GR 97 P 8089 Foreign version Description M cr onmechani cal

el ectrostatic relay, and a nethod for Its production . The
invention relates to _a mcronmechanical el ectrostatic relay having -
a base substrat® @tR 80BAsEOEebER rerksian with at . least one
stationary contact, 10 an armature spriny tongue which is |inked on one

si de to a pastreptiayer connected to the base substrate, has an
armature el ectrode opposite the base electrode, is el astically curved
away fromthe base substrate in the rest state formng a wedge-shaped
air gap, and iM¥id¢Boméchaeical bﬂectreggeﬂﬂcmkhmﬁgy b&aﬁtaOH?tﬁamlﬁ?nfogt?gt
opposite the s i act. In addition, the I nvention relate
apﬁethod for p%§%u§?§%M%ﬁ§ a rel ay. Such a m cronmechani ca

relay and ah appropriate 20 production nethod have already been

disclosed, in — Prifeiplenvefclh 42200020 Gl The fssaildaladeaure in

this case is that the armature spring tongue, his expose rom a
substrate, is %ﬁ?%%ﬁ°§ﬁa§h%hr%ﬁéﬁuhﬁﬁing that the armature el ectrode forns

a wedge-shaped-air a base substrate with a base electrode and with at
least one stationary contact,

16 an armature spring tongue which is linked on one side
to a carrier layer connected to the base substrate, has
an armature electrode opposite the base electrode, is
elastically curved away from the base substrate in the
rest state forming a wedge-shaped air gap, and is

15 fitted at its free end with at least one moving contact
opposite the stationary contact. In addition, the
invention relates to a method for producing such a
relay.

Such a micromechanical relay and an appropriate

20 production method have already been disclosed, in
principle, in DE 42 05 029 Cl. The essential feature in
this case is that the armature spring tongue, which is
exposed from a substrate, 1s curved in such a manner
that the armature electrode forms a wedge-shaped air

25 gap with the opposite base electrode, which air gap,
when a voltage is applied between the two electrodes,
produces a rapid attraction movement on the basis of
the so-called moving-wedge principle. Refinements of
this principle have been disclosed, for example, in DE

30 44 37 259 C1 and DE 44 37 261 Cl.

In the case of all these known relays with a
micromechanical construction, a relatively high
manufacturing effort is involved since two substrates,
namely on the one hand a base substrate with the base

35 electrode and the stationary contact, and on the other
hand an armature substrate with the armature spring
tongue, the armature electrode and the moving contact,
have to be produced separately



25 gap wth the opposite base electrode, which air gap, when a
vol tage is applied between the two el ectrodes, produces a rapid
attraction novenent on the basis of t he so-cal |l ed novi ng- wedge
principle. ReffRelenPs8689 this prineciple have been disclosed, for
exanple, in DE 30 44 37 259 C1 and DE 44 37 261 C1. In the
case of all thesd krowectebays wirneh anothemi cironeddbnl el tocahst rasgtd on,

a rel ativel ymaﬂhg?unctlgﬁﬁyf é‘f&{‘l‘ {'59 &Efﬂ{é é s.{].}lb% reaq: X ncﬁlér%{n)%re 35

substrat es, nanely on the one hand a base su
el ectrode and Fﬁ@téﬁﬁt?Eﬁaﬁycbbﬁgaﬁtoc%ﬁﬁﬁﬁnﬁRQuﬁnﬁdﬁﬂed fdnnakamphﬁfwature

substrate Wﬁthfbhelﬁéﬁﬁéﬁiﬁgsﬂéyégs, leé@@ggﬁd the QFQ@tUE§cﬁ|%%tégg§ and
t he novi ng cont ave to roduced separate 97 P
8089 tiig ?‘Ibstrate%nﬁh%%ﬂgﬁ NS GRS SHIRGESA Praddist i 1 o t he

said mai n £ongliothé ebﬁﬁE@&SpfécééﬁbéV!hﬁﬁﬂ%ﬁdVﬁéﬁbrélﬁHé¥¥'maln

d etghj | nvol ved, for for i nsulating
Cayers. | eads SR PHERE KR E Cat e T L DA SN FBTSIE has 16
be subjected opinte dWwe swittchiald ¢henmemnpl exeprdcessastdmical ved bef ore
Lhel L MmN . (BhRetional Laxens, canche conpertef. [ 3gkagepng anotner.

Si nce the SMAtChIn el ements are also inten tt ed
agai nst ]éhV|?%ﬁﬁm%ﬁ%ﬂl COVeFiRMcRart igm as a rule, rGQUlred as a

closing element, although there is no need to describe
this in any more detail.

In order to simplify production, it would be

desirable 1if it were possible to form all the

15 functional elements of the relay on a substrate from

one side. In this case, it is in principle feasible to

form a stationary contact element and a spring tongue

with a moving contact on one and the same substrate, in

which case, for example, the stationary contact and the

20 moving contact can be produced one above the other, and

the contact gap can be formed by etching away a so-

called sacrificial layer. Such an arrangement has been

disclosed in principle in US-4 570 139. However, in the

case of the micromechanical switch there, a cavity that

25 1s not accurately defined is created underneath the

armature spring tongue, and this cavity is not suitable

for the formation of an electrostatic drive. In the

case of the switch there, provision is therefore made

for both the armature spring tongue as well as the

30 stationary contact to be provided with a magnetic layer

in each case, and for the switch to be operated via an

externally applied magnetic field. Even in the case of

the relatively short contact gap which can be achieved

between the moving contact and the rigid stationary

35 contact using the sacrificial layer technique, such a

magnetic field can be used to produce the required

contact force. However, .to do this, an additional

device is required to produce the magnetic field, for

example a coil, and this occupies considerably more



10 additional covering part is, as a rule, required as a cl osi ng

el enent, although there is no need to descri be this in any nore detail.
In.order to sinplify production, it would be desirable if it were
possible to &rrov al Bogphe 15 functiongl elenents of the relay on a
substrate from one side. In this case, it is in principle feasible to
forma stationapyceomhant igl erRill adNed &FoxPrd N X UMHGanicalM the13 oM NY
contact on one ang t he sane substrate, in whi ch case, for exanple, the
stationary contact?afid the 20 nmovi ng contact can be produced one above the
ot her, and the contact gap can be forned by etching away a so-

called sacrificial layer. Such an arrangenent has been di sclosed in
principle in US-4 570 139. However, in the case of the m cronechani cal
swtch there, a cavity that 25 is not accurately defined is created
underneath the armature spring tongue, and this cavity is not suitable
for the formation of an electrostatic drive. In the case of the swtch
there, provision is therefore nade for both the armature spring tongue
as well as the 30 stationary contact to be provided with a nmagnetic | ayer
in each case, and for the switch to be operated via an externally
applied magnetic field. Even in the case of the relatively short
contact gap which can be achi eved bet ween the novi ng contact and the
rigid stationary 35 contact using the sacrificial |ayer technique, such a
magnetic field can be used to produce the required contact force.
However, to do this, an additional device is required to produce
the magnetic field, for exanple a coil, and this occupi es considerably
nor e



