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1 Document Purpose 

This document presents the test results of a frequency response test on the HIFI band 3b FS LO chain. 
The measurements have been performed to gather information and prepare a test strategy for the band 
3b FM chain. The FM chain has shown strong evidence of multiple frequency response in the tuning 
range of 930GHz and 953GHz in the ILT phase.  
 
2 Test Setup for Initial Tests at MPIfR on the FS chain 

The band 3b FS chain has been cooled to 120K (flight unit operational temperature) in the flight unit 
cryostat which has been used for all FM unit tests and in ILT. The K-band input signal has been 
provided by the DM LSU in the same configuration as in ILT. The RF output signal has been injected 
in a fourier transform spectrometer as well as in an Erickson PM003. The Fourier transformed signal 
is detected by cooled bolometer with a hold time of 8 hours. 
The IMDII controls the band 3b FS chain as well as the LSU DM. A test PC operates the FTS and the 
IMDII so that data can be collected remotely for a variety of different chain parameters. 
 
3 Test Results on the FS chain 

 
3.1 Problem Area of band 3b  

First measurements have been taken in the frequency range 946-952GHz where the band 3b FM chain 
is known to respond at wrong frequencies. We could reproduce the FM chain characteristics with FS 
chain. 
The FS chain has been biased at the nominal settings. The multiplier bias voltage is generally set to 
half way the breakthrough voltage, and then adjusted to optimize the total output power of the chain. 
So in principle, if we find in the chain’s EIDP frequency ranges, where the nominal bias is at half 
breakthrough, we assume that the chain’s total output power is much higher then the required, so that 
an adjustment was not necessary at chain builder’s level.  
 

3.1.1 FTS Spectra for nominal Bias 

Fourier Transform spectra have been measured for several frequencies in the range 930-953GHz. An 
overview is given in Figure 3-1. Whereas the chain produces single frequency output power up to 
933GHz, we found multiple frequency responses above 933GHz. These spectra have been measured 
with nominal bias settings. The results reflect the observations made with the FM chain in ILT, and 
therefore the FS chain is a good test bed to explore the modifications of bias settings on the flight 
chain.    



 
 

 HERSCHEL/HIFI - LO  
HIFI LOU BAND 3b 

Frequency Response 

Hifi no.: MPIfR/HIFI/TN/2008-544 
Inst.no.: 25 
Issue: 1.03 
Date:  15th September 2009 
Category:  4 

 
 
 

Page 6 of 45 

 
Figure 3-1: FTS spectra of band 3b FS for nominal bias conditions at various frequencies in the range 
930-953GHz. 
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3.1.2 Band 3b FS at 930GHz 

930 GHz is frequency that works well in the FM chain regarding frequency response. As shown in  
Figure 3-2, also the FS chain produces output power at a single frequency, regardless of the multiplier 
bias. 
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Figure 3-3: Frequency response at 930GHz. Regardless of the multiplier bias, a single frequency is 
generated. 
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3.1.3 Band 3b FS at 936GHz 

 

 
Figure 3-4: FTS spectra at 936GHz for several M1 bias settings.  A single frequency response is achieved 
at M1V = 5.0 V. 
 



 
 

 HERSCHEL/HIFI - LO  
HIFI LOU BAND 3b 

Frequency Response 

Hifi no.: MPIfR/HIFI/TN/2008-544 
Inst.no.: 25 
Issue: 1.03 
Date:  15th September 2009 
Category:  4 

 
 
 

Page 9 of 45 

3.1.4 Band 3b FS at 942GHz 

At 942GHz the frequency response at nominal bias settings shows lines at 942GHz and 896GHz with 
similar intensity. Figure 3-5 shows that only M1 needs to be biased lower than 9V to achieve a single 
response. 

 
Figure 3-5: FTS spectra of band 3b FS at 942GHz. A single frequency response is achieved at M1V = 8V. 
  
 
 
3.1.5 Band 3b FS at 946GHz 

At 946 GHz we found 6 frequency responses.  Beside the nominal 946GHz line, we see 902GHz and 
853GHz at similar intensity, and much weaker lines at 981GHz and 801GHz. These are seen at all 
tuned frequencies between 946GHz and 952GHz. Suppressing the unwanted response is achieved by 
biasing the M1 stage more in forward direction and M2 in more reverse direction. The M2 nominal 
voltage is -7.5V, where -16.0V is the breakthrough. We need to set this voltage to -8.5V (beyond half 
breakthrough voltage) to achieve a real improvement by changing the M1V. Figure 3-6 illustrates the 
frequency responses for different settings.   
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Figure 3-6: FTS spectra at 946GHz for different multiplier bias voltages. At the nominal settings, (top 
row, left), we identified 6 frequencies where the chain produces output power. Biasing the M2V more 
reverse, and M1V more forward, suppresses the unwanted frequency responses.   
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3.1.6 Band 3b FS at 948GHz 

 

 
Figure 3-7: FTS spectra of band 3b FS at 942GHz. A single frequency response is achieved at M1V = 7V. 
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3.1.7 Band 3b FS at 951GHz 

 
Figure 3-8: spectra of band 3b FS at 942GHz. A single frequency response is achieved at M1V = 6V. 
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3.1.8 Band 3b FS at 952GHz 

At 952GHz tuning frequency the chain qualitatively shows the same response as for 946GHz. In 
Figure 3-9 we illustrate, why the bias change to more reverse voltage for M2 is important. 
The first spectrum (top left in the figure) shows the frequency response at nominal M1V settings. The 
next spectrum has been taken after the M1V has been adjusted to +6.7V, which does not have much 
influence. Only when biasing the M2V to more reverse, an improvement can be observed in the 
spectra. Only at -8.5V, the spectrum shows the desired frequency response.   
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Figure 3-9: FTS spectra at 952GHz for different multiplier bias voltages. At the nominal settings, (top 
row, left), we identified 6 frequencies where the chain produces output power.    
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3.1.9 Band 3b FS at 953GHz 
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Figure 3-10: FTS spectra at 953GHz for different multiplier bias voltages. See text for details. 
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Figure 3-11: M1 and M2 IV characteristic under RF. 
 
 
 
 
3.1.10 IV curve Measurements vs. Frequency 

In comparison to the FTS spectra, we measured the multiplier rectified currents at each voltage setting. 
The results are shown in Figure 3-12. The IV curves for M1 (left top picture) do not reveal differences 
in the frequency response. Each IV has a rectified current at 10V nominal bias. At 930GHz (single 
response) the current is maximum, but not very different from 945GHz (multiple responses). All 
curves have a positive slope at nominal bias. The more the voltage is set to forward, the more current 
is rectified. All curves have a minimum where this slope turns to negative. The higher the frequency, 
the more this minimum shifts to the right side (reverse voltage direction). In conclusion, there is no 
obvious indication of what the frequency response is from these curves.  
The right hand picture in Figure 3-12 shows the M2IM1V of the same measurements. Here it is 
obvious that M2 draws current at nominal M1 voltage for various frequencies and for others not. A 
better indication shows the zoomed picture in Figure 3-13. Tuned frequencies with multiple responses 
(953GHz, 952Ghz, 951Ghz, 948GHz, 945GHz, 936GHz, see FTS spectra for reference) do show a 
significant current in M2, whereas single responding tuned frequencies (930GHz, 933GHz, 939GHz) 
show little or no current. An exception is 942GHz, where M2I has about the same level at M1V=10V 
as 930GHz, but shows a second frequency response.         
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Figure 3-12: M1I vs. M1V for M2V= -7.5, -8.5V (left hand plot), and M2I vs. M1V (right hand plot), for 
various frequencies. 
 
