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ABSTRACT. In this paper we discuss the linearity response of the RiaRd receivers, with par-
ticular reference to signal compression measured on than@@4 GHz channels. In the article
we discuss the various sources of compression and presendel that accurately describes data
measured during tests performed with individual radiomehains. After discussing test results
we present the best parameter set representing the repespemse and discuss the impact of non
linearity on in-flight calibration, which is shown to be niggble.
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1 Introduction

The Low Frequency Instrument (LFI) is an array of 22 coheudifierential receivers at 30, 44

and 70 GHz on board the European Space Agency Planck saf&]lit The LFI shares Planck

telescope focal plane with the High Frequency Instrumeil)Ha bolometric array in the 100-

857 GHz range cooled at 0.1 K. In 15 months of countinous mieasents from the Lagrangian

point L2, Planck will provide cosmic variance- and foregrddimited measurements of the Cos-
mic Microwave Background (CMB) by scanning the sky in almg®at circles with a 1.5 m dual

reflector aplanatic telescop2-p].

Best LFI noise performance is obtained with receivers basddigh Electron Mobility Tran-
sistor (HEMT) amplifiers cryogenically cooled at 20 K by tharftk Sorption Cooler, a vibration-
less hydrogen cooler providing more than 1 W of cooling poate20 K. To optimise noise per-
formance and cooling power the RF amplification is dividetieen a 20 K front-end unit and a
~300 K back-end unit connected by composite waveguides [

The LFI has been calibrated and tested at different intiegragvels before testing individual
receivers 7] and the whole receiver arrag]|



In this paper we discuss the Planck-LFI receivers respdnearlty. In particular we focus
on the response of 30 and 44 GHz radiometers which show gligiput compression extending
over a wide range of input temperatures. This feature, tleat discovered during the first tests
on integrated receivers during the Qualification Model teshpaign, affects the assessment of
several performance parameters, like noise temperatinigs moise sensitivity and noise effective
bandwidth.

After a brief theoretical description of the basic receigguations (see secti@) in section3
we describe the characterisation of the receiver non lityeat 30 and 44 GHz, and discuss its
cause. In the same section we also provide evidence forrliesponse of 70 GHz receivers in the
temperature input range from8 K to ~40 K. We then discuss the impact on signal compression
on ground calibration (sectiof) and on flight operations (sectid). This work is finally wrapped
up and conclusions are provided in secttn

2 Theory

In each receiver assembly (also referred in this paper asiREdChain Assembly, RCA) the sky
signal mirrored by the Planck telescope is received by aigated feed horn feeding an orthomode
transducer (OMT) that splits the incoming wave into two jeeticularly polarised components.
These propagate through two independent pseudo-coorelatiometers with HEMT (High Elec-
tron Mobility Transostor) amplifiers split between a cold20 K) and a warm 300 K) stage
connected by composite waveguid8 [

In this section we briefly introduce the LFI pseudo-coriielatreceiver theory and design and
then we discuss in more detail the output response in cadaeaafrland compressed behaviour.
Further details about the LFI design can be foundLir6[ 10, 11].

2.1 Receiver design

A schematic of the LFI pseudo correlation receiver is showfigure 1. In each radiometer the
sky signal and a stable reference load-dt K [12] are coupled to cryogenic low-noise HEMT
amplifiers via a 180 hybrid. A phase shift oscillating between 0 and 1&Q a frequency of
4096 Hz is then applied to one of the two signals. A secondepbadtch is present for symmetry
on the second radiometer leg but it does not introduce angepbhift. A second 180hybrid
coupler recombines the signals so that the output is a sequersky-load outputs alternating at
twice the frequency of the phase switch.

In the back-end of each radiometer (see bottom part of figutbe RF signals are further
amplified, filtered by a low-pass filter and then detectedeAdietection the sky and reference load
signals are integrated and digitised in 14-bit integersheyltFI Digital Acquisition Electronics
(DAE) box. Further binning and software quantisation if@@ned in the Radiometer Electronics
Box Assembly (REBA), a digital processing unit that manaigésmetry packet production from
the raw instrument digital output. Further details abouBREand digital signal processing are
described in13] and [14].

