1 RADI ATI ON SENSOR, WAVER, SENSOR MODULE AND METHOD
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 nmethod for manufacturing a radiation
sensor according to the pretanbles of the independent
clains. A class of radiation sensors nay be designed
so that incident radiation, for exanple infrared

radiation (%> 700 nn), causes changes by heating.a
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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
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cthl%tlecmmvwayof the mask and after that a renoval
of the substrate surface to be protected may occur.

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
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is industrially used for efching cavities, however, with the drawback
of an oblique angle which results in a loss of space or gecmetric 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 SFs) 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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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, a 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.



wafer, a sensor array, a sensor nodule and a nethod
for manufactur- ing a radiation sensor which result in
a conparatively small and me- chanically stable

radi ati on sensor. Said object is solved by the
features of the independent clajnms. The depending
clains relate to preferred enbodi nents of the inven-
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outer contour of the support. The cavity may be produced by etching
from the rear side, particularly by reactive ion etching (RIE) or by
DRIE (deep reactive ion etching). ICP etching may also be used (ICP =

“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
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sensor. Fig. Fig ils a schematic per spect ive view of a
radi ati on sensor ac- cording to the invention. On the
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Fig. 11 is a schematic view of a known radiation sensor.
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Fig. lisa 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-
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signal intensity if no thermal insulation were given.

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 electric terminals
5 may be suitably formed and located metal layers, for example alu-
minium or copper layers which, on the cne 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
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the etching process. 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



vi dual future radiation sensor 2. Even before the
etching process the |ayer subsequently form ng the
menbrane 3 nay be formed on the other side of the
waf er, and between the surface of the wafer and the
menbrane | ayer possibly an additional etching stop

| ayer may be fornmed for stoppicng the etching process
when the etching agent reaches the nenbrane | ayer or
the etching stop layer "fromthe bot- tomside". It
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sensor FE| .egesrhows a sensor module 50. In the sensor module a radia-
tion1 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, S1b consisting, for ex-
ample, of a bottom plate 51b and a cup Sla 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 pro-



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 conmponents may
be provided in the nodul e 50, such as mul- tiplex
devi ces or anal ogue/ digital cbBverter devices and
digital nenp- ries and processors for signa
processing and transnission. The nodule further
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radi ation sensor. To the future upper side (the upper

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

etchin stop |ayer is appli
%0 thepothgr surfacepcl?f 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

walfer 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.



and above it a nmechanically stable [ ayer which | ater
forms the mem brane 3. To the other surface of the

waf er then an etching mask is ap- plied which has
openi ngs the contour of which corresponds to the
desired contour 2a of the cavitlf 2 in the substrate 1.
Therefore the etching nmask al so conpri ses openi ngs
having a fully or partially rounded contour. Then the
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or vPaf th¥ reegksssitidih of theterthid BkRhalteript @hetal}, 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
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 avérage free path length of the
plasma atoms. The depth of the cavity to be produced is preferably at
least 80 um, preferably at least 150 um, preferably at least 300 ym.
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



bly alum niumor certain alloys. Finally neasures are

taken to pre- vent the re-deposition of the etched

mask material (metal), particu- larly on the etching
device. Preferably inductive erﬁrgy-is coupled to the
etching nmedium during the etchtfig process (IPC). Here

the pre- vention of a re-deposition on sensitive

conponents of the device may be achieved by keeping
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ainers 73 and /4. . .
and a power of 0.5 to 5 KW is supplied to the coil. The etching rate is

preferably more than 1 pm/min, preferably more than 2 um /min.

