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.concerns a thernoelectric sensor fornmed by a nenbrane including Hr ty

.of thernoelectric elenents defining respectively a plurality of el n y
.cells. Cenerally, each thernoelectric elenent is forned of a pluraﬁif
‘thernoel ectric couples and defines an el enmentary surface distinct fromthe
ot hers. In order for the sensor to bglgble accurately to neasure a
guantity of received thernmal energy, each elenentary cell nust be thermally
i nsul ated as best possible fromthe others. |Indeed, one st avoid therma
energy detected by one elenentary cell being subsequentlyg diffused towards
other elenmentary cells and again ; ¢. SENSO rnoel ectric sensors
formed by a nenbrane including a plurality of thernoelectric elenents are
'subject to the aforenentioned problem given that the nenbrane itself does
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described in Figliré 3 of “3uch documne .
: and defines an elementary surface distinct from the

others. _

In order for the sensor to be able accurately to
measure a quantity of received thermal energy, each
elementafy cell must be thermally insulated as best
possible from the others. Indeed, one must avoid thermal
energy detected by one elementary cell being subsequently
diffused towards other elementary cells and again being
detected. |

:Thermoelectric sensors formed by a membrane including
a plurality of thermoelectric elements are subject to the
aforementioned problem, given that the membrane itself
does not allow diffusion of received thermal energy into a
thermally conductive substrate so as to avoid diffusion of
received thermal energy in the vicinity of the membrane
itself. '

Figure 1 shows, in a schematic and simplified manner,
a thermoelectric sensor of the prior art described in the
document by A.D. Oliver et al., entitled *“ A bulk
micromachined 1024-element uncooled infrared imager *,
more particularly the embodiment described in Figure 3 of
such document.

In Figure 1 of the annexed drawings, the
thermoelectric sensor 2 of the prior art includes a
membrane 4 supported by a substrate 6. Several
thermoelectric elements 8 are arranged on membrane 4. On
the back side of membrane 4, i.e. on the side of support
6, a plurality of silicon bars 10 is provided. In the
plane of membrane 4, these bars 10 delimit the plurality



In Figure 1 of the annexed draw ngs, the thernoel ectric sensor 2 of
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plurality -2 - of el enentary ceIIs and

‘'t hus defi th duct | 4 h .
us define f erggm? onegl({__[a%rygeaeevgvm Ejpﬁg% Ak %éfcﬁbﬁﬁg

t her noel ectric e i con con uc or
‘and has the advaalageioh wmgtramsnalabeeemyweameﬁorbsarFhﬁgmﬁglectnc

S erenre ¢ T ee1bileRe |4 A te fetq’racméasssmém B encegLoEr
; electric s s other drawbacks, .Fir st
‘manuf act uri ng t hepeohase fier é‘@"ﬁi"rﬁa@ﬁaﬁn% o%h%%lﬁ%vg d9tRe 53k

side of menbraneagranbifi eoegarbyigemeanses 1ad;iartmualladi fbrcabtiressfiog

the production Otl;hsu{}ar.]rafc%]\.'{ q‘é'x%%eéé‘éEQEQ'é(lerﬁr{ééough silicon is a proper

‘t hernmal conducto conduction co Icient is reI ativel
‘average. Finally, silHewevers SShEFMOsLectFaEnEEREPT dfeH s Sééﬂzjkécent
‘thernoel ectric ek%@et SmaEhE&ctﬁh:thOﬁhbaéSfleeqthWSamﬁerbﬁaah&naﬁgah:hen

of the thernal ener eive n but i | at t

‘the el ementary céFP f?b % tgf%}fa ?ﬁ/\ﬁl %ﬁ g IB‘IE ur’r%?n'?a'lr ﬁﬁ%%%o&n%?ﬁ&) Y
efficiency and ageueaayesf mmmordﬁflculmsommttm phedpetsent of
invention is to g{_‘g}zxy Etctﬁ?re@elsf[’eﬁ}d;dﬁyse@lqih&l & OF 1eesh bys aangg‘gbag}e

‘including a plur stinct moél'ectric el ements and %Ilovmn
accurat e therrmer@FFlP«é geasucspENt 1tF, fhermal con duction coefiicient’is

relatively average. Finally, silicon bars 10 form thermal
bridges between the adjacent thermoelectric elements.
Thus, silicon bars 10 allow a certain evacuation of the
thermal energy received by sensor 2, but insulate
relatively poorly the elementary cells from each other,
which is detrimental to the efficiency and accuracy of
said sensor 2.

