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From factory floors to fitness trackers, sensors play a crucial role in the ever
evolving demands to meet tomorrow’s expectations. Consumer and industrial
devices contain a growing number of sensors driven by widespread use of
wireless and |oT technology. Advances within sensors are vital to these markets—
ultra-compact, low power, high accuracy, digital and harsh media resistant
sensors must be designed to meet and surpass these performance challenges.

Pressure sensors are used in a broad range

of applications for various markets such as
automotive, industrial, medical and consumer
products. Our world is becoming more connected
and “smarter”. To enable this, sensors are now
being used in applications and environments
that are not so friendly to sensors. Many of these
applications require sensors that are deSigned FIGURE 1. MS5839 ALTIMETER FROM TE CONNECTIVITY
to withstand exposure to corrosive and hostile

chemicals. Often these chemicals exist in the

medium that the sensor is trying to measure.

The chemicals will have direct contact with the

sensor itself, and in order to provide reliability

and a long service life, modern sensors must be

designed to withstand and resist attacks by these

chemicals. One example is the use of a pressure

sensor in a swimming watch. These watches are

regularly exposed to water containing chlorine

as either a dissolved gas (swimming pool) or in

ionic form (ocean water). Chlorine is a strong

oxidizer which quickly corrodes most metals

and does irreversible damage to the product.
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OPERATION OF A
MEMS PRESSURE SENSOR

A typical structure of a piezoresistive pressure In practice, four piezoresistors are used, arranged
sensor is a planar silicon diaphragm formed in a Wheatstone bridge configuration so as to

by chemical or dry etching. Piezoresistors are maximize signal levels and provide a degree of
placed near the edge of the membrane and common mode rejection to undesirable noise.

within the linear operating range of the sensor.

FIGURE 4. WHEATSTONE BRIDGE

FIGURE 2. MEMS PRESSURE DIE One way to detect problems with the sensor is to
look at the output signal offsets with no pressure
applied. If operating properly, the differential

When a pressure is applied to the MEMS output should be OV. If the output is not OV, it’s an
element, it deflects much like a trampoline. The indication there is some problem with the sensing
deflection causes a strain in the piezoresistive element. Corrosion from aggressive chemicals
elements and they change their resistance can affect the way the piezoresistive elements,
value in proportion to the deflection. interconnects, and wire bond pads function. The

corrosion can introduce offsets in the output
signal and erroneous data from the sensor.

In any case, the signal from the MEMS sensor
element is connected to a CMOS ASIC where it is
compensated for temperature linearity and other
errors, then amplified, and digitized. This digital
data is then formatted for easy communication to
a master microprocessor via I>?C or SPI protocol.

FIGURE 3. DIE REACTION TO PRESSURE
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PACKAGING FOR PROTECTION

Packaging and environmental isolation of the
MEMS sensing element and the CMOS ASIC are
very important for the reliable functionality of the
pressure sensor. They provide protection for the
chip and at the same time allow connectivity to
the outside world. All sensors must be physically
in contact with the medium or phenomenon

they are measuring. In addition, they must

be connected to the electronic system that

is using the data provided by the sensor.

FIGURE 5. MS5839 EXPLODED VIEW

FIGURE 6. SPORTS WATCH
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UNIQUE TECHNOLOGY FOR
HARSH ENVIRONMENTS

TE Connectivity has developed miniaturized
pressure sensors suitable for exposure to
harsh and corrosive environments including
strong oxidizers such as the halogens (fluorine,
chlorine, bromine, iodine). These types of
harsh environments exist in automotive,
medical, and personal wearables markets.

FIGURE 7. CHLORINE GAS EXPOSURE

Chlorinated water in swimming pools presents
a similar and related problem for wearables
applications. TE’s pressure sensors are used
as altimeters for sport watches used by
triathletes or depth sensors in dive computers.
Without appropriate device packaging and
protection, the sensors can corrode and fail
when used in swimming pools or in sea water,
both rich in dissolved or ionic chlorine.
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TESTING AND VALIDATION

The new technology and design developed by TE Connectivity has been tested with the sensor package
exposed to salt water, chlorine water, and also diiodomethane gas. The diiodomethane exposure has
been shown as the harshest test. The figures below illustrate the drift in signal output of the sensing
element with respect to the diiodomethane and chlorine water exposure. The drifts are considered

very limited. Additionally, the drift in offset can mostly be explained through the presence of the

humid environment rather than the diiodomethane in it. Another accelerated life test, at 85°C and in
85%RH, showed the same drifts in Offset and Span, as plotted alongside the diiodomethane results.

CHLORINE TESTING

Test Conditions and Procedure:

1) Samples fully submerged in a chlorine solution at 60°C for 6 hours

2) Dried in a temperature/humidity chamber at 60°C and 60% RH for 18 hours

3) Test and record data

4) Repeat steps 1-3 until 40 cycles are completed

5) Repeat steps 1- 4 at increasing levels of chlorine concentration (from 20ppm to 100ppm)

Samples were compared with standard packaged sensors (not enhanced for harsh media).

Chlorine exposure test
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FIGURE 8. CHLORINE TEST RESULTS
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DIIODOMETHANE TESTING
Test Conditions and Procedure:
1) Samples placed in a chamber:
a. 95% relative humidity
b. 85°C constant temperature
c. Total exposure time - 500 hours
2) Samples tested at 48, 170, 300, and 500 hours

Samples were compared with standard packaged sensors (not enhanced for harsh media).

Diiodomethane exposure test
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FIGURE 9. DIIODINOMETHANE TEST RESULTS

CONCLUSION

TE Connectivity’s new package design and assembly procedures provides a sensor with enhanced
resistance to corrosive chemicals and atmospheres. This provides customers with added confidence
that TE sensors will better resist failure or malfunction in applications in corrosive environments.

Actual performance may vary by application. Although the test results presented in this paper show enhanced
corrosion resistance, the customer must appropriately test and qualify the sensor for its specific applications.
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ABOUT TE CONNECTIVITY

TE Connectivity (TE) is a global technology leader, providing sensors and connectivity
essential in today’s increasingly connected world. We are one of the largest sensor companies
in the world with solutions that are vital to the next generation of data-driven technology.

TE’s portfolio of intelligent, efficient and high-performing sensor solutions are used for
customers across several industries, from automotive, industrial and commercial transportation
and aerospace and defense, to medical solutions and consumer applications.

NORTH AMERICA EUROPE ASIA

Tel +1 800 522 6752 Tel +31 73 624 6999 Tel +86 0400 820 6015
customercare.frmt@te.com customercare.bevx@te.com customercare.shzn@te.com

te.com/sensors

Microfused, TE Connectivity, TE Connectivity (logo) and EVERY CONNECTION COUNTS are trademarks. All other logos, products and/or company names referred to herein
might be trademarks of their respective owners.

The information given herein, including drawings, illustrations and schematics which are intended for illustration purposes only, is believed to be reliable. However, TE
Connectivity makes no warranties as to its accuracy or completeness and disclaims any liability in connection with its use. TE Connectivity‘s obligations shall only be as set forth
in TE Connectivity‘s Standard Terms and Conditions of Sale for this product and in no case will TE Connectivity be liable for any incidental, indirect or consequential damages
arising out of the sale, resale, use or misuse of the product. Users of TE Connectivity products should make their own evaluation to determine the suitability of each such
product for the specific application.
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