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| NCLUDI NGyvA dsldvBER OF SUCH DEVI CES Technical field of the HQWsHEBOeM85 The
present invention relates generally to rladio filters, e.g bandpass filters
whi'ch may be in the HF-area, used in mobi_| e radio system and nore
parti cul arFJLTBRt RENINGnPRY IGE §HPthNFN§r§LAEEE§N9&PQ5N Coft NUMBERJOFrt 10
Sonme kind of tunin arrangenent Is needed to tune a HF- filter to the right
frequency. SYRHsPE¥YCESr exanpl e be done with a tun}ng~se%eﬂfa+oﬁe—or_mnth

a tuning plate where a tuning screw noves a part of the tunin
conventional BP(bandpass) -filter includes a body, a Ii w mu@mmmiwn
cavities, center conductors, tuning screws, an input , t | oop

and connectors. The walls of the filter cavities are fornedeWWthe i nner
surfaces of a filter casing. The filter casing is formed fromthe

hol | owed- oBechodgadniedd [ofd theerimsentdmtuct ors are placed 20 inside the
filter cavities. Tuning screws for tuning the filter, that is the center
conductors, to the right frequency are arranged in the lid and extend into
the f5teFheapireisent Gmay eniriiony wsohedved genermiged Yo naid ifdlters,

e.g bandpass filters which may be in the HF-area, used in
e.g. a mobile radio system, and more particularly to the

tuning of such filters.
Description of related art

10 Some kind of tuning arrangement is needed to tune a HF-
filter to the right frequency. This may for example be done
with a tuning screw alone or with a tuning plate where a

tuning screw moves a part of the tuning plate.

A conventional BP(bandpass)-filter includes a body, a 1lid,
15 filter cavities, center conductors, tuning screws, an input
loop, an output loop and connectors. The walls of the
filter cavities are formed by the inner surfaces of a
filter casing. The filter casing is formed from the
hollowed-out body and the 1id. Center conductors are placed
20 inside the filter cavities. Tuning screws for tuning the
filter, that is the center conductors, to the right
frequency are arranged in the lid and extend into the
filter cavities. One tuning screw is arranged in the 1lid

for every center conductor in the filter. Each of the
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for every center conductor in the filter. Each of the WD 98/54783

PCT/ SE98/ Q@k34788 center conductors are intended to recei vePéa]q%gg; 9tlgansmt
radio signals within different frequencikes. The input |oop and the output

| oop are connected to connectors and the 5 connectors can be connected with
cables to functional units, such as printed circuit boards (PCB:s) and
antennas. The arrangenent of the various elenents in a filter as

descri bed calmmer arendeidodenare iimtdededt tol Peb¥Pieahnaydterrhishhe art
systens, tuning screws with locking nuts are 10 used. The filter 1s tuned

by turn|ngdﬂnm:smgmunﬂnwﬂtniﬁedifﬁﬁ&eﬁteﬂﬂ@@ﬁﬁnéﬂésth@h€0£ﬁ§§90ﬂ9bﬁg
center conductor is set. Wien this is done, the screwis fixed by

ti ghteni ngmi toeldutpuiitl s tadre seomnecYBentbheosseevols LHANEHet he
capaci tance between the screw and the center conductor 15 changes. The

tuning of coririddtyrsMddn dd Winitedtad ewi €hMadB1Ls therusapEoNay. by
rotating a tuning screw. The difference is that instead of using a | ocking

nut to fisurdies ! Widly &CEaMintdd ROBFEL DR, b8atdBi | nﬁcﬁlé?]eaﬁénaﬂe Higd. The
screw noves 20 of the tuning part plate axially when the screw1s rotated

This createse atedis)amkin dﬂ"etﬁélr\#é‘ﬁlcpuét e18Rkabsi DR gage1ctpe friction for
the tuning screw when rotated and thus
described above are well known in the art. In typical state
of the art systems, tuning screws with locking nuts are
10 used. The filter is tuned by turning the screw until the
right frequency for the corresponding center conductor is

set. When this is done, the screw is fixed by tightening a

locking nut on the screw. When the screw is turned the
capacitance between the screw and the center conductor

15 changes.

The tuning of a filter with a tuning plate is made in the
same way, by rotating a tuning screw. The aifference is
that instead of using a locking nut to fix the tuning screw
in position, a tuning plate can be used. The screw moves

20 part of the tuning plate axially when the screw is rotated.
This creates a tension in the tuning plate which increase
the friction for the tuning screw when rotated and thus
fixes the tuning screw in position. In this case the
capacitance is changed by moving a part of the tuning