Taking into account the above considerations, we conclude that M1 and M2 should be biased in a way 
that M2 draws no rectified current. That leads M1 voltage settings in column 2 of Table 3-1. In 
comparison to those we have listed the M1 voltage settings which led to a single frequency response 
found in the FTS spectra. We see a clear agreement of the values. The FTS data, in general, seem to 
indicate about 1V more forward direction than the IV curve results, but in most cases 1V more reverse 
show a second frequency response -10db lower than the tuned frequency response, and therefore might 
not be contributing to the IV curve.   
 

Freuquency M1V [V] 
From IV 

M1V[V] 
From FTS 

930   8.5 V 10.0 V 
933 10.0 V 10.0 V 
936   6.5 V   5.5 V 
939 10.0 V 10.0 V 
942   9.0 V   8.0 V 
945   6.0 V  5.5  V 
948   8.0 V  7.0  V 
951   7.0 V  6.5  V 
952   6.5 V  6.7  V 
953   6.0 V  6.0  V 

Table 3-1:  Summary of M1 voltage settings for single frequency response: Column #2 shows settings 
derived from the Iv curves, column #3 is derived from the FTS spectra. 
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Figure 3-13: Zoomed in M2IM1V curves for various frequencies. At frequencies of strong multiple 
response, M2 draws signicant rectified current compared to those where a single frequency responds and 
no or low current is rectified. 
  
3.1.11 Output Power Considerations 

Adjusting the multiplier voltage does, in general, change the output power of the chain. It is assumed 
that the chain builder provides the nominal bias settings as a result of output power optimization. If so, 
readjustments lead to lower output power. Power measurements at built level as well as at subsystem 
level have been performed as a total power measurement. In case of a multiple frequency response, all 
responses contribute to the total power content detected by the meter. At system level, used as a 
heterodyne local oscillator, all or some of the responses contribute to the total mixer pumping content. 
The frequency content in the mixer pump level depends on the mixer’s response to frequency. Because 
the mixer is covering also band 3a, we assume that this response is about equal for tuned frequencies 
in band 3b and lower responses down to 800GHz, which covers all responses we saw. A second 
influence on the frequency content in the power that contributes to the mixer pump level has the 
diplexer. Tuned for the nominal LO frequency, the diplexer will filter other frequency responses to a 
level depending on their offset to the nominal frequency. We calculated the response suppression by 
the diplexer in Table 3-2. As can be seen, unfortunately most of the responses are not filtered and have 
a significant contribution in pumping the mixer. On the other hand, this is a further indication, for the 
similarity of band 3b FM and FS.   
 

Frequency 936 GHz 942 GHz 945 GHz 948 GHz 952 GHz 
Response at 889  894.6  896.5 852.6 901.2 846.1 906 859 
Suppression dB -0.3  -0.5  -0.1 -3.7 -0.4 -31.6 -1.5 -4 
Table 3-2: calculated frequency response suppression by a nominally tuned HIFI FPU diplexer. 
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Taking into account the above discussion, we consider the measured total output power vs. bias of 
band 3b FS in Figure 3-14. As we can see, the total output power drops of as the M1 is biased more 
forward. From Table 3-1 we can use the voltages for deriving the expected total power drop for a 
single frequency responding tuning. This leads to results listed in Table 3-3. In conclusion, modifying 
the multiplier voltage of M1 and M2, will lead to 3-6db drop in output power. For the band 3b FM 
chain, we know that in the range between 930-953GHz, the achieved pump level is very low with the 
chosen optical attenuation in between the LOU and the FPU, so that it is likely that with optimized 
parameters, the mixer will be far under-pumped, if a modification of the optical attenuation level is not 
be considered as well.  

 
Figure 3-14: IM1V curves at two different M2V settings for several frequencies in comparison to the 
output power of chain 3b FS.  
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Frequency M1V from 
IV 

Power drop  
[dB] 

M1V from 
FTS 

Power drop  
[dB] 

930 10 0 10 0 
933 10 0 10 0 
936 6,5 -7,5 5,5 -10 
939 10 0 10 0 
942 9 -- 8 -- 
945 6 -3 5,5 -3 
948 8 -2 7 -4 
951 7 -5 6,5 -5 
952 6,5 -4 6,5 -4 
953 6,5 -5 6,5 -5 

Table 3-3: Expected total power output drop for a single frequency response tuning. 
 
 
4 Reverse Current Test on M2 

If the FM chain is tested in the TBTV phase for signal purity, the bias voltage on M2 needs to be 
adjusted in more reverse direction, wherever the M2 current is removed by M1 voltage adjustments. 
More reverse voltage on M2 means that the RF voltage swing moves into the reverse part of the 
diode’s IV curve and a reverse current can appear. There is only little knowledge on the reverse 
current level that can be handled by these diodes, so that these shall be avoided. Excessive reverse 
currents end in a sudden death of the component. Because we can not rule out reverse currents during 
the tests, we have done several tests on the FS and QM chain, to gather experience in the acceptable 
level of the current. 
 
4.1 Test Setup    

The LCU current reading accuracy is at a level of some microamps including resolution and noise. To 
reveal small levels of reverse currents, we have exchanged the LCU by a set of voltage supplies and 
high accuracy voltage meters. The setup is shown in Figure 4-1.  
 
4.2 Initial Results 

The initial results are plotted in Figure 4-2. We measured the RF IV curve at 930GHz as this 
frequency produces the highest output level. The left hand plot shows the forward arm of the IV for 
several M1V settings. The same results are zoomed in to display the reverse currents on the right hand 
graph. For the nominal M1V settings, the RF power coupled into the second stage is obviously at a 
maximum, and at about the nominal M2V (-7.5V) the rectified current turns to reverse directly. This 
might be an indication of having a reverse current component even at the nominal settings, hidden in 
the rectified forward arm. The maximum reverse current achievable is at M2V of about 13V at a level 
of 5muA. Moving M2V more reverse results in decreasing reverse current level. This can be explained 
by the fact that obviously the M2V is moved away from its optimum bias point matching the input 
port, and indicates that there is a protecting mechanism that reduces the voltage swing amplitude if the 
diode is biased reverse more than nominal.   
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Figure 4-1: Test Setup for the reverse current test. The LCU has been exchanged by laboratory supplies 
and high accuracy current meters. 
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Figure 4-2: Measured RF IV for various frequencies. The left picture shows the forward arm, whereas  
the reverse current is zoomed in on the right picture.  
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4.3 Endurance Test 

As we see from the results of the initial tests, reverse multiplier currents play a role in such kind of 
signal purity tests, and obviously, we have to assume that at nominal settings there can already exist 
such currents in the operation of FM chains.  
We therefore decided to setup an endurance test on the FS chain. We looked for the frequency and bias 
conditions to generate the maximum level of reverse current and tested the chains under these 
conditions for 152h. At 914GHz we found the maximum current of 7muA for M2 biased at -10.5V.  
Figure 4-3 shows the long term monitoring of the test. The current stayed constantly at about 7.5muA 
over the whole period. After certain periods, thast chain has been switched off and a DCIV curve has 
been taken. Also the output power of the chain has been monitored over the whole RF test sequence.  
Due to known temperature drifts of the chain in the cryostat environment and stimulated by the on/off 
sequences, the chain temperature has also been monitored to differentiate the relation between 
temperature related drifts from aging effects. This was most useful in explaining the measured DC IV 
curves plotted in Figure 4-4. Here it can clearly be shown that the reverse arm of the IV is moving 
with temperature and not with time. As a result, we concluded that the chain is capable of handling 
7muA over 150h with no degradation in performance. 
    

