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INTRODUCTION AND SCOPE 

This document reports on the RCA24 Flight Model on – ground calibration scientific data analysis. Tests 
were performed from 16th  January 2006 to 8th February 2006 (including functional tests) at Alcatel Alenia 
Space – Milano according to the LFI Calibration Plan.  

The RCA is composed by the following units:  

The radiometer scheme is reported in Figure 1-1

Figure 1-1: RCA24 scheme. M means Main Arm; S means Side Arm. A and B output channels are connected through the waveguides 
with M1 and M2 front end Low Noise Amplifiers. C and D output channels are connected with S1 and S2 front end Low Noise 

Amplifiers 

The temperature sensors are here explained in 
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APPLICABLE DOCUMENTS
[AD 1] M.Bersanelli, Planck-LFI Calibration Plan, PL-LFI-PST-PL-008, Issue/Rev 1.0, July 2003 

[AD 2] E.Alippi, P.Guzzi, Planck LFI 44GHz Radiometer Chain Assembly (RCA) Specification, PL-LFI-
PST-SP-007, Issue/Rev. 2.0, March 2002 

REFERENCE DOCUMENTS 

[RD 1] A.Mennella, et. al, Data analysis and calibration matrix of LFI 44 GHz QM receiver (LFI24), PL-
LFI-PST-AN-003, Issue/Rev 1.0, May 2005 

[RD 2] P. Battaglia, 44GHz RCA #24 FM Test Report, PL-LFI-LAB-RP-059, Issue 1 

[RD 3] F. Cuttaia,  A. D’Arcangelo, D. Lawson, L. Stringhetti, nonlinearity investigation at 44 GHz using 
prototype units:BEM44_B3_DC and BEM44_B4_DC,  PL-LFI-PST-TN-073, 1.0  

[RD 4] N. Roddis, D. Lawson, F. Cuttaia D. Kettle et al. Planck LFI – 44 GHz FM FEM 4F2 Final 
Performance Test Report, PL-LFI-JBO-RP-090 

ANNEXES

[ANNEX 1] P. Battaglia, LIS RaNA analysis report 

[ANNEX 2] F. Villa, SPR RaNA analysis report  

[ANNEX 3] M. Sandri, ST3 RaNA analysis report with blanking Time of 7.5 usec 

[ANNEX 4] M. Sandri, ST3 RaNA analysis report with blanking Time of 22.5 usec 

[ANNEX 5] M. Sandri, UNC RaNA analysis report 
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Phase switches tuning 

The tuning of PS has been performed by varying the PS current supply (I1 and I2) in order to reach the best 
working condition, i.e. when the SKY-REF output difference is as close as possible to zero when one 
amplifier at time is switched on. According to Seiffert et al. 2002 page 1187, formula (4), the output of each 
detector is (differenced with r = 1) is�

for the Phase switch M1 

 when M2 is off. 
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For the phase switch S1 
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For the phase switch S2 
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Here we defined the following quantities:  
Tn -> noise temperatures of the LNAs at the front end (for M1,M2,S1,S2) 
Gbem -> Gain of the LNA at the back end (A,B,C,D) 

It should be noted that the differenced output is null as the two state of the phase switches exhibit the same 
insertion loss A1 and A2 at a given I1 and I2 pair and that as one detector is balanced (for example detector 
A when M2 is off) automatically the other detector output  (detector B in this case) is null as well. 

The table Table 5-3 reports the optimal phase switch bias values versus the nominal values has been declared 
by JBO.  
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Figure 5-2: Phase switch tuning of the Side  Arm (S1 and S2). In the left panel the scanning sequence on the (I1,I2) plane is shown
together with the measurement index. On the right the voltage difference as a function of measurements index. The white square is

the nominal value while the grey is the best value found at RCA level.  