The substrate 64 may be provided directly on or under the plate
62b of the capacitor. A plurality of pemlahent 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



The inductive energy coupling is effected by a coil 63
wth few w ndings (nunber n of the w ndings < 6,
preferably < 4). Said coil is disposed on a, for
exanpl e, tube-shaped substrate 64 which nmay consi st
of a dielectric material such fg alumna, alum nium
nitride, quartz, silica glass, quartz glass or

m xtures containing-one or nore of said materials,
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oftheheowpied magneHedisld or fully consists of (> 98
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. AlCu, 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 0907,
AlNiFe, e.g. 13 — 15 Al, 27 — 29 Ni, remainder Fe, AlINi 1207,
AlNiCo, e.g. 9~ 11 Al, 19~ 21 Nj, 14 - 16 Co, > 1 CuTj, remainder
preferably Fe “AlNiCo 1607,

AlNiCo, e.g. 11 - 13 Al, 18 - 20 Ni, 14 - 16 Co, 3 -5 Cu, remainder
preferably Fe “AlNiCo 1907,

AlCu, e.g. 0.5 ~ 2 Cu, remainder Al,



wei ght percent) a netallic material or an all oy,
preferably conprising alumnium The distance A

bet ween the surface to be etched and the | ower edge
of the coil substrate 64 or the coil 63 itself is at
least 8 cm preferably at leagt 10 cm: preferably at
| east 12 crn or at least twce the average free path
| ength of the etching atons, preferably at |east
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digransirmohes? déggnesesapeeperghravitisoieh paeceighed into the
wafer up to a certain depth. The instantaneous depth is designated
by T. The thickness D of the wafer may be a few hundred pm, for ex-
ample between 150 and 600 pm. 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




val ues. Particularly preferred are the respective
average values of the indicated ranges. Figure 7 is
an enl arged schematic cross sectional view of the
wafer 30. A mask 61 is di sposed on the wafer 30. The
mask 61 com prises or fully qﬁysists of a netal or an
alloy or a conposite material “~containing netal. A
preferred material is alumniumor an al um nium

Iloy. The all tain at. | east i ght
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wafer. This may be effected by the flow control 72, .
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contl uous?y. I'g. 8 shows a schematic top view of a
sesthicoraftér shedbemativr of the recesses may be formed on a wafer

simultaneously in one manufacturing step.

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
af 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-



petitive pattern of recesses is shown, the individua
el emrents of the pattern being arranged along rows 95
and colums 94. The broken lines are only neant for
vi sual i sation and are not actually present. Fig. 8
shows the cavity contours whichgare all.angular. In
connection wth the etching nethod described these,
however, are also a subject matter of the i nventi on.
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state shown the wafer is alnost coppletely etched

t HFr ey Ehe Estaet ﬁ@q o’fb Peeierblyot ﬁ&r@? Ag the grags @é@%%wns Q
enhodimeat oang P&t%hé @%@fty@%%ﬁs@?ﬁ@@@v’éﬂlates the
t he ot her subst face bottom surface in

Flr@ﬂe@#fd highte Téreeapbttai p@tbasas"ag@cltefmahl@aﬂm shoyenobe broken

c 8 ro hin
o ot M Bl R raletat i R R M08 Al Sy rough sur-
elfacé rc!fmlr_te s*ahafmﬁetyét&?) be rbm @it bp@‘tthmgr&g{s Iaehematlcally
vi ded gn said etching st

etl eéggeﬁéf)d@s%mﬁ@au%ﬁ@%e aye érepéggi and
t h:@lterefore the reflected light 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



nore to the centre of the cavity 2 etching down to the
etching stop |ayer 108 having a conparatively snooth
surface 103 has been ac- conplished while rather in
the corner portions parts 102 of the sub- strate
material remain which have a cofparatively rough
surface. Sonetines needle formati on may occur due to
the re-deposition of mask particles. A state as shown

| BeBhlss fs PREDS 162 0URI R0 R SERLEL BENSBERiri0Sop layer

, ror ’exanp i‘ght source,
pdQ§ anldardry tlhe lodher hdndhtersove ceetdss ididcin the corner sec-

D R 815, T el iR B
Sga@sdfblaég%&ﬁfe ayeH88nkEasKeY rndll/ oH‘chng;ﬁj?Ii&d biad voltage can be

nsor 106 eval bates the reflected |i The optica
paedsicade Byt nenerising [theprsasusy theoken Pathnengthswill be re-

| NRAE 103 Fhe! dfink Hif LS FIRRYHRGS ARERAARY, aligned
rough sur-"face of € substrate yet to be renove y
etwibhrtihe( fisldslihesudfi tted hpplieddiicatedolingd G@ldtdvethat the etch-

reflection i.s conparatively undirecte and_, therefore,.

