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1. Introduction 
 
 
This report summarizes the design of the Broad-Band VGOS cryogenic receiver for the RAEGE 
radio telescope installed at Yebes Technology Development Center. 
 
The receiver is based on a two stages closed cycle cryocooler (SHI RDK-408S2), the cold stage 
below 10 K and the intermediate stage, below 40 K.  
 
 

Specifications 

 
Frequency band* 2-14 GHz 

Physical Temperature 
< 70 K intermediate stage 

< 20 K cold stage 

Pressure < 10-5 mbar 

Pressure Leaks < 1 · 10-5 mbar·l/sec 

Gain > 25 dB 

Noise Temperature < 30 K 

Input 
Vacuum window to QRFH feed 

calibration: SMA 

Output 2 linear polarizations: SMA 

Output impedance 50 Ω 

Table 1: Receiver specifications 
 
 

* IVS Frequency Band for VGOS Geodetic Observations. 
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2. Cryostat Geometry 
 
The next figures show the cryostat design: 
 

 

  
Figure 1. Cryostat overview: cold head (light blue), vacuum case (pink and dark blue),  

radiation shield (blue), intermediate stage (red) and cold stage (violet). 

 
The cryostat will be built over a Sumitomo SRDK-408S2 cold head in a cylindrical dewar 
made of stainless steel. Top and bottom cover are made of aluminum. In the top cover a 
vacuum window lets the broadband radiation goes through. In the bottom cover there are all 
the RF connectors (signal outputs and calibration inputs), vacuum flanges, pressure monitor, 
DC cabling and housekeeping connectors. 
 
Inside the cryostat there is a cylindrical radiation shield made of aluminum and with 
multilayer isolation (MLI). The temperature of this stage is less than 40 K. 
 
Removing the radiation shield, the entire receiver can be easily reached. It is the coldest part 
of the receiver at temperature <10 K. The cold stage is made of copper. 
 
RF cabling: The cables that connect the cold stage (3dB-90deg hybrids) with the room 
temperature stage (SMA output connectors) are made of coaxial semi-rigid stainless steel 
cable, UT-085. The directional couplers (calibration signal injection) are connected directly to 
the feed (QRFH) outputs (2 linear polarizations, channels A and B).The cables from the 
couplers outputs to the LNAs inputs are coaxial hand-formable, UT-141. The cables carrying 
the calibration signal from the SMA calibration input connectors (ambient temperature) to 
the coupler CPL input are also semi-rigid stainless steel UT-085 cable. 
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2.1. Vacuum case 

 
 

 
Figure 2. Dewar design: cylinder, bottom and top covers. 

 
The dewar consists of three main parts: stainless steel cylinder and aluminum top and 
bottom covers. At the top cover the vacuum window is installed. 
 
The dewar lower flange has several inputs/outputs for different uses: 
 
- Cold head connection: to place the cold head in the right position. 

- Two apertures with transitions for the vacuum control (pressure sensor and vacuum 
valve). 

- Five Fisher hermetic connectors for the housekeeping control and monitoring, and 
amplifiers biasing. 

- Four SMA hermetic connectors for the RF signals (calibration inputs and RF outputs). 
 
Inside the dewar, at the bottom cover, there is an aluminum plate to carry out the transition 
between room temperature DC wiring and the cryogenic wires, using DB connectors. 
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2.1.1. Vacuum Seals 

 
O-rings: main specifications and locations are presented in the table below: 
 

 
Table 2: Vacuum seals Epidor. [3] 

 

2.1.2. Vacuum Window 

 
The vacuum window goal is to allow transition (physical, electromagnetic and vacuum) 
between the signal and the triband feed. For this receiver, a vacuum window made of 
Mylar (Polyethylene terephthalate film, thickness 0.5 mm) was selected. 
 

2.2. Intermediate stage and radiation shield 

 

The intermediate stage is an aluminum plate of 6 mm thickness and 342 mm diameter, 

screwed onto the first stage of the cold head. Attached to this plate there is an aluminum 

cylinder to cover the cold stage and reduce the radiation load. The radiation shield is 

covered with multilayer isolator, MLI (8 layers with a total thickness of ≈4 mm) to reduce 

the radiation thermal load between the intermediate and cold stages. 