M2 - nominal bias (-10.5V set) - longterm 1

-8.1

-8

-7.9

-7.8

-7.7

-7.6

-7.5

-7.4

-7.3

-7.2

-7.1
0 2 4 6 8 10 12 14 16

uptime[h]

I[µ
A

]

M2 - nominal bias (-10.5V set) - longterm 2

-8.1

-8

-7.9

-7.8

-7.7

-7.6

-7.5

-7.4

-7.3

-7.2

-7.1
0 5 10 15 20 25

uptime[h]

I[µ
A

]

M2 - nominal bias (-10.5V set) - longterm 3

-8.1

-8

-7.9

-7.8

-7.7

-7.6

-7.5

-7.4

-7.3

-7.2

-7.1
0 5 10 15 20 25

uptime[h]

I[µ
A

]

M2 - nominal bias (-10.5V set - longterm 4)

-8.1

-8

-7.9

-7.8

-7.7

-7.6

-7.5

-7.4

-7.3

-7.2

-7.1
0 5 10 15 20 25 30

uptime[h]

I[µ
A

]

 
M2 - nominal bias (-10.5V set) - longterm 5

-8.1

-8

-7.9

-7.8

-7.7

-7.6

-7.5

-7.4

-7.3

-7.2

-7.1
0 5 10 15 20 25 30 35 40

uptime[h]

I[µ
A

]

 
Figure 4-3: Long term monitoring of the maximum reverse current found in the FS chain. 
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Figure 4-4: Reverse and forward arm of the DC IV curve measured during the endurance test.  
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5 Conclusions on the FS chain Tests 

The HIFI FM band 3b LO chain is generating multiple frequency responses at tuned frequencies 
between 930 and 953GHz. We have investigated this problem on the cooled band 3b FS chain at 
MPIfR. This chain does very well reproduce what we know about the flight chain and it is assumed 
that both behave exactly the same. 
We have analysed FTS spectra in the problem frequency range and investigated how the frequency 
response can be improved. In comparison to measured IV curves, we see that the rectified current in 
M2 is associated with a multiple frequency response. This finding makes the measurement of the IV 
curve under RF conditions a very useful tool for testing the FM chain during the TV tests. 
We have measured for all tested frequencies, the IV of M1 and M2 and combined a total power output 
measurement for each measurement point. This led to the conclusion, that the total power drop for a 
frequency response optimized FM band 3b chain has to be expected in the range of 3 to 6dB. We 
recommend reconsidering the optical attenuation level chosen for HIFI band 3. 
The method and the results presented here finally lead to the proposal for the TV test on band 3 FS 
given in Annex 1. 
 
6 Safety Issues 

The safety of the FM chain shall have highest priority. To test the chain signal output for a variety of 
bias modifications needs a modified safety table for the FM LCU. The flight chain has never been 
operated at these settings. The fact, that the safety table needs to be updated means that the allowed 
operational range is much wider than for normal operation. On the other hand, the LCU software has 
already demonstrated its robustness several times now at IST level. Excess forward current is 
controlled via the software controlled Drain 2 voltage ramp and has a hard stop at the voltage supply 
current limit, so that excess current can be ruled out. It is not intended for this test, to modify the 
drain2 voltage to higher voltages as already permitted for cold operation, so that the W-band RF 
power as an input for the multiplier stages will remain in the already tested and safety software 
controlled range.     
Reverse current conditions have been discussed in section 4. Levels below 10muA of reverse current 
are acceptable for this test. 
 
 
7 TBTV Phase Purity Test on Band 3b FM 

According to the findings on the FS chain, the signal purity test has been performed on the FM chain 
as part of the TBTV tests on the satellite at ESTEC in Noordwijk. The test has been divided into 3 test 
blocks, subsequently with more reverse M2 voltages (-7.5V, -8.0V, -8.5V). Each of the blocks 
contained different M1 voltage tunings (10V to 5V) for a set of 15 frequencies covering the 
problematic area. 
The general behaviour of the chain under the various bias conditions was very similar to what we have 
seen in the FS chain tests. It was expected that the forward current on M1 could be larger than the 
hardware limit of 10mA at some settings. Therefore the software limit was set to 9.5mA to avoid 
tripping of the hardware limitation. Figure 7-1 shows the M1 RF IV for the 1st testblock and reveals 
that this limit has been tripped 8 times during this test sequence. Lowering M1V from nominal (10V) 
to 5V results in lower output power of the chain, in agreement to the measurements on the FS chain as 
indicated in Figure 7-2. 
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Figure 7-1: M1I vs M1V for test block 1 (M2V=-7.5V) shows that the forward software limit was tripped 8 
times at 9.5mA.  

 
Figure 7-2: Band 3 mixer pump levels for the various test conditions have been monitored showing that 
that the output power of the chain is decreasing with lowering the voltage on M1. 
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Figure 7-3 summarizes all M2IM1V RF curves for all 3 testblocks. It is shown that the purity 
condition of generating no forward current on M2 can be met for various bias conditions. 
Unfortunately, 3 frequencies remain with forward current for all three M2V settings, regardless of the 
M1V adjustments within that range. As seen from the FS chain tests, the more reverse M2 is biased, 
the less M1 needs to be moved from its nominal forward bias point. 
 
Figure 7-4 lists plots for measured mixer pump levels vs. M1V settings for each frequency and 
indicates the settings for a pure LO signal for each frequency with green circles. A summary of these 
settings is shown in Figure 7-5 with a comparison to the measured interferograms by scanning the 
local oscillator Martin-Puplett interferometer.  
 
A selection of pure settings can be made for those which generates the highest ouput power. Notze that 
we find always the most negative selected M2V of -8.5V which yields slightly more output power as 
the other settings. The selected voltages are listed in Table 3-1. The orange section of the table indicate 
frequencies that remained impure.   
 
Frequency M1V M2V 
930 10 -8.5 
931.5 10 -8.5 
933 10 -8.5 
934.5 7 -8.5 
936     
937.5     
939     
940.5 6 -8.5 
942 7 -8.5 
943.5 10 -8.5 
945 10 -8.5 
946.5 10 -8.5 
948 10 -8.5 
949.5 10 -8.5 
951 10 -8.5 
Table 7-1: Selected bias parameters for band 3b FM generating pure frequency responses.  
     
 
 
 
 



 
 

 HERSCHEL/HIFI - LO  
HIFI LOU BAND 3b 

Frequency Response 

Hifi no.: MPIfR/HIFI/TN/2008-544 
Inst.no.: 25 
Issue: 1.03 
Date:  15th September 2009 
Category:  4 

 
 
 

Page 26 of 45 

 

 

 

 
Figure 7-3: M2I vs. M1V for M2V=-7.5V (top), M2V=-8.0V (middle) and M2V=-8.5 (bottom) 
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Figure 7-4: Measured mixer pump level vs. M1V for each test frequency and different M2V settings. 
Green circles identify settings of M2I=0 (pure).  
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Figure 7-5: Summary of  identified pure settings (top graph) compared to diplexer scan results for block 
1.     
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8 Conclusion on TBTV Band 3b Purity Test 

We conclude from the findings in section 7 that the test was a successful reproduction of the foregoing 
tests on the FS chain. The similarity of these two chains was obviously sufficient to predict the test 
conditions from the FS chain tests to cover all safety aspects that have been considered in advance.  
Bias settings for 9 out of 12 impure test frequencies could be identified producing sufficient output 
power to adequately pump the mixer.  
 
