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Abstract—Environmental thermal chambers are essential tool for testing navigation equipment in condi-
tions close to real. This article describes the design and operating characteristics of thermal chambers with
respect to application in various technology microelectromechanical systems testing. The design choices
and optimization are taking into account that thermal camera must operate inside the inner frame of three
axes test table. Thermal chamber optimal choice for testing microelectromechanical systems based inertial
measurement units are driven by four main areas with respect to navigation equipment test laboratory.
Discussed is the chamber design and characteristics that minimizes constaruction and operating cost of the

system.

Index Terms—Environmental testing; microelectromechanical systems; simulation table; measurement
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I. INTRODUCTION

Ensuring measurement quality of Microelectro-
mechanical systems (MEMS) devices over their
specified operating range, especially industrial sen-
sors, they typically need thermal testing at different
stages of the production cycle. Combined with 3-axis
simulation table complex tests can be performed with
extended results. It requires that engineering look not
only at device size and test specifications, but also
consider operations need to conserve floor space and
maximize flexibility. Achieving quality goals in-
volves many points of thermal stress including con-
ditioning, verification, calibration, life testing, design
qualification, failure analysis, quality checks, and
regulatory audits.

Optimizing controlled thermal environments for
testing MEMS industrial measurement devices de-
pends on four areas:

1. Test being performed. Thermal and dynamic
profile.

2. Device under test (DUT).

3. Throughput goals and test requirements.

4. Facility infrastructure. Power, Ventilation,
Laboratory footprint.

The test environment is subject to many
interrelated variables and we will discuss the above
points taking into account existing Navigation
Eqipment Test Laboratory (NETL) in National
Aviation University.

II. INERTIAL NAVIGATION SYSTEMS TEST PROBLEM
STATEMENT

An Inertial Navigation System (INS) uses the
output from an Inertial Measurement Unit (IMU),
then it combines the information on acceleration and

rotation with initial information about position, ve-
locity and attitude. Microelectromechanical systems
accelerometers and gyros used in IMUs have three
common error sources: bias (b), scale factor (S) and
random sensor noise error (e) [1], [3]. Moreover, b
and S are subject to variations due to environmental
changes such as temperature (Fig. 1). The following
single axis equation represent MEMS sensor error
components:

x=8fx)+b+te, (1)

where x is the measured value and f(x) is the true
value about the sensitive axis.

Technology MEMS device is produced impact
environmental stability and amount of measurement
error — for capacitive being the most temperature
stable and piezoresistive is the most non-temperature
proof [2], Fig. 2.

III. TEST CHAMBER OPTIMAL DESIGN PROCEDURE

Microelectromechanical systems device (circuit,
sensor, assembled housing) size, mass, and number
of DUTs will be a factor in determining enclosure
size. Usually it is several square millimeters for
sensor and several square centimeters for MEMS
PCB assembly.

Cooling test subjects effectively depends on test
requirements, facility resources, and cost considera-
tions. Usually matching the test subject’s geometry to
an appropriately sized chamber, platform, or test
enclosure is an important first step when selecting a
temperature system.

Chamber must be configured for device size,
temperature range, transition speed and device
access.

© National Aviation University, 2017
http://ecs.in.ua



V.M. Sineglazov, S.0. Dolgorukov Environmental Chamber for Navigation Equipment Test Table 63

300.000

100.000

0.000

0g Bias output [mg]

g
g

Temperature [*C)

Bias vs Temperature change

---- Typ spec
Datasheet
___ Max Spec
datasheet

Fig. 1. Bias vs temperature of Colibrys MS9010.D accelerometer. 10g range, measured -40 to 80 °C

Bandwidth
1

DC measurement

Operating
Temperature

Bias temperature
stability

Sensitivity
temperature stability

Long term stability

High g measurement

rnage

Robustness to shock ] .
® Piezoelectric

Piezoresistive
m Capacitive
Resolution

Non linearity

Fig. 2. Microelectromechanical systems accelerometers technologies comparison

Temperature platforms that provide an open work
surface also known as “hot/cold plates”. They are
ideal for testing or conditioning low profile items
with a flat surface such as RF devices and high den-
sity power device testing (IGBTs and MOSFETs).

Enclosure type that matches device will provide
the best performance, reduce heat loss while allowing
convenient access to devices. Enclosures attach di-
rectly to a nozzle or remotely via a hose.

