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L AND C -BAND CRYOGENIC FRONT-END FOR
HARVARD OBSERVATORY FORT DAVIS TEXAS

George H. Behrens, Jr.

INTRODUCTION

The purpose of this report is to describe the characteristics of new

dual band (L and C band) front-end built at NRAO for Harvard's Observatory

(HRAS) at Fort Davis, Texas. Information in this report will include a brief

description of the front-end, wiring diagrams, schematics, and measured test

data.

Installed at Fort Davis during January 1981, this front-end should sig-

nificantly improve the sensitivity of the VLB observations from that station.

The previous system noise temperature at Fort Davis was 120 1 0°K at 18 cm and

about 180°K at 6 cm. Telescope measurements with the new receiver indicate an

approximate system temperature of 70°K at 18 cm and 60°K at 6 cm. The design

frequencies are 1.4-1.7 GHz for the L-band and 4.9-5 1 for the C-band channel.

In this report the L-band and C-band channels are sometimes referred to as the

18 cm and 6 cm, respectively.

GENERAL SYSTEM DESCRIPTION

The front-end system is shown in the block diagram of Figure 1A. The

is made up of three chassis: the vacuum dewar assembly, the front-end

inst umentation chassis and the control oom monitor and control chassis.

Cabling between the three chassis is also shown in Figure IB.

Vacu_unikcLtia_r_ nbl

The vacuum dewar assembly houses the low noise GaAs FET amplifiers, as-

sociated wiring, waveguide transitions RF input and output lines and cryogenic

refrigerator. Photographs of the dewar assembly are shown in Figures 2 through

4. Internal dewar wiring is shown in Figure 5.
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1. Dewar 

The aluminum dewar is surplus equipment obtained from the National

Oceanic and Atmospheric Administration (NOAA) and previously used to house

low noise amplifiers for one of that agency's projects. Some modification

of the dewar was required to accommodate the new front-end components and

stop previous vacuum leaks. A new stainless-steel RF input/output plate re

placed the previous aluminum plate which had several unrepairable leaks.

Vacuum integrity now appears excellent, as revealed by room temperature leak

testing with a mass spectrometer.

It has been found that at room temperature the dewar can be evacuated to

about 5 microns, then valved off, and over a period of about one hour the

vacuum increases to only 6 microns. This characteristic can be used as a

check if future leaks are suspected.

Low Noise Amplifiers 

GaAs FET amplifiers cooled to approximately 15°K are used as the low

noise amplifiers at both L and C band. In both cases, two stage amplifiers

are used. These amplifiers were designed and built by S. Weinreb and C. Pace

at NRAO, Charlottesville, VA, and are similar to those described in Electronics

Division Internal Report No. 202 and S. Weinreb's paper entitled "L -Band,

Cryogenically-Cooled GaAs FET Amplifiers," Microwave Journal, October 1980.

The L -band amplifier (NRAO S/N 33) is designed to operate from 1.4-1.7

GHz with a gain greater than 20 dB and a measured noise temperature less than

20°K. See Figure 6 and Table 1. It should be noted the amplifier operates

well above and below the design frequencies with considerable gain.

The C -band amplifier (NRAO S/N 18) operates from 4.9-5.1 GHz with a mea-

sured noise temperature less than 27°K and a gain greater than 27 dB. (See



describedtemperature monitor system designed by M. Balister

on the cold finger of the refrigerato permits the user

e dewar and is connected toIn

either a vacu meter at the front-end inst u entation chassis or a vacuum

control chassis. A switch on the front-meter

Table 2.) It should also be noted that the C -band amplifier, unlike the L--

band device, requires an input circulator. On the gain response curve

should be noted a small "suck out' occurs at about 5.15 GHz

be caused by the circulator rather than the amplifier. Since the suck out is

out of band, no attempt was made to eliminate

3. Future X-Band Channel 

Components were laid out with the possibility of adding an X-band channel

t some time in the future, if so desired. A hole in the dewar RF nputio tput

plate provides access for X-band waveguide if such a channel is to be added.

