PCT/ EP2004/ 004841 *@00002* RADI ATI ON SENSOR, WAVER,
SENSCR MODULE AND METHOD FOR MANUFACTURI NG

pofBRAHOLGNER e v on et ates o o HHMIHIN

manuf acturing a radiati on sensor according to the" ™
preanbl es of the independent clains. A class of
RADIATION SENSOR,'WAVER|SENSOR MODILEWANRMETHOD

radi ation, for exanple infrared. radiali el 00
oy cafoR ManiiBAC By RING A RADTATIGN SENSQR A on
generates an electric sig- nal in accordance with the
tenperature or a change of the tenpera- ture. Since

the tenperature change will frequently be relatively
snihe irnveuidnt redates to soradiamonfsamson @ WaAvVer @& Sensor

moduipand AmEIOS T ERHAGHIE BFaniaton Sonsqr pigording
to HYBHANDIESBIANR, tAAEpEHeEHR! cIallg, -circui 1) to a

nown to provi thin nmenbrane on a

f d . ' ' .

e o el of Fedftion SRR oy b BBk ed Bp'thah Ihoident
radiitien] for exanple imfraired habiation (Rys700 hyp),cduses

enmbodi nent i s shown in Fig.

11: a. frane, for exanple ., .
chagiges bydaeating a sensarsclement aligh gengrates f)%lzgfqﬁtsw sig-

nal Y Stk Sy A8l re o8 A gRs UEE empera-
ture] Sinoe thedtdmpegatnreickrnge will frequeartly be réiativelly small

ive area s located on t

electri- cally effec .h .
a gﬂ%@fﬁmaﬂbﬂqyl@ﬂ%m%éhﬁ acld1alsseRser s em&ntéy%.erequlred to
res{fig #ieqifflibaA6r cHEXRmpFabivehy 16t Hlti1eaEsBhount of heat
to ibr-heatsehsitiet egions (tis¢ ghermalTslsottenilicngt)pbria thini-

15a, b of the contacts are.l ocate above the franme
mug it kposws o Brevidsss sbingRem brane g @ Fams And to form
theg&rg&?f cidifi et BH @é?d]ﬁ'ﬂn]' mcifibraf ha¢"tHeJséASor ele-

ondi ng proc- ess. lypically the dinmensions of

t he
meatitself sitlhmot directly dortahgt miassivd heaft walleys. A typical

emg]blclliti]nréer}tr %S’shg?w\éil Er\; fg?rief:eésfrg&e?ofotroega%l%olg fot1 sh]ficon, sur-
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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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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 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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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 n% chani cally stable

radi ati on sensor. Said obje is solved by the

features of the independent clains. The depending

clains relate to preferred enbodi nents of the inven-

t i Anradiakicndeatsomncerises anpuippertdnsoppsurfaneofewhich

surface of which, a,cavity in the_ formof dept essi Qn

a cayity 1pni TP ba; depTrssion omaotlrauah hale s formed!
. y y | 3 : . .

AbqVTthE Gavit) pimm BAHCYARY B S dly BRI the cayity is
formlgbd, rthdmmmbrahm beh?gt fixeehtmthel sapport.sOpr the dedmbrane

The cavity on e surface af .t support h a full
theCiHAL SGRICK FlrdeRtisdRrovedn e CAVEY PREDE SHEGRSC of

S .

the[pBSrf Rd¥'a KUt Barfly Sdhded coRtodl S fiticular the
coﬂcﬁbulremtdgebea\dundi pirtchHas uppoval.dt miay alsdi havercorners. It

