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QUARTZ 5 10 15 20 25 30 35 SUBSTRATE W TH OPTI M ZED CUT BACKGROUND THE
I NVENTION 1. Field of the Invention The field of the invention is that of
acoustic wave devices and especially tHat of filters or resonators made on
the surface of a substrate nmade of piezoelectric material. The materi al
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coupling coefficient thatSERSTRATE W Telative band that can

be obtai ned and thgp@(@wngfthmmVEpr,s a functlon of the
t enperature. |ndeed, e te perature rises, the materi al expands and

its coefficients of-é&Fs nyertion giving rise to variations in the speed
of propagation of The Keluf oictheriwenton ibehat of moobetié r\meed@mc@ts ahe
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that ell i propagationeofahd seitface svavegand henceringhedrefuenoyef :Bhepdemeew th a cut
(X~ Thi s nmeans taatDé&ql 8h8tthd Prib cutting plane is the axis Y and the

direction of propa % his figure defines the direction W
(al ong the width ofQuast isiamaterial that Bag lqngsbe@m.gltsﬁdvfﬁr sHrfage afostiere t he

di rfCt l ]9“ Qfaver ﬂl@é\@at ITHY) can@ehetdl§ 0SeWliis Ubimdt Isﬁcél'l&i Rh&t8Y- cft EMB, anfl an
SRR e b M
cp, the rotﬁa:touehc Mdave Velogityaon anQuark" adolimik of mp@lleder,tmmﬁ Yolbylan angl e
The cut Rl ndBIaRS FLoprcty SFE? e g ey gy A8 GG P ot
2 he IEEE standard Standard on Piezoelectricity Std 176- 1949 Proc. IRE,
Vol. 37, pp. 1378-1395 (1949)).
To avoid ambiguity in the definition of the cutting angles, we shall
recall the definition of these angles here below. The axes X, Y and Z are the
25 crystallographic axes of the crystal. The crystal chosen is known as a "left-
hand quartz" crystal and is characterized by the sign of the piezoelectric
constants ey and eq4. “Left-hand quartz" is quartz such that eqy is positive
and ey4 is negative. Figure 1 shows a plate with a cut (XY). This means that
the normal to the cutting plane is the axis Y and the direction of propagation
30 is the axis X. This figure defines the direction W (along the width of the
plate), | (along its length which is therefore the direction of propagation) and t
(perpendicular to the plate). A cut and an angle of propagation are defined
starting from the cut (YX) and by applying three successive rotations. The
rotation about W is a rotation by an angle o, the rotation about | by an angle
35 6 and the rotation about t by an angle y. The propagation takes place along
the direction | of the rotated plate. The cutting plane is therefore defined
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entirely by the two angles cp and 6 (Figure 2a) while the third angle ~r

defines a particular direction in this plane and therefore, for th&‘jggém?
- waves, the direction of propagation used (Figure 2b). Here bel ow,
recall the angles defining different cuts 5 commonly used for vol une wave
filters: BT cut : cp =0, 0 = -49 ATcutch:0,8:+35 SCcut : cp =-22.4, 0 =
+33.8 The ST cut conmmonly used for surface wave devices is defined by 10
the angles cp = 0, A= 4275 and yr = 0. This cut is described in Figure 3.
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beconmes (X f { third
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operati o fQﬂmm@@l)‘fUQQdécPEVOHFH‘@ WaMBITitAE: coef ficient for this cut is
relatively | ow (abcglth[ 32 %0, eli-w deposit a material such as al um num for
exanpl e, especi aIIy Q tto mﬂ;@ Itséansducer t hat generates surface acoustic
waves on the surfad® 8\" ths S5t t he reversal tenperature point
changes. |ndeed, t&Coupamsale.4°00 % hB3.88ffect and keep a reversal
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el ectrodes can Fur T her sensj fiv
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(0] e netla | on.,l.s rea .8 | CKNESS a can e use
O byt obomtShaR reBuBheP ename@ialr&a?‘%honﬁﬁ@ nvention 16 & sarface
acoustic wave devi dn thagtasifew yegsarinereasingt nambessof rfidters diavenbeemt er s
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acoustic are, for example, resonator filters or one-directional filters of the DART or
SPUDT type. The coefficient of reflection on an electrode is a very important

characteristic for the designing of these devices. Indeed, the greater the

coefficient, the easier will it be to achieve low losses with a small chip size.

35 Furthermore, there are also surface acoustic wave resonators being made



wave device conprising: 20 - a quartz substrate having a surface of

propagati on of surface acoustic waves; - neans to create transducti
~centers and reflection centers on said substrate; the substrate hav?ZJE§2M3
cutting plane (X', Z") defined with resgect 25 to the cutting plane (X, 2)
and in a reference system (X', Y', Z"),2if X, Y) Z are the crystall ographic
axes of quartz, the direction of propagation of the waves being defined
along an axis X'', a first cutting plane (X, Z') being defined by rotation
by an angl ehap uaboathet Hypask ok réflesftorsheugh aseeicked Zyratingaor onaref often.a fir st

reference syst ' lirad 1haiM S 7] i t he
axis Z) a s%%gﬁgé %ﬁﬂ‘?%&'z%@ﬁgwfégy?ﬁ@"ﬂ“@%ﬁh5°fjgﬁ’_r%%e E‘;@re g@gﬁ‘g‘% | % an
angl e A abo@flectien ssaeffioeniofis tare ipIRatiant xeharacleristicagsta bighi meflectiobcond
reference sysdificlehtmakds it godsitieth Have axheitywitagbnar IdiRe8BRIRSshf@ axi s
X, the dlrectloa of ropfa%%?tlon al8ng,tt\]e aXIF X'' being defined by

rot at i on®byS'&% a8 dh%“?@?fed Aresthesliyalityfacton af theresopstor. 74y aphout ~ t he
axis Y, ¥\herei n: 3b musibe<noted KowWeverZhdt, fwtieraa2@ddcd is béingsdesighed,ned in
a range o