{ RRERIRICEEEREIATRE TRES ISLOBIF rEdhclng rob Rl Girect
WiRiMbagdNa diff]at ?%cé@lﬂz_ﬁu HChERREVEHOR. ¢l ayRiort08otfopic etch-
exposed, generally starting in the centre,

| ABEJARIOeESY directed light is reflected by the then
snoot her surface 103 so that the intensity received by
the seddtar daigl s¢cuneéstebingprecesofinalynpitiird geching process

intensity of the .race] | e i

cAnERate YgPeh B Wit fpBlict 1fs voIBl R preferably
eXRibN @&chfebﬁfiéé Elg]?ild Gt?(rfyvﬁidlri\iﬁ g l(atrtté/ m:ﬁatcgﬁl_l}%fwlict!ineinductwely en-
recei ved sjigna or a threshq val,ue. r,st -
d@rfEV£9W@e%a§?iﬁzﬁé“§éﬁéﬁa?%&aFﬂeai Qi chleé thitgl cttipg process is
al surenent may be carried out by
e\#a’?éﬂglfh?‘%lgq?ﬁgdﬁé?‘ flected light. If the etching stop

| ayer 108.. fh kAN ABR d/1RXBASAA ANRIAREE 1R AIH41861 is re-

met hod may be inplenented; preferably an isotropic

etrobivad. Thipmoepsse effeatwsti byovebnateiagomtefhandhat residual pas-

Prob &by Qgeer%g fr@s?c?ugf 881}%%%%) disposed on the mask may be re-
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 agueous 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



108 and, on the other hand, renove needles 104 in the
corner sec- tions 102 by etching. This may still be
effected by I CP. However, the gas pressure nay be

i ncreased and/or the applied bias voltage can be
reduced. By increasing the preg8ure the free path
length will be re- duced, and the noving direction of
the ions is less strictly aligned with the field

i gﬁén(%ftért g‘fsosgggéh E’gg‘? n%ﬁfi:{)g‘t‘@élfx@ efféﬁiﬂyggs% gghnt 0SS weight

t Immpplt) dhadimesit mamniages wgardcdans anacm@amdldenibpart of
i eved

t tch
AR TSR WA BHR G o be EoTred Rub SR g mask mate-
etrgdll A€: RINCLESar IRY 2Bl IR EPBALEHT ipArvBE ¢hetiRCention.
applied bias voltage is preferably Zzero. Qherw se

agai n dhe BiveHtith #18Y Yerirally e skl ﬂoP‘Bé?thV@ldm%ﬁﬁng in

ergy coupled plasma nay be carrled out
etr@mr@gnmw@ég@m for pramplefey maotfapleingwceelaragion sensors

| SHT ”&%ﬁ‘fﬂaﬁe hlgfs§§3? Yeiige & 19§§[$sswé1t1&ﬁ 32 ktogé? Itdtthermally

ect ed Yy~ wet ing.
t hakui®i®diual pas- sivation agent (residual polyners)
di sposed on the nmask may be re- noved. This may, for

exanpl &igbeoefdieahadcailynstenss einatiegaiinpbdimnt TWEhile in the
mask |tself can be renpved in_a_wet chepical process,

e SFobpflimepts ancordngée Figschi ami,d afways one cavity and one
Alﬂl@fﬂ@d:%@%)‘e rot{d&d ‘ﬁ@t{jgﬁe %rfsr i e?g?é tV"'rEngéﬁHely, it is also

(tetranme nium I OXi
amblt%m m‘omie aT:Mamhtmp Sbssoaredm@dnéatl%ﬁtﬂé (8) capable

er| ri_al to b
oAb e FetlSearts rBe il RaAthL® 44) o case of
$ lﬁaﬂet;elrkal afizabf |tha§r1cf1®0r Eﬂli@fsehmrtélarrmntbmtndﬁndmm cavity
e mat.er e conpri ses
| O AheB i RRERE At Loe 9768 G Cgm?e@ Ther also indi-
PREABERRE YN R T@S@faﬁt POf ard €8 bl pFOHEBE of %@I&Plr‘@é‘lt@or ele-
may be added, for exanple copggaﬁ(quan- tity: 0.5 to 2

werngnfc p@s;mﬁvelpr Bloayesry a ol ﬁmogmlewr@@n@ay be

an? E{ia ;rﬁ(c%lfgﬂg"ﬁé/ cogn%cié)d %nvg%'rg%t gr&?@to)nes arranged
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