SEensor, s ful or rtlLy rounded contours, the
neeGﬁPQF %%@W‘t%’ﬂ%@%ﬁi‘%{cq's pref- erably

rect angul ar or_ square. However, for exgnp]e rhonbic,

t r Whije- the,cayitynisk thesupportef thsiasia sspﬁprchas fully

i . | .
or G 6 RS, R oul R Guy af HE td o pret
cragl?y gb@tk%ﬁgh]/aﬁ b_ﬁisrqltmt’& Iﬁlamvt?mibb exagmp%@l fhoni’bi::, triangu-

ond pats pmay in particular be located a
lar @n”alwg@gwab 9%65@ sonsonansand eval hpleh of itbﬁhﬁkﬁﬁﬁ also

t . i . i

a1 oo SEpHotl b el koA e on-
tactsy pacticalaslyahdib dored Petsh eh ageve prevideddThenbond pats

of, the cavit the  outer t our of

e BapSauib Lt S AEE Egbhal Hbtioseel ot of the
, t £ . i ' .
rockA S il GyeP A I pRAAGSH Kl By disposca

abdvePtlet daivity tmt abeve theusrssivEBupport) artimelarly at the
ans i b THE cbinlFSonlbdh et 59 it 3 sarmes of e

ou%it(?(%:}(l)%(itlg: tﬁgﬂgb%ﬁgﬁgort.hmc hlvi E’n%g't% peoHeett by 'éching

ein rovi ded above t
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
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Fig. 1;
Fig. 3 is a schematic bottom view of a wafer;
Fig. 4 is a schematic top view of a sensor array;
Fig. 5 a cross sectional view of a sensor module;

Figs. 6 to 9 are views for explaining the etching 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-
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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 electric 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-



area of the sensor elenent is entirely or partly

di sposed on the nem brane and above the cavity 2.
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vidual futu?e ra(()iiation 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



tom side" which neans that the side which will [ater

becone the bot- tom side of the radi ati on sensors 10,

i.e. the bottomside accordipgg to Figs. 1 and 2 is

shown. In Fig. 3 it can be en that many cavities 2

are forned as a matrix or will be forned in a

matri x-1i ke way during the etching process. Each
corfespondireg toathe individuat sadidtionosensons!il is eéffected along

futur&lrgdnba on nsor 2. E ensﬁgfore t he etching
COW% W?eg $be wale rmng the menbrane 3

be fornmed on the ot her si de of the wafer, and
be igeft schematically shows aaensonmaraet0 mefrom the top

agaif} T R4 b'@pépﬁﬁﬂﬁﬁébié” By Fotty BAcTAAln RifefS 0% x 4

in thecokam plecshowit,apheshtdie aprdriged dleygr four ébRimns 41

et ching stop Iayer ‘fromthe bot- tomside". It can be
and; fewur dings e 'lfch@f sespegtivelly compoissthmactual sensor ele-

mefz}?r ahg‘g dg{‘%t)é;}ﬂ& G d Wotltaed \diieeed's, ’Pﬁ%%leél%bEX.Ch formed

an ular or~ ‘square grid

as deseribedaaboveptes melyt ey tma ;Ebwitcneddlm)’abemienum
dance with the indivi caV|t| 52|s effected by a

With, sugh sengek .aﬁgays 6036 ¢ gptic system shown a posi-

2

tonf gl el R Ay S E e

rad%%uelef midrstﬁlb@cgmes ipossibRl ‘Bhd semvsor3array ﬂh)easm whole
sche 1 C OWs a sensor . ar

mammpn%efrpa:p a wgden S%riii(ea{lmwnmsaem iua;eél% 3.1n contrast

Iﬂ'%@%%léﬁﬂﬁé%?&ﬁ%ﬂé? 6{ 1$:divﬂiu s&ﬁﬁﬁﬁéﬂgﬁﬁs 4

a ms an

are arrange our CO
of theuradiatéon /s%n%mylf)e@fpt&m aran 4 mpay dee ideated ialthe

. sensor ele- ment 4 agnd suita ocat ed cont act
cirGimiareatial araay of e seray AU Ehecomadt Muticesdog all ra-

hey ihqe i .
m@@?ﬁ%ﬁ%ﬁ%éﬁsg? rayscﬁ%éﬁ?rgmgﬁa&g opt ?gééfgttgrﬁ
ouwhmﬂnmrpehamenlto}(hl resolution relating to a