The various RCAs are tagged with labels from LFI18 to LFI28e(tablel); each of the two
radiometers connected to the two OMT arms are be labelled-@¢vainOMT arm) and S-1gide
OMT arm, see15]) while the two output detectors from each radiometer ariabelled as 0 and 1.
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Table 1. Correspondence between receiver centre frequency and&t@hA

70 GHz LFI18 through LFI23
44 GHz LFI24, LFI25 and LFI26
30 GHz LFI27 and LFI28

Therefore with the label LFI18S-1, for example, we indicdite radiometer S of the RCA LFI18,
and with the label LFI124M-01 we indicate detector 1 of radeten M-0 in RCA LFI24.

2.2 Signal output

If the receiver isolation is perfect (i.e. if the sky and refece load signals are completely separated
after the second hybrid) the relationship linkifig to Vot can be written as:

Vout = G(Tiannoise) X (Tln + Tnoise) s (2-1)

whereTi, refers to eithefgky or Trer, Vout is the corresponding voltage outphgise iS the noise
temperature an@(Tin, Thoise) IS the calibration factor that, in general, may depend orrtpet and
noise temperatures.

In case of a linear response the calibration factor is a eahso thaG(Tin, Thoise) = Go. In
Planck-LFI all the 70 GHz have proved very linear over a wipi@sof temperature inputs, ranging
from ~ 8 K to ~ 40 K, while receivers at 30 and 44 GHz, instead, have showhtstiompression
that called for the development of a non linear response mode



In the following of this section we provide an overview of tlesponse model from the ana-
Iytical point of view, while in sectior8 we discuss the source of the non linearity, showing that it
is linked to compression in the back-end RF amplifiers antdérdietector diode.

The parametrisation has been chosen following the workritestin [16]. According to this
work compression in the back-end of a radiometric recessenadelled with a variable gain (i.e.
that depends on the input power) with the analytical forntdbed in eq. 2.2):

H FEM
FEM — {Galn G

Noise= T EM
(2.2)
) BEM GBEM
BEM — { Gain=G 71% G
Noise= T,BEM,

where FEM stands fairont-end modulep is the power entering the BEM ariglis a parameter
defining the BEM non linearity. This relationship is simpiesrectly describes the limits of linear
responsel{= 0) and infinite compressiof & «) and fits very well the radiometric response curves
(see plots in appendiX). This parametrisation therefore constituted our baseatrtoccharacterise
the radiometric voltage output response.

The power entering the BEM (we neglect waveguide attenaatitich may be included in the
FEM parameters) is:

p= kBGFEM ( in+ Tnmse) (2.3)

wherep is the bandwidthk the Boltzmann constant, afdgise= TFEM 4 1 G”F"E'i? So at the output of
0

the BEM we have (the diode constant is considered inside Eid Bain):

G(?EM (Tln + Tnoise) _ Go (Tln + Tnoise)

Vour = kBGH™ FEMGBEM
1 + kaGO GO (-I—In + Tnoise) 1+ bGO ( in + TI"IOISE)

(2.4)
Go = GE™GE™kp
which can be written in the following compact form:
Vout = Gtot (Tln + Tnoise)
Go
Gt = 2.5
ot 1+ bGO (Tln + Tnoise) ( )

We see from eg.2.5) that the in the case df = O it reduces to the classical linear equation,
whereas ifb # 0 the equation tells us that the receiver gain is not constantdependent on the
input and noise temperatures coupled with the non-linepdatameter.

3 Linearity in LFI receivers response

In this section we discuss the various potential sourceowipression in the LFI receivers. In
particular we show how compressed behaviour was found i8@rend 44 GHz receivers and that
it was determined essentially by the back-end RF amplifiacsdiodes. We also show that the
70 GHz receivers always provided a linear response in thedésput signal range.



Table 2. Typical input power in dBm to the various receiver stageke Talculation has been performed
using the following typical parameter& M = 30 dB, GBEM = 35 dB, B = 20% of the centre frequency,
Thoise= 10 K at 30 GHz, 16 K at 44 GHz and 30 K at 70 GHz.

30GHz 44 GHz 70 GHz
Front-end -98 -97 -96
Back-end -60 -57 -52
Diode -25 -22 -17

3.1 Sources of compression in LFI receivers

The linearity in a microwave receiver depends on the respohis individual components: radio-
frequency amplifiers, detector diode and back-end anakxgrehics.

