

Frequency Tuning Range 9.6 GHz *+4 percent
Peak Power 2 kW

Pulse Repetition Rate 1 to 10 KHz

The unit is to be self-contained, including pulsing circuitry with only apphied
dc voltages required. Maximum overall efficiency, rehiability, lLife and
simplicity of operation are desired characteristics.
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* ABSTRACT
i

Operating experience has been obtained with the Stanford Model II-B
pulsed ferrite X-band generator. Preliminary pulser tests were performed
with a commercially available voltage-triggered spark gap switch. A
pulse rise time of one nanosecond at 10 kV was obtained at a pulse
repetition frequency of 1000 Hz.
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PUBLICATIONS, LECTURES, REPORTS AND CONFERENCES

There were, during the first quarter, no publications, lectures or reports
resulting from research carried on under this contract, A conference was
held on 4 January 1967 between MEC personnel, Dr. H. ]J. Shaw of
Stanford University (consultant), and Mr. John Carter to determine the di-
rection of future efforts. It was determined that the principal design ob-

jectives are to increase power output and provide pulse triggering with
minimum jitter.
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FACTUAL DATA
PART I: INTRODUCTION

The objective of this program is an engineering and packaging improvement
of a developmental model X~-band generator, based on the results achieved
at Stanford University under Contract DA 28-043-AMC-00397(E).

The basic theory, final experimental model, and experimental results are

described in a recent publication by Stanford personnel1 and will not be
repeated here.

The latest experimental generator model was borrowed from Stanford, and

work during this first quarter consisted primarily in gaining operating cx-

)
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perience with this equipment and review’ng previous reports and publica-
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tions. Some initial pulser work using a commercial triagered spark gap
] was performed and preparations are underway for measurements of a
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modified process proposed by Stanford personnel .
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PART II: EXPERIMENTAL WORK

A. Stanford Model II-B Generator

The Stantord Model 11-B Generator has been borrowed from Stanford in order

to gain operating experience and perform initial experiments. The principal
measuring setup used is shown in Fig. 1. The 7 to 11 GHz sweep generator
in conjunction with the Tek 545 scope {s used to measure the resonance of
the ferrite-to-waveguide coupling slot in the pulsed field coil and provides

an indication of the output frequency of the generator. The pulse energy is
determined by measuring average power with the ~hp-413]B power bridge and
dividing by the pulse repetition frequency; the PRF is determined in turn by
the -hp-130B scope which is connected to a pickup loop placed near the main
spark gap. The pulser voltage is measured at a point midway along the isola-
tion stripline which connects the pulse sharpening gap to the pulse=-coil load.
Thic pulse voltage ts divided by a factor of 11,800 by the Stanford pulse volt-
age divider and observed on a Tektronix 661 sampling scope. The waveguide
switch connected to directional coupler No. 2 is used to protect the thermistor
while the sweep generator is on for measuring slot resocnance (output frequency).
The main spark gap is operated at 100 pounds pressure with pure nitrogen gas.
The sharpening gap is operated at atmospheric pressure. '

The maximum average power output measured irom this generator is 65 micro-
watts at a PRF of 200 Hz. The peak energy, as determined by dividing average

power by PRF, is 326 watt-nanoseconds and is the same as measured by Stanford
with a similar 48~mil YIG sphere.

The pulse shape observed on the Tek 661 sampling scope for this maximr
output power is shown in Fig. 2(a). This shape results by adjusting the
sharpening gap for maximum power output. The pulse shape obtained with the
sharpening gap shorted out is shown in Fig. 2(b). Note the increase in the rise
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Fig. 1.

-hp~-H-01686C

Principal measuring setup used in the experimental

testing of the X~band ferrite pulse generator.

