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Abstract. A highly miniaturized piezoresistive humidity sensor has been developed. The starting point of the
development was a 1 mn? piezoresistive pressure sensor chip. As sensing material, a polyimide was used
that swells with increasing adsorption of water molecules. To convert the swelling into an electrical signal, a
thin layer of the polyimide was deposited onto the bending plate of the pressure sensor. The humidity sensor
was characterized in a climate chamber. The measurements show a sensitivity of 0.25 mV per percent relative
humidity (%RH) and a non-linearity of 3.1 % full scale (FS) in the range of 30—80 % RH. A high cross-sensitivity

to temperature of around 0.5 N1 was measured, so temperature compensation is necessary. For stress-free
packaging of the sensor chip, a novel packaging technology was developed.

1 Introduction The humidity of the air has a significant influence on our
well-being. Therefore, a humidity sensor can provide impor-
More and more sensors are integrated into mobile phonegant information for the user of a smart phone. Very dry air is
(see e.g. Lane et al., 2010). In the last four years this trench burden on our respiration system; high humidity could leag
has accelerated. In 2010 no humidity sensors and almost n@ the growth of mold. Besides that, the data provided by
pressure sensors were integrated into mobile phones. Nowhe humidity sensor are interesting for the manufacturers d
several mobile phones with humidity and pressure sensorsmart phones. They can be used to exclude warranty in case
are on the market, e.g. the Galaxy S4 phone from Samsungf water damage, so the interest in a small digital humidity
with the SHTC1 humidity sensor from Sensirion (Mayer and sensor in mobile phones or navigation systems, best pac
Lechner, 2013), or the Galaxy S3 with the LPS331AP pres-aged with a temperature and pressure sensor, is very high.
sure sensor from STMicroelectronics. The Bosch Sensortec |n this paper, we first introduce the state of the art in
company went one step further and developed a combine@umidity sensing. Commercial humidity sensors are shown
humidity, pressure and temperature sensor (BME280) with aere and the difference compared to our sensor is explaineg.
size of 2.5x 2.5x 0.93mn? (Bosch, 2014). The main rea- We will then show the design of the new sensor chip and will
son for combining pressure and humidity sensors into onexplain the manufacturing process. In Sect. 4, the static re-
package is that both need a cavity package with a port to theponses of the sensor to different values of the humidity an
surrounding air. Besides the move towards combined prestemperature are presented. For different accuracy require
sure and humidity sensors, the trend towards smaller footments, possible calibration algorithms for temperature com
print and height will continue. pensation are shown. Finally, a packaging solution is pro
To fulfill these requirements, a piezoresistive humidity posed.
sensor with a chip size of only 1 mn? was developed.
This sensor could be assembled together with a pressure sen-
sor chip and an application-specific integrated circuit (ASIC)
in a package with a size of:32 x 0.67 mn¥.
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2 State of the art in humidity sensing

Several physical effects can be used to measure the ht
midity of the air. For capacity-type sensors, materials borondoped
with a humidity-dependent dielectric constant are needed?” st
Most polymers show this dependency. For impedance-type
sensors, materials with a humidity-dependent resistanci
like salts or conductive polymers are used (Yamazoe ancaluminum
Shimizu, 1986; Sager et al., 1994). Also, resonant silicon¢ductr Paths
cantilever sensors can detect the humidity. The resonance fre-
guency of cantilevers decreases with increasing humidity dueigure 1. Pressure sensor chip with four piezoresistors intercon-
to the mass increase by adsorbed water molecules (Sone eécted as a Wheatstone bridge. The doping of the piezoresistors is
al., 2004a, b; Wasisto et al., 2013). Furthermore, optical andoo low to be visible in an optical microscope image. The location
gravimetric effects are used for humidity sensors (Lee andPf the resistors is therefore indicated by red boxes. The footprint is
Lee, 2005). 1 x 1 mn? and the height 150 pm.