An object of the present invention is to provide a
thermoelectric sensor also formed by a membrane including
a plurality of distinct thermoelectric elements and
allowing accurate thermoelectric measurement, i.e.
assuring very good thermal insulation of the wvarious
elementary cells from said sensor.

Another object of the present invention is to remove
as far as possible the micromachining of the back side of
the membrane. Finally, another object of the invention is
to provide thermoelectric sensors which can be made
industrially via means familiar to the man skilled in the
art thus allowing relatively inexpensive high performance
sensors to be obtained.

The present invention therefore concerns a
thermoelectric sensor formed by a membrane including a
plurality of thermoelectric elements each formed of a
plurality of thermoelectric couples and respectively
forming a plurality of elementary cells which define
respectively a plurality of distinct elementary surfaces



assuring very good thermal insulation of the various elenentary cells from
'sai d sensor. Anot her object of the present invention is to renove as
far as possible the mcromachi ning of the back side of the nenbrane.

Final ly, another object of the invention i"s3td provide thernoelectric
sensors which can be nade industrially via neans famliar to the man
skilled in the art thus allow ng relatively inexpensive high performnce
sensors 10 be obiAl Dgdy memprIHE, PERSZALLERYELL 90 WhEhelAlS, CONGRLISAA,
‘thernoel ectric sensor forne i a menprane including a plurality o
thernoel ectric efekerss thamaldynaaselated) trep iadjagenthelppenteryieells
couples and reswltﬁn&ealy m:fr@sn@xfa—aﬁigwdaldﬂ ysfzideheﬂaﬁhaéyfaeﬁ | heavthLln v
define respective a rality o i stinct elenmentary_syrfaces

B e oo aal IR ERE, Eond) ARSTALF | foRRaT ELag) Yard el 1 TH
thermal Iy insul atietes rom pdpderable|madmicd goddl.l s by nmetal wires arranged
on sald membrane and Adieg NELLY1 FOBRCEHRA ddn i DSYE oS UABIELLNG Skl
menbrane. The wires are preferably de_of gol d. As a résult of the
features of the RGO FRe TRAGERL | Bh, IRFAGH Ry dhegPail nEREESY JPY t e nal
energy by the naiedal uhidticdtaenwviessi $s musdh greaiter than the removal of
such thermal ene b |4 | 1460 re as. i lor art

gi ven that gold %%a%%%gré%?% sg%ré;a%télﬁl #éjr%h ccéorpnd%%%luﬁ%aahs in
silicon. Moreoveihet B&icyeradel e@ivien sEhasr arkdr dingrantitelanyafifars
does not requirerAde Al Eherhadl FondeRGbinn 11k 0f o DEcHACK MIdSvRl ,t Nhe

menbrane to all ow conduction of the received ther ener fowards the
substr at e suppor‘ﬁﬁ'@“‘} SRS, SSBsor accorglng tonﬂxe 1nv§1¥t:.on does not

require any particular micromachining of the back side of

the membrane to allow conduction of the received thermal
energy towards the substrate supporting the membrane.

In a preferred embodiment, each elementary cell is
thermally insulated from each adjacent elementary cell by
two parallel metal wires separated by an intermediate low
conduction region.

As a result of the latter feature, thermal insulation
between the adjaceht elementary cells in very efficient,
there being no thermal conduction bridge between the
adjacent elementary cells as is the case in the aforecited
prior art.

According to a particular feature, the metal wires or
lines are arranged on an upper passivation layer of the
membrane by galvanic growth, according to a technique
known to the man skilled in the art for the arrangement of
contact pads or bumps provided, in particular, on
integrated circuits to allow external electrical
connections. .

