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1.Introduction 
This document describes the results of the Tsys survey performed during the CoP test 
campaign in June 2009. 
 
2. References 
a. Applicable Documents 
AD1 SRON-G/HIFI/PL/1999-001 AIV plan for HIFI    Issue 1.0 
AD2 LRM-ENS/HIFI/PL/2000-001 Calibration Plan for HIFI   Issue 1 
AD3 ICC/2008-122   HIFI Commissioning Phase Plan   Issue 2.7 
AD4 ICC/2001-005   HIFI calibration use cases   Draft 0.3 
 
b. Reference Documents 
RD1 SRON-G/HIFI/RP/2009-0XX HIFI CoP Vector Scan Calibration   Issue 1.0 
RD2 ICC/2008-124   HIFI FM Radiometry measurement  Issue 1.1 
RD3 SRON-G/HIFI/PR/2009-003 HIFI TVTB Tsys survey   Issue 1.0 
 
c. Acronyms 
 
CBB  Cold Black Body 
HBB  Hot Black Body 
HK  HouseKeeping 
LSS  Large Space Simulator 
 
3.Test set-up and measurement principle 
3.1 Objectives 
 
The goals of the Tsys survey measurement can be summarized as follow (see also AD3): 

• Measurement of the instrument sensitivity, as given by the receiver noise 
temperature. 

• Check of the adequacy of the power level best-guesses in the form of drain2 voltage 
tables, and of the tuning algorithm over the full HIFI operational range 

• Assessment of the instrument frequency coverage, already anticipated by the vector 
scan calibration (see RD1) 

• Measurement of diplexer scan at each probed frequency, in order to assess the 
frequency purity for each of the diplexer bands. The results of this measurement are 
presented somewhere else. 

 
3.2 Measurement principles and environment 
 
The internal hot and cold loads are used as photometric references (thereafter called HBB 
and CBB). Their respective coupling to the HIFI mixers has been measured during the ILT 
and can be used to derive the corrected photometric temperature of those references (see 
RD2). 
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The measurement of the noise temperature is based on the so-called Y-factor, which is the 
ratio between total power mixer counts obtained towards the HBB and the CBB respectively. 
These two measurements are obtained in the slow-chop mode. For these measurements, the 
chopper voltage towards the respective loads was the one measured and used during the 
ILT. 
 
The following test environment was applicable: 

• The FPU was in He2 condition 
• The LOU was passively cooled down and was operated in a temperature range of the 

order of 116-121 K 
• The flight attenuators were in use (their exact values are reported somewhere else) 

 
3.3 Measurement algorithm 
 
For each LO sub-band and frequency, the following is performed: 

1. Configuration of the FPU at the frequency of interest. 
2. Tune LSU to frequency of interest and ramp-up biases of the LOU to the best-guess 

Vd2 plus a margin of 5%, clipped to the blue max at this frequency index.  
3. 6 sec (fixed delay) are allocated for this preamble configuration 
4. Dump TM pages. 2 sec (fixed delay) are allocated for this operation 
5. Configure vector scan. 1sec (fixed delay) is allocated for this operation 
6. Run vector for the LO power automatic adjustment. Steps of length 1sec are used 
7. WBS zero-comb 
8. Magnet tuning for non-HEB bands 
9. If first frequency of the LO sub-band: deflux, then run magnet tuning again 
10. WBS and HRS tune 
11. Y-factor measurement 
12. if diplexer band: run diplexer scan 

 
Note that the LOU sub-band is switched on at the very beginning of the measurement. A 
stabilization time of 1 minute is considered. 

 
4. Overview of the measurements 
The Tsys survey was conducted over several days on a LO sub-band basis. The following 
table summarizes the dates, obsid’s and S/W versions applicable to each of the 
measurements. All data are gathered in the hifi_ops_icc_1@iccdb1.sron.rug.nl data-base. All 
observations made use of MIB 2147. 

