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Abstract 
The operation of the major components used for con

trolling the phase and field level of the PEP RF cavi
ties is described. The control electronics of one RF 
station Is composed of several control loops: each 
cavity has a tuners' servo loop which maintains the fre
quency constant *nd also keeps the fields of each cavity 
balanced; the total gap voltage developed by a pair of 
cavities Is regulated by a gap voltage controller; 
finally, the phase variation along the amplification 
chain, the klystron and the cavities are compensated by 
a t>ncse lock loop. The design criteria of each loop are 
set forth and the circuit implementation and test results 
are ^resented. 

I. Cavity Tuners' Servo 
Two types of perturbations are dealt with here: one 

Is the detuning of the cavity due to thermal expansion 
and to reactive bean loading, the other is an instability 
of the cavity brought about by an uneven temperature 
distribution which can result in a run away condition, 
where sore and nore of the stored energy concentrates in 
one end of a cavity. 

The first perturbation is stabilized by a feedback 
loop controlling the common penetration of the tuners. 
The second perturbation can be minlalzed by the differ
ential positioning of the tuners (Fig. 1). The design 
of the tuning control loop Is based on the data of Fig. 2 
which represents the cavity detuning as a function of 
the tuner'B travel. Between Btart-up, with a cooling 
water temperature of 70°F, and full power, with a cooling 
water temperature of 95°F, we have raeasured a total 
detuning of 300 kHz and a tuner's travel of 70 ran. 

Let us assume that the phase across the cavity is 
to be held constant within 0.2° over this range of 
operation; the phase detector signal which corresponds 
to 0.2° Is b.4 aV and It must be amplified so as to 
produce a tuner motion of 70 mm. The phase detector 
will be described subsequently in this report. 

The resolution of the tuner's positioning servos Is 
determined in the following way: the cavity 3 dU band
width being taken as 17 kHz, with the help of the curve 
of Fig. 2, one finds that a phase variation of 90° 1B 
obtained with a tuner travel of 2 am. We desire a re
solution of =0.2°; this corresponds Co a tuner motion 
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Fig. 1. Block diagram of the cavity servo loops. 
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TUNERS INSERTION INTO CAi/l 

Fig. 2. Cavity tuning curve for two ganged tuners. 

of tO.OOX me. This resolution has been achieved by 
picking a lead screw having a pitch of i.25 ram per turn 
and a stepping motor requiring 400 pulses per revolution 
(half step mode). 

The design of the field balance Loop uses the data 
presented on Fig. 3; it is a plot of the cell's field 
level as a function of the differential position of the 
tuners, the frequency being kept constant. Foi a con
trol of the fields within IX, the loop gain has been 
approximately set to 100. In practice, the smallest 
field unbalance we have achieved was determined by the 
cable and field detector's unbalance. 

' Work supported by the Department of Energy, contract 
DE-AC03-76SF00515. 

Fig. 3. Heasured field profile of five cavity cells 
a;, a function of the tuners' Insertion, (a) Tuner f*l 
Inserted 10 on, tuner #5 withdrawn 10 on. (b) Tuner itl 
inserted 5 wo. outer #5 withdrawn 5 ram. (c) Flat field. 

2. Phase Stabilization 
The PEP klystrons are operated with bean voltages 

between 40 and 63 kV and exhibit typical phase-shifts 
of 390° over this range. In addition, snail phase 
variations can be expected from other components along 
the amplification chain and along the waveguide as a 
result of RF level adjustments or temperature changes. 
The phase feedback loop has been designed to maintain a 
phase stability of the cavity fields within ±1° over 
several hours of operation, and over a power range of 
30 d£. Figure A is a dlngram of the phase stabilization 
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Fig. Circuit of the phase control loop. 

circuits. A sample of each cavity field is taken from 
the center cell and transmitted via 100 feet of phase 
stable cable* to a sunning hybrid junction, in order to 
produce the vector SUE of two nearly in-phase signals. 
Consequently, the phase stabilization i«j being made on 
the SUB: of the cavities' field vector and this arrange
ment allows tmall individual triming6 of the cavlries 
phase offsets (see Fig- 4) without altering the phase 
of the total gap voltage. 

Figure 5 is a layout of the phase detector scheme.1 

Two Identical sampling heads convert 353.210 * z into an 
'ntennediate frequency of 100 kHz when the sampling fre
quency is adjusted to be 5.0M MHz. This is equivalent 
to beating the 70th harmonic of the saapling frequency 
with the RF, except that the efficiency can be made 100Z 
by means of positive feedback; ti.<- cwo IF signals have 
the same ph-se difference as their respective RF inputs 
and also the same amplitude. This conversion process 
is linear for power level from +10 dflm to -60 dBn. The 
ACC Halters use an HC 1590 variable gain amplifier 
which maintains constant outputs of 250 mV over a range 
of 60 dB. Beyond this point the circuitry is straight
forward. An RS flip-flop connects alternately the out
put of a 30 mA current source to the output* of two 
15 mA sources; the rate is 100 kHz, however the duty 
factor is linearly related to the phase of the two RF 
Inputs. The phase signal can be used as a current source 
of ±15 mA for ±180° or transformed intc an equivalent 
voltage source of ±5V. The dotted part of Fig. 5 re
presents the generator of the sampling frequency; this 
circuit phase-locks the IF signals to a reference oscil
lator. Me use one Bitch circuit for the synchronization 
of 12 phase detectors. 

Test results: A production of 40 phase detectors 
was evaluated. Our criterion of ±1° error could be met 
by all units for power levels between +10 and -30 dBm. 
Half of this production could operate over a power range 
of 50 dB, and few units over 60 dB; in all cases the 
deterioration of the specifications could be Imputed to 
the limiters which distort slightly the waveforms for 
high input levels, or simply exhibit a reduced operation 
range. A temperature variation of 30°F did not cause 
excessive phase errors. 