Tuning of the Amplifiers 

To search for best working conditions the noise temperature and the isolation have been measured as a 
function of Vgate 1 and Vgate 2. Firstly the minimum noise conditions have been found by varying the 
Vgate1 keeping the Vgate2 and Vdrain fixed. The noise temperature was measured with the Y factor method 
as reported in Eq.  1 (here physical temperatures have been assumed for the calculation).  
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Figure 5-3: Tuning of the low noise amplifiers on Main arm (M1 and M2). The right panel is the same plot of the left one but with a 
different Y – scale. Triangles are the noise temperatures calculated on detector A; Square are the noise temperatures calculated on 

detector B. The line on the plot on the right is the 1/sqrt(2) * sqrt(detA^2+det^B^2).  
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Figure 5-4: Tuning of the low noise amplifiers on Side arm (S1 and S2). The right panel is the same plot of the left one but with a 
different Y – scale. Triangles are the noise temperatures calculated on detector A; Square are the noise temperatures calculated on 

detector B. The line on the plot on the right is the 1/sqrt(2) * sqrt(detC^2+det^D^2).  

Figure -5-5: The four Vg1 tuning curves 
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 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.002984466581 ,    20.831673658213 ,   -15.374882486448 ,     0.000437532387 

Statistical uncertainties 
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.000027158818 ,     0.203162514361 ,    -0.281069768302 ,     0.000407218337 

           ******** Parabolic fit **********

Average noise temperature 
 ,Tn (k),Sigma (K) 
 ,    14.996870690542 ,     0.008079303615 

Temperature versus Voltage parabolic fit parameters 
Equation: T = a0 + a1 * V + a2 * V^2 
 ,a0,a1,a2 
 ,   -14.414870319207 ,   207.508111338046 ,   539.798347765838 

 ,sigma(a0),sigma(a1),sigma(a2) 
 ,     0.004538590029 ,     0.083645573655 ,     0.376716015812 

Voltage versus temperature parabolic fit parameters 
Equation: V = a0 + a1 * T + a2 * T^2 
 ,a0,a1,a2 
 ,     0.060840308437 ,     0.003505282548 ,    -0.000014553462 

 ,sigma(a0),sigma(a1),sigma(a2) 
 ,     0.000013522504 ,     0.000001666725 ,     0.000000047192 
===========================================================

INPUT
Centre frequency (Hz) =,    4.4000000e+10 
Channel: C 
Changing signal: Load 
BEM offset (v) =,    0.00470000 

There are ,           5 , time windows
   ,tmin, tmax 
 ,   30000.00 ,   30600.00 
 ,   14600.00 ,   15200.00 
 ,   17400.00 ,   18000.00 
 ,   20000.00 ,   20600.00 
 ,   22400.00 ,   23000.00 

 ,Tchange, Tfixed, Vchange, Vfixed 
 ,     8.499953269958 ,     8.499994277954 ,     0.122470461670 ,     0.117701170901 
 ,    13.000000000000 ,     8.624217987061 ,     0.139918609173 ,     0.119148379938 
 ,    15.337013244629 ,     9.010433197021 ,     0.148704662269 ,     0.120827452460 
 ,    22.000000000000 ,    10.204465866089 ,     0.172246036333 ,     0.125797277016 
 ,    25.000000000000 ,    10.805504798889 ,     0.182342326763 ,     0.128976113685 

OUTPUT
           ******** Linear fit **********

Parameters
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.003453105330 ,    26.311451364239 ,   -12.991528253092 ,     0.000759649664 

Statistical uncertainties 
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.000028573293 ,     0.202957740671 ,    -0.066509571923 ,     0.000447447756 

           ******** Parabolic fit **********

Average noise temperature 
 ,Tn (k),Sigma (K) 
 ,    17.970475577330 ,     0.009668688084 

Temperature versus Voltage parabolic fit parameters 
Equation: T = a0 + a1 * V + a2 * V^2 
 ,a0,a1,a2 
 ,   -16.329284863047 ,   140.363230477165 ,   441.940603895566 

 ,sigma(a0),sigma(a1),sigma(a2) 
 ,     0.006482684144 ,     0.086722826957 ,     0.285049139440 

Voltage versus temperature parabolic fit parameters 
Equation: V = a0 + a1 * T + a2 * T^2 
 ,a0,a1,a2 
 ,     0.092061659397 ,     0.004225913696 ,    -0.000019107275 

 ,sigma(a0),sigma(a1),sigma(a2) 
 ,     0.000013522504 ,     0.000001666725 ,     0.000000047192 
===========================================================

INPUT
Centre frequency (Hz) =,    4.4000000e+10 
Channel: D 
Changing signal: Load 
BEM offset (v) =,    0.00330000 