18 (quantity: less than 3 wei ght percent, preferably
|l ess than 1.5 weight percent). The nmask material is
regarded as an i ndependent part of the invention.
Wafers fully or partly covered with such a nask mate-
rial are also regarded as an igﬁependent part of the

i nvention. The invention may geherally be used for
depth structuring in micro mechanics, for exanple for

manuf act ur ng accel eration sensors W|th a_shjftable
RS 16 TRl (TRl Bk ATk 2 IF 8P 01t @ s agepel gtk gy pyriicular,

2 ed.oikl 9. 10 schematical |y shows another
e% d%%;rrentS While in the enbodinents according to

Fi gs. %e%@? sAndbPY S Angs %?r '(51%{38@&1(:1 %venEH? rc%.%t[y they

are prOV| Or "One Seénsor eément,  respective
| svilll meefepaislyi Pdraain giymsicaléy aopingcatd t%ncbfmﬂetﬁfmbr preferably

e errent .124(1) - (8) c ble of separately em.ttin
Eared iBguee Srastarmegiospmprisps & MHT Ao Shenger cle-

eg[lllélﬂltSSI ze of the grid for the sensor elenents an

i ndi vidual cavity would then be larger than the ones

descri @ﬁ@ @%}Qaﬁctoﬁhﬁgﬂ% £ b@lqié\egﬁh%u@:le é@ﬁ%f‘@ié{xents may be

125(1) are to be provid or “each sensor
lgn@té ;sectha/teﬂ;ey eistaavk in thepmmaabetvyfem thenndividual sen-

nnect ed rticula connect.e
| ngg%rlﬂ"lg%sena% e%ﬁ%éy 511? % &r g%%@%‘}ﬁ at%e gla cr) than re-
caguited cﬂﬁﬁngcflled:trle eppelots Ia@mea’@heyhaaylt@@all also act as heat

I nt en 120 desi gnates t virt (not real |
ekt %vf%ﬁn rttﬁXBVf‘@Fl tine sgpsar ggem@&ta qramm a%lﬂ?i@ one hand,

:%Pfﬁgirélgéri El%l m n%eé@%&?ﬁfv&? d&ééﬂ‘ltsﬁér%al faésﬁicatlon
obemﬁnertkseemdm@uel sppaer e n:nfc:alalsmvrﬁu@sa on the other hand,
PRSI L hedt ond SRS F oot PR Ml 5l tigpn e

( 328Fkor dlanidrits, edsiehaBayehe supkwféddtty of sensor
el ements may be | ocated above one cavity. In

parti th%rca\tﬂ\jﬂ i gpelkd be ined SBOtlHatScﬁi@ of 1Bbee bridges (“is-
ng%wg Lﬁ/ pr ovi ded above one cavity ase qf a
ﬁgﬂ Rarthgr membrang asigpng t@b%‘fﬁglﬂ ‘éﬁ* GEMPINEED R, cavity.
| B A AP EhSY R Nar §8ch¥RIdLARA correspondingly membranes
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 S Pa, preferably below 3 Pa, during the etching process.



