Stability tests on the warm CTT IF amplifier:
Memo No. 1

Date: 21-Sept-2004, Richard Chamberlin

1 Introduction and summary of result

The CSO heterodyne receiver upgrade program[l] will use new warm IF
amplifiers which were acquired from CTT, Inc.: see sample data sheet in
Figure 1.

The new warm IF amplifiers were packaged in an enclosure with automatic
power level control (ALC) and active temperature control: see schematics in
Figures 2 and 3. See photograph of assembled unit in Figure 4.

In this memo we present test results on the stability of the packaged CTT
IF amplifier with the active temperature controller on and with it off.

With the active temperature controller on we found the Allan Variance[2]
time was about 33 seconds and there was a periodicity in the temperature and
the RF output of about 38 minutes. With the temperature controller turned
off and the amplifier temperature just drifting, the 38 minute periodicity in
the RF power output disappeared and Allan Variance time increased to about
66 seconds. However, because of the drifting temperature the amplitude of
RF noise was generally greater except for a few short one or two hour intervals
as noted below.

The rest of the memo describes in detail our methods, results, and sug-
gests directions for further improvement.

2 Measurement setup

Throughout these measurements the source of the RF signal was a HP83620B
synthesizer putting out a CW tone centered on 6.0000 GHz with output power
of -10.0 dBm. Except in the final stability test (described in the next section),
the tone from the HP synthesizer was attenuated 30 dB, and then feed to
the CTT IF amplifier. The total RF power from the warm IF amplifier was
detected with an HP 438A RF power meter using a an HP 8481A detector.
The RF total power was also detected by a diode connected to the CTT
amplifier monitor output, internal the CSO fabricated enclosure. The signal



from this diode was used as input the ALC circuit and to provide a front
panel accessible indication of the “RF Level”: see Figure 2. The “RF Level”
output was monitored with a Fluke 8840A Digital Voltmeter (DVM). This
data from the DVM was collected and recorded but is not presented here.

During all tests the CTT IF amplifier was run with the automatic level
control (ALC) circuit turned off. Unless otherwise indicated, the room air
conditioner system (AC) was turned on stabilizing the room air temperature
to approximately 23 deg. C. Tests were also done with the AC turned off in
which case the room air temperature could vary between 28 to 34 deg. C.
When the IF amplifier active temperature was controller was turned on its
set point was 32.5 deg C and never changed during any of the testing.

Data from this setup was acquired and logged in a laboratory PC! running
the Linux OS?. Data from the RF power meter was acquired through the PC’s
GPIB adapter® Temperature measurement in the IF amplifier enclosure was
made with the three DS18B20 single wire thermometers interfaced to the PC
through a one-wire bus controller attached to one of the PC’s standard RS232
serial line ports [3]. Figure 5 shows a block diagram of the test setup. Data
from only the DS18B20 mounted directly on the CTT module is reported
here.

3 Measurement time series

Figure 6 is the time series showing results from the entire period of testing,
about 620 hours. The top panel in the figure is the total RF power acquired
from reading the HP438A power meter. The bottom plot is the temperature
of the C'TT IF amplifier measured by one of the DS18B20’s mounted directly
on the amplifier enclosure.

The time series involved different kinds of testing which will be described
further. Table 1 indicates how the time series is broken up by the different
types of testing.

ndustrial Computer Source (ICS) chassis with a mixed ISA and PCI passive backplane
and ICS single board computer, model SB586T.

2Slackware version 8.x; Linux version 2.4.26; gcc version 2.29.3.

3National Instruments (NI) GPIB adapter, model TNT for the ISA bus using the NI
supplied GPIB driver for Linux version number 0.8.6.



hours

0-23

23-44

44-115

115-331

331-476

476-504

504-523

523-551

551-618

Table 1:

How the time series of Figure 6 is broken up

type of testing

TEC

TEC

TEC

TEC

TEC

TEC

TEC

TEC

on.

off.

on.

on.

off.

on.

on.

on.

AC

AC

AC

AC

AC

AC

AC

AC

on.

off.

on.

on.

off.

off.

on.

on.

Changes/Remarks

Pot near U20 turned full CCW.

TEC and IF amp power supplies separated.

1 db pad on CTT IF amplifier output.

Output of HP83620B connected directly to
RF power meter. (No IF amp.)

key: TEC is thermoelectric cooler used to regulate IF amplifier temperature.
AC is room air conditioning.



4 Results and some discussion

4.1 Test instrument stability characterization

We start our discussion with the last test in the time series of Figure 6: hours
551-618. This last period is used to characterize the stability of the ensemble
of RF test equipment and for this purpose the output of the HP83620B syn-
thesizer was connected directly to the input of the HP8418A detector. No
synthesizer settings were changed from previous measurements in the time
series. Figure 7 shows this part of the time series in more detail. Betweens
hours 580 and 582 are shown in even greater detail in the lower panel. Over
this two hour period the response of the system is stable but with apparent
slow oscillation which is just resolvable. The amplitude of the oscillation
was about £0.2% of the average value. Fourier analysis on the time se-
ries from hours 575 to 615 showed strong peaks in the power spectrum at
2.5Hr ™, 4.9Hr ! and7.5Hr ™' corresponding to 24, 12, and 8 minute periods.
The Allan variance time was about 86 seconds. See Figure 8. In the Al-
lan Variance plot, the peak at about 7 = 350 seconds was caused by the
periodicity in the time series of Figure 7.

