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Abstract. Humidity sensors that function under extreme con-
ditions are needed in experimental chambers in which the
atmospheric conditions near the surface of Mars are simu-
lated, as well as for in situ measurements of humidity on
the surface of Mars. Experimental setups with such sensors
have already been constructed at the German Aerospace Cen-
ter (DLR) and published. However, the SHT75 sensors from
Sensirion used at that time are no longer in production and
have been replaced by a new generation of sensors: SHT85.
The SHT85 sensors are more precise than their predeces-
sors, have a new sensor chip, and feature a PTFE membrane
over the humidity-sensitive layer to protect the sensor from
dust and liquids. The data interface to the I2C bus has also
changed. Due to these significant changes, it was necessary
to verify the sensor’s capabilities under extreme conditions.
For this purpose, the sensors were tested under the same
conditions and in parallel to the calibration of the MEDA
HS sensor from the Finnish Meteorological Institute (FMI),
on board NASA’s Mars 2020 rover. The results show that
the SHT85 is, as its predecessor SHT75, suitable for mea-
surements under Martian atmospheric conditions when the
relative humidity is in the range > 5 %.

1 Introduction

The SHT85 sensors from Sensirion AG are polymer-based
capacitive humidity sensors. This kind of sensor can work
under extreme conditions, leading to applications for in situ
humidity measurements on Mars (Gómez-Elvira et al., 2012;
Witte et al., 2022; Zent et al., 2016) and in Mars simula-
tion chambers (Jensen et al., 2008). An overview of the per-

formance of a capacitive polymer sensor (MEDA HS) un-
der Martian conditions is published in Hieta et al. (2022). In
the Planetary Analogue Simulation Laboratory (PASLAB)
at the German Aerospace Institute (DLR) such sensors are
used in an experiment chamber for Mars exposure simula-
tions (Lorek and Majewski, 2018). Up until now SHT75 sen-
sors from Sensirion AG were used inside the chamber; how-
ever due to the termination of the production of the SHT75
and the good experience with this sensor (Lorek, 2014; Lorek
and Majewski, 2018), the SHT85 was considered as a re-
placement. The SHT85 has significant changes compared to
SHT75 (Anon, 2018) (Fig. 1) such as a PTFE membrane,
new humidity sensitive chip, higher precision, and a new data
interface.

With the SHT75 extensive experiments in air and CO2
were made in the temperature range from−70 to 10 °C, pres-
sure range from 10 to 1000 hPa, and relative humidity (Uw,i
– w,i signifying water, ice) range from around 5 % to 95 %
(Lorek, 2014; Lorek and Majewski, 2018).

The Finnish Meteorological Institute (FMI) successful cal-
ibrated its MEDA HS, REMS-H, and METEO-H sensors
(Hieta et al., 2022, 2024) at PASLAB in 2020/21. In parallel
to this calibration campaign, and under the same conditions,
six SHT85 sensors were tested to evaluate their performance
under extreme conditions compared to the SHT75.

2 Experimental procedure

Experiments were conducted at the humidity sensor calibra-
tion facility at PASLAB, DLR Berlin. An overview of the
experimental setup is shown in Fig. 2. Generally, CO2 was
used for the experiments, apart from a few where air was
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132 A. Lorek and S. Garland: Carbon dioxide with Sensirion SHT85 humidity sensors

Figure 1. SHT85 (left) and SHT75 (right) (Lorek et al., 2024).

used. In both cases, dry gas was mixed with precisely humid-
ified gas using mass flow controllers (MFCs) in the gas mix-
ing system. The resulting gas, with a defined water content,
flowed via stainless steel tubing through two MFC outputs to
the measurement cells housing the sensors and over a third
to the reference humidity measurement: a dew point mir-
ror (MBW 373LX). The measurement cells were mounted
in a temperature test chamber (Weiss KWP 240). The mea-
surement cell was made from stainless steel and comprised
two measurement chambers (see Lorek, 2014, and Lorek and
Majewski, 2018, for more details). A Pfeiffer Vacuum CMR
361 pressure sensor was used to measure pressure inside the
measurement cell. After passing through the chambers the
gas flow was directed to a vacuum pump (VACUUBRAND
MV10 Vario) which was used to set the pressure in the cham-
bers.