radi ati on source to be detected by the radiation

seligl 5 slhewsea sersorrhrodule56enaoth@seasotinedditle a radia-
whol é rrges be cut froma wafer 30 ||ke the one shO\iLvn
tion sepsgr 10 omasansarsarray 44 i pzromtﬂ& I adc rther
cirdiit Bdtaporers iy badhy¥odiddd fif e mIdiRe"56, 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 51la slipped over it. The hous-
ing may be a standard housing, for example a TOS5 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



of the radiation sensors 10 of the array 40 may be
| ocated in the circunferential areas of the array 40.
The contact surfaces for ali ra- diation sensors nay,
in particular, be provided Q the area of the outer
sensor elenent 10. Fig. 5 shows a sensor nodule 50. In
the sensor nodule a radia- tion sensor 10 or a sensor
jectivn efer@ritsmayobedgrovidedafidi focarssing the impinging radiation
copponents may,.be provj.ded in the dul e 50, ~such a
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mirtenRithdhe {9 1o dheplant Gfihe seRSoL FrLay sray.als be
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proggyagxanple, via bond pats 54. The nodul e conprises a
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or the Iike. Fur- ther a radiation w ndow 52 enabling
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radi ati on sensor 10 may com prise t| %’e{ ol | owi ng
andsabeve itramechanically ssable laxerwhichelatgr Joraty themem-
b of éhe material of which the support of the radiation
rallln8or is to consist. The wafer may be | arge enough

t O’I‘%n bé ° 2?‘ su alc%ao the “Péfgg lfffénognoétceiﬁ%lé' 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
SENnsSors Or Sensor arrays comprising a plurality of radiation sensors.



rality radiation sensors arranged in a matrix array.

The wafer may have a thickness which corresponds to

the height H of the resulti radi ati on sensor. To

the future upper side (the ﬂgper side according to

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

is applied, and above it a nechanically stable |ayer
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rounded contour. Then the wafer is etched, preferably

1301 WNHUSB- from the side of the wafer coated with
t he et chi nrlg mask, until the wafer is etched through,
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senﬁb@ﬁﬂiiéto"r%ﬁ‘b%aﬁ:c5 are applied, the actual sensor
ments 4 are attached, and the wafer is cut into
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diatiohl senser 40 suchi ag ssieszcmbe e mediy etching
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bly $intRiIdHA Y céﬁtbbihrﬂeys FPinanyuheelsuresare talkkéhito pre-
for exanple in a substrate for a ra- diation sensor 1

ventuhie se-depositiondef theteiehesbmask aatetish(metale Dasdicu-
1 I&ZQ;;[fstf)g Oifing devivd Prlersi By iUttt dndiy [L68Lped 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 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 pm, 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



having fully or partly rounded contours since the
etching direction is not influenced by crystal
orientation. Before the re al isinitiated the
wafer is totally or partly sked with a netallic
material, prefera- bly alum niumor certain alloys.
Finally nmeasures are taken to pre- vent the
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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



nati ngly supplies the one or the other gas to the
outlet 71 fromthe correspondi ng storage containers
73 and 74. The inductive egﬁ%gy coupling is effected
by a coil 63 with few wn gs (nunber n of the

wi ndings < 6, preferably < 4). Said coil is disposed
on a, for exanple, tube-shaped substrate 64 which may
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as flow. The magnets may, in this_ case,
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attern so 34t
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f
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ther(gmyﬂ)m(pmdgqeg@ field.control s or regul at es the
i ndi'vi dual conponents. The punp for evacuating the

contiad Afdsklvh by alRephatively be iRcAdaewh- 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, AINi 1207,

AlNiCo, e.g. 9 - 11 Al, 19 — 21 Ni, 14 - 16 Co, > 1 CuTj, remainder
preferably Fe “AlNiCo 160”,

AlINiCo, 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,



The mask 61 of the wafer 30 contains or fully consists
of (> 98 weight percent) a netallic nmaterial or an
all oy, preferably conprisi al um nium The di stance
A between the surface to bgp%tched and the | ower edge
of the coil substrate 64 or the coil 63 itself is at
least 8 cm preferably at least 10 cm preferably at
AlSi, @ag! 013 < $i, mbdader Alj ce  the average free path

length of the etching atons eferably .at |.east
AlTi, . gemax. dvPrg &bqé(em@aft-hl-liﬁ\bt?ﬁm degflures t he
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vali$és. OPatitubdt9prefétredartithid pespedtive avieragenmlues of the
alloys are feasible as mask ma- terial: ALN Fe, e.g.