At 3 frequencies the M2V setting would need to be set more negative than -8.5V. An extrapolation of 
the data yields -9.5V for M2V to purify also the range from 936-939GHz. This value is also 
considered to be covered by all safety aspects given by the endurance test results, where M2 was 
biased to -10.5V.  
 
9 Results from CoP Tests 

Given the analysis done on the TB/TV data testgrid has been evolved for the CoP phase resulting in a 
total of four testblocks.  
Testblock#0 has been defined as a repetition of the first testblock of TB/TV, implying nominal settings 
on the M2 stage. This minimum risk measurement has been performed to ensure the integrity of the 
system after launch, ruling out if and whens concerning harness resistances, physical temperatures and 
other environmental unknowns, before starting new areas of test parameters. 
Testblock#1 has been defined with M2V at -8.5V, which was the most reverse voltage tested in 
TB/TV, having a slightly different frequency grid as in TB/TV to also test the extrapolation method 
for purified settings.     
Testblock#2 and testblock#3 are defined in the frequency area where TB/TV could not reveal pure 
settings (935-941GHz) in a fine frequency grid for M2V of -9.0V and -9.5V, respectively.  
It is noted that also the M1V range has been enlarged by 1V in forward direction in comparison to the 
TB/TV tests.  
A summary of the frequency parameters and multiplier voltages are given in Figure 9-1.  

 
Figure 9-1: Summary of the Parameter grid for testblock#1,#2,#3 in the CoP Purity test. 
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9.1 Results from Test Block #0 

In this testblock we aimed for verifying that the CoP test conditions are not different from TBTV to 
ensure that the local oscillator is not exposed to unexpected stress conditions or levels. Therefore we 
adapted the D2V settings to drain resistances measured in the CoP SFT. Therefore only temperature 
effects could have impact on the W-band power level fed into the 1st multiplier stage. A comparison 
between the HK D2V data can be seen in Figure 9-2. In 103 performed tunings the difference is 1mV 
or less, only in 2 tunings we detected a higher difference, which were explained by GOOLs that 
regulated the voltage slightly different. In conclusion, we find the D2 voltage in CoP as a reproduction 
of TBTV settings. 
 
As a further comparison between TBTV and CoP we plot the forward currents of M1 and M2 in 
Figure 9-3and Figure 9-4, respectively. Here we also see that the RF IV of the multipliers is pretty 
well reproduced under the CoP test environment. Given the fact, that the LOU is about 10K colder 
than it was in TBTV, the forward currents only differ very little and there was no reason to assume 
that the RF conditions in the chain have changed significantly. 
Zooming in the reverse current region for M2, which is always the concern, we see in Figure 9-5 that 
in testblock#0 there is no reverse current visible in CoP as in TBTV.    
In conclusion, testblock#0 fully verified that the LO can be tested based on assumptions derived from 
TBTV data. 
  

 
Figure 9-2: Comparison of D2V HK voltages in TB/TV and the respective testblock#0 in CoP. 
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Figure 9-3: Comparison of M1 forward currents in TB/TV and the respective testblock#0 in CoP.  
 

 
Figure 9-4: Comparison of M2 forward currents in TB/TV and the respective tesblock#0 in CoP.  
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Figure 9-5: Zoom in M2 currents around zero to indicate level of reverse current. 
 
 
9.2 Results from Test Block #1 

As a further safety measure before running the chain under more reverse bias conditions as ever tested 
on the FM chain, and in in-orbit conditions, we defined in test block #1 the most reverse bias on M2 as 
tuned in TB/TV [-8.5V]. The data of the respective TBTV testblock is plotted in Figure 9-6. The 2D 
plot shows the M2 current vs. frequency and M1 bias voltage. The green areas indicate where the 
forward current (everything between blue and red) turns to zero (dark blue) as an indication of a pure 
signal. Dark grey areas indicate where the multiplier current turns to the reverse direction (0 to -0.005 
mA) and black areas show clear reverse current of -0.010mA and higher. 
Figure 9-7 shows the measured data for testblock#1. As in the previous figure it represents the data for 
M2 biased at -8.5V. There is a gap between 936 and 941GHz, which is the residual problem area after 
the TBTV campaign, which we did not want to re-measure rather than proving the purified range still 
to be pure.  We therefore also changed the test frequencies to verify that the resolution of earlier taken 
data represents the purity characteristics of this frequency band. If we compare both plots, we 
conclude that, within the given accuracy and reproducibility of about 5 microns for setting the zero 
point (determination of offset + readout accuracy), the TBTV data is reasonably reproduced by the 
new data set.  
In addition, we show in Figure 9-8 the mixer pump levels as a monitor of available output power. The 
green area here indicates the minimum pump level. Considering the selected bias levels for M1 
(yellow dots in Figure 9-7) in the range where M2 has to be biased at -8.5V, we see that sufficient 
output power is available in this frequency range. The region around 942GHz appears at the most 
critical. Due to the low output power we expect that the highest D2V level is tuned in normal 
operation. M2I has been measured to be -0.010mA and higher in this particular region in TBTV (see 
Figure 9-6).  
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Figure 9-6: M2 current vs. frequency and M1 bias voltage for M2V fixed at -8.5V. Colours from blue to 
red indicate forward current (impure signal), blue indicates zero or low reverse current (pure signal), 
green areas indicate the border to forward current. Areas of undesired reverse current for currents 
higher than -0.005mA and current higher than -0.010mA are grey and black, respectively. See text for 
details.    
 
Linear interpolation between the selected bias voltages for M1 and M2 shall be applied in normal 
operation. A comparison between the measured RF M2IM1V curves (M2V fixed at -8.5V) at slightly 
different frequencies is shown in the plots of Figure 9-9. Here it can be seen that by shifting the LO 
frequency only by 100MHz, the signal can be turned from pure to impure as shown in the plot for 
943.5GHz, which was measured pure in TBTV but shows forward current on M2 in the M1 voltage 
range 8-10V. 
Shifting the frequency by 100-200MHz can change the M1 voltage, necessary for pure signal, by 1 
volt more forward on the diode’s IV curve. That clearly implies that we have not found the maximum 
impure frequencies. The so far selected M1V pure settings (after the TV purity test and later after the 
CoP purity test) have been selected 0.5V to 1V more forward than derived from the test data. The now 
taken data reveals that this was necessary and possibly not too conservative. At this point, we see a 
potential for further improvement.    
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Figure 9-7: M2 current vs. frequency and M1 bias voltage for M2V fixed at -8.5V. Colours from blue to red indicate forward 
current (impure signal), blue indicates zero or low reverse current (pure signal), green areas indicate the border to forward current. 
Areas of undesired reverse current for currents higher than -0.005mA and current higher than -0.010mA are grey and black, 
respectively. See text for details.    
  

