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An environmental test chamber

The present invention relates to an environ-
mental test chamber, a cabinet and at least one door
for closing said cabinet in a sealed manner, said
test chamber further including means for controlling
the environment within said cabinet when said at
least one door is closed.

Environmental test chambers for testing speci-
mens such as apparatuses, devices, materials oxr the
like are well known in the art. The test chambers
generally comprise a cabinet with a door that may
close the cabinet in a sealed manner. In the chamber
there are provided various means for controlling the
environment. Such means typically include an electric
heater, a refrigerating means, a humidifier, a fan
for circulating the air in order to minimise any tem-
perature gradient within the chamber. With these
means climate cycles, such as heating and cooling,
humidifying and drying can be achieved, in order to
test the specimens for their ruggedness against envi-
ronmental influences to be expected in real use.

However, in addition to the environmental test-
ing of apparatuses and devices in general, there is
often a need for testing the functionality of elec-
trical apparatuses and devices, in particular testing
of the electromagnetic compatibility of the appara-
tuses or devices with other electrical apparatuses
and devices as well as measuring the general electro-
magnetic emission of the devices.

Thus, in order to save time, it is advantageous
if both the environmental and electrical testing

could take place simultaneously.
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Attempts have been made to use separate Faraday
cages, 1in which the apparatuses oOr devices are
placed, the Faraday cages then Dbeing placed in the
environmental test chambers.

However, the use of separate Faraday cages in-
volves several disadvantages and problems. One prob-
lem is that, in order to test modern equipment such
as cellular phones or blue-tooth devices operating
well above 1 GHz, any opening in the Faraday cage
must be very small. This severely hinders the air
circulation within the Faraday cage. Thus a uniform
temperature distribution within the test chamber and
temperature conditioning of the device under test
cannot be ensured. Moreover to further prevent that
electromagnetic radiation passes though the openings
of the Faraday cage, the holes should preferably also
have a substantial depth, i.e. the walls should be
quite thick. This again, not only hiﬁders alr circu-
lation further, but also gives the Faraday cage a
relatively large mass, and thus a substantial heat
capacity. Thus, in order to subject the test specimen
to specific heating and cooling cycles, a test cham-
ber with a larger heating and cooling capacity is
necessary. Furthermore, the test chamber itself
should be more voluminous that otherwise needed in
order to accommodate the Faraday cage in the first
place.

It is the object of the present invention to
overcome these problems in the simultaneous environ-
mental and electromagnetic testing of apparatuses and
devices, in particular of such devices as mobile
phones and blue-tooth devices operating at high fre-

quencies.
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According to a first aspect of the present in-
vention, this problem is solved with an environmental
test chamber according to the opening paragraph,
characterized in that said cabinet and door are
adapted to electromagnetically shield said test cham-
ber against undesired electromagnetic signals, when
the at least one door is closed, and in that shielded
lead-ins for electric measurement signals are pro-
vided in said cabinet.

By adapting the cabinet and door to shield the
test chamber the use of a separate Faraday cage 1is
avoided. The environmental cabinet used for the test-
ing of electrical apparatuses and devices may thus be
smaller, and have less heating and cooling power.
Providing the lead-ins in the cabinet allows for
measuring signals and the like to be provided to and
from the device under test in a well controlled man-
ner, i.e. without compromising the shielding of the
chamber in general.

According to a preferred embodiment, the cabi-
net comprises a cut-out in a wall part, gsaid cut-out
being adapted for accommodating, in an electromag-
netically shielded manner, an entry module comprising
said shielded lead-ins.

Provision of a cut-out in the wall part of the
environmental test chamber allows for the use of spe-
cially adapted entry modules to suit the specific
measuring purpose. In particular, it allows for the
use of an entry module with only those lead-ins nec-
essary for a specific measurement, even a blank dummy
module if no lead-ins are necessary. Surprisingly the
use of modules with as few lead-ins as possible is

important not for electrical reasons but for thermal
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reasons. The presence of the lead-ins through the
thermally insulated cabinet wall may influence the
maximum and minimum temperatures that may be achieved
by the cabinet with more than 10 K, and thus necessi-
tate the use of a cabinet with more cooling and heat-
ing power. Thus according to a further advantageous
embodiment, the cabinet is adapted for interchangea-
bly accommodating different entry modules in said
cut-out.

preferably lead-ins comprise coaxial lead-ins,
allowing for supply of high frequency measurement
signals.