4. Refrigerator Temperature Monitor 

The physical temperature of the low noise amplifiers is monitored by a

and is thought to

204. The temperature sensing device a Lake Shore silicon diode is mounted

to continuously monitor refrigerator tempe ature from either the control roam

or the front end as a check on cryogenic performance.

5. Vacuum Monitor

The dewar vacuum is continuously monitored through the use of a Hastings

compact vacuum gauge (Model VT5) described in the manual covering this device.

end instrumentation chassis selects which vacuum meter the gauge tube is
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6. C -Band Waveguide Coax Transition 

The C -band input waveguide changes to coaxial line as it enters the dewar.

The coaxial line is designed in such a way to minimize thermal loading and at

the same time provide the necessary vacuum seal. This transition was obtained

from the VLA site in Socorro, NM and further information regarding its char-

acteristics can be obtained from P. Lilie of that facility.

Front-End Instrumentation Chassis 

The front-end instrumentation chassis (Figure 7) houses the power sup-

plies for the low noise GaAs FET amps, the refrigerator temperature monitor,

a vacuum monitor, and a solid-state relay which can be used to turn the system

on and off from the control room. Wiring for this chassis is shown in Figure 8.

. Constant Current Power Supplies for GaAs FET,'s 

The power supplies for the GaAs FET amplifiers are housed in two small

packages located within the front-end instrumentation chassis. Each package

contains two supplies: one for the first stage and one for the second stage

of each amplifier. The schematic for each power supply package is shown in

Figure 9. Each supply has monitor points to check the various gate and drain

voltages of each amplifier along with the drain currents. The measured values

of these voltages are given in Table 3.

- S olid State Relay 

A solid state relay is housed in this unit which permits the front-end

system to be turned on and off from the control room monitor and control

chassis. To use this feature, the power switch on the front-end instrumen-

tation chassis must be in the control room position. If the switch is left

in the F.E. position, the S/S relay is bypassed and the system can function

without the control room monitor and control chassis.



erator temperature from the control turn t" e sys-

* I
D mA. = measured voltage x 10.

Control Room Monitor and Control Chassis 

This unit (Figure 10) allows the user dewar vacuum and refrig-monitor

TABLE 3

Operating Voltages for GaAs FET Amplifiers

C Band L -Band
First Stag (volts)

V
D1

+4.679 +2.999

V
gl

-1.364 -1.406

I
D1

*
+0.696 +0.987

Second Stage 1 s)

V
D2

+3.000 +2.993

V
g2

-1.531 -1.861

*
I

D2
+0.996 +0.486

tem on and off remotely, if necessary. The wiring for this unit is shown in

Figure 11.

Vacuum Meter 

Since long lengths of cable affect the accuracy of the vacuum meters, the

monitor in this chassis was modified to compensate for 350 feet of #20 tele-

scope cable. This was done by changing zener diode D1 to a 10 V zener. (See

vacuum meter instruction manual.) This allows the gauge to compensate for the

voltage drop in the long cable between the gauge tube and the meter. The



meter should be calibrated at the telescope during installation to get accu-

rate vacuum readings. This can be done by reading the vacuum at the front-end

instrumentation chassis and then adjusting the meter in the control room to

read the same value.

. Refrigerator Temperature Monitor 

This monitor should read the same value as displayed at the front-end

instrumentation chassis. If it do es not , adjust P1 located inside the chassis

and adjacent to the DPM.

Refrigeration System 

The cryogenic refrigeration system is part of the de war dystem received

from DIOAA and was manufactured by Cryogenic Technology, Inc. Waltham NA.

The Model 350 cryodyne helium refrigerator has a thermal capacity of 3 watts

at 20°K. For full details regarding specifications operation, and maintenance,

refer to the refrigerator operator's manual.

With the present thermal load the operating temperature is approximately

15.5°K as read by the refrigerator temperature monitor. Any significant in-

crease in temperature (2 degrees or more) warrants investigation of either re-

frigeration or vacuum Problems.

Measurements in the lab indicate the system takes 3 hours and 5 minutes

to cool down to 15.5°K. Any significant increase in time to achieve cool

down means either a poor vacuum or a refrigeration problem exists.

