
    
 

                    YYeebbeess  

  
  
  
  
  

  
  
  
  

NNeeww  KK  BBaanndd  RReecceeii vveerr   

ffoorr   MMuull tt ii ffrr eeqquueennccyy  VVLLBBII   
  
 

B. Vaquero, F. Tercero, J.A. López-Fernández, J.M. Serna, M. Patino,  
P. de Vicente, J.A. López-Pérez, S. López Ruiz, S. Henche, J.M. Yagüe, J.A. Abad 

Informe Técnico IT ï CNTRAG 2015 - 6 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
May - 2015



 

 Intentionally left in black 
 

 



New K Band Receiver 

 

I 
 

Index  

Index .................................................................................................................................................................................. 1 

1. Introduction .......................................................................................................................................................... 3 

1.1. Specifications..............................................................................................................................................3 

2. Cryostat geometry ............................................................................................................................................. 4 

2.1. Vacuum case ...............................................................................................................................................5 

2.1.1. Vacuum window ..............................................................................................................................6 

2.1.2. Vacuum seals ....................................................................................................................................7 

2.2. Intermediate stage and radiation shield .........................................................................................7 

2.3. Cold stage .....................................................................................................................................................9 

3. Amplifier setting-up ....................................................................................................................................... 11 

3.1. Low Noise Amplifiers biasing module .......................................................................................... 12 

4. K band corrugated feed horn...................................................................................................................... 15 

4.1. K band feed measurements ............................................................................................................... 15 

5. Internal and external DC wiring ................................................................................................................ 19 

5.1. Low Noise Amplifiers biasing wiring ............................................................................................ 19 

5.2. Housekeeping wiring ........................................................................................................................... 21 

6. Cryogenic system ............................................................................................................................................ 23 

7. Cryostat thermal and vacuum behavior ................................................................................................ 24 

8. Receiver calibration: noise temperature ............................................................................................... 28 

8.1. Laboratory measurements ................................................................................................................ 28 

9. Receiver installed at the 40 m Radio Telescope ................................................................................. 31 

9.1. Noise temperature ................................................................................................................................ 32 

10. References .......................................................................................................................................................... 33 

11. Appendix ............................................................................................................................................................. 34 

11.1. YK22 003 amplifier specifications ............................................................................................. 34 

11.2. YK22  002 amplifier specifications ............................................................................................ 36 

11.3. Temperature sensors specifications ......................................................................................... 37 

11.4. Vacuum Window Specifications ................................................................................................. 38 

11.5. DC wiring .............................................................................................................................................. 40 

11.6. RF Cables .............................................................................................................................................. 40 

11.7. RF Measurements ............................................................................................................................. 42 

 

 



 

 Intentionally left in black 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



New K Band Receiver 

 

3 
 

1. Introduction  

This report summarizes the new design and characteristics of the K band cryogenic receiver 
developed at Yebes Observatory. The goal of this receiver is to be part of the new 
multifrequency VLBI system implemented in the 40 m radio telescope (observations in K and 
Q bands, future 3 mm upgrade). 
 
The receiver is based on a two stage closed cycle cryocooler (CTI-350), the cold stage below 
20 K and the intermediate stage, below 70 K. The K band receiver chain is composed by a 
corrugated feed horn (frequency band 21.75-24.45 GHz), polarizer and two low noise 
amplifiers (RHCP and LHCP). These devices have been designed, built, and measured at Yebes 
Observatory laboratories. 

 
1.1. Specifications  

 

Frequency bands K Band: 20.5 ɀ 24.5 GHz 

Physical Temperature 
< 65 K radiation shield 

< 15 K cold stage 

Pressure < 10-6 mbar 

Pressure Leaks at room temperature  

(mainly outgassing) 

< 3.5 · 10-5 mbar·l/s  

< 8.3 · 10-7 mbar/s  

Gain LNAs 
 27.7dB RCP 

 25.95 dB LCP 

Noise Temperature 
RCP band: < 20 K 

LCP band: < 20 K 

Input  

K band: feed 

RCP calibration: SMA 

LCP calibration: SMA 

Output 
RCP: K connector 

LCP: K connector 

Output impedance υπ ɱ 
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2. Cryostat geometry  

Next figures show the cryostat design overview: 
 

 
 

Figure 1. Cryostat overview (cold head (grey), vacuum case (blue), radiation  
shield (pink), cold stage (orange), feed (black) and vacuum window (light blue)). 