 
Figure 9-8: Measured mixer LO signal pump level for various purity test settings. Levels higher than 0.018mA are considered to 
be acceptable. This minimum requirement is indicated by the green line.
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Figure 9-9: Comparison between M2IM1V curves for slightly different frequencies. See text for explanation.
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9.3 Testblock#2 and #3 

Testblocks #2 and #3 explore the frequency range between 934.5 and 940.5GHz which could not be 
purified with the TBTV test settings (-8.5V max reverse voltage on M2 and 5V max forward voltage 
on M1). An Extrapolation of the TBTV data estimated -9.5V on M2 to purify this frequency region. 
The TBTV test experience concerning the diode RF characteristics concerning the reverse breakdown 
also justified those settings.  
Figure 9-10 displays the status from the TBTV data. At -8.5V on M2 we have found forward current 
on the diode, indicating that the signal is not pure. Only in the lower right corner of the plot there is a 
small region in the M1V-frequency graph that reveal conditions for a pure signal up to 936GHz, when 
lowering down the reverse voltage on M1 as low as 5V. White crosses indicate the TBTV test 
frequency resolution of 1.5GHz. Only 5 frequencies had been measured in this problematic range.  

 
Figure 9-10: M2 current vs. frequency and M1 bias voltage for M2V fixed at -8.5V. Colours from blue to red indicate forward 
current (impure signal), blue indicates zero or low reverse current (pure signal), green areas indicate the border to forward current. 
Areas of undesired reverse current for currents higher than -0.005mA and current higher than -0.010mA are grey and black, 
respectively. See text for details.    
 
14 Frequency points have been defined for testblock #2 and #3 as indicated in the plots of Figure 
9-11Figure 9-13. The plot in Figure 9-11 represents the data measured at -9.0V reverse voltage on M2. 
In comparison to the data discussed above, the forward current on M2 can be avoided in the range up 
to 939GHz, by the combination of the more reverse voltage on M2 and the more forward voltage on 
M1 (now adjusted down to 4V). The area left from the green stripe can be considered as conditions for 
a pure signal. Yellow dots indicate selected bias points for further operation (safety table package).  
For frequencies higher than 937.5GHz, these bias settings lead to output power at the edge of the 
minimum required, as indicated by the green stripe in Figure 9-12.    
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Figure 9-11: M2 current vs. frequency and M1 bias voltage for M2V fixed at -9.0V. Colours from blue to red indicate forward 
current (impure signal), blue indicates zero or low reverse current (pure signal), green areas indicate the border to forward current. 
Areas of undesired reverse current for currents higher than -0.005mA and current higher than -0.010mA are grey and black, 
respectively. See text for details.    
  

 
Figure 9-12: Measured mixer LO signal pump level for various purity test settings. Levels higher than 0.018mA are considered to 
be acceptable. This minimum requirement is indicated by the green line.  
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Figure 9-13: M2 current vs. frequency and M1 bias voltage for M2V fixed at -9.5V. Colours from blue to red indicate forward 
current (impure signal), blue indicates zero or low reverse current (pure signal), green areas indicate the border to forward current. 
Areas of undesired reverse current for currents higher than -0.005mA and current higher than -0.010mA are grey and black, 
respectively. See text for details.  

 
Figure 9-14: Measured mixer LO signal pump level for various purity test settings. Levels higher than 0.018mA are considered to 
be acceptable. This minimum requirement is indicated by the green line. 
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A further improvement for frequencies up to 939.5GHz is shown in Figure 9-13 which summarizes the 
data gathered in testblock #3 for -9.5V reverse voltage on M2. Above 939.5GHz, even at 4V on M1, 
there is still forward current on the diode, so that there is a residual of 1GHz which remains impure in 
the frequency response. We have indicated 3.7V for M1 in this range, although this is considered to 
generate insufficient output power.  
 
 
 
9.4 Conclusions on the CoP Purity Test 

Summary 
 
The extrapolation of the TBTV data resulting in new test settings for the CoP test has been confirmed. 
Most of the problematic frequency range, as a residual of the TBTV purity test, can be purified by 
reverse voltages up to -9.5V on M2. There is a remaining area of about 1 GHz around 940GHz that 
still shows forward current on M2. Due to the low output poer of the chain at these bias conditions, it 
is not recommended to explore this range with more extreme settings.  
 
Open Issues / Potential Improvements 
 
The use of the purified frequencies with more reverse settings than the nominal should be monitored 
regarding reverse current on the diode. Those have been avoided in the selection of the settings, 
however, as figured out in this report, at some frequencies there is only a small gap between reverse 
and forward current.   
 
The test frequencies in TBTV have been derived as an equally spaced frequency grid iver the 
problematic range from 930GHz to 951GHz. No attention has been spent to the question whether this 
grid represents the characteristics of the impurity of the generated signal. Measurements shown in 
Figure 9-9 reveal that the bias settings, needed for a pure signal, do shift when the frequency is 
changed on a 100MHz scale. At those frequencies, where the purified settings do not provide 
sufficient output power, a finer exploration of the settings can improve the Tsys performance of the 
instrument. 
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10 Annex #1 – Input for FM band 3b Tests in Satellite TV 

10.1 Frequency Grid 

Due to the finding that already at 936GHz there is a multiple frequency response, but not in 933GHz 
and 939GHz, we need to define the frequency grid finer than 3GHz. Otherwise, we may draw 
conclusions for frequencies that work well with nominal voltages but cannot produce sufficient output 
power with ‘optimized’ bias settings. We therefore propose a 1GHz grid as a minimum. 
 
10.2 Modification of M1V 

M1V has been modified on the FS chain between 10V and 4V. At 4V the rectified current reached up 
to -7mA, whereas the LCU voltage source for this multiplier has a current limit of -10mA. On the FS 
chain, the optimum settings were more reverse than 5V, so that the test range of 10V to 5V in steps of 
0.5V seems reasonable and surely is safe. 
 
10.3 Modification of M2V 

M2V has been varied between -7.0 and -8.5V, whereas the -16V is the breakthrough voltage of the 
diode. Biasing this stage more negative, was the only way to get a single frequency response at some 
frequencies, regardless of M1V. Because also the power dropped largely, M2V still needs to be set at 
more positive bias for those frequencies, more reverse bias is not necessary. As -8.5V already is 
beyond half the breakthrough voltage, it should be the limit for this test. The total range shall therefore 
be -7.0V to -8.5V in steps of 0.5V. 
 