40 d -40 3 - i t ai ned i f,.t 22.5

ar ound 35+1t6?sir%{éeo‘.(t@@~)coﬁg%g$rﬁi( qu%r%'teéy\;t%’fstﬁggl ale)?r’]'ﬁ'é‘p# Cﬁ%@ggfﬁg%e al |
t he trgnsﬂ@ébtmdesentrmts cand bal Imade. ceﬁUetherr?brer,eﬁlhecsb,nsitim ’{meltthleg to .
t t. S CAl: secon
o o o8 AfRgDR rErifies B ARG BLIFL ARG ORPAISIS foseoond
bel ong 116 ametaligadicn ar thy lioke widib) e dds theagseaiar rap the dhickness aiftibenat i ve

enbodi ment r%téll*ﬂz%t?oﬂ%&@?éé’cf‘1Tlffi§‘ﬁrnﬂ§‘ﬂi1&§1i6ﬁ¥es%'tﬁﬁt embe%equgﬁaaidét
reflection comng froma grating etche 10 the quartz s trate.,
Advant ageousl vy, thénnﬁq‘%lcgﬂ?ﬂ'i g‘ﬁsomg%td°£ &%'@@\ﬂ“@g '§cB ciiass aecysie

invention aygverddeicefthal usasnatuaie subdirak and esfiectibheremedris\ier amtupdtheent  of
the i nvention he s%rfage acoustic .wave devi,ce .nmay be a one- Ei rect i onal
18 e, g

1. b
filter of t?&ef@@fﬁ SRSBE d@. HipY vgﬁi- (M\'leofprﬁ%%{yw gséﬁ?qry used
gi ves sasi sprapedies gidhbaonateriakthediagraan eptiatizedschaoice of tiee ofit afahplquagtz
coeffici entuwﬁgﬁw&&%étﬁﬁwsm {ol enperature variation. However the
i ntroduction and 1ncreasin w despread use of reflective elenents in the
new types of filter@U QT addi ti onal constraint that

nmakes the ST-cut reliakd $pbuifitaIRS anosbjBshbl theeBntite igaeaifsde hémwticance is
pl aced on theﬁéﬁfﬁl ection coefficient of a reflector, especially when it is

made of al ufff V*?ﬁ(?%’?‘Rfé‘ﬁ'%l paraneters descri bed here below in the
fol | owi g descri pti-onawuarzssubstratexthavingr & susfager@inpg@pagatioardf zsurface havi ng

equi val ent 2s propert}] s of tenperature drift and coupling
coefficient but havi n%@qi%‘usgﬁé‘?ﬁ?ga ection coefficients for the reflective

el enents. The use of 'HaENdfto Creale transsductien ecotess pakasfipetipn sentars ono
obtain a surface acougdijgupsiyftedevi ce that uses reflectors and has

advantages as Conpatrlf\%ds%sttrgté ﬂgvi% “a \t/:%hﬁ'\rg plg%\e“(g(e, %)t éi]ef?lnned'S L_itﬁurte'spect
25 to the cutting plane (X, Z) and in a reference system (X", Y", Z"), if X, Y, Z
are the crystallographic axes of quariz, the direction of propagation of the
waves being defined along an axis X", a first cutting plane (X', Z') being
defined by rotation by an angle ¢ about the axis Z of the plane (X, Z) so as to
define a first reference system (X, Y', 2') with an axis Z' that is the same as
30 the axis Z, a second cutting plane (X", Z") being defined by rotation by an
angle 6 about the axis X' of the plane (X', Z') so as to define a second
reference system (X", Y", Z") with the axis X" being the same as the axis X,
the direction of propagation along the axis X" being defined by rotation by an
angle v of the axis X", in the plane (X", Z") about the axis Y", wherein:
35 -60°<p<0°



30 Furthernore, it may be particularly advantageous to define a subset of
quartz cuts for which the tenperature coefficient of the first-ordef
“frequency is low, typically ranging from-10 ppm K to +10 ppnK, and 7 ditB 2003
which the angle of the flux is also low, typically ranging from-5 to +5.
The first condition |eads to obtaini ng4a reversal tenperature of the
frequency ss tenperature rel ationship close to 25C, which is what is sought
in practice. 2 7 F ED QO3 5 The second condition nakes it possible to
optim ze the oper at-iBda contaihed mfam afco46t acouma:i/eloﬂ@asdéw )in the snall est

possible size (wt h&p% Sohthihe8fin Ly gﬂgglgfgrz% é@al%gime\%s_aﬁg ge @gg)d angl e of

