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Detector B: G1 = 0.04579 –5.94E-04 * T (V/K) 
Detector C: G1 = 0.0455 –5.94E-04 * T (V/K) 
Detector D: G1 = 0.05983 –8.40E-04 * T (V/K) 
 
Photometric Gain from inverse parabolic T(V) fit 
Detector A: G2 = 14.24976 + 15.64 * V (K/V) 
Detector B: G2 = 10.89453 + 13.80 * V (K/V) 
Detector C: G2 = 10.14162 + 14.10 * V (K/V) 
Detector D: G2 =  6.21257 +  9.42 * V (K/V) 
 
Photometric Gain from Gain-Model  V(T) fit 
 
Detector A: G3 = 0.05153/(1.09924+0.0100*T) (V/K) 
Detector B: G3 = 0.06040/(1.11190+0.0112*T) (V/K) 
Detector C: G3 = 0.06134/(1.12327+0.0114*T) (V/K) 
Detector D: G3 = 0.08332/(1.13433+0.0129*T) (V/K) 
 
 
 

5.2.3 Consistency of the Results based on SKY steps and Parabolic fit  

The white noise limit has been calculated and compared with the requirement. The white noise limit is 
defined at a given SKY temperature as follows:  
 

Eq.  1:  [ ]secmK 10002 ⋅⋅+⋅=Δ
B
TTT SYSSKY  

 
where B is the bandwidth [Hz],  τ  is the integration time [sec], SKYT  and SYST  are the Skyload antenna 
temperature [K] and noise system temperature [K] respectively.  
From measurements the white noise limit is calculated as follows:  
 

Eq.  2:  
BT

WNVKGT
ττ

τ
−

⋅⋅⋅=Δ
2

1]/[  

 
where WN is the white noise as derived from RaNA, τ  is the 122 microSec (1/8KHz) integration time  and 

BTτ  is the blanking time (7.5 microSec). G is the gain (K/V) which needs to be know from RCA_TNG tests.  
 
The requirements has been calculated assuming Tsys = 10.7  Kelvin and B = 6.0 GHz (see [AD 2]), while the 
white noise limit form measurements has been derived in three ways:  
 
 

1. From the Tsys and B derived from tests applying the Eq.  1. Tsys values were obtained from 
parabolic fit V(T) and B were obtained from RCA_SPR test 
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where the fparam represents a transfer function that can also be derived from analytical models of the 
LFI receivers and  •P the variation of the parameter. 
    

7.1 RCA_THB: SUSCEPTIBILITY TO BEM TEMPERATURE VARIATIONS 
Not performed. 

7.2 RCA_THV: SUSCEPTIBILITY TO V-GROOVE TEMPERATURE VARIATIONS 
The test consists in three steps in the Tvg3(the coldest): 61.5, 63.5, 65.5 K respectively. The following 
graphics show the Tvg3 temperature sensor measurements. 
 

 
Figure 8-1: VG3 temperature variation during the  RCA_THV  test.  

 
Sky load and reference load were stabilized during the test so that only VG3 temperature where 
varied.  
The Tsky and Tref behavior during the test is reported in Figure 8-2 
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Figure 8-2:  Left – Sky Load: (SKY_TEMP) probe (red) and (SMON_TMP) probe 

(green)  temperature behaviour during  the RCA_THF test; right – Ref Load 
(REF_TEMP) probe 

Also the FEM and BEM temperatures were controlled during the test. They are reported in Figure 
-8-3 

 
Figure -8-3: FEM (left) and BEM (right) temperature behaviour during the 

RCA_THV test 
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 tmin tmax  
 45 446  
 1277 1645  
 2193 3620  
    
Sky Sensor = SMON_TMP   
Ref Sensor = REF_TEMP   
Vgroove Sensor = VG3_TEMP   
    
 SMON_TMP REF_TEMP VG3_TEMP 
 9.77702808 9.1999321 61.49825668 
 9.77692795 9.19993114 63.49811935 
 9.77678871 9.19997692 65.4988327 
    
Radiometer outputs (K)    
 Tsky Tref  
 32.542617 34.102013  
 32.544241 34.10297  
 32.534325 34.093199  
    
 Tsky-r*Tref   
 0.00071162052   
 0.00011860207   
    
OUTPUT    
 ftheo (K/K) fmeas (K/K)  
 0.00000235 -0.0002964  

7.3 RCA_THF: SUSCEPTIBILITY TO FEM TEMPERATURE VARIATIONS 
The test has been performed by varying the temperature of the FEM keeping constant the 
temperatures of the other thermal interfaces. 
The temperature of the FEM has been set to 20K (nominal), 22K, 24K, and 27K as seen in Figure -8-8 
 

 
Figure -8-8: FEM temperature step during the RCA_THF test 

The temperature behaviour of the other thermal interfaces are reported in the next figures (Figure 8-9 and 
Figure 8-10) showing the sky load (SKY_TEMP and SMON_TMP) and reference load temperatures , and 
the BEM temperature.  