Electronic phase-shifters are used as control ele
ment in the phase stabilization loop, as a nulling de
vice for each phase detector and Co set the reference 
phase for each RF station. Depending on thr use, these 
phase-shifters are required to have a line*- response of 
phase versus control voltage, a phase range of up to 
5>'i0° or stability of phase with temperature changes. 

All these requirements are met in the basic design 
of a 180° phase-shifter module which is then cascaded as 
required for more range. The 180° phase-shifter module 
is laid out in a microstrip line circuit with two voltage 
variable capacitance diodes (1K5C61) as control elements 
(Fig. 6). A detailed description of the module can be 
found in PEP-NOTE-283.2 
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Fig. 5. Principle of the phase detectors. 

Fig phase shifter module. 
The typical phase-shift and inaertion loss as a 

function of the control voltage for a 180° phase-shifter 
module Is shown In Flp. 7. The tenv-iature coefficient 
was measured to be 0.J4 degrees of phaae/°C. 

The choice of a bandwidth for the phase control 
loop depends on the range of synchrotron frequencies of 
the different machine configurations. It was deemed 
safer to make the klystron phase loop somewhat insensi
tive to the synchrotron frequency and since the lowest 
expected value for this frequency Is 1 kHz. the open 
loop unity gain has been set below 1 kHz. 

* Andrew type LOP 4-50, with a phase temperature co
efficient of approximately 7 ppm/°F. 

Pig. 7. Phaae-shifter response and in
sertion loss as a function of bias voltage. 



3. Amplitude Stabilization 
A block diagram of the gap voltage feedback loop 

is shown In Fig. 8. The unity gain btndwldth of the 
amplitude loop was set to below 1 kHz to assure that 
the loop be Insensitive to synchrotron oscillation. 

The RF amplitude detector uses hot carrier diodes 
as peak detectors (Fig. 9). The diode charges a capa
citor to the peak RF voltage minus a small voltage drop 
across the diode. The same type of diode is used in 
the feedback path of a unity gain buffer amplifier and 
thug compensates for the voltage drop ncryss Che detec
tor diode. This feedback diode also compensates for 
the titrnnt; temperature dependence of the diode voltage 
drop, since it is mounted in the sane thermul environ
ment as the detector diode. The resultant output of 
the circuit tracks the peak RF voltage over a range of 
49 ̂ B from a marlnum of 10V down to 100 tnV, where the 
error Increases to about 102. An RF power of 1 watt is 
required to produce 10V output. The detector diodes 
are placed a number of half wavelength away from the 
sampling loop to Increase their absolute accuracy. At 
any half wavelength point the KF voltage is largely 
independent of standing waves and directly related to 
the BOU'I-C voltage at the sampling loop. For this 
reaso". all components connecting the detector to the 
sampling loop were made with a specified electrical 
length, including the approximate 100 feet length of 
coaxial cable (Andrew type LDF 4-50). A 400 MHz low 
pass filter is inserted In the line to prevent passage 
of bear; induced higher order node frequencies which 
could influence the detected field level. The sampling 
loops are Installed in the cavities with an accuracy 
from loop to loop of :J.5Z. Taking the other sources 
of error into account the accuracy with which the field 
level can be measured is ±b'/.. 
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Fig. 6. Block diagram of the amplitude feedback lo 

A variable attenuator is used as the control 
element in the gap voltage feedback loop. The micro-
strip design is shown in Fig. 10. Two PIN diodes 
(HP 5082-3040) vary their individual resistance to RF 
from >10 kll to in for bias currents of zero to 50 mA. 
For zero bias all the input power is divided by the 
3 dB hybrid (Anaren type 1S0260-3) and transmitted past 
the PIN diodes to be absorbed in the 50ft terminations. 

Fig. 9. RF amplitude detector circuit diagn 

Fig. 10. Variable attenuator circuit diagram. 

The signal emitted out of the isolated port of the 
hybrid in this state, can be adjusted tD -40 dB by 
optimizing the natch of the terminations, using little 
tabs on the nicrostrip line. At a bias current of 
50 mA each, the PIS diodes act like short circuits 
across the lines and all the power is reflected and 
combined at the output port with an insertion loss of 
about 0.8 dB. 

The phase-shift variation through the attenuator 
over most of its r3nge is negligible, except in Its high 
attenuation state where reflections from other points 
than the PIN diodes can add up with any phase. This 
condition can also be brought under control by properly 
attaching tabs to the mlcroscrip line when optimizing 
the attenuation. By these means the phase-shift of the 
attenuator could be held to within +10°. The response 
of the attenuator was linearized by the addition of a 
nonlinear driver circuit. 

4. Conclusions 
It was considered important for the RF electronics 

to be accessible and easy to maintain during operation 
of the storage ring- All electronics components have 
therefore been located with the klystrons in support 
buildings above the storage ring tunnel. They also have 
been implemented in « modular format of the NIH type. 
All analog Input functions are applied either via a 
computer controlled Camac system, or directly at Che RF 
station from a manual control panel. The monitoring 
signals are also made available to the computer system 
or can be observed on a variety of meter?; and monitoring 
Jacks. Therefore each RF station can be entirely 
operated on the spot when there is no stored beam. 
However, phasing of several stations can only be done 
from the main control room via the PEP control system. 
A total of 12 RF stations have been operating reliably 
at PEP for over a year. 

This project hae required an interaction with all 
members of the PEP RF group. We want to thank Mike 
Gustafson for his contribution and Matt Allen for his 
leadership of the group. 
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