 

The Mylar layers used are NRC-2, crinkled aluminized Mylar film 0.006 mm, with a 

reflectivity of 0.03. The NRC-2 exhibit excellent thermal insulation efficiencies when the 

pressure inside the receiver is less than 10E-4 mbar (the pressure reach inside the dewar is 

usually below 10E-6 mbar). 

 

On the intermediate stage, there are placed several housekeeping devices: temperature 

sensor, heating resistor, thermostat and zeolites based vacuum trap. These devices have the 

following characteristics:  

- Heating resistor: 100 Ω, 25 W.  

- Zeolites regeneration resistor: the vacuum trap includes a 100 Ω and 2.5 W regeneration 

resistor.  

- Temperature sensor: DT-670 Lakeshore Si-diode.  

- Thermostat: 70° ± 3°.  

 

The housekeeping devices allow to achieve a better vacuum inside the cryostat and help to 

warm up faster the receiver in case it is necessary. 

 

Another important element, at the intermediate stage, is the infrared filter. It is located on 

the top cover of the radiation shield. The infrared filter is used to decrease the thermal load 

to the cold stage (infrared radiation that goes into the cryostat through the window of the 
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vacuum case). It is made of extruded polystyrene foam (3 ± 0.3 mm thickness, 0.033 

W/mK thermal conductivity at 40°C, 35 kg/m3 density). The filter consists of three foam 

layers separated by nylon washers 0.8 mm. 
 

 

 

Figure 3. Intermediate stage design and radiation shield. 
 

2.3. Cold stage 
 

The cold stage consists of a copper plate of 8 mm thickness screwed onto the second stage 

of the cold head and other plates, where LNAs, hybrids, couplers, housekeeping devices, 

etc., are placed. The housekeeping elements have the same specifications than the used for 

the intermediate stage. The QRFH feed is connected directly to the copper plate to achieve 

temperatures under 20 K. 

 
Figure 4. Cold Cu plate design 



                                                                                                Diseño del Criostato del Receptor de Banda Ancha 

7 

 

 
Figure 5. Cold stage plate designed for LNAs integration. 

 

2.4. Amplifier setting-up 

 
The cryostat will contain broadband low noise amplifiers attached to both QRFH feed 
outputs. The optimum final setup is still being under study: 
- Balanced configuration. 

- Single LNA configuration. 
 
Before the amplifiers, connected directly to the feed outputs, there are the directional 
couplers for the calibration signal injection (noise and phase). 
 

2.5. Internal DC wiring 

 
There are 5 hermetic Fischer connectors at the vacuum case bottom plate: 
 
- One of them with 16 pin for monitoring signals and housekeeping. 

- Four of them with 11 pin for the amplifiers biasing signals. 
 
The next figures show the Fischer connectors pin-out (11 and 16 pin): 

 

  
 

Figure 6: 11 pin Fischer  
(connector view, red point up). 

 
Figure 7: 16 pin Fischer 

(connector view, red point up). 

 
The DC wiring will be done using small section long cables to reduce the load due to 
conduction. 
The pin number correspondence between the hermetic fischer connectors and the DB9 and 
DB15 connectors in the dewar bottom plate is always 1 to 1. 
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The next table indicates the pin-out association between connectors. 
 
Pin-Out DC connections Yebes Broad-Band receiver: 
 

QRFH Receiver House-keeping signals 
 Fischer pin Signal DB25 pin Banana DB25 cart 

1 ti+ 3-4   3-4 

2 ti- 15-16   15-16 

3 tc+ 6-7   6-7 

4 tc- 18-19   18-19 

5 tf+ 9-10   9-10 

6 tf- 21-22   21-22 

7 free       

8 free       

9 calef_on   red 5 

10 regen_on   yellow 1 

11 gnd_res   black 11 

12 calef_mon   red (test) 8 

13 regen_mon   black (test) 2 

14 free       

15 free       

16 free       
 

Table 3: Fischer Connector (C7) 16 pin (housekeeping) correspondence with the DB25 connector. 

 
Fischer Pin MDM9 Pin Signal 

1 1 Gnd 

2 2 Vd1 

3 3 Vg1 

4 4 Vd2 

5 5 Vg2 

6 6 Vd3 

7 7 Vg3 

 
Table 4: Fischer Connector (C1) 11 pin (A1 LNA) correspondence with the MDM9 connector. 