cavity in a rhonbus of two triangles), four (one
cavity in a large trian- gle consisting of four
smaller triangles) or six (one cavity in a hexagon 19
of six small triangles); and in case of a hexagonal

grid, in particular, it my bggsix. If.several sensor
el enents are di sposed above one cavity they wll
pref erably remain physically connect ed and will then
er ab e, used i p one, sensor  nod I Si
AR e e arsbPr BASRERLON FHEPS Bl SR Of the

f Q:ra ARG bRGdri e 8LE OM RepBRMah E%ﬁe@ﬁové’&%io@ﬂ@%%’ depth

that they extend In the area between the individ
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(890 colt SR LR 670848 JAPEokburate. A mask
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t hnst@l\;\@efermhly dursiensor. Bleerethe maskds atrashttqh@ metallic

o BB syt e th e Rladlep3pef ¥ Ry E] 18 Fermoval

PORid noaed Y enay colthin araéast f0avegtittyyercent Al. The etch-

Partlcularly |n case of large_cavitfies and
c APBRPIHGATh G darrasiod of the ;fied?"% £43 Ryt repertgdly deter-

e'rﬁﬁ?éﬂ S J{ W}ﬁcﬂaé’aé’@ tﬁ%\ %ingltiﬁ%d %ro@é’é‘@w@ﬂ Y té}Qﬁlﬂéted or

I n |cate . for sel ectlvegﬁ
r am\tchgdrt@t @raeabnﬂr ointliing pradessawilitetivalp stifariang fom the

faormn S th

P A8 Xl pERERL BF Rr st RIuP bGP LY EREflg parame
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et chi ng I)@T 'élet at e, angI i's charact rlseﬂ % h
tﬁ&@cgle P& Be AetFRRines SNy Iese bght the charac-

faepisigd Bﬁwméh arelby 4 RG A Ya @ isN@MRREISY [162A the bottom,
i nducti vel I\;Bcou led to the etching —nmedium The

supstticulerayefesringate the fost desivatir fram %d@;ﬁmt‘@gl pignal.
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:



at least twice, preferably at least trice the average
free path length of the plasnma atons. The di stance
bet ween the substrate and the in- ductive coupling can
be kept at at least 10 cm The pressure can be kept
bel ow 5 Pa, preferably bel ow 3 Ra, during the etching
process. 20 Alternating etching and passivation steps
for the side walls of the cavity may be carried out.
Mat er i can be renoved, down to a depth of_at | east
80 pm %Fe@f sippie gentams Szoprefatabiyeciygtaling silicon,
renmoval may be carried out down to the other side of
t he subBermagserial peslovahayicagrigd: ot knegwrefthass § Yhprefera-
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bicasatioldidg® teBngeigiveperdfitte prefdrabde taswtleanhl Agweight per-
pro%ﬁss a third etching process may be inple- nented

Wi i s qualitatively different or works under -

di fferent -.erational paraneters. Iln the thjrd .

et chi ng FiAoEe BEYiRG 3 ST R ECTet URPTIG AayoBk 185tFTigh as de-
oWeribyeheal y with inductively energy coupl ed



pl asma, and the applied bias voltage nmay be 0. Before
the mask is renoved an incineration step for pol yner
resi dues on the mask may be carried out, preferably
by wet etching. The incineration nay be ef- fected

wi th oxygen plasma. After the incineration a treatnent
with a phosphoric acid etchiMg2m xture and/ or
tetramet hyl ammoni um hy- droxi de may be carried out.
The above net hod may have one or nore of the
follow ng features: 21 the gubsiNigte contains Si
preferably crystalline silicon, the material renoval
is carried out on nore than 8 % prefera- bly nore
than 20 % of the substrate surface, the substrate is a

di sk-s A f Vi |8 r of at least 10 cm
p?'ef erg%ﬁg&gﬂﬂ%&gbﬂg@g#%@%ge use of al um ni um
or an alyn.nji 1oy containing at |east 90 wei ght
percen Sﬁg%(#rl{ﬁlgonposi te material containing at |east

90 wei ght pergent, Al, as_a,nmask material . for substrates .
Lo be SariE! Eigtnith Aieh BEe robryS ohat IS LU Pt Tofhed in
pl asmeome s H€a6é bbeHe shppek (T9t erial conpri sing

al um nium for masking wafers to be etched contains a

rati o fsedlsei dlesBrifl (ATrL 4BpfbrdfedRidie RR catiePl(2), pref-
preferably nore than ht percent and added

wei

copper€5aply on & mergprans (8bcoverngHihgerdénd2), and
preferably less than 1 weight percent and/or silicon

in a releceriefteominals (O,weaghb) per teaseasar elemierdrtuia, 4b),
in aratioof 0.2 to 3 weight percent, preferably

| ess t¢haractsrigeidght thet- cent. A wafer having a nask

| ayer conprises a mask material as de- scribed above.