GR-_ 97 P 8089 -2a- space than is available for a

m cromechanical relay in certain GR 97 P 8089 . - 3-
appl i cations. The aimof the present invention is to develop
the design of &arnmogr emgelani cal rel ay of. the type nmentioned initially
such that greater contact forces 5 can be produced even with the

el ectrostati c dpptecaltibns. in which the functional elenents of the relay

hocording Lo the  nIBRFOR. O% S HRTHeHk LAverkdfrodey i 44561 0Me at
| east one st at itbear gesbdghactf i @ 1fiicacmaneni cal a ﬁlaiy opBdr ytrent#agbe spring
tongue whi Ch, nent9BRAR! LN ANIBLULE SRLINI LONQUE: gl bakef ] LLe
this on one Slg carri Qﬂa a2 ??y
5 can be produced even w1th the electrostatlc drive, but
in which the functional elements of the relay can be
produced on the base substrate by action from one side.
According to the invention, this aim is
achieved in that the at least one stationary contact is
10 arranged on a stationary-contact spring tongue which,
opposite the armature spring tongue, is linked like
this on one side to a carrier layer and is elastically
curved away from the base substrate in the rest state,
and in that the at least one moving contact is formed
15 at the free end of the armature spring tongue such that
it projects beyond said armature spring tongue and
overlaps the stationary contact.
Thus, in the case of the invention, in contrast
to previous proposals for micromechanical relays and
20 switches, the stationary contact is also no longer
rigidly arranged on the base substrate but is seated,
like the moving contact, on a curved spring tongue,
which allows an additional switching movement to be
achieved. The moving contact is seated on the armature
25 spring tongue and overlaps the stationary contact. The
prior curvature of the two mutually opposite spring
tongues thus allows an adequate over-travel to produce
the desired contact force to be achieved from the start
of contact-making to the final position of the armature
30 during switching. This effect is achieved even if only
a relatively small free space can be created underneath
the armature when the armature spring tongue is formed
on a base substrate wusing the sacrificial layer
technique, by virtue of which relatively small free
35 space the armaturé is given only a small, specific
over-travel beyond its extended position when

attraction to the opposing electrode occurs.



c@rved away fromthe base substrate in the rest state, and in that the
at | east one noving contact is forned 15 at the free end of the arnmature

spring tongue such that it projects beyond said arnature spring tongue
and over | &g% thd stH4 onary contact™ 4 = Thus, in the case of
the invention, in contrast to previous proposals for m cronechani cal

relays and 20 swit ché&Cdudte OTstldt BTl ulesnraddvanpsaggpys ifiobokdnger
rigidly arrangag oarkbeubasepiubgt amydditang saat @tatlonalryk@ohlaacﬁow ng

contact, on a curved sgrl ng t ong L% d %Ilows an_add g

swi t chi ng movetRTq otBRIVE 2XELLAFBE! ﬁ\fg% g FBnt ﬁéfrf‘%rs 4¥&&on the

armat ure 25t sqid ng(taﬁom?me ared pxrjﬁdxhcams m;aoabatamatrlye csaﬂnacretcﬁlieg .

prior curvature o e ite spki on al | ows
Sledde W MAMALLY WRRONIE SRELAT srobONGHES *AYS

an adequat & oVerE T Evel & “desire act or Ce 10 be
achi eved fromaeprostte tone apbtbeni acanmekigaget dnt hand i ardtipdsi thoanof the

armature 30 g syl dhi o1 6l E6Lek S SGNEEYROLRUCR I, Rl - 2

relatively s pace can be creafed uhderneath he "ar mat gre when
the armature JPPYHRP t 0PGERCT sCRBr Red conneghed, hAPE QTP rak eltigi §akhe

sacrificial |ayed put d€CIEUSUGN Bhe/idildee Qf wehiiGh t'be|t@1%| velyag@Bbls Tree
35 space the armature is given onI a sna ec , over.-travel
beyond ifs tR&t &fFEFUE50sPPFORI gFt r%‘lg?b#ll?o datd Bhpdsi ng
el ectrode occudependent on whether the intention is to create a make
contact or a bridge contact.
Silicon is the preferred material for the base
substrate, in which case the carrier layer for the
15 spring tongues is deposited or bonded on as a silicon
layer with the interposition of the respectively
required functional and insulating layers, and 1is
etched free in the appropriate processes.
Alternatively, the base substrate may be composed of
20 glass or ceramic; these materials are considerably more
cost-effective than silicon. However, ceramic requires
an additional surface treatment in order to obtain the
smooth surface required for the relay structures. The
carrier layer which forms the spring tongues may, for
25 example, be composed of deposited polysilicon or
pclysilicon with recrystallisation, or may be an
exposed, doped silicon layer of a bonded-on silicon
wafer. This 1layer <can be produced by epitaxy or
diffusion in a silicon wafer. Alternatively, a
3¢ deposited layer of a spring metal, such as nickel, a
nickel-iron alloy or nickel with other additives can be
used 1in addition to this silicon structure. Other
metals may also be used; the important factor is that
the material has good spring characteristics and
35 suffers little fatigue.
An advantageous method for producing a relay
according to the invention has the following steps:



GR 97P 8089 - 4 - Production is particularly
advant ageous i f both the armature spring tongue and the

stationary-cont act spring tongue are forned fromthe sane carrier

| ayer, an®FReaty thd produced i noRe-and the same etching 5 process.
The spring tongues, whose free ends are opposi te_one another, can
engage i n one anot lfer Metah caryiRAant hyedtus hannePPlifé: t edikh s&hehat the
proj ecting NOVi e SAYAGL kAN d¥e Canech 8ehatilg ONlyyat 1 A8drean

end but at |east on one side as well, to the surface of 10 the arnature
spring tongue. THEtYREIAte RAGYN tesa bas@ep%ﬁbeetrﬁa% Wrether St he
intention is to createrididikath a geBbaClaQeraabriiigebeonteldctrode,
Silicon is .the preferred material for the ggse .sgb trate, in_which case
the carrieP |ayer fof°thB* 189 &EPIHGSt 8&&? 3% g&pBEFLed orBondéd®on as a
silicon | ayer amd hwhode fraeeepdsi taren opdosittee onespecther| pre
required functionalgand | nsulatd r dis et ched free in

t he appropriatef pré%gggé%% ggrgi%?e?ﬁgg?Vely, the base substrate may
be conposed of- 20 afl askeast ceturi Rlacdese Haeer PRFENGr etebgyder abty nore
cost-effective than, sididfd wHWEY fenSLTAMErELAULEPSr on @Re@ddibhonal
surface treatnent in order to obtain the snoot h surface required for

t he relaylgtructuré§%rﬁQR?' carrier layer which forns the spring tongues
may, for 25 -exanp e; pheferapyipostbrielr -depesnyedongakysisl peorided

polysilicon with recrystallisation, ,or . be a exposed, ,doped_silicon
| ayer of a bonded- dh si31tiscoﬁree %‘?er"’.l ig%l ag%?s%ano Se 5&8&&8@8%&

epi taxy or di ffasmitaet,in a silicon wafer. Al ternatively, a
- the -~ preferably longer -~ spring tongue 1is
15 provided with at least one moving contact which

overlaps the stationary contact, with the
interposition of a sacrificial layer, and

- the curvature of the spring tongues upwards away
from the substrate is achieved by etching the

20 spring tongues free from one another and from the

substrate.
Further refinements of the production method
are quoted in Claims 14 to 16.
The invention will be explained below in more

25 detail on the basis of exemplary embodiments and with
reference to the drawing, in which
Figure 1 shows a section illustration of the layout of
the essential functional layers of a micromechanical
relay according to the invention,

30 Figure 2 shows the micromechanical relay from Figure 1
in the final state (without a casing) in the rest
position,

Figure 3 shows the relay from Figure 2 in the operating
position,

35 Figure 4 shows a plan view of the relay from Figure 3,
which forms a make contact,

Figure 5 shows the same  view as Figure 4, but with an
embodiment which forms a bridge contact,



30. deposited |ayer of a spring netal, such as nickel, a ni ckel -iron
alloy or nickel with other additives can be used in addition to this
silicon structure. O her netals may al so be used; the inportant factor
i s-that ther patergghs has good sprifyig characteristics and 35
suffers little fatigue. An advant ageous nethod for producing a
rel ay accordlgaget 6 t hehiomeent ipn hasqiheed ol | eMbHYiRESPS: of R
97 P 8089 bridge—: 5: o a tal carrier layer is ap51ied,
with the IPRERPBBST  FOFARET Ry i nsulating layer and an

i nternedi ate space, to a base substrate which is provided with a
netal |ayer as the base electrode, 5 - two spring tongues which are

| i nked on one side and whose free ends are opposite one anot her
are formed in the carrier |ayer, - at least in places,
the spring tongues are provided with a tensile stress |ayer on
their top 10 surface, - a - preferably shorter - spring tongue
is provided at its free end with at | east one stationary

cont act - the - preferably longer - spring tongue is
provided with at | east one noving contact which



overlaps the stationary contact, W th t he I nt er posi tion of

a ‘sacrificial |ayer, and - the curvature of the spring tongues
upwar ds away fromthe substrate is achieved by etching the 20
spring tongueggf ee of B@Fgone anot her and g rom t he substrate.
Further refinenents of the production nethod are quoted in Cainms 14 to
16. righhe nveshbRy Wdd beleyptasnesh be|db\ﬁ.rfrle@>pmﬁ&n%5 depail on
t he basis of errpl ary e di ne ts an% ﬁ_}gt nce to_the draw ng,

i n whi ch Bt aREER:  Dn SIS GBS0t LAKET agBaTeore Ut he

essenti al funq:talmaiall Isay:eﬁ.Snobfathecamtlmﬁwmlng targdusy, accor di ng to the