25 plate.The screw only moves the plate and does not have a



fixes the tuning screw in position. In this case the capacitance is
changed bywpogisaggza part of the tuning 25 plate. The screw ongyr/smmeessishe
pl ate and does not have a WD 98/ 54783 PC¥/ SE98/ 00918 3 mmjor inpact on the
change of capacitance. The state of the art tuning plate has bent slits
formed in a rose pattern around each area of the tuning plate which
corresponds to a 5 tuning screw. The way the slits are forned enabl es the
central pamajofr timpadsen chmvahandal oy capanhrgnoe. t Beei svanei of the
present invention focuses on the tuning plate placed between the body and
the |id. |amtaruwsixeanlatethasheéatc pgebent fappedathes poseepttpeshl ens.
First , the tuning of the first type of state of the art filters that are
tuned witkowungigarta angd mf pihe ctunbag eslater whiem shenespohdsesbdi Ag
because of the need for two tools when tightening the locking nut. If a

t uni ngSscr eundirtch scxiév | ditke gpnuthe sslisesl, aret fbrmadoénbhkekoekeng nut by
itself. wll also cause the screwto rotate. Therefore a second tool nust
be used to deltdkdhepamctr enf ithe erasd | tstmboel aksalliged to tighten the

| ocking nut. This nmethod is cunbersome because it takes nore tinme, nore
space, and the use of nore 20 tools than is necessary or optimal. Secondly,
when a st atsuampiatyheofirthé uimventdetie w t h bent

The present invention focuses on the tuning plate placed
between the body and the lid. It can be seen that the

10 present approaches present problems. First , the tuning of
the first type of state of the art filters that are tuned
without using a tuning plate creates a problem when ‘
autotesting because of the need for two tools when
tightening the locking nut. If a tuning screw with a

i5 locking nut is used, rotation of the locking nut by itself
will also cause the screw to rotate. Therefore a second
tool must be used to hold the screw while a first tool is
used to tighten the locking nut. This method is cumbersome

because it takes more time, more space, and the use of more

20 tools than is necessary or optimal.

Secondly, when a state of the art tuning plate with bent
slits in a rose pattern is used, the resistance to earth is
relatively high and the currents do not take the shortest
route to earth. To avoid intermodulation, IM, some of the

25 tuning screws must be electrically isolated from the tuning



slits in a rose pattern is used, the resistance to earth is relatively

hi gh and twe smssmsgnts do not take the shortest route to eardgdysebgodygi d

i ntermodul ation, IM sonme of the 25 tuning screws nmust be electrically

i solated fromthe tuning WO 98/54783 PCT/ SE98/ 00918 4 plate, preferably

wi th PTFE(tefl on)-washers which are fastened on the tuning plate. Normally
the parts in a filter are manufactured with high 5 precision on the
sur f aces whlahef opreflesabdyt atitths (RTRE ese £ bet Wweeashdres twini ety gttt € and t he
body, and the joining is mnade by using screws. To minimze the

el ect ronaghasteneddoat ithve (tEVMONG Ipelateect ri cal contact between the casted
part, that is the body, and the tuning plate nust be 10 excellent. To
fulfil the requirenments for the high working frequencies (around 1.8 Ghz)
for the fiNoemgllyh&hei paatse ithet visektehease reasufastubed neltd i lvigly snal |
(around 20 mm which neans that the nunber of screws needed in a filter is
si gni % canprets sAoot keer thactsoir idtesh wih soh efiphastae scdieadre esuf ficgood
contact between the body and the lid is the risk for internmodulation (IM.
Hol es in thetweennghel &unmistgoydlchtze amBidehai bbdga, namnd mehe t Péahimg eps f or
mnimzing the risk for IM 20 Accordingly, one object of the present

i nvention madeoby using screws. To minimize the electromagnetic

radiation (EMC) the electrical contact between the casted
part, that is the body, and the tuning plate must be

10 excellent. To fulfil the requirements for the high working
frequencies (around 1.8 Ghz) for the filters, the distance
between the screws must be relatively small (around 20 mm)

which means that the number of screws needed in a filter is

significant.

15 Another factor which also emphasizes the need for good
contact between the body and the 1lid is the risk for
intermodulation (IM). Holes in the tuning plate should be

made with a minimal total area for minimizing the risk for

IM.

20 Accordingly, one object of the present invention is to
minimize the problems of having slits in the tuning plate
by minimizing the area of the slits. Another object of the
invention is to minimize the problem of the currents not
taking the shortest route to earth by using straight'slits

25 instead of the curved slits used in the state of the art



m nim ze the problens of having slits in the tuning plate by mnim zing
the area wlodsm7ssl its. Anot her object of the invention is POTRFRI% e the
probl em of the currents not taking the shortest route to earth by using
straight slits 25 instead of the curved slits used in the state .of the art

WO 98/54783 5 PCT/ SE98/ 00918 tuning plate. Yet another object of the
invention is the use o

YT o0 2 26, O AL ETERkgok nesthed harles ud paos < (o

the tuning plate 5 and in this way
o1 Got 1 ommgieR 12 1 ST HA G CERAT | FECSGPREER BR) “niAel o taees (% body
The contr PTUMA SRORNEORROER PERVPERT SDRAESTY (e e plATE "1 6 W h tuni ng
5 P e PR HOR A S o bty

s§sions 1'n e tuning plate in each

tuning unit so that  the. tuni Late i s wave-for . aro dlﬁﬂﬂ er
square in (éﬂﬂerTPomﬁPhWHF?etg%eg}§§%§ﬁmﬁg?§%}€é$¥%f :gﬂ?n%rove tﬂe 15 I M
characteristics and to allow a sufficient noyenen . i e
axi al di r eelp6Krérad CORTAGEsOEENSSR tgiﬁf?%ﬁi/%n?néro%%e%\%}?}lgé ta%?as&é;aisg
nmeans at |east 2-3 mm is.the canbi nati on of _the Iéi$t$nd t he

ol'u

It
depr essi onexckddentalde &0 (e SRS dhdvAht 55200 ion possible. 20
The result will be a filter which is possible to tune

The central idea in the invention is to make a tuning plate

10 with tuning units with straight and narrow slits that reach
out diagonally from a center square and to have multiple
depressions in the tuning plate in each tuning unit so that
the tuning plate is wave-formed around the center square in
order to minimize the resistance to earth, to improve the

15 IM characteristics and to allow a sufficient movement of
the plate in the axial direction of a tuning screw. A

sufficient movement in this case means at least 2-3 mm.