Most commercial humidity sensors for mobile phones use
the capacitive effect, e.g. the SHTC1 sensors from Sensirion3 Desi  the humidi hi
HTU21D from Measurement Specialties or Si7021 from Sil- esign of the humidity sensor chip
icon Labs. The reasons for_the choice of this working Prin- A piezoresistive pressure sensor chip, which will be pre-
ciple are cheap manufacturing, very low power consumption

and a detection mechanism, which is very specific to humid sented in Sect. 3.1, was the starting point of this work. In
. ’ “order to develop a humidity sensor, a thin layer of the poly-
ity (Wagner et al., 2011; Lee and Lee, 2005). P y y poly

: . . ... imide was deposited onto the bending plate of the pressure
An alternative to capacity-type sensors are piezoresistives

. . . sensor chip and was used as a sorption-mechanical trans-
type sensors. Organic materials show a swelling when watefy car Combining a polymer and a micro-fabricated pres-
from the surrounding air is absorbed. This effect is utilized

sure sensor chip made it possible to monitor the humidity-

n the_ ha1|r7';e3nS|T0hn hygr<i|r_neter th"’g was mventdeq by de STlusc'jependent swelling of a polymer continuously. The material
sure in - Ihe swelling can e.conver_te. Into an eec'properties, the layout and the processing of the polymer layer
trical signal by making use of the piezoresistive effect. The

' ; g o will be shown in Sect. 3.2. Calculations of the sensitivity and
first research work on piezoresistive humidity sensors WaS e noise of the humidity sensor are shown in Sect. 3.3
published by a group from the Technical University of Dres- B

den (TUD) at the beginning of the 1990s (Sager et al., 1994; _ o
Gerlach and Sager, 1994: Buchhold et al., 1998a). A poly-3-1 Piezoresistive pressure sensor

mer layer on the top of a silicon-bending plate forms a bi- Figure 1 shows the top view of the pressure sensor chip. This
morph that bends under the influence of hUmIdlty PieZOfe-Chip is appiied as the sensing element of the T5400 pressure
sistors at the edge of the bending plate convert the mecharsensor module from EPCOS (Waber et al., 2013). The chip
ical stress caused by the humidity-induced bending into anyas fabricated using silicon on insulator (SOI) technology
electrical signal. Different polymer materials for piezoresis- (see Fig. 2). First, cavities were etched into a silicon wafer
tive humidity sensors were investigated at the Technical Uni—by KOH etching (Fig. 2, step 2). A second silicon wafer was
versity of Dresden (Buchhold et al., 1998c; Buchhold et al.,then bonded onto the cavity wafer (Fig. 2, step 3). The di-
1999, Guenther et al., 2001) However, this work did not aphragms (bending p|ates) were formed by grinding the sec-
result in a commercial sensor, and as far as we know, Nngnd wafer down to a thickness of 10 um (Fig. 2, step 4).
further investigations for commercial piezoresistive humid- on the bending plates, four piezoresistors were formed by
ity sensors were made. For use in mobile phones or navigoping. To achieve a high sensitivity, the piezoresistors were
gation systems, the sensors have to be smaller, cheaper apthced at the edge of the diaphragm, where the stress is at its
suitable for production in bulk. Based on the prior work, maximum (Fig. 2, step 5). The resistors were connected as a
we built a very small humidity sensor chip with a chip size \wheatstone bridge by highly doped areas (Fig. 2, step 6) and
of only 1x 1 mn?. Compared to prior work, the chip area gjuminum lines (Fig. 2, step 7). The sensor gives an output

was reduced by a factor of 10, while still maintaining excel- voltage that is proportional to the surrounding air pressure.
lent electrical performance. A challenge for the fabrication of

piezoresistive humidity sensors is the stress-free packagin% 5
Based on experiences with the packaging of piezoresistive
pressure sensors, this problem was solved by developing Rolymer layers absorb water molecules from the surrounding
technology where the sensor chip is flip-chip bonded ontoair. The absorption of water results in a swelling of the ma-
electroplated copper springs (Waber et al., 2013). The huterial. In layers with a thickness of a few um, an equilibrium
midity sensor chip is compatible with this package. between the humidity of the surrounding air and the humidity

highly doped
silicon area

diaphragm

Polymer layer
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Si Figure 3. Sensor chip with a Durimide 7505 layer on top of the

diaphragm. The patch has a size of 30800 um and a thickness of

Figure 2. Pressure sensor chip fabricated in SOI technology. (1) A3HM.