The main potential sources of compression in the LFI receiaee represented by the RF
amplifiers in the front-end and back-end modules and the-badksquare-law detector. Let us now
estimate the input power at the various stages (FEM amplditaBEM amplification and detector)
expected during nominal operations, i.e. observing antitgmperature of~2.7 K. The input
power at a given stage in the radiometric chain can be caémifaom the following relationship:

I:)ln = kBG (Tln + Tnoise) (3-1)

whereTj, is the input antenna temperatu®,and Tneise are gain and noise temperature of the
radiometric chain before the stage considered in the lonl 3 is the bandwidth and the
Boltzmann constant. TabBsummarises estimates of the input power at the variousvercgtiages
based on typical gain, noise temperature and bandwidttesalu

From table2 it is apparent that the input power to front-end amplifierexgemely low, and
very far from the typical compression levels of HEMT deviceBack-end RF amplifiers and,
especially, detector diodes, receive a much higher inpwepso that they can be a source of non
linear response.

In particular this showed to be the case for 30 and 44 GHz kackmodules as discussed in
detall in sectiorB8.2.2 It must be noticed that input power received by back-end Rplifier and
detector diodes is actually higher in 70 GHz receivers coatpto 30 and 44 GHz, which appears to
be in contradiction with the observed behaviour. We musediree, however, that 30 and 44 GHz
BEMs components are different compared to 70 GHz BEMs; itiqudar RF amplifiers in low
frequency BEMs are based on GaAs MMIC devices while in 70 GEMB InP MMIC devices
have been used. Further details about BEMs components sppohse can be found id7, 18].

3.2 Characterisation of non linearity
3.2.1 Characterisation of receiver response

The linearity response of the LFI receivers has been deliyedeasuring, for each output channel,
the radiometer voltage outpMg,, at various input temperatures of the reference loggls,anging
from ~8 K to ~30 K. Then the linearity parametbican be determined by fitting the acquired data
Vojut(T"j]) with eq. 2.5), where the fitting parameters aBg, Thoise andb (see sectiod. 1).



We have also charecterised linearity with a different anthe@what simpler approach, that
avoids a three-parameters fit and allows to define a norrdatiea-linearity parameter that is in-
dependent of the receiver characteristics provided tleateimperature range over which linearity
is characterised is approximately the same for all detecibnis parameter has been calculated as
follows:

e remove the average from the measured input temperaturewdpdt woltage, i.e. calculate
Vout_ out <V0Ut> andTJ ' <T >J,

o fit theVO’ut( ) data with a straight line calculating a sloge

 multiply the voltage outputs by the calculated slope, iadculateT, o= s><VOJut;

e calculatel = z(TOJUt T’) :

In case of a perfect linear response tﬁ@m = 'I:,rj] (i.e. measured points, after normalisation,
lie on ay = x line) andL = 0. The parameték, therefore, provides a measure of deviation from
linearity.

A comprehensive view of the values bffor all detectors (calculated in a input temperature
range of the reference load betweefl K and~30 K) is provided in figur€2. From the figure it
is apparent that 70 GHz detectors are extremely linear v@@iland, especially, 44 GHz detectors
show significant non-linearity.

In figure 3 we show a comprehensive plot of the normalised receiveorespfrom all 24 70
GHz detectors. Notice that the measured points almostgibrie on they = x line. Furthermore
it may be noticed that the plot appears to display much lesggpthan exptected from 24 detectors;
this is because for each normalised temperafﬁﬁethe normalised voltage values from the various
detectors essentially overlap.

In figures4 and5 the same plot clearly shows significant deviations fromdiitg, especially
for the 44 GHz receivers. Because, in this case, non linegaities among the various detectors
and overplotting all the data in each frequency channel dvoudke the plots difficult to read, we
have plotted the normalised voltage output for each RCAferdint graphs.

Deviation from linearity in the 30 and 44 GHz receivers, é@ast, is caused by signal com-
pression caused by back-end RF amplifiers and diodes inmuesd a broad-band signal. This is
discussed in more detail in the next section, where we presgne tests that were performed on
two back-end units at 44 GHz and that provided the best ctaisation of the signal compression
in a very wide input power range.

3.2.2 Characterisation of back-end response

A set of tests have been performed on two back end modules GH44with the aim to identify
the source of compression (RF amplifier or diode). The testpeaformed by observing with the
receiver a sky and reference signak&t5 K and~18 K, respectively, and varying the input power
to the back end with a variable power attenuator placed kahilee front and back end and coupled
to a multimeter. In figur® we show the output (after offset removal) from the two bacttseas a
function of the attenuator position in millimetres.
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Figure 2. Non linearity parameters for all LFI channels. In each plemall inset provides a zoom on the
70 GHz non linearity parameters on an expanded scale.