It is the combination of the slits and the depressions that

makes a functional and advantageous solution possible.

20 The result will be a filter which is possible to tune
automatically, which is more cost effective and which has

less risk for intermodulation.

If the tuning plate with the tuning units and springs 1is
designed according to the preferred embodiment of the

25 invention, the number of fastening screws in the 1id may
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autdnatically, which is nore cost effective and which has |less risk for

i nt er nrodul atWw@A8/547M3t he tuning plate with the tuning units aanﬁﬂ#%@ﬂﬁlés
desi gned according to the preferred enbodi sent of the 25 invention, e
nunber of fastening screws in the lid may WO 98/ 54783 PCT/ SE98/ 00918 6 be

reduced by approximately 60% conpared to the state of the art sol ution.
Tuning and el ectrical sealing function is united in one 5 detail, that is

in the tunirgepredecedhby appagire tsalyitd N oWridh AePres s angd fur
slits the area of the tuning plate cooperating with the center conduct or

is increasedldy 0% solpaied.with the state of the art system The filter
is easier to tune if the areais 10 larger (C = E * A/d). The force needed
to tune the filter is decreased by a factor around 2-4 due to the easier

movenment of Twein@nang eleict roowylarsest Midd) fiuietie, ri%Serfictre@Eq.nSto%Lge of the
art pattern_which neans that the thickness of the tuning plate may be
decreaséd. Tetaidka phatheshdneshen tigdquplng )l ate may be decreased to
around half the area needed today by using the straight and narrow slits
that reach out diagonally fromthe center square.

When using the solution with depressions and four slits the

area of the tuning plate cooperating with the center

conductor is increased by 50% compared with the state of

the art system. The filter is easier to tune if the area is

10 larger (C = ¢ * A/d4).

The force needed to tune the filter is decreased by a
factor around 2-4 due to the easier movement of the tuning
unit compared with the the rose-formed state of the art
pattern which means that the thickness of the tuning plate

15 may be decreased.

The area of the holes in the tuning plate may be decreased
to around half the area needed today by using the straight
and narrow slits that reach out diagonally from the center

Square.

20 No electrically isolating PTFE(teflon)-washers are needed
on the tuning plate to isolate some of the tuning screws
from the tuning plate because of the smaller area of the
slits in the tuning plate and because of the better cbntact

between the body and the tuning plate.

25



20 No electrically isolating PTFE(tefl on)-washers are needed on the tuning
pl ate to\69kai®ssome of the tuning screws fromthe tuni ngP@Ie8HPEBause
of the smaller area of the slits in thé tuning plate and because of the
better contact between the body and the tuning plate. 25 WO 98/ 54783

PCT/ SE98/ 00918 7 Brief description of the draw ngs The present invention
wi |l now be described in nore detail wth reference to preferred

enbodi nenerieff desqarigsdnin of mlentdoawiggsen only by way of exanple, and
illustrated in the acconpanying drawings, in which: FIG 1 schematically
illustrates a side cutaway view of a state of the art filter for e.g a
mobi | e t elgRhge st emverfliGn vsrhemewi bal Bgscklibstr ahemornepdespédti ve
view of a 10 state of the art tuning plate with holes for the screws

j oi ni ng begwh (rfdkitate gk fexirédrembbddimentenoé. ghe pmebehe tel ephone
system FIG 3 schematically illustrates a side cutaway view of one cavity
in a statefedtior) tgivéd asniwrbe. gap obbekenpIet eheghdddusysherd EnG 4
schematically illustrates a perspective view of the preferred enbodi nent

of the presgntadiMesinPing Ffwingshemmat whakhy illustrates a top view of
t he

FIG. 1 schematically illustrates a side cutaway view of a

state of the art filter for e.g a mobile telephone system.

FIG. 2 schematically illustrates a perspective view of a
10 state of the art tuning plate with holes for the screws
joining body, tuning plate and 1lid for a filter in e.g a

mobile telephone system.

FIG. 3 schematically illustrates a side cutaway view of one
cavity in a state of the art filter for e.g a mobile

15 telephone system.

FIG. 4 schematically illustrates a perspective view of the

preferred embodiment of the present invention.