 

LO 
band 

Obsid OD CUS LCU safety 
table 

Frequency range 

1a 1342178644 35 FM_CUS_16.113 2.21-B 487.5 to 553.5 by 2 GHz 

1b 1342178648 35 FM_CUS_16.113 2.21-B 562.5 to 628.5 by 2 GHz 

2a 1342178652 35 FM_CUS_16.113 2.21-B 630 to 718 by 2 GHz 
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2b 1342178656 35 FM_CUS_16.113 2.21-B 722 to 794 by 2 GHz 

3a 1342178660 35 FM_CUS_16.113 2.21-B 807 to 852 by 2 GHz 

3b 1342178831 38 FM_CUS_16.118 2.22 866 to 953 by 2 GHz 

4a 1342178663 35 FM_CUS_16.113 2.21-B 957 to 1053 by 2 GHz 

4b 1342178666 35 FM_CUS_16.113 2.21-B 1054.5 to 1114 by 2 

5a  1342178841 38 FM_CUS_16.118 2.22 1116 to 1242 by 2 GHz 

5b 1342178801 36 FM_CUS_16.113 2.21-B 1146 by 1272 by 2 GHz 

6a 1342178811 36 FM_CUS_16.113 2.21-B 1432 to 1584 by 2 GHz 

6b 1342178669 35 FM_CUS_16.113 2.21-B 1566 by 1700 by 2 GHz 
7a 1342178845 38 FM_CUS_16.118 2.22 1692 to 1845 by 2 GHz 

7b 1342178854 38 FM_CUS_16.118 2.22 1719 to 1912 by 2 GHz 

Table 1: summary table for the CoP Tsys survey 

 

5. Data processing and data repository 
Raw data from the database have been processed using the standard pipeline for both WBS 
and HRS. For each pair of HBB and CBB measurement, HIFI Timeline Product (HTP) are 
built with their associated meta-data. The noise temperature is taken as the median of the 
noise temperature spectrum formed with the Y-factor spectrum. 

Each noise temperature spectrum will be archived in a local store (TBD). Currently, they are 
available on the wiki pages in the form of png: 

http://www.sron.rug.nl/~wikiman/wikis/HifiIlt/CoPtestresultssummary 
 
6. Receiver noise temperature results 
 
6.1 Definition of the receiver noise temperature 
 
We define the Y-factor as follows: 
 

 

 
If JHot and JCold are the Rayleigh-Jeans temperatures of the respective internal loads at the 
frequency of interest, the receiver noise temperature is given by: 
 

 

 
Consequently, the system noise temperature will be given by 
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where ηl is the forwards efficiency, Tbg,eff the cosmic background temperature, and JT,eff the 
effective telescope temperature. As such, the numbers reported in this document are rather 
receiver temperatures than system temperature. However, they will not differ greatly given 
the fact that the forward efficiency will be very close to unity. 
 
6.2 Summary of noise temperature results 
 
6.2.1 Tuning success during Tsys survey 
 
The Tsys survey was run following the results of the previous vector scan calibration blocks 
(see RD1), which provide the best-guess Vd2 values for the automatic tuning. The mixer 
currents achieved by this tuning are shown on Fig. 1. 
 

 
 

Fig 1: Mixer current achieved during the automatic tunings for the Tsys surveys (green=H, 
orange=V). The plots also indicates the optimum (target) currents (red line), and the limits for 

pumping the mixer based on the Tsys vs Imix scatter plots 
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In most cases, the target current was reached within the limit of the scan. In those cases 
where the tuning would end up with an over- or under-pumped mixer, the effective noise 
temperature was usually not significantly affected. If it were, we have manually edited the 
resulting Tsys on the basis that those frequency points should have good sensitivity when the 
mixer currents are as targeted (as was seen in TVTB). This is also supported by the plots 
illustrating the dependence of the noise temperature with achieved mixer current (see 6.2.4).  
The collection of all vector scans run during the Tsys survey can be found in the appendix.I  
 
Very little GOOL events were observed during the Tsys survey. In fact, not a single failure 
mode was trigerred, and all green limit excess were in auto-regulated by the LCU. In practice 
this also means that very little safety table adjustments were needed in the course of the 
tests (this is a general observations for the whole CoP period). 
 
6.2.2 Tsys survey results 
 
The following pictures show the distribution of the Tsys measured during CoP by the WBS. 
This represents here the median over the full IF, so it hopefully is not affected by e.g. spurs.  
 