The next step has been to calculate the input power to the dradtknodule as a function of
the attenuator position. This has been done using two imdkgme methods, i.e.: (i) using a power
meter to record the integrated signal reaching the backaedd(ii) using a noise figure meter to
measure the input signal level versus frequency.

Attenuation curves using a power meter. A power meter with a dynamic range up to -70 dBm
was previously calibrated using its internal referenca@and used to measure signals from the
front-end module attenuated down to -21 dB. Three indepgnueasurements taken in different
days and configurations showed good repeatability, as shofigure 7.

It is worth noting that the curve in figuré is an approximation of the effective attenuation,
because it should be calculated by convolving in frequeheypower exiting the front-end mod-
ule with the back-end insertion gain. Since the RF insertjaim of these particular devices was
unknown we have estimated the magnitude of this approximdiy using the insertion gain mea-
sured on a different, but similar back-end module. Althongh rigorous, this comparison (shown
in figure 8) demonstrates that the power meter measurements proviaedsagpproximation of the
back-end module input power.
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Attenuation curves using a noise figure meter. A noise figure meter was also used to measure
power exiting the FEM for several positions of the varialtierauator, roughly corresponding to
steps of 1 dB. For each position values have been integrédaed ¢he bandwidth and compared
with those obtained with the power meter. In fig@ae show the results obtained with the noise
figure meter integrated in two different frequency rangeapared with the power meter measure-
ments. The results indicate a good matching of the curvesradat with the different methods.
These results eventually led us to use the average power messurements (see figufeto

convert the raw attenuation in mm into power units. In figl®eve show the normalised compres-
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sion curves for the two tested back end modules highlightiegleviation from the expected linear
behaviour. Considering that the maximum power correspibride- 25 K input temperature, the
power range spanned by this test extends well into the teahyperregion where the receivers will

operate in flight, i.e. with few K input temperature.
Analysing the derivative of the compression curves (shawfigiure 11) it was apparent that

no truly linear response was found across all the input poarage.
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4 Impact of compression of on ground calibration

In this section we discuss in detail the effects of compogssi the 30 and 44 GHz LFI receivers
on ground calibration activities. In particular the follmg parameters have been calculated with
formulas and methods that take into account the non-lirezaiver response described by e5):

e noise temperature and photometric calibration constant;
e calibrated in-flight white noise sensitivity;

e noise effective bandwidth.

4.1 Noise temperature and photometric calibration constan

Noise temperature and photometric calibration constam lbe@en calculated from experimental
datasets in which the sky-load temperature was varied ingerbetween- 8 K and~ 30 K. In the
30 and 44 GHz receivers for each detector we fittedthgT.2™) data against eq2(5) to retrieve
Go, Thoiseandb.

In figure 12 we show an example of the best fit for a 30 GHz and a 44 GHz raceitde in
appendixA we display the whole set of best fits for the 30 GHz and 44 GHeallets. The list of
the best-fit parameters is reported in taBlé-urther details about tests and data analysis leading to
these values can be found ifi.[

4.2 Calibrated in-flight sensitivity

One of the key performance parameters derived from datairadqduring the calibration cam-

paign is the in-flight calibrated sensitivity, estimatearshg from the raw uncalibrated white noise
sensitivity measured at laboratory conditions which wémglar but not equal to the expected in
flight conditions. In particular during laboratory expeénts the input sky temperature was8 K

— 13—



Table 3. Photometric calibration constant, noise temperatureremdlinearity parameters obtained from
the RCA test campaign (sed€]].

Go (VIK)
M-00 M-01 S-10  S-11
LFI24 0.0048 0.0044 0.0062 0.004
LFI25 0.0086 0.0085 0.0079 0.007
LFI26 0.0052 0.0067 0.0075 0.008
LFI27 0.0723 0.0774 0.0663 0.056
LFI28 0.0621 0.0839 0.0607 0.051

coONDNEFEDN

Tnoise(K) b
M-00 M-01 S-10 S-11 M-00 M-01 S-10 S-11
LFI24 155 153 15.8 158 LFI24 1.794 1.486 1.444 1.44
LFI25 175 179 18.6 184 LFI25 1.221 1.171 0.800 1.01
LFI26 184 174 16.8 16.5 LFI26 1.085 1.418 0.943 1.21
LFI27 121 119 13.0 12.5 LFI27 0.123 0.122 0.127 0.14
LFI28 10.6 10.3 9.9 9.8|| LFI28 0.190 0.157 0.187 0.19

o O 00 W O

and the front-end unit temperature was, in some cases (&iggdhe instrument-level test cam-
paign B]) greater than 20 K.

