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l l wave extraction W achieve renarkable el i extess of 60%, e Klyston ad BWO offia e
prospect of much higher power, albeil al the expense of added complexity. The development
_éé: —'j: of the klystron-like BWO, as an example, involved an evolution that first featured an inductive
- _:_E 4 -4 - *_w cavity splitting the slow-wave structure (SWS) to sharpen up the bunches formed in the first
. - VAN J l | l' 1on section lo more efficiently extract power in the second: this was followed by the addition of beam-
decelerating output cavities o increase the field strength for extraction while managing the magni-
tudes of the fields at the walls to prevent breakdown. Both axial and coaxial microwave extraction
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were introduced to distribute the increased power to prevent field concentrations that could cawse
.
Edl Sh mI lu: IEEE
chamiloglu:

:;:i‘;:::;;-irf:,':fr;;";"h:rfas:t:;“::f;:.'s-.;i:s;:'az:‘f';;.r;ggzﬁlsz:::z:f,fzm;";:t;
3 Sy AL}
Fellow #5870 8F Kk =2
In the past decade, source development has become more prominent again with devices such

as the triaxial relativistic klystron from the Naval Research Laboratory (NRL) and others; the
transparent-cathode magnetron from the University of New Mexico (UNM): and the klystron-
like BWO from China’s Northwest Institute of Nuclear Technology (NINT) making an appear-
ance. While the magnetron takes advantage of innovations in both cathode design and microwave

¥ 8 A A AT 3R F 5 £ EINRLAY = 25 48 31+ 3 18 & F2UNM&Y
FEI I REEEHINATETFEAG =K AE R E.

! MICROWAVES

Up until about 2003, efforts were focused largely on refining existing concepts, rather than on devel-
oping new source configurations. With a heavy dose of empirical research mixed with computer
modeling and simulation, Russian work on BWOs began to better integrate simulation and experi-
ment. Chinese researchers looked more closely at field strengths in key regions of concentration to
maintain power while eliminating breakdown. Building on original Russian designs, altention to

pulsed power development in Russia and China has further led to longer, flatter voltage and current,
and thus flatter microwave pulses.
g as the triaxial relativistic Klystron from the Naval Research Laboratory (NRL) and others: the

transparent-cathode magnetron from the University of New Mexico (UNM); and the Klystron-

like BWO from China’s Northwest Institute of Nuclear Technology (NINT) making an appear-
of innovations in both cathode design and microwave

ful power decline, where power is reduced but not extinguished, rather than single-point total
failure. Nevertheless, the use of multiple sources requires volume, and the demands of multiple
support subsystoms for beam gencralion, magncts, and X-rey shiclding and cooling, Culting-
edge performance will require a of such app and operation-dep
tradeoffs.

The ultimate limits on HPM source peak power are not well known. They are sel by tradeoffs
between the usual factors that limit conventional tubes, breakdown and mode competition, and
factors unique to HPM, such as intense beam-field interactions and evolution of plasmas from
surfaces and diodes. Electrical pulses with power up to about 10 TW are available from a single
pulse generator, and one can buy 1-TW generalors (a laboratory-based device, not suitable Tor
maobile applications) for a few million Llnllnrs commercially. At a moderate extraction efficiency
of 10%. one could therefore expect a peak power of 100 GW. We expect that such powers can he
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8 BWOs, MWCGs, and O-Type Cerenkov Devices 283

into bunching and output sections separated by a drift space of comparable radius 50 that it
was not cut off to the propagation of signal radiation between the two sections. Beginning
with large, single-section surface wave oscillaiors (SWOsY and RDGs 3" this group progressed
to double-section MWCGs™ and MWDGs, " as well as two-section RDGs. Collectively, these
devices produced gizawatt power levels"* at frequencies between @ and 60 GHz. In the high-
ZI: %" %SI_ QX ﬂ%1’ﬁ ﬁl] # T est power experiment, an X-band MWCG coupled 15 GW into its output waveguide.
=L>os The other line of research that began at this early stage, involving a different group at IHCE
and IAP, and later collaboration with the University of New Mexico (UNM) and the University of

N Ay
J-\_J- %-I—_/-EE l Ej EFI :él: l\l g& Marvland (UMD), focused on improving the original BWO desien. They enhanced the efficiency

through either axial variations in the SWS" or varving the location of the reflactor at the input

. end of the device,”"” reduced"™ or eliminated™ the magnetic field at which the device operates,

H P M ;}E E’\J @*F -itﬁl‘l %ﬁ y and operated in a repetitive mode.® Coupled with the SINUS series of repetitive pulsed-power

machines, this device has powered gigawatt-class radars. -2 This combination could also be the

=l — S basis for the RANETS-E mobile system that was advertised as a co-development project for par-
BI=IA:

ties interested in a 500 MW microwave weapon.™ In fact, we used it in the SuperSyvstem concept
discussed in Section 2.5

AR TAEHERT ICIRE S,  oomiebosisieousesetecosNmiass v e o ovics 3% IS LS

Electronics (IAE) of the China Academy of Engineering Physics (CAEP) in Mianyang, the National

‘ﬁ:‘. ME gg* .j. \e ‘}i :&{_ﬁ’: University of Defense Technology (NUDT) in Changsha, and the University of Electronic Science IR R B H
:L_\.-l‘}:.l Ei‘ TEIA /N E ’ and Technology of China (UESTC) in Chengdu. (RESSSTCHErsam N IS CIn i suin R CEane
developments:

F5IHMEEMNIRIREE. .

B TR RRHEIREE

ERBR TR E

* Phase locking both of a BWO with priming by a signal injected from the output end at ﬁg |¥m*ﬁ$ﬁgjﬁ'ﬁ&'§
startup,
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