indicatedanges.21 - 23 Ni, remainder Fe, "AINi 090",
AlN Fe, e.g. 13 - 15 Al, 27 - 29 Ni, renmainder Fe,
AMVRigue®7, is anNetargedgschematic grossgectional view of the

walf JEA magk o1 is §iStgSed ofl BhE Rater 36. THY WiFL B om-

prises of ¥R sistsifea dkvalrer afl by 398’ coipesite ngaterial
0.5 - 2 , remainder A, 14 AISI, e.g, 0.5 - 2 Si ..

containingimetal, Aprefersed maseriat is glupeiym eman aluminium

alloy,, TRegSiebiay Gonthig ar g%y o greidht hyrcFRRl fhetal or
alufifiniuy P2’ deSigriates PrPare’l 8avitfes wiidd aré @tehedeinto the
Cr, CrAu, e.g. 45 - 55 °Cr, renninder Au._  The abqve
wafeér nep doonloestain depsh. dhe instantaneaws daptheis dgsignated
by T. The thickness D of the wafer may be a few hundred pm, for
example between 150 and 600 pum. 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 a 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 sptsed on the wafer 30. The
mask 61 com prises or fully consists of a netal or an
alloy or a conposite material containing netal. A
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recesses Is shown, the individual elenments of the
ultaneously 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
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-



pattern being arranged al ong rows 95 and col ums 94.
The broken lines are only neant for visualisation and
are not actually present. f'g. 8 shows the cavity
contours which are all angu In connection wth

t he etching nethod described these, however, are also
a subject matter of the invention. Instead of angul ar
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cmA Statevas showndry Figyy9 qoayrbe seepgaised hy adenthy sensor
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thegetorerthe reflect ocaved P ipmealo 0, on
theSSfHA fiah¥ dehifgStoFlayer 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



conplished while rather in the corner portions parts
102 of the sub- strate material remain which have a
conparatively rough surface Sonet i mes needl e
formati on may occur due to }Ze re-deposition of mask
particles. A state as shown in Fig. 9 may be
recogni sed by a depth sensor 105, 106. It may, for
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val liat'i ng the re- flected light. If the etching stop
preferably 1§9TYoPIg)  cady partly exposed another et ching
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et Mterythe termination ogg,g@ @‘@iﬂ@g PHeceye the 1n: sk 61 is re-

t . ' I : -
mofkd THia 5y hE dRRsBacly IR ChicHltlk Peiord e ebipfial pas
sivitiofit agémg (reBidaalgolym érts) itispioisedt erl the hiZsk may be re-

However,, the as pressure mﬁ/ be .increased aind/ or the
moyed) Thdsppay, \fgr €xganple, be etlected 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



reduced. By increasing the pressure the free path
length will be re- duced, and the noving direction of
the ions is less strictly ai'gned with the field
lines of the applied direct %oltage field so that the
etch- ing process becones nore isotropic. By reducing
the applied direct voltage a simlar process wll be

(qumhjtyvkihs than 3 weighti pclmmn] cpr@lfcrab]lynlgqsr sl.5 weight

per%AQflf} alds cond et.c |n Frg sflna npﬁg(%partof
the $A%kh %{g) mi’% tgfﬁag d(?ls P%&E@ﬁéé@ébéd HALR- s&l‘iﬁi{ m&sk mate-

again Ing wth inductively en-
nalen@yalswm@tdd(hamaanamd@cmicnb partitof thecinvénton.

etching process is preferably isotropic. After the

t eTHeNiRiveditioh rhiag géxndialy beoused fdiedep‘e]h situcturing in

noved. This may be effect(ed by t et th n ef or.e
micraamechanics) %gxamplﬁ anmafgé eﬁsr%eps?ensors

] IO T S RS i prmaly

insiikitled.t sel f can be rem)ved in a wet chem cal process,
e.g. by a phosphoric acid etching m xture.