There are ,           5 , time windows
   ,tmin, tmax 
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Parameters
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.002787107164 ,    23.293947760584 ,   -13.541564658362 ,     0.000642465758 

Statistical uncertainties 
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.000023524650 ,     0.190411564242 ,    -0.098354377747 ,     0.000359371869 

           ******** Parabolic fit **********

Average noise temperature 
 ,Tn (k),Sigma (K) 
 ,    15.105353329558 ,     0.008460724069 

Temperature versus Voltage parabolic fit parameters 
Equation: T = a0 + a1 * V + a2 * V^2 
 ,a0,a1,a2 
 ,   -14.256462269368 ,   177.807773320661 ,   716.854305246704 

 ,sigma(a0),sigma(a1),sigma(a2) 
 ,     0.004485587875 ,     0.080544394726 ,     0.354370685414 

Voltage versus temperature parabolic fit parameters 
Equation: V = a0 + a1 * T + a2 * T^2 
 ,a0,a1,a2 
 ,     0.064903746566 ,     0.003462039586 ,    -0.000017057809 

 ,sigma(a0),sigma(a1),sigma(a2) 
 ,     0.000013522504 ,     0.000001666725 ,     0.000000047192 
===========================================================

INPUT
Centre frequency (Hz) =,    4.4000000e+10 
Channel: B 
Changing signal: Load 
BEM offset (v) =,    0.00470000 

There are ,           5 , time windows
   ,tmin, tmax 
 ,   30000.00 ,   30600.00 
 ,   14600.00 ,   15200.00 
 ,   17400.00 ,   18000.00 
 ,   20000.00 ,   20600.00 
 ,   22400.00 ,   23000.00 

 ,Tchange, Tfixed, Vchange, Vfixed 
 ,     8.499953269958 ,     9.206043243408 ,     0.086222577645 ,     0.083943022913 
 ,    13.000000000000 ,     9.314086914062 ,     0.100722009769 ,     0.084904635963 
 ,    15.337013244629 ,     9.623371124268 ,     0.108069090573 ,     0.086144843642 
 ,    22.000000000000 ,    10.604500770569 ,     0.127920401931 ,     0.089825462921 
 ,    25.000000000000 ,    11.203733444214 ,     0.136469325488 ,     0.092195413749 

OUTPUT
           ******** Linear fit **********

Parameters
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.002913486189 ,    20.831673658213 ,   -13.599316500155 ,     0.000562351711 

Statistical uncertainties 
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.000026021004 ,     0.203162514361 ,    -0.119620108874 ,     0.000404508072 

           ******** Parabolic fit **********

Average noise temperature 
 ,Tn (k),Sigma (K) 
 ,    14.996870690542 ,     0.008079303615 

Temperature versus Voltage parabolic fit parameters 
Equation: T = a0 + a1 * V + a2 * V^2 
 ,a0,a1,a2 
 ,   -14.414870319207 ,   207.508111338046 ,   539.798347765838 

 ,sigma(a0),sigma(a1),sigma(a2) 
 ,     0.004538590029 ,     0.083645573655 ,     0.376716015812 

Voltage versus temperature parabolic fit parameters 
Equation: V = a0 + a1 * T + a2 * T^2 
 ,a0,a1,a2 
 ,     0.060840308437 ,     0.003505282548 ,    -0.000014553462 

 ,sigma(a0),sigma(a1),sigma(a2) 
 ,     0.000013522504 ,     0.000001666725 ,     0.000000047192 
===========================================================

INPUT
Centre frequency (Hz) =,    4.4000000e+10 
Channel: C 
Changing signal: Load 
BEM offset (v) =,    0.00470000 

There are ,           5 , time windows
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   ,tmin, tmax 
 ,   30000.00 ,   30600.00 
 ,   14600.00 ,   15200.00 
 ,   17400.00 ,   18000.00 
 ,   20000.00 ,   20600.00 
 ,   22400.00 ,   23000.00 

 ,Tchange, Tfixed, Vchange, Vfixed 
 ,     8.499953269958 ,     9.206043243408 ,     0.122470461670 ,     0.117701170901 
 ,    13.000000000000 ,     9.314086914062 ,     0.139918609173 ,     0.119148379938 
 ,    15.337013244629 ,     9.623371124268 ,     0.148704662269 ,     0.120827452460 
 ,    22.000000000000 ,    10.604500770569 ,     0.172246036333 ,     0.125797277016 
 ,    25.000000000000 ,    11.203733444214 ,     0.182342326763 ,     0.128976113685 

