|  RADI ATI ON SENSOR, WAVER, SENSOR MODULE AND METHCD
FOR MANUFACTURI NG A RADI ATI ON SENSOR The i nventi on
relates to a radiation sensor, a waver, a sensor
nodul e and a net hod for nanuﬂacturlng a radiation
sensor according to the preanbles of the independent
clainms. A class of radiation sensors nay be designed
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rounds a rectangular cavity 112 which may as well be a through hole,
A membrane 113 is stretched and fixed above the cavity 112, a sen-
sor element 104 being mounted on the membrane so that the electri-
cally effective area is located on the membrane and not above a mas-
sive heat valley. Contacts 105 reach under the poles of the sensor
element 114 and can be used to electrically extract the resulting elec-
tric signals. The bonding pads 115a, b of the contacts are located
above the frame, typically above a broadened bar 101a of the frame,
so that the membrane 113 is not damaged during the bonding proc-
ess. Typically the dimensions of the sensor elements include edge
lengths of a few millimetres, cavity diameters of 50 to 90 % of the
edge lengths of the sensor elements and membrane thicknesses of a
few micrometers. A disadvantage of this construction is that, due to




few m croneters. A disadvantage of this construction
is that, due to 2 the corners of the cavity 112, the
suspensi on of the menbrane ig di s- continuous in said
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A selective removal of material from the surface of a substrate

may generally be effected by masking the surface areas from which
nothing is to be removed and by subjecting the remaining exposed
areas to an etching agent. Starting from the unmasked sections the
material may then be removed into the depth of the substrate. In this
connection, however, several problems may be encountered:

- The etching agent will not only etch away the exposed surface
areas but also the mask material. Depending on the influence
time a dilution or a complete removal of the mask and after that
a removal of the substrate surface to be protected may occur.

- Under-etching may occur. This means that lateral etching un-
der the mask takes place from the sidewalls of the formed cavity
so that the edges under the mask layer seem ragged and not



- Under-etching may occur. This neans that | ateral
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is industrially used for etching cavities, however, with the drawback
of an oblique angle which results in a loss of space or geometric dis-
advantages. This process is also relatively slow, but a plurality of wa-

fers can be processed simultaneously.

Dry etching has a higher etching rate (removal per time unit).
Here etching plasma {for example SFe) is prepared and applied to the
areas to be etched. Here “plasma” also relates to highly ionised (not
fully ionised) states of aggregation. It is also referred to as RIE (“reac-
tive ion etching”). When deep cavities are to be prepared this is re-
ferred to DRIE (“deep reactive ion etching”) if dry etching is used. In
this case special requirements are posed to the homogeneity of the
etching process and the robustness of the mask material. A further
increase of the etching rate can be obtained with ICP etching. Here
highly ionised plasma is generated by inductive energy coupling (ICP
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to the surface to be etched is effected in this case. In case of a suit-
able layout the passivation agent in the passivation gas is disposed
on the side walls of the cavity so that the etching gas will etch away
only the bottom of the cavity so that under-etching is avoided and

approximately vertical walls are formed.

It is the object of the invention to provide a radiation sensor, a
wafer, a sensor array, & sensor module and a method for manufactur-
ing a radiation sensor which result in a comparatively small and me-
chanically stable radiation sensor.

Said object is solved by the features of the independent claims.
The depending claims relate to preferred embodiments of the inven-
tion.
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“inductively coupled plasma”). Here high etching rates are obtained.

The sensor element may be a thermopile which, in particular,
has hot and cold contacts, the hot contacts being provided above the
cavity on the membrane.

During the production of the radiation sensors a plurality of
sensors is formed on a wafer which is then separated or cut into indi-
vidual radiation sensors or sensor arrays including a plurality of ra-
diation sensors after etching the cavities, The arrangement of the ra-
diation sensors or their blanks on the wafer or in the sensor array



has hot and col d contacts, the hot contacts being
provi ded above the cavity on the nenbrane. During the
production of the radiation sensors a plurality of
sensors is formed on a wafer @hich is then separ at ed
or cut into indi- vidual radiation sensors or sensor
arrays including a plurality of ra- diation sensors
m%f fellowi aenvanpelany preferably squars geitor asotdebombic
diation sensors or their blanks on the wafer or in the
gridensor array 6 may follow a rectangular, preferably
square grid or also a rhonbic grid. A sensor nodul e
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.wafer; Fig. 4is a schematic top_view of a sensor
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Figso\ t9 © are viewrs foxypxpbaiming the gtching process;
Fig. 10 shows another embodiment; and
Fig, 11 is a schematic view of a known radiation sensor.