The electronics for MEMS sensors tend to be
small and low mass items. Often, these circuits can be
conditioned in a small enclosure driven by a thermal
cycler. The enclosure can also accommodate multiple
circuit boards. For devices sensitive to thermal shock,
enclosure designs can disperse air around the circuits
to prevent direct exposure to the temperature source,
as shown in Fig. 3 right.

The key considerations for each cooling method
for the system must take into account the following.

Temperature range of industrial and consumer
MEMS-based devices are in range minus 40 to
+ 125° C. Military and aerospace capacitive sensors

may reach minus 55 to +150° C, piezo sensors minus
55 to +350° C [4].

Fig. 3. Air source directly on DUT (left) and directed at
sides of enclosure (right)

Compressor-based cooling uses compressors and
conventional refrigerants in a single stage or cascade
closed-loop system. Cryogenic cooling uses ex-
pendable Liquid Nitrogen (LN;) or Liquid Carbon
Dioxide (LCO,) in an open loop system.

1) Temperature Test Requirements — Temperature
Ranges, Transition Rates, and Dwell Times.

Cryogenic cooling offers the widest temperature
ranges (minus 185 to +500° C, Fig. 4) with the fastest
temperature transition rates (up to 100° C/min, Fig. 5)

[5].
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Fig. 5. Cooling system transition rates
Compressor-based systems (minus 100 to

+300° C, 10° C/ min) are better suited for long dwell
times because a closed-loop system does not require
expendable coolants. It is also worth considering that
compressor-based systems have high temperature
limitations because conventional refrigerants break
down in ultra-high temperature applications.

If both cryogenic and compressor-based systems
can meet test specifications, facility requirements and
system cost are the next considerations.

I our case for consumer grade MEMS DUTs the
single stage compressor-based system may be
suitable.

2) Facility Resources — Coolant Supply, Coolant
Exhaust, Facility Power, and System Footprint.

If the facility is equipped with an LN2 or LCO2
bulk-delivery system, cryogenic cooling will be the
easiest to integrate. Without bulk-delivery, cryogenic
systems rely on dewars (portable tanks) to deliver
coolant. Dewars can be cumbersome and may deplete
before testing is finished.

Regardless of the coolant delivery method, all
cryogenic systems expel exhaust that must be ma-
naged. Cryogenic exhaust is a result of the liquid

coolant becoming gaseous and expanding at a ratio of
up to 1:700. These large volumes of gas can force
breathable oxygen out of rooms that are not properly
vented. Managing cryogenic exhaust requires either
venting the exhaust to the outside atmosphere or in-
stalling the system in a well vented area with an
oxygen monitor nearby.

Compressor-based systems are closed loop
systems that do not produce gaseous exhaust, but they
do generate mechanical noise and heat. In some
cases, steps must be taken to manage the heat
especially if multiple compressor-based systems will
be employed within a small area. Options for
managing the heat include fans and ventilation or
water-cooled condenser units.

Facility’s power limitations must also be consi-
dered. Compressors and heaters require energy and as
temperature ranges and transition rates increase, so
too do the system’s heating and cooling power re-
quirements. Compressor-based systems typically
require a minimum of 220 V, 30 A whereas cryogenic
systems can operate on as little as 220 V, 5 A. And
while both cooling systems can require high power,
cryogenic systems typically stay within 30 A because
they do not rely on compressors for cooling.

The cooling system’s size also play a role if floor
space is at a premium. Cryogenic systems can be
stacked, allowing multiple chambers to operate in the
same footprint.

For the NETL facility the most cost effective so-
lution is compressor-based systems as there are no
coolant supply or delivery systems, moreover the
build cost of exhaust and improvement of ventilation
system are considerably high. Mounting of com-
pressor based thermal chamber inside the rotating
frame of the test table is possible only by separating
the compressor and all electronics from the very
chamber by flexible hose.

3) Cost Considerations — Cost to Buy, Operate,
and Maintain Compressor-based systems have higher
purchase and maintenance costs because they have
more mechanical components (compressors, con-
densers, pumps, etc).

Cryogenic systems have a higher operating cost
because they require replenishment of expendable
coolants and more training for personnel.

The general difference is that cryogenic cooling is
less expensive short term and more expensive long
term, while compressor-based cooling is more ex-
pensive short term but less expensive long-term.