OUTPUT
           ******** Linear fit **********

Parameters
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.003370799672 ,    26.311451364239 ,   -11.954777228272 ,     0.000775737207 

Statistical uncertainties 
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.000027722982 ,     0.202957740671 ,    -0.041019985965 ,     0.000445154464 

           ******** Parabolic fit **********

Average noise temperature 
 ,Tn (k),Sigma (K) 
 ,    17.970475577330 ,     0.009668688084 

Temperature versus Voltage parabolic fit parameters 
Equation: T = a0 + a1 * V + a2 * V^2 
 ,a0,a1,a2 
 ,   -16.329284863047 ,   140.363230477165 ,   441.940603895566 

 ,sigma(a0),sigma(a1),sigma(a2) 
 ,     0.006482684144 ,     0.086722826957 ,     0.285049139440 

Voltage versus temperature parabolic fit parameters 
Equation: V = a0 + a1 * T + a2 * T^2 
 ,a0,a1,a2 
 ,     0.092061659397 ,     0.004225913696 ,    -0.000019107275 

 ,sigma(a0),sigma(a1),sigma(a2) 
 ,     0.000013522504 ,     0.000001666725 ,     0.000000047192 
===========================================================

INPUT
Centre frequency (Hz) =,    4.4000000e+10 
Channel: D 
Changing signal: Load 
BEM offset (v) =,    0.00330000 

There are ,           5 , time windows
   ,tmin, tmax 
 ,   30000.00 ,   30600.00 
 ,   14600.00 ,   15200.00 
 ,   17400.00 ,   18000.00 
 ,   20000.00 ,   20600.00 
 ,   22400.00 ,   23000.00 

 ,Tchange, Tfixed, Vchange, Vfixed 
 ,     8.499953269958 ,     9.206043243408 ,     0.121462377268 ,     0.117835164898 
 ,    13.000000000000 ,     9.314086914062 ,     0.138194477771 ,     0.119163042844 
 ,    15.337013244629 ,     9.623371124268 ,     0.146644553428 ,     0.120788102728 
 ,    22.000000000000 ,    10.604500770569 ,     0.169252443473 ,     0.125588350242 
 ,    25.000000000000 ,    11.203733444214 ,     0.179015647399 ,     0.128721692932 

OUTPUT
           ******** Linear fit **********

Parameters
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.003236361455 ,    27.372906238421 ,   -12.030832965882 ,     0.000767166527 

Statistical uncertainties 
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.000031325075 ,     0.250452140325 ,    -0.059257170899 ,     0.000492676724 

           ******** Parabolic fit **********

Average noise temperature 
 ,Tn (k),Sigma (K) 
 ,    19.067536442548 ,     0.011292558175 

Temperature versus Voltage parabolic fit parameters 
Equation: T = a0 + a1 * V + a2 * V^2 
 ,a0,a1,a2 
 ,   -17.198342835702 ,   146.942403480755 ,   463.595424129938 

 ,sigma(a0),sigma(a1),sigma(a2) 
 ,     0.007646229215 ,     0.103680019218 ,     0.345734044967 
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Centre frequency (Hz) =,    4.4000000e+10 
Channel: A 
Changing signal: Sky 
BEM offset (v) =,    0.00420000 

There are ,           2 , time windows
   ,tmin, tmax 
 ,    8000.00 ,   10000.00 
 ,   15000.00 ,   15600.00 

 ,Tchange, Tfixed, Vchange, Vfixed 
 ,     8.500000953674 ,     8.499986648560 ,     0.088943654469 ,     0.089781689384 
 ,    11.000000000000 ,     8.499951362610 ,     0.096272602732 ,     0.090048351402 

OUTPUT
           ******** Linear fit **********

Parameters
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.002836119704 ,    22.745260453537 ,   -14.544450849812 , -9999.000000000000 

Statistical uncertainties 
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.000134757170 ,     1.050539304214 ,    -2.737244590941 , -9999.000000000000 

           ******** Parabolic fit **********

Average noise temperature 
 ,Tn (k),Sigma (K) 
 ,               -NaN ,               -NaN 