pure silicon wafer. (2) Cavities are etched by KOH etching. (3) A

second silicon wafer is bonded onto the cavity wafer. (4) The

bending plates are formed by grinding the second wafer. (5) Four Patches with a size of 300300 pnt were patterned in the
piezoresistors are formed by doping on the bending plate. (6) Thecenter of the bending plate using a photolithographic proces
resistors are connected as a Wheatstone bridge by highly doped afsee Fig. 3). To avoid cross-sensitivity to the air pressure,

eas and (7) aluminum lines. port was etched in the bottom of the chip by deep reactive

ion etching (DRIE) in order to open the reference volume
(see Fig. 4).

in the polymer is reached within minutes. It was shown ear-  For the characterization of the Durimide 7505, the absorp}

lier that the swelling is completely reversible (Buchhold et tion of water was first calculated and then measured.
relative humidity of the air into a swelling. The sensor incor- |ation of the mass of the absorbed water to the mass of th
porates the following chain of transducers: dry polymer using the value of a saturation concentratipn

. given by (Buchhold et al., 1998a)
— The polymer layer converts the humidity in the sur-

rounding air into an in-plane expansion (sorption- T Mwated9, T)
mechanical transducer). cs(p.T) = M oomer
ry polymer
— Polymer layer and silicon-bending plate form a bimorph Mcoated wafet¢, ) — Mcoated watetO % rh) ‘ )
that transforms the expansion into a bending (mechani- Mcoated wafetO %0 M) — Muncoated wafer

| tran r. . . .
cal transducer) At 100% RH, the saturation concentration reaches itg

— The deformation of the bending plate results in a changeM@Ximumecs max
in the stress in the piezoresistors.

. . . .3.2.1 Calculation
— The piezoresistors transform the stress into a change in

electrical resistance (mechano-electrical transducer). The datasheet value of the saturation concentratioof
Durimide 7505 at 50 % RH and room temperature is 1.08 %
As a humidity-responsive polymer material, the photo- Assuming a linear relation between humidity and moisture
sensitive Polyimide Durimide 7505, obtained from Fujifilm absorption, the maximum saturation concentratiopax is
Electronic Materials Co., was used in the present work. In2.16 %.
older publications the trade name Probimide is used for
the same materlal._ In the humidity sensor the Durlmldes_zl2 Measurement
7505 layer has a thickness of 3 um. This thickness was cho-
sen as a compromise between sensitivity and response tim€&or the measurement, first, an uncoated silicon wafer wa
A higher sensitivity could be reached by using a thicker poly-weighed using a precision balance Sartorius BP210D. Th
imide layer. Unfortunately, the response time also increasesvafer was then coated with a 3 um thick polyimide layer and
with increasing thickness because more time is needed fowas weighed in a chamber at defined values of temperatu
the diffusion of the water molecules into the polymer layer T and relative humidityy of the surrounding air{l = 19—
(Buchhold et al., 1998d). 25°C, ¢ = 0-85 % RH). Ambient conditions were controlled
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piezoresistors Durimide 7505 silicon Table 1. Maximum loading capacity of Durimide 7505 and the
\ / polymers measured in the reference (Buchhold et al., 1998b).
-~ 2 = ~ 14 POlymer Cs’maxJir(%
/
/ PI2525 3.4
/ PI12560 3.3
P12566 1.9
4 PI2611 2.0
Photo-BCB <0.3
Durimide 7505 3.2
port for pressure silicon
compensation