I nventi on, ire 2 o) h m.cr elay d.r Figu I n
the final st atlgggﬁLll thou a‘x%agsil ﬁ@ i gggggg;g&gﬁng kgs Eil on &' e:’lﬁtgure 3
shows the bel @pmﬂmﬂt@mgweeszctmonﬁ@ﬁp@léfer@t cuxp@vmeon 35 Figure 4

shows a plan wj ?Mr%f o hghgggayaf NAPH Ut eudture m&hbﬁgr @oﬁeﬂﬁg‘é‘

cont act , shows the sane view as F| ure 4,
enbodi ment V\hlnt%ilffdtet% T oy |tdtj’é5 déhtBkgure 1, R s g@lg@trate uP

- 5a- to the formation of a carrier layer composed of
polysilicon for the spring tongues,

10 Figure 10 shows a layer structure, modified from that
in Figure 9, with a carrier layer composed of metal for
the spring tongues,

Figure 11 shows a layer structure, modified from that
in Figures 9 and 10, with a lost-wafer layer bonded on

15 +to the base substrate in order to form the carrier
layer for the spring tongues, and
Figure 12 shows a modified layer structure using an SOI
wafer semi-finished product.

First of all, it should be mentioned that all

20 the layer 1illustrations show the layer sequence only
schematically and not the thickness ratios of the
layers.

Figures 1 to 3 show the functional Ilayer
structure of a micromechanical relay according to the

25 invention based on silicon. In this case, the base
substrate 1 is composed of silicon. This base substrate
is at the same time used as the base electrode;
alternatively, a corresponding electrode layer can be
formed by suitable doping, if required. An insulating

30 layer 2, composed of silicon nitrite for example, is
formed above the base substrate. A first sacrificial
layer 3, which is etched out later, is in turn located
on this insulating layer 2. This first sacrificial
layer 3 1is composed, for example, of silicon dioxide

35 and has a thickness d; of, preferably, less than
6.5 pm. A carrier layer 4 is located above the
sacrificial layer 3, 4in- order to form the spring
tongues. This carrier layer is electrically conductive

and is composed, for example, of polysilicon with a



Figure 6 shows a nodified enbodi nent of a bridge-contact

arrangenent, GR 97 P 8089 - 6- Figure 7 shows
an. illustration corresponding to Figure 1, but with a

tensil e- stressGRayer paboge a partial &ection of the armature spring
t ongue, Figure 8 shows a view corresponding to Figure 2 with 5

spring-tongue Setckoassobidis fier eb® jowr vAhubemature Fisgitti ag9 tohee a1 ayer

structure which,S so nodified fromthat in Figure 1, of a base
substrate up Qnatoé P%e ﬁ%ﬁar {%§¥t%§% Spr&ggrié?ngPﬁyerg bnbbs&®  of

pol ysilicon foftEhedspetngtt Umigiesarri®er Hiapere 410askaws a | ayer structure,
nodi fied fromthat in Figure 9, with a carrier |ayer conposed of netal
for t he spring tongues, Figure 11 shows a | ayer structure, nodified
from t hat in Figures 9 and 10, with a lost-wafer |ayer bonded on 15 to
the base substrate in order to formthe carrier | ayer for the spring

t ongues, and Figure 12 shows a nodified | ayer structure using an SO
waf er sem -fini shed product. First of all, it should be

menti oned t hat al



20 the layer illustrations show the |ayer sequence only schematical ly
and not the thickness ratios of the | ayers. Figures 1 to 3
show t he functi onal Iayer structure of a mcromechanical relay
according to the #p pigpgntion based on silicon. In this case, the
base substrate 1 |s corrposed of silicon. This base substrate s at

the same tine ysednas Ttawf"exba§€r§(1:€1§fé Odghey ard tfﬁf@iél’?}(y’seﬁarated
correspondi ng el ectrode | ayer can formed sui tab

pi ng
required. An it aPPfga3ethezy &y 2a éSﬁﬁBéedsa&Fr%rlPFLéén JAnes te- fBP
exanple, is insfXdtmeg ab@ﬂglwestb@é@s smagbfatee 1é\ falrrr%hg%acrcbx{l @:h@'
| ayer 3, whic |s etched out |ater a. *gn
i nsul ating | ayef® 2 SPFi{g fF?gguiﬁc#ﬁflép I apgyer°§c?sigﬁhp8§§&ng f or
exanpl e, of sitémpresi daivée Béenanstcheas faeel hi pkodsses d[trer | upehrd
preferably, | [err ri I [ Iocated
above the &Z%%r |"¥p% aIf ?hé s%rélngl té‘?&% at%ray ﬂl&lﬁ tﬁle %as
tongues. Thi s s@rstizatd.ayey VBI%WQc@flmaﬁlyenénh@cﬁtvess Thhd B§a§§nposed,

for exanple, ofs polyad li:£67 g¥d 22 CGR 97 P 8089 - ba-
thickness of 5 to 10 [err]m~ An armature sprlng to ue 41 and a
stationary-contact sprd}n§tesdiguary2 epntage 7 eposited on the

10 stationary-contact spring tongue 42 by means of an
appropriate coating method, while a moving contact 8 is
formed on the free end of the armature spring tongue 41
in such a way that it overlaps the stationary contact

7, with the interposition of the second sacrificial

Jod
(@3]

layer 5., The height of the switching contacts can be
varied as required, and is typically between 2 and
10 um. Depending on the requirement, the thicknesses
and the material compositions of the switching contacts
may also be asymmetric. As is shown in Figure 4, the
20 two spring tongues 41 and 42 engage in one another like
teeth, so that a central projection 44 on the spring
tongue 42 1is surrounded by two lateral projections 43
on the armature spring tongue 41, in the form of
pliers. In this way, the moving contact 8 has three
25 side sections which rest on the armature spring tongue.
In this configuration, it forms a single make contact
with the stationary contact 7. As can also be seen, the
moving contact 8 has an S-shaped or Z-shaped
cross-section, in order to ensure the overlap with the
30 stationary contact 7. The interposed sacrificial layer
2 typically has a thickness d; of less than 0.5 um.
The other required layers are formed in a known
manner, for example a lead 71 to the stationary contact
7, a lead 81 to the moving contact 8, and a further
35 insulating layer 8 for passivation of the top surface
of the armature spring tongue.
Figure 2 shows -the complete arrangement after
the spring tongues have been exposed by etching away
the two sacrificial layers 3 and



etched out of this carrier | ayer 4 later. GR 97 P 8089

-7 - In the layer structure, they are initially separated from one
anot her by a second sacrificial layer 5 An i nsulating tensile-stress
layer 6 i s arF&ngéd®of0the two spring Tongues 41 and 42 and, once the
spring 5 tongues have been etched free, produces the upward curvature

of the spring toHdhé@h%ﬁ%yCPF%nﬁhﬁéebéé% a fr%%b§?ﬁ8?e31by“®4?§4ﬁ?¥ﬁ its

tensile stresshe Thirmatalee spring ﬁbﬁ&j\ﬁlel @1Fi g éméntioned, the tvo
stationary contact 7 |s de 0S| tqug % e 10 statlanahé cont act ring
ptop § REF