Temperature versus Voltage parabolic fit parameters 
Equation: T = a0 + a1 * V + a2 * V^2 
 ,a0,a1,a2 
 ,    -9.542968750000 ,    61.484375000000 ,  1533.250000000000 

 ,sigma(a0),sigma(a1),sigma(a2) 
 ,  3785.097284748535 , 81872.578332838617 , ****************** 

Voltage versus temperature parabolic fit parameters 
Equation: V = a0 + a1 * T + a2 * T^2 
 ,a0,a1,a2 
 ,     0.194519042969 ,    -0.019409179688 ,     0.001439571381 

 ,sigma(a0),sigma(a1),sigma(a2) 
 ,    55.355750749549 ,    12.940564247249 ,     0.740909635950 
===========================================================

INPUT
Centre frequency (Hz) =,    4.4000000e+10 
Channel: B 
Changing signal: Sky 
BEM offset (v) =,    0.00470000 

There are ,           2 , time windows
   ,tmin, tmax 
 ,    8000.00 ,   10000.00 
 ,   15000.00 ,   15600.00 

 ,Tchange, Tfixed, Vchange, Vfixed 
 ,     8.500000953674 ,     8.499986648560 ,     0.083910695171 ,     0.086226398787 
 ,    11.000000000000 ,     8.499951362610 ,     0.091238900503 ,     0.086452020489 

OUTPUT
           ******** Linear fit **********

Parameters
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.002852302595 ,    21.038141471361 ,   -15.245992266988 , -9999.000000000000 

Statistical uncertainties 
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.000152768659 ,     1.112057043386 ,                NaN , -9999.000000000000 

           ******** Parabolic fit **********

Average noise temperature 
 ,Tn (k),Sigma (K) 
 ,               -NaN ,               -NaN 

Temperature versus Voltage parabolic fit parameters 
Equation: T = a0 + a1 * V + a2 * V^2 
 ,a0,a1,a2 
 ,    -2.407226562500 ,   -15.437500000000 ,  2298.000000000000 

 ,sigma(a0),sigma(a1),sigma(a2) 
 ,  5344.701504214297 , ****************** , ****************** 

Voltage versus temperature parabolic fit parameters 
Equation: V = a0 + a1 * T + a2 * T^2 
 ,a0,a1,a2 
 ,     0.253753662109 ,    -0.034828186035 ,     0.002314567566 
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 ,sigma(a0),sigma(a1),sigma(a2) 
 ,    55.355750749549 ,    12.940564247249 ,     0.740909635950 
===========================================================

INPUT
Centre frequency (Hz) =,    4.4000000e+10 
Channel: C 
Changing signal: Sky 
BEM offset (v) =,    0.00470000 

There are ,           2 , time windows
   ,tmin, tmax 
 ,    8000.00 ,   10000.00 
 ,   15000.00 ,   15600.00 

 ,Tchange, Tfixed, Vchange, Vfixed 
 ,     8.500000953674 ,     8.499986648560 ,     0.117648577972 ,     0.122467095982 
 ,    11.000000000000 ,     8.499951362610 ,     0.126930292168 ,     0.122924557960 

OUTPUT
           ******** Linear fit **********

Parameters
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.003543701673 ,    24.088303843365 ,   -13.280546801147 , -9999.000000000000 

Statistical uncertainties 
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.000165318458 ,     1.039453715317 ,    -1.004742493796 , -9999.000000000000 

           ******** Parabolic fit **********

Average noise temperature 
 ,Tn (k),Sigma (K) 
 ,               -NaN ,               -NaN 

Temperature versus Voltage parabolic fit parameters 
Equation: T = a0 + a1 * V + a2 * V^2 
 ,a0,a1,a2 
 ,   -23.933593750000 ,   342.406250000000 ,   -80.250000000000 

 ,sigma(a0),sigma(a1),sigma(a2) 
 ,  5991.999763459447 , 98138.351836192523 , ****************** 

Voltage versus temperature parabolic fit parameters 
Equation: V = a0 + a1 * T + a2 * T^2 
 ,a0,a1,a2 
 ,     0.222625732422 ,    -0.017471313477 ,     0.001425743103 

 ,sigma(a0),sigma(a1),sigma(a2) 
 ,    55.355750749549 ,    12.940564247249 ,     0.740909635950 
===========================================================