Fig. 1 is a schematic perspective view of a radiation sensor ac-
cording to the invention. On the surface of a support 1 a membrane 3
is formed. Said membrane fully or partly covers the cavity 2, which is
to be clearly seen in the cross sectional view of Fig. 2. The support 1
then has the form of a frame if the cavity 2 is a through hole, and the
membrane 3 is fully or partly stretched over the frame at one of its
main surfaces. In this connection it is to be noted that the frame does
not need to be closed on all sides, it may also have open sections, for
example at one side.

The cavity 2 has a fully or partly rounded contour 2a at the sur-
face of the support 1. In Fig. 1 the contour 2a is indicated by a bro-
ken line since it is not visible in the perspective view of Fig. 1 as it is
covered by the membrane 3. In Fig. 1 the special case of a fully
rounded contour 2a of the cavity 2 is shown. The contour may be cir-



menbrane 3 is fully or partly stretched over the frane
at one of its main surfaces. In this connection it is
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partly rounded contour 2a at the sur- face of the
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The cavity 2 may be a through hole fully penetrating through
the support 1, or it may only be a pan-shaped recess which also has
a fully or partly rounded contour on the surface and which is fully or
partly covered by the membrane 3.

Figs. 1 and 2 show that the sensor element 4 itself may be
composed of a plurality of components 4a, 4b. The clectric terminals
5 may be suitably formed and located metal layers, for example alu-
minium or copper layers which, on the one hand, have areas accessi-
ble from the outside, for example bond pats, and, on the other hand,
terminals connected to the actual sensor element 4, 4a, 4b.

The material for the support comprises silicon and/or gallium
arsenide and/or other potentially semi-conductive materials. The ma-



the support 1, or it may only be a pan-shaped recess
which also has a fully or partly rounded contour on
the surface and which is fully or partly covered by
the nenbrane 3. Figs. 1 and show t hat the sensor
element 4 itself may be conposed of a plurality of
conponents 4a, 4b. The electric termnals 5 may be
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thd etéiing f'irocess. Each individual cavity 2 corresponds to an indi-
vidual future radiation sensor 2. Even before the etching process the
layer subsequently forming the membrane 3 may be formed on the
other side of the wafer, and between the surface of the wafer and the
membrane layer possibly an additional etching stop layer may be
formed for stopping the etching process when the etching agent
reaches the membrane layer or the etching stop layer “from the bot-
tom side”.

It can be seen that the preferably oval or round and particularly
the circular cavities are preferably arranged in a rectangular or
square grid. The determination of the positions to be etched in accor-
dance with the individual cavities 2 is effected by a suitable masking
to be described later. The matrix-like arrangement of the cavities 2
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The contact surfaces for all ra- diation sensors nmay,

P t5e l‘égfo%? at{geﬁBBi‘ HBAUIE 3OS AR SEnsdbemodhse a radia-
tion sensor 10 or a sensor array 40 is provided. In addition further

circuit components may be provided in the module 50, such as mul-
tiplex devices or analogue/digital converter devices and digital memo-
ries and processors for signal processing and transmission. The
module further comprises electric terminals 53 which protrude from
the housing and are more or less directly connected to the sensor
elements or radiation sensors or the sensor array or related electronic
devices, for example, via bond pats 54.

The module comprises a housing 51a, 51b consisting, for ex-
ample, of a bottom plate 51b and a cup 351a slipped over it. The hous-
ing may be a standard housing, for example a TOS or the like. Fur-
ther a radiation window 52 enabling the impingement of the radiation
to be detected is provided in the housing. In addition an optical
projection element may be provided for focussing the impinging



Fig. 5 shows a sensor nodule 50. In the sensor nodul e
a radia- tion sensor 10 or a sensor array 40 is
provided. In addition further circuit components may
be provided in the nodul e 5010such as mul - tiplex
devi ces or anal ogue/digital converter devices and
digital nenp- ries and processors for signa
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To the other surface of the wafer then an etching mask is ap-

plied which has openings the contour of which corresponds to the
desired contour 2a of the cavity 2 in the substrate 1. Therefore the
etching mask also comprises openings having a fully or partially
rounded contour.

Then the wafer is etched, preferably dry etched, from the side of
the wafer coated with the etching mask, until the wafer is etched
through, i.e. until the etching stop layer on the other surface of the
wafer is reached.