F‘i‘g Nadi SEhemitichlle shwis arfottiereénmbodithént.TWhile in the
(tetTanmet hyl ammoni um hydr oxi de, prefera bly in an

embodiments@caareing tVEIgY. ha§ aadchalwaysoone cawty and one

e it DS B . s o

pos@i@!@f& Er@fnd’é al ?Hﬁtalit@r of ééﬁ%bii-eléhjkrﬂts I 24 1) 148} wapable

mat er i preférably conprises al
of separaﬁehf enyttingesignalaiabove omegayity &) 74) I case of

an fifal s e e Bh gRE sensel cle &E%*#ﬁ“?h GRIGRIGHL egvity

woulRl ﬂhénmé tafger thahettad bnelseéesd:ﬂ‘lbedlabovghﬁ‘hmr alsu jndi-

_.and/or silicon (guantit to t t
vidanlitermanalm 1.2a(1 < ):aa 16 ba Bavidesiier farGaensor ele-

e B YN O A o Al Dy

corﬁiectbﬁe pai\lfmﬂlltaﬂy bééennetted inosemies) ). dxheeondtsvmmianged
such a mas
above the same crzlawgy 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



rial are also regarded as an i ndependent part of the
i nvention. The invention may generally be used for
depth structuring in mcro chani cs, for exanple for
manuf act uri ng accel erati on %@ﬁsors with a shiftable
mass or of IR sensors which are to be kept thermally
insul ated. Fig. 10 schematically shows anot her
of satrbm!almnianglbs) ;eand irheasedfoalhestagonalcgridi, ig particular,
% 1, 3 and 4 always one cavity and one nenbrane
it meﬂYe Iﬁr%rded for one sensor elenment, respectively, it
|s a SO ossi ble to provide plur y of sensor
aizmpgor clegycnts gge ac;ﬂi)avslqp% caviththey

. 4 I
TR A T o e
be 18€d Thosme semddrymoduledcongpribing ar phuralitynof sensoesle-

descri bed above. Then also indi- vidual termnals
ment(1) - (8) are to be provided for each sensor el e-
ment, respectively. However, a plurality of sensor

el Thencenduygtor pathmion eanngsting thesepsar elementsaay be

et 5ciRtef ey SRgETH P BIB 0 RIRKR A iiaicual sen

sor 'dléﬁﬁﬁiﬂs}/ and A fhalss belargert biibadept higleét)ythan re-
existin rows o he grid ac cor to which the
quised n:eelamaapeces alpree. T |ma3h epralgeract as heat

ins§latidR Reteds SeCHEhSar EREAS W hiliflg, drl e Wi hand,
a tH&ghal %ﬁ'[ﬁ{m P@eﬁéﬁtﬁ@h@ht&kﬁﬂ@ﬁ&ﬁaﬂ@m eﬂofdisﬁicatlon

arran in.a |angular rid (60) hexago
betm@) ghe ﬂgﬁ meRnty ag N q]f ?Sopns,éﬂ rdhand,
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sen@ﬁ*télemh@ whith dedls theveameceffer.ty in case of a

-‘j

rect angul ar grid. In case of a triangular grid (60),
dy Aldcibe RENEQ PfRat o b MBré bridges (“is-
rho us tvvotrlangles) four (one cavity in a large

lands?jafor dhe menshrane pasitivowd ghavedt will segain) irbp cavity.
Parfiduifgeis Saseiol el SAR ABGoRiS I dingly membranes
for aaplufaai@r of sehsRkleménts 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.