22 CLAIMScREityaR) an thensarface®f thenpupeiong(1l)shasippbilty or
(1), partly rounded contour (2a).

2.  Radiation sensor (10) according to claim 1, characterised in that
the support (1) has a rectangular and particularlj} a square corl-

tour (1a).

3. Radiation sensor {10) according to claim 1 or 2, characterised in

that the cavity (2) has an oval or round contour {2a).

4.  Radiation sensor {10) according to claims 2 and 3, characterised
in that one or more electric terminals (5, Sa, Sb) are provided in

a corner section (6, 6a — 6d) of the sensor (10).

5. Radiation sensor (10) according to one or more of the preceding
claims, characterised in that the side wall of the cavity (2} is at

least partly perpendicular to the support surface.



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

el enent (4, 4a, 4b) forned above the cavity (2), pref-
erably on a nenbrane (3) covering the cavity (2), and
electric termnals (5, 5a, 5b) for the sensor el enent
(4, 4a, 4b), characterised in at the cavity (2) in
the surface of the support (1) has a fully or partly
rounded contour (2a). 2. Radiation sensor (10)
according to claim1, characterised in that the
support (1) has a rectangular and particularly a
square_con- tour (la 3 Radi ati on sensor

a&eor dFFglieg o8 ﬁmmr bt0)aceargingteronear ﬂ%‘(:’f? RitherHyreceding
cavit ycfeﬁhl@%hé%&%?{seﬁrlrf Q@tt‘f@'&%@ﬁ? n(g)?gé grléngfactured by

Radi ati on sénsor according to cl

char acteyiegelingn that one or nore electric termnals
(5, 5a, 5b) are provided in a corner section (6, 6a -
6d) of the sensor (10). 5. Radiation sensor (10)
according to one or nore of the preceding clains,

chvar acrerdiaeidn ﬁelltl@@ﬁ (I(Bﬂeatgcmiellmgltb m% bhenoay iof )th(ezprecedmg
is at east partly perpendicular to the

sur f acéial%%Ch%%ﬁt&ﬂS&ﬁl ot tha 6pnseE &ff&?lﬁ&tt (8, e 4D) is a
or nor en@fmdiigPr eceding claims, characterised in

t hat the cavity (2) is manuf act ur ed by dry etching.

7. Radi ation sensor (10) according to one or nore of

the preceding clains, characterised in that the

sensor rg] Gupat %éiﬁ@])a( lzg)b&cééfﬁ‘rc]gngtteeéﬂ@ Brlffor8 of ther%recedmg

Radi ati on senso o one or nore of

pr ecedcime) ehasactehmedcirethaed plurahéy of sphusoalelemnents are
of sengor el.enents are %.fornmed above one cavity. 9.

Radi at fohREd nﬁ‘? PHf Gtebfrding to one or nore of the
precedi ng

9. Radiation sensor (10) according to one or more of the preceding
claims, characterised in that the cavity (2) in the surface of the
support (1) has a contour (2a) which is not exclusively defined

by straight lines.

10. Radiation sensor (10) according to one or more of the preceding

claims, characterised by one or more of the following features:

- the membrane material comprises a dielectric, particularly

silica and/or silicon nitride,

- 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.



clainms, characterised in that the cavity (2) in the
surface of the support (1) has a contour (2a) which

is not exclusively defined by straight |ines. 10.