At suitable times during the manufacturing process the metal
layers for the electric terminals 5 are applied, the actual sensor ele-
ments 4 are attached, and the wafer is cut into individual radiation
SENSOrs Or Sensor arrays comprising a plurality of radiation sensors.



to Figs. 1 and 2) of the wafer then an etching stop

| ayer is applied, and above it a nechanically stable
| ayer which later forms the nem brane 3. To the other
surface of the wafer then anldtching mask is ap- plied
whi ch has openi ngs the contour of which corresponds to
the desired contour 2a of the cavity 2 in the
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i wafer is reached. At suitable times during the
fSENIONSg process the netal |ayers for the
electric termnals 5 are applied, the actual sensor
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diatjon sensors. |t particularly relates to the deep . .
methogkisitised here; It isspasticydarly amitable foydasming cavities
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vent tht ale-depesitibhof thiekcechetihm askmyaterisl {mietal); particu-
larly on the etching device. Preferably inductive energy is coupled to
the etching medium during the etching process (IPC). Here the pre-
vention of a re-deposition on sensitive components of the device may
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be achieved by keeping the substrate sufficiently far away from the
inductive coupling. The distance should be at least 8, preferably at
least 10, preferably at least 13 cm. The distance may as well be at
least twice, preferably at least trice the average free path length of the
plasma atoms. The depth of the cavity to be produced is preferably at
least 80 pm, preferably at least 150 ym, preferably at least 300 um.
Etching may also be carried out through the entire wafer (down to the
etching stop layer on the other side of the wafer).

Fig. 6 shows the conditions during the etching process. 68 des-
ignates a vacuum container which is evacuated during the etching
process. The pressure during the etching process is preferably less
than 5 Pa, preferably less than 3 Pa. An opening 68a is provided for



the wafer is totally or partly masked with a netallic
material, prefera- bly alum niumor certain alloys.
Finally nmeasures are taken tigpre- vent the
re-deposition of the etched sk material (netal),
particu- larly on the etching device. Preferably

i nductive energy is coupled to the etching nmedi um
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The substrate 64 may be provided directly on or under the plate
62b of the capacitor. A plurality of permanent magnets may be pro-
vided which may be connected in series so that the north and south
poles alternate. A plurality of permanent magnets (not shown) may be
provided on the circumference, preferably in regular intervals and
further preferably outside of the support 64. The poles of the mag-
netic field generated by the permanent magnets may be spaced in the
axial direction of the substrate 64. The permanent magnets may be
oblong, and they may extend in the axial direction of the substrate 64
or in the direction of the gas flow. The magnets may, in this case, be
distributed around the circumference in an alternating pattern so as



correspondi ng storage containers 73 and 74. The
i nductive energy coupling is effected by a coil 63
with few w ndings (nunber n gf the wi ndi ngs < 6,

preferably < 4). Said coil i di sposed on a, for

exanpl e, tube-shaped substrate 64 which nmay consi st
of a dielectric material such as al um na, al um ni um
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trantéempératarecratithe avaférs preferably nore than 1
mmn, preferably nore than 2 mmn. The substrate 64
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the 66iiplédahagpiginfielg; The punp for evacuating the
contglner during operation is not shown.

The mask may alternatively or in addition to aluminium also
comprise Cr or Ni or Pt or Au or Fe as main component (> 90 weight
percent, preferably > 96 weight percent). Aluminium or nickel alloys
may also be used, e.g. AlICu, AlSi, AlTi, NiFe, NiCr or the chromium
alloy CrAu. Particularly the following alloys are feasible as mask ma-
terial:

AlNiFe, e.g. 11 - 13 Al, 21 - 23 Ni, remainder Fe, “AlNi 090",
AiNiFe, e.g. 13 — 15 Al, 27 - 29 Ni, remainder Fe, AlNi 1207,
AlNiCo, e.g. 9- 11 Al, 19 - 21 Ni, 14 - 16 Co, > 1 CuTi, remainder
preferably Fe “AlNiCo 1607,

AlNiCo, e.g. 11~ 13 Al, 18 — 20 Ni, 14 - 16 Co, 3 - 5 Cu, remainder
preferably Fe “AlNiCo 190,

AlCu, e.g. 0.5 — 2 Cu, remainder Al,




The mask 61 of the wafer 30 contains or fully consists

of (> 98 weight percent) a netallic nmaterial or an

al l oy, preferably conprising,,alumnium The distance

A between the surface to be M‘ched and the | ower edge

of the coil substrate 64 or the coil 63 itself is at

|l east 8 cm preferably at least 10 cm preferably at
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TANgEs - 23 Ni, remui nder Fe, "AIN 090"