If several sensor elenents are di sposed above one

cavity they wll preferably remain physically
connected and will then pre Grably be used in one
sensor nodul e conprising a urality of sensor ele-

ments. The conductor paths for connecting the sensor
el ements may be designed so that they extend in the
Alternetinig tetehing lend pissivationssteps for talne rsddesvallsof the

cavigg thay be g 'ar%?%éve@i%%?%hsr feaidotmLfo a depth
of a;t“i&aéé sbﬁg hRstérab! é%hwe ﬁ?smhﬂ&ﬂﬂ“fémw’al

e one capaci t
may m/earmed duaddwnrtsfthc ohheslsgdaloffthcs sﬂhﬁratm A mask

Y
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ct e S0

sane cavity may al so be forned
catmlnnbf the mras&mnaajo hiedgffected by eﬁaperatlngr or sputtering the

melRl B elrally SRR i, thhmpSIEI iR 8 hitattic
lay&Phl &7 " ﬁg}ﬂé d i drlRincd With tmiélﬂébh"dd sélezeleoremoval.

I'S may be reasonable. Such a bridge is
The nréted nesed mﬁyg:onmumeahhawﬂove@tepcrmym The etch-

ing et iog 6llci thf dishefibbrst e difitesh b fepiiedly Hoter-
mu’f@fkm Whichecagé ftﬁ%eeﬂﬂnh ngé’@ééé ¥l be té?ﬁﬁh&@édebr

esired sel ec- renoval and of

smmhhdrtg atsccsmds etehing pm'ocesmcy.l%hmtawlyr dﬁMgrfrom the

previsies fchis niBesSifl phsPAHREL VA obhehdfifeyeting parame-
ters FHHR! tHE e@ib’@é dchin dg ovlesli wWhenademir position is

substrate rray be space romthe inductive coupl i ng_ by

reachetde Fhe deipth, mayberdetermines nsinglaser dightithe sharac-

erigtia.Bhwhishoare eFatabtih AR T Y Rdn Tedus Fﬁ‘ﬁ Potgem,
par@ﬁnﬂﬁi’%v %fe@hﬂgwﬂ@ﬁm debvatien from aacnemteaemgnal

bel ow preferably below 3 Pa,, durlngthe et chj
Duping tke abuvesmentionesysecendefchingbreceas Ay eic] bﬁag with

mdfu%'&a\}eli esﬂedreg)y\@bhilé)& ﬁla§ma 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:



cavity may be carried out. Mterial can be renoved
down to a depth of at least 80 m preferably at | east
300 m The material renoval .. nmay be carried out down
to the other side of the subktrate. A mask havi ng a
thi ckness of less than 1.5 m preferably |less than 0.6
m may be fornmed. The substrate can be nasked to the

- edgee slitssteatd containeiBippreferablylcnystallinefsibcond by
evaporating or sputtering the netal, preferably

. al e phiferib eenidvalngséaided it oft moret than @ %apeefera-
may be etched in _accordance with the desired sel ective
r eéiy/more than2080 ot tlae mubstgatesuriaceeast 90
wei ght percent Al. The etch- ing position (T) in the

- di tleetsubstoate bs aldisk-stapdd walerdnaving acdiametenod at
i n_which case the etghin rocess will be term nated
or leasy {]Qr?éﬁ’ weger@éﬁxrﬁtgg%% ﬁg @Pocess qualitatively
differing fromthe previous etching proce or

opAlse the wae pf @alverinivan-er Ay phimipium alloy,gantamning at
r&Mi 7 . : 0 :

leadt G BRI GOLOSRETH"S CEBoRIGTHIACTALChAIThinE o least
90 bpercent Al as icmadk whatdrial forsabsiratesto dre dry

refTection fromjfhe bottom atphcularl raferrjn to
etched withsindiaetively sneresmanplad plasmd was dessil

the above nentioned second etching process dry etching

wi Ahmaskimateral compriging @usaipusqtermaskdngswaters to

be &bied S5pRaEn 5o rat YCaliGHAtibbOR n8rE Bhet 90 wpigh per-

ccnﬁ%?&‘égﬂ'aﬁﬂ?%ﬁﬁ%m 9% Wc‘i?hﬁ g:_d&b@ﬁ@saldﬂidd)@d icopper in a
nmented whith is qualitatively different or works under

ratioi of :3it0 %Melﬁf&t pereanty prefexably lass thant hweight percent

chi [ Qge Iy b S0& rOpA - X ] .
and "SIk 63 Fafioof PR uRR ufiptl pefibdBinl) fititasfm in
a ratie uTe0. 26l 3 %ighﬂg)eid:e_httﬁpréféﬂaaﬂy lesy thearD.1.Bekeight per-

the mask is renoved an incineration step for polyner
centesi dues on the mask may be carried out, preferably

by wet etching. The incineration may be ef- fected

wi Ahwafegdayingsammask: kyerheomprises at inasla mateniakbas de-

\qtn&t(rélﬁ)& hosphoric acid etching m xture and/ or
SCr} | armoni um hy- droxi de may be carried out.