In this section we discuss how the raw noise measuremertis latoratory have been extrap-
olated to flight conditions with particular reference to #ftect of response non-linearity on the
calculations.

Our starting point is the the raw datum, a couple of uncaidatavhite noise levels in ¥ /s
for the two detectors in a radiometer measured with the sayl lat a temperatur&syy._joad and
the front end unit at physical temperatuiigs. In order to derive the calibrated white noise level
extrapolated to input temperature equalTig, and with the front end unit at a temperature of
Thominas We have performed the following three steps:

1. extrapolation to nominal front-end unit temperature;
2. extrapolation to nominal input sky temperature;
3. calibration in units of K</s.

A detailed discussion of the first step can be found8n Here we will focus on the other
points, which are affected by non linearity in the receivesponse.

Let us start from the radiometer equation in which, for eaetector, the white noise spectral
density is given by:
Tin + Thoise

VB
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Now we want to find a similar relationship for the uncalibchtghite noise spectral density
linking OVims to Vout. We start from the following:

oV,
OVims = F?Ut(s-ﬂms; (4.2)
in

calculating the derivative &fyy; using eq. 2.5 and usingd T,ms from eq. @.1) we obtain:

5Vrm:s: = [1+Gob(Tin "‘Tn)]ilv (4-3)

wheref is the bandwidth an¥,, is the receiver DC voltage output. Considering the two input

temperatureJsyy_0ad aNd Tsky then the ratiqp = %

Vout(Tsky) 1+ GOb(-l—skyfload + Tnoise)

_ 4.4
Vout(Tskyroad) 1+ GOb(Tsky + Tnoise) ( )
Using eq. 2.5 to expandp in eq. @.4) we have:
_ Tsky + Thoise 1+b GO(Tsky—Ioad + Tnoise) 2 (4 5)
Tsky—load + Tnoise 1+Db G0(Tsky + Tnoise) ' .
and 5Vrms(Tsky) = P X OVims(Tchambey-
From eq. 4.3) and @.5) we obtain that
Teky + Thoi
5Vrms _ GO « 2 sky+ n0|se. (4.6)

[1+ bGO(Tsky+Tnoise)] ? \/B

The calibrated noise extrapolated at the sky temperaéiiig,s can be obtained considering

that, by definition dTyms = ZEK%;"‘“SG, therefore:
2
1+ bGy(T. Thoi
5Trms: [ + GO( sky‘|‘ nmse)} 6Vrms- (4_7)

Go

A summary of the expected in-flight sensitivities for therRleLFI can be found ing].

4.3 Noise effective bandwidth

The well-known radiometer equation applied to the singéete output links the white noise level
to sky and noise temperatures and the receiver bandwidtbads L0]:

Tsky+ Tnoise

VB

In the case of linear response we can write ddB)(in its most useful uncalibrated form:

5Trms - 2 (4.8)

Vout

75,

6Vrms: 2 (49)

— 15—



which is commonly used to estimate the receiver bandwigltfirom a simple measurement of the
receiver DC output and white noise level, i.e.:

2
[3:4< Vout ) : (4.10)

If the response is linear and if the noise is purely radiommdire. all the additive noise from
back end electronics is negligible and if there are no nemnrtial noise inputs from the source) then
B is equivalent to the receiver bandwidth, i.e.

s Tsky+ Tnoise> 2
=B=4 =) . 4.11
pep—a( 5 @.1)
Conversely, if the receiver output is compressed, from2§) (ve have that:
oV,
rms — ﬁé-ﬂms- (4-12)
By combining eq.2.5), (4.10 and @.12 we find:
~ Teky + Thoise) 2
B=4 < SkgT nmse) [1+ bGO(Tsky+ Tnoise)] ? =B [1"’_ bGO(TSky+ Tnoise)] 27 (4.13)
rms

which shows thaﬁ overestimates the “optical” bandwidth unless the non ling@arameteib is
very small. In the left panel of figur&3 we show how the noise effective bandwidth calculated
from eq. @.10 is dependent from the level of the input signal if the reeeiesponse is non linear.
In the right panel of the same figure we show how the dependamtiee level of the input signal
disappears if we take into account the receiver non linesidt eq. @.13.