INPUT
Centre frequency (Hz) =,    4.4000000e+10 
Channel: D 
Changing signal: Sky 
BEM offset (v) =,    0.00330000 

There are ,           2 , time windows
   ,tmin, tmax 
 ,    8000.00 ,   10000.00 
 ,   15000.00 ,   15600.00 

 ,Tchange, Tfixed, Vchange, Vfixed 
 ,     8.500000953674 ,     8.499986648560 ,     0.117800586159 ,     0.121471709547 
 ,    11.000000000000 ,     8.499951362610 ,     0.127088868757 ,     0.122076438080 

OUTPUT
           ******** Linear fit **********

Parameters
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.003487199177 ,    24.106753265960 ,   -12.136855038002 , -9999.000000000000 

Statistical uncertainties 
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.000185407184 ,     1.163647344259 ,    -0.651409921857 , -9999.000000000000 

           ******** Parabolic fit **********

Average noise temperature 
 ,Tn (k),Sigma (K) 
 ,               -NaN ,               -NaN 

Temperature versus Voltage parabolic fit parameters 
Equation: T = a0 + a1 * V + a2 * V^2 
 ,a0,a1,a2 
 ,   -11.496093750000 ,    27.687500000000 ,   949.750000000000 

 ,sigma(a0),sigma(a1),sigma(a2) 
 ,  7921.942813046962 , ****************** , ****************** 
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 ,Tchange, Tfixed, Vchange, Vfixed 
 ,     9.203175544739 ,     8.499986648560 ,     0.083910695171 ,     0.086226398787 
 ,    11.476989746094 ,     8.499951362610 ,     0.091238900503 ,     0.086452020489 

OUTPUT
           ******** Linear fit **********

Parameters
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.003134598489 ,    17.771418217687 ,   -15.245807297693 , -9999.000000000000 

Statistical uncertainties 
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.000168021622 ,     1.014360703039 ,                NaN , -9999.000000000000 

           ******** Parabolic fit **********

Average noise temperature 
 ,Tn (k),Sigma (K) 
 ,               -NaN ,               -NaN 

Temperature versus Voltage parabolic fit parameters 
Equation: T = a0 + a1 * V + a2 * V^2 
 ,a0,a1,a2 
 ,    -7.742187500000 ,   155.625000000000 ,  1165.000000000000 

 ,sigma(a0),sigma(a1),sigma(a2) 
 ,  5344.701504214297 , ****************** , ****************** 

Voltage versus temperature parabolic fit parameters 
Equation: V = a0 + a1 * T + a2 * T^2 
 ,a0,a1,a2 
 ,     0.034400939941 ,     0.013507843018 ,    -0.000594615936 

 ,sigma(a0),sigma(a1),sigma(a2) 
 , 31250.606600491261 ,  6806.260681446264 ,   365.119008020742 
===========================================================

INPUT
Centre frequency (Hz) =,    4.4000000e+10 
Channel: C 
Changing signal: Sky 
BEM offset (v) =,    0.00470000 

There are ,           2 , time windows
   ,tmin, tmax 
 ,    8000.00 ,   10000.00 
 ,   15000.00 ,   15600.00 

 ,Tchange, Tfixed, Vchange, Vfixed 
 ,     9.203175544739 ,     8.499986648560 ,     0.117648577972 ,     0.122467095982 
 ,    11.476989746094 ,     8.499951362610 ,     0.126930292168 ,     0.122924557960 

OUTPUT
           ******** Linear fit **********

Parameters
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.003894426184 ,    20.546883179173 ,   -13.280435438137 , -9999.000000000000 

Statistical uncertainties 
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.000181855920 ,     0.946607438537 ,    -1.004676975104 , -9999.000000000000 

           ******** Parabolic fit **********

Average noise temperature 
 ,Tn (k),Sigma (K) 
 ,               -NaN ,               -NaN 

Temperature versus Voltage parabolic fit parameters 
Equation: T = a0 + a1 * V + a2 * V^2 
 ,a0,a1,a2 
 ,   -18.355468750000 ,   290.125000000000 ,    50.062500000000 

 ,sigma(a0),sigma(a1),sigma(a2) 
 ,  5991.999763459447 , 98138.351836192523 , ****************** 