 
The cryostat is built over a Model-350 CTI cold head in a steel made cylindrical dewar. At the 
top cover, a vacuum window lets the K band radiation go through. At the bottom cover there 
are all the RF connectors for K band, the flanges for the pressure sensor and vacuum valve, 
DC cabling and housekeeping connectors.  
 
Inside the cryostat, attached to the intermediate stage, there is an aluminum made cylindrical 
radiation shield covered with multilayer isolator (MLI). The temperature of this stage is less 
than 61 K. Removing the radiation shield, the entire receiver can be easily reached. It is the 
coldest part of the receiver at, approximately, 13 K. Amplifiers, polarizer and the feed are 
thermally attached to the copper made cold stage. 
 



New K Band Receiver 

 

5 
 

The RF cables that connect the amplifiers and the polarizer with the room temperature stage 
(SMA connectors), are coaxial semi-rigid steel cables, UT-085B-SS. The cables that connect 
the LNAs with the polarizer are coaxial semi-rigid copper cables, UT-141C-LL. 
 
 

2.1. Vacuum case 

              
 

Figure 2. Vacuum case and cold head 3D view. 

 
The dewar consists of three main parts: stainless steel cylinder, aluminum bottom flange and 
top flange. The vacuum window (made of Mylar) for the signal input, is located at the top 
flange. The dewar lower flange has several outputs for different uses: 

- Cold head connection. 

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

- Three hermetic Fischer connectors for the housekeeping control and monitoring, and 
amplifiers biasing. 

- Four SMA hermetic connectors for the RF input/output signals (calibration and RF). 

 

                 
 

Figure 3. Dewar top flange and vacuum window. 
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Figure 4. Dewar bottom flange. 

 

         
 

Figure 5. Bottom dewar flange, both sides. 

  

2.1.1. Vacuum window  

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

 

 
 

Figure 6. Top dewar flange and vacuum window. 
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2.1.2. Vacuum seals 

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

Viton Seals Type d1 (mm)  d2 (mm)  Reference Qty 

Cold Head - bottom flange OR VI 110.72 3.53 305.643 1 

Vacuum case - bottom and top 
flanges 

OR VI 253.37 6.99 305.578 2 

Vacuum window - Mylar OR VI 165 4 436.963 1 

Top flange - Mylar OR VI 183 4 593.269 1 

Vacuum valve and vacuum 
sensor - bottom flange 

OR VI 28 4 670.265 2 

SMAs flange - bottom flange OR VI 58.42 2.62 305.517 1 

 
Table 1: Viton vacuum seals (Epidor [5] ). 

 
 

2.2. Intermediate stage and radiation shield  

The intermediate stage is an aluminum plate of 4 mm thickness and 228 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 Ђ4 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 10-4 mbar (the pressure reach inside the dewar is 
usually below 10-6 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: 

- (ÅÁÔÉÎÇ ÒÅÓÉÓÔÏÒȡ ρππ ɱȟ ςυ 7Ȣ 

- :ÅÏÌÉÔÅÓ ÒÅÇÅÎÅÒÁÔÉÏÎ ÒÅÓÉÓÔÏÒȡ ÔÈÅ ÖÁÃÕÕÍ ÔÒÁÐ ÉÎÃÌÕÄÅÓ Á ρππ ɱ ÁÎÄ ςȢυ 7 ÒÅÇÅÎÅÒÁÔion 
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. 
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Figure 7. Intermediate stage and radiation shield design. 

 

                
 

Figure 8. Intermediate stage and radiation shield with multilayer isolator. 
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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 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 9. IR filter. 

 
 

2.3. Cold stage 

                   
 

Figure 10. Cold stage design and 3D view with the housekeeping devices. 