On the next to pages we print the single tunings to be done for the tests as a test sequence of 360 
frequency and bias adjustments.  
After each adjustment we need to take general HK data for 5 seconds. And run one diplexer scan. 
The estimated time for this is 15 seconds. The tuning process is estimated to have a duration of 25 
seconds, so that the total test time is 4 hours.  
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# Frequency M1V M2V M3V D2V # Frequency M1V M2V M3V D2V # Frequency M1V M2V M3V D2V # Frequency M1V M2V M3V D2V 
1 930,0 10,0 -7,5 1,2 D2V_max 49 933,0 10,0 -7,0 1,5 D2V_max 97 936,0 10,0 -7,5 1,2 D2V_max 145 939,0 10,0 -7,0 1,5 D2V_max 
2 930,0 9,0 -7,5 1,2 D2V_max 50 933,0 9,0 -7,0 1,5 D2V_max 98 936,0 9,0 -7,5 1,2 D2V_max 146 939,0 9,0 -7,0 1,5 D2V_max 
3 930,0 8,0 -7,5 1,2 D2V_max 51 933,0 8,0 -7,0 1,5 D2V_max 99 936,0 8,0 -7,5 1,2 D2V_max 147 939,0 8,0 -7,0 1,5 D2V_max 
4 930,0 7,0 -7,5 1,2 D2V_max 52 933,0 7,0 -7,0 1,5 D2V_max 100 936,0 7,0 -7,5 1,2 D2V_max 148 939,0 7,0 -7,0 1,5 D2V_max 
5 930,0 6,5 -7,5 1,2 D2V_max 53 933,0 6,5 -7,0 1,5 D2V_max 101 936,0 6,5 -7,5 1,2 D2V_max 149 939,0 6,5 -7,0 1,5 D2V_max 
6 930,0 6,0 -7,5 1,2 D2V_max 54 933,0 6,0 -7,0 1,5 D2V_max 102 936,0 6,0 -7,5 1,2 D2V_max 150 939,0 6,0 -7,0 1,5 D2V_max 
7 930,0 5,5 -7,5 1,2 D2V_max 55 933,0 5,5 -7,0 1,5 D2V_max 103 936,0 5,5 -7,5 1,2 D2V_max 151 939,0 5,5 -7,0 1,5 D2V_max 
8 930,0 5,0 -7,5 1,2 D2V_max 56 933,0 5,0 -7,0 1,5 D2V_max 104 936,0 5,0 -7,5 1,2 D2V_max 152 939,0 5,0 -7,0 1,5 D2V_max 
9 930,0 10,0 -8,0 1,2 D2V_max 57 933,0 10,0 -8,0 1,5 D2V_max 105 936,0 10,0 -8,0 1,2 D2V_max 153 939,0 10,0 -8,0 1,5 D2V_max 