AI Ni _Fe e.q. 13 - 15 Al, 27 - 29 N, renali nder Fe,

Al \Figiee: 7 :smmmniarged sc::hema«tic c19s8 Bexitionial views of the

walh 38, A ghgsi 6 15 digposb"oR s Jvater 30 The Binsl 61 com-
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B THEE S ontiicat Sedse 3 vcidybierbEBE g metal or
aldiﬁmléirﬁAtﬁeZ gﬂe%liates gi’régaréﬁigzn%ﬁﬁlcgr %%dhh aFeBBtRé@ into the
water upto a cértém depth. The mstantaneoué depth is designated
by T. The thickness D of the wafer may be a few hundred pm, for
example between 150 and 600 uym. The height H of the mask layer 61
is less than 1 pm, preferably less than 500 nm. The walls may be
formed substantially orthogonal. The angle « of a wall or all walls
with respect to the bottom may be in a range of 85° to 95°. If desired,
it may also be smaller than 90°. The cavity will then become wider to
the bottom, and thinner partition walls remain between the cavities
towards the bottom which may be advantageous when, for example,
through etching is intended and the bridges between the cavities 2
are to hold membranes for a thermally insulated support of sensors

(particularly infrared detectors).

An alternating supply of etching and passivation gas may be ef-
fected during the ICP etching into the depth of the wafer. This may be
effected by the flow control 72, possibly depending on the higher
ranking control 75. The gasses are supplied from the reservoirs 73 for



The above di nmensionl ess figures are weight or vol une
percent values. Particularly preferred are the
respecti ve average val ues of _the indicated ranges.
Figure 7 is an enlarged sche Ic cross sectional view
of the wafer 30. A mask 61 is disposed on the wafer
30. The mask 61 com prises or fully consists of a
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The area to be etched may cover at least 8 % , preferably at
least 20 %, preferably more than 35 % of the substrate surface. The
substrate itself may be a disk-shaped wafer which may, for example,
be substantially circular with a diameter of at least 10 cm, preferably
at least 15 cm. The wafer itself may comprise or entirely consist of
silicon. Preferably it consists of crystalline silicon.

Fig. 9 shows ratios during through etching of a substrate or wa-
fer 30. In the state shown the wafer is almost completely etched
through from the top to the bottom. According to this embodiment an
etching stop layer 108 was applied to the other substrate surface (the
bottom surface in Fig. 9) in the area of the passage of the hole before
the etching process, a thin membrane 109 on which later on (or im-



Fig. 8 shows a schematic top view of a section of a
wafer. A re- petitive pattern of recesses is shown,
the individual elenments of the pattern being arranged
al ong rows 95 and col ums 9416The broken lines are
only meant for visualisation and are not actually
present. Fig. 8 shows the cavity contours which are

melintéRyd eherihalbp insalated elﬁdtbohit? cohtponentel 0Pco be sup-
descri bed these, "however, are also a_ ,subject matter

posted may heformaed being provided gn said eiching stop layer.
however, fully or partly rounded contours may be
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thestefore ghetmﬂd&tﬁ:drhght received by the sensor is weak. When, on
the other hand, etching stop layer 108 is exposed, generally starting
in the centre, increasingly directed light is reflected by the then
smoother surface 103 so that the intensity received by the sensor 106
increases.

Thus, for example, the intensity of the received reflected light
can be checked for a threshold value. It is also possible to examine
the first derivative (the change of the received signal) for a threshold
value. The first derivative may be generated in discrete time. Gener-
ally the depth measurement may be carried out by evaluating the re-
flected light.

If the etching stop layer 108 is already partly exposed another
etching method may be implemented; preferably an isotropic etching



The etching process described above has |lead to the
result that nore to the centre of the cavity 2
etching down to the etching i | ayer 108 having a
conparatively snooth surface 03 has been ac-
conplished while rather in the corner portions parts
102 of the sub- strate material remain which have a
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exam ne the first derivative (the change of the
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moved. This may, for example, be effected by means of oxygen
plasma. The mask itself can be removed in a wet chemical process,
e.g. by a phosphoric acid etching mixture. Alternatively or afterwards
a treatment with TMAH (tetramethyl ammonium hydroxide, prefera-
bly in an aqueous solution - TMAHW) may be carried out.

The material from which material is to be removed is preferably
a circular crystalline waver having a diameter of at least 10, prefera-
bly at least 15 cm.

The mask material preferably comprises aluminium as its main
component (ratio > 90 weight percent, preferably > 95 weight per-
cent). Further components may be added, for example copper (quan-
tity: 0.5 to 2 weight percent, preferably less than 1 weight percent)
and/or silicon {quantity: 0.5 to 2 weight percent) and/or titanium



process is used to, on the one hand, protect the
etching stop layer 108 and, on the other hand, renove
needl es 104 in the corner seg¢- tions 102 by etching.
This may still be effected biSICP. However, the gas
pressure may be increased and/or the applied bias

vol tage can be reduced. By increasing the pressure
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be re- nove