energy flux). Indee for surface ac evi ces
(T-To) + CTF2(T ToYszcpfdingra: a firstsaltaspaiive embadimiesht alttire: tram@kunﬂomder

coeffi ci entgg 'a%dtaﬁ é%%f%ﬂé??éfﬁﬁgﬁco td Bﬁeg’:{srfofo t%éeiﬁ; id

secondorder coe f|C|ent gener ally rfespon requency
variati dnh ighduteEdigitalpd £1eqiiadest t enperature of 298K, the reversal

tenperature is obt ﬂd@@ﬁbuhg tb@&%bt‘bﬁw a‘ltBﬁwéi%aémfblédﬁnémf of @he/m(i’érntrono whi ch
corresponds to.a reversal CTF2

close to - “ﬁﬂb‘/"’?@npﬁ Bﬁegﬁﬁtr'ﬂﬂ mayhpleRg-o %ﬁﬁ@@rqtgar@yﬁg%lwtr?%ﬁ exarrpl e
H%g C}‘? Io:D[r:)vm ng terrpa!raﬂ:btdlﬁg szar WMralaérnaW@bEmMeﬁFBg{h%mf?gﬁF the
clearly an eg’TGr‘i:’ Jﬁ%%%&@& ‘ger?l fs dé%ﬁé;é‘fq?‘r%#ﬁ‘mﬁ‘?@@gww %‘8@%& '?)t i on

gi ven byo wetlyequaazmubsve@trl ctive enbodiment Wth reference to the appended

figures, of whi oh: agvhBieRybn Y Mndlaliyiidr’ G W ddyido Roiting 100U es

2a and 2b |IIustrate t a cut an angle opagat i on
with ref er daR dNveptioparexade of aluwr@m\e 3illustrates a ST-cut quartz used

in prior art dSVI C@ﬁ:corduﬁg adr ené altérﬁatwgewmbbdnﬂéﬁp%ﬁtth\éelrﬂlfen@ioﬁUrtlf\élce
e e bt o e g b bR IR B iSRS o 2%
i nventi on; RSFi_Jg‘lTeré | | | ustrates the geonetry of el ectrodes used i n a
;sg(r){/:?:ﬁegcggsﬁ la?l ection coaﬁf | Ci eg‘?éﬁ gp%unglyesglﬁééoc# ﬁ]\;e%t o ﬁér%gt;}n le 6
and t he anglesfopmance characteristics in terms of coupling coefficient and curve o
frequency/temperature variation. However the introduction and increasingly
widespread use of reflective elements in the new types of filters is giving rise

20 to an additional constraint that makes the ST-cut relatively less worthwhile
when the greatest importance is placed on the reflection coefficient of a
reflector, especially when it is made of aluminum,

The physical parameters described here below in the following
description will show that there is a range of quartz cuts having equivalent

25 properties in terms of temperature drift and coupling coefficient but having
higher reflection coefficients for the reflective elements. The use of one of
these cuts therefore makes it possible to obtain a surface acoustic wave
device that uses reflectors and has advantages as compared with the
equivalent device with an ST-cut.

30 Furthermore, it may be particularly advantageous to define a
subset of quartz cuts for which the temperature coefficient of the first-order
frequency is low, typically ranging from —10 ppm/°K to +10 ppm°K, and for
which the angle of the flux is also low, typically ranging from -5° to +5°. The
first condition leads to obtaining a reversal temperature of the frequency-

35 temperature relationship close to 25°C, which is what is sought in practice.



2 7FETf~r"003 s propagation yr respectively for angles cp = 0, -10,

-30, -40, 50, -60; - Figures 7a to 7g illustrate curves of isovalueg é:the
“tenperatures of reversal equal to 25C, as a function of the s angl d I o488
~r respectively for the angles cp = 0, -10, -20, -30, 40, -50, -60; -
Figure 8 illustrates the spati al dlstrl&nnlon of the reflectors and of the
transducers used in a filter nade on the surface of a quartz substrate with
a cut defined by the angles cp = -20, 8 = 10 35.5 and ~r = +20; - Figure 9
provi des a schemat Thevsmndfcandﬁim gakes dhpossikleciot eptémizbl thegopérationt chi ng

of the fil to‘?ﬁwé“?ﬂﬁa% éc{blﬁ fi fH%ﬁQe%Yn e SARALES BQSIBIe gg{ah@vt}h M§5 5> and

yr = +20; ure uenc res onse made
15 on the &hift @fetrammhics;s tcmorangm%aiedpr sai nglesof:en@gyefu@@;d ~r = +20; -

Figure 11 |IIustraqﬁ®eltdq &Ltlw\?avfer y as a function of the

tenperature for th e section defined by the angles cp =
-20, 6 $-35.5 andAffe= TF1 (il'o le_ﬂ'fbﬂh 99D DESCRI PTION Figure 4 gives a

very schematic vi ew OTRN REEoRlertyeffididmce acoustic wave device according
to the invention. g_ﬂ__few ce c r| ses }ran duction centers and reflection

centers made by mean n'%ﬁCQP d@f%‘&? 8§85, More specifically, this
device has two int a‘rodisqhteadcﬁdp@tbﬁohrted@ewutd ahsitk diestsorder Anddsegohdc and

t flect t f ol The di t f
propagat | e Eraffiefue el 280K 10 S ubst rate after rotation and is