FIG. 5 schematically illustrates a top view of the
preferred embodiment of the tuning plate where depressions

20 and slits in one tuning unit are shown.-

FIG. 6 schematically illustrates a side cutaway view of
the depressions in one tuning unit of the preferred

embodiment of the present invention.



preferred enbodi nent of the tuning plate where depressions

20 and slits in

one tuni ng wiDvs/a¢s583shown. FIG 6 schematically illustrates aPsi de c/ut away
view of the depressions in one tuning uni8 of the preferred SHHEGPARAE  of

t he present
illustrates

invention. WD 98/54783 e PCT/ SE98/00918 FIG 7 schematically
a top viewof the preferred enbodinent of the tuning plate

where springs__ between the tuning units, at the edge of the tuning plate,
hol es for sci¥iws fACheRRT bRl by bllussrbsss, d itbmndiew Wi ngel ate and
al so depressions and_slits_in ten tuning units are shown. FIG '8

schemat i cal IRF§14RRq AROAHERpE ePEr Ebe EMbAdtigTiia t e fwHdie: SRy iMgre! enent s

placed at the edge of the tuning 10 plate of the present invention. FIG
9a schemt i RATHEIN IHhe riteing whilesvi ew thet keigepreef aiHee twbRdigTRMe Of

the spring elements between two tuning units in the tuning plate.
hplies fr fexews tbpr vibe obinkeg b3 pief efased ankogipent of the

schemat iPcal |

~spring elenents between two tuning units in the tuning plate. FIG 10
schemat i cal IS yNdRyatiesand sileo videpretsabass phHd1G 1 1als tihe 2998 9 iy

tuning plate of the

A TS R e T A et e ke are s o+

10

15

20

units are shown.

FIG. 8 schematically illustrates the preferred embodiment
of the spring-elements placed at the edge of the tuning

plate of the present invention.

FIG. 9a schematically illustrates a side view of the
preferred embodiment of the spring elements between two

tuning units in the tuning plate.

FIG. 9b schematically illustrates a top view of the
preferred embodiment of the spring elements between two

tuning units in the tuning plate.

FIG. 10 schematically illustrates a side view of one spring

at the edge of a tuning plate of the present invention

FIG. 11 schematically illustrates a side cutaway view
showing where the present invention would be located in a

filter for e.g a mobiie telephone system.

FIG.12 schematically illustrates a perspective view of a

filter with a tuning prlate.

FIG 9b

5



present invention FIG 11 schematically illustrates a side cutaway view 20
showi ng Whgregskfage present invention would be located in a PCT/BEBOPYB e.g a
nobi | e tel ephone system FIG 12 schematigcal ly illustrates a perspective

view of a filter with a tuning plate. WO 98/ 54783 PCT/ SE98/ 00918 9
Det ai | ed description of enbodinents Briefly described, the present

I nvention provides an apparatus for tuning of radio/BP-filters used in

e.g. 5 nopile.oadi o syshens o TNee PLESS8imbAYENt i ON focuses on the tuning
pl at e 30088F5é38%b§t°menyt%e°‘hgg§ 111 ain"a the lid 110. Figure 1
schematically illustrates a side cutaway view of a state of the art filter

711 Cor | REibas oy T T DHEIEE FTFERr CeR,Prrel TT1aticont of

I'ter cavities 114, center
conductors 112, _ tuning ,scre 3 A i, RpUL - 12032804t gut 1 oop 121
and conne@PHPE Y %%ﬁg}n¥ﬁgﬁga%%sriggoégetEéh?%PFer SCavitied 114 are
forneg by the .inner.surfaces of @hf'

B R A e e e

nter conductors

JEEON LR e

e center conductors
110.

Figure 1 schematically illustrates a side cutaway view of a
state of the art filter 20 for e.g a mobile telephone

10 system. A conventional BP(bandpass)-filter includes a body
111, a 1lid 110, filter cavities 114, center conductors 112,
tuning screws 113, an input loop 120, an output loop 121
and connectors 122, 123. The walls 124 of the filter
cavities 114 are formed by the inner surfaces of a filter

15 casing. The filter casing is formed from the hol}owed-
outbody 111 and the 1id 110. Centér conductors 112 are
placed inside the filter cavities 114. Tuning screws 113
for tuning the filter, that is the center conductors 112,
to the right freqﬁency are arranged in the 1id 110 and

20 extend into the filter cavities 114. One tuning screw 113
is arranged in the 1id 110 for every center conductor 11 in
the filter. Each of the center conductors 112 are intended
to receive and/or transmit radio signals within different
frequencies. The input loop 120 and the ogtput loop 121 are

25 connected to connectors 122, 123 and the connectors



e NS

to the right fréquency are arranged in the lid 110 and 20 extend into the

filter cavitWe$83dr43 One tuning screw 113 is arranged in the Ji E’ng'/gwf]?r
every center conductor 11 in the filter. ®ach of the center conductors 112

are intended to receive and/or transmt radio signals within different
frequencies. The input |oop 120 and the output |oop 121 are 25 connected to
connectors 1%%2 i%% and the connectors 1 WD 98/54783 10 PCT/ SE98/ 00918
122,123 can cofineCABd bR CRNEgItesl (Width statvds t nof Usséi9NatUni ts (not
shown), such_as Er_i nted circuit boards (PCB:s) and antennas. The filter is

tuned by tur AFRGE3OPRL ¥BAER 1D9tushiownihe sudhtad reauerey & oFcd e
correspondi ng.ce ter _conductor 112 is set. Wien this is done, the screw
113 is fixed B} EFghPERI Ay arroekitepnmst. THES fisl wan he Gaeay By, f L GHLE % on
t he scr 113. When the screw 113 is turned the capacitance between th