_ ) o ~ 4 Characterization of the piezoresistive humidity
Figure 4. Schematic cross section of the sensor chip with a Durim-  sa50r

ide layer (not to scale). For pressure compensation, a port was

etched onto the bottom of the chip. The response of the sensor to humidity and temperature was
investigated. In the following sections, first the sensitivity
and noise of the humidity sensor is calculated, and then the

4,0513 -
set-up and the results of the measurements are shown.
4,0512 - ,
o0 . L 4.1 Calculations of sensitivity and noise
>~ 4,051 15 -
& 4.1.1 Calculation of the sensitivity
g 4,0510 : , , _
B A ; An equation for the calculation of the bridge voltage of
S 4,0509 I a piezoresistive pressure sensor was given by Gerlach and
- ' Sager (Gerlach and Sager, 1994):
4,0508 o : 3
: Epi hy b1
A : U =Ug - z(mL—771)- c— o0 0. (2
4,0507 - [ B : out(®) 0 2( L T) 1—vs hy bi+bo Lo @ ( )
0O 10 20 30 40 50 60 70 80 90 100 Here Uy is the supply voltages , =1 the piezoresistive
RH/% coefficients in the longitudinal and transversal directidis;

_ _ _ o the Young modulus of polyimidessj the Poisson ratio of sil-
Figure 05 Relation between relative humldlty and wafer mass. jcon; &4 the thickness of the membrane angthe thickness
AEt 10;) % RHH ttme wafer mass é‘”d the S?t“r?ﬁ'on Cor;fe?"agc;” of polyimide; b1 the width of the coated membrane dnahe
(Eq. 1) reach the maximum. y averaging the resu’ts from 1our iy of the uncoated membrang;, the humidity-induced
wafers, we found that the maximum loading capaci§ynax of . . . .

Durimide 7505 was 3.2 % length expansion coefficieng; the relative humidity.
oo The derivative of the output voltagé: of the humidity
¢ Is the sensitivity Sens (see Eq. 3).

with a Vaisala HMP 230 humidity and temperature sensor _ QUout

with uncertainties of0.5 K and+2 % RH, respectively. As ens= dp

a result, a linear relation between the relative humidity and 3 Epi hy by

the wafer mass was found, as shown in Fig. 5. By averaging ~ Uo- 5 (7L —77) - — "Ulp- 3)
i 2 1—vsi h1 b1+b>

the results from four wafers, we found that the maximum _ o o _

loading capacity of Durimide 7505 was 3.2 %. With the coefficient of humidity expansios; , = 32 x

The disagreement between the datasheet value and tH % %RH, determined by Buchold (Buchhold et al.,
measurements could be explained by different curing con-1998b), the geometry parameters of the sensor chip and a
ditions of the polyimide layers. In Table 1, the measuredsupply voltagel/o = 3V, we obtain for the sensitivity
result is compared with the loading capacity of other poly- mv
mers that were investigated earlier by the TU Dresden in théSens= 0.15 % RH' 4)
90s (Buchhold et al., 1998b). It can be seen that the maxi- 0
mum saturation co_nf:entratlon is compara_ble to other po_ly-4.1.2 Estimation of the noise
mers used for humidity sensors. For humidity sensors, a high
maximum loading capacity is desired, because it results in &he EPCOS pressure sensor chip has a sensitivity of
high expansion and a high sensitivity. 0.018 mV/V/hPa. For a supply voltage of 3V, the sensor has
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output voltage / mV

Figure 6. Humidity sensor chip is wire bonded onto a ceramic sub-
strate. To avoid external mechanical stress, the sensor is not glued- . o 0
the substrate. Mechanical stress would influence the measureme s 30 35 40 45 50 S5 60 65 70 75 80 8s
results. RH /%