Voltage versus temperature parabolic fit parameters 
Equation: V = a0 + a1 * T + a2 * T^2 
 ,a0,a1,a2 
 ,     0.014572143555 ,     0.026607513428 ,    -0.001268625259 

 ,sigma(a0),sigma(a1),sigma(a2) 
 , 31250.606600491261 ,  6806.260681446264 ,   365.119008020742 
===========================================================

INPUT
Centre frequency (Hz) =,    4.4000000e+10 
Channel: D 
Changing signal: Sky 
BEM offset (v) =,    0.00330000 
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There are ,           2 , time windows
   ,tmin, tmax 
 ,    8000.00 ,   10000.00 
 ,   15000.00 ,   15600.00 

 ,Tchange, Tfixed, Vchange, Vfixed 
 ,     9.203175544739 ,     8.499986648560 ,     0.117800586159 ,     0.121471709547 
 ,    11.476989746094 ,     8.499951362610 ,     0.127088868757 ,     0.122076438080 

OUTPUT
           ******** Linear fit **********

Parameters
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.003832331566 ,    20.563672374287 ,   -12.136773363234 , -9999.000000000000 

Statistical uncertainties 
 ,Gain (V/K),Tn (K),Iso. (dB),Lin. coeff 
 ,     0.000203921568 ,     1.061537003392 ,    -0.651381349560 , -9999.000000000000 

           ******** Parabolic fit **********

Average noise temperature 
 ,Tn (k),Sigma (K) 
 ,               -NaN ,               -NaN 

Temperature versus Voltage parabolic fit parameters 
Equation: T = a0 + a1 * V + a2 * V^2 
 ,a0,a1,a2 
 ,   -11.312500000000 ,    56.187500000000 ,   732.750000000000 

 ,sigma(a0),sigma(a1),sigma(a2) 
 ,  7921.942813046962 , ****************** , ****************** 

Voltage versus temperature parabolic fit parameters 
Equation: V = a0 + a1 * T + a2 * T^2 
 ,a0,a1,a2 
 ,     0.044525146484 ,     0.020122528076 ,    -0.000920534134 

 ,sigma(a0),sigma(a1),sigma(a2) 
 , 31250.606600491261 ,  6806.260681446264 ,   365.119008020742 
===========================================================

Consistency of the Results

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.  3:  �T= 2 
T SKY +T SYS

 B
 1000 [mK  sec ]

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

Eq.  4:  �T=G [ K /V ] 1
 2

 WN   �
� � � BT

where WN is the white noise as derived from RaNA, �  is the 122 microSec (1/8KHz) integration time  and 
� BT  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 = 16.60 Kelvin (see [AD 2]), while the white noise 
limit form measurements has been derived in two way:  
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sets in order to investigate this issue, but the conclusion seem the same. Details of the analysis are reported in 
[ANNEX 4].  

Figure -7-2: Channel A (Tsky = Tload= 8.5). Left: Sky. Right: Sky – r Load. 

RCA_UNC: UNCHOPPED DATA

Noise properties have been derived also from unchopped data, i.e. with all the phase switches off.  
Data stream are 
044LFI24_RCA_FM_UNC_200602011731
044LFI24_RCA_FM_UNC_200602020242
TBW.

Spikes are still present also in the unchopped data (see [ANNEX 5] for details).  

SUSCEPTIBILITY TESTS 

Any thermal and electrical variation on the RCA subsystem units produces an variation of the output signal 
from each of the four detector. To quantify this the following tests have been performed: RCA_THF, 
RCA_THV and RCA_THB. Data analysis has been performed considering the RCA working in linear 
conditions.
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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 -15 

Figure -8-1: FEM temperature step during the RCA_THF test 

The temperature behaviour of the other thermal interfaces are reported in the next figures (Figure -16) 
showing the sky and reference load temperatures, and the BEM temperature.  

Figure -8-2: Left – Sky Load (red) and Reference Load (green)  temperature behaviour during  the 
RCA_THF test; right – 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, after calibration: 
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RCA_THB: SUSCEPTIBILITY TO BEM TEMPERATURE VARIATIONS 

The BEM temperature was cooled continuously from a maximum (310K) to a minimum (302.6K). In the 
data analysis, small section of data in which the temperature did not change significantly were used assuming 
quasi-stationary conditions.  

Temperature behaviour during the test:

In the next figure we show the sky and reference load temperatures. 

