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"Improved"Fast Phase Shifter and Peak Detector

Fast Phase Shifter

. Many changes have been made is the fast phase shifter
since D. Birkett's RF Note #43, so I shall attempt to document
this progress here.

During part of the 6 months that we had the pleasure of
working with him, A. Laisne” made various changes (improvements)
in the design of the fast pahse shifter. The first change was
to replace the MOSFET Q3 in Figure 1 RF #34 with 150 ohms, as
shown in Figure 1 here. I show only the part of the circuit
reflecting the changes as I provide a more complete schematic
of the current phase shifter in Figure 3. This change resulted
in giving us a higher output level than did Birkett's circuit,
and eliminated oneVMP4. Table 1 provides the performance
of this arrangement. :

Next we tryed to take the output off the drain of the
MOSFET's, taking advantage of the gain of the. transistors
in order to obtain a higher output amplitude without distorting
the signal. The quiescent current through the transistors
was increased to about .l12A (counting both transistors) by
reducing the common source resistance to 750, as in figure 2.
These modifications did give us an increased output level
with a quite acceptable level of distortion. Table II presents
data for this "version" for two frequencies, 30 MHz and 10
MHz. Unfortunately, more data is not available for these
prototypes, mais c'est la vie.

Figure 3 represents the current state of the fast phase
shifter, in all of its glory. The Fl, Fl inputs have been
modified to be frequency dependent voltage dividers, compensating
for the fact that the transistor gain falls off with frequency
in order to obtain output levels that are fairly constant over
our frequency range. The commom source resistance has been
decreased to 278 (8W) increasing the quiescent current to 4A.
Since the transistors themselves now dissipate 4 W each, it
is necessary to mount them on heat sinks, but this is no
problem. I also wound a new transformer for the output, M.
Laisne' not having had the advantage of J. Riedel's lectures
on the art of making a transformer. Also, the d.c. bias arrange-
ment for the transistor gates has been modified by reducing
the gain of two op amps to .27 so that the dynamic range of
the phase shifter is utilized with an input range of +6 to -8
V dc.
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The fast phase shifter will now put out 5 V nominal
for the RF input levels equal to 5V. But since we will probably
never need the full 5V out, I ran my tests on the shifter for
input levels of 1.0 Vrms and 3.0 Vrms. It turns out, as one
would hope, that the phase of the output signal relative to
the rf input Fl is not dependent upon the amplitude of the rf
inputs.

Another important characteristic of the phase shifter is
the mean phase shift of the device vs. frequency. On the
graph of same I have plotted 3 curves (one of which is a straight
line). The first, labelled A¢_ is the phase shift of the
output of the device relative 20 F1 for a control voltage
(Vin) of 0 volts. The second, which I call A¢ is the arith-
metic mean of the maximum and minimum phase shift for each
frequency. Curiously enough, these two are not identical,
although they are close enough that the descrepancy may be
inconsequential. Anyway, the point is that we would like the
mean phase shift through the device to be linear with frequency,
so that it acts like a length of transmission line capable of
lengthening or shortening itself, thereby effecting a A¢gA$(Vin)
phase transmission characteristic. Actually, we want the
phase shift through every device in the RF system "chain"
to look like it comes from a length of coax, but this seems
like a subject for a different rf note. .Suffice it to say that
the mean phase shift of the shifter is reasonably close to being
linear with frequency, close enough that I have chosen an
effective cable length of the shifter, £=1.778 m. Two graphs
are given showing phase shift vs. control input (Vin); one
for the absolute phase shift vs. Vin (¢ (Vin)), one for the
phase shift relative to a length of coax of £=1.78 m (¢(Vin)—w£/up).

Table III and following graphs contain all this information,
Vin being the control voltage, PHASE represents the phase of
the output with respect to the input F1, PHASE-CD is that
phase minus the cable delay mentioned above, V out(3), V out (1)
are the output voltages for rf input levels of 3 Vrms, and 1 Vrms.
respectively.

In conclusion.I say that the phase shifter works quite
well, gives a phase shift of + 40 degrees at all frequencies
and provides quite ample output amplitude without distortion.
The frequency response of the shifter is still what it was
when D. Birkett measured it, having a break point at 100 KHz.
I noticed that the phase shifter does require some time to
warm up, there being a small difference in the operation of
the device when it is cold from the operation of it after it
has come to its operating temperature. This is only a small
difference, and poses no problem as it only takes 5 minutes
for the temperature of the shifter to stabilize. Since the
transistors and source resistors dissipate a total of (.4A)
x(30V)=12 watts, we must give some thought to the heatsink,
airflow, etc.
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Peak Detector

Due to the fastidious requirements of the amplitude
regulator (as outlined in RF# 53) a new peak detector has
been built with much better frequency response than the
simpler original one. The o0ld one had a 20 pf. filter capa-
citor which, being loaded by 100K resulted in a 2 us time
constant, giving it a break frequency of £=1/27RC = 80KHz.
According to J. Riedel's computer program, this is not good
enough, so we designed a peak detector using a two-stage II
filter using a total of only 6 pf. as shown in Figure 4.

The op amp is a fancy 100 MHz job from Datel (AM 500GC),

but actually I found it has unity gain closer to 50 MHz.

The frequency response of this buffered peak detector

has been examined and appears to be adequate, the response
being fairly flat up to (and a bit beyond) 1 MHz. I present
graphs of the amplitude and phase frequency response of the
circuit and shall leave it at that. The filter does let

some second harmonic through, but the amplitude of the ripple
on the output, about 1/100 of the RF amplitude (at 9 MHz
which is the worst case), which we can probably live with,
the gain of the other stages of the amplitude regulator chain
being quite low at these second harmonic frequencies.
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