t her ef of® t he axi s AX'copfesphpads uotthegfretieereydediiatioh bnduded fovgh esirgmtand 0
rotated Dby érﬁgé%hﬁe M %WK Etfré'}efi%r% !{E!n;?ér%ﬂﬁqufddiéﬂﬁﬁd%;gPé’s%“vxﬁg%éZ

substrat e, rels a erre I rection of ati’on oTJ e surface
acousti c wekatiend Wi dThe Qer f or mance characteristics of the device are

optim zed. This di ggfdH %Yr@épd?fd%ﬁ@gﬂfén%bﬁaﬁirg@(f'ré‘\MsEN the angle ~:
According to the inventi O&IH = + 10.sin (3cp). Here below, for

different directi ong=dfo€ pI anes and directions 35 of propagation of
t he acoustic waves, we shgpITFgl ve the val ues of 2 7 FEB 003 7 the

coupling coefficient relative band that can be
obtained®with a de\\/\f'wﬁﬁﬁg@ﬁﬁg f%@]pgg}okg’e %P e sem -di fference between
t he speeds of the sndfGtlRs claseto ehpphé°K, rfeee)samalGr ate and the netallized
substrate; 5 the rtﬁé f&ﬁwl,@q‘uﬁqﬁﬁé;ﬂ% treﬁ'?er‘é%l Qg)té,ﬁghect or conputed in

an

ternms of h/7~, if IS ness , 1I's the wavel engt h;
the angl e of energff‘l’l ox t |n degrees) which is the angle between the

wave vector and th‘BFﬂEﬂDEB@HABG‘!@N (DF'IIHEMW@NGSN&VG 10 the
first-order coeffnr:'.uent of .the v?lrlatlon I N, the charac stlc frﬁ%uency of

the filt8r as a fudd®i JAVRAIGh e e UpdFISoqd, ML \F aﬁ Ve A PRET anbi ent

t enper at ur @dyabtages shall appear from the following description given by way of a
non-restrictive embodiment with reference to the appended figures, of which:

- Figure 1 shows a quartz plate with a YX-cut;

- Figures 2a and 2b illustrate the definition of a cut and an angle

25 of propagation with reference to the YX-cut;

- Figure 3 illustrates a ST-cut quartz used in prior art devices;

- Figure 4 is a view in perspective of a surface acoustic wave
device illustrating interdigitated transducers as well as arrays of
electrodes on a quartz substrate with a cut according to the

30 invention;

- Figure § illustrates the geometry of electrodes used in a surface
acoustic wave device;

- Figures 6a to 6g illustrate curves of isovalues of reflection
coefficient as a function of the cutting angle 6 and the angle of




t he speed of propagation of the surface waves V~; the second-order
coefficient of the variation in the characteristic 15 frequency OHZE o
-filter as a function of the tenperature, in the vicinity of the a 1EB"003

tenperature (25C); the tenperature of reversal of the

tenperature/ frequency curve that is t héd peak of the frequency/tenperature
curve for zero thickness. To minimze the variations in frequency of a
surface 20 wave device, it is necessary to choose a cut such that this
tenperature of rever padppagationay respeativelylfor afglehep +dhgt0,020)p30,a4i0ng
tenperature It nust ne.ed that, for thin el ectrodes, the nechanical part
of R may be deened to be proportional to the thickness of the el ectrode h
2s standardi zed at -t frigui@sel’@ndoh.7gn Huaipatef iasverbdel isavalwesn afhdhe

comput at i ons of Dt { ferBirdtfi BORivekSal ) do FCHuBs] AdAReticH Y Hhe O der

i
Ref |l ecti on Coefficient Surtace Acouystl rom cStl rip Overlays",
Journal ®f Applied PRpslassd and respeciiely dor ths angizs 05665101 920) 80, nay

enabl e the reflectiogocosd f-50i ent to be estimted with high precision. For

ST so cuts of the quartz for electrodes with a width of ~. /4, Ris in
The'range of 05 hi - Hodiers dlusieicule Sratal diattbufon ok ite Selectars and cor
called an "energy st ofape"traidduceroocsedsn aitet headw oputhe sarfacé ddaat a and
Vad BEM Anal vt i oa ki Bet et Bt & e oy ne RIS i 2017 BT - Saw nc
PSAW 3s1®Pr opagat i on" 355%and pf=#868°,1993 | EEE U trasoni cs Synposium | EEE
cat. No. 2 7 F E_f&; e Yo ToN r

cal cul ati ons have sho%d\g&%ﬁ%?) r|8\t\?1d%| é%@%@%ﬁﬁ&ﬁ vf%g'} ﬁ%ﬁ%’%‘“ﬁ%ﬁgﬁ%&“ﬁﬁﬁ

enabl es the cuts to §&aplingdhe i"é%iC%'ﬂgp%frm? filler ade) andthecytrgsfinegebyani cal
reflection coefficienrbhe ahyleshPLrR0T.0 5-38.8° bAE yRG!ZAN] cal properties of
quartz and al um num z?:r.e S'{ﬁ"l%ttgees?ﬁfh 5 ot her,, it _my BﬁPgﬁﬁmd that the
cuts chosen for high 1@ Pett 8 ecfrgwger}ﬁ;( fﬁpaﬂﬁﬁi% GW?? al so
have a s gh refl ecti am theetuti deferetd oy thee gngleeep et G080 0i=n -35.6° quak yz= The
results of the corrput&tdoons (see Table Il) show that for the cut zones

defined in the invention, the coupling coefficient is always at least 1o in
the sane range as th&igwepli Hiystkatesitheinsegress of He Beauemncives @ianetion

