Compact Inductive Adder for High Power Microwave Applications

Introduction

High-power microwave (HPM) sources like nonlinear transmission lines
(NLTLs) require high-voltage pulses with fast rise times. For a field-
deployable HPM system, reducing the size, weight, and power of the
individual components 1s important. Eagle Harbor Technologies, Inc.
(EHT) has improved our inductive adder design to produce a significantly
more compact system with faster rise times. This optimization increased
the peak power density by a factor of two over the previous generation.
This inductive adder can produce 24 kV pulses into 25 or 50 Q loads with
rise times below 8 ns and pulse widths of 30 — 60 ns at pulse repetition
frequencies up to 1 kHz (continuous) or 25 kHz (burst). Using these new
capabilities, EHT constructed a compact 24 kV inductive adder for driving
composite NLTLs at Purdue University. Purdue University is using this
inductive adder to drive NLTLs comprised of various volume loadings of
barium strontium titanate and/or nickel zinc ferrite to provide tunability
for HPM generation. While NLTLs typically produce lower peak powers
compared to their vacuum counterparts, their solid-state construction allows
them to be triggered at high repetition rates making the inductive adder

an 1deal driver for the overall system. Experiments evaluating the systems
performance for HPM generation are currently underway at Purdue.

New Inductive Adder PCB
EHT redesigned the main switching
PCB 1n the inductive adder to allow
for lower impedance driving with
fast rise times that could operate

at high pulse repetition frequency.
EHT calculated the inductance

and capacitance of all of the real
components and parasitics. This
model was used to optimize the —
PCB design. In addition to meeting
the pulse parameters, the resulting sl S el 3
system was higher peak-power
density than previous systems.

.
HTE

EHT analytic model.

Table of EHT inductive adder builds deliver to customers.
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Allen Garner & Travis Crawford (Purdue University)

New Inductive Adder
Using the results from the analytic

modeling, EHT redesigned the
switching PCB for the Purdue
Inductive Adder. This PCB used
surface mount components, new
(shorter) capacitors, and a smaller
core that allowed for a more compact
design and would allow for low-
impedance driving.

The 16-board stack 1s shown 1n the
figure partially assembled. Low
voltage power, high voltage power,
and control signals were supplied
by PCBs attached vertically and
connected by card edge connectors
(low voltage and control signals) or
screw terminals (high voltage). This g
PCB also contained additional energy %=
storage that allowed for high pulse
repetition frequency operation (up
to 25 kHz in burst mode). EHT also |+
developed a custom cable and output | . [
connector. g\

Compact inductive ddér ﬁartljr assembled.

Output Waveforms

EHT tested the inductive adder into 25 and 50 Q resistive loads prior to
delivering the system to Purdue University. These loads were placed at the
end of one or two custom 50 € cables. These cables 1solate the inductive
adder 1n time and protect the unit in the event of a short or open load. As
expected, the inductive adder had a faster rise time into the 50 QQ load (6.5
ns) compared to the 25 €2 load (7.8 ns).
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24 kV pulse (30 ns width) into a 50 Q2 load measured through a resistive voltage divider
shown at 40 ns/div (left) and 4 ns/div to show the rising edge (right).
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24 kV pulse (50 ns width) into a 25 €2 load measured through a resistive voltage divider
shown at 40 ns/div (left) and 4 ns/div to show the rising edge (right).
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Purdue Testing
Nonlinear transmission lines =

. harging Voltage
(NLTLs) have shown great promise _ —— 200 —— 600

700

as both pulse sharpening and high-
power microwave devices. The desire
for increased system rigidity and
tunability has led to the development
of all-solid state NLTLs, which
utilize nonlinear dielectric and/

or magnetic materials for HPM
generation at the BioElectrics and
ElectroPhysics (BEEP) lab at Purdue
University. Such a system requires an
input pulse with sub 10 ns rise times
and peak voltages greater than 10 kV. Purdue 1s currently using the EHT
inductive adder to drive NLTLs.
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Top: Inductive adder output at different charge voltages. Bottom: EHT inductive adder
setup for testing with Purdue NLTL and bias field coil.