Measurements on the HRS show excellent agreement in SIS bands, and slightly better 
results in the HEB bands, due to the fact that the HRS sub-band coverage is located to the 
best-behaved IF domain in term of noise.  
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Fig 2: Results of the Tsys survey in TVTB for the H-polarization and V-polarization as 

measured by the WBS 
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6.2.3 Comparison with TVTB 
 
The following pictures gather the results from both the CoP and the TVTB campaigns. The 
first plot compared the two data-set on a per-polarization basis. 

 

 
 

Fig.3: Comparison of CoP results with the TVTB measurements of 2008. 
 

It is clear from this plot that the overall CoP results are completely consistent with the 
findings back in the TVTB times. The following differences can be noted: 

• Improvements 
o In all HEB bands, where correctly pumped, the system temperature has 

improved by several tens of K. Part of it is due to the lower IF temperatures 
than in TVTB at the time of measurement. When the level 2 temperature gets 
closed to its nominal temperature again, it is likely that this improvement will 
be diminished.  

o The sensitivity in the purified areas in 3b and 7b has been improved 
o  

• Degradations: 
o The coverage in some of the HEB bands (esp. 6a and 7a) has been 

degraded. This is due to the revised safety limits applied to the maximum 
allowable drain2 voltages. 
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o The peaks observed at spot frequencies in some of the SIS bands have 
increased with respect to TVTB 

 
The following picture displays the same data-sets, but groups results per campaign. It shows 
more clearly the improvement in term of H/V balance. 
 
 

 
 

Fig.4: Same as Fig.3, on a per-campaign basis 
 

 
 
6.2.4 LO frequency coverage 
 
 

Band 
LO 
sub-
band 

LO coverage LO sufficient LO deficient 
Tsys 

degradation  
above 50% 

1a 487.5 – 553.5 488.5 – 551.5 553.5 - 1 
1b 562.5 – 628.5 562.5 – 598.5 

608.5 – 613.5 
622.5 – 628.5  

599.5 – 607.5 
614.5 – 621.5 - 
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2a 630 – 718   
640 – 718  630 - 638 630-636 2 

2b 722 – 794  722 – 782  
786 – 794  784 774, 782-784 

3a 807 – 852  807 – 825  
829 – 852  827  827 3 

3b 866 – 953  866 --948  
950 – 953  

(868-876) IF prob. 
938-942 
950-953 

4a 957 – 1053  957 – 962  
966 – 1039  
1051 – 1053 

963 – 965  
1040 – 1050  

965 
1001-1003 
1043-1049 

4 

4b 1054.5 – 1114  1062.5 – 1114  

1054.5 – 1061.5  1054.5-1058.5 

5a 1120 – 1242  1120 – 1240 1242 1240-1242 5 
5b 1146 – 1272  1146 – 1272    
6a 1412 – 1584   

1432 
1442 – 1443  
1446 – 1564 
1570 – 157 

1412 – 1430 
1434 – 1440 

1444 
1566 – 1568 
1578 – 1584   

1428 
1432-1440 

1444 
1448 
1460 

1532-1540 
1550-1584 

6 

6b 1566 - 1737  
1578 – 1698  

1566 – 1577  
1699 -- 1737 

1566-1576 
1700 

7a 1692 - 1845  
1702 – 1796 
1812 – 1816 
1826 – 1828  

1692 – 1700 
1798 – 1810 
1818 – 1824 
1829 – 1845 

1692-1700 
1756 

1796-1810 
1816-1845 

7 

7b 1719 – 1912.5 1719 – 1903  
1903 – 1912.5 1903-1912 
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6.2.5 Tsys versus Imix scatter plots 
 
We can form scatter plots of the Tsys in function of the achieved mixer current. This, 
combined to the LO power coverage shown in RD1, can be used to decide where a mixer 
can or cannot be decently pumped. 
 