Furthernore, for all dgrhige %&hﬁeﬁﬁ‘tur‘ehf%rll%‘ﬁlteﬁﬁﬂﬁé oH theP§éctn @ﬁ@@ﬁg' es of
propagation yr for which the tenperatur f reversal .is about 25C. Table |
e deg fodb=rda.5

recapi tul ates and prd SSdt B =for-2t BBYY FrigYent cutting pl anes
identifped by the MOREDETAMBEDOBSESIPRIGN wWith a direction of 15

propagati on identi fd; by ft. EYle) | 6ys e
chosen for the coi ﬁéﬂgn%:(eé'g?s ?\e?g_hﬁlrégl]ee% _ﬁ%n'poe ff?@{%ﬁﬁ_ﬁs@a%%gﬁaﬁé of
ener gy fl u@agustie wave deniget aecordingrire the upeersion: evidies gevigei 6AMPEISes ose to

25C. Tabl g_tkénsro%ﬁ@i\té&rﬂéﬁ fahﬂeréﬂébl’ﬁbﬁa%erﬁéfsaﬁﬁé(% %mé@% hestaligbove
correspon Ieﬂgcttrgdets. © I\ﬁgrtessgeciﬁgatny,e this 3evice %az. t'\jvoEinter%l)gifq’atgd electrode
25 transducers 2, 3, 4 and 5 and two reflectors 6 and 7 formed by gratings of
lines. The direction of propagation is the direction X" of the substrate after
rotation and is thersefore the axis X" of the cutting plane defined by the
angles ¢ and 0 rotated by an angle .
For each cutting plane defining a given quartz substrate, there is a
30 preferred direction of propagation of the surface acoustic waves for which
the performance characteristics of the device are optimized.
This direction of propagation is defined by the angle W¥:
According to the invention ¥ = 35° + 10°.sin (3¢).
Here below, for different directions of cutting planes and directions

35 of propagation of the acoustic waves, we shall give the values of .



cp (degrees)A (degrees)yr (degrees)Reference- 60+ 45.5+ 23(a)- 50+ 39+
20(b)- 40+ 35.5+ 18(c)- 30+ 37+ 15(d)- 30- 38+ 18(e)- 20- 35.5+ 20(f_)
- 38.5+ 22(g)0- 45+ 24.75h TABLEI FEB?UUS
CUT(a) (b)(c)(d)(e)(f)(g)(h}STK52(% 1, 471,571, 461, 331, 241, 371, 511, 31, 16R
(h/~,)2,162,051, 71, 221, 21, 72, 12, 150, 513ng| e of energy
flux-0, 530,170, 110, 40, 150, 10, 10, 60~ (degrees)first-order coefficient
of 0, 331-0, 02-0, 7- 0, 5- 0, 040, 310, 61-0, 0O6vasi ation in the frequency(ppni K)
atQr 25 deg CV~ (mesthg BWWMQBQK%IWMBEA@mQMMMdﬁW der

\(/il(r)' g} 'Kg)n alt anT-g ;ﬁgggﬁgﬁg céqrhﬁg oi)t?llqefw@ % ggwce nd1 é r%p]cj{e%qé's? e
over 28, 335, 624, 818, 6idaiide’ sépdMiifdrbnc8 BefhWaRIrE theé sperds? ofF tBe3s@QFaGe 10 |t
can be seen from TabW’avleé oh'lﬁ% frte'éeslfdétnta‘té‘ﬂna'tﬁé‘?ﬁet%ﬁ%ﬁ'sgubgf?af@th preferred

di rections of propagation t he present
i nventi dn enabl e an thereflgstion goeflisiand i @ttha)refke@&orfqafn@wpdmmm%oét t he

sane time preservi ”gpﬁ}»h@f i?fshcﬁé tﬁi&ﬁﬁé@é &f héftélcan%aXﬁ"’éTﬁ{ee\hﬁv

furthernore be recal here are symmetri es gg }q ﬁwaves on
quartz such that: -(ﬂ'@)angle P@veﬁ%'glécfdiX/él iy degreesy pwhigh i er the

sign of 8 (cp, 6, Vihetwedtfihewawvedidr AA8 tHE PoyRting victdr &P théhsurfage | S
equivalent to (cp, 8+180, w) 10 (cp, O, yr) is equivalent to (cp, 8,