 

FM 44 GHZ RCA28 DATA ANALYSIS REPORT 
Document No.: 
Issue/Rev. No.: 

Date: 
Page : 

PL-LFI-PST-RP-020
1.0

Aug 06
29

 

INAF/IASF – BOLOGNA 
LFI Project System Team 
 

Figure 8-9: Left – Sky Load (SKY_TEMP) probe (red) and Reference Load (green)  
temperature behaviour during  the RCA_THF test; right – SKY_TEMP probe (red) 

and SMON_TMP probe (green) 

 

Figure 8-10: BEM temperature behaviour during the RCA_THF test 

To do the analysis, the radiometric output for each channel in the three steps was recorded. We can 
see the output of the channels in the figures below: 
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Sky Sensor = SKY_TEMP   
Ref Sensor = REF_TEMP   
FEM Sensor = FEM_TEMP   
    
 SKY_TEMP REF_TEMP FEM_TEMP 
 9.19999695 9.19989681 19.99991035 
 9.20002937 9.19986153 22.00007629 
 9.19973564 9.19967365 23.99995804 
 9.19997978 9.19994164 27.00001526 
    
Radiometer outputs (K)    
 Tsky Tref  
 34.485854 36.554622  
 34.959616 37.088436  
 35.462409 37.638168  
 36.227321 38.527968  
    
 Tsky-r*Tref   
 -0.029840849   
 -0.045669091   
 -0.12019913   
    
OUTPUT    
 ftheo (K/K) fmeas (K/K)  
 -0.013226 -0.018607  

    
Sky Sensor = SKY_TEMP   
Ref Sensor = REF_TEMP   
FEM Sensor = FEM_TEMP   
    
 SKY_TEMP REF_TEMP FEM_TEMP 
 9.19999695 9.19989681 19.99991035 
 9.20002937 9.19986153 22.00007629 
 9.19973564 9.19967365 23.99995804 
 9.19997978 9.19994164 27.00001526 
    
Radiometer outputs (K)    
 Tsky Tref  
 36.127361 37.701163  
 36.636725 38.242149  
 37.14027 38.818244  
 37.903099 39.745099  
    
 Tsky-r*Tref   
 -0.0090386872   
 -0.05753993   
 -0.18287637   
    
OUTPUT    
 ftheo (K/K) fmeas (K/K)  
 -0.009756 -0.035322  

FEM susceptibility    
INPUT    
Frequency (GHz) = 30   
Channel : C   
Load correct : Yes   
r = 0.94434556   
Model: FM   
Gain calibration factor (V/K) = 0.0293   
LfeedOMT_dB = 0.1   
L4K_dB = 0.1   
GF1_dB = 35   
GF2_dB = 35   
TnF1_K = 20   
TnF2_K = 20   
dGF1_dB_dTFEphys_K = -0.05   
dGF2_dB_dTFEphys_K = -0.05   
dTn1_dTFEphys_K = 0.08   
dTn2_dTFEphys_K = 0.08   
    
There are 4 time windows  
 tmin tmax  
 1 87  
 283 954  
 1215 4351  
 4756 5200  
    
Sky Sensor = SKY_TEMP   
Ref Sensor = REF_TEMP   
FEM Sensor = FEM_TEMP   
    
 SKY_TEMP REF_TEMP FEM_TEMP 
 9.19999695 9.19989681 19.99991035 
 9.20002937 9.19986153 22.00007629 
 9.19973564 9.19967365 23.99995804 
 9.19997978 9.19994164 27.00001526 
    
Radiometer outputs (K)    
 Tsky Tref  
 31.639373 33.50402  
 32.115203 33.973947  
 32.588431 34.471194  
 33.320044 35.22369  
    
