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85-3 S and X RECEIVER SYSTEM

James R. Coe

1.0 General

This receiver system was designed to be used with the 85-3

Antenna as a VLBI station for the Naval Observatory. It receives

the 2210 to 2310 and 8200 to 8600 MHz frequency bands. All the

oscillators used for frequency conversion are derived from a

Hydrogen Maser Time Standard located at the 140 Foot Antenna. The

Mark III VLBI station at the 140-foot is being used to process and

record the receiver outputs. When a VLBA type converter is

completed, it will be installed at the Interferometer Control

Building to record the data

The system consists of the receiver package at the prime focus

of the 85-3 Antenna, a fiber optic system, and a control computer.

The fiber optic system is used to transmit the IF signals to the

140 Foot Antenna control room, the local oscillator reference

signals from there to 85-3, and to transmit the receiver control

and monitor signals. The receiver control and monitor computer is

located at the Interferometer Control Building.

2.0 S and X Receiver Package

The receiver is mounted in a standard NRAO Green Bank front

end box 60" by 28" by 28" supported in the focus and polarization

mount by a 45" diameter circular flange. The receiver box is kept

at a temperature of 25 C + or - 3 C with thermoelectric heat pumps

and a proportional controller. The block diagram, parts list and



a photograph of the receiver are shown in Figures 1, 2 and 3. As

shown on the block diagram both the right and left hand circularly

polarized signals are received. The two polarizations at each

frequency are designated X-R, X-L and S-R, S-L. The signal flow

is from the feed through the low noise amplifier. After

amplification in the low noise amplifier the signals are limited

in frequency by the band pass filters. The RF amplifiers increase

the signal level ahead of the mixer to minimize the mixer

contribution to the overall noise temperature. The Intermediate

Frequency signals from the mixer are amplified and detected to get

the total power for monitoring receiver performance. The X-R and

S-R IF signals along with the 500 MHz Local Oscillator reference

signal are combined in the IF triplexer. The ALC amplifier

provides a constant input level of 0 dBm to the optical transmitter

which sends the signals through the fiber to the 140-foot antenna

control room.

2.1 S and X Feed

A dual-frequency dual-polarized feed was designed for this

receiver. It illuminates the reflector antenna with an f/d of .43

with minimum spillover. From feed patterns obtained on the test

range the computed aperture efficiency was 58% at S-Band and the

spillover and scattered noise was 6 Kelvin. At X-band feed

patterns predicted 58% aperture efficiency and 3 Kelvin spillover.

The antenna efficiency was measured as 52 % at S-band and 34% at
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X-band on 85-3. An outline drawing of the feed is shown in Figure

4.1

2.2 Dewar Assembly

The receiver uses low noise HEMT amplifiers cooled to 15

Kelvin with a closed cycle helium refrigerator system. The S-band

inputs to the dewar are through rectangular wave guide. The X-band

input is a circular waveguide with the polarizer inside the dewar.

Typical gain and noise temperatures for the S-band channels are 33

dB and 12 Kelvin. The X-band noise temperatures at the dewar

flange are 14 Kelvin with a gain of 35 dB .2

2.3 Local Oscillator System

The local oscillator system generates the X-band and S-band

signals at 7600 MHz and 2000 MHz. These signals are phase locked

to reference derived from a step recovery diode comb generator

driven by a 100 MHz crystal oscillator. Phase changes through the

step diode are minimized by comparing the 500 MHz comb output with

a 500 MHz reference signal from the Hydrogen Maser and controlling

the phase of the 100 MHz crystal oscillator to keep the phase

difference constant.

The local oscillators can be switched on and off from the

control computer. This allows one to determine if offsets exist in

the total power monitors used for system temperature measurements.
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2.3.1 Phase Detector Module

A phase detector, loop amplifier and lock indicator module

was developed for use in the three phase lock loops in the receiver

front end and one in the interface at the 140 foot. The schematic

and parts list are shown in Figure 5 and 6. Signal and reference

input levels are 0 dBm. The mixers M1 and M2 perform as phase

detectors. The signal input to the lock detector mixer M2 is

shifted 90 degrees by the lumped constant quarter wave transmission

line so it's output is maximum when the oscillator and reference

are locked. If the lock indicator level drops below -.5 volt level

set by pot Kl, power is applied to the 555 timer to generate a

square wave. This signal is injected into the loop amplifier to

sweep the oscillator frequency to aid in attaining lock. The phase

detector module is used for the S-Band LO, X-Band LO, and 100 MHz

phase locked loops. The X-Band and S-Band LO phase lock loops have

200 MHz inputs to the phase detector and the 100 MHz phase lock

loop has 500 MHz signal and reference inputs. The phase lock loop

natural frequency and damping are set by R14, C15 and R13. As

shown on the parts list these are different for each VCO to

compensate for the different tuning sensitivities.3

2.4 Analog Optical Fiber Link

The analog optical fiber link transmits the S and X band

Intermediate Frequencies to the VLBI equipment at the 140-foot

antenna. The link consists of an optical transmitter, an optical

receiver and the interconnecting fiber. The transmitter and
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receiver operate at optical wavelength of 1300 nanometer. The

laser diode transmitter is amplitude modulated by the radio

frequency signals. An rf band of 10 to 1000 MHz can be transmitted

through this link. Single mode fibers are used to carry these

broadband signals. To minimize the noise from the optical

transmitters the reflections in the fiber must be low.  Low

reflection optical connectors were installed on the transmitters

and receivers. Fusion splices were used to interconnect the buried

fiber with the antenna and control building fibers. There are four

single mode fibers from the 85-3 Front End Box down the antenna to

the Interferometer Control Building. There, two fibers are spliced

to buried cable that goes to 85-1 and then on to the 140-Foot

Control Room. This run is 2.6 kilometers long and contains four

splices with low reflection connectors on each end and

optical loss of about 8 dB. The buried cable contains four

mode fibers for use with the analog links and four multimode

for digital links.