Figure 7. Relation between relative humidity and output voltage
a sensitivity of 0.054 mV hP&. The noise of the pressure for four sensors. The sensitivity of the four sensors is between
sensor with ASIC is about 0.03 hPa, so the noise of the hu9.24 mV/%RH and 0.26 mV/% RH. The fact that all four curves

midity sensors can be estimated as follows: are almost parallel is interesting for a one-point calibration (see
Sect. 4.4).
0.054 1Y
RHnoise= —— 102 . 0,03 hPa= 0.011 % RH (5)
T %RH 4.3.1 Response to humidity

The uncertainty of the pressure sensor caused by externglhe measurement set-up described above was used. The s{ip-
stress or thermally induced stress is less than 1 hPa (Waber B‘y voltage of the Wheatstone bridge was set to 3V. The tem
al., 2014). By convertin_g this into r_]umidity, an uncertainty qf perature was kept constant at°@s The output bridge volt-
<0.4% RH can be estimated. This uncertainty and the noisgge of four different sensors was measured at different valugs
are far below the typical accuracy requirements of aroundyf the relative humidity in the range from 30 to 80 % RH. The
3% RH. In order to achieve short response times, the thickyegits are shown in Fig. 7. The output voltage is inversely

ness of the polymer could be reduced, with only moderateyrgnortional to the relative humidity. The output spans are

impact on the accuracy. around 12.5mV for the humidity range from 30 to 80 % RH.
The different offsets are mainly caused by manufacturing
4.2 Measurement set-up variations of the mechano-electrical transducer. Different ret

The characterization of the sensor chip was carried out withS'StanceS bet_we_en aluminum and the highly doped silico
cause the variations.

a semi-automatic measurement set-up. The main compo- - : .

. . For the four humidity sensor chips, the mean sensitiv-
nents are a WEISS_WKL 64. cllmate.chamber anq a Ke'ﬂ.]'ity was determined to be 0.25mV/% RH. This result agrees
ley 3706 system switch/multimeter with an extension multi- . .

o - quite well with the value of 0.15 mV/% RH that was calcu-
plexer card. As reference sensors, a capacitive humidity SeNated in Sect. 4.1. All four sensors showed nearly similar
. 0 . . .
sor from the B-E company (accuracy at 2@: +2% RH ensitivities, so a one-point calibration could be sufficient
(0...90% RH)) and a PT100 temperature sensor were uset?.

As shown in Fig. 6, the sensor chips were connected to cel0r many applications. Possible calibration procedures ar

ramic substrates by wire bonds. To avoid packaging stresss'hOWn in Sect. 4.4. L . .
' The measured sensitivity is three times higher than the sen-

wires hold the chip in place. A die bonding material betweengmvmes obtained at the TU Dresden in the 1990s (Gerlaclh
and Sager, 1994).

the chip and the substrate would cause a mechanical stress,
which would influence the measurement results.

—

11°

Linearity

4.3 Measurement results of the humidity sensor The linearity between humidity and output voltage was in-

In the next two sections, results of the measurements are pré/€stigated. Figure 8 shows the measurement results at di
sented. First, the response to humidity at constant temperaf-erent values of the relative humidity as well as a linear in-

ture was investigated. The response to temperature at cori€"Polation between the points at 30 and 80 % RH. The lin
stant humidity was then measured. earization error reaches a maximum at 55% RH. For the

four sensors, the linearization error was found to be in the
range from 0.5 to 3.1 % full scale (FS). Prior results by the
TU Dresden were also in the range from 0.5 to 5% FS for

=k
[

1%
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output voltage / mV
output voltage / mV

Figure 9. Bridge output voltage of the sensor at the relative humid-
Figure 8. Comparison of the output voltage measured with the lin- ity of 30 % RH and at different temperatures. As can be seen, the
ear interpolation of the endpoints at 30 and 80 % RH. The maximumsensor has a strong cross-sensitivity to temperature. By changing
error for four sensors was 3.1% FS, so linear interpolation is notthe temperature by%C, the output voltage alters by around 2.5 mV.
sufficient if an accuracy of better than 3% FS is required.

