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pressure 3.8 10-3 mbar). A final liftoff process re-
sults in meander-shaped single strain gauges
and Wheatstone full-bridge circuits with a sensor 
layer thickness of 500 nm. A Pt temperature sen-
sor (500 nm) with a Ti adhesion promoter
(10 nm) and Au contact pads (500 nm) are fabri-
cated with two further liftoff processes (Fig. 1). In 
the end, the wafer is cut into a simplified tensile
specimen with a width of 40 mm. Solder contact-
ing completes the sensor manufacturing.

Characterization
The insulation layer properties show a resistance
of 9.7·109 ± 0.2·108 Ω that leads to a resistivity
of 3·1012 ± 8·1010 Ωcm. The breakdown field 
strength is 153 ± 25 kV/mm. The resistivity of Cr
is 54.6·10-6 ± 1.5·10-6 Ωcm that is approximately
factor 4 of the bulk value which is in agreement 
with literature values [7]. The k-factor of four sin-
gle strain gauges is characterized in a tensile
test stand with forces between 400 and 2,400 N 
leading to a strain difference Δε of 312 µm/m. 
Based on the normalized resistance change
ΔR/R0, eq. (1) is used.

k = (ΔR/R0)/Δε (1)

High k-factor values of 11.0 ± 0.1 were achieved.
Fig. 2 shows the linear curve of several test cy-
cles for Cr in comparison to NiCr with a k-factor
of 2. An explanation of the increased Cr k-factor
is assumed in partly semiconductor behavior
through doping with oxygen or nitrogen which 
cannot be clarified in detail. The k-factor of Pt 
was reduced to 0.8 as a result of the symmetrical
spiral sensor design.

Fig. 2. Sensor signals for three different sensor ma-
terials and a Cr full-bridge.

Temperature investigations between 20 and
100 °C (ΔT = 80 °C) on a heating plate revealed
TCR values of 591 ± 23 ppm/°C calculated with
eq. (2). NiCr showed a value of 12 ± 5 ppm/°C.

TCR = (ΔR/R0)/ΔT (2)

Now, Cr strain gauge full-bridges were tested
concerning their strain sensitivity, temperature 
behavior and drift behavior. Initially, the bridge
offset is 6.9 ± 2.7 mV/V. The sensitivity is

calculated to 1.71 ± 0.03 µV/V/µm/m based on
eq. (3) [1], see Fig. 2. Here, the strain ε is given 
by the k-factor k, the poisson’s ratio ν, the bridge
output voltage UO and supply voltage US.

ε = 4/k·1/2·1/(1+ν)·UO/US (3)

The temperature dependency leads to a high ap-
parent strain of 4.4 µm/m/°C that can be reduced 
to a noise of only 11.7 µm/m in the temperature 
range from 20 °C up to 100 °C using the Pt thin-
film temperature sensor. The drift at 20 °C is
0.36 µV/V/h that can be reduced with annealing.

Conclusion
This article presents sputtered chromium strain 
gauges on steel samples. With a k-factor of 11.0,
the strain sensitivity is increased by a factor of 5 
compared to conventional materials like NiCr. 
Due to the comparably high temperature coeffi-
cient of resistance of 591 ppm/°C (NiCr: 
12 ppm/°C), Wheatstone full-bridge configura-
tions were used leading to a strain sensitivity of 
1.7 µV/V/µm/m. With an additional thin-film Pt
temperature sensor, the remaining temperature 
induced apparent strain is 12 µm/m (20 °C up to 
100 °C). These highly sensitive strain gauges
can be used in harsh environments due to their
polymer-free structure, and will be used for
metal-based pressure sensors in the future.
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Analysis of positioning parameters at glazing of pressure measurement cells
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Summary:
Glazing is increasingly used to join the silicon measuring cell to the steel diaphragm in pressure sensor 
production. This study examines the glazing process at ETO SENSORIC (Germany) using statistical 
analysis. The objective was to identify key positioning parameters that optimize signal yield. High sensor 
sensitivity and low deviation of the characteristic curve are maintained. A multivariable regression was 
performed with the measuring cell signal as the response. The analysis was extended with a µCT study 
of parts with unexplained signal deviations. 
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Introduction
Glazing is a particularly sensitive process that di-
rectly affects the signal quality. During glazing, 
several objectives must be optimized, including 
the positioning of the measurement cell (strain 
gauge), thermal parameters, material selection, 
and process cost. This study aimed to determine 
the relationship between positioning parameters 
and both the signal level (sensitivity) and the 
piecewise variation of the characteristic lines [1].
These features, which characterize glazing qual-
ity, can easily be quantified using the measure-
ment cell's signal. The cell contains four resistors 
forming a Wheatstone bridge, measured in the 
laboratory with a pressure-controlled measure-
ment system.
Additionally, samples that deviated from the re-
gression model were analysed using µCT to re-
veal the effect of bubble distribution in the glaz-
ing.