The rf transmission loss with the transmitter connected

directly to the receiver is about 15 dB. The maximum input power

level is +10 dBm, and with narrow band signals the S/N at the

receiver is 70 dB. When broadband signals are transmitted through

the link, the noise level increases due to intermodulation. With

the 200 MHz wide S-Band IF and the 400 MHz X-Band IF signals

transmitted on the same link, the S/N at the 140 control room is

26 dB or more.

has an

single

fibers
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2.5 Phase Calibration

The phase calibration system uses the Mark III VLBI Phase and

Group delay calibrator to generate the 1 Mhz comb of frequencies.

These signals are combined with the noise calibration signals as

shown on Figure 1 and injected into the cal port on the dewar. The

X-R channel has the phase cal but it has been removed from the X-

L channel to increase the level in X-R. Both S-R and S-L channels

have the phase cal signals. The input 5 MHz to the delay

calibrator antenna unit is produced by dividing the 500 MHz local

oscillator reference signal by 100.

2.6 Receiver Control and Monitor

The receiver has six power supply voltages as well as twenty

other analog signals which are monitored and displayed at the

Interferometer Control Building. There are also separate on/off

controls for each of the local oscillators and the noise

calibration signals. The control and monitor is implemented using

a VLBA standard interface board mounted in an RFI tight enclosure

in the receiver box. This board contains a microprocessor, an A-

D Converter and multiplexer as well as digital I/O. Interrogation

and control of the board functions is accomplished using a AT class

AST personal computer located at the Interferometer Control

Building. All functions are read once every two seconds.

Interconnections between the two use a fiber optic driver and

cable .4
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The output from the computer is through the serial port which

is operated at 56 kilobaud. The computer controls the antenna as

well as the receiver. The computer program is quite complex as it

determines which radio source is to be observed from an observing

file and transforms the positions from the indicated epoch to 1950

positions. Then it precesses the positions to the current date,

corrects for nutation, aberration, and antenna pointing errors and

controls the drive motors to position the antenna on the source.

The computer program provides a real time display of the

critical antenna and receiver functions as shown in Figure 7. The

system temperatures for each of the four receiver channels are

displayed. A good indication of the receiver stability is shown

by the Rms Temps block. This is a 20 sample running average of the

expanded total power rms. The Local oscillator levels and phase

lock status are also displayed. The refrigerator second stage

temperature and the receiver box temperature are shown along with

the cryogenic compressor supply and return pressures.  Antenna

position and focus and polarization positions are presented.

For diagnosing receiver and cryogenic problems a number of

zoom screens can be displayed. These screens show the last 15

minute records of selected functions at one minute intervals. In

addition log files are written with all functions logged every 15

minutes as an aid to determining long term trends. The computer

also provides manual control screens for testing the receiver and

the antenna .5
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2.7 System Noise Temperatures

The average system noise temperatures measured on the antenna

were 37 Kelvin for the X-band and 36 degrees for the S-band

channels. Using measurements in the test mount with the feed

pointing up in the sky and the receiver measurements the various

contributions to the system temperature were computed as shown in

Table 1.

TABLE 1

85-3 System Noise Temperature Contributions

Channel X-R X-L S-R S-L

Receiver Temp 14 14 12 12
at Dewar Flange

Feed and WG Losses 11 10 11 9

Feed spillover 7 7 9 9
and scatter

Sky noise (est) 6 6 5 5

3.0 140-Foot 85-3 Interface

The function of this equipment is to receive the S-Band and

X-Band Intermediate Frequencies transmitted from 85-3 over the

optical fiber and convert the X-Band IF to the frequencies needed

by the VLBI equipment.

A 500 MHz signal referenced to the Hydrogen Maser is generated

and transmitted to the 85-3 front end as a local oscillator
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reference. It provides a round trip monitor through the fiber from

the 140-Foot to 85 -3 of the 500 MHz phase shift. A block diagram

and parts list are shown on Figure 8: 140-FOOT - 85-3 INTERFACE

BLOCK DIAGRAM.

The X-Band IF is converted down to the range required by the

MK III VLBI equipment by mixing with 500 MHz derived from the

Hydrogen Maser. A listing of the S-Band and X-Band IF Converter

Frequencies are tabulated below. The first oscillator is at 2000

MHz for the S-Band channels and 7600 MHz for the X-Band channels.

TABLE 2

VLBI IF Converter Local Oscillator Frequencies

S-Band Channels X-Band Channels

1 217.99 MHz 1 110.99 MHz

2 222.99 " 2 120.99 "

3 237.99 " 3 150.99 "

4 267.99 " 4 210.99 "

5 292.99 " 5 320.99 "

6 302.99 " 6 400.99 "

7 450.99 "

8 470.99 "

The diode switch is used to assure the 500 MHz reference is

properly locked to the hydrogen maser before the signal is sent to

the receiver. When the 100 MHz VCXO is locked to the maser the
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switch closes and transmits the 500 MHz reference to the 85-3.

Operating this way, the 100 MHz lock/unlock message on the 85-3

Control and Monitor Computer screen indicates lock only when both

of the 100 MHz oscillators in the front end box and in the 140 Foot

Interface are locked. A Hewlett Packard Vector Voltmeter is used

to measure the phase shift experienced by the 500 MHz signal

transmitted through the optical fiber to 85-3 and back. Delay

changes of 200 picoseconds in twelve hours through the 2.6

kilometer run of buried and exposed fiber are typical and are

caused by outside temperature changes.
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