screw 113 10“BRdSEREWcAABeypshdi hhecerohit dondnoimsy 147 ahianges. The tuning
of a filter with a tuning plate 100, 300 is nade in the sane way, by

rotating a tGRFhgSBeredng18enher| cohductioghtl 1fy eiquanay. iheiflenid 1he
filter the tyning gl ate is placed between the base and the 17d as can be

seen in 15 FiQRfe 3RS TAzedi LL3r éacéiked byt dikgitad f ausli&g{iq.lglfgg i ng

nut 115 to fix the tuning screw 113 in position, a tuning plate , 300

can be used. 1 ¥hers ceaw be3seenesnpéiture 3 on the screw 113. When the
screw 113 is turned the capacitance between the screw 113

10 and the corresponding center conductor 112 changes.

The tuning of a filter with a tuning plate 100, 300 is made
in the same way, by rotating a tuning screw 113 until the
right frequency is set. In the filter the tuning plate is
placed between the base and the 1id as can be seen in

15 Figure 11. The difference is that instead of using a
locking nut 115 to fix the tuning screw 113 in position, a
tuning plate 100,300 can be used. The screw 113 moves part
of the tuning plate 100, 300 axially when the screw 113 is
rotated. This creates a tension in the tuning plate 100,

20 300 which increase the friction for the tuning screw 113
when rotated and thus fixes the tuning screw 113 in
position. If more friction is needed, a plastic coated
screw, also called a Stop screw, may be used. When using a
tuning plate the capacitance is changed by moving a part of

25 the tuning plate, the tuning unit. In the state of the art



of the tuning plate 100, 300 axially when the screw 113 is rotated. This
Creates awoesuTai in the tuning plate 100, 20 300 whi ch i ncPEASEIFHS18
friction for the tuning screw 113 whenifotated and thus fixes the tuning
screw 113 in position. If nore friction is needed, a plastic coated
screw, also called a stop screw, may be used. When using a tuning plate
the capacitance is changed by noving a part of 25 the tuning plate, the

tuni ng unid, iy thes st af @0 ofndhe ant tYQUIY 24 AR RGHSEPRINAI B0 Lils t uni ng
plate 100 shown in figure 2 the tuning unit 400 is equivalent with the

area cont gl ik ide: BePEnSEhESa203 BntaifrdSfy Ped Gent B v dhesldts
201 are forfred enables the 5 central part 101 of the rose to nove axially.

The cent erro%é)-éaé@grxqf thE LHP BgeURIY da) 201 448 feridBtchdisl &8 aged

above the ce 142 of the corresponding center conductor. The screw 113
only npves.ihe b Z}%%réo%glig@ 2ad dees MY mdwyeaRi MBI Pr THPAn Ot he

change of capacit e. nmechani cal | y adj ust abl e capacitance is

provided, {05 £¥anpke apLURLAYASCReW L1, | Ph&OPbh DAL STa v ths piakbdg

pl ate, where the tuning screw nay or nmay not be in direct electrical

cont act “jég?ﬁget§gn%§%tgkaﬁﬁ2 @&eQH%585¥f%§$oﬁ§§néféeﬁtEErEbﬁﬁ@é@oﬁQO

w th bent I'n a rose pattern is used, the resistance to earth

is relatiygly higl 379 HR8 SR Sulo Piphcbakgot hgoshahdesbes not

have a major impact on the change of capacitance.

10 A mechanically adjustable capacitance is provided, for
example a tuning screw 113 in combination with a tuning
plate, where the tuning screw may or may not be in direct

electrical contact with the tuning plate.

When a state of the art tuning plate 100 with bent slits
15 201 in a rose pattern is used, the resistance to earth is
relatively high and the currents do not take the shortest
route to earth. To avoid intermodulation, IM, some of the
tuning screws 113 must be electrically isolated from the
tuning plate, preferably with PTFE(teflon)-washers which

20 are fastened on the tuning plate (not shown).

Figure 4 schematically illustrates a perspective view of
the preferred embodiment of the invention. The tuning plate

300 has, in this embodiment, ten tuning units 401.

Figure S5 illustrates schematically a top view of the tuning

25 plate 300 where depressions 1, slits 2 and the bump 3 in



route to earth. To avoid internodul ation, IM sone of the tuning screws

113 nust leoegessyically isolated fromthe tuning plate, p5%g%& /(¥1¥Ath
PTFE(t ef | on) -washers which 20 are faste¥ed on the tuning plate (no

shown). Figure 4 schematically illustrates a perspective view of the
preferred enbodi nent of the invention. The tuning plate 300 has; in this
enbodi nent, ten tuning units 401. Figure 5 illustrates schematically a top

vi ew of thgpbURLAYng2ankkat® 132 ML essi ons slits 2 and _the bunp
3 in WD 98/54783 12 PCI/ SE98/ 06918 o(rqllen ﬁfrﬁ ncgl{%nﬂ&%%im%%‘éo?’dﬁi f3°¥B - one