emfbazimhent@ aoebﬁ*dutgctobl}’lgsa ahs3@nd4 wwaglsaona céﬁtit;y and one
mask itsel f can,be,renoved in a Wsit chem cal eProcel it is also

mempbrape are, proxidsd fonANe sEBSOR FlFmEntFespec
%‘*'???2’3 Mﬂd@m&ﬁ.‘{ﬁ%‘mﬁsﬁf CleRAtS" L 2A(TPIYB) capable
of sepavately @mittimg -sigivalyabovwe bncamwtycuﬂ(tlj I, In case of

rrat e%ir al frfﬁléhmﬂfﬁ?tﬁey%gk&t be rermv\mrdj%{iu&ll cavity
wofl fare Héflé‘ﬁ s& ‘?iéb,cr'i’lbédaél?é\?é‘%éﬁ &180 indi-

The mask prefe rises alum nium as

vidual nmmmaisnbﬁﬁ(ant ((Shalre ba be pm\gdedpfercmnh sensor ele-

el BBty RS, RS Sl o S, o GERES By be
coﬂﬁbéfﬁd,pﬁéfﬁﬁhlaﬂﬁé CRiYedteePin '$2Pick, eI theRiéSs Hrkanged
above the same cavity designed, e.g. to increase the signal intensity.
120 designates the virtual (not really existing) rows of the grid ac-
cording to which the sensor elements are aligned. Again the contact
surfaces of the terminals may be provided in the edge or corner sec-
tions.

Apart from following a rectangular grid the sensor elements may
also be arranged in a triangular grid (60°) or a hexagonal grid (120°).
In this case as well a plurality of sensor elements may be located
above one cavity. In particular, two (see Fig. 10) or four sensor ele-
ments may be provided above one cavity in case of a rectangular grid.
In case of a triangular grid (60°), it may, in particular, be two (one
cavity in a rhombus of two triangles), four (one cavity in a large trian-
gle consisting of four smaller triangles) or six (one cavity in a hexagon



and/or silicon (quantity: 0.5 to 2 weight percent)
and/or titanium 18 (quantity: |ess than 3 weight
percent, preferably |ess thaﬂ 1.5 weight percent).
The mask material is regarde 9as an i ndependent part
of the invention. Wafers fully or partly covered wth
such a mask mate- rial are also regarded as an

of sibdspeald ¢riarpgles);candhm caserof ahexdEgonal grid,dn payticular,

.. general l.y be used for depth structuring in mcro

1t lgﬁéfhéﬁiséé for exanple for manufacturing accel eration
sensors wth a shiftable mass_or of | R sensors which

ar dftseviezak ssnsonetlements arelispasedrahovemne cavity they

ST SR BRI i S et

be emdd in Tite et soramydiile e6m prising edpheraldfieof sepeor ele-
el enent, respectively, it is also possi bl e"to provide

ments, urallty of sensor elements 124(1) - (8) capable
of separately emtting signals above one cavity 122(1)
- (he dondustompaths fmrmbnnemang thtrrsegrsm‘ élements may be

de sens elﬁi{«ﬁl nﬁéﬁgg&nﬂw caV| vvoul the&‘ﬂalual sen-
sorV ANt 8! ﬁh'aa’tﬁe%e &) atsd Bé g?f TbP@aﬂéP;’h%i’elf) %han re-

each sensor e respect Y vveve

quisiedr ﬁiomwle%eraapc@seakma 'Iﬂayyhnaycﬁmn @lsa,act as heat

in Bﬁrir cubarl % betﬁonnect edgigﬂlse“ 3%%59@5 th§no Sonc hand,
a théﬁﬁﬁﬂﬁé’?lggﬁlt? eﬁﬁ‘\} A ek traﬂgférd&ﬁ b fhl@iﬁcatlon

vi rtual ting) rows of t
between the ndividual Iscrmm*selremenm mSwalle&aJ Ognﬁu: other hand,

detg\é;%qngtetgee ﬁa?t act surf ce of t atrﬁghnals ?fﬁgﬁﬁm

serié&ﬂ elmenits| %ﬁfﬂhh%fﬂ% 'sﬁxﬁé%iféﬁ‘tsor el ements may

a so be arranged In a trlangul ar grid (60) or a

or upaF Rt bial Wb e Ko Hdd 06 e ndRl nfoe bridges (fis-
lands?) for the membraher positivried above itlGjillaemain in a cavity.

] ; . ;
Pa%gg%ﬂﬁéﬁr%nem A ebe t&géladrf c%?'%gpgg ing 3}t11¥e1|:nr)branes
for a plurality of sensor elements this may be reasonable. Such a
bridge is indicated in Fig. 10.