10 930,0 9,0 -8,0 1,2 D2V_max 58 933,0 9,0 -8,0 1,5 D2V_max 106 936,0 9,0 -8,0 1,2 D2V_max 154 939,0 9,0 -8,0 1,5 D2V_max 
11 930,0 8,0 -8,0 1,2 D2V_max 59 933,0 8,0 -8,0 1,5 D2V_max 107 936,0 8,0 -8,0 1,2 D2V_max 155 939,0 8,0 -8,0 1,5 D2V_max 
12 930,0 7,0 -8,0 1,2 D2V_max 60 933,0 7,0 -8,0 1,5 D2V_max 108 936,0 7,0 -8,0 1,2 D2V_max 156 939,0 7,0 -8,0 1,5 D2V_max 
13 930,0 6,5 -8,0 1,2 D2V_max 61 933,0 6,5 -8,0 1,5 D2V_max 109 936,0 6,5 -8,0 1,2 D2V_max 157 939,0 6,5 -8,0 1,5 D2V_max 
14 930,0 6,0 -8,0 1,2 D2V_max 62 933,0 6,0 -8,0 1,5 D2V_max 110 936,0 6,0 -8,0 1,2 D2V_max 158 939,0 6,0 -8,0 1,5 D2V_max 
15 930,0 5,5 -8,0 1,2 D2V_max 63 933,0 5,5 -8,0 1,5 D2V_max 111 936,0 5,5 -8,0 1,2 D2V_max 159 939,0 5,5 -8,0 1,5 D2V_max 
16 930,0 5,0 -8,0 1,2 D2V_max 64 933,0 5,0 -8,0 1,5 D2V_max 112 936,0 5,0 -8,0 1,2 D2V_max 160 939,0 5,0 -8,0 1,5 D2V_max 
17 930,0 10,0 -8,5 1,2 D2V_max 65 933,0 10,0 -8,5 1,5 D2V_max 113 936,0 10,0 -8,5 1,2 D2V_max 161 939,0 10,0 -8,5 1,5 D2V_max 
18 930,0 9,0 -8,5 1,2 D2V_max 66 933,0 9,0 -8,5 1,5 D2V_max 114 936,0 9,0 -8,5 1,2 D2V_max 162 939,0 9,0 -8,5 1,5 D2V_max 
19 930,0 8,0 -8,5 1,2 D2V_max 67 933,0 8,0 -8,5 1,5 D2V_max 115 936,0 8,0 -8,5 1,2 D2V_max 163 939,0 8,0 -8,5 1,5 D2V_max 
20 930,0 7,0 -8,5 1,2 D2V_max 68 933,0 7,0 -8,5 1,5 D2V_max 116 936,0 7,0 -8,5 1,2 D2V_max 164 939,0 7,0 -8,5 1,5 D2V_max 
21 930,0 6,5 -8,5 1,2 D2V_max 69 933,0 6,5 -8,5 1,5 D2V_max 117 936,0 6,5 -8,5 1,2 D2V_max 165 939,0 6,5 -8,5 1,5 D2V_max 
22 930,0 6,0 -8,5 1,2 D2V_max 70 933,0 6,0 -8,5 1,5 D2V_max 118 936,0 6,0 -8,5 1,2 D2V_max 166 939,0 6,0 -8,5 1,5 D2V_max 
23 930,0 5,5 -8,5 1,2 D2V_max 71 933,0 5,5 -8,5 1,5 D2V_max 119 936,0 5,5 -8,5 1,2 D2V_max 167 939,0 5,5 -8,5 1,5 D2V_max 
24 930,0 5,0 -8,5 1,2 D2V_max 72 933,0 5,0 -8,5 1,5 D2V_max 120 936,0 5,0 -8,5 1,2 D2V_max 168 939,0 5,0 -8,5 1,5 D2V_max 
25 931,5 10,0 -7,5 1,2 D2V_max 73 934,5 10,0 -7,0 1,5 D2V_max 121 937,5 10,0 -7,5 1,2 D2V_max 169 940,5 10,0 -7,0 1,5 D2V_max 
26 931,5 9,0 -7,5 1,2 D2V_max 74 934,5 9,0 -7,0 1,5 D2V_max 122 937,5 9,0 -7,5 1,2 D2V_max 170 940,5 9,0 -7,0 1,5 D2V_max 
27 931,5 8,0 -7,5 1,2 D2V_max 75 934,5 8,0 -7,0 1,5 D2V_max 123 937,5 8,0 -7,5 1,2 D2V_max 171 940,5 8,0 -7,0 1,5 D2V_max 
28 931,5 7,0 -7,5 1,2 D2V_max 76 934,5 7,0 -7,0 1,5 D2V_max 124 937,5 7,0 -7,5 1,2 D2V_max 172 940,5 7,0 -7,0 1,5 D2V_max 
29 931,5 6,5 -7,5 1,2 D2V_max 77 934,5 6,5 -7,0 1,5 D2V_max 125 937,5 6,5 -7,5 1,2 D2V_max 173 940,5 6,5 -7,0 1,5 D2V_max 
30 931,5 6,0 -7,5 1,2 D2V_max 78 934,5 6,0 -7,0 1,5 D2V_max 126 937,5 6,0 -7,5 1,2 D2V_max 174 940,5 6,0 -7,0 1,5 D2V_max 
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31 931,5 5,5 -7,5 1,2 D2V_max 79 934,5 5,5 -7,0 1,5 D2V_max 127 937,5 5,5 -7,5 1,2 D2V_max 175 940,5 5,5 -7,0 1,5 D2V_max 
32 931,5 5,0 -7,5 1,2 D2V_max 80 934,5 5,0 -7,0 1,5 D2V_max 128 937,5 5,0 -7,5 1,2 D2V_max 176 940,5 5,0 -7,0 1,5 D2V_max 
33 931,5 10,0 -8,0 1,2 D2V_max 81 934,5 10,0 -8,0 1,5 D2V_max 129 937,5 10,0 -8,0 1,2 D2V_max 177 940,5 10,0 -8,0 1,5 D2V_max 
34 931,5 9,0 -8,0 1,2 D2V_max 82 934,5 9,0 -8,0 1,5 D2V_max 130 937,5 9,0 -8,0 1,2 D2V_max 178 940,5 9,0 -8,0 1,5 D2V_max 
35 931,5 8,0 -8,0 1,2 D2V_max 83 934,5 8,0 -8,0 1,5 D2V_max 131 937,5 8,0 -8,0 1,2 D2V_max 179 940,5 8,0 -8,0 1,5 D2V_max 
36 931,5 7,0 -8,0 1,2 D2V_max 84 934,5 7,0 -8,0 1,5 D2V_max 132 937,5 7,0 -8,0 1,2 D2V_max 180 940,5 7,0 -8,0 1,5 D2V_max 
37 931,5 6,5 -8,0 1,2 D2V_max 85 934,5 6,5 -8,0 1,5 D2V_max 133 937,5 6,5 -8,0 1,2 D2V_max 181 940,5 6,5 -8,0 1,5 D2V_max 
38 931,5 6,0 -8,0 1,2 D2V_max 86 934,5 6,0 -8,0 1,5 D2V_max 134 937,5 6,0 -8,0 1,2 D2V_max 182 940,5 6,0 -8,0 1,5 D2V_max 
39 931,5 5,5 -8,0 1,2 D2V_max 87 934,5 5,5 -8,0 1,5 D2V_max 135 937,5 5,5 -8,0 1,2 D2V_max 183 940,5 5,5 -8,0 1,5 D2V_max 
40 931,5 5,0 -8,0 1,2 D2V_max 88 934,5 5,0 -8,0 1,5 D2V_max 136 937,5 5,0 -8,0 1,2 D2V_max 184 940,5 5,0 -8,0 1,5 D2V_max 
41 931,5 10,0 -8,5 1,2 D2V_max 89 934,5 10,0 -8,5 1,5 D2V_max 137 937,5 10,0 -8,5 1,2 D2V_max 185 940,5 10,0 -8,5 1,5 D2V_max 
42 931,5 9,0 -8,5 1,2 D2V_max 90 934,5 9,0 -8,5 1,5 D2V_max 138 937,5 9,0 -8,5 1,2 D2V_max 186 940,5 9,0 -8,5 1,5 D2V_max 
43 931,5 8,0 -8,5 1,2 D2V_max 91 934,5 8,0 -8,5 1,5 D2V_max 139 937,5 8,0 -8,5 1,2 D2V_max 187 940,5 8,0 -8,5 1,5 D2V_max 
44 931,5 7,0 -8,5 1,2 D2V_max 92 934,5 7,0 -8,5 1,5 D2V_max 140 937,5 7,0 -8,5 1,2 D2V_max 188 940,5 7,0 -8,5 1,5 D2V_max 
45 931,5 6,5 -8,5 1,2 D2V_max 93 934,5 6,5 -8,5 1,5 D2V_max 141 937,5 6,5 -8,5 1,2 D2V_max 189 940,5 6,5 -8,5 1,5 D2V_max 
46 931,5 6,0 -8,5 1,2 D2V_max 94 934,5 6,0 -8,5 1,5 D2V_max 142 937,5 6,0 -8,5 1,2 D2V_max 190 940,5 6,0 -8,5 1,5 D2V_max 
47 931,5 5,5 -8,5 1,2 D2V_max 95 934,5 5,5 -8,5 1,5 D2V_max 143 937,5 5,5 -8,5 1,2 D2V_max 191 940,5 5,5 -8,5 1,5 D2V_max 
48 931,5 5,0 -8,5 1,2 D2V_max 96 934,5 5,0 -8,5 1,5 D2V_max 144 937,5 5,0 -8,5 1,2 D2V_max 192 940,5 5,0 -8,5 1,5 D2V_max 
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# Frequency M1V M2V M3V D2V # Frequency M1V M2V M3V D2V # Frequency M1V M2V M3V D2V # Frequency M1V M2V M3V D2V 
193 942,0 10,0 -7,5 2,0 D2V_max 241 945,0 10,0 -7,0 1,5 D2V_max 289 948,0 10,0 -7,5 1,2 D2V_max 337 951,0 10,0 -7,0 1,2 D2V_max 
194 942,0 9,0 -7,5 2,0 D2V_max 242 945,0 9,0 -7,0 1,5 D2V_max 290 948,0 9,0 -7,5 1,2 D2V_max 338 951,0 9,0 -7,0 1,2 D2V_max 
195 942,0 8,0 -7,5 2,0 D2V_max 243 945,0 8,0 -7,0 1,5 D2V_max 291 948,0 8,0 -7,5 1,2 D2V_max 339 951,0 8,0 -7,0 1,2 D2V_max 