enbodi ment TREe8AONG- p1ike hggi@%%géggiggg;fggggé%tﬂgi ¥ d slits 2. The

depressions 1 are integrated int tuning p fred with

different hepgbhsibasbl 3§e5|1ﬁ%girz):%tfeicﬂq_rﬂ?ethcﬁ E?M'{rgg‘ (él a.is%poﬁ%a“t in order

to obtain a soft novenent in the ate. anc %%dlonger

than dist apeemcbliandalecanghe 1aciien di shance L. and, (b should be

around 90, preferably nore than to obtdin &S 1X§05 | n the

centersof @nhidAi 0 YRbLLreARE! eya 3 is made in order to
absorb the force (F) Tr gmtheg%éu%?(r%g&r g%r eo\?\? rHe) usrﬁ)ﬁ’r J"YYHRLRE i H ¢t he

m ddl e of ehéq5§5685'TKeedi§k55%e2‘gﬁt%ﬂﬁdfgﬂgg'?%éﬁ%ﬁ;ﬁ@%ﬁ"&iﬁk | ate and

beyond the outnost depression as can be seen | Fng 15
plate i's weye LABMEHePERYRENLERG RN i stance (a) and (b) should be

around 90°, preferably more than 90 ° to obtain a soft

movement .

10 In the center of a tuning unit an elevated area, a bump 3
is made in order to absorb the force (F) from the tuning
screw. The bump is placed in the middle of a square 5. The
slits 2 extend radially on the tuning plate and beyond the
outmost depression 6 as can be seen in Figure 5. The tuning

15 plate is wave formed between the slits 2.

This means that the depressions 1 are formed as a series of
ridges 7 and valleys 8 and that these ridges 7 and valleys
8 are formed as squares with slits 2 cutting the squares in
four substantially identical parts. Another geometrical

20 forms , such as circles or polygons are also possible.

Figure 6 schematically illustrates a side cutaway view of
the depressions around one tuning point of the preferred

embodiment of the present invention.




This nmeans that the depressions 1 are forned as a series of ridges 7 and
val | eys 8wangh/dshst these ridges 7 and valleys 8 are fornedPAS/SFG8B0%E with
slits 2 cutting the squares in four subdfantially identical parts. Another
geonetrical 20 forns , such as circles or polygons are al so possible.
Figure 6 schematically illustrates a side cutaway view of the depressions
around one tunin Qoi nt of the_preferred enbodinent of the present

i nventi on. KA 547§§h?’§aﬁéﬁ‘é@§8/ TFhefire PR chEHuL P Eafh§
illustrates a top view of .the preferred enbodi nent of the tuning plate 300
where spri rijeefarEed; REPRAIBENSF ofhFRUFYWY G Rt pi § hgeheae HERTERES t he
tuning units 401, holes 9 faor screws for the joining of the 5 base 111, lid
110 and tunf it pF%?eeggﬁsaﬁg & otd’é’d'rnégsé?lcﬁé' 1SPEIRYE Bl hetwempsthein
ten tuning units 401, are, shown. . The plate 300 is_preferably 0.3 mmthick
and is prefer3bPy URKEE 6515},\?\?&13-5&9%4%&%‘??6‘5 bf¥E sERTheCtRGi I Bhe i s
shielded, that is iarﬁlhgd with the help of the springs 4, 10_11. The -
central®ideBafd the i AventiGnand FIHdE RLA I HEP ?J‘P%t%1§®0d%ﬁ’¥%s$hﬁﬁlﬁg _
units 401 with strai 2ht ang narrow, slits 2 that reach out diagonally from
a center sqhar8l55SaAd3PE REPESTI tithl U PIRRT o145 | A0 nar e uRReY pl at e
300 in each tuning unit so that the tuning plate is wave-fornmed 15 around
the center gﬁﬁa?éagei A08r d&r PESERTRRAY: & themrBaickamd i® erpiArabdy

i nprove the | M characgteristics and .
made of silver-electroplated-brass. The tuning plate is

shielded, that is earthed with the help of the springs 4,
10 11. The central idea in the invention is to make a tuning
plate 300 with tuning units 401 with straight and narrow
slits 2 that reach out diagonally from a center square 5
and to have multiple depressions 1 in the tuning plate 300
in each tuning unit so that the tuning plate is wave-formed
15 around the center square 5 in order to minimize the
resistance to earth, to improve the IM characteristics and
to allow a sufficient movement of the plate in the axial
direction of a tuning screw 113. It is the combination of
the slits 2 and the depressions 1 that makes a functional

20 and advantageous solution possible.