tongue 42 b§PHEEAs O ndl a FPare CBYEF A8Ee Wi 1¥'% novi ng
contact 8 is tensﬂméﬂedreasthea@eee éd ofot hehatnattlee Sprriargydntergue 41

in such a way_that overl aps t tatlonar cont.act 7N th the
i nt er posi t7on SFOFﬁ% ecgnd Eégr?§|C|aﬁ 515¥ gy&FBS ?ﬁghheléht % he

swi t chi ng contactsctan The armaﬂameedszasmgéqmm@de andves bpgacakl yobet ween
2 and 10 kﬁ%r%@es@%‘%@q B9 £8N diy TRAULLSHEM, e U rf/i‘?gf:%ezaet and

the materi al conp sitions o t he smntchlng contacts
asymetric. ASbPs sHERiNIn Fidiitbe 4,I%he BDBe t we3BPri nFardRdues 4ahdand 42

engage in onesanetBRhriikéntactt e MinFO tihdled gent E@tvds 0] 85kd s 44 on
the Spr|r¥% after exposure, through the unobstructed opening x;.
'
The unobstructed contact gap thus becomes
Xx = X1 - Xz + dy and approximately
Xg = X1 — Xo.
This unobstructed contact gap xx can be set as required
15 by the geometry of the armature spring tongue and the
stationary-contact spring tongue as well as the tensile
stress caused in the spring by the layer 6.
Figure 3 shows the 1relay in the <closed
switching state. In this case, the armature spring
20 tongue 41 is resting directly on the opposing
electrode, that is to say it is touching the insulation
layer 2 of the opposing electrode or of the base
substrate. The armature spring tongue is thus bent
downwards by the thickness of the first sacrificial
25 layer 3, namely di. This results in an overtravel of
Xy = Xp — dgp + di, that is to say, approximately
Xy = Xz.
This overtravel is independent of the
manufacturing tolerances of the contact heights.
30 As mentioned, Figure 4 shows a plan view of the
spring tongues 41 and 42 according to Figures 1 to 3.
The shape and the arrangement of the contacts can be
seen in this case, namely of the stationary contact 7
on the projection 44 on the spring tongue 42, as well
35 as of the moving contact 8, which is attached on three
sides to the projections 43 on the spring tongue 41. In
addition, a hole grid 10 for etching through the first

sacrificial layer 3 is shown by way of indication.



tongue 42 is surrounded by two | ateral projections 43 on the armature

spring tongue 41, in the form of pliers. In this way, the noving
contact 8 has three 25 side sections which rest on the arnature spring

t ongue. | &Rt ¥i’s Pc®@Bi%ur ation, it foPms a single nmake contact with
the stationary contact 7. As can al so be seen, the noving contact 8

has an  S-shaped d&dgure- §hapbdws amros@xsbmmman maddfded tbremsure

ayer 2 Y“;E?ééﬁ DSOS 0! o goseth sagaal ¢l o

The ot her reqtiieed Slpaty@tgs éipélgﬁl@r néd i hag kiHvRn Sepaﬁéﬁﬂersuﬁé%o%@(’éﬁpl e a
|egd 7]} t? th%o?xt*%fdt%nfif?%/ QQBfmaC&orresﬂondildgea(inii%rbgn?l%?tgovbﬁg E\Q?t act 8,
and a further i nsul atin aye ssivation o e surface
o e o ey b isdas 8, Slidle R AU gl L edrhs or e
arrangenent afd e:rentralt her sjdtign arlgueasn havaa:rbetﬁre equm&s@l bynedchi 89 avvay
the two sacrifjci.al yer

5, in which cé%e‘f%er |sfa§f§§g sﬁacet%i Jﬁﬁ ﬁ?%%ﬁ¥_cont€ﬁ§ ar%afﬁ?e
spring tongue t4hguks 4femnisores, at héghwdevel sfiritngsionglefldgibnhtid® curve
upwar ds becau§§19;mﬁﬂethat Eﬁﬁﬁ'b%n%%%§§sclb§¥eEal§abl§olntEﬁé e%Qﬁt

arrangenent accordlng ure
of an equal er051on. In the case of this example, thlS

is used as a bridge contact, in that it overlaps the
stationary contacts 7 on both sides.

The same effect can also be achieved with a
structure according to Figure 6. There, an armature

15 spring tongue 141 is provided with a central projection
147 on which a moving bridge contact 148 rests, which
projects on both sides. This bridge contact 148
interacts with two stationary contacts 144 and 145,
which are seated on two separate stationary-contact

20 spring tongues 142 and 143. These stationary-contact
spring tongues 142 and 143 are positioned transversely
with respect to the armature spring tongue 141, that is
to say their clamping-in lines 142a and 143a are at
right angles to the clamping-in 1line 14la of the

25 armature spring tongue.

In order to optimize the switching charac-
teristic, it is expedient to curve the armature spring
tongue only in places, as is described in detail in the
documents DE 44 37 260 Cl1 and DE 44 37 261 Cl. Figures
30 7 and 8 show schematically a configuration during
roduction and in the completed state, in which the
armature spring tongue is designed to be only partially
curved. In comparison to Figures 1 and 2, the major
difference is that, in Figures 7 and 8, a

35 tensile-stress layer 61 extends only over a part of the
armature spring tongue 41, so that a curved zone 62 of
the armature spring tongue is limited to the region of
the clamping-in point, while a zone 63 runs in a

straight 1line, or with relatively 1little curvature,



contact. The armature spring tongue curves because of the prestressing
to forman unobstructed opening x[err] at t he spring end. I n
t he same manner , t he stationary-contact spring tongue 42 curves
upwards, 10 afres7exposage, through thegunobstructed opening x[err].
The unobstructed contact gap thus becones x[err] = x[err] -

x[err] + d[errjovenddsapphexsprietyend. In the i&h@&&kafiéﬁe&h]Fig@h%%r]-

Thi s unobstrucie ontact. g xkerr]_can be set as required 15 "by the
geonetry of tﬁé g?%ﬁ?ﬁreégpgﬁﬁﬁﬁ?gﬁéﬁeaéﬁﬁrtﬁg WithQul | 8R%r Puddiidet
spring tongue stsrawd |ismsithsttrersid en theskigsgosausedién the spring by the
| ayer 6. Figure 3 shows the relay in the cl osed
switching state. In this case, the armature spring 20 tongue 41 is
resting directly on the opposing el ectrode, that is to say it is
touchi ng the insul ation | ayer 2 of the opposing electrode or of the
base substrate. The armature spring tongue is thus bent downwar ds
by the thickness of the first sacrificial 25 layer 3, nanmely d[err]. This
results in an overtravel of x[err] = x[err] - d[err] + d[err],
that is to say, approxinmately x[err] = x[err]. Thi s
overtravel i's i ndependent of t he manuf acturing tol erances of

t he contact heights. 30 As mentioned, Figure 4 shows a plan view
of the spring tongues 41 and 42 according to Figures 1 to 3. The
shape and the arrangenent of the contacts can be seen in this case,
nanely of the stationary contact 7 on the projection 44 on the spring
tongue 42, as well 35 as of the noving contact 8, which is attached on

t hree sides to the projections 43 on the spring tongue 41. In



addition, a hole grid 10 for etching through the first sacrifici al

| ayer 3 is shown by way of indication. GR 97 P 8089 -
9- Figure 5 shows an enbodinment, nodified from t hat

I Figure 4, wr y7a trgogdge contact. In_thps-case, the spring tongue
42 has two separate stationary contacts 7 wth correspondi ng

I Nt erconnect s 1aydrvo4, 5 il ethpEoj Bdu 1S AD, 1adpét e addhefSpms NngHeONgUe 41
forms a centr.al prOJ tion . 47,, on _whi, t Vi opt a rests.
Aslot Hoa i n A ARR St ek flehPifg iR PR REaAoRinEbpRsthen on

| evel of torsmqnadngc | eomnlgiulei.t yThe abhreadier ndrdtidneidh tensadesstkese
reliably in the gvent; 1Q o & eaquegggbeegg?% In the case of this exanple,

this i s use as a bri cont act it overlaps the
st ati onaryScont acts 7V@!¥ll%1tsh mgthegls which are KWpwns®RRE &ff e@an chA al so

be achi eved Wi to éﬁéc!@éé”%h@CCPiﬁéxngatIQaﬁngdéﬁtG -deeli®efNaggMAL UT €
15 spring tongue 141 is_provided with a centra gorOJ ection 147 on

whi ch a movi ngorisdde t&eht ader148%pBRL., vitEre @ pheect $h6n BBEACSs| des.
This bridge cady@st (48ucturknted aghs \Ab&&btwmttatait@naxya@onba@taeeaM and