196 942,0 7,0 -7,5 2,0 D2V_max 244 945,0 7,0 -7,0 1,5 D2V_max 292 948,0 7,0 -7,5 1,2 D2V_max 340 951,0 7,0 -7,0 1,2 D2V_max 
197 942,0 6,5 -7,5 2,0 D2V_max 245 945,0 6,5 -7,0 1,5 D2V_max 293 948,0 6,5 -7,5 1,2 D2V_max 341 951,0 6,5 -7,0 1,2 D2V_max 
198 942,0 6,0 -7,5 2,0 D2V_max 246 945,0 6,0 -7,0 1,5 D2V_max 294 948,0 6,0 -7,5 1,2 D2V_max 342 951,0 6,0 -7,0 1,2 D2V_max 
199 942,0 5,5 -7,5 2,0 D2V_max 247 945,0 5,5 -7,0 1,5 D2V_max 295 948,0 5,5 -7,5 1,2 D2V_max 343 951,0 5,5 -7,0 1,2 D2V_max 
200 942,0 5,0 -7,5 2,0 D2V_max 248 945,0 5,0 -7,0 1,5 D2V_max 296 948,0 5,0 -7,5 1,2 D2V_max 344 951,0 5,0 -7,0 1,2 D2V_max 
201 942,0 10,0 -8,0 2,0 D2V_max 249 945,0 10,0 -8,0 1,5 D2V_max 297 948,0 10,0 -8,0 1,2 D2V_max 345 951,0 10,0 -8,0 1,2 D2V_max 
202 942,0 9,0 -8,0 2,0 D2V_max 250 945,0 9,0 -8,0 1,5 D2V_max 298 948,0 9,0 -8,0 1,2 D2V_max 346 951,0 9,0 -8,0 1,2 D2V_max 
203 942,0 8,0 -8,0 2,0 D2V_max 251 945,0 8,0 -8,0 1,5 D2V_max 299 948,0 8,0 -8,0 1,2 D2V_max 347 951,0 8,0 -8,0 1,2 D2V_max 
204 942,0 7,0 -8,0 2,0 D2V_max 252 945,0 7,0 -8,0 1,5 D2V_max 300 948,0 7,0 -8,0 1,2 D2V_max 348 951,0 7,0 -8,0 1,2 D2V_max 
205 942,0 6,5 -8,0 2,0 D2V_max 253 945,0 6,5 -8,0 1,5 D2V_max 301 948,0 6,5 -8,0 1,2 D2V_max 349 951,0 6,5 -8,0 1,2 D2V_max 
206 942,0 6,0 -8,0 2,0 D2V_max 254 945,0 6,0 -8,0 1,5 D2V_max 302 948,0 6,0 -8,0 1,2 D2V_max 350 951,0 6,0 -8,0 1,2 D2V_max 
207 942,0 5,5 -8,0 2,0 D2V_max 255 945,0 5,5 -8,0 1,5 D2V_max 303 948,0 5,5 -8,0 1,2 D2V_max 351 951,0 5,5 -8,0 1,2 D2V_max 
208 942,0 5,0 -8,0 2,0 D2V_max 256 945,0 5,0 -8,0 1,5 D2V_max 304 948,0 5,0 -8,0 1,2 D2V_max 352 951,0 5,0 -8,0 1,2 D2V_max 
209 942,0 10,0 -8,5 2,0 D2V_max 257 945,0 10,0 -8,5 1,5 D2V_max 305 948,0 10,0 -8,5 1,2 D2V_max 353 951,0 10,0 -8,5 1,2 D2V_max 
210 942,0 9,0 -8,5 2,0 D2V_max 258 945,0 9,0 -8,5 1,5 D2V_max 306 948,0 9,0 -8,5 1,2 D2V_max 354 951,0 9,0 -8,5 1,2 D2V_max 
211 942,0 8,0 -8,5 2,0 D2V_max 259 945,0 8,0 -8,5 1,5 D2V_max 307 948,0 8,0 -8,5 1,2 D2V_max 355 951,0 8,0 -8,5 1,2 D2V_max 
212 942,0 7,0 -8,5 2,0 D2V_max 260 945,0 7,0 -8,5 1,5 D2V_max 308 948,0 7,0 -8,5 1,2 D2V_max 356 951,0 7,0 -8,5 1,2 D2V_max 
213 942,0 6,5 -8,5 2,0 D2V_max 261 945,0 6,5 -8,5 1,5 D2V_max 309 948,0 6,5 -8,5 1,2 D2V_max 357 951,0 6,5 -8,5 1,2 D2V_max 
214 942,0 6,0 -8,5 2,0 D2V_max 262 945,0 6,0 -8,5 1,5 D2V_max 310 948,0 6,0 -8,5 1,2 D2V_max 358 951,0 6,0 -8,5 1,2 D2V_max 
215 942,0 5,5 -8,5 2,0 D2V_max 263 945,0 5,5 -8,5 1,5 D2V_max 311 948,0 5,5 -8,5 1,2 D2V_max 359 951,0 5,5 -8,5 1,2 D2V_max 
216 942,0 5,0 -8,5 2,0 D2V_max 264 945,0 5,0 -8,5 1,5 D2V_max 312 948,0 5,0 -8,5 1,2 D2V_max 360 951,0 5,0 -8,5 1,2 D2V_max 
217 943,5 10,0 -7,5 1,2 D2V_max 265 946,5 10,0 -7,0 1,5 D2V_max 313 949,5 10,0 -7,5 1,2 D2V_max             
218 943,5 9,0 -7,5 1,2 D2V_max 266 946,5 9,0 -7,0 1,5 D2V_max 314 949,5 9,0 -7,5 1,2 D2V_max             
219 943,5 8,0 -7,5 1,2 D2V_max 267 946,5 8,0 -7,0 1,5 D2V_max 315 949,5 8,0 -7,5 1,2 D2V_max             
220 943,5 7,0 -7,5 1,2 D2V_max 268 946,5 7,0 -7,0 1,5 D2V_max 316 949,5 7,0 -7,5 1,2 D2V_max             
221 943,5 6,5 -7,5 1,2 D2V_max 269 946,5 6,5 -7,0 1,5 D2V_max 317 949,5 6,5 -7,5 1,2 D2V_max             
222 943,5 6,0 -7,5 1,2 D2V_max 270 946,5 6,0 -7,0 1,5 D2V_max 318 949,5 6,0 -7,5 1,2 D2V_max             
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223 943,5 5,5 -7,5 1,2 D2V_max 271 946,5 5,5 -7,0 1,5 D2V_max 319 949,5 5,5 -7,5 1,2 D2V_max             
224 943,5 5,0 -7,5 1,2 D2V_max 272 946,5 5,0 -7,0 1,5 D2V_max 320 949,5 5,0 -7,5 1,2 D2V_max             
225 943,5 10,0 -8,0 1,2 D2V_max 273 946,5 10,0 -8,0 1,5 D2V_max 321 949,5 10,0 -8,0 1,2 D2V_max             
226 943,5 9,0 -8,0 1,2 D2V_max 274 946,5 9,0 -8,0 1,5 D2V_max 322 949,5 9,0 -8,0 1,2 D2V_max             
227 943,5 8,0 -8,0 1,2 D2V_max 275 946,5 8,0 -8,0 1,5 D2V_max 323 949,5 8,0 -8,0 1,2 D2V_max             
228 943,5 7,0 -8,0 1,2 D2V_max 276 946,5 7,0 -8,0 1,5 D2V_max 324 949,5 7,0 -8,0 1,2 D2V_max             
229 943,5 6,5 -8,0 1,2 D2V_max 277 946,5 6,5 -8,0 1,5 D2V_max 325 949,5 6,5 -8,0 1,2 D2V_max             
230 943,5 6,0 -8,0 1,2 D2V_max 278 946,5 6,0 -8,0 1,5 D2V_max 326 949,5 6,0 -8,0 1,2 D2V_max             
231 943,5 5,5 -8,0 1,2 D2V_max 279 946,5 5,5 -8,0 1,5 D2V_max 327 949,5 5,5 -8,0 1,2 D2V_max             
232 943,5 5,0 -8,0 1,2 D2V_max 280 946,5 5,0 -8,0 1,5 D2V_max 328 949,5 5,0 -8,0 1,2 D2V_max             
233 943,5 10,0 -8,5 1,2 D2V_max 281 946,5 10,0 -8,5 1,5 D2V_max 329 949,5 10,0 -8,5 1,2 D2V_max             
234 943,5 9,0 -8,5 1,2 D2V_max 282 946,5 9,0 -8,5 1,5 D2V_max 330 949,5 9,0 -8,5 1,2 D2V_max             
235 943,5 8,0 -8,5 1,2 D2V_max 283 946,5 8,0 -8,5 1,5 D2V_max 331 949,5 8,0 -8,5 1,2 D2V_max             
236 943,5 7,0 -8,5 1,2 D2V_max 284 946,5 7,0 -8,5 1,5 D2V_max 332 949,5 7,0 -8,5 1,2 D2V_max             
237 943,5 6,5 -8,5 1,2 D2V_max 285 946,5 6,5 -8,5 1,5 D2V_max 333 949,5 6,5 -8,5 1,2 D2V_max             
238 943,5 6,0 -8,5 1,2 D2V_max 286 946,5 6,0 -8,5 1,5 D2V_max 334 949,5 6,0 -8,5 1,2 D2V_max             
239 943,5 5,5 -8,5 1,2 D2V_max 287 946,5 5,5 -8,5 1,5 D2V_max 335 949,5 5,5 -8,5 1,2 D2V_max             
240 943,5 5,0 -8,5 1,2 D2V_max 288 946,5 5,0 -8,5 1,5 D2V_max 336 949,5 5,0 -8,5 1,2 D2V_max             
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