2.5

a humidity range from 10 to 95% RH (Gerlach and Sager,
1994). The error caused by the non-linearity can be reduce:
significantly by a quadratic interpolation. If the accuracy re-
quirement is high€ 3% FS), a third measurement point at

55 % RH would be necessary for the calibration of the sensor

error RH /%

Response time

To compare the dynamic behavior of our humidity sensor
chip with the Sensirion SHT25 humidity sensor, a step re-
sponse was measured at°Z5for both. The time to reach
63 % of the saturation output voltage was 21 s for our sen-
sor and 14 s for the SHT25. However, the polyimide layer isrigure 10. Error of the relative humidity using a one-point calibra-
not optimized yet. The response time could be reduced byion at 50 % RH and 25C. The maximum error of four sensors is
decreasing the thickness of the polyimide. Decreasing thet2.2% RH.

thickness would also lead to an uncritical reduction of the

sensitivity.

RH/ %

4.4 Calibration of the humidity sensor

4.3.2 Cross-sensitivity to temperature In this section, different calibration procedures for the hu-

. L o midity sensor are proposed. In Sect. 4.3.1 it was shown that a
Piezoresistive sensors show a strong cross-sensitivity to tem-

perature. At a constant humidity of 30%RH, the outputquadratlc f_unctlon is necessary to describe the_o_u_tput voltage

. as a function of the humidity. The cross-sensitivity to tem-
bridge voltage of the sensors was measured at temperaturesér(,jl,[ure is also non-linear. A straiahtforward wayv to com-
from 25 to 40°C. The results are shown in Fig. 9. A tem- P ) 9 y

pensate for the non-linear sensor response is a calibration at
perature change of & alters the output voltage by 2.5mV. ; ; .
: . . T o three different temperatures and three different relative hu-
If this value is compared with the humidity sensitivity of

. midities. A total of nine calibration points is expensive, but
0.25mV/% RH, it becomes clear that temperature compen- . . P P ’
o . will result in an accuracy much better than 3% FS. If an ac-
sation is necessary for any practical use of the sensor. As this . . . . .
; ) L L Curacy of around 3% FS is required, a two-point calibration
is also standard for piezoresistive pressure sensors, itis not an -~ .
obstacle to an application of the sensor. Temperature senso'rss sufficient. The cheapest but less exact solution is a one-
pp ' P point calibration. Here the accuracy will be around 5% FS.

can easily be integrated into the ASIC of the sensor module. For a better comparison to the values in datasheets of other

In Sect. 4.4, it is shown how cross-sensitivity to temperaturesensors, the accuracy is specified 94 RH) absolute in-
can be compensated for.

stead of (% FS) in the following (e.g. 1% FS in the range of
30-80 % RH is absolut&0.25 % RH).

J. Sens. Sens. Syst., 3, 167-175, 2014 WWW.j-Sens-sens-syst.net/3/167/2014/
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polymer foil sensor chip black cover feil ceramic substrate

copper springs solder port for pressure SMD pads
bumps compensation

error RH/ %

Figure 12. Novel flip-chip packaging technology for pressure and
humidity sensor chips. High-temperature cofired ceramic (HTCC
25 30 35 40 45 S0 55 60 &5 70 75 80 85 is used_for the pacl_<age. The sensor chip is flip chip bonded on cof
per springs to obtain a stress-free package.

RH/ %

Figure 11. Error of the relative humidity using a two-point calibra-
tion at 30 % RH25°C and 80 % RH25°C. To get a high absolute

accuracy over the whole range, a typical offset of 0.7 % RH needs t
be subtracted from the original linear interpolation data. The maxi-
mum error of the four sensors is the1®.9 % RH.