 Tsky-r*Tref   
 0.032056856   
 0.035711624   
 0.056708863   
    
OUTPUT    
 ftheo (K/K) fmeas (K/K)  
 -0.013006 0.005094  

FEM susceptibility    
INPUT    
Frequency (GHz) = 30   
Channel : D   
Load correct : Yes   
r = 0.95426438   
Model: FM   
Gain calibration factor (V/K) = 0.038   
LfeedOMT_dB = 0.1   
L4K_dB = 0.1   
GF1_dB = 35   
GF2_dB = 35   
TnF1_K = 20   
TnF2_K = 20   
dGF1_dB_dTFEphys_K = -0.05   
dGF2_dB_dTFEphys_K = -0.05   
dTn1_dTFEphys_K = 0.08   
dTn2_dTFEphys_K = 0.08   
    
There are 4 time windows  
 tmin tmax  
 1 87  
 283 954  
 1215 4351  
 4756 5200  
    
Sky Sensor = SKY_TEMP   
Ref Sensor = REF_TEMP   
FEM Sensor = FEM_TEMP   
    
 SKY_TEMP REF_TEMP FEM_TEMP 
 9.19999695 9.19989681 19.99991035 
 9.20002937 9.19986153 22.00007629 
 9.19973564 9.19967365 23.99995804 
 9.19997978 9.19994164 27.00001526 
    
Radiometer outputs (K)    
 Tsky Tref  
 32.644433 34.209002  
 33.042381 34.657056  
 33.478648 35.137551  
 34.155246 35.867703  
    
 Tsky-r*Tref   
 -0.029613464   
 -0.051865463   
 -0.072026322   
    
OUTPUT    
 ftheo (K/K) fmeas (K/K)  
 -0.010688 -0.008343  

 
 

 
To improve the results obtained with the default parameters, I am going to change any of them. In particular, 
I change the 

FE
phys

dB
FE TG ∂∂ and 

FE
physnFE TT ∂∂ . The best values will be: 

 

Table -8-3: Optimized parameters of RCA_THF test 
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dGF2_dB_dTFEphys_K = -0.061   
dTn1_dTFEphys_K = 0.06   
dTn2_dTFEphys_K = 0.06   
    
There are 4 time windows  
 tmin tmax  
 1 87  
 283 954  
 1215 4351  
 4756 5200  
    
Sky Sensor = SKY_TEMP   
Ref Sensor = REF_TEMP   
FEM Sensor = FEM_TEMP   
    
 SKY_TEMP REF_TEMP FEM_TEMP 
 9.19999695 9.19989681 19.99991035 
 9.20002937 9.19986153 22.00007629 
 9.19973564 9.19967365 23.99995804 
 9.19997978 9.19994164 27.00001526 
    
Radiometer outputs (K)    
 Tsky Tref  
 34.485854 36.554622  
 34.959616 37.088436  
 35.462409 37.638168  
 36.227321 38.527968  
    
 Tsky-r*Tref   
 -0.029840849   
 -0.045669091   
 -0.12019913   
    
OUTPUT    
 ftheo (K/K) fmeas (K/K)  
 -0.018603 -0.018607  

dGF2_dB_dTFEphys_K = -0.133   
dTn1_dTFEphys_K = 0.028   
dTn2_dTFEphys_K = 0.028   
    
There are 4 time windows  
 tmin tmax  
 1 87  
 283 954  
 1215 4351  
 4756 5200  
    
Sky Sensor = SKY_TEMP   
Ref Sensor = REF_TEMP   
FEM Sensor = FEM_TEMP   
    
 SKY_TEMP REF_TEMP FEM_TEMP 
 9.19999695 9.19989681 19.99991035 
 9.20002937 9.19986153 22.00007629 
 9.19973564 9.19967365 23.99995804 
 9.19997978 9.19994164 27.00001526 
    
Radiometer outputs (K)    
 Tsky Tref  
 36.127361 37.701163  
 36.636725 38.242149  
 37.14027 38.818244  
 37.903099 39.745099  
    
 Tsky-r*Tref   
 -0.0090386872   
 -0.05753993   
 -0.18287637   
    
OUTPUT    
 ftheo (K/K) fmeas (K/K)  
 -0.035458 -0.035322  

FEM susceptibility    
INPUT    
Frequency (GHz) = 30   
Channel : C   
Load correct : Yes   
r = 0.94434556   
Model: FM   
Gain calibration factor (V/K) = 0.0293   
LfeedOMT_dB = 0.1   
L4K_dB = 0.1   
GF1_dB = 35   
GF2_dB = 35   
TnF1_K = 20   
TnF2_K = 20   
dGF1_dB_dTFEphys_K = -0.028   
dGF2_dB_dTFEphys_K = -0.028   
dTn1_dTFEphys_K = 0.25   
dTn2_dTFEphys_K = 0.25   
    