P s S




R

(a)

(b)
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Fig. 2. (a) Pulse shape with sharpening gap adjusted for maximum
RF power output; (b) pulse shape with sharpening gap shoned
Vertical scale is 2,360 V/div. (based on 11,800 voltage divi-~
der) and the horizontal scale is 0.5 ns/div.
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time of the pulse. The slope of the linear portion of the pulse in Fig. 2(a)
is 9.4 kV/ns while that in Fig. 2(b) is 6.6 kV/ns. This change in pulse
shape decrecses the average power from 65 to 10 microwatts, a factor of

6.5. This indicates that RF power output is a good measure of the relative
merits of various pulsing systems.

B. Triggered Spark Gap

Pulser experiments were performed with a recently available, commercial,
triggered spark gap switch (Model F-2720-11, ITT Electron Tube Division,
Easton, Pa.). This switch has the following characteristics:

1. Operating range is 3.5 to 11 kV

2. Static breakdown potential is 14 kV

3. Trigger potential is 10 kV

4, Energy discharge is 300 joules

5. Peak current is 20 kA

6. Delay time is 60 ns

7. Metal-ceramic construction

8. Pressurized inert gas to increase switching speed
9. Small size. (See Fig. 3 for dimensions.)

Life time aata is not yet supplied by the manufacturer but one switch has been
used by a customer discharging a 0.!-uF condenser at 500 PRF for approxi-
mately 2000 hours. It should be noted that the 20-kA, 300-joule capabilities
far exceed the generator requirements so that life is not expected to be a
problem.

This switch has been operated with a laboratory 1000-volt pulser and a pulse

transformer with a trigger voltage of approximately 4 kV with PRF to 1000 Hz.
The switch was tested by mounting on low inductance contact blocks
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QOutline drawing of ITT F-2720-11 spark gap
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and replacing the pressurized primary gap of the Stanford pulser as shown
in Fig. 4. The pulse shape as measured on the output stripline after pass~
ing through the sharpening gap is shown in Fig. 5(@). The dc charging volt-
age was 10 kV. The pulse rise time is approximately one nanosecond and

compares closely to the pulse obtained from the Stanford pulser shown in
Fig. 5(b).

Some improvement in the pulse rise time of the ITT switch may be obtained
by appiying the rated trigger voltage of 10 kV or higher. Trigger circuitry
using an SCR switch is now being constructed.

It should be noted that the breakdown voltage of the ITT switch is too low

to perform RF tests with the 7.6~-0hm stripline currently being used in the
Stanford generator. Tests will be performed to determine the lowest value
of characteristic impedance (Zo) usable with coaxial line construction. The
minimum value of Zo is established by the time constant of the pulsed coil
inductance, the switch inductance, and the characteristic impedance of the
line; i.e., 1= L/Zo’ The inductance of the pulsed-field coil is one nano-~
henry so the coil time constant with the 7.6-ohm line is 0.13 ns. Lowering
Z will increase the time constant; however, the use of coaxial construcnon
will tend to reduce the inductive discontinvities due to tae spark gap sw1tch

C. Modification of Pulsing Process

The measured pulsed field, Hp, is snown as a function of time in Fig. 6.

The pulse shape can be conveniently described in terms of a parabolic region
and a linear region. It has been shcwn (Ref. 2, Sec. III) that the initial par-
abolic portion has a harmful effect on the magnitude of the precession angle
obtainable. The parabolic effect reduces the precession angle by a factor cf
2.5, which leads to a reduction in energy of 7.8 db. It is to be expected that
the cutput energy of the generator could be increased by this amount if the
parabolic effect could be eliminated.
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Brass Contact
Blocks 1/8" thick x 1" wide

Top Stripline
l/ Conductor

A . . e v . - | = .- -

ITT Switch Stripline Ground
Plane

Fig. 4. Mounting schematic for ITT swiich on 7.6-ohm stripline.
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Fig. 5. ({a) Pulse shape of ITT switch in 7.6~-ohm stripline.
(b) Stanford pulser. The charging line voltage is
10 kV for both cases. The vartical scales are
1180 V/div. (based on 11,800 divider) and the
horizontal scales are 1 ns/div.
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Fig. 6. Measured value of pulsed magnetic field versus time,
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A new approachz, aimed at overcoming the limitation of precession angle

T due to the parabolic effect in the pulsed field, is illustrated by Fig. 7.