The above net hod may have one or nore of the

foll ow ng features:




21 the substrate contains Si, preferably crystalline
silicon, the material renoval is carried out on nore
than 8 % prefera- bly m)r?%han 20 % of the substrate
surface, the substrate is I sk- shaped wafer having a
di aneter of at l|east 10 cm preferably at |east 15
cm Also the use of alum niumor an al um nium all oy
containing at |east 90 WHiAMSpercent Al or a
conposite material containing at |east 90 weight
percent Al as a mask material for substrates to be dry
etched with inductively energy-coupl ed pl asna was

oAy G (T B 2 ne & ratio of
| urg. ni h 90 I gh - : f bl
ot SHRHEEEURC! St per cont and added copper in &
. ° | , |
1 etyity (2P wifich B e FEERR orh g potp Tohit in

2 %bgﬁirf&%bc@ﬂ‘fh@%ﬁﬂﬁoﬂti ﬁth,ni umin aratio of 0.2 to

3 wei ght percent, preéferably less than 1.5 wei ght per-

cent [ [ i -
eR i LRERL (15,5, WBL e BA hERIERIH), pref
seosably 6fl) a membrang (3p covpping the)cavity £2),tand2)

whi ch may be a recess or a through hole fornmed in one

S Uéfﬁﬁﬁ@fcﬁmﬂwﬁzFSa,( 5b) fer shessensorectemetrt, (44ata, 4b),
4b) formed above the cavity (2), pref- erably on a

”Eﬂﬁhﬁaﬁgéribe&%eﬂwﬂ the cavity (2), and electric

term na 5, ba, 5b) for the sensor elenent (4, 4a,

ab . ) ; .
b, SRBE P T8 SR of M () s il o
r opadtly ranhded ¢éajour (2a).

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 claim 1 or 2, characterised in
that the cavity (2) has an oval or round contour (2a).

Radiation sensor (10) according to claims 2 and 3, characterised
in that one or more electric terminals (5, 5a, 5b) are provided in
a corner section (6, 6a — 6d) of the sensor (10).

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.



10.

2. Radiation sensor (10) according to claiml1,
characterised in that the support (1) has a

rect angul ar and particulargz a square con- tour (la).
3. Radiation sensor (10) a %rding toclaiml or 2,
characterised in that the cavity (2) has an oval or
round contour (2a). 4. Radiation sensor (10) according
to clainms 2 and 3, characterised in that one or nore
electric termnals (5, 5a, 5b) are provided in a

CORadiatio® é@ﬁsbﬁ,(( 10p accoeding tbhene ersmioreldf thé preceding
Radi ati on sensor (10) ,according to,one or nore ggfé:the

pr eldms,charagtesised, in that the gavity: () dsymenyipctiyed by

of 4t h Lty (2) is at least partly perpendicular to
thgiggﬁéﬁiééSurface. 23 6. Radiation sensor (10)

according to one or nore of the preceding clains,
characterised in that the cavity (2) is nmanufactured

by dry etching. 7. di ati.on sensor (10) acc ing to ,.
onBa@aWbS@FSPﬁélgﬁa SCCHTHINE I0HRE O cﬂfé?r&?giﬁg RFecsding
t hafaj i orelBméRE(4PRL, @b) is a
8.%35%%@%?@%%@%%@%%%@?%%%0 one or ?m’re of )

t hethermopilerg cl aims, characterised in that a

plurality of sensor elenents are forned above one

cavity. 9. Radiation sensor (10) according to one or

nore of the preceding clains, characterised in that

th t’fdh( bP (10§ ati€orflifigto 61ie oS HIMY bf the pracedin
a g%n éUr %é?saﬁﬁcgﬁis not e§c|usive|y defined. Dby &

st claighs, chaeactariseddni thata plaradity(afosengen elgmgnts are
one or re of the preceding clains, characterised by

on 'HFC%EOW Q%CEUF%W ng features: - the nenbrane
material conprises a dielectric, particularly silica

and/or silicon nitride, - under the nenbrane an
etching stop layer containing an oxide, particularl

. si Ragdiation seasordd0) according to one or more of the plycceding

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.