A method for selectively removing material from the surface of a
substrate for forming a cavity comprises the steps of applying a mask
to the surface of the substrate in accordance with the desired selec-
tive removal and of dry etching the substrate, and it is characterised
in that a metal, preferably aluminium, is used for forming the mask.
During dry etching energy can be inductively coupled to the etching
medium. The substrate may be spaced from the inductive coupling by
at least twice, preferably at least trice the average free path length of
the plasma atoms. The distance between the substrate and the in-

‘ductive coupling can be kept at at least 10 cm. The pressure can be
kept below 5 Pa, preferably below 3 Pa, during the etching process.



In case of a triangular grid (60), it may, in
particular, be two (one cavity in a rhonmbus of two
triangles), four (one cavity_ in a large trian- gle
consi sting of four smaller t20ang| es) or six (one
cavity in a hexagon 19 of six small triangles); and

in case of a hexagonal grid, in particular, it nmay be
Alteriatiitg $evRing a wssﬁb&ﬁw St f@t meSﬁdeahm 6fthe
cavity they wll preferab y remai n physi cal |

cavigyrmayebe garried |outh dapexint can be removed davango a depth

of RE7e8t BRLing Ao EablY A deRt T Whny T BigtarThzpmoval

med/ b@é‘éﬁ‘léﬂbﬂ?@do@ﬁ? Itanﬂﬂe aehbh didé hﬁytmm%u-até h& mask

area between the individual sen- sor elenents, and

havirg artlyicknessef lesgthapbl dagen, purcgwmb lytless than 0.6 pm

my beforéd THEChhLRABICoR 5k Rsibello FBY s, Thihooti-

cafiehoNthe 9 abkeniile besefectedl byeé é¥ sputtering the

preventing heat transfer and si naI faIS|g!cat|on

mqiei,v@mfembly eduminizims Mben ane mask issapplieda

8 megallic
B A S S3h B A O romovel.

TheanethE usREny eohntain %ﬁl@dﬂtﬁ@ﬂvc%}%?ﬁcéﬂ AtdTHe etch-

that one or nore bridges ("is- lands™) flor the

ing\pesitien (73 dn: the direction of the depthhean be rgpeatedly deter-

mipdfh J6HicH ¢ B rbifbiiodes Wil i feopinated or

swillchighte d BeéoﬁayeMuhgapm@é&@ quialitativelprdiffeaing from the

i ndicated in Fi et hod for _sel ectively
Prednts ﬂg:hm&pr@cess om aprrafing withoother opssating pegame-

terg SR R, FEDN B RrbCd %?ﬁ?%% ﬁ@% posttion is

readlidd.! Theddéeptlednag Ise deteyminesusing ldserf light the charac-

et ¢hi n t he substrate and i.S ch acterlsed
teristies 91 qme«malmtpdaaftﬁr Ats ﬁPﬁF§U@§bﬂ'q@rthe bottom,

oty S o Bk Sl o R riih bR Signal.

During the above mentioned second etching process dry etching with
inductively energy coupled plasma may be carried out, the gas pres-
sure being higher and/or the applied bias voltage being lower. After
the second etching process a third etching process may be imple-
mented which is qualitatively different or works under different op-
erational parameters. In the third etching process dry isotropic etch-
ing may be carried out, preferably with inductively energy coupled
plasma, and the applied bias voltage may be 0. Before the mask is
removed an incineration step for polymer residues on the mask may
be carried out, preferably by wet etching. The incineration may be ef-
fected with oxygen plasma. After the incineration a treatment with a
phosphoric acid etching mixture and/or tetramethyl ammonium hy-
droxide may be carried out. The above method may have one or more
of the following features:




medi um The substrate nmay be spaced fromthe inductive
coupling by at least twice, preferably at least trice
the average free path |length,qQf the plasna atons. The
di stance between the substra?i and the in- ductive
coupling can be kept at at least 10 cm The pressure
can be kept below 5 Pa, preferably below 3 Pa, during
- t hetle¢ shibstrate cestaing SlAIpmrfemb]wgcmsmﬂhgeamﬁcon,
passi vation steps for the side walls of the cavity

- maytlhe matériali retiovdkbiscanticdasub o aimeethdnv® %0 prefera-
depth of at_|east 80 Egb preferably at | east 300 pm
e

Thebbamere thasnddte ohihemubstrate swifacgown to the
ot her side of the substrate. A mask having a

= thi ﬂmaﬁasm"atessadmkmsam waferchawing leedtamiesar of at
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te 2‘?’? e Elod Al i n Uil pobi PR EAIA°COh IR at least