~r+180) except for tMW&@Peflection coefficient whose phase will be reversed.
I n conbimi ng t hese «dithid dirstwrdsry goefficierd , ofi thel varasenrda théatharaeteplsmpertl es

f the Rayl h k
(r)angeg O?yaﬁbﬁes""aVeﬁegBSn&?gF ﬁ&ggeﬁQE%Y@@{OQ%P@*&@@&&%JEO%% gur es
6a to 6g illustrate Mwlb’mf\ib% apbiertdempesatuse (2%t i ci ents of reflection
on an al um ni um obst &¢d &p oid bt gfo?gpb{,oﬁ ef td y@«féég @50§§%,h/ ~,. These curves

have been plotted in tak and t he ,acoustic
wavel ength 7~ to b& f Qﬁsg‘ng]q ‘érldefﬁaﬁﬂf' g#h%\Vﬁﬂ@ ﬁ‘z&ﬁ SHRIBERNSHC per i od
rﬁtl 0 a:islp ]gf 30% gsl sfrequency oftig! fike b as Th fgndtian bm'ﬂe cen‘rpeu’fawd Hebyn tie@ns  of
the sinplified node oatta an unsi nger as a
function of the secti %ﬂﬁ&%&?ﬁeé%@%ﬁ%ﬂ*p@%@?@ g% f propagation ~r for the
different val ues ofe thetareperatuireaigeverspl obtivetarepetajureffeequiencyreufveanel y
from0 to -60 per stgmiok h3)p eé{mmheurr&gﬁﬁ%mrffergéj Q& 16r Bro

graphi cal ly specify the zones coe | clent R that are
the object of the inldgkness: T—%Wéﬂ'@?‘ze the ¥yadatonsinsiEaguanay efcgedacse

ranges g§ angles Conwveedevnd:‘egur|§8n€@§sanigoSdmsbha cog@dh esatothis
tenperature of rever

al t r. relat hickn es_of
et Bl | zatbon hi o -t TAPEiAte. ph raYereaisitad W miEHELRp BckgeoRt  he
sane val ues of 30 an@lperat‘ﬁgnempmature pi ece of |nformat| on relating to the

influence of the tmﬁxgﬁﬁﬁéngfed@{a?'fbl' ﬁf'eiﬁ'e@ébt shﬂ’{@‘r??échﬁﬁndé§§ﬁrt85?t 1,

informally for it is derive oretica tron v

sol ely for MAY kerdegmed:to ke, myppertiopa] It%ﬁﬂﬁag'"c@esﬁl gf dhe elecipde dmneau,

G Mart pa, @an@ﬂ&@d aﬁanelana\%l@ﬁgthEtawlﬂﬁtphﬂédommméééd”@nsﬂﬁ‘élthlty
of SAW Devi ces 0

03 1 he | EEE U tra np. ,
b 501 oSS AL CRYR anq Hisindare foptA g Flomsiiash S gt
cust omary pReftentiohd@eefficient of Surface Acoustic Waves From Thin Strip Overlays”,

Journal of Applied Physics, Vol. 50, No. 9, pp. 5661-5665 (1979)), may
enable the reflection coefficient to be estimated with high precision. For ST-
30 cuts of the quartz and for electrodes with a width of A/4, R is in the range of
0.5 h/A. For electrodes of greater thicknesses, an effect called an "energy
storage" effect occurs, and the computation of Datta and Hunsinger is no
longer as reliable (P. Ventura, J. Desbois, L. Boyer, "A Mixed FEM/Analytical
Model of Electrode Mechanical Perturbation For SAW And PSAW
35 Propagation", Proc. of the 1993 IEEE Ultrasonics Symposium, [EEE cat. No.




Exenplary filter made on a quartz plate cut according to the invention An
illustration of the practical inplenentation of one of the novel 5 qug%@
cuts is presented hereinafter. It consists of the manufacture of a“r'e ﬁi

DART type filter according to the GSM standard centered on the 71 Mz
frequency. The filter therefore has tw® transducers, both wei ght ed by
elimnation of ,sources as well as two reflective gratings located in the
inter-transducer cavity, thensel ves separated by a distance of a quarter 10
wavel engt h93TGHs33A t-8¢ ppr 8064208) e dHowelss, our palteladionsfaveushgws thathibse

o ) DT E e f

bl Py Y pRCaS SR ol s doftibiion it 3ng 200 By bEASAS | on ©

enabl e it s peeRetyswitatregard to theironechanicphisilegtion Teefficienie barthermnaeree of the
I t i } i i ; [ tal 15

nosded 1o SHES thedhebRafoat iehanles®f ARt bhd b A9'SFRIESH Sapf™t 2

t hi ckneds iothareduray e gaemedobahthes eets ehosen) farigl deflectiosy ceeféiciesty cut

thus naki ngntdieatmmrbarbane wif akbehaieva aRyH %ﬁﬁacﬁé‘ﬁjc%’ffidiéhtm#{ Slg\foove

t echnol ogi cal nyf acturing defects. Figure 8 shows the spatia
distributi@ﬁ*ﬁgﬁpﬁéeﬁﬁﬁwgctors R (expressed by wavel ength) and the
di stribution of th&ha0restisddride oomputations(sse Tabld He sboef fhatifenthef an

| t .bei k %.,: Thi . ' fD. 84%
per vl gl FORGH6RNEY B ik MeRhid et apINB SRR ue ARV Bl et

i npedantfe #-'the S0e ®ngenasatheogoupting woetficiand go-the=S3ecutsef queee. Fi gure
9), I's tUnedr b riBANSoPlantng dutdldiRAE AR, 1A6Me] ald18HE! G RrS arigidt by and
pair fornmed by a parallel |nductance ahd a ser|es capacitor ~at output,
thi s i nductPiprRagatien ¢ iywhich the iamperateeiderversalig ahaut @°600 nH and 2 pF.