Preferably, said lead-ins comprise DC or LF
lines with pi circuit filters. Using pi circuit £il-
ters allows DC to be supplied to the device in the
test chamber, and/or computer signals, communication
signals or the like with relatively low frequencies
to be transmitted to and from the test chamber.

According to a further preferred embodiment two
separate sealing means are provided between said door
and said cabinet for sealing said test chamber, the
first sealing being an air tight sealing, the gecond
sealing being an electromagnetic shielding sealing.

Having two separate sealing means is advanta-
geous because the two sealing means have two very
different properties. Typically, the electromagnetic
shielding would comprise a mesh of finely woven metal
threads. Such a sealing, however, 1s not airtight.
The air tight sealing would normally be made of a
nonconductive material such as silicone rubber, which

does not seal electromagnetically.
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According to yet another preferred embodiment
said sealing means comprises a soft conductive metal
foil.

The interior of the test camber or the door,
depending on which part the foil is to be mounted on,
is usually made of a hard, durable material such as
stainless steel, which moreover has a relatively low
electrical conductivity. Thus it is very hard to es-
tablish good electrical contact over the entire en-
gagement surface between e.g. said the door or the
cabinet and said part of the electromagnetic sealing
comprising a mesh of finely woven metal threads. Us-
ing a softer conductive foil allows the mesh to 1lit-
erally dig into the surface thereof and ensure good
electrical contact.

Preferably, said conductive metal foil is a re-
movable adhesive foil. This allows the foil to be
easily replaced when it is worn from use, as it will
inevitably be, if used together with said mesh.

The invention will now be described in greater
detail based on non-limiting exemplary embodiments,
and with reference to the drawing, on which

fig. 1 shows a schematic perspective view of an
environmental cabinet according to the invention,
without an entry module mounted and

fig. 2 shows a schematic perspective view of
the entry module,

Fig. 1 shows an electromagnetically shielded
environmental test chamber 1 according to the inven-
tion. In particular, the environmental test chamber
may be a temperature test chamber as described below.
The test chamber 1 comprises a cabinet 2 and a door 3

for closing the test chamber in a sealed manner. The
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cabinet 2 isg double walled and comprises an outer
wall 4 and an inner wall 5. The space between the
outer wall 4 and the inner wall 5 is filled with a
thermally insulating material, such as foam or a fi-
brous material. The inner wall 5 is preferably made
of a corrosion resistant material such as stainless
steel or surface treated aluminium. The outer wall 4
is preferably also made of metal, such as steel.

The inner wall 5 constitutes the major part of
the Faraday cage. The five sides of the inner wall
are preferably formed from one single sheet of metal,
which is cut and bent appropriately. Those corners
between the sides of the inner wall 5, that cannot be
formed by bending, are preferably joined by welding
or the like, in order to ensure the integrity of the
inner wall 5.

The door 3 constitutes the second largest part
of the Faraday cage. The door 3 preferably also has a
double wall with an inner wall 6, and an outer wall
(not visible). The inner wall 6 of the door is pref-
erably also made of a corrosion resistant material
such as stainless steel or surface treated aluminium.
The space between the inner wall 6 of the door 3 and
the outer wall thereof is preferably also filled with
a thermally insulating material, such as foam or fi-
brous material.

Regarding the electromagnetic shielding, these
two parts, i.e. the inner wall 5 of the cabinet 2 and
the inner wall 6 of the door 3, generally perform
very well, even though stainless steel does not have
a very high conductivity.

The problems to be overcome regarding the

shielding generally arise between these parts, i.e.
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the inner wall 5 of the cabinet 2 and the inner wall
6 of the door 3, but also in places where the integ-
rity of the inner wall 5 has to be broken for practi-
cal reasons. Such practical reasons would be the
lead-ins for the measuring signals to and from the
device under test, and possibly for the power supply
thereof. Others include the conduits 7 of the cooling
circuit connecting the condenser 8 (partially broken
away for illustration purposes) within the cabinet 2
to the radiator and pump outside the cabinet 2; the
heating element 9 or the leads thereto; a temperature
sensor within the cabinet; and the shaft connecting
the fan 11 within the cabinet with the electric motor
placed in a well behind the inner wall 5.