90aeciglats pﬁ%em iAdds aenmltf ¢ :ﬁ%teﬁh]a fet stblbstnatw sdé thmdry
rectjon of the de an be repeate
etchad withiinduciifcli Fasray RO B L pLATHA prek descrtiad.
be termnated or _swtched to a second etching process
ngtenial comprising alnsminiuam,; f@asmasgqnsgwafers to

%ﬁ%?ﬁs%é@?% Ao Rt Aloftb bl G Blod tHARCOR whfdiit per-

cefSpieferably mese than JSewdghh perrene «nd qddétt%:opper in a
u5|fﬁalaser l'ight the charac- terlstlcs of which are

ratdo 0f QS to & weaight persende prefenably less than dnweight percent

anfigick Sii63E) SR 0. the? b et 488 /o tdnium in

a raiti of ©.2r@ar 8sweiht peebeng, préfera bmﬁlless; thian 20® nght per-

coupl ed plasma may be carrled out, e gas pres- sure
cembi ng hi gher and/or the applied blas vol t age bei ng
| ower. After the second etching process a third
et cAl wg.fqrr bewing eamaskilayere compristswainasksmaterial as de-
3@$ ﬁtlvely different or works under different op-
8¢ fy% Q¥€paraneters. In the third etching process dry
i sotropic etch-
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ing may be carried out, preferably with inductively
energy coupled plasma, .and the applied bias voltage
may be 0. Before the mask is renbved an incineration
step for polyner residues on_the mask-may be carried
out, preferably by wet etchi ®€. The incineration may
be ef- fected with oxygen plasnma. After the

i ncineration a treatnment w QLAIM8hosphoric acid
etching m xture and/or tetramethyl amoni um hy-

droxi de may be carried out. The above nethod may have
one or nore of the followng features: 21 - the

: hubsﬂﬂhﬁmmﬁlomﬁh%cr-yst alline silicon,
- the material renpval is carried out on nore than 8

% paeéﬁpporbl(y),rmre than 20 % of ‘the substrate

surface, - the substrate is a disk-shaped wafer having

o A a3 Whictf My be W Tedie 65 ¥ HirdighJipls formed in

cont ane sgrface bf the sypport/(l),percent Al or a

conposite material containing at |least 90 weight

per cardentbor elemErt (474 &) #b) féﬁhei*‘g?oﬁ% e cavity (@) pref-

\
etched W th inducti vel'y ener gy-coup pl asma was

descfTakly on amembrane{3) covering thecavityi(2) and

~masking wafers to be etched contains a ratio of

al unelectnicoterminals(5, Sa, &b)dor the sensor elenerst () 4a, 4b),

nore than 95 wei ght percent and added copper in a:

r at i chata6térisedinthght percent, preferably |ess than

1 weight percent and/or siliconin aratio of 0.5 to

5 ek _ Siiicon | .
3 wortop canety: (2) ik tHeuifaich bt the Rupbdri (1) Bas & folthd or
centoval oantouna(Qag.g a mask |ayer conprises a nask

mat eri al as de- scr! bed above. 22 CLAIMS 1. Radi ation
sensthe gid¢ walliof thiergavity is rectangular to the support surface,

and

the cavity is formed through dry etching.

2. Radiation sensor (10) according to claim 1, characterised in that

the support (1) has a rectangular and particularly a square con-
tour (1a).

Radiation sensor (10) according to claims 2, characterised in .
that one or more electricterminala (5, 5a, 5b) are provided in a
corner section (6, 6a — 6d) of the sensor (10). |



a support(1l), a cavity (2) which may be a recess or a
thro *hole formed in one surface of the support (1),

a sensor el enent (4, 4a, 4b) formed above the cavity
(2), pref- erably on a nenbr2§e (3) covering the
cavity (2) and electric terfinals (5, 5a, 5b) for the

ens ment (4, 4 4p “haracterlsed int t he
4 i %ﬁ BFi?@ ﬁm&@rdm 10,0D6:0r more, ‘the preceding
arou Eﬁgkaﬁﬁﬁﬁ .
caV|t I's rectangul ar ol".&zﬁ'éésuppod%?l sur#leaétf‘é,ehtegﬁdﬁafﬂe4b) 18a

cavi thermadpilered t hrough dry etching. 2. Radiation
sensor (10) according to claim1, characterised in
that the support (1) has a rectangul ar and

particularly a square con- tour (la). 3. Radiation

X ﬁszm%remﬁmﬁao g GE i P hie preceding

pr ovelaims,characterised dn eensonelementsare
sens 23 4. RadLatlon sensor (10) according to

one ﬁ‘ffﬂﬁﬁa P@'&Q’l ng clains, characterised in

that the sensor eI errent (4, 4a, 4b) is a thernopile.

