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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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A SIMPLE AND INEXPENSIVE LOW DENSITY MICROWAVE INTERFEROMETER SYSTEM
Tan G. Brown; Alan B. Compher, and Donald B. Hopkins'
' ¢ ¢ B . .
Lawrence Radiation Laboratory-
University of California

‘Berkeley, California.

The use of microwave interferometers to méasure electron density

of laboratory plasmas is a-welleeveloped technique;l’2

When, however,:
: e ' o 11, 3 ' , . .
the density is low, say < 10 /cm for typical plasma diameters, the

interferometer phase shift is small and avhigh—sensitivity~detectioh

-system is required. Such systems can evolve into quite,complicated

and expensive pieces of equipment. In addition, for'mahy,labcfatory
plasmas there is also the'problemvof avoiding spurious phase shifts
due to refiections from the vessel wall.. We have constructed an

/

interferometer system which functions satisfactorily at densities as

.lcw as =~ 109/cm3, and which is simple and ineXpehsive to construct--

much more so than we had originally expected.

The bas1c 1nterferometer circuit is qulte standard (Flg l) The
required high sen51t1v1ty 1s achleved by employlng phase sen51t1ve
detection. A 100- kHz modulatlon is 1n3ected -into the klystron reflector

through its stabilized power supply (Universal Type FXR 7815B), and

phase shift is measured with a lock-in emplifier (P.A.R. Type HR-8).

Because of the‘requiredllong:integratioh time (= 0.3 sec) of the lock—m

in ampllfler, thls system is 1napp11cable to pulsed plasma sources,.

"but if the plasma repition frequency is suff1c1ently hlgh a boxcar
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.ihtegrator can be used. Our plasma is formed:by rééohant miéroﬁave

breakdown ét‘lO‘GHz and < 1 kw c.w.’ Phase §hift is detérminéd*simply by - ﬂf
switching on and off the hiéh—ﬁower’microane:source. PlaSﬁa and L =“<5
refefence waveguide- arms of £he interfefometer were made of éppfoki-i-

; ﬁately equal length and plasma and referenée mlcrowave s1gnals ﬁere

‘adJusted for approx1mate equallty at the p01nt of entering the hybrld T

mixer. We have not found ‘it necessary to resort to a more elaborate
interferometer systém. Wé have also used the double-pass,system

described by Levine et al.,5

but found that the additional signal
atténuation in this case results in'a much‘greater random flﬁétuation
in the chk:in amplifier reading. |

The aiaméter of our plasmé columis =~ 5 cm; ﬁhatkof ghe‘coppér )
: vécuum vessel is = 20 cm. In.such a geometry, reflections of the_micro;
wave'Signaljfrom'the vessel wall éan rééulf iﬁ unwanted phése_éhifté.
vThis can be rectified in either of two ways--by using microwave ienses
to focus the beam (a quite expeﬁsive method), or by making the wall
nonreflective at the microwave.frequency. We have chosen the latter
courée, and put in the vacﬁuﬁ‘vessel an absorbing liﬁer, which is
extremely_easily ana cheaply made. It consists bf a sheef 6f,l/l6~
in.-thickgTeflon (~ A/4 at our frequency'of 35 GHz), whose sufféces
are roughened by sanding and are coated on one 51de with conductlng
silver paint (Dupont 4817) and on the other with re51st1ve paint (Low— ' LS
're51stant palntRLL, Mlcro Clrcults Co., New Buffalo, Mich.),
nomlnally 377 Q/square, though,actually varying w1dely acrqss‘the

surface. The sheet'has holes cut in it for the microwave hornsz-whosé
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apertures are coplanar with the Teflon, is rolled into a cylinder,
silver side outwards, and insertea into the vacugm vessel; our absorber
extends =~ 30 cm on either side of the horns. With absorber in place,
the vacuum base pressure is.as low as 5 x 10_8 mn Hg after about a
week of outgassing. Although the absorber is good in vacuum, it‘is

not necessarily good in contact with plasma; in our case this does not
present a problem. A microwave absorber of this type is 100% effici-
ent only for normal incidence; however, it does in actual applicétion
reduce reflection problems to a negligible level. .On shéuld also
recall that for low-density plasmas (ne < nc), reflection, refraction,
and absorption of the microwave beam by the plasma are véfy small,
therefore any standing wave pattern within the vessel due to wall
reflections is not greatlj different with or without plasma; i.e.,

the condition is approached of the introduction of only a constant
phase shift due to wall reflections. This fact doubtless reduces the
efficiency of wall abéorption required for safisfactory operation.

A remaining requiremeﬁt for a system using a nonfocused micro-
wave beam is that the effective beam width (z horn width) be suffici-
éntly small compared with the plésma diameter. Our horns are 1.9 cm
wide in the direction normal to the plasma axis, which for most plésma
density profiles is éufficiently smallvfor a plasma of diameter =~ 5

cm. In any case, once the density profile is known--for example, from

“a scan with a Langmuir probe (for which the absolute response need not

be known)--a correction can be made for this departure from "slab'

5 . _ . ;
geometry":” such corrections are for our case normally small, < 5%.

!
'
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We have used the'system'described to investigate the effect of a
strong magnetic field on the response of a Langmuir probe,5 covering
a density range of from ~ 3 x 109/cm3 (=~ 0.2 deg phase shift) to

~ 5 x loll/cmB, in a magnetic field of from ¥.5 to T kG.

v



A

-5- UCRL-18893

REFERENCES

M.- A. Heald and C. B. Wharton, Plasma Diagnostics with Microwaves
(John Wiley and Son, New York, 1965).

Plasma Diagnostic Techniques, Huddlestone and Leonard, editors,

(Academic Press, New York, 1965).

A. M. Levire, A. F. Kuckes, and A. Skislak, A Microwave System

for Low Density Measurements; Princeton.University Plasma Physics
Laboratory Report MATT-369, 1965.

Suggested to us by Marvin Schwartz, Dept. of Elec. Eng., University
of California, Berkeley. ' |

Tan G. Brown and Alan B. Compher, Response of a = Langmuir Probe

in a Strong Magnetic Field (in preparation).



FIGURE LEGEND

Fig. 1 Schematic diagram of interferometer.
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 LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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