There are 4 time windows  
 tmin tmax  
 1 87  
 283 954  
 1215 4351  
 4756 5200  
    
Sky Sensor = SKY_TEMP   
Ref Sensor = REF_TEMP   
FEM Sensor = FEM_TEMP   
    
 SKY_TEMP REF_TEMP FEM_TEMP 
 9.19999695 9.19989681 19.99991035 
 9.20002937 9.19986153 22.00007629 
 9.19973564 9.19967365 23.99995804 
 9.19997978 9.19994164 27.00001526 
    
Radiometer outputs (K)    
 Tsky Tref  
 31.639373 33.50402  
 32.115203 33.973947  
 32.588431 34.471194  
 33.320044 35.22369  
    
 Tsky-r*Tref   
 0.032056856   
 0.035711624   
 0.056708863   
    
OUTPUT    
 ftheo (K/K) fmeas (K/K)  
 0.004973 0.005094  

FEM susceptibility    
INPUT    
Frequency (GHz) = 30   
Channel : D   
Load correct : Yes   
r = 0.95426438   
Model: FM   
Gain calibration factor (V/K) = 0.038   
LfeedOMT_dB = 0.1   
L4K_dB = 0.1   
GF1_dB = 35   
GF2_dB = 35   
TnF1_K = 20   
TnF2_K = 20   
dGF1_dB_dTFEphys_K = -0.049   
dGF2_dB_dTFEphys_K = -0.049   
dTn1_dTFEphys_K = 0.124   
dTn2_dTFEphys_K = 0.124   
    
There are 4 time windows  
 tmin tmax  
 1 87  
 283 954  
 1215 4351  
 4756 5200  
    
Sky Sensor = SKY_TEMP   
Ref Sensor = REF_TEMP   
FEM Sensor = FEM_TEMP   
    
 SKY_TEMP REF_TEMP FEM_TEMP 
 9.19999695 9.19989681 19.99991035 
 9.20002937 9.19986153 22.00007629 
 9.19973564 9.19967365 23.99995804 
 9.19997978 9.19994164 27.00001526 
    
Radiometer outputs (K)    
 Tsky Tref  
 32.644433 34.209002  
 33.042381 34.657056  
 33.478648 35.137551  
 34.155246 35.867703  
    
 Tsky-r*Tref   
 -0.029613464   
 -0.051865463   
 -0.072026322   
    
OUTPUT    
 ftheo (K/K) fmeas (K/K)  
 -0.008319 -0.008343  
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Ref Sensor = REF_TEMP   
FEM Sensor = FEM_TEMP   
    
 SMON_TMP REF_TEMP FEM_TEMP 
 9.77321625 9.19989681 19.99991035 
 9.77312279 9.19986153 22.00007629 
 9.77340031 9.19967365 23.99995804 
 9.77482128 9.19994164 27.00001526 
    
Radiometer outputs (K)    
 Tsky Tref  
 34.485854 36.554622  
 34.959742 37.088436  
 35.461964 37.638168  
 36.225699 38.527968  
    
 Tsky-r*Tref   
 -0.029714964   
 -0.046114457   
 -0.12182133   
    
OUTPUT    
 ftheo (K/K) fmeas (K/K)  
 -0.019812 -0.01896  

Ref Sensor = REF_TEMP   
FEM Sensor = FEM_TEMP   
    
 SMON_TMP REF_TEMP FEM_TEMP 
 9.77321625 9.19989681 19.99991035 
 9.77312279 9.19986153 22.00007629 
 9.77340031 9.19967365 23.99995804 
 9.77482128 9.19994164 27.00001526 
    
Radiometer outputs (K)    
 Tsky Tref  
 36.127361 37.701163  
 36.636851 38.242149  
 37.139825 38.818244  
 37.901477 39.745099  
    
 Tsky-r*Tref   
 -0.0089128022   
 -0.057985296   
 -0.18449857   
    
OUTPUT    
 ftheo (K/K) fmeas (K/K)  
 -0.016342 -0.035674  

FEM susceptibility    
INPUT    
Frequency (GHz) = 30   
Channel : C   
Load correct : Yes   
r = 0.94434556   
Model: FM   
Gain calibration factor (V/K) = 0.0293   
LfeedOMT_dB = 0.1   
L4K_dB = 0.1   
GF1_dB = 35   
GF2_dB = 35   
TnF1_K = 20   
TnF2_K = 20   
dGF1_dB_dTFEphys_K = -0.05   
dGF2_dB_dTFEphys_K = -0.05   
dTn1_dTFEphys_K = 0.08   
dTn2_dTFEphys_K = 0.08   
    