The curve shown i nTab@N eretdprilaise andnpaisdsss idfateridest iy eneldifforent thet
gr eat er

el ectrical response of the filter on a cut ). with. a rejection.far

Chan 40 dpcufiaARGef sarliedioy. B heds and plasinbbidu Wbt diiedbr °f ha
it was teecesemagationudentfiachby tresangieng Jbeargle eamiihd agtt &iaee ohosédre
filter, to Ind; Cd ; el a [ b, MOSt
new cuts) 6‘9'621%"{ ? ? %”%dét’ﬁg (Irsgﬂgglc%éé@gm\?mﬁﬁgelrf@é%@%t EP oélt?%lg Wgﬁg@b{cg&s in the
el enent ary CEQQ'ITO&C’I and theirdeppesatufr phevensa Whick i ¢lgse e PRifbed at 162. 4.
This nmeans' that theppave régdgieies B8 pRsicafl paantstets nidmfshethhbied by t
162.4 - 90 jnstead of the -90 that Hg ave been 35 obtained on ST
quartz. Th&POYB CoTeSPPPdiRg 18 h%F@%&gﬁﬁ? f'are then no longer 27 rE7t 003
12 equizml ent, and the centers of transduction and reflection need to be
shifted in the DART cells so that they can be take into account. Finally,
Figure 11 shows that the Rayl eigh waves, given the relative thickness of
netallization used (h/~, in the range of 1.67%) are

t enper at ure- conpensated in the s nei ghborhood of the anbient tenperature,
thus making it possible to obtain a parabolic frequency/tenperature
relationship for the filter whose point of reversal is between 10 and 20C.
It may be noted that the second-order coefficient of sensitivity to
tenperature is substantially greater than that of the ST-cut (-50 ppb/K2
for the cut (f) against -40 ppb/K2 for the ST-cut) but 1o neverthel ess
remains in the sanme order of nagnitude. 2 7r E 3 c003 13 WHAT IS CLAI MED
IS 1. A surface acoustic wave device conprising: - a quartz substrate
havi ng a surface of propagation of the surface acoustic waves; s - nmeans to
create transduction centers and reflection centers on said substrate; the
substrate having a cutting plane (X', Z") defined with respect to the
cutting plane (X, Z} and in a reference system (X', Y', Z"), if X Y, Z are
the crystall ographi c axes of quartz, the direction of propagation of the 1
0o waves being defined along an axis X'', a first cutting plane (X, Z)
bei ng defined by rotation by an angle cp about the axis Z of the plane (X
Z) so as to define a first reference system (X, Y, Z') wth an axis Z
that is the same as the axis Z, a second cutting plane (X', Z") being
defined by rotation by an angle O about the axis X of the plane (X ) Z')
so as to define a second



1 s reference system (X', Y', Z") with the axis X' being the sane as the

axis X', the direction of propagation along the axis X'' being def?qqﬁgﬁmm
“rotation by an angle yr of the axis X', in the plane (X', Z") about 't
axis Y', wherein: -60<cp<O - Ais contained in a range of 40 around
-40.cos (3cp) 20 - ~r is contained in a range of 22.5 around 35+10. si ne
(3cp) 2. A surface acoustic wave device according to claim1, wherein Q (A
W being defined so that the first-order coefficient of the variation in
frequency as a function of the tenperature ranges from-10 25 ppmiK to +10

ppn K and the angle r om - +5. viice according to
claim1, conprising ‘?m%drrg%(sdl t%gggﬁeé%)eg}"r@gégeetsg c'?%fgf%rgﬁ ransducer centers
and centers of refllecti-d®. 4. A #Hd6i5ce accovl8ing to dephim 1, furthernore
conprising arrays off el egf rodes t@gcreate gegters of (B)—:‘flecti on. 30 5. A
device according to claim3, wherein the quartz substrate llocally conprises
et ched grooves to clfeate®ransduc?d-dn centt8. 6. A délice|according to
claim3) wherein the elegftrodes grgy made of 1gl um ni uny)
CAhL LA A[LA{.AU. A A A9 A . AY@ .ASé@A,.Ay_CEHKNQTW%
40>| wr mhc”Y] ca] ca] cja] ca']%)a] cal ca]’@ ] ca] ca] téPcTa] c<a] 8)31] c"a] ca] ca] c™a] ca]c”
aU] ca ca] ca] ca] ca] cp] cajamU] ca] cajsmU] ca  + 20 )
-PEYT AN Zo%% TR 4 L 662upkf3£ ca] ca%‘_1 na] ca] ca]cdal ca] ca] ca] c”a] ca] ca
] c~a] ca] ca] ca] ca] ca ca]'(lzéﬁzca] calcaltalcalc %8a] caj ca](g ] c”a] ca] ca! 668t ???d@
DDDDDDEEGGNHPHYH\ H HoHi @k Q{ O [ [ A2 458&f 9f zupl#.7BV] cal cdb) cal ¢a] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] cal] ca] ca] ca] c”a] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
P'CEHKiI K-110% & ()- 10% & ()- @10% & _() -
x10% & ()-yMLO% & ()-'10% & () - F@O"é@'[ﬂ- KNQTWD- | 10% &
, 10 & () -$! #1009 () -$510% & ()-1.210% & ()- '10% & ()-f
10% & () -VoX{Y7-T{_. S 10% & ()-3+{.S 0% &_()-§+ VUS 107K & (J)-3Fx'h' S
10% & () 43+S 1096 ) - 3+ 108k &'(%) -s@c (g '(€) @ (@ ()" ST
iO%ngc'Cl( ) {8 :@0&' (3&- (L) 10:%)0|084,4? (—)/1,5102,:0@{')?,39‘13%40%,&% 31-,51%31'9%12?46( -
0z Liy3" o' o0& ()-2z! N () 5! . 0' Q& () o, M&' ()-8
109%4-0+0& }3" & 10%08& () - s>%&%3%.§@?'710{>/8%( 01&%()9§7y/ 5,11924B% g
"10% o' 0&'| birgle!lof Bp&'aY AUk 0- 0&'-0,53 20,0 3'0110% 0;40&0(1)5 20|10y 30,10%0¢8 0&'0( )+ z! Oy 3"
10% o( 0& ()q-(agé\le@)@‘ F'10% & ()-!F"109%H& () - 109K ()-'10%4& ()- 10'p