The sensor measurement head is shown in Fig. 3. Three
SHT85 and four Pt100 (POK1.232.6W.Y.007 IST AG) sen-
sors were placed in each of the measuring chambers com-
prising the measuring cell. As in the previous experiments
(Lorek, 2014), a Pt100 was glued onto the back of each
SHT85 sensor since the measuring limit for the SHT85 tem-
perature sensor is −40 °C and temperatures down to −70 °C
were set during experiments. The fourth Pt100 was centred
between the SHT85/Pt100 combined sensors. Table 1 shows
the naming convention for each sensor used in this paper.

Figure 2. This figure of the experiment setup is based on Fig. 9a
from Hieta et al. (2022).

Figure 3. Sensor configuration in chamber 1.

The ranges of the relative humidity for every temperature–
pressure combination used during the experiments are listed
in Table 2. Test runs began at the driest humidity points and
increased in steps of 5 %, from 10 % to 20 % Ui,w. At each
step the humidity was kept stable over several hours. Af-
ter reaching the highest humidity, the humidity was lowered
again in the same way (Fig. 7). The main procedure of the
experiment is described in Hieta et al. (2022), Lorek (2014),
and Lorek and Majewski (2018).

The measurement at −30 °C and 8 hPa was for orientation
only. Due to the construction of the gas mixing and humid-
ification system the highest reachable humidity is approxi-
mately 10 to 11 °C dew point at 1 atm pressure. This leads to
a Ui of approximately 30 % of the maximum at −30 °C and
8 hPa, which was deemed insufficient for a complete fit over
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Table 1. Nomenclature of each SHT85 and Pt100 sensor.

Pt100 Pt100
Nomenclature SHT on SHT85 in centre

Z1SHT-1 Z1PtS1
Measuring chamber 1 Z1SHT-2 Z1PtS2 Z1Pt1

Z1SHT-3 Z1PtS3

Z2SHT-4 Z2PtS4
Measuring chamber 2 Z2SHT-5 Z2PtS5 Z2Pt1

Z2SHT-6 Z2PtS6

Table 2. Range of the relative humidity in air and CO2 under in-
vestigation for the different temperature and pressure conditions.
Relative humidity is calculated with respect to water Uw or ice Ui
(marked by brackets).

T p in air p in CO2

1000 hPa 6 hPa 8 hPa 10 hPa

22 °C 47
5

10 °C 93
9

0 °C 93
5

−30 °C 21 (28)
4 (5)

−40 °C 40 (60) 57 (84) 66 (97)
3 (5) 3 (5) 3 (5)

−50 °C 57 (93) 58 (97) 48 (78)
3 (4) 2 (3) 3 (4)

−60 °C 51 (92) 51 (91) 51 (92)
3 (5) 2 (4) 2 (4)

−70 °C 49 (97) 42 (84) 47 (92)
2 (5) 2 (4) 2 (4)

the full relative humidity range. For this reason, the measure-
ments were not repeated at 6 and 10 hPa.

3 Results

The relative humidity is given as U , with Uw for temper-
atures > 0 °C and Ui for temperatures ≤ 0 °C. The calcu-
lation is based on Eqs. (1)–(3) (Anon, 2012) as used in
Lorek (2014). In addition, the parameters are the water
vapour partial pressure, e (hPa), and the saturation vapour
pressure under saturation conditions above a planar water or
ice surface, ew (hPa) and ei (hPa), respectively, at total pres-
sure p (hPa), temperature T (K), and T1 = 273.16 K (triple

Table 3. Linear fit equations of the data from Fig. 9 for each tem-
perature in the pressure range from 6 to 10 hPa.