4.2 Warm IF amplifier stability with temperature con-
troller ON: Best results

The total time series reflects different testing conditions. Here in this section
we focus on the period of best observed performance with the temperature
controller turned on. This period was from hours 504-551. For comparison
with the best period with the temperature controller OFF (see next section)
after hour 523 we attenuated the output of the CTT IF amplifier (1dB pad)
before detection and measurement with the HP438A power meter. We show
the best 20 hours of this period in Figure 9. During these measurements
the room air conditioning was turned on which was required in order for the
temperature controller to function.

Figure 10 shows Fourier analysis and the Allan Variance on the RF power
time series. The Allan Variance time was only about 33 seconds and there
was a strong peak in the RF power spectrum at 1.6Hr™! corresponding to an
oscillation with a period of about 38 minutes.

Figure 11 shows Fourier analysis and the Allan Variance on the temper-
ature data. The Allan Variance time was about 66 seconds and there was a



strong peak in the temperature power spectrum at 1.6Hr ™" corresponding to
an oscillation with a period of about 38 minutes. There is a second strong
peak in at 2.8Hr™! which is also slightly present in the RF power spectrum,
see Figure 10.

The coincidence of peaks in the temperature and RF power spectra sug-
gests periodicity in the two are related. The main peaks in these power
spectra do not coincide with the power spectrum of Figure 8 indicating the
periodic behavior is not related to the small amplitude periodicity observed
in the RF power time series observed in the test equipment, Figure 7.

Figure 12 shows a 2 hour sample from a good part of the time series with
the temperature controller on.

4.3 Warm IF amplifier stability with temperature con-
troller OFF

We will now examine the total IF power from the CTT amplifier with the
temperature controller turned OFF. The data presented in this section was
obtained under a much less favorable environment compared to the results
presented in Section 4.2 because the room air conditioning was also turned
off. Thus, in the long time series between hours 331 and 476 a strong diurnal
variation was clearly present. Figure 13 presents this data in more detail.

For comparison with Figure 10 we computed Fourier analysis and Allan
Variance time analysis on a typical 20 hour period in this time series: 390 <
Hr < 410, see time series in Figure 14. The result is presented in Figure 15 as
the dotted line. The time series is less regular and the spectrum from Fourier
Analysis is more noisy than observed in Figure 10. Possible components are
present at around 0.8Hr™! and 1.4Hr™*. To see help see if these components
were spurious (and they apparently were) we also did Fourier Analysis on
a 120 hour interval starting at hour 340 (solid line in Figure 15). In the
120 hour analysis the Fourier coefficients are boxcar averaged to make them
similar in frequency resolution to the 20 hour case.

In general we observed the RF power was noisier with the temperature
controller OFF. However, note that there is a very stable one hour time
interval centered on about hour 398.8. A two period including this interval
is shown in Figure 16. Please compare with Figure 12.



5 Conclusions

The temperature controller appeared to cause oscillation in RF power and
temperature with periods of about 38 minutes and 21 minutes.

Efforts at improving controller performance by temperature controller
feedback loop tuning and separating power supplies appeared to yield im-
provements. Perhaps more can be done in these areas. E.g. more feedback
loop tuning; and/or more attention to details like power supplies, grounding,
and ground loops.

Overall, the RF total power had better general stability and less noise
when the temperature controller was ON - compared to with it OFF.

However, comparison of the best two hour periods (temperature controller
ON and OFF) show that CTT IF amplifier noise is lowest when tempera-
ture does not change at all. Since the temperature controller as currently
configured causes some oscillation, the very best (but short) periods of per-
formance are actually found when the temperature controller is in the OFF
state.

6 Possible Future Improvements

Data acquisition system:
Reduce measurement cycle time to improve time resolution;
Measure and record room air temperature;

Implement analog thermometry (e.g. thermister or AD590) on the
CTT amplifier module for higher resolution measurements.

RF Source:
Make measurements on noise source at the summit to characterize
Allan Variance time, etc. We can see if this is a more stable

RF source than the HP8320B.

Warm IF amplifier:



Temperature stabilize with other methods to investigate stability;

Further investigate existing implementation for ground loops, etc.
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Figure 1: Typical CTT amplifier specification including test data.
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Figure 4: Photograph of assembled IF amplifier module including active
temperature controller electronics.
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Figure 5: Block diagram of test setup.
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Figure 7: Details from the part of time series used to characterize test in-
strument stability. Section 4.1.
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Figure 13: Time series of results with temperature controller OFF. The room
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Figure 14: Time series of results with temperature controller OFF. The room
air conditioner was also off. RF power scale is made similar to Figure 9 for
comparison. In general the RF power varies more but note that there is a one
hour period of very high RF stability centered on about Hour 398.8. This
time is also at the turning point of the temperature diurnal variation.
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Figure 16: Time series of results with temperature controller OFF. The room
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