145, whi ch t d I { at t 20
t ongues 14|20é‘h%‘rr%4§t ie %%gga]tsjteaql ‘ﬁ%&‘georsﬁez%rinolnqa{ey S[? n C? ofiy ﬁ%: rflélggand

143 are poSitioned twehizdhr selhe moving spring tongues and their
carrier layer are produced from a material which is
deposited on the substrate only during production. In
the illustrated example in Figure 9 a wafer composed of
p-silicon is wused as the substrate. A control base

15 electrode 11 is first of all produced on this substrate

n- by diffusion (for example with phosphorus); a
depletion layer 12 is formed between the n-silicon of

the electrode and the p-silicon of the base substrate.

The insulation layer 2 and, above this, the sacrificial

20 layer 3 are applied and structured over the electrode.

The carrier layer 4 1is deposited above this, with a
thickness of, for example, 5 to 10 um. This carrier
layer 4 1is composed of polysilicon or of polysilicon
with recrystallization. The structure of the spring

25 tongues is produced using a conventional mask
technique. The rest of the structure is produced as in
Figure 1. The various functional layers, namely an
insulation layer between the load circuit and the
moving drive electrode, possibly an additional

30 tensile-stress layer and the necessary load c¢ircuit
interconnects are thus deposited. In addition, the
described contacts are produced with the interposed
second sacrificial layer as well as any passivation
insulation required for the interconnects.

35 As already mentioned in the introduction, other
materials may also be used. For example, Figure 10
shows schematically a Jdayer arrangement in which the
substrate is composed of glass. Alternatively, it could
be composed of a silicon substrate with an



mith respect to the armature spring tongue 141, that is to say their

clanmping-in lines 142a and 143a are at ri ght angl es To thg cI?nping-in
line 141a of t ure spring tongue. In order to
optinize the sgﬁtgﬁ ﬁ 8ggérac- teristile-it is expedient to curve the
armat ure sprln ue_only in places, as is described in detail in the

ton
docurent s gn§7l?§6°%l 4RYSDE 44137 ofp] @rarHiqureistiB0 agbrepwiat® show

schenatlcally s&rfé@éft@ééﬁhéﬂﬂ ﬁuﬁéﬁg elect¥lucti o, @nd 4dyd
conpl et ed ture spring tongue is eS|gned to

be only partlg%Ftal léﬁ?gedlslanBHB%? SOPPRYE Filgiikes Subifrate + hetmmj or
difference isinsuhating layerFquse&hEn amdatea on &HE%_%if%%JF&%?ﬂESSSO
that a ourved 2one e Sre" Lt HBk  FerLhi AT drge 1 8 11 b T dio the
regi on of examplanpiang- ﬁhepbrgchem\tndblﬁ 2pneiéd metsul Nlayer idrai ght
[ine, or with tskaliyelwid | Ehesutval e, GBL21 PLEOY boing
9a- towards the s rlng en stratlon i N Frgures a an
i nsul ation | ayepr™ Bg eBU|PF im gticked | slipyustfat eckromple
silicon carrienickel- 1ron), or else of another metal alloy. The
10 important factor is that this metal has a spring
characteristic with little fatigue. Inhomogeneous
nickel layers can be produced by appropriate current
passage during the electrochemical process and these
produce subsequent curvature of the structured spring
15 tongues. The rest of the construction takes place
analogously to Figure 9 and Figure 1.

A further option for producing the functional
layers of the relay is the so-called lost-wafer
technique. This will ©be described briefly with

20 reference to Figure 11 1In this case, two original
substrates are used, although they experience layer
processing from one surface. A base electrode 11 which,
in this example, is recessed in an etched V-groove, is
first of all applied to a base substrate 1 which, in

25 turn, is composed of silicon or of glass. The
insulation layer 2 is located above this base electrode
1. After this, a second silicon wafer 20 with an
n-doped silicon layer 21, which is either applied by
epitaxy or is produced by diffusion, is anodically

30 Dbonded to the already structured base substrate 1. This
is followed by the wafer 20 being etched back from the
top surface wusing electrochemical etching resist so
that only the epitaxial layer 21 remains, and this is
used as the carrier layer for the moving spring

35 tongues. The step of joining the lost wafer to the base
substrate can also be carried out without the first
sacrificial layer 3 (gsee Figure 1), provided a free
space 31 can be formed without the insulation layer 2
firmly bonding to the doped silicon layer 21.



GR 97 P 8089 -10 - | ayer 4, and this insulation |ayer 64

forms the DC I solation of the load circuit with the lead 81 fromthe
spring tongue. The already nentioned tensile-stress | ayer 61 is |ocated
above this. 5GR 97 P Q/él‘l ous met hods WRi ch are known per se can be

used to produce the Iayer arrangenent descri bed and il lustrated. For

exanpl e, Figure 9 showsinablyasis the |caser of rtitisr exemplhe asaseelSlubstrat e
1 as created theu§t9gcw§1§9 68l Lrd wgateylecﬁg,cmh%té 4 e, Gasg of 10

this nethod, the noving 3Spring tongues carrier 1ayer
are produced fPBm a@RhatedPuslnnith ithe ~addipé¥pt ebeernigmee suldt r dtas onl y

during product hDBeadlp beent heedddibeld afach exarténdd) EbIWigueea 1Vl
conposed o SI| |s used as the substrate. A control base 15

el ect rode Elgwgt of BY$r of SHUSERIE 1 s ShBstat® laver &y fA% f usi on
(for exarrpl e vmnhubhrospnorbm)weem thedeplbadi opiktayet l2nds fiis neikibet ween

the n-silicon M ectro Qefgkﬁg%rgg %igu%g¥§% sg#*goc of th baéﬁ?su strate.

The insul ation Fayer é and are
appl i ed and st Ebeturthiinvés t heqeireds odm addﬂflnenahr rtee*rs:l]aeyertﬁbsss

deposi t ed abovfa&Qi*SGlW' tRe@load éffc&@@sﬁfﬂir dridfe cet)éa'ﬂl %ndls g0 kg derrim
This carrier | ayer I S conposed yS| I con or ysi‘l icon
10 statlonary contact 7, the second sacr1f1c1al layer 5

and the moving contact 8 are applied and structured

successively. If any additional layers are required for

passivation insulation, this is done in accordance with

the knowledge within the experience of a person skilled
15 in the art.