 
The cold stage consists of a copper plate of 4 mm thickness and 172 mm diameter, screwed 
onto the second stage of the cold head. Attached to this plate are placed one vacuum trap, 
thermostat, heating resistor and a temperature sensor (same specifications than the used for 
the intermediate stage). The K band LNAs, the feed horn and the polarizer are also attached 
to this stage. 
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Figure 11. Intermediate and cold stages, feed horn, polarizer and LNAs. 
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3. Amplifier setting -up 

The cryostat contains two low noise amplifiers, designed and built at Yebes Observatory: 

 

LNA/Band  
YK22 002 

K band LCP 
YK22 003 

K band RCP 

Nominal Band 20.5 ɀ 24.5 GHz 20.5 ɀ 24.5 GHz 

Average noise temperature @15K 8.48 K 12.69 K 

Average gain @15K 25.95 dB 27.7 dB 

This LNA should be operated with LED OFF LED OFF 

Stages 3 3 

Transistors  
InP  0.1×200 ʈÍ  

CRYO3 TRW 

 
Table 2. LNAs main specifications (detailed specifications and biasing information can be found in the appendix). 

 

              
 

Figure 12. YK22 003 ɀ RCP and YK22 002 ɀ LCP. 

 

                        
 

Figure 13. Amplifiers attached to the cold stage. 
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3.1. Low Noise Amplifiers biasing module  

 
 

 
 

Figure 14. LNAs biasing module. 

 
The LNAs biasing module (K Band Down Converter) is already adjusted for the indicated K 
LNAs biasing points. However, the bottom cover of the down converter can be removed for 
accessing to the biasing power supply cards (the schematics of the cards are shown in figure 
below). The cards, used for the LNAs, allow the adjustment of three stages. Vd and Id can be 
adjusted for each stage by means of the corresponding potentiometer. 
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YK22 002   K band LCP   

Optimum bias values @14K  
Measured values 

@12K @297K 

Vd1 1.4 V 1.4 V 1.398 V 

Id1 5 mA 4.9 mA 5 mA 

Vg1  0.16 V 0.018 V 

Vd2 1.4 V 1.4 V 1.403 V 

Id2 7 mA 7 mA 7.04 mA 

Vg2  0.226 V 0.086 V 

Vd3 1.4 V 1.4 V 1.403 V 

Id3 7 mA 7 mA 6.97 mA 

Vg3  0.08 V -0.082 V 

 

YK22 003   K band RCP 

Optimum bias values @14K 
Measured values 

@12K @297K 

Vd1 1.5 V 1.5 V 1.5 V 

Id1 5.44 mA 5.46 mA 5.46 mA 

Vg1 0.16 V 0.17 V 0.057 V 

Vd2 1.4 V 1.4 V 1.4 V 

Id2 6.45 mA 6.40 mA 6.44 mA 

Vg2 0.02 V 0.02 V -0.095 V 

Vd3 1.4 V 1.4 V 1.401 V 

Id3 7 mA 6.97 mA 6.98 mA 

Vg3 0.15 V 0.16 V 0.024 V 

 
Table 3. Optimum LNAs biasing at cold temperature and module set values.  

 
YK22 003   K band RCP 

Optimum bias values @290K  

Vd1 1.4 V 

Id1 7 mA 

Vg1 0.09 V 

Vd2 1.4 V 

Id2 7 mA 

Vg2 -0.09 V 

Vd3 1.4 V 

Id3 7 mA 

Vg3 0 V 

 
Table 4. Optimum LNAs biasing at room temperature. (NO data for LNA YK22 002). 
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Figure 15. PC Board Components. 

 
Low Noise Amplifiers biasing procedure: 

- Connect Fischer connectors to the corresponding connectors (FET1 and FET2) on the 
dewar. 

- Connect DB15 connectors to the LNAs biasing module. 

- Connect a power supply to the +15 V and -15 V inputs. 

- Warning!  Verify correct ground connection between dewar and biasing module. 

- Turn on power supply and verify electric current values. 
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4. K band corrugated feed horn  

           
 

Figure 16. K band corrugated feed horn design. 
 

 
 

Figure 17. Feed, lens and radiation shield. 

 
 

4.1. K band feed measurements  

The measurements have been carried out in the Yebes Observatory Anechoic Chamber 
(CDTAC), Planar Near-Field scanner. The device under test is composed by the K band conical 
corrugated horn (with lens) attached to the polarizer/coupler.  
 
Measurements: LHCP and RHCP. Radiation patterns (both copolar and crosspolar), axial ratio 
and directivity . Frequency range from 20 to ςυ '(Úȟ ɝÆЀρ GHz. 

 
























