 
Fischer Pin MDM9 Pin Signal 

1 1 Gnd 

2 2 Vd1 

3 3 Vg1 

4 4 Vd2 

5 5 Vg2 

6 6 Vd3 

7 7 Vg3 

 
Table 5: Fischer Connector (C2) 11 pin (A2 LNA) correspondence with the MDM9 connector. 
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Fischer Pin MDM9 Pin Signal 

1 1 Gnd 

2 2 Vd1 

3 3 Vg1 

4 4 Vd2 

5 5 Vg2 

6 6 Vd3 

7 7 Vg3 

 
Table 6: Fischer Connector (C3) 11 pin (B1 LNA) correspondence with the MDM9 connector. 

 
Fischer Pin MDM9 Pin Signal 

1 1 Gnd 

2 2 Vd1 

3 3 Vg1 

4 4 Vd2 

5 5 Vg2 

6 6 Vd3 

7 7 Vg3 

 
Table 7: Fischer Connector (C4) 11 pin (B2 LNA) correspondence with the MDM9 connector. 

 
Several pins and wires have been left free taking into account future upgrades (amplifiers 
changes). 

 

2.5.1. Low Noise Amplifiers biasing wiring 
 
Next figure show the pin-out for the amplifier biasing connectors: 

 

 
Figure 8. LNAs biasing pin-out. 

 

 



                                                                                                Diseño del Criostato del Receptor de Banda Ancha 

10 

 

2.5.2. Housekeeping wiring 
 

 
Figure 9: House-keeping circuit design. 

 
There is a 16 pin Fischer connector placed at the room temperature stage (300 K) for the 
cryostat internal monitoring signals: heating resistors, zeolites regenerators, temperature 
sensors and thermostats. 

 
Fischer Pin Signal Description 

1 Ti+ Intermediate stage temperature sensor (+) 

2 Ti- Intermediate stage temperature sensor (-) 

3 Tc+ Cold stage temperature sensor (+) 

4 Tc- Cold stage temperature sensor (-) 

5 Tf+ Feed temperature sensor (+) 

6 Tf- Feed temperature sensor (-) 

9 Calef_on Signal to activate the heaters 

10 Regen_on Signal to activate the zeolites regeneration 

11 GND_res Ground 

12 Calef_mon Heaters monitoring 

13 Regen_mon Regenerators monitoring 

 
Table 8. Housekeeping signals description. 

 
A cable is supplied to connect the receiver with the different housekeeping signals. One end 
has the Fischer connector o be plugged to the receiver. The other end contains the following 
elements: 
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QRFH Receiver House-keeping signals 
 Fischer pin Signal DB25 pin Banana DB25 cart 

1 ti+ 3-4   3-4 

2 ti- 15-16   15-16 

3 tc+ 6-7   6-7 

4 tc- 18-19   18-19 

5 tf+ 9-10   9-10 

6 tf- 21-22   21-22 

7 free       

8 free       

9 calef_on   Yellow 5 

10 regen_on   Red 1 

11 gnd_res   Black 11 

12 calef_mon   Black 8 

13 regen_mon   Red 2 

14 free       

15 free       

16 free       
 

Table 9. Housekeeping 5 m cable description. 

 
So, there is a cable connecting the receiver (Fischer female connector) with the cart back 
platen (DB25 female connector). There is another cable connecting the cart back platen 
(DB25 female connector) with the temperatures monitoring system (Lakeshore DB25 male) 
and the power supply for the resistors. 
 
- DB-25 connector: to Lakeshore 218 system (positions one, two and three) DT 670 

sensors. 

- Banana connectors: to power supply for the receiver heating and zeolites regenerating. 
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3. Cryogenic system 
 
This receiver uses a SHI (Sumitomo Heavy Industries) Cold Head Model SRDK-408S2, with 
the following characteristics: 

 

 
Figure 10. Typical refrigeration capacity of the model SRDK-408S2 cryocooler (50 Hz). 

 
The associated Sumitomo compressor is CNA-61C/D model. 
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4. Appendix 
 

4.1. Vacuum transducer and controller 
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4.2. Temperature sensors specifications 
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4.3. Temperature monitor 
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4.4. Vacuum window 

 

 
 



                                                                                                Diseño del Criostato del Receptor de Banda Ancha 

18 

 

 

 
 

 