It should be noted, that evidently a perfect
shielding against electromagnetic radiation is not
possible. Shielding in this context is to be under-
stood as damping of undesired electromagnetic gignals
to a level where their influence on the measurements
can be neglected. This again, means only in the rele-
vant frequency range of up to a few gigahertz, and
not e.g. ionizing radiation. The damping in this
range should be at least 30 dB and preferably more.

At the places mentioned above, where the integ-
rity has to be broken, the test chamber 1 will be
susceptible to radiation leaks, and countermeasures
have to be taken to prevent, or at least reduce,
these leaks.

Thus, around the shaft connecting the motor to
the fan 11 there is a tubular sleeve 10 with an in-
ternal diameter matched as closely as possible to the
outer diameter of the shaft. Both the shaft and the

tubular sleeve are made of good conductors such as
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metal. The end of the tubular sleeve is welded or
goldered to the inner wall 5 of the cabinet 2, so as
to surround the aperture in the inner wall 5 through
which the shaft passes. Depending on how the welding
is pefformed, e.g. if spot welding is used, any gJap
between the sgleeve 10 and the inner wall 5 may be
filled with conductive glue. The use of a conductive
shaft and a conductive sleeve 10 provides a gap,
which is not only narrow, but also deep. The skilled
person will know that mainly the width of the gap,
but also the depth thereof, in relation to the wave-
length of the electromagnetic radiation, is of impor-
tance for the prevention of leaks. For the frequency
range used by the devices and apparatuses, which. the
present invention seeks to facilitate the testing of,
the width of such gaps should preferably not exceed
10-100 um.

Such conductive glue could also be used to seal
around the apertures in the inner wall 5, through
which the conduits 7 of the cooling circuit pass, so
as to connect them electrically to the inner wall 5.
The conduits themselves are typically made of copper
and do not allow any electromagnetic radiation to
pass in the relevant £freguency range. But they are
held in rubber bushings. These rubber bushings should
then be covered with the conductive glue, and pref-
erably also made of an electrically conductive rub-
ber.

In a sgimilar manner conductive glue could be
used to seal around the aperture in the inner wall
through which the heating element 9 is passed. The
heating element 9 itself is located within a metallic

mantle, which can thereby be connected electrically
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For safety reasons environmental test chambers
comprise a protection against overheating, e.g. of
the heating element in the event that the fan 11
fails. Such a protection typically uses a switch con-
trolled by the melting of a solid such as wax, with
an appropriate melting point, e.g. 130 °C. To prevent
any high frequency signals to leak into the test
chamber via these leads, these leads comprise pi cir-
cuit filters. The leads to the switch carry DC, which
is not influenced by the pi circuit filter. A pi cir-
cuit filter is a filter comprising an inductance in
the line to block high frequency signals, and a
grounded capacitance at both ends of the inductor to
short circuit the high frequency signals to ground.

Apart from the electrical connections above,
which are needed for the general functionality of the
environmental test chamber, connections are needed
for the purpose of testing the device.

For testing a device, various electrical sig-
nals need to be transferred to and from the device
under test and other equipment within the environ-
mental test chamber. Such signals may inter alia in-
clude DC power supply signals, LF control signals and
HF or RF measurement signals.

According to the preferred embodiment of the
invention, these signals are lead into the test cham-
ber via an interchangeable entry module 20. The entry
module is adapted to be placed in an appropriate cut-
out 12 in the outer wall 4 and inner wall 5 of the
cabinet. The entry module may be a closed metal box
or, as illustrated in £fig. 2, an open construction

with a front plate 21 and a back plate 22 of metal.
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In either case, the entry module 20 will include heat
insulating material, not shown, to reduce the heat
transport through the wall of the cabinet 2. The heat
insulating material may be the same fibrous material
or foam as the one used between the outer wall 4 and
the inner wall 5 of the cabinet 2 in general.

The front plate 21 is in size adapted to fit in
the cut-out 12 in the cabinet 2. The cut-out has the
same size in both the outer wall 4 and the inner wall
5. The back plate 22, has a slightly larger dimension
so as to present a mounting flange, which overlaps
the inner wall 5 around the cut-out 12. The mounting
flange has a number of holes 24 allowing it to be
screwed into tight engagement with the inner wall 5
of the cabinet 2. The inner wall 5 of the cabinet has
corresponding bores, which are preferably threaded,
so as to allow the use of bolts. This, as opposed to
e.g. self-cutting screws, allows the bolts to be un-
screwed for exchange or replacement of the entry mod-
ule 20.