Data presented in figurE3 have been taken during the RCA test campaign with variousdev
of the reference load temperature and refer to the 30 GHaverde-127.

In figure 14 we show similar data for the 70 GHz receiver LFI19. Data weaguaed during
the RCA test campaign with a variable input temperatureeaskly load. In this case data clearly do
not show a consistent trend in the noise effective bandwddtbulated from eq.4(10 with input
temperature, which provides an independent confirmatiotheflinear response of the 70 GHz
receivers.

5 Impact of output compression in flight operations

In this section we analyse the typical signal dynamic ramge will be encountered in flight to
verify whether in these conditions the receiver responsebeaconsidered linear or not. This is
important especially for the in-flight calibration actiei, in particular:

e for photometric calibration, performed continuously bypkeiting the well-known dipole
anisotropy 19], and

e for main beam measurements, carried out thanks to bright goiurces like Jupiter and
Saturn Q.
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,H = B/ [1 + bGO(Tsky + T’noise)]2
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Figure 13. Noise effective bandwidth 30 GHz receiver LFI27 calcullatgth different reference load input
temperatures neglecting (left) and considering (right)dbmpresson effect.
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Figure 14. Noise effective bandwidth for the 70 GHz receiver LFI19hndifferent sky load input tempera-

tures calculated without compression effect.

Let us consider the LFI observing the sky with a temperaligget+ 0T with a stable reference

load temperaturd@.s. The uncalibrated differential output from a single diosle i

6\/ — Vsky —I X Vref,
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Tsky+ Thoise

wherer = Tsky+Thoise

. ExpandingVsky andVier Using eq. 2.5) we obtaindV = GOT where:

G=0Go { [l +b GO(Tsky+ Tnoise)] X [1+ b GO(Tsky+ oT + Tnoise)] }_l (5-2)
The relative variation in the photometric calibration dams, 6G/G, caused by a variatiodT
in the input temperature can be calculated by:
G 1 0G B bdT Gy
G GI(dT) 1+DbGo(Tsky+ T + Troise)

If we now estimatedG/G assumingdT ~ +£3 mK (dipole anisotropy) andT ~ +50 mK
(Jupiter) and using the receiver paramet@gs Thoise andb listed in table.3 we find:

(5.3)

%6 <6x10°° for 6T ~ +3mK
(5.4)
% <10°°  for T ~ £50mK,

which clearly shows how the receiver output can be consitigrear with the input signal dynamic
range expected during flight nominal operations.

Although the knowledge of the non linear response is notssg for data analysis of nomi-
nal flight data, all the parameters listed in taBleill be measured during the in-flight calibration
and verification phase that will be performed before the stiathe nominal operations. In partic-
ular the cooldown of the HFI 4 K cooler will provide an inpugsal varying from~20 K to the
stable nominal temperature 8# K, allowing the determination of the linearity parameter.

6 Conclusions

In this paper we have discussed the linearity propertieh@Planck-LFI receivers. The voltage
output has been measured during the calibration campaitfmeeahdividual receivers and of the
integrated instrument using a signal input ranging freBK to ~30 K.

The receiver response is linear for the 70 GHz receiversathé 30 and 44 GHz radiometers
show slightly compressed response over all the input sigarade, which is well described by
the relationship in eq.2(5). The source of signhal compression has been identified ilb#ok-
end amplifiers and detector diodes and characterised bgateditests on two 44 GHz back-end
modules.

The calculation of several performance parameters frora datjuired during ground tests
must take into account signal compression in order to peogidorrect estimate. In particular the
calculation of noise temperature, photometric calibrgtighite noise sensitivity and noise effective
bandwidth can be completely off the correct estimates iflinearity is not properly taken into
account.

Although compression impacts the calculation of receiegfggmance parameters from ground
test data, it is essentially negligible during nominal gpens, where the input signal dynamic
range is small enoughy+50 mK) to keep the response in the linear regime.

The last characterisation of the LFI receivers linearityl né performed during the in flight
calibration exploiting the cooldown of the HFI 4 K cooler whiwill provide an input signal over
a range from~ 20 Kto~ 4 K.
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Figure 15. Non linear fits for all the 30 and 44 GHz detectors with theapaeters in table3
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