Temperature Fit equation

−30 °C Ui(ref) = 0.0020 · S1RH+ 2.2809
−40 °C Ui(ref) = 0.0024 · S1RH+ 1.2008
−50 °C Ui(ref) = 0.0029 · S1RH− 0.0672
−60 °C Ui(ref) = 0.0041 · S1RH− 4.1136
−70 °C Ui(ref) = 0.0065 ·S1RH −15.115

Figure 4. The relative humidity values from the reference system
(air, 0 °C, 1000 hPa) as a function of the humidity values of all six
SHT85 sensors calculated using Eq. (4).

point temperature of water).

Uw,i =

(
e

ew,i

)
p,T

· 100% (1)

Equation (2) is valid in the temperature range from 0 to
100 °C:
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Equation (3) is valid in the temperature range from −100 to
0 °C:
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Figure 5. Reference humidity as a function of (a) SHT75 raw output values (SORH) (Lorek and Majewski, 2018) and (b) SHT85 raw output
values (SRH) at 0 °C and atmospheric pressure with air and CO2.

Figure 6. (a, c, e) Temperature curves of the adhered Pt100
(Z1PtS1–Z1PtS6) and the free-floating Pt100s (Z1Pt1, Z2Pt1). (b,
d) The temperature readout from the SHT85 at different chamber
temperatures.

3.1 Comparison with manufacturer’s data of the
SHT85 in air

Figure 4 shows the relative humidity of the SHT85 versus the
derived relative humidity of the reference system (Ui,w (ref)),
which consists of the dew point mirror, the pressure sensor,
and the free-standing Pt100. The relative humidity values of
the SHT85 (Uw SHT85) are calculated from Eq. (4).

Uw SHT85 = 100% ·
SRH

216− 1
, (4)

where SRH is the raw digital sensor output of the SHT85.
The error bar for the x axis is ± 1.5 % Uw (SHT85) (Anon,

2021). For the y axis, the estimated error bar is ± 5 % of the
measurement value Uw (ref) based on a 2σ error estimate for

Figure 7. A typical experimental run (conditions CO2, −40 °C,
8 hPa): the lilac line is the Ui (ref) values, and other lines represent
the SRH values of the six SHT85 sensors.

the CMR 361 pressure sensor of 0.2 % of the measurement
value, 0.3 °C of the Pt100, and 0.1 °C of the MBW 373LX
dew point mirror.

All Uw values from the SHT85 lie, to within the error
bars, on the dotted line, which represents a 1 : 1 agreement
of Uw (SHT85) and Uw (ref). This indicates that the adhesion of
a Pt100 temperature sensor to the back of the SHT85 does
not significantly affect their performance.

3.2 Comparison of the SHT75 and SHT85 data in air
and CO2

Comparing Fig. 5a (SHT75 data) with Fig. 5b (SHT85 data),
it can be seen that both sensors behave similarly. Both sen-
sors show a strong cross-sensitivity to CO2, whereby the
SHT75 in Fig. 5a has a more non-linear calibration function
in CO2 compared to the SHT85.

3.3 Comparison of the SHT85 temperature
measurement with independent Pt100
measurements

Figure 6 shows the temperature measurements from the
SHT85 along with the independent measurement from Pt100
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Figure 8. (a–e) The independently measured relative humidity, Ui(ref), as a function of the sensor raw output, SRH, at constant temperatures
for pressures of 6, 8, and 10 hPa. In (f) all the data are displayed together for temperatures in the range from −30 to −70 °C.

sensors at different temperatures and pressures. The pres-
sures (6, 8, 10, and 1000 hPa) were held stable, whilst tem-
perature was varied stepwise within an experimental run.
Figure 6a shows the reaction of the six adhered Pt100s
(Z1PtS1–Z2PtS6) and the two free-floating Pt100s (Z1Pt1
and Z2Pt1) (see Table 1 and Fig. 3). The free-floating Z1Pt1
and Z2Pt1 sensors measure a temperature approximately
0.15 °C lower than the adhered Pt100. This lies within the
2σ error of 0.3 °C, similar to the previous observations
(Lorek, 2014). The cause for this is probably self-heating of
the SHT85. The internal SHT85 temperatures displayed in
Fig. 6b show a comparable temperature under the same con-
ditions as Fig. 6a (0 °C, 1000 hPa, air). A similar behaviour
(Fig. 6c compared to Fig. 6d) is observable at −40 °C and 6
to 10 hPa in CO2. At −70 °C (Fig. 6e) only the Pt100 val-
ues are displayed because the lowest measurable temperature
for the SHT85 is −45 °C. In all cases the difference between
Z1Pt1 and Z2Pt1 and the adhered Pt100 Z1PtS1–Z2PtS6 is
approximately 0.15 °C, which is within the nominal error
range quoted by the manufacturers for these sensors.