Finally, the FEM physical temperature: 
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Figure -8-16:50Hz peak value evaluated from the FFT plots. Different measures refer to different part of the 
data stream where disturbance is applied. 

Figure -8-17 :Example of spectrum showing the 50Hz signal. Channel A – sky. No disturbance is applied. 
Features on Load signal around 20Hz

A series of peaks is present in the Load around 20Hz. Their amplitude is around 5E-5 V/�Hz. they are not 
cancelled in differenced data. 

Features at high frequency

A series of peaks, whose amplitude is around 2E-5 V/�Hz, is noticed in unscrambled data between 4060 and 
4080 Hz. they are present in all channels, with or without disturbance on bias lines. 

Behaviour of the output related to the disturbing signal

Two frequency ranges of the disturbance can be defined: 

Frequency below the 2 kHz 

In this case the perturbing signal is visible in Sky and Load output in all channels at the perturbing 
frequency. Its amplitude is around 1E-4 V/�Hz in C and D channels (where the disturbance is applied) and 
around 5E-5 V/�Hz in A and B channels. The signal is not present in differenced data, as expected. 

Frequency above 2 kHz 

A signal is present in all channels at the frequency difference between the perturbing frequency and the 
switching frequency. This signal is present in all channels on sky and Load output. Is is also present in 
differenced data. 

High frequencies (above 50kHz) 

No effect is noticed
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Chapter 1

RaNA-Mon-Feb-13-12:14:30-
2006/rana-spr

1.1 rana spr mini report 001

1.1.1 RANA SPR 001

Data from file set: 044LFI24 RCA FM SPR 200602081222
Contained in directory: /home/villa/VILAS/CALIBRATION DATA/fm/rca24

Input Data

Frequency: 44 GHz
Trigger Detector: A
F min: 33.00 GHz
F max: 50.00 GHz
Step: 0.05 GHz
Threshold: 0.0300 V/s
Useful Data: 50.00 %
Calibration File: /home/villa/LIFE/RaNA/RaNA SPR/cal FM 44 08022006.dat

Comments

Test Setup: coax-WR22 Mariotti; Ccoax cable and sweeper from ESA
Power floor = -28dBm;
trigger seq=[+6,0,+3,0]@43GHz;
scan from 33 to 50 at +3dB step 0.05 GHz, 3000msec each;
Data BIN=10

Output Data

1



Derivative Plots

Table 1.1: Central frequency and equivalent bandwidth.

Channel Central Frequency Equivalent Bandwidth

(GHz) (GHz)

A 45.75 5.21
B 42.60 4.11
C 44.90 5.85
D 45.60 5.24

2



Figure 1.1: Data binned with a bin equal to 0.

Selected Plots
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Figure 1.2: Data binned with a bin equal to 0.

Radiometer Spectral Response
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Figure 1.3: Calibrated data.
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Figure 1.4: Calibrated data in dB.
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Figure 1.5: Uncalibrated data.
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Chapter 1

/home/villa/RaNA-Mon-
Feb-13-12:23:21-2006/rana-
spr

1.1 rana spr mini report 001

1.1.1 RANA SPR 001

Data from file set: 044LFI24 RCA FM SPR 200602081308
Contained in directory: /home/villa/VILAS/CALIBRATION DATA/fm/rca24

Input Data

Frequency: 44 GHz
Trigger Detector: A
F min: 33.00 GHz
F max: 50.00 GHz
Step: 0.05 GHz
Threshold: 0.0100 V/s
Useful Data: 50.00 %
Calibration File: /home/villa/LIFE/RaNA/RaNA SPR/cal FM 44 08022006.dat

Comments

Test Setup: coax-WR22 Mariotti; Ccoax cable and sweeper from ESA
Power floor = -31dBm;
trigger seq=[+6,0,+3,0]@43GHz;
scan from 33 to 50 at +3dB step 0.05 GHz, 3000msec each;
Data BIN=10
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Output Data

Table 1.1: Central frequency and equivalent bandwidth.

Channel Central Frequency Equivalent Bandwidth

(GHz) (GHz)

A 45.75 5.15
B 42.40 4.08
C 44.90 5.82
D 45.60 5.26

2



Derivative Plots

Figure 1.1: Data binned with a bin equal to 0.
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