4.4.1 Calibration procedures

Figure 13. Copper springs in the cavity of the package. The springs

In Sect. 4.3.1 a sensitivity of (0.24-0.26) mV/% RH was are structured by photolithography. On the copper springs the senspr

identified for the four sensors. The mean value of the sen<hip is flip-chip bonded.
sitivity is 0.25 mV/ % RH. With this value as a constant and
an offset obtained from a single calibration point at 50 % RH

and 25°C, the measured humidity can be calculated by therefore better than the SHT25 humidity sensor. Howevet,

the range between 30 and 80 % RH is smaller.

RH(Uout) = Uouy/Senst+ Off. (6) Temperature compensation in addition to humidity com-

pensation is necessary. Two more additional points at differ

Figure 10 shows the error of the relative humidity of one ent temperature therefore have to be measured. This means

typical sensor at one-point calibration. For the four sensoréh"’_‘t’ for.tem.perature and humidity compensation, a four
investigated in this work, a maximum error&P.2% RH in  Point calibration at least should be used.

the range of 30—-80 % RH is obtained. A typical tolerance of

+3 % RH between 20 and 80 % RH is given in the datasheett.5 Discussion of the results

of the SHT20 humidity sensor. Also, the SHTC1 sensor from L

Sensirion, which is used in mobile phones, has the same tol! '€ Méasurements show that the new humidity sensor can
erance. Therefore, a one-point calibration for humidity com-P€ used to develop a commercial product. The accuracy will

pensation of the new sensor is sufficient for many applicamainly depend on the effort spent on calibration. The mear
tions. sured sensitivity of 0.25mV/% RH is in quite acceptable

The best humidity sensor, SHT25 from Sensirion, has ggreement with the calculated value of 0.15mV/% RH. By,
typical tolerance of-1.8% RH in a larger humidity range rgducing the thickness of the polymer Iayer, the respons
between 10 and 90% RH. All other values like hysteresis,iime Of the sensor could be decreased. This would also legd
repeatability and so on remained unchanged compared to thi@ @ lower but still sufficient sensitivity.
SHT20 sensor. This indicates that the only difference might
be a calibration procedure with more calibration points. 5 Outlook

To improve the accuracy of our humidity sensor, a two-
point calibration at 30 % R25°C and 80 % RH25°C was  Piezoresistive pressure and humidity sensors are very sep-
investigated. The offset and the sensitivity of each sensor casitive to package stress. The applications in mobile devices
be determined with a two-point calibration. Figure 11 showscall for a small package size. For barometric pressure sen-
the error of the relative humidity of one sensor for a two- sors, wire bonding type packages, e.g. BMP180 from Bosch
point calibration. To get a high absolute accuracy over theor LPS331AP from ST Microelectronics, and low stress flip-
whole range, a typical offset of 0.7 % RH needs to be sub-chip packages, e.g., T5400 from EPCOS (Waber et al., 2013
tracted from the original linear interpolation data. The max-have been developed that fulfill these requirements. Figr
imum error for all four sensors was thef0.9% RH, and  ure 12 shows the novel package with the copper springs arnd

(1]
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Fig. 13 a scanning electron microscope picture of the springs. Compared with humidity sensors applied in mobile
This package is also suitable for the new humidity sensorphones today, the new sensor utilizing the current packaging
Shock and vibration tests with the new package and a sentechnology of the EPCOS T5400 pressure sensor would
sor chip have been done. Guided free fall tests from a heighbe similar or smaller in size. Even in a first one-shot lab
of two meters result in a mean offset of around 0.1 % RH.experiment, the performance of our piezoresistive sensor is
With the pressure sensor package from EPCOS, a footprint oat least comparable to current capacitive humidity sensors
2.78x 2.23mn? and a height of 0.67 mm could be realized. like the SHTC1 from Sensirion. With further optimization
ASICs, originally developed for barometric pressure sensorsywe see a good potential to meet whatever requirement is
could as well be used for the piezoresistive humidity sensormost important for the target application: either excellent
Therefore, the development effort required to bring this newaccuracy or low costs by simple one-point calibration, or
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