The front plate 21 and the back plate 22 are
held apart by four spacers 23 made of a material with
low heat conductance. The height of the spacers 23 is
gselected so that the front plate is flush with the
outer wall 4 of the cabinet 2, when the flange is
screwed into engagement with the inner wall 5.

To avoid any gaps between the inner wall 5 and
the flange of the entry module, quite a large number
of screws is necessary, e.g. one every two centime-
tres along the length of the flange. Moreover,
shielding strips 25 with flexible fingers 26 are
mounted on the flange so as to engage the inner wall

5, when the bolts are tightened. For illustration
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purpose only, one shielding strip 25 is shown along
one edge of the back plate 22, but evidently the
shielding strip will be present around all four edges
of the back plate 22.

In the front plate 21 and in the back plate 22,
appropriate connectors 27, 28, 29, 30, 31, 32 are
mounted. Such connectors may include, but is not re-
stricted to, sockets 27 for banana plugs, twenty-five
pin D-sub connectors 31, 32, coaxial connectors 29,
30 such as SMA or BNC connectors, or even soldering
pins 28.

The connectors 27, 29, 31 in the front plate 21
are connected to respective connectors 28, 30, 32 in
the back plate 22. These connections may comprise
flexible or rigid leads or cables 33, 34 and 35.

The connectors for DC or LF, in the present em-
bodiment that would be the D-sub connectors and the
banana sockets, include pi circuit filters, prefera-
bly built-in pi circuit filters. Such connectors,
which have built-in pi circuit filters and are suffi-
ciently leak proof against electromagnetic radiation,
are commercially available, but also separate units
containing pi circuit filters are commercially avail-
able.

The pi circuit filters are preferably mounted
in connection with the back plate 22, in particular
directly in bores in the back plate 22. The reason
for this lies in the focus on the integrity of the
inner wall 4, as will be explained below.

The coaxial connectors are inherently shielded,
with their screens connected electrically to the
plate they are mounted in, be it the front plate 21
or the back plate 22, but if they are not in use they
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must be appropriately terminated. Preferably however,
the module used should not comprise any unused con-
nections.

The reason for this is not so much the electro-
magnetic shielding, but rather the heat transmission
through the wall of the cabinet 2. Compared to the
heat insulating material that £fills the space between
the outer wall 4 and the inner wall 5, the copper
conductors between the connectors act as efficient
heat bridges, conducting heat in and out of the test
chamber 1, depending on the inside and outside tem-
perature. This heat conduction is so substantial that
for a typical test chamber 1, the minimum and maximum
temperatures that may be reached within the chamber 1
could be more than 10 K higher and lower, respec-
tively, as compared to a test chamber with the same
dimensions and heating and cooling power, but without
these conductors.

Thus, according to a preferred embodiment of
the invention, an interchangeable entry module 20 is
ugsed, in order to provide the best efficiency possi-
ble, by using an entry module with the least possible
heat bridges. If no electrical testing is needed, the
entry module 20 could be a dummy module or a blank
module without any connections at all.

Thus with the entry module 20 it is possible to
couple those, and preferably only those, connections
needed for the test of the device to the equipment
within the test chamber 1 using ordinary cables and
plugs outside and inside the test chamber, thereby
reducing the heat transmission through the wall of
the cabinet 2.

Regarding the electromagnetic shielding, it is
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evident that both the outer wall 5 and the inner wall
4 may fulfil the purpose of a Faraday cage. However,
focus in this respect is on the inner wall 5, because
some auxiliary equipment, such as the electric motor
for the fan 11 and the pump for the cooling circuit
7, 8 may be housed at least partially between the in-
ner wall 5 and the outer wall 4. Since such equipment
is likely to produce at least some electromagnetic
noise, the focus has to lie on the integrity of the
inner wall 4. Consequently, when sealing between the
door 3 and the cabinet 2, the aim is to achieve the
best possible electromagnetic shielding between the
inner wall 5 of the cabinet and the inner wall 6 of
the door 3.