Another option for producing the structure
according to the invention is to use a so-called SOI
wafer (silicon-on-insulator). Figure 12 shows such an
SOI wafer as a semi-finished product. The difference

20 from the construction according to Figure 9 is that the
individual layers are in this case not retrospectively
deposited on the substrate but, instead of this, such
an  SOI wafer as a semi-finished product has a
prefabricated layer structure, in which <case an

25 insulation layer 2, for example composed of silicon
nitrite, a first sacrificial layer 3, for example
composed of silicon dioxide, and a crystalline silicon
epitaxial layer as a carrier layer 4 with a thickness
of, for example, 5 to 10 Hm are arranged on the silicon

30 substrate 1. The structuring of the load «circuit
elements 1is then carried out on this semi-finished
product analogously to the additive technique described
above, in which case the insulation layer 64, the
additional tensile-stress layer 61, the load circuit

35 interconnects 71 and 81, the stationary contact 7, the
second sacrificial layer 5 {possibly also as
passivation insulation-_for the interconnects) and the

moving contact 8 are structured as functional layers.



with recrystallization. The structure of the spring 25 tongues is

produced wusing a conventional mask techni que. The rest of the
structure is produced as in Figure 1. The various functional |ayers,
namel y an trsyl;abi gpgbayer between theload circuit and the nmovi ng

drive el ectrode, possibly an additional 30 tensile-stress |ayer
and the necessary |oafe ehnovitn of ERECESOMPEEIS, e dhs.deposlyed. I
d wth the int

addition, the descri bed contacts are produce r posed
second sacrifi EP'Sl Sﬁﬁgflggdme?Frﬁgtﬁﬁ?'pa%si99??6%@ voleage at Pon ¥equired
for the interceppéded. t85the electrdesl ready nentioned in the

i ntroduction, other materials may al so be used. For exanple, Figure 10
shows schematically a |layer arrangenment in which the substrate is
conposed of glass. Alternatively, it could be conposed of a
silicon substrate wth an GR 97 P 8089 -11-

i nsul ation |layer, or of ceramc with appropriate surface treatnent. A
base electrode 11 in the formof a netal |ayer is produced above this
substrate. An insulating layer 2 is then |located on this netal |ayer
5 and, above this, the sacrificial layer 3. In this exanpl e,
an electrochemcally applied netal |ayer is used as the carrier |ayer,
this nmetal |ayer being



c'orrposed of nickel or a nickel alloy (for exanple ni ckel -iron), or
el'se of another netal alloy. The 10 inportant factor is that this

nmetal has a spring characteristic W th little fatigue.
| hhonobgeneous gr 97 B GRdg | ayers can be produced by appropriate current
passage during the el ectrochem cal process and these pr oduce

subsequent curwal Wphfptine StddifladitadgSRleR@nts 1hoBgHes. tolbperhest oOf
the construction takes

place anal ogously to_Figure 9 and Figure 1.
A further opt I FEFLBHOdER gt s hEo f SRt FORGFILnG FayBFSSES 2hEor ShBy i s
t he so-call ed dursttneatfeerl, whit@chni gute.the Bame tiwel hsedbes tHesbakbed
briefly V\,itheoeci_‘re(;c rence t%o Fi ure F131 Inelterg:itsrod%ase hfvi’? ori gi nal
substrates are used, At hoﬁﬁh they per éiice |"ayer prgf:es%l nglFrom one
surface. ASbaseladtecigaddey 1linbiithated  finpnt hi Shexarplss | substessed in an
etched V- 0T 00ufcd fting d Mette Unmdldi@RRl! 66 £048:858 BuDsLyabgalephi ch,
in 25 turn, 1s conposed of silicon or of~ glass. The i nsul ation
| ayer 2 is | oddtedaaheverehisPriage enais odé, whith AfgepttHike §amkecond
sil:pog \Qlaf er t?lgré’\‘t xRN as @hégpgﬁg§%ﬁfﬁpﬁﬂ@@o&l1 ‘EﬁieS!Erioﬁt%itEEer
applie epi taxy or is produce i ffusion, is anodica ,
bggded toyt he %}EP% s’i‘?ﬁf@ttt?}r)éd’ ﬁggeeas%ﬁstﬁrﬁt §pringpfengue fd P%IPPSwed by
t he waf er 120 heimtheiaheth bah& brem hectrodbpp asurd aceswisi Nngf which

el ectrochem c Ihaetccof}litna%trseséilstseso that only the epitaxial |layer 21
remains, and this is used>8s the carrier | ayer for the noving spring 35

tongues. The step of jIdi nimgaise bdsarwdbertheo Hdrsdrasekilledubst tate can
al'so be carriedouty,uttholt Ihedidst 111usapriddcinl haves.d, LogeesEigure.

1), provided a free Space can be tTornmed w thout t rnsulation | ayer
2 installed in a suitable manner in a casing, so that the
15 contacts are protected against environmental
influences. It should also be mentioned that a

plurality of illustrated switching wunits «can be
arranged alongside one another on one and the same
substrate and can be arranged in a common casing, in

20 order to form a multiple relay.



firmy bonding to the doped silicon |[ayer 21. GR 97 P 8089

-12- Finally, in the case of this exanple as well, t he
structuring of the load circuit elenments is carried out anal ogously to
t He additive tgghefgpegogs has al readys; heen described with reference to
Figure 1 and 5 Figure 6. Thus, for exanple, an insulation |ayer 64 for

I nsul ation betpgeanthelbomd circuit and the drive el ectrode fornmed by
the spring tongue 41, to the extent that this is required, an
additional tensile-stress | ayer 61, the load circuit interconnects 71
and 81, the lolstationmiyrcmetmmmléhltdmeaamnmmdtaacmbﬂhgihhviﬁger 5 and

the noving contact § grgeagggég? ggd ftFUCtLﬂéﬂkase SUS . IU any

additional |ayers are require aSS|vat|on | ASU |on ’hls i s done
in accordarte with and Wh@hkmbml%aﬁﬁaqm&tﬁﬁ&ﬁﬂﬂ@aéyp@pn§ﬁcé o) a person

skilled 15 in the @ifature spring td%&ﬁé“¥4anWKEbﬁOfspEQHHQHnQﬂJB%e
structure according to the i'nvention 1S to use a so-called

waf er (siliconSfei nsul & ofFFrTFPFuri@YEX sHéhs e tOSCi:hWafké'*seas a

semF fini sged @ﬁ@gagatem@ di hier %&C%r%&tufﬂeoralté&m&st(mqt I@b@ézlch di ng
to Figure IS

ha al, _layers are S case
retrospectlvelfl}1 %aaspﬁéﬁfé 2 g §&Bs¥ﬁ§iégﬁﬁﬁiq béé&”ﬁ? iﬁ%ﬁysuch

10 from the base substrate (1) in the rest state forming a
wedge—-shaped air gap, and is fitted at its free end
with at least one moving contact (8) opposite the
stationary contact (7},
characterized in that the at least one stationary

15 contact (7) is arranged on a stationary-contact spring
tongue (42) which, opposite the armature spring tongue
{41), 41is linked 1like this on one side to a carrier
layer (4) and is elastically curved away from the base
substrate {1} in the rest state, and

20 in that the at least one moving contact (8) is formed
at the end of the armature spring tongue (41) such that
it projects beyond said armature spring tongue (41) and
overlaps the stationary contact (7).

2. Relay according to Claim 1,

25 characterized in that the armature spring tongue (41)
and the stationary-contact spring tongue (42) are
formed from the same carrier layer (4).

3. Relay according to Claim 1 or 2,
characterized in that the at least one moving contact

30 {8) has an approximately Z-shaped cross-section, one
end limb resting on the armature spring tongue (41) and
an end limb which is approximately parallel to the
first overlapping the stationary contact (7).

o
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an SO wafer as a sem-finished product has a prefabricated
| ayer structure, in which case an 25 insulation |layer 2, for exanple
conposed of silicaon nitrite, a first sacrificial layer 3, for exanple
canposed of sidh cbh Hi&B8%e, and a cryst&Pltne silicon epi taxial |ayer
as a carrier layer 4 with a thickness of, for exanple, 5 to 10 [err]m
are arranged dir t he sifi9icoh aBFIser &peore FheClriBRtbr¥ihg®of the | oad

circuit el @B dS Adenigard8d oné Frelehi sngenosf | thshadmaturlr oduct
anal ogously to the additive helchni ue ﬁ_de cribed . ralgove, ai n whirc;h case
the insul ati orPREYE P I4hel41) i ol FAISAEEITCeSE 2Py EPT8RI t he
load circuit 3oonduer cohneetgagd BmdoBd, ahbehst ain onatyothnshape/, ihhe
hsul at i onot ort4HE PAPE) E8finect iy Sra thel 47 101 48 caift oB6e s ohRane”
structured as fampid ondl2;| ayer s.engaging GRn97a Pr@@88s in the othé2a-
The function(%y{iﬁérfgg%uéquhgs4§55egﬁky Iﬁoghéget%%sgﬁibgga§£rgﬁgure. A
control voltag efr] 15 applied to’'the el ectrodes
stationary contact (7) rests on a projection (44; 46)
on the stationary-contact spring tongue (42), while the
10 at least one moving contact (8) extends over a recess
in the other spring tongue (41}.
5. Relay according to Claim 4,
characterized in that, in the extended state, the end
section (43), which is designed in the form of pliers,
15 of the armature spring tongue {41) encloses a central
proijection (44), which is fitted with the fixed contact
(7), on the stationary-contact spring tongue (42), and
in that a moving contact (8) which rests on the
stationary contact (7) on both sides extends freely
20 over this stationary contact (7).
6. Relay according to Claim 4,
characterized in that, in the extended state, a central
projection (47) on the armature spring tongue (41)
engages between two projections (46), which are
25 provided with stationary contacts (7, on the
stationary-contact spring tongue (42), and in that a
moving bridge contact (8) is mounted on the central
projection (47) and extends on both sides freely over
the stationary contacts (7}.
30 7. Relay according to Claim 4,
characterized in that a central projection (147) on the
armature spring tongue (141) is fitted with a bridge
contact (148} which projects on both sides, and in that
two stationary-contact spring tongues (142, 143) are
35 each fitted with a stationary contact (144, 145) which
interacts with the bridge contact (148).