3.4 Comparison of the SHT85 humidity measurement
in CO2 as a function of temperature

The experiments were performed with CO2 in the Martian-
relevant pressure range from 6 to 10 hPa. Separate experi-
mental runs were performed for the pressures of 6, 8, and
10 hPa. For each pressure the temperatures −40, −50, −60,
and −70 °C (Table 2) were set. For the temperature of
−30 °C, measurements were made only at 8 hPa. Figure 7
shows an example for a typical experimental run for the
six SHT85 sensors. In this case the conditions were 8 hPa,
−40 °C, and CO2.

Figure 8 shows that the SHT85 sensitivity decreases with
temperature, resulting in lower raw output values, SRH, for
a given relative humidity. In addition, the scatter of the
measured values increases with decreasing temperature. In
Fig. 8d there is a spread in the data from the six SHT85 sen-
sors during the 6 hPa run, which is not seen in the data at
8 and 10 hPa. A similar behaviour can be seen in Fig. 8e at
8 hPa, where five of six SHT85 runs are not in line with the
other runs at 6 and 10 hPa. The reason for this different be-
haviour is not clear. The experimental runs exhibiting differ-
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Figure 9. The data from Fig. 8f, excluding outliers, with linear re-
gression fits for each temperature.

ent behaviour took place at the beginning of new tempera-
ture steps at lower temperatures, below −50 °C, as well as at
the standard of the new measurement campaigns at different
pressures. Although the cause of the deviant behaviour is un-
clear, it is likely to be due to a time lag in the adaptation of the
polymer to new temperature or pressure conditions (desorp-
tion of molecules or a phase change from water to ice) or a
time lag in the adaption of the electronics inside the SHT85.
A significant difference between the investigated pressures
of 6, 8, and 10 hPa is not observable, allowing the data to be
analysed together (Figs. 8f, 9).

Figure 9 shows the same values as in Fig. 8f with linear
regression fits for each temperature. The data showing un-
expected behaviour, as discussed above, were excluded from
this figure. From the figure the decrease in sensitivity of the
sensors with decreasing temperature can clearly be seen. This
results in a reduction in resolution with decreasing tempera-
tures which leads to larger uncertainties in the relative hu-
midity. Indeed, the usable temperature range for the SHT85
under Martian-like atmospheric conditions is unlikely to ex-
tend much below −80 °C due to decreasing humidity resolu-
tion and the associated error in the humidity. With the exper-
imental setup used it was not possible to quantify this limit
since temperatures below −70 °C are not possible.

The equations in Table 3 are written in the following form:

Ui(ref) = a1 · S1RH+ a0. (5)

The dependence of the parameters a0 and a1 in relation to the
temperature TC (−30 to −70 °C) at pressures of 6 to 10 hPa
is given by Eqs. (6) and (7).

a0 = 5.761·10−4
·T 3

C+7.001·10−2
·T 2

C+2.888·TC+41.5 (6)

a1 =−9.369 · 10−8
· T 3

C − 1.063 · 10−5
· T 2

C

− 4.361 · 10−4
· TC− 4.045 · 10−3 (7)

Figure 10 shows the fits of a0 and a1. Comparing the fits of
a0 and a1 with those calculated for the SHT75 (Lorek and
Majewski, 2018), a0 has a different shape, but a1 is similar.

With Eq. (8) the relative humidity (Ucalc) can be deter-
mined using the temperature and SRH values for the pressure
range from 6–10 hPa. This equation was obtained by insert-
ing Eqs. (6) and (7) into Eq. (5). A similar approach was used
in Lorek (2014) and Lorek and Majewski (2018).