This 1s in the currently preferred embodiment
achieved by using a rigid frame 13. The rigid frame
13 is generally rectangular and has an L-shaped pro-
file. The rigid frame is mounted along the four sides
of the inner wall 5 at the door opening. This may be
done with screws or rivets. BAlso, shielding strips
like the ones described in connection with the entry
module 20 may be interposed between the inner wall 5
and the frame 13. The rigid frame 13 is made of a
thicker material than the inner wall 5 so as to give
good support for an electromagnetic sealing strip 14
placed on the front face thereof. The electromagnetic
sealing strip is a tightly woven or braided metal ma-
terial or a mesh of metal. Such electromagnetic seal-
ing strips 14 are commercially available and the spe-
cific construction thereof is not considered impor-
tant for this invention.

Using the rigid frame 13 gives good support for

the electromagnetic sealing strip 14, thus allowing a
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substantial sealing pressure to be exerted thereon by
the inner wall 6 of the door 3 when the door is
clogsed. However, like the inner wall 5 of the cabinet
2 the inner wall 6 of the door 3 is typically made of
stainless steel, which is quite hard and has quite a
poor conductivity. In this case it may be difficult,
even with a high sealing pressure, to ensure suffi-
cient electromagnetic shielding between the sealing
strip 14 and the inner wall 6 of the door 3.

In order to provide better electromagnetic
shielding, a strip of 15 of a soft conducting mate-
rial is placed on the inner wall 6 of the door 3,
covering the area, which will engage the sealing
strip 14. This may be in the form of a self-adhesive
strip with conducting adhesive. The soft conducting
material of the self-adhesive strip will deform plas-
tically under the pressure of the sealing strip 14,
allowing the latter to dig into it so as to prevent
any leaks between the inner wall 6 of the door 3 and
the sealing strip 14.

A self-adhesive strip, which may be easily re-
placed, is preferable in this respect because it will
eventually be worn by the sealing strip 14 digging
into it.

It should be noted that the opposite arrange-
ment could just as well be used, i.e. having the
sealing strip 14 on the door 3, and the soft, self-
adhesive conductive foil on the rigid frame 13.

Preferably, in order to secure the rigid frame
13 to the outer wall 4 of the cabinet 2 it is also
clamped by a front frame 16. The front frame 16 is
screwed or riveted onto the outer wall 4. Moreover,

the front frame 16 holds an environmental sealing 17,
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prevent heat transmission and leak of humidity in and
out of the test chamber 1.

The closing mechanism for the door 3 could be
any conventional locking mechanism capable of produc-
ing sufficient force, such as a hook cooperating with
a top dead centre loop mechanism.

Though not shown, a perforated screen would
typically be arranged in £front of the condenser,
heater and fan, in order to protect these physically
against harm.

Thus with the present invention an environ-
mental test chamber, which is electromagnetically
protected, is achieved. Though described in context
of a test chamber capable of heating and cooling, the
skilled person will understand that same principles
will apply to chambers with controlled humidity and
other climate parameters, without deviating from the
scope of the present invention as presented in the

claims.
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PATENT CLAIMS

1. An environmental test chamber comprising a
cabinet and at least one door for closing said cabi-
net in a sealed manner, saild test chamber further in-
cluding means for controlling the environment within
gaid cabinet when said at least one door is closed,
characterized in that said cabinet and
door are adapted to electromagnetically shield said
test chamber against undesired electromagnetic sig-
nals, when the at least one door is closed, and that
shielded lead-ins for electric measurement signals
are provided in said cabinet.

2. An environmental test chamber according to
claim 1, characterized in that said
cabinet comprises a cut-out in a wall part, said cut-
out being adapted for accommodating, in an electro-
magnetically shielded manner, an entry module com-
prising said shielded lead-ins.

3. An environmental test chamber according to
any one of the preceding claimg, c haracter -
ized in that said cabinet is adapted for inter-
changeably accommodating different entry modules in
gaid cut-out.

4. An environmental test chamber according to
any one of the preceding claims, character -
ized in that said lead-ins comprise coaxial
lead-ins.

5. An environmental test chamber according to
anyone of the preceding claims, character -
ized in that said lead-ins comprise DC or LF
lines with pi circuit filters.

6. An environmental test chamber according to

any one of the preceding claims, character -
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ized in that for sealing said test chamber two
separate sealing means are provided between said door
and said cabinet, the first sealing being an air

tight sealing, the second sealing being an electro-

5 magnetic shielding sealing.

10

15

7. An environmental test chamber according to
any one of preceding claims, c¢character -
ized in that said sealing means comprises a soft
conductive metal foil.

8. An environmental test chamber according to
claim 7, characterized in that said

conductive metal foil is a removable adhesive foil.
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