R A R



GR 97 P 8089 -13 - via appropriate connecting elenents in

order to operate the relay, that is to say according to Figure 2 to the
substrate 1, which is at the sanme tine used as the base el ec'élrodfe, or
to- the base gl g¢tpog (which is 5, electrically insulate rom
t he base subst?at%) 58 according to t]heg enbodi nents in Figures 9 to 11,

and to theg armat ur e 5 | LS QNGHE ¢t onthis@Nchafl Leosare ti me
used as the arnmature el ecttode. Electrostatic charging résults in the
armature springlioRgter#aedeilfy thatatthaaceadriert Heavsise (4D ecef oddie as a

result of whicfpringthengeesacis &l a%8er which is ddpdsit@lSOok! @afe t0 the
person skilled in the art trr:@ the structure illustrated in the draw ng
i's i nstal | 8¢°Fn §°88FFabFe ner it a BRI ndPteEPeRhEI¢he 25 ontact s

are  protéct edartiabby nstchedrmaomsentidlicial lalkuenses. . 't sh(r)]yl d
also be nentioned t luralit of. .Lllustrated, sw tching
units can beb' ar r%%ig%%aaacfcoonrg&s?ﬁné{a%(?né%aengtfhg?aéjﬂsoi}eh&n%’ t he sane
substrate and eaprdeterizededni thatcorhmnbeasi mppbsitma2e Or)deando ther m a

nultiple rel aycarrier layer (4) are composed of silicon, and in that
the two electrode layers in the base substrate and in
10 the armature spring tongue are formed by intrinsic or
doped silicon.
10. Relay according to one of Claims 1 to 9,
characterized in that the spring tongues (41, 42) each
have on their side facing away from the base substrate
15 and at least over a part of their length a layer (6;
61) which produces a tensile stress.
11. Relay according to one of Claims 1 to 10,
characterized in that the carrier layer which forms the
spring tongues (41; 42) is composed of deposited
20 polysilicon or polysilicon with re-crystallisation.
iz. Relay according to one of Claims 1 to 10,
characterized in that the carrier layer (4) which forms
the spring tongues (41, 42) is formed from an
electrochemically deposited metal layer, in particular
25 nickel, nickel-iron or any other nickel alloy.
13. Relay according to one of Claims 1 to 9,
characterized in that the base substrate (1) is
composed of silicon or glass, and in that the spring
layer (4) which forms the spring tongues (41, 42) is
30 formed by a silicon layer (21) (which is bonded onto
the base substrate and is exposed) of a silicon wafer
{20) .

_ -
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GR 97 P 8089 -14- Patent C ains 1.

M cromechani cal el ectrostatic relay having - a base substrate (1)
with a base electrode (1, 11) 5 and with at | east one stationary
contact (7), GR &1 & ®8&BQ%re spring tongue’ (41) which is |inked on one
side to a carrier layer (4) connected to the base substrate (1), has an
armature el ect Adde (41Mesppdsit or tnmpduﬁmagﬂexnrodmi@ipmaﬁhanisal

el astically cupyedtawayalQc E@@gyt Q@c@f‘éfn&%{&er? oA Bidithst he eyl state

formng a wedge- shaped alrg , I s fl its free end W th
at |east one nﬁx’ﬂaﬁ@CGGﬁtlééfj b8) thppbelteving SteP%tatlonary cont act (7)

characterized i-n thah téeciricasty odenhdiativnacyriber CORYASt (47) 235)
arranged on_a statiqnary- cogta t spring tongue (42), i ch, opp05|te t he

armature spring tondde @PP v i YK elhei kKR P BH G0E si 88 t 02
carrier | ayer (4)1samdtmgelmemal(|2y cdhyeraway thi-pedt heebasgace

substrate (1) in th st ta ) d 2 I n.that, the at,|east_one,
cont act (8§ ?s fornggﬁg hgag%d rat WL ureh§§P|H§;t%ﬁ%ﬁ%d?%l)
such t hat it projédt §nbeeylcﬁ¢¢rsa:|adlazr mn@metspel Agyeengue (i )base
overlaps the statiopagktegpbact (7). 2. Rel ay according to Claiml,
25 characterlzed in that thé armature spring tongue (41) and t he

stationaryl®ontact &pPi riPRidyuecnAPys aldl, 42) which are linked on
one side and whose free ends are opposite one

another are formed in the carrier layer (4; 21),

- at least in places, the spring tongues (41, 42)

are provided with a tensile stress layer (6; 61)
15 on their top surface,

- a = preferably shorter - spring tongue (42) 1is
provided at its free end with at least one
stationary contact (7),

- the - preferably longer - spring tongue (41) is

20 provided with at 1least one moving contact (8)
which overlaps the stationary contact (7), with
the interposition of a sacrificial layer (5), and

- the curvature of the spring tongues (41, 42)
upwards away from the substrate is achieved by

25 etching the spring tongues (41, 42) free from one
another and from the substrate (1).

i5. Method according to Claim 14, the electrically

conductive spring-tongue layer (4), composed  of

polysilicon or polysilicon with re-crystallization with

30 the structure of the two spring tongues (41, 42), is
deposited on the base substrate (1), which is composed
of silicon, with the interposition of a first
sacrificial layer (3), the contacts and the contours of
the spring tongues being separated from one another by

35 a second sacrificial layer (5), and the two sacrificial
layers (3, 5) being etched out once the contacts have
been fitted.

D T



formed fromthe sane Carrier layer (4). 3. Rel ay according to Caim

1 or 2, characterized in that the at |east one noving contact 30 (8)

has an approxi mately Z-shaped cross-section, one end linmb resting on

the armature sgRi Ag PoBgde (41) and - af end linb which is approximately
parallel to the first overlapping the stationary contact (7).