The wave form consists of depressions with two ridges 7 and
two valleys 8 in the following order: level center square
S, ridge 7, valley 8, ridge 7,valley 8, level surface of
the tuning plate 300. The ridges 7 are on the same level as
25 the tuning plate and the valleys 8 are on the same level as

the center square 5 as shown in figure 6.



to allow a sufficient novenent of the plate in the axial direction of a
tuning screwdadi®478x is the conbination of the slits 2 and tt;;%Tg%Eg/&,gﬁj ons
1 that makes a functional 20 and advant agééus sol ution possi bl e. e wave
formconsists of depressions with two ridges 7 and two valleys 8 in the
follow ng order: |evel center square 5, ridge 7, valley 8, ridge 7,valley
8, level surface of the tuning plate 300. The ridges 7 are on the sane

| evel as 25 Fisasfi fFema el Yheliupregses she prefieresmenbodsimens
the center square 5 as, shown in figure 6. WO 98/54783 PCT/ SE98/ 00918 14
Figure 8 sc e AR51095 Kiptaecdiak phef edgedoénisbei runingoblete springs
4 placed at the edge of the tuning plate. The springs are integrated in
the tuning piig SEIMPFRRFDYINFeIERTR] Hat ERRakupiom Pheteunindg malde ey A
hole 9 for a 5 screw joining the base 111, |lid 110 and the plate 300

t oget her i s AR pwitaEehife Do chefatirangypilptest Aabedea ot dprvieew of
the preferred enbodj nent of the springs 11 between two tuning units 401
in the Puni MFGR%IETONT THR Pase i hys. 11idr 100apddshey pletmevdf® nat eri al
fromthe tuning plate 300, Figure 9b schematically illustrates a side view:
of the preff QISP VDRI IR DEOWRe spring el enents 11 between two tuning
units 401 in the tuning plate 300. The figure shows

Figure 9a schematically illustrates a top view of the
preferred embodiment of the springs 11 between two tuning
units 401 in the tuning plate 300. These springs 11 are

10 made by removing material from the tuning plate 300.

Figure 9b schematically illustrates a side view of the

preferred embodiment of the spring elements 11 between two
tuning units 401 in the tuning plate 300. The figure shows
how these springs 11 are bent to make better contact with

15 the base by contacting in one point 12.

Figure 10 schematically illustrates a side view of one
spring at the edge of the tuning plate 300. The tuning
Plate is grounded in the boxwall of the filter. The spring
4 is an elongated member integrated in a tuning plate 300.
20 The springs improve the contact between the body 111 and
the tuning plate 300. The spring 4 is simple to manufacture
and has a flexible design and a very good contact with a
relatively short distance (around 1.5 mm) between the

springs 4. Each spring 4 is bent as shown in Figure 10, so

25 that contact between the base 111 and each spring 4 is made



how t hese springs 11 are bent to nmake better contact with 15 the base by
contacti ngvo s/an® point 12. Figure 10 schematically ill ustr ®CFsSEQS/8190 Vi ew
of one spring at the edge of the tuni néspl ate 300. The tuning plate is
grounded in the box-wall of the filter. The spring 4 is an el ongated
menber integrated in a tuning plate 300. 20 The springs inprove the contact

between the body 111 gnd _the tunin | at e. 300. The_spr.in is,sinple to
manuf act uP8lYaRd Ra®o4TYH 4 tﬁ’}éijd'&‘?gﬁ“ a%dlﬁr%%rﬁragodbcs:bl%%ggt. fth a

relatively short distance (around 1.5 ngr% ‘Bet@ﬁen tehg S riun s 4. Each
spring 4 ifdlems dOTSHGM 9 P YUt P 30 BEChhar o oHPESt US t\%eén the base
111 and each spring 4 is nade 98/ 54(%83 15 PCT/ SEQ8/ 0091% or%‘y Lh a
poi nt 10 An@imst BlRte |3HgydnapRpc |YSERE f FRELFS PEF & XaitET BAse

stations which are tuned using a tunin | at e are_nanufactured using a
casted parfiilfigth aavet¥qy t@?e’&%v??:’r%%d(gggebﬁ?l églt)heab é’é‘lffl)p,tiaé:etguni ng
plate 5 300 and a lid 110. Although the enbodi nents described above both
use aSscr &R0 tandreatid thd adj ust nent of the capacitance, other types of

adj usting neans and capaci tance neans nmay be used. The use of the screw

especially provides a nore conveni ent rrettg)ogl ég for autonatic testing by
usi ng robdtkthengh ey empediRents HeferiPe e e Hh S e PR ng t he

filter only one ) .
to create the adjustment of the capacitance, other types of

adjusting means and capacitance means may be used. The use
of the screw especially provides a more convenient method
10 for automatic testing by using robots to merely turn the
screw. It also means that when tuning the filter only one
tool is needed. Although the embodiments described above
both use a screw to create the adjustment of the
capacitance, other types of adjusting means and capacitance
15 means may be used. The use of the screw especially provides
a more convenient method for automatic testing by using
robots to merely turn the screw. It also means that when

tuning the filter only one tool is needed.

20 It is apparent that one or more tuning plates may be placed
in one filter, that each tuning plate has one or several
tuning points, that the springs may be separate elements
which are fastened to the tuning plate or the body, that a