There are 4 time windows  
 tmin tmax  
 1 87  
 283 954  
 1215 4351  
 4756 5200  
    
Sky Sensor = SMON_TMP   
Ref Sensor = REF_TEMP   
FEM Sensor = FEM_TEMP   
    
 SMON_TMP REF_TEMP FEM_TEMP 
 9.77321625 9.19989681 19.99991035 
 9.77312279 9.19986153 22.00007629 
 9.77340031 9.19967365 23.99995804 
 9.77482128 9.19994164 27.00001526 
    
Radiometer outputs (K)    
 Tsky Tref  
 31.639373 33.50402  
 32.115329 33.973947  
 32.587986 34.471194  
 33.318422 35.22369  
    
 Tsky-r*Tref   
 0.032182741   
 0.035266259   
 0.055086663   
    
OUTPUT    
 ftheo (K/K) fmeas (K/K)  
 -0.019593 0.004741  

FEM susceptibility    
INPUT    
Frequency (GHz) = 30   
Channel : D   
Load correct : Yes   
r = 0.95426438   
Model: FM   
Gain calibration factor (V/K) = 0.038   
LfeedOMT_dB = 0.1   
L4K_dB = 0.1   
GF1_dB = 35   
GF2_dB = 35   
TnF1_K = 20   
TnF2_K = 20   
dGF1_dB_dTFEphys_K = -0.05   
dGF2_dB_dTFEphys_K = -0.05   
dTn1_dTFEphys_K = 0.08   
dTn2_dTFEphys_K = 0.08   
    
There are 4 time windows  
 tmin tmax  
 1 87  
 283 954  
 1215 4351  
 4756 5200  
    
Sky Sensor = SMON_TMP   
Ref Sensor = REF_TEMP   
FEM Sensor = FEM_TEMP   
    
 SMON_TMP REF_TEMP FEM_TEMP 
 9.77321625 9.19989681 19.99991035 
 9.77312279 9.19986153 22.00007629 
 9.77340031 9.19967365 23.99995804 
 9.77482128 9.19994164 27.00001526 
    
Radiometer outputs (K)    
 Tsky Tref  
 32.644433 34.209002  
 33.042506 34.657056  
 33.478203 35.137551  
 34.153623 35.867703  
    
 Tsky-r*Tref   
 -0.029487579   
 -0.052310829   
 -0.073648522   
    
OUTPUT    
 ftheo (K/K) fmeas (K/K)  
 -0.017275 -0.008696  

 
 

 
To improve the results obtained with the default parameters, I am going to change any of them. In particular, 
I change the 

FE
phys

dB
FE TG ∂∂ and 

FE
physnFE TT ∂∂ . The best values will be: 
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dGF2_dB_dTFEphys_K = -0.048   
dTn1_dTFEphys_K = 0.077   
dTn2_dTFEphys_K = 0.077   
    
There are 4 time windows  
 tmin tmax  
 1 87  
 283 954  
 1215 4351  
 4756 5200  
    
Sky Sensor = SMON_TMP   
Ref Sensor = REF_TEMP   
FEM Sensor = FEM_TEMP   
    
 SMON_TMP REF_TEMP FEM_TEMP 
 9.77321625 9.19989681 19.99991035 
 9.77312279 9.19986153 22.00007629 
 9.77340031 9.19967365 23.99995804 
 9.77482128 9.19994164 27.00001526 
    
Radiometer outputs (K)    
 Tsky Tref  
 34.485854 36.554622  
 34.959742 37.088436  
 35.461964 37.638168  
 36.225699 38.527968  
    
 Tsky-r*Tref   
 -0.029714964   
 -0.046114457   
 -0.12182133   
    
OUTPUT    
 ftheo (K/K) fmeas (K/K)  
 -0.018955 -0.01896  

dGF2_dB_dTFEphys_K = -0.092   
dTn1_dTFEphys_K = 0.035   
dTn2_dTFEphys_K = 0.035   
    
There are 4 time windows  
 tmin tmax  
 1 87  
 283 954  
 1215 4351  
 4756 5200  
    