The present invention will be described in more
detail hereinafter with reference to the following
description, given solely by way of non-limiting example,
in relation to the annexed drawings, in which:

- Figure 1, which has already been described, shows
schematically a cross-section of a thermoelectric sensor
of the prior art;



In apreferred enbodi nent, each elenentary cell is thefhﬁﬁ i nsul ated from
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each adj acent elenentary cell by two parallel netal lasedan
i ntermedi ate | ow conduction region. As a result of H E ure,
thermal insul ation between the adjacent el &rent ary cell ci ent,
t here being no thermal conduction bridge between the adjacent el enentary
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substrate 16 ard emasitiddhnGd falde dding ddelimited by gold wires 22 and
23. These gold wires 22 and 23 are arranged on the front
face 25 of membrane 14. They are used to insulate
thermally the adjacent elementary cells in order to assure
accurate measurement. '

It will be noted that in an embodiment which is not
described in detail here, it is possible to provide a
single gold wire 22 for thermally insulating the adjacent
elementary cells. However, the embodiment shown in Figures
2 to 5 is preferred, given that the arrangement provided
in this embodiment not only allows the thermal energy
received by sensor 12 to be removed with greater
efficiency, but also allows the elementary cells to be
thermally insulated from each other. The arrangement of
two parallel gold wires separated by an intermediate low
thermal conduction region 28 assures good thermal
insulation between two adjacent elementary cells. In the
embodiment shown here, intermediate region 28 forms a
channel. In other embodiments, this intermediate region
may be filled with a thermally insulating material. Thus,
gold lines 22 are thermally insulated from gold lines 23

' so that gold lines 22 and 23 do not form a thermal bridge
between adjacent elementary cells. : |

In this preferred embodiment, gold lines 22 and 23
are characterised by a high thermal conduction
coefficient. The plurality of elementary cells is arranged
in a matrix array, gold lines 22 and 23 separating the
elementary surfaces from these elementary cells forming a
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el ementary cells 18. Each elenmentary cell 18 is fornmed by a thernoel ectric
cell 20 forned of a plurality of thernpelectric couples. Each el enentary
cell 18 defines a distinct elenmentary surface of nenbrane 14, this

el enentary surface being delinted by ngd?WZres 22 and 23. These gold
wires 22 and 23 are arranged on the front face 25 of nenbrane 14. They are
used to insulate thermally the adjacent elenentary cells in order to assure
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arranged in a nafrrx array separating the el ementary
surf aces fron1theséf@¢e§§ﬂ@amwﬁﬁ§I@aYobmrﬂfQF by galvanic growth in

-9 - accordance with a technigue known to the man skilled in
the art. This technigue allows gold wires of significant
height to be made. The height of the gold wires or lines
separating the elementary cells is preferably greater than
or equal to 10 um. However, any other technique for
forming gold wires known to the man skilled in the art may
be used to make the sensor according to the invention.

According to various alternative embodiments, the

width 34 of gold wires 22 and 23 is comprised between 10
pm and 50 pm. The width 36 of intermediate region 28

between wires 22 and 23 is'comprised between 10 um and 50
Hm. Such a range allows proper thermal insulation to be

assured between wires 22 and wires 23 for the various
alternative embodiments.

Each gold wire or line 22 and 23 ends in two
terminals 38 passing through the structure of membrane 14
which extends across substrate 16. Thus, an opening 40 is
provided in the aforementioned structure so that terminal
38, which is also made of gold, thermally connects wire 22
or 23 to substrate 16 to allow removal of the thermal
energy received by the sensor.

It will be noted that in an alternative embodiment,
the set of terminals 38 is directly connected by a gold
wire or 1line thus defining a frame surrounding the
plurality of elementary cells. In such an alternative



patternn of first lines oriented in a first direction and second |ines
toriented in a second perpendicular direction, these first and second |ines
i thus crossing each other at right angles. It will be noted that the
"man skilled in the art knows how to arrange®thernoel ectric el ements forned
of a plurality of thernoelectric couples in a nmenbrane forned in
particular, of silicon, polysilicon and/or silicon oxide. Menbr ane 14
has an upper passi\V.ai:i | aye L.ch: e r g t 0.
Cor d i oo 22" anoBiithe e d L IBpEHLAQURLE hap HE R e AR
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significant height. t.0 be made. T i of _the wires or lines
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i nvention. According to various alternative enbodi nents, the width 34
of gold wires 22 and 23 is conprised between 10 [err]mand 50 [err]m The
width 36 of internediate region 28 between wires 22 and 23 is conprised
between 10 [err]mand 50 [err]m Such a range all ows proper thernal
insulation to be assured between wires 22 and wires 23 for the various
alternative enbodi nents. Each gold wire or line 22 and 23 ends in two
term nals 38 passing through the structure of nenbrane 14 whi ch extends
across substrate 16. Thus, an opening 40 is provided in the aforenentioned
structure so that term nal 38, which is also nade of gold, thermally
connects wire 22 or 23 to substrate 16 to allow renoval of the therma
energy received by the sensor. It wll be noted that in an alternative
enbodi nent, the set of termnals 38 is directly connected by a gold wire or
| i ne thus defining a franme surrounding the plurality of elenentary cells.
In such an alternative



- 6 -- enbodi nent, several openings 40 may be provided along the frane.

