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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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Photon Coupling for the Low Frequency Modulation

of High Voltage Oscillators

Arnold M. Falick and Rollie J. Myers’ .

Department of Chemistry of the
University of California and
the Inorganic Materials Research Division
of the Lawrence Radiation Laboratory;
Berkeley, California 94720

The recent note by Remeikes et al.l points up the problem of the
low frequency modulation of klystrons and other high voltage oscillators.
Their scheme is té modulate an rf'oscillator; transformer couple to the
high voltage level and then aemodulate. A number of years ago in these
laboratories one of us used a éiﬁilar séheme, but we had greaf
‘difficulty avoiding spurious moduvlation of the klystrons by the rf
oscillator. Tﬁere are'sgveral advantages to an all dc scheme, and
photon coupling can be used to provide both high voltage isolation and
de frequency response. Solid state lasef diodes can be combined with a
' nﬁmber of light sensitive devices to form a practical.and linecar photon

coupled isolator system.



-2- ~ UCRL-19026

- Our circuit was designed to frequency lock a commeréial klystron
-oscillatorv(HP‘8616A)_ to a microwave cavity. Fbr this purpose it is
necessary to apply the dc output of a phase deteétor‘to the reflector
~of the klystron. Many commercial oscillators provide an external
" connection, for frequency stabilizatioﬁ, which is in series with the
reflector. As shéwn in Fig. 1, the outpﬁt of our photon coupléd isolator
is placed ih‘the reflectdr circuit using the external frequency |
'stabilization conneciions. With this.design, it ié nof-necessary_to
modify the éommercial_qscillator in any way.

An inéxpensive photon coupled isoig%or was constructed from a gallium
-arsenide light emitting diode (Motorola -VMVlOB) and an NPN . phototransisﬁor
(Fairchild - FPT 100). They were mounted, facing each other, in a one- |
,hqlé.black rubber stopper. Thé 130 9 series reéistof ié necessary to
protect. the diode from current overload, and it also serves to méke
thé'diode curreht, and liéht output, nearly linear in voltage. A
protective diode is also in series éince the emitter diode has a
maximum reverse voltage rating of only 3 v. The opefational amplifier
was necegsary with our phase detector to provide 100 ma at 15 Q (max.)
to drive the diode'cifcuit. In the HP 8616A ésciliator the IMQ load
resistor is ihternally mounted iﬁ the reflector circuit. Other oscillators
may not pfovide this resistor. |

Figure 2 shows the frequency variation of the HP 8616A at 3.1 GHz
witﬁ the output voltege of thg opérafional*amplifier.' This freguency
range is gquite ample for étabilizationvpurposes, but iﬁ_may_be too small
forkéweel purposes. Il could be increased by using a higher battery

voltage, a stage of amplification or by using a more efficient photon
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- coupled isolator unit. The reflector sensitivity in the HP.8616A is,
- however, lower.than most klystrons.’ | |
We have also used 2 mbre.efficient; but.aléé more expensive, commercial

photon coupled isolator (HP 5082QM3Q3). With this same cirqﬁit, except
for a series 220 Q resistor, ﬁhe commercial isolator increased the sweep
' range.by,over a factor of five. The isolation of the HP 5082-&303 is
rated at 20 kv and its basic time response extends into the manosecond
range. A |

Ve wouldAlike to thank Mr. Steven Smirigé‘for help ih selecting our

~ devices. This work was supported by the U. S. Atomic Energy Commission.
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Figure 2. Klystron frequeiicy as a function of operational amplifier output

voltage. The reflector sensitivity is about 200 KHz/v for the
HP 8616A at 3.1 GHz. .
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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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