5. Radi ation sensor (10) according to one or nore of
the preceding clains, characterised in that a

6pl ur sensor (30} ascording tor anewr moxe of the preceding
or 'e%nﬁf 389%%%33 1-brie oL FEPEE pirtﬁ%eto‘lkW fgatures:
g{;lo;l he foIIovv| festurfs - the rre ,mgrahcularly

and/ or " ﬂdrl ﬂﬂ{co the rrerrbrane an
et chi ng stop F'ny cont al ni ng aﬁ

- under the membrane an etching stop layer containing an
oxide, particularly silica, is provided,

- the support material contains silicon and/or GaAs and/or
a semiconductor material.

7. Radiation sensor (10) according to one or more of the preceding
' claims, characterised by one or more of the following dimen-
sions:
-  support height H: more than 50 um, preferably more than
200 um, less than 1,500 um, preferably less than 600 um,

-  support edge length L: less than 2 mm, preferably less than

1.5 mm,

-  cavity diameter D: more than 55 %, preferably more than
65 % and/or less than 90 %, preferably less than 80 % of
the support edge length,




oxide, particularly silica, is provided, - the support
material contains silicon and/or GaAs and/or a

sem conduétor material. ?. Radiation sensor (10)
according to one or nore of Ege precedi ng cl ai ns,
characterised by one or nore“df the follow ng di men-
sions: - support height H nore than 50 m preferab

nor e =t hafmembrane thicknsas D; leas thapr 3 fiumg ipref more
t han 600 rt edge length L: less than 2 nm
preferanghF%gs 3ﬁ§n' 1.5 M - cavity dianeter D

.nmore than 55 % preferably nore than 65 Yo and/or

| ess than 90 % preferably less than 80 %of the

up t .ed l ength,, 24 - pembrane_thickness D. | ess
& han Wafsr (30

)e%ﬂtﬂmm ecpharalityoof blanks for radiation sensors

Sons it s%ﬁ%égaﬁg ‘et o B hretpdifg Qbih formed on

pr ecitjichpuccterisdd intthatnthe blanka' aré arrangedron 'thie wafer

t he ks are arranged on the waf.er 30) [
rect M'é-,&lbrr ﬂ%@nﬂ grid (31,

(31,3 2) 9 Sensor array (40) conprising a plurality

- of radration sensors (10) according to one or nore of
claims 1 to 7. 10. Sensor array (40) according to
claim9, characterised in that a plurality of

gigag i on sensora*éﬁc% ar e arran ﬁd IBWQQ? or,.npre gensors
. d 58&0 10
ggcgldl ng tof%or mrera#&?a&nw S&I’or a)sensor

array (20) according to claim9 or 10, - a housing
(51) in which the radiation sensor (10) or the

10. Sensor array (40) according to claim 9, characterised in that a
phurality of radiation sensors (10) are arranged in two or more
rows (41) and in two or more columns (42).

11. Sensor module (50) comprising

- aradiation sensor (10) according to one or more of claims 1
to 7 or a sensor array (20) according to claim 9 or 10,

- ahousing (51) in which the radiation sensor (10) or the
sensor array (20) is accommodated,

-  an optical window (52) in the housing (51), and

-  electric terminals (53) protruding from the housing (51),

- 'said electric terminals (53) being connected to the terminals

(5, 5a, Sb). |

12. Sensor module (S0) according to claim 11, characterised by an
optical projection element, particularly a lens (52} or a mirror.
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sensor array (20) is accommodated, - an optical w ndow
(52) in the housing (51), and - electric termnals
'(53) prottuding fromthe housing (51), said electric
term nals (53) being connectgg to the termnals (5,
5a, Sb). 12. Sensor nodule (50) according to elaim 11,
characterised by an optical projection elenent,
particularly a lens (52) or a mrror. 25 13. Method
for manufacturing a radiation sensor (10) conprising
13ie Metivod fordnarwfactiring ecrediation senso(10)¢omprising
of ap, etching stop layer on a first surface of the wa-
fer 8§ tion of a nmechanically stable nmenbrane on
top of it, appljcation of an etching mask having one
or npredustionof aplaneswafer;r round contours on the,
second surface of the wafer, and dry etching of

g_avi ap@iwﬁone?jﬂanﬁetdﬁnﬁ stop mtexlndnsu rmm?ufacerf the wa-
Iregtl on Walr . the set chi st o ayver, /such that the
i detesahd fifthation of | techianically, AtAbIS r embians O top of
surfﬂge.
application of an etching mask having one or more openings
with oval or round contours on the second surface of the wafer,
and ’ '

dryetchingofcaviﬁesinthewéferﬁ'omthesecondsurfacein
the direction towards the etching stop layer such that the side
wall of the cavity is rectangular to the support surface.