Sky Sensor = SMON_TMP   
Ref Sensor = REF_TEMP   
FEM Sensor = FEM_TEMP   
    
 SMON_TMP REF_TEMP FEM_TEMP 
 9.77321625 9.19989681 19.99991035 
 9.77312279 9.19986153 22.00007629 
 9.77340031 9.19967365 23.99995804 
 9.77482128 9.19994164 27.00001526 
    
Radiometer outputs (K)    
 Tsky Tref  
 36.127361 37.701163  
 36.636851 38.242149  
 37.139825 38.818244  
 37.901477 39.745099  
    
 Tsky-r*Tref   
 -0.0089128022   
 -0.057985296   
 -0.18449857   
    
OUTPUT    
 ftheo (K/K) fmeas (K/K)  
 -0.035679 -0.035674  

FEM susceptibility    
INPUT    
Frequency (GHz) = 30   
Channel : C   
Load correct : Yes   
r = 0.94434556   
Model: FM   
Gain calibration factor (V/K) = 0.0293   
LfeedOMT_dB = 0.1   
L4K_dB = 0.1   
GF1_dB = 35   
GF2_dB = 35   
TnF1_K = 20   
TnF2_K = 20   
dGF1_dB_dTFEphys_K = -0.0256   
dGF2_dB_dTFEphys_K = -0.0256   
dTn1_dTFEphys_K = 0.29   
dTn2_dTFEphys_K = 0.29   
    
There are 4 time windows  
 tmin tmax  
 1 87  
 283 954  
 1215 4351  
 4756 5200  
    
Sky Sensor = SMON_TMP   
Ref Sensor = REF_TEMP   
FEM Sensor = FEM_TEMP   
    
 SMON_TMP REF_TEMP FEM_TEMP 
 9.77321625 9.19989681 19.99991035 
 9.77312279 9.19986153 22.00007629 
 9.77340031 9.19967365 23.99995804 
 9.77482128 9.19994164 27.00001526 
    
Radiometer outputs (K)    
 Tsky Tref  
 31.639373 33.50402  
 32.115329 33.973947  
 32.587986 34.471194  
 33.318422 35.22369  
    
 Tsky-r*Tref   
 0.032182741   
 0.035266259   
 0.055086663   
    
OUTPUT    
 ftheo (K/K) fmeas (K/K)  
 0.004784 0.004741  

FEM susceptibility    
INPUT    
Frequency (GHz) = 30   
Channel : D   
Load correct : Yes   
r = 0.95426438   
Model: FM   
Gain calibration factor (V/K) = 0.038   
LfeedOMT_dB = 0.1   
L4K_dB = 0.1   
GF1_dB = 35   
GF2_dB = 35   
TnF1_K = 20   
TnF2_K = 20   
dGF1_dB_dTFEphys_K = -0.035   
dGF2_dB_dTFEphys_K = -0.035   
dTn1_dTFEphys_K = 0.123   
dTn2_dTFEphys_K = 0.123   
    
There are 4 time windows  
 tmin tmax  
 1 87  
 283 954  
 1215 4351  
 4756 5200  
    
Sky Sensor = SMON_TMP   
Ref Sensor = REF_TEMP   
FEM Sensor = FEM_TEMP   
    
 SMON_TMP REF_TEMP FEM_TEMP 
 9.77321625 9.19989681 19.99991035 
 9.77312279 9.19986153 22.00007629 
 9.77340031 9.19967365 23.99995804 
 9.77482128 9.19994164 27.00001526 
    
Radiometer outputs (K)    
 Tsky Tref  
 32.644433 34.209002  
 33.042506 34.657056  
 33.478203 35.137551  
 34.153623 35.867703  
    
 Tsky-r*Tref   
 -0.029487579   
 -0.052310829   
 -0.073648522   
    
OUTPUT    
 ftheo (K/K) fmeas (K/K)  
 -0.008637 -0.008696  

 



 

FM 44 GHZ RCA28 DATA ANALYSIS REPORT 
Document No.: 
Issue/Rev. No.: 

Date: 
Page : 

PL-LFI-PST-RP-020
1.0

Aug 06
40

 

INAF/IASF – BOLOGNA 
LFI Project System Team 
 

7.4 RCA_ELE: SUSCEPTIBILITY TO DISTURBANCE ON BIAS LINES 
 
Test not performed due to setup problem. 
 