5 filter may have one or more cavities and that the number of

ridges and valleys in the wave-formed parts of the tuning




tool is needed. Although the enbodi nents descri bed above both use a screw
to create Wwpegagigyst ment of the capacitance, other types of Igcdli/%%jopﬁsneans
and capacitance 15 neans nmay be used. The use of the screw especially
provides a nore convenient nmethod for automatic testing by using robots to
merely turn the screw. It also neans that when tuning the filter- only one
tool is needed. 20 It is apparent that one or nore tuning plates' nay be

pl aced i nPd@Ee Maebe (g FadPrahgheiat dehasténg drosevdealspitdini ng
points, that the springs may be separate el enents which are fastened to
the tuni ng9fl &he dmvemdissy, that a 5 filter may have one or nore cavities
and that the nunber of ridges and valleys in the wave-forned parts of the
tuning WO 98/ 54783 PCT/ SE98/ 00918 16 plate nay be one or nore w thout
departing fifSmamhedimeants dgsatidsdvabryenserie mebedivnests descri bed
above serve nmerely as 5 illustration and not as limtation. It wll be
appar ént t d1lasdretigndiang ypaskias }imitrtaen.t Ast widpabeurpparentbeo made
fromthe enbodi ments described above w thout departing fromthe the spirit
and scope &Pa KL ionddmaron. skinel gfrortdhe ahe thesnteparshoeksdmagt bee
regarded as being limted to 10 the exanpl es described, but should be
regarded i Madeadren P mphafiglents steperibedhabpukl witthgue! dieparting

from the the spirit and scope of the invention. Therefore,
the invention should not be regarded as being limited to
10 the examples described, but should be regarded instead as

being equal in scope to the following claims.



WD 98/ 54783 PCT/ SE98/00918 17 CLAIMS 1. A tuning device arranged on a
t uni ng plgg()egégsgg)@,) for use in a radio equipnent in which teairisgsdostshe

equi pnent i's

made by using a force directed substantially perpendicular 5

towards said tuning plate, conprising a) a nunber of depressed parts
(11,12), said parts being depressed in relation to said plate, each part

being so designed as to form a corrugalgdissurface converging towards a

comon poi nt,

10 b) a central plate (3) integrated with each of said

depressed parts (11-12) in order to receive said tuning force, said
depressed par s theiing Sepdicd ed dfarradanh otteninpuplanecedddedfnrt hseai d
central plate (3) and converging towards a center of the central plate. 15
2. Tuni ng qdeViaCea@ds Clejuigthdrt cdlmiwhilch when ehagofattde egunipaknpl atie (3) is
provided with an el evated portion (3a) in the center of the plate in order
to receive g hURidiGhg fOrfarce. d et thed devbseaasialainmeedrpendiaudarl- 2
wherein a 20 depressed part (1) consists of a substantially triangular

porti oB WhQSRAHMRersa3al trusind Wiketed amdprbseggated with said central

pl ate, the base part of said triangular portion being integrated with the
tuning plate (300).

a)

a number of depressed parts (11,12), said parts

being depressed in relation to said plate, each part being

SO

designed as to form a corrugated surface converging

towards a common point,

10 b)

a central plate (3) integrated with each of said

depressed parts (11-12) in order to receive said tuning

force, said depressed parts being separated from each other

but integrated with said central plate (3) and converging

towards a center of the central plate.

15 2.

Tuning device as claimed in claim 1, whereing said

central plate (3) is provided with an elevated portion (3a)

in the center of the plate in order to receive said tuning

force.

3.

Tuning device as claimed in claims 1-2, wherein a

20 depressed part (1) consists of a substantially triangular

portion whose upper part is trunkated and integrated with

said central plate, the base part of said triangular

portion being integrated with the tuning plate (300).



WO 98/ 54783 PCT/ SE98/ 00918 18 4. Tuning device as clainmed in claim3,
wher ei n sai @vo bg/ssagpgul ar portion is corrugated in the formof a mavg
pattern. 5. Tuning device as claimed in chaim4, wherein sai d @GF 38918
pattern is asymetric so that a downwards directed part in relation to
said tuning force is different in length than an upwards directed.part. 6.
A tuning plate (300) in a radio equi pnment conprising a nunber of cavities,
the electricdl- %MﬂﬁﬂQiQQYRﬁe\ﬂﬁ(Qi%#medlﬂntolhemtGmedheaadni@%&@ﬂing a
nunmber of tuning devices as clainmed in each of the clainms 1-5, wherein the
tuning devi ¢&S3PWHILR RO i diet] S teudpyt siidéni phegfairad o@n at R@xt uni ng
pl ate and positioned in relation to each of the <cavities. 15 7. Tuning

pl ate as cl aP®dSTR-cl aim 6, wherein spring-like elements are arranged

bet ween two adj acent situated tuning devices (401,Fig 7) which contact the

radi o equipnment in order to shield the tuning plate. 8. Tuning plate as
clai med in cPai MURIngh&lediifen asuraringd 20 spaimg4likheebereBhsd( dhvdl €
arranged_in parallel side by side between two adjacent situated tuning
devi ces ?401p§ttern 1s asymmetric so that a downwards directed part in
relation to said tuning force is different in length than

an upwards directed part.

6. A tuning plate (300) in a radio equipment comprising a
number of cavities, the electrical properties of which are
10 to be tuned, and including a number of tuning devices as
claimed in each of the claims 1-5, wherein the tuning
devices (401) are arranged side by side integrated on the

tuning plate and positioned in relation to each of the

cavities.

15 7.Tuning plate as claimed in claim 6, wherein spring-like
elements are arranged between two adjacent situated tuning

devices (401,Fig 7) which contact the radio equipment in

order to shield the tuning plate.

8. Tuning plate as claimed in claim 7, wherein a number of
20 spring-like elements (4) are arranged in parallel side by

side between two adjacent situated tuning devices (401).