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.



11.

12.

13.

14.

15.

- the support material contains silicon and/ or GaAs
and/or a sem conductor material. 24 11. Radiation
sensor (10) according to 022 or nore of the preceding
clainms, characterised by o 4or nore of the fol |l owi ng
di men- sions: - support height H nore than 50 gm
preferably nore than 200 pm less than 1,500 pm

Prnﬁgﬁﬁﬁbnzi;@ﬁmt I(Ih?) ﬁ@glomhni g tetmwh ot md:gs e ofethye preceding
ess .t han mm preferably |l ess than -, _cayity

di eladmes, czk.iamt@r%mﬁ bysong qF Brese,8f ihﬁégﬁoﬁ*ﬁ&g -
ang{og{s,l ess than 90 % preferably |less than 80 % of

th upport edge length, - nenbrane thickness D |ess

Lo VaftfihoRt HeRBYH; Hitfe thaf 80 il prferdtifytndrétihan
(10) agQQrgin)deks toidh 4,500 gndf pidferabiy dess ¢hanab0® ym,
formed on it, characterised in that the bl anks are

arrang Oledd tRahe2 it UbrEferalyiless than
triang%ﬁg?%g?%ﬁggfgeg{r%#gr?%é%ﬁ, 32). 1?? Senso?11

array {mnmpnprising a plurality of radiation sensors

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

Sens gr cavitg) d| i@&ﬂfst@?m ;ﬁmg_ tiare 155 %;ﬁrefelr?gjip tmeore ¢han
in that _a urality of radjation sensors are,. o
arr ange@ Ymgﬂﬂf Q?rlq)é@r@alﬂ mg/(’tﬂ?fe%?&%&}ﬁ léﬁﬁ than, §0.% of
col um dul e (50) conprising 25 a

Py Selmrdrt (985 108lHG LG o bne o mor e

radi at cBorting to one or nore of

c1 3 wemitalie ShicgRels o BN YA ) BRI grore

sensorﬂ(lag)oplruh@.e sensor array (20) is acconmopdat ed,

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).

Sensor array (40) comprising a plurality of radiation sensors
(10) according to one or more of claims 1 to 11.

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).

Sensor module (50) comprising
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17.

an optical wi ndow (52) in the housing (51), and

electric termnals (53) protruding fromthe housing

(51), said electric term n&és (53) being connected to

the termnals (5, 5a, 5b) 6. Sensor nodul e (50)
according to claim15, characterised by an optical
projection el ement, particularly a lens (52) or a

m £ rorg rhdiatdenhsenkor (E@E wicoordingdosonedramane of claims 1

sensor (1Q) conprising t eps r.oduct i on of
pl ane t@ddror asensar aé*ﬁawf&iﬁ Eéifaffiag 510 d3gF 1,
first surface of the wa- fer and fornmation of a

rreelhana&mugu{g a%l)euwmc&n@hcrradigtmn sensor (10) or the
application of an n one or nore
openlg S?T@IF%' (ﬁbi %ﬁ@&@éﬁ%‘g’d contours on the
second sur ace 0 d t

cavi t i a8 ¢pcAab “ilﬁélesg'@ g (B n%q(i] t he

dlrectlontovvardsthe etchln t I
- electric terminals (53) progtr%d?l%g igom the housing (51),

said electric terminals (53) being connected to the terminals
(5, S5a, Sb).

Sensor module (50) according to claim 15, characterised by an
optical projection element, particularly a lens (52) or a mirror.

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 stop layer.