 



L. Terenzi - 15 May 2006 
 

1 Introduction 

 
During the FM RCA 27 and 28 test runs some uncertainties about the reference targets temperature 
arose, due to difficulties found in the data analysis. 
The visual inspection of the cryochamber setup after the RCA 28 test has given some possible 
explaination for the discrepancies found.  
In the RCA27 test run, an additional sensor was put on the back of one of the reference targets in 
order to verify the source of this systematic. 
Actually the Reference Load assembly mounted in the chamber was very close to its insulating 
support, in such a way that during cooldown a possible contact would have caused an unwanted 
heat flow through the 4K RL.  
In this report a thermal analysis of such a kind of thermal contact has been performed and its 
consequences on the data analysis are discussed. 
 

2 The thermal model of the experimental setup 

 
The reference load is located in front of the reference horns and mechanically mounted on the FEM 
structure by means of an insulating supporting structure (Fig. 1, left). 
 

 
 
Fig. 1 The 4K RL mounted in the RCA28 test (left). In the yellow circle a possible contact between the target 
RT3 and the supporting structure is visible. In the RCA27 calibration run a similar contact can be considered 

at the level of the RT2 envelope.. 

 
In the two different 30 GHz RCAs the 4K RL had a different mounting direction, so that the 
possible contact point is different in the two cases (Fig. 1). 



The corresponding thermal models differs only for this thermal conductor. The models contain also 
a radiative load from an environment of 30 K (the 4K antennas are at about 20 K but I wanted to 
increase the radiative heat load considering that a small contribution would come also from the 
surrounding 50 K shield). 

 
 



 
Fig. 2 The thermal models for the RCA 27 (upper diagram) ad RCA28 (lower diagram) differ only in the 

conductor linking the contact node (triangular in the upper right part of the diagrams) to the 4K RL. 

3 RCA27 data analysis 

 
I started my analysis from the RCA27 where two sensor data, one on the copper control stage 
(REFCTR) and one on the back of the RT2 (REFMON) could be used. 
Data used in this analysis are taken from the 030LFI27_RCA_FM_LIS_200604081545 dataset. 
Assuming a thermal contact between the stainless steel support (at about 21.5 K) and the RT2, 
the temperatures of the RT1 and RT2, at the steady state, are then depending mainly on three 
thermal conductances: 
K1 is the thermal conductance between RT1 and the copper control stage; 
K2 is the thermal conductance between RT2 and RT1; 
K3 is the contact between support and RT2 envelope. 
The analysis consisted of three main steps. 
 

4 First step 

 
Trying to reproduce only the steady temperature differences REFMON sensor and the REFCTR 
sensor, mounted on the copper control stage, We can estimate the ratio between two conductances, 
apply the equation: 
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The absolute conductances are estimated using the transient steps and fitting the measured curves 
with the simulated ones . 
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Fig. 3 Comparison between simulated and measured temperatures. REFCTR is the input to the simulation so that the 

simulated and measured curves are equivalent 

 
On the lowest steady state, the total heat flow through the reference load is about 36 mW, with 
35.34 mW coming from the conductive link so that we could neglect the radiative load. 
 

5 Second step 

 
After having fixed a good matching between simulated and measured thermal data, I study the 
correlation between the temperature curves of RT2 and the RCA outputs A and B.  
In  Fig. 4 I plot the ChA, ChB and Ch C, Ch D voltage outputs vs the antenna temperature 
conversion of REFCTR sensor; it is evident how this temperature is not significant of the 
radiometer outputs. 
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Fig. 4 The V vs REFCTR temperature plots of the radiometer outputs (A, B on top panel and C, D on bottom 

panel). We can see how the voltage varies with a long delay with respect to temperature variation. 

 
 
The REFMON  has a better correlation to detectors. In the case of A and B detectors show a small 
delay as expected since we suppose that the a significant tracer of the radiometer signal has to be 
located at the level of the target pyramid. In th case of C and D the detectors are varying more 
rapidly at the beginning of the temperature steps as they observe the RT1 which is closer to control 
stage and then is reacting to power injection before the RT2. 
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Fig. 5 The V vs REFMON temperature plots of the radiometer outputs (A, B on top panel and C, D on 
bottom panel).. 

 
Then I take as a reference a thermal node at half the pyramid height of RT2 and correlate its 
simulated (antenna) temperature to the BEM voltage. The corresponding Voltage vs Temperature 
curves are shown in Fig. 6 
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Fig. 6 The V vs T curves whose fit is used to estimate the noise temperatures for channels A and B 

 
It is evident how the correlation between temperature and radiometer output is very accurate. 
 