Ucalc =
(
−9.369 · 10−8

· T 3
C − 1.063 · 10−5

· T 2
C

−4.361 · 10−4
· TC− 4.045 · 10−3

)
· SRH+ 5.761

· 10−4
· T 3

C + 7.001 · 10−2
· T 2

C + 2.888 · TC+ 41.5 (8)

Figure 11 shows the results from Eq. (8) applied to the SRH
values in Fig. 9 and a comparison with the SHT75 data for
10 hPa based on Fig. 2d and Eqs. (1) and (2), as well as Ta-
ble 3 from Lorek and Majewski (2018).

With the SHT85 it is possible to make measurements un-
der Martian-like conditions, as was the case with the SHT75
data for 10 hPa (Lorek and Majewski, 2018). In addition,
Fig. 11 shows that the SHT85 sensors have a similar un-
certainty in Ucalc as the SHT75, with the caveat of a devia-
tion from the expected behaviour at −60 and −70 °C at spe-
cific pressures. These outlying data were excluded in Fig. 9
and the fit parameters for Eq. (8). A similar behaviour was
not observed during the experiments with SHT75 (Lorek,
2014; Lorek and Majewski, 2018). All six SHT85 sensors
survived the experiments under Martian conditions, for a to-
tal of 2150 h, and delivered the same calibration curve at the
end compared to the beginning of the experiments (Fig. 12).

4 Summary and conclusion

A measurement campaign was carried out for the SHT85,
the new generation of humidity sensor from Sensirion, to
test their measurement capability under Martian-like atmo-
spheric conditions: CO2 atmosphere, temperatures in the
range from −70 to −30 °C, and pressures in the range from
6–10 mbar. Reference measurements were made with a dew
point mirror. The measurement campaign was carried out si-
multaneously with the calibration campaign of the MEDA
HS humidity sensors on the Mars 2020 Perseverance Rover
using a parallel but distinct measurement chamber. The mea-
surement campaign follows on from previous tests of the
discontinued SHT75 sensor, deployed in the past in exper-
iments under Martian atmospheric conditions at PASLAB,
DLR Berlin.

Due to the lower temperature limit of −40 °C for the in-
built SHT85 temperature sensors, Pt100 sensors were ad-
hered to the back of the SHT85 using a heat-conducting ce-
ramic glue. In addition, a free-floating Pt100 was included in
each measurement chamber. The free-floating Pt100s mea-
sured temperatures of the order of 0.15 °C lower than the
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Figure 10. (a) Fit parameters a0 and (b) a1 as a function of temperature.

Figure 11. (a) All calculated SHT85 values and (b) all calculated SHT75 values replotted from Lorek and Majewski (2018) in relation to the
reference values (grey area ± 5 % U for orientation).

Figure 12. Measurement data in air at 0 °C at the start (solid) and
the end (dotted) of the experimental campaign.

Pt100s adhered to the SHT85, assumed to be due to the self-
heating of the humidity sensors. This temperature discrep-
ancy is, however, inside the nominal measurement error in
the sensors.

As with the previously characterized SHT75, the SHT85
sensors show a reduced sensitivity when measuring in CO2,
resulting in a reduced humidity resolution. A further reduc-
tion in sensitivity is observed with reducing temperature, re-
sulting in only around 30 % of the dynamic range of the sen-
sor being used at −70 °C in CO2. No strong pressure depen-

dence was observed in the Martian pressure range from 6–
10 mbar. Linear fits were made to the measurements to obtain
calibration functions for the SHT85 for each temperature. A
temperature-dependent calibration function was determined
by fitting third-order polynomials to the linear fit parameters
as a function of temperature. The final result is an updated
conversion function for the Sensirion SHT85 humidity sen-
sors applicable in a CO2 atmosphere in the pressure range
from 6–10 mbar and temperature range from−70 to−30 °C.
The sensors can be deployed in this parameter space without
being permanently affected and return to normal operation
in air after extended periods of use under Martian-like atmo-
spheric conditions.

Data availability. All raw data can be provided by the correspond-
ing authors upon request.
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