IV. CONCLUSIONS

With a plenty of factors to consider, deciding
between cryogenic and compressor-based cooling
systems can be difficult. Having a full understanding
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B. M. Cuneraazos, C. O. Joaropykon. Tepmokamepa 1Jisi BUIPOOYBAJILHOI0 CTeHy HaBiramiiiHoro 00/ajHaHHsA
TepMokamepH € BaXJIUBUM IHCTPYMEHTOM JUJIsl TECTYBaHHS HaBiraliifHOro oOJiafiHaHHS B YMOBaXx OJM3BKUX JI0 pealb-
HUX. Y JaHill CTaTTi ONUCYIOTHCS KOHCTPYKTHBHI 1 €KCILTyaTaliitHi XapaKTepUCTUKN TEPMOKaMep I10/I0 3aCTOCYBaHHS B
BUIIPOOYBAHHSX MIKPOEIEKTPOMEXaHIUHUX CHCTEM pi3HOro mpuHimiy aii. Kpim Toro, mpu ontumizanii napamerpis
TEepMOKaMepH BPaxOBYEThCS, 110 BOHA MOBUHHA PO3TALIOBYBATHCS BCEPEIMHI BHYTPIIIHBOI paMU KapAaHOBOTO iJIBICY
TPHOXOCEBOI'O BHUIIPOOYBAIBHOrO CTeHAY. [IpeacTaBieHo METOMAONOriI0 BUOOPY TEXHIYHUX 3ac00IB TeMIlepaTypHOI Ka-
MepH ISl BUIIPOOYBaJIbHOTO CTEHy HaBirauiitHoro obmajananus. [IpencraBieHo npoleaypy BUPILICHHs 3aBJaHHs BU-
0opy TeMIepaTypHOi KaMepH IJIs BUIPOOYBaHb IHEPIIHHMX NATYMKIB HA OCHOBI MIKPOCIEKTPOMEXAHIYHUX CHCTEM.
OOrpyHTOBaHO IapaMeTpH 1 XapaKTEpUCTHKKA KaMepH, SIKi 3BOJSITh IO MIHIMYMY BUTPaTH Ha BUPOOHHIITBO Ta EKCILTY-
aTalilo CUCTEMH.
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Karwu4osi cioBa: xiiMaThuHi BUNPOOYBaHHS; MiKpOENEKTPOMEXaHIYHI CUCTEMH; BUIPOOYBAJIbHUI CTEHH; MOXHOKa
BHMIPIOBaHHSI.
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B. M. Cuneraazon, C. O. loaropyko. Tepmokamepa 1Jisl HCNIBITATEJILHOI0 CTEH/1a HABUTALIMOHHOTO 000PY/10-
BaHUS

TepMokaMepsl SBISIOTCS Ba)KHBIM HHCTPYMEHTOM JUIS TECTUPOBAHUS HABUTAITMOHHOTO OOOPYIOBAaHHUS B YCIOBHSAX
OJMU3KUX K peaslbHbIM. B TaHHOW CTaThe ONMUCHIBAIOTCS KOHCTPYKTHBHBIC W DKCILIyaTAIIMOHHBIC XapaKTEPUCTUKU Tep-
MOKaMep B OTHOIIICHUH MPUMEHEHHUS B UCTIBITAHUAX MHUKPO3JICKTPOMEXaHUIECKUX CHCTEM Pa3HOTO MPHHITHUIA JCHCTBUS.
Kpome Toro, mpu ONTUMH3AIMU MApaMETPOB TEPMOKAMEPhl YUHUTBHIBAIOCTCS, YTO OHA OJDKHA PACIOiaraThCs BHYTPHU
BHYTPEHHEH paMbl KapAaHOBOI'O MOJABECA TPEXOCEBOI'O UCHBITATENILHOTO cTeHa. [IpencraBieHa MeToqoIors BIOopa
TEXHUYECKHUX CPEICTB TEMIICPATypPHOH KaMephl I UCIBITATEILHOTO CTCHa HABHTAIIMOHHOTO oOopymoBanus. IIpen-
CTaBJICHA TPOIIEypa PEUICHHS 3aJaud BEIOOpA TeMIepaTypHON KaMephl JJIs UCIBITAHWN MHEPIUATBHBIX TAaTYAKOB Ha
OCHOBE MHKPO3JICKTPOMEXaHUIECKUX cucTeM. OOOCHOBAaHBI TApAMETPhl U XapaKTEPUCTHKH KaMephl, KOTOPBIE CBOIAT K
MUHHUMYMY 3aTPaThl Ha IPOM3BOJICTBO M IKCILUTYATAITHIO CHCTEMBI.
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