GR 97 P 8089 1i6. Metli&d- according to Rékap adeortdiens trynadneeofolld ai ns
1to 3, changctslized ikoal (herfr s endsnpin o BBLbEed o BPY I NG
tongue (41) and of the stationary-contact sprl ng tongue (42) engage in

one anot her i nnackedt Pxhap@idkels akbety cale RATE1CUSAS] ot I ~Y4RP 47) on

the one springpe;ngt @mgeereéﬁemﬂéhwg@éwgméu o EERS od sk tHhep ot hete
spring tongue 417 42), and in that the at_|east one . st atj.onar

contact (7)°red %'or?”é‘cﬁ‘ro}%ctcpﬁlﬁoﬁﬁﬁ' 46) 91255 1n CEREPLE aFonir Y- T act
spring tongue @42)1 tWél Latebhpoddtiah bLast fonet n@a/ctmgfmﬂt acdyex 8)3)ext ends

g\égtr)rgl Egcfiscﬁ& m-4 %ngzgg?gégé%Pgegdggﬁuf%gﬁ9 eafe%ﬁ endedé&%/ac%e t he
end SectlOBaC@ﬁIE}C;LCmbh.CI’llaySEId6$5gnédSI nbe¢ére fa@pﬂnleﬂ piad etbe 1®theyf the
armature spri ”QP%QHg“%o G4d) (Eﬂf', OF€fofi i§NLEM act (HF AeLdh WBvd Afdps Whi ch
is fitted with i xed cont ac
10 the stationary contact (7) being fitted on one of the
spring tongues (42), and, finally, the two sacrificial
layers {3, 5) being etched out once the contacts have
been fitted.
17. Method according to Claim 14, in which
i5 - the opposing electrode (11) and, above it, an
insulating layer (2) are deposited on the base
substrate {1}, which is composed of silicon or
glass,
- a silicon wafer (20) with a doped silicon layer
20 {21}, in particular an epitaxial layer or a
diffused layer, 1s bonded as the spring-tongued
layer onto the base substrate (1),
- after this, the wafer (20} is etched back until
only the doped silicon layer (21) remains, and the
25 structures of the two spring tongues (41, 42) are
then etched out of this silicon layer,
- at least one stationary contact is then fitted to
the one spring tongue {42),
- at least one moving contact (8), which overlaps
30 the stationary contact (7), is then fitted to the
other spring tongue {41) with the interposition of
a sacrificial layer (5), and

- finally, the sacrificial layer ({5) is etched away.



(7), on the stationary-contact spring tongue (42), and in that a noving
contact (8) which rests on the stationary contact (7) on both sides
extends freely 20 over this stationary contact (7). 6. Rel ay
according to Cgai 74p gosgocharacterized_ifpgthat, in the extended state, a
central projection (47) on the armature spring tongue (41)
engages betweebsttreet projections (46), which are 25 provided wth
stationary contacts (7), on t he stationary-contact spring tongue
(42), and in that a novi ng bridge contact (8) is nounted on the central
proj ection (47Miamdmexhendsadn dieidtreisdesitr esllyygvedind a whehddatfenary
contacts (7). 3Q %Voddctl | ay according to C aim4, characterized in
that a central projéction 47) on the armature spring tongue (141) is
fitted with a bridge contact (148) which projects on both sides, and in

t hat two stationar rhgom&%m%eaaﬂgcwn% m%?,( #é% a4 s & 1538 ¢

fitted wth a stationary contact (144, |nteracts Mﬁt‘ the
bri dge contact (148) on ~ which anGRagmapmggggsprlng tongueg- (41) s

Relay aCCOrdIng*LQcQﬂQeﬁfwﬁh@h”ﬁslliﬁkgd on oﬁ@aéﬁ&éeiﬁdeﬁhérht$6$lﬁ@e
carrier |ayer Lact Q% in such a manner that, in the rest state,
this armature spring tongue (41) is curved away from
the substrate in a sprung manner. A stationary contact
{7} which interacts with the moving contact is arranged
on a sprung stationary-contact spring tongue (42),
which is likewise curved away from the base substrate,
in such a manner that the free ends of the two spring
tengues are opposite one another, and the moving
contact (8) overlaps the stationary contact. By
arranging the contacts on two sprung tongues, a
relatively large over-travel at the <contacts 1is
achieved despite a short armature movement (which is
possible in the case of an electrostatic drive) beyond
the extended state, by which means an adequate contact

force is produced.



spring tongues is a layer which is deposited on the base substrate (1)
with the interposition of a 5 partially etched-away sacrificial |ayer (3).

9. Rel ay according to one of Clains 1 to 8, characterized in that
the base substrate (1) and the carrier, l,gyer (4) are conposed of
silicon, and in that the two electrodéi(gyers In the base substrate and
in 10 the armature spring tongue are fornmed by intrinsic or doped
silicon. 10. Rel ay according to one of Clains 1 to

9,
characterized in thaagthe spri ongues (41, 42) %fCh / havi
side facing away fro th@]bas&fg tfate 15,,and aC | egshbe
their length a layer 6 ~61) which proﬁbces a 3225%2%%
Rel ay according £0 gRexeECaiRidekadiaret coR{THET I
carrier |ayer whFc
of deposited 204

o ot

VA7 B ST ML G AE T ATN DT O IT TN AV AT SO I A \ bl il L &S e d
WN

12. Rel ay accQreididdi@ Ll ol &l P Wl Yol L LNl W hat
from an elecér gued metal o, ayer, ig particullar 25

ni ckel , nickel -irlo ickel aIon3 13. Relay4§ccording
to one of Clains 1 ; Characterized TR = he—Trase batT at e
(1) is conposed of silicon or glass, and in that the spring | ayer
(4) which forms the spring tongues (41, 42) is 30 forned by a silicon |ayer
(21) (which is bonded onto t he base substrate and is exposed) of a
silicon wafer (20).
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GR 97 P 8089 -17- 14. Met hod for pr oduci ng a

m-cr omechani cal el ectrostatic relay according to one of Clains 1 to 13,
characterized by the foll owi ng steps: - an electrically conductive
carrier layer (4; 21) 5 IS applﬁ, W th the interposition
of an insulating | a 2), and i4nt er nedi at g, space

(31), to a base substrate (1)ﬁléh45 provi ded with arde
electrically conductjxe layer as the base el F‘(‘I)deF‘, 10) - t wo
spring tongues (41,142) whic re |linked on , olle sli[de and \whose
free ends are opposife onep anoéger are formed in e carrijer |ayer
(4, 21), - at jeast in cég t spring| t ongues 41, , . 42)

are provided with a Yensileg stress Iayerl (6; 61) 15 l'?:'—': H4ir [t op

surf ace, - a -)préferably Shorfer -~ spring| tongue (B ---s-
provided at its freef end with*t |east one ht i o )L.C;D. act (7),

- the - preferadiytonfEr—=-spring—tomgue—(¢1) L5209 7 (provi ded
with at |east one} noving d@ntact (8) whirth-owdr | ap 1t he
stationary contact (f7), wi gh t he int&ppsition of|  sacfif]cial

| ayer (5), and the cyyvature Yof the =16 engues . (41, 42)
upwar ds away from t He—sub S N -
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25 etching the spring tongues (41, 42) free fromone

another and fromthe substrate (1). 15. Met hod according to Claim
14, the electrically conductive spring-tongue |ayer (4), conposed
of"; pol ysilicon or polysilicon with rezgf stallization with 30 the
structure of the two spring tongues (41, 24, S deposited on the base
substrate (1), which is conposed of silicon, wth the interposition
of a first sacrificial |ay Eﬁ) the contagts ahd the contours of

t he spring tongues being separatEE' ofh one anoth

Ar byl 35 seco;&
sacrificial layer (5), andghe two sacrificjal Wk (3, 0%) Weing

et ched out once the tacts have been 31tted. SN 97 P 8089
- 18 - 16. I\/EO GO HeREe ' 1A ///Sﬁ\\:\\w-‘*-m*ww t he
spring tongues (41, SN/ SR NN NASANNY

?;ﬁi?ﬁfHﬁ;?Zﬁhﬁ&%ﬁié%?ﬁ%?ﬁ?pzzzqgSQa?gu?zzrqrﬁgqq?qwq
(\{7) and, aftg a second sacrificial |ayer (5))has
s@ring tongudi(41), a noving cgptact (/8

alloy, in particé
t he base substr
with the interp%it
stationary cont &1
been applied to f
whi ch overl aps
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i0 the stationary contact (7) being fitted on one of the spring

tongues (42), and, finally, the two sacrificial | ayers (3, 5) being
etched out once the contacts have been fitted. 17. Met hod
according to Claim14, in which 15 - the opposing electrode (11)
and, above it, an insulatinQ*/H&er (2) are deposited on the
base substrate (1), which is conposed of silicon or

gl ass, a silicon wafer (20) with a doped silicon |ayer 20

(21), in ' | al, . ayer or a di ffused | ayer,

I s bonded as the spring-tongued

- after this,

doped silicon | ay
spring tonguesB 4
| ayer,
the one spring
overl aps 30

ot her spring t

| ayer (5),

Jng

particular an e f

the wafer (20

he stationary
(41) with th
- finally,
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