6 Third step 

 
Finally I modulate K1 and K2 in order to have a correlation between the simulated RT1 and 
channels C and D output comparable to the RT2 one, also during transient steps, in order to 
estimate the right RT1 temperature to be used in the data analysis. The result is shown in Fig. 7 
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Fig. 7 The V vs T curves whose linear fit is used to estimate the noise temperatures for channels C and D 



7 RCA28 data analysis 

 
I then performed a similar simulation on the RCA28 model (Fig. 2  bottom panel). Using the same 
model changing only the contact point a good result is found. 
The V vs T plots are shown in Fig. 8 and Fig. 9. 
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Fig. 8 The V vs T curves whose fit is used to estimate the noise temperatures for RCA28 channels A and B 
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Fig. 9 The V vs T curves whose fit is used to estimate the noise temperatures for RCA28 channels C and D 

 



8 Conclusions  

 
A thermal model of the 4 K reference load mounted on the RCA cryochamber during the RCA27 
and RCA28 test run was developed in order to estimate the reference targets actual temperature 
observed by the reference horns. The use of a sensor located on the back of one of the targets in 
RCA27 provided us a good check for the model. Then the correlation between the radiometer 
outputs and pyramids temperature was used to estimate the noise temperatures of the radiometer 
chains.  
The tables below summarize the RCA parameters evaluated 
 
 

8.1 DETECTOR 

TnRef ParFit (K) TnSky ParFit (K) 

RCA27 A 13.82721 12.80 
RCA27 B 13.49102 12.43 
RCA27 C 15.70097 13.78 
RCA27 D 16.83996 13.71 
RCA28 A 8.2743 9.4822 
RCA28 B 8.4285 9.3958 
RCA28 C 10.8866 10.10705 
RCA28 D 10.51545 9.48525 

 

 



RADIOMETER GAIN MODEL  

F.Villa and L.Terenzi 
IASF – Bologna 

17 May 2006 
 
A new gain model has been developed based on paper of “William C. Daywitt, Radiometer Equation and 
Analysis of Systematic Errors for the NIST Automated Radiometers, 1989 ” modified for the case of LFI.  
The hypothesis are the following:  
 
The FEM has constant gain and Tnoise.  
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The BEM has a gain which depends on the BEM input power  as follows 
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Where p is the power entering the BEM and a is a parameter defining the non linearity of the BEM.  
Of course this is a particular gain model but some consideration can be appointed:  
1) For b = 0 the radiometer is linear. 
2) For b = infinity the BEM has a G= 0   
3) For p  = infinity the BEM is completely compressed and G  = 0 has expected  
The power entering the BEM (we neglect the attenuation of the WGs which may be included in the FEM 
parameters) is:  
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So at the output of the BEM we have (the diode constant is considered inside the BEM gain)  
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Or in a compact way 
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Gtot is the radiometer gain which depends on the input antenna temperature.  
 
A fit on the data has been performed with this following function:  
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With a fit 0G , *
NT  and b can de derived form data taken on RCA_LIS test.  



0.1 RANA SPR 001

Data from file set: 030LFI28 RCA FM SPR 200603221625
Contained in directory: /home/villa/030LFI28 RCA FM SPR 200603221625

0.1.1 Input Data

Frequency: 30 GHz
Trigger Detector: C
F min: 26.50 GHz
F max: 40.00 GHz
Step: 0.05 GHz
Threshold: 0.0700 V/s
Useful Data: 50.00 %
Calibration File: /media/VILAS/cal spr FM 30GHz 01.dat

0.1.2 Comments

SPR test results calibrated considering standard WR28 attenuation (normalized to 30GHz).
test properties(from log file):

• RCA SPR: power level = −30 dBm

• Trigger sequence = [6,0,3,0] at 26.85 GHz

• Number of points = 271 (0.05 GHz step)

0.1.3 Output Data

Table 1: Central frequency and equivalent bandwidth.

Channel Central Frequency Equivalent Bandwidth
(GHz) (GHz)

A 32.35 3.22
B 32.45 3.23
C 31.40 4.94
D 31.35 5.12

1



0.1.4 Derivative Plots

Figure 1: Data binned with a bin equal to 0.
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0.1.5 Selected Plots

Figure 2: Data binned with a bin equal to 0.
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0.1.6 Radiometer Spectral Response

Figure 3: Calibrated data.
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Figure 4: Calibrated data in dB.
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Figure 5: Uncalibrated data.
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