3 Here the pulsed magnetic field Hp is applied at an angle to Ho which ex~

I ceeds 90 degrees; i.e., the pulsing angle wo exceeds 90 degrees. The
vectors 1, 2 and 3 represent the total magnetic field at three successive
instants of time during the pulsed field buildup. It is seen that the total
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field magnitude at first decreases monotonically with time until it reaches
the value of vector 2, and thereafter increases monotonically with time.
The portion labeled parabolic range in Fig. 7 covers the time interval re-
quired to reach the junction point on the H p curve of Fig, 6. During this

'i' interval the precession frequency is relatively high and the sweep rate 1s
- low, so that very little precession angle is established. The interval be-
L tween vectors 1 and 3, labeled excitation range, is the interval during
3 ’ which the precession frequency is lowest and the angular velocity of the
] - total field vector is highest, This is the nonadiabatic region during which
.. excitation of a large precession angle is expected to occur. The pumping

range beyond vector 3 is the range during which the magnitude of the pre-
* cession angle remains substantially constant while its frequency and energy
are pumped upward by the pulsed field, just as in the present generator.

The principal idea involved in this approach is that the parabolic region of
the pulsed field rise, which involves a very low average rate of rise, is
moved outside the critical region of low precessicn frequency. The low

.- frequency region is then tr=..-ersed with high angular velocity, a condition
necessary for the establishment of large precession angle. The entire pre-
cession angle is almost completely established during the first one to two
radians of precession in the region of lowest precession frequency.

i This mode of operation has a furtner possible advantage which may be of
importance. Theory and experiment both predict a rapid increase of energy

T

or
Fhodmes
»
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Fig. 7. Illustration of proposed process for increasing
the final precession angle.
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with decrease in magnitude of the dc bias field, and the present approach,

by pulsing rapidly through the region of minimum total field instead of
dwelling in that region for a long period of time as in the present operation,
may allow the use of small minimum field before the formation of domains in
the ferrite becomes harmful. That is, as the total field vector sweeps through
position 2 in Fig. 7, it may be possible for its magnitude to dip below the al-
lowable field minimum required to maintain saturation in the case of a dc field.
Due to the rapid sweep rate through this region, and to the reasonably small
average angle between the total field and the magnetization in this region,
this fact may be of importance in producing a second increase in the final

precession angle and energy—over and above the increase due to elimination
of the parabolic effect.

Preparations are under way for performing measurements with the modified
pulsing process.

-13-
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PART III: PULSER INVESTIGATIONS

A literature survey of short rise time, high current, high voltage pulsers
indicate that there have been some recent innovations but that these pulsers
currently have low pulse repetition rates4. A recent publicat‘on5 by McDonald
et al describes a subnanosecond rise time pulse generatc:- which is similar

in operation to the Stanford pulser now being used and described by Elliott6.
Both types use a primary gap or "slow" switch and a sharpening gap or "fast"
switch. The principal difference is that in McDonald's pulser the primary gap
operates in air and the sharpening gap works under controlled vacuum condi-
tions whereas the Stanford pulser uses nitrogen gas at 100 pounds pressure
for the primary gap, and the sharpenirg gap cperates in air. A further dif-
ference is that the McDonald pulser is of coaxial line construction for op-

eration at higher voltages. The system generates 60 kV pulses with rise
time of 0.3 ns.

Both the above pulsing systems are free running, but tricgering with intense
ultraviolet light is feasible3. The advantages of ultraviolet triggering are:

1. nanosecond breakdown time,
2. time jitter as low as 1 ns,
3. complete electrical isolation between the

trigger circuit and the main gap circuit.

Further consideration will be given to ultraviolet light and other triggering
techniques for this generator model.
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CONCLUSIONS

Operating experience has been obtained with the ferrite X-band generator
developed by Stanford University under Contract DA-28-043-AMC-00397(E).

Preliminary tests were performed on a triggered pulser using a commerically

available (ITT) spark gap switch. The 1-ns rise time of this switch at 10 kV
is comparable to that of the Stanford generator., A pulse repetition frequency
of 1000 Hz was obtained.
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FUTURE WORK

Work on increasing power output will be done by:

1. performing measurements with the modified pulsing
technique,
2. optimizing ferrite-circuit coupling for single ferrite

sphere operation, and

3. establishing goals for and initiating SRI's investigation
of multiple-sphere operation,

Work or triggered pulser operation will continue with voltage-triggered

commercial spark gap switches and ultraviolet triggering of the Stanford
spark gap switch.
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