Radi ati on sensor (10) according to one or nore of the
preceding clains, characterised by one or nore of the
following features: - the memdine nmaterial conprises

a dielectric, particularly silica and/or silicon
nitride, - under the nenbrane an etching stop |ayer

cont ai RhAhddon Hsde, (10rEdceuirig Yo sind eamadre of the preceding
provi ded, the support material contains il'ﬁ n .and/,or
GaAs atleiwis, chagestedned dhopnadTerioge. ofxhefpllowing dimen-
Radia&&ggssensor (10) according to one or nore of the
preceding clainms, characterised by one or nore of the

follow ng dinen-. SLORS: 11z i '

50 gm” pr e urBeT R L aoB0 R ) 82 FrefPABLgRte than
gm pref erzdd yirthedsss Hean 6Q600mMuT:, sraipralilyddge themgbB0 pm,
L: less than 2 nm preferably Iess than 1.5 nm cavity

di anmet er Q%u;ﬂ?ﬁﬁt ehes 169zth Lplesethabh\ mome grieferali§ 1é6s than
and/or less than 90 % preferably |ess than 80 % of

t he suppor}-2e8Y&:| ength, nembrane thickness D |ess

than 3 gm preferably nore than O.

1 12, fer
(30) conpréavify damaienl tyo5e @%@5%@rle§’tﬁ\%ly gpore than
sensors  (d4&) ' B than 80 % of
precedi ng %?a{o.arris&%(r%ei%%ﬁj&q?@gﬁa a%?gé?l e%sisn t hat
t he bl ankstles suapoabgegedanghle, wafer (30) in a
rectangul ar, rhonbic, triangular or hexagonal grid
(31, 32).mkInbfensahickmnays Didpssdhpni Siyg, preferably more
plurality tcg raOdi ati on sensors

an 0.1 pm.

12. Wafer (30) comprising a plurality of blanks for radiation sensors
(10) according to one or more of the preceding claims formed on
it, characterised in that the blanks are arranged on the wafer
(30) in a rectangular, rhombic, triangular or hexagonal grid (31,
32).

13. Sensor array (40) comprising a plurality of radiation sensors

(10) according to one or more of claims 1 to 11.

14. Sensor array (40) according to claim 13, characterised in that a
plurality of radiation sensors (10) are arranged in two or more

rows (41) and in two or more columns (42).

15. Sensor module (50) comprising



(10) according to one or nore of clains 1 to 11. 14.

Sensor array (40) according to claim 13, characterised
inthat a plurality of radiation sensors (10) are

arranged in two or nore rows (41) and in two or nore
colums (42). 15. Sensor nodul e (50) conprising 25 a

radi ati on sensor (10) according to one or nore of

claims 1 to 11 or a sensor ar gy (20) according to

claim 13 or 14, a housing (51) in which the radiation

sensor (10) or _the sensor array (20) i s acconmodat e X

an optf cal amaﬁia@vvowansqf (58 arsesAHE (8 PRe ghanore of claims 1

I
Coy " Sl 6 06 8 det oA Ll B0 GRS B0 MR U or 14,
the termn lh%lllél?ll%@ ﬁhb&/hléifthlg% tlHBdéjér?Sél‘B@) ) or the

accor dl ng aracteril se y an

proj ect i onsehsoeatrap20) suheddyineodetes], (52) or a
mrror. 17. Method for manufacturing a radiation

sensor - ( 10&nQﬁﬂﬂi¢alSWﬂﬂdowh&62§t1ﬁpt$‘w hbodied (Bh), eind

pl ane wafer, application an etching stop |ayer on a

first surfaeetat ttehﬁnmis {=3) pfwtrﬁ@ﬁﬁgtff@m e Rousing (51),
mechani cal |y stabl e nenbrane on to

appl i cati oﬁalék emt@f:cﬂﬁzmgnﬁks k5$ﬂabﬁﬁ7$ geangetashfe the terminals
openi ngs $ jeast partly rounded contours on the
second sur ace ‘of "'the wafer, and dry etching of

cavities in the wafer fromthe second surface in the
direction towards the etching stop | ayer.

16. Sensor module (50) according to claim 15, characterised by an

optical projection element, particularly a lens (52) or a mirror.

17. Method for manufacturing a radiation sensor (10) comprising

the steps:
production of a plane wafer, -

application of an etching stop layer on a first surface of the wa-
fer and formation of a mechanically stable membrane on top of
it,

application of an etching mask having one or more openings

with at least partly rounded contours on the second surface of
the wafer, and

dry etching of cavities in the wafer from the second surface in

the direction towards the etching s‘top layer.