Before initiating cool down, the dewar should be evacuated to 10 microns

or less. The vacuum pump should be allowed to pump until the hydrogen vapor

pressure gauge drops to 70 psi (refrigerator temperature approximately 30°K)

At that point the roughing valve may be shut and the vacuum pump removed from

the front end.
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LAB TEST DATA

Gain Measurements 

Gain measurements were performed with the equipment set up as shown in

Figure 12. Gain curves traced from the oscilloscope are shown for both bands

in Figure 6.

Noise Temperature Measurements 

Noise temperature measurements were made using the Y factor and power

meter technique shown in Figure 13. In both cases coaxial liquid nitrogen

and room temperature loads were used for the measurements. In the case of

the C-band unit, the noise temperature values include a waveguide to coaxial

adapter which was required to connect the loads to the front end. The result-

ing measurements are given in Tables 1 and 2.

Input Impedance Measurements 

Input impedance measurements were made on both channels with an H-P net-

work  analyzer. The results are shown in Figures 14A and 14B. The reference

Plane for the L -band channel was the L -band coaxial input transition. The

reference plane for the C -band measurements was at the waveguide flange of the

waveguide -to -coaxial transition.

The measurements indicate a VSWR less than 2.5:1 for the -band channel

and less than 1.3:1 for the C -band channel.
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TELESCOPE TEST DATA

The front-end was installed on the HRAS 85-foot telescope during the week

of 12 January 1981. During this period the cryogenic compressor and helium

lines were also installed. The dewar was evacuated and the vacuum integrity

appeared normal. Cooled down was achieved in a normal amount of time (ap-

proximately 3 hours), but the refrigerator temperature never went below 16.5°K.

In the lab at Green Bank, the normal operating temperature was 15.5 K. It was

also observed at HRAS that the return pressure on the compressor was running on

about 80 psi with the supply pressure at 250 psi. At Green Bank, the normal

return pressure was 62 psi. It was also noted that the refrigerator tempera-

ture fluctuated up and down over the range from l6.5°K - 18 0°K over a period

of a few yours. This ms to indicate some problem with the cryogenic  system

which should be looked into.
Aside from the above-mentioned cryogenic difficulties, the front-end ap-

pears to be operating normally as confirmed by the tests described below.

Gain Measurements 

Measurements of gain on both channels were repeated on the telescope using

the same equipment previously used in the lab measurements. It was found that

the gain response on the telescope for all practical purposes repeated those

measured in the lab.

Noise Tem erature Measurements

System noise temperature measurements of the HRAS 6 cm and 18 cm radiom-

eters were planned but, unfortunately, the mixers and/or the LO systems were

inoperative at the time the me.asurements were to be made. Therefore, noise

temperature measurements of the front-end after installed on the telescope

were made exactly like those made in the lab. (See Figure 13.) The same

second stage amplifiers and bandpass filters were also used.



transmission lines and couplers and the noise contribution due to the antenna.

The measured noise calibration is al

Two sets of noise temperature measurements

each channel. The first set of measurements

end noise temperature without the feed assembly but included the transmission

line and directional couplers between the dewar and the feed assembly. The

second set of noise temperature measurements were made with the telescope

pointed to zenith and the feed assembly connected. The second set of noise

temperature measurements gives the expected system noise temperature during

observations. The difference between the first and second set of noise tempera-

tures is the noise contribution due to the feed and telescope.

In making the above measurements, the same liquid nitrogen and room tem-

perature loads used in the lab measurements were used to determine the system

noise temperature without the feed assembly. During this measurement the noise

sources were also calibrated. The calibrated noise sources were then used to

measure the system noise temperature with the feed asemblies connected and

the telescope at the zenith position.