 

 

 

50 

60 

70 

80 

90 

100 

110 

120 

0.01 0.02 0.03 0.04 0.05 

WBS-H 

WBS-H 

50 

100 

150 

200 

250 

300 

350 

400 

450 

0.01 0.02 0.03 0.04 0.05 0.06 0.07 

WBS-H 

WBS-V 



 
 

 
       HIFI 

 
HIFI CoP Tsys survey 

 
Hifi no.: SRON-G/HIFI/RP/2009-028 
Inst.no.: n 
Issue: Draft 1.1 
Date: :21-07-09 
Category:  2. 

 

Page 14 of 38 

 

 

 
 

 
 

100 

150 

200 

250 

300 

350 

400 

450 

500 

550 

600 

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 

WBS-H 

WBS-V 

0 
200 
400 
600 
800 

1000 
1200 
1400 
1600 
1800 
2000 

0 0.01 0.02 0.03 0.04 0.05 

WBS-H 

WBS-V 



 
 

 
       HIFI 

 
HIFI CoP Tsys survey 

 
Hifi no.: SRON-G/HIFI/RP/2009-028 
Inst.no.: n 
Issue: Draft 1.1 
Date: :21-07-09 
Category:  2. 

 

Page 15 of 38 

 

 
 

0 

500 

1000 

1500 

2000 

2500 

3000 

3500 

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 

WBS-H 

WBS-V 

1000 

1200 

1400 

1600 

1800 

2000 

2200 

2400 

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 

Tsys (K) in function of Imix (mA) in band 6 

WBS-H 

WBS-V 



 
 

 
       HIFI 

 
HIFI CoP Tsys survey 

 
Hifi no.: SRON-G/HIFI/RP/2009-028 
Inst.no.: n 
Issue: Draft 1.1 
Date: :21-07-09 
Category:  2. 

 

Page 16 of 38 

 
 
 
6.2.5 Band limits 
 
TBD 
 
6.2.6 LO timing problem 
 
During the course of the vector scan measurements in TVTB, it was found that there was a 
timing problem. The first measurement point was taken too soon and still during the LO 
ramping up, therefore the first mixer current point would show a wrong value.  
 
In the Tsys survey, a preamble always precedes the vector scan. However, the step duration 
of the scan is only 1 sec, and this fast ramp speed can lead to some invalid HK, indicative 
that some of the first points in the scan are performed with an LO not yet settled at the 
intended settings. During the CoP, we observed such occurrences in several bands. In most 
cases, only 1 or 2 samples are seen as not valid. In some more rare cases (lower end of 
band 6b), up to half of the samples are useless. 
 
It is however important to note that the slow response of the LO chain in the case recorded 
here has had no consequences in the capability of the system to tune at the best possible 
settings. This is therefore not considered an issue as long as the observed behaviour is 
reproducible. 
 
The plots in the following section illustrate all the frequency points for which such invalid HK 
have been observed. This is summarized in the following table. 
 
 
Band LO sub-band LO Freq Nb of invalid HK observed 
1 1a None None 

1000 
1200 
1400 
1600 
1800 
2000 
2200 
2400 

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 

Tsys (K) as function of Imix (mA) for band 7 

WBS-H 

WBS-V 
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 1b None None 
2a 630-638 GHz 

680 GHz 
712 GHz 
716-718 GHz 

1 
1 
1 
1 

2 

2b 772 GHz 
780-794 GHz 

1 
1 

3a None None 3 

3b 936-942 GHz 
944-946 GHz 
952-953 GHz 

3 
2 
1 

4a 1007 GHz 
1037-1053 GHz 

2 
2 

4 

4b 1054.5-1056.5 GHz 
1058.5-1062.5 

2 
1 

5a None None 5 
5b 1230 1 
6a None None 6 
6b 1566-1576 GHz 

1698-1700 GHz 
5 
1 

7a None None 7 
7b None None 
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7. Appendix 
7.1 Vector scans during Tsys surveys  
 
The following plots illustrate all the vector scan reports obtained in the framework of the Tsys 
survey. For each frequency, the mixer current as collected at each Vd2 step is displayed, 
together with the target mixer current aimed at. Whenever this target is crossed, the 
remaining of the vector scan is aborted, which translates into invalid HK into the vector scan 
report, and therefore meaningless points (at Vd2 = 0V) in the following plots. 
 
These thumbnails also contain an indication as to how many “invalid HK” are observed in a 
given vector scan. 
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