It is also possible to provide a trench surrounding—e+enen%a#y—9eLLs—48 I n

the structure form ng nmenbrane 14 whi ch extends across substrate
assure naxi mum thermal coupling between th& gold wi r’zmlmmlusmmlma"m,m
which is normally forned by a silicon based materi al
- 7 - CLAI V5 1. Thernoel ectric sensor (12) "t or med by a ménbr ane
(14) including g g!ﬁ[ality of elenmentary cells (18) forned respectively by
a plurality of el ectric elenents (20), said plurality of elenentary
cell s defining respectively a plurality of elenmentary surfaces di stinct

from sai d nenbrane, a&gggﬁgé?ggtkgctFgﬁgggcq%gpqughg&yb (ﬁhﬁ§§§§ﬁ||y

i nsul at ed fron1aﬁ4acent enen é&{ W res ar n one
face of said ne )ar#é'lcéh@mﬁeﬁrrawya%a‘% @i%néaé’ub%%ﬁe(%%)fomed

supporting sai dré@pdéeiely by al.plRefEliityACEPr Ehagmbelekarilicl elements
characteri sed i{bO)

said plurality of elementary cells defining
respectively a plurality of elementary surfaces distinct
from said membrane, characterised in that each elementary
cell is thermally insulated from adjacent elementary cells
by metal wires arranged on one face of said membrane and
thermally connected to a substrate (16) supporting said
membrane.

2. Sensor according to claim 1, characterised in
that each elementary cell (18) is thermally insulated from
each adjacent elementary cell by two parallel metal wires
(23 and 23) separated by an intermediate low thermal
conduction region (28).

3. Sensor according to claim 1 or 2, characterised
in that said metal wires (22, 23) are made of gold and
arranged on the front face (25) of said membrane (14).

4. Sensor according to claim 3, characterised in
that said membrane (14) comprises an upper passivation
layer (30) covering said thermoelectric elements (20},
said gold wires (22, 23) being disposed atop said
passivation layer.

5. Sensor according to any of the preceding claims,
characterised in that said metal wires (22, 23) separating
said elementary cells (18) are made by galvanic growth.

6. Sensor according to any of the preceding claims,
characterised in that the height of said wires (22, 23) is
greater than or equal to 10um.

7. Sensor accordin§ to any of the preceding claims,
characterised in that said plurality of thetmoelectric
(20) is arranged in a matrix array, said metal wires (22,
23) separating said elementary cells (18) forming a
pattern of first and second wires crossing each other at
right angles.



that each elenmentary cell (18) is thermally insul ated from-each-adj acent
€l enentary cell by two parallel netal wires (23 and 2 arated by an
internedi ate | ow thermal conduction region_ (28). MZF qwm'ﬂmgl ng
to claiml or 2, characterised in that sai® Tretal wir

of gold and arranged on the front face (25) of said menbr ane” (14)

Sensor according to claim 3, characterised in that said nenbrane (14)
conprises an upper pgss a I Rel

clonent s (20) oal d Bor Pl rE G Y, %%éféf;%&éeé"’-’e% S e
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elenentary cells na ni c
according to a (g‘})ec“g&c%e%l%s}iﬁﬁ a‘é’ﬁ sacstaé'tdi §é‘85tﬁaf'ﬁa f?’ne hei ght
of said wires (22, 23) is greater than or equal to 10[err]m 7. Sensor

according to any of the preceding clains, characterised in that said
plurality of thernoelectric (20) is arranged in a matrix array, said netal
wires (22, 23) separating said elenmentary cells (18) formng a pattern of
first and second wires crossing each other at -right angles.

- 8 - 8. Sensor according to any of the preceding clains,
characterised in that each netal wire (22,23) ends in two termnals (38)
passi ng through the structure of said nenbrane (14) which extends across
said substrate (16).