Samples
For the investigation, CiS set up steel measuring 
cells with differently positioned silicon strain 
gauges – 200 bar relative pressure sensor. Com-
plete assemblies of pressure sensors with a 
steel diaphragm and a piezo resistive measuring 
cell joined by a glazing were produced in 46 
functional parts, 28 of which were OK-calibrated 
(OK parts).
In the following section, only the OK parts were 
included in the analysis, but in the last sections. 
The variants (Tab.1) include test specimens with 
glass layer thicknesses of 50 µm and 150 µm 
and standard positioning (1.5 mm from the cen-
tre of the steel membrane at 0° rotation). The fi-
nal three variants were produced with a 50 µm 
glass layer and an initial 45° rotation, followed by 

centre distances of 1 mm and 2 mm. The posi-
tioning parameter is set to the default value at 
the theoretical limits of the technology, showing 
no indication of a design of experiments (DoE).
Tab. 1 Variants of samples

Basic statistic of the signal
The raw values were extracted from the com-
plete measurement protocol at specific tempera-
tures (-25 °C, 20 °C, and 120 °C) and pressures 
(0 bar, 100 bar, and 200 bar) for further analysis. 
The standard deviation of these values for a 
given positioning parameter indicates the coher-
ence of the derived characteristic curves. Fig. 1
and 2 display three pressure cycles for each 
temperature - cycle 1 at -25 °C, cycle 2 at 20 °C, 
and cycle 3 at 120 °C - with each cycle rising to 
200 bar and falling back to 0 bar.
In Fig. 1, parts with a 150 µm thickness show 
very low deviation and raw values in contrast to
those pieces with a 50 µm layer, indicating that 
a stable, functional sensor can be produced with 
a 150 µm layer. Additionally, Fig. 1 shows that 
the "50 µm" configuration with a 2 mm displace-
ment exhibits the same deviation as the basic 
"50 µm" displacement (1.5 mm), while the "Angle 
45°" configuration displays extremely large devi-
ation throughout. The median value indicates 
sensor sensitivity; according to Fig. 2, all settings 
except "Angle 45°" are suitable for measure-
ment, as a 45° rotation causes the resistors to 
cancel out the signal, and both scatter and me-
dian decrease with increasing temperature.

Thick. glass [µm] Disp. centre/ mm Angle / ° Functional parts Calibration Ok
Thick. glass 50 µm 50 1,5 0 17 13
Thick. glass 150 µm 150 1,5 0 10 5
Angle 45° 50 1,5 45 7 0
Displacement 1 mm 50 1 0 5 4
Displacement 2 mm 50 2 0 7 6
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Fig. 1. Standard deviation of raw characteristic line 
vs. pressure 

Fig. 2. Median of raw characteristic line vs. pressure 

Variables of measuring cell positioning 
To determine the parameters, several planes 
were first defined. The surface of the steel mem-
brane was chosen as the reference plane (plane 
0). The four bond pads on the strain gauge were 
designated as planes 1, 2, 3, and 4, while the 
surface of the strain gauge was assigned as 
plane 5 and the glazing surface as plane 6. 
Based on these planes, 11 geometric and posi-
tioning parameters were developed, covering 
features from the cross-section of the glass pad 
to the heights of the strain gauge cell elements. 
These variables were measured using a 
Keyence 4th Generation measuring microscope. 

Analysis of measuring cell positioning 
The following section analyses the influence of 
the glazing's geometric parameters on the raw 
values of the characteristic lines. A multivariable 
regression analysis was performed using Mini-
Tab. Parts with a 50 µm layer thickness yielded 
significantly worse EMC results compared to 
those with a 150 µm layer; therefore, we focused 
on the 150 µm test specimens. Regression anal-
yses were conducted over all temperature 
ranges (-25 °C, 20 °C, 120 °C) and pressure 
ranges (0 bar, 100 bar, 200 bar). 
For the 150 µm layer, the coefficients of determi-
nation were consistently high (>80%), though the 
significant variables varied. The influence of dif-
ferent parameters on the sensor signal was 
sometimes contradictory, suggesting other fac-
tors may also be at play.  

A µCT analysis was then carried out to investi-
gate whether bubbles or cracks in the glass sol-
der could affect the results [2]. 

Deviation in trend 
The NOK parts generally exhibit lower raw val-
ues than the OK parts, except for NOK part No. 
29, whose raw value falls within the expected 
range for OK parts. The analysis of geometric 
parameters revealed no abnormalities, suggest-
ing that other factors may be influencing the re-
sults. Four samples were therefore sent for µCT 
analysis. The selected samples included the 
conspicuous test piece No. 29, an OK part with 
a 50 µm layer (No. 16), a NOK part with a 150 µm 
layer (No. 25), and an OK part with a 150 µm 
layer (No. 38). Test piece 16 shows almost no 
bubbles in the glass pad (Fig. 3) and has an ac-
ceptable signal. In contrast, test piece 25 exhib-
its many large bubbles in the glass solder, espe-
cially beneath the strain gauge, resulting in sig-
nificantly lower raw values. Test sample 29 has 
a large bubble beneath the strain gauge - though 
smaller than in test piece 25 - which places it just 
outside the acceptable range. Test sample 38, 
like test sample 16, displays only a small bubble 
beneath the strain gauge and shows no abnor-
malities in its characteristic curve. 

Fig. 3, µCT image of No. 16 IO/50µm; No. 25 
NIO/150µm; No. 29 NIO/150µm; No. 38 IO/150µm; 

Result and discussion 
- A significant deviation from the ideal strain

gauge positioning substantially affects the raw
values and the consistency of the signal lines.

- Using a 150 µm layer thickness, sensitive sen-
sors can be produced with a lower standard de-
viation than those with a 50 µm layer.

- The regression analysis of production param-
eters versus raw values yielded contradictory
results, indicating that some factors were over-
looked; hence, a µCT scan was performed.

- Bubbles in the glass beneath the strain gauge
directly influence its raw signal values.

- A design of experiments (DoE) is currently un-
derway to investigate the factors influencing
bubble formation in glazing.
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