first-order coefficient of 0,33 1 -002 -0,7 -0,5 -0,04 0,31 0,61 -0,06
variation in the frequency

(ppm/°K) at

—Ai 25deg C
AT

Voo (m.s") 3626 3548 3444 3324 3320 3444 3546 3625 3157
second-order variation in -49,7 -47 -456 -40,7 -43,2 -44,1 -47,8 -50,4 -40,1
the frequency (10°/°K2)

2

Af
at — 25degC
AT? g

temperature inturnover 28,3 35,6 24,8 186 16,7 174 28 30,6 17,3
elurn (OC)

TABLE Il
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10 e (o, 8, y) is equivalent to (o, 6, y+180°) except for the reflection

coefficient whose phase will be reversed.

In combining these different symmetries, it is assumed that the
properties of the Rayleigh waves are described solely for quartz in the
following ranges of angles:

15 -60° < @ < +60°, -90° < 8 < +90°, 0° < y < +90°

Figures 6a to 69 illustrate the curves of isovalues of coefficients of
reflection on an aluminium obstacle with a small relative thickness h/A.
These curves have been plotted in taking the ratio between the height h and
the acoustic wavelength A to be far smaller than 1% for a metallization per

20 period ratio a/p of 50% as shown in Figure 5. This has been computed by
means of the simplified model based on the computations of Datta and
Hunsinger as a function of the section angle 6 and the direction of
propagation y for the different values of the section angle ¢ concerned by
the claims (namely from 0° to —60° per step of 10°). These curves make it

25 possible to graphically specify the zones with high reflection coefficient R that
are the object of the invention. However, in order to somewhat reduce the
ranges of angles concerned, Figures 7a to 7g show the isovalues of
temperature of reversal equal to 25°C for relative thicknesses of metallization
h/A that are zero and equal to 5% with a/p = 50% for the same values of

30 angle. This latter piece of information relating to the influence of the
thickness of metallization can however be used only informally for it is
derived from a theoretical computation validated solely for the ST-cut (E.
Henry, S. Ballandras, E. Bigler, G. Marianneau, G. Martin, S. Camou,
“Influence of Metallization on Temperature Sensitivity of SAW Devices" Proc.
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EYE, EdJ+/ 1Bxemplaryiidermadeson a quartz plate cut accordmg to the invention
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10%.9&' 10) - wayelangih. ()Tmsm%@we( f ela® i8) MRdeo@node( put (f), whose
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thus making the manufacture of the device less subject to purely
technological manufacturing defects. Figure 8 shows the spatial distribution
of the reflectors R (expressed by wavelength) and the distribution of the
20 standardized transducers T, the coefficient of an elementary reflector being
2.92%. This corresponds to a maximum of 5.84% per wavelength. The filter
which is designed to work with an input impedance Z, = 3000 Q and an
output impedance Zy = 500 Q (see Figure 9), is tuned by means of a 1.1 yH
parallel self-inductance at input and a pair formed by a parallel inductance
25 and a series capacitor at output, this inductance and capacitor having
respective values of 600 nH and 2 pF. The curve shown in Figure 10
enables an assessment of the quality of the electrical response of the filter
on a cut (f) with a rejection far greater than 40 dB and band losses of about -
7.5 dB. It must be noted however that it was necessary, during the designing
30 and the manufacture of the filter, to get rid of the reflection coefficient phase
(inherent in most new cuts) by shifting the reflectors with respect to the
transducers in the elementary DART cell, said phase being theoretically
estimated at 162.4°. This means that the wave reflected on the reflector is
phase-shifted by + 162.4° - 90° instead of the -90° that would have been
35 obtained on ST quartz. The two directions of propagation are then no longer
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20 - y is contained in a range of + 22.5° around 35°+10°.sine (39)
2. A surface acoustic wave device according to claim 1, wherein
-60°<p<0°
(8, y) being defined so that the first-order coefficient of the
variation in frequency as a function of the temperature ranges from -10
25 ppm/°K to +10 ppm/°K and the angle of flux ranges from -5° to +5°.
3. A device according to claim 1, comprising interdigitated
electrodes to create transducer centers and centers of reflection.
4. A device according to claim 1, furthermore comprising arrays of
electrodes to create centers of reflection.
30 5. A device according to claim 3, wherein the quartz substrate
locally comprises etched grooves to create transduction centers.
6. A device according to claim 3, wherein the electrodes are
made of aluminium.