The results of these measurements along with the in-lab measurements are

shown in Table 4. The table also shows the measured noise contribution due to

when measuring the total system noise for both channels a snow storm was in

progress. In the case of the L -band measurement which was performed one day

after the C -band measurement , snow accumulation in the dish was rather heavy

and may have accounted to some extent for the unexpectedly high antenna noise
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CONCLUSION

Results of the above tests indicate the new front-end should significantly

improve the sensitivity of measurements at 6 cm and 18 cm. The 6 cm measure-

ments indicate reasonable values of noise contribution due to losses in the

waveguide components between the feed assembly and the dewar input (average

value = 7.4°K). This value corresponds to a loss of 0.1 dB. The average

noise contribution due to the feed assembly was 26.4°K although reasonable,

it seems possibly 5° or 10
0
 higher than might be expected (based on the

writer's past experience with similar measurements of 6 cm feeds at the NRAO

140-ft telescope). This 5°or 10° excessive noise might be attributed to the

weather and reflector conditions mentioned above. Another reason for the

higher than expected noise contribution could very well be the long piece of

waveguide (approximately 3 feet) which is an integral part of the feed as-

sembly. Theoretical loss of 3 feet of brass guide is 0.07 dB at 5 GHz which

corresponds to approximately 5°K. However, the loss of the waveguide could

easily be twice its theoretical value due to dirt, corrosion, flange contacts,

etc.

Similarly, at 18 cm the results of the measurements indicate reasonable

noise temperature contribution due to transmission line components between the

feed assembly and the dewar input (average value = 10°K). This corresponds to

0.14 dB of loss due to the directional coupler and a 21" piece of 1/2" Spiro-

line cable between the feed assembly and the directional coupler which is

very close to the theoretical value. However, noise contribution due to the

feed assembly (average = 47.3°K) is about 20°K higher than what one would ex-

pect. As mentioned above this could be due to weather conditions and snow in

the dish. It could also be due to a feed with a high spillover temperature

(over-illumination).
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In view of the above, measurements of feed assembly noise contribution

should be repeated in good weather to determine the causes of the higher

than normal antenna temperatures and corrective action taken, if practical.
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NOTES:
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+2.999

V 1.40
+0,987

VD +2.9
VG —1.8 1

REFR. TEMP. AT
—16°K

26

1.0 1.27
1

421.50 1.72 2.0. 
I.. - BAND

RX. BANDPASS

18

TABLE 2 C-Band Noise

Temperature Measurements

Noise
Frequency Temperature

(Gliz) (°K)

4.90 25
4.95 25
5.00 26
5.05 23
5.10 25

VG 1 — 1.384
'Di +0.69
VO + .000
V 2 —1.53

PEER. TEMP, AT
16°K

5.0
GHz

C - BAND 
RX. BANDPASS

4.5 5.5

Noise
Frequency Temperature

(GHz) (°K) 

1.40 16
1.45 15
1.50 14
1.55 13
1.60 10
1.65 12
1.70 15
1.75 13

Tti-j3LE 1 L-Band Noise

Temperature Measurements
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( VD)
DRAIN

VOLTAGE

VG1
GATE
VOLTAGE

1N4099
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MON.

0.1 WmA

VD T.P.
MON.

VG T.P.
MON.

1K 1K
100 24.9K

0.1 VimA

p,F

100K
CW15K

+15

0-6V
VD ADJ

2N2219

+15

1.0
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VG 1 A
VD2
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10K
0- 30mA
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11K
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400 5

( VG 2)
GATE
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IN4099
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DRAIN

VOLTAGE
499K

-15
(GN0.2)

CW
(GN0.2)

10K
0 - 30mA
ID AD4+15 +15

10K
0-6 V
VD ADJ AU.. OP AMPS,1/4 IL 075 EICN

ALL OP AMPS 1/4 TL,0 7 5 BCN 7 PIN AMPH.
CONN.

SECTION -

1

+15100K

100K

499K

22

CONSTANT CURRENT FET SUPPLY FOR
6 crn 8i 18cm FET i s (One,2 section,as shown fo each )

FIG. 9
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-BAND
easured Input Impedance 12/23/80

Reference Plane at Dewar input Connector
FIG.14A



Measured Input Impedance
Reference Plane of Wavegu'de/Coox
Dewar Input Transition

FIG. 14B

C BAND
12/24/80
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