WD 2006/ 065384 PCTI US2005/ 039903 BANDPASS FI LTER BACKGROUND [1] Most

m crowave filters built using mcrostrip transmssion |ines have a tendency
of not suppressing 2nd 3rd and 41" harnonic signals. Traditionally, the way
to solve this 8rob|en1is to add a |l owpass filter at the two ends of a
bandpass fi|VOR2WMA8% cally, this makes the filter struchQHESZBI5G03
Electrically, using |owass filters increase signal |loss, and the
suppression of the harnonics for the nost part is not as good as desired.
SUMVARY OF THE DI SCLOSURE [2] An edge-coupled filter includes a phase

vel ocity conpensation transm ssion |ine section conprising a series of
alternating T-shaped conductor portions. BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 3] Features and advantages of the disclostre will readily be appreciated by

persons skilled in the art fromthe foll ow ng detail ed description when read
in conjunction wth the drawing wherein: [4 FIG 1 is a |layout of an
exenpl ary enbodi nent of a bandpass filter. WD 2006/ 065384 PCT/ US2005/ 039903
2 [5] FIG 2 is a cross-sectional diagranmatic view of the filter of FIG 1,
taken along line 2-2 of FIG 1 [6] FIG 3 is a graph of attenuation as a
function of frequency for an exenplary filter inplenentation, where the
response shows attenuation of the 2nd and 3rd harnmonics. (7] FIG 4Ais a
top view of an enlarged portion of a filter |ayout, show ng overl apped,
edge- coupl ed conductor strips. FIG 4B is a diagrammtic end view of the
bandpass filter of FIG 3A. FIG 4Cis a graph depicting velocities of even
and odd nodes of propagation as a function of filter paraneters.

BANDPASS FILTER
BACKGROUND

(11  Most microwave filters built using microstrip transmission lines have a
tendency of not suppressing 2™ ,3 and 4" harmonic signals. Traditionally, the way to
solve this problem is to add a lowpass filter at the two ends of a bandpass filter. Physically,
this makes the filter structure bigger. Electrically, using lowpass filtersincrease signal loss,
and the suppression of the harmonics for the most part is not as good as desired.

SUMMARY OF THE DISCLOSURE

[2)  Anedge-coupled filter includes a phase velocity compensation transmission
line section comprising a series of alternating T-shaped conductor portions.

BRIEF DESCRIPTION OF THE DRAWINGS

[3] Features and advantages of the disclosure will readily be appreciated by
persons skilled in the art from the following detailed description when read in conjunction
with the drawing wherein:

[4] FIG. 1 is a layout of an exemplary embodiment of a bandpass filter.



(8 FIG 5 is a layout of an alternate enbodi nent of a bandpass filter.
DETAI LED DESCRIPTION [9] In the followi ng detail ed description and in the
several figures of the drawing, like elenents are identified with |ike
reference nunerals. [10] In an edge coupled filter fabricated in a planar
transmi ssi onWP2AE/OABE um such as microstrip or stripli MRET/EHLI5PPING
propagated through the filter through edge-coupled resonator elenents or
conductor strips. Harnonics in the filter response appear due to the

m smatch in phase velocities of the even and odd nodes. In mcrostrip
coupled lines, the odd node travels faster than the even node. Al so, the
odd node tends to travel along the outer edges of the mcrostrip coupled
| ines or conductor strips, while the even mode tends to travel near the
center. In an exenplary enbodi ment, to suppress the harnonics of the

filter, a meansfor izing the nd_odd . .node el ectri cal t IS
provi ded. [11] ﬁl |%F8’33F§885??P3r£ agrpmTEtiE e Of Te-fites f'i'g?ng Paj(

m crostri pafdngtiee 22@0ff;m;rpf| ses spat ially separated input/out put (I/O) ports
22 and 24, which _are_connected a phase velocity conpensation
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exenpl ary DETAILED DESCRIPTION

[9] Inthe following detailed description and in the several figures of the drawing,
like elements are identified with like reference numerals.

[10] Inan edge coupled filter fabricated in a planar transmission line medium, such
as microstrip or stripline, energy is propagated through the filter through edge-coupled
resonator elements or conductor strips. Harmonics in the filter response appear due to the
mismatch in phase velocities of the even and odd modes. [n microstrip coupled lines, the
odd mode travels faster than the even mode. Also, the odd mode tends to travel along the
outer edges of the microstrip coupled lines or conductor strips, while the even mode tends
to travel near the center. In an exemplary embodiment, to suppress the harmonics of the
filter, a means for equalizing the even and odd mode electrical lengths is provided.

[11] Inan exemplary embodiment illustrated in FIGS. 1 and, a microstrip filter 20
comprises spatially separated input/output (I/O) ports 22 and 24, which are connected by a
phase velocity compensation transmission line section 30. The transmission line section 30
comprises edge-coupled resonator elements 32-40 in this exemplary embodiment. The
ports 22, 24 are positioned along a filter axis 26 in this embodiment. The transmission line



enbodi nent, at an operating frequency. [12] Each conductor section includes
a respective T-shaped portion 32A-40A. The T-shaped portions have a
parallel leg portion oriented in parallel to the filter axis, and a
transverse stub oriented perpendicularly to and bisecting the parallel |eg
portion in twWowoesessepl ary enbodi ment. For exanpl e, T-shaRedudedsiossdss 32A has
a parallel leg portion (conprising a portion of the conductor section 32)
and a transverse stub 32B. The directions of the transverse stubs 32B-40B
alternate, as do the stub lengths. The filter response is symretric about
its center frequency (as shown in FIG 4); depending on the Iength of
the'/, wave length coupled line, the transverse stub | engths may be

optim zed, which may result in different ub | engt hs. Because the odd node
tends to travel along the outer edges of the coupled |ines or conductor
strips, while the even node tends to travel near the center, the T-shaped
secti ons adectiana3tsecnrsprises d sariesloé aljerinating cindustar sectirsdriines B2-40pddamgatbin
but not the even de. \As_a resul.t, . the._ndd and.e
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transverse stub oriented perpendicularly to and bisecting the parallel leg portion in this
exemplary embodiment. For example, T-shaped portion 32A has a parallel leg portion
(comprising a portion of the conductor section 32) and a transverse stub 32B. The
directions of the transverse stubs 32B-40B alternate, as do the stub lengths. The filter
response is symmetric about its center frequency (as shown in FIG. 4); depending on the
length of the ¥4 wave length coupled line, the transverse stub lengths may be optimized,
which may result in different stub lengths. Because the odd mode tends to travel along the
outer edges of the coupled lines or conductor strips, while the even mode tends to travel
near the center, the T-shaped sections add transmission line length which is traveled by the
odd mode, but not the even mode. As a result, the odd and even mode components
propagating along the transmission line 30 arrive at the output port in phase.

[13] The exemplary filter embodiment of FIGS. 1 and 2 may be constructed in
microstrip. The filter comprises a substantially planar dielectric substrate 23, e.g. a
substrate such as alumina or duroid having a substrate height h. A conductive ground
plane layer 25 is formed on one surface of the dielectric substrate, here the bottom surface
of the substrate 23. A conductive microstrip trace pattern is formed on the opposite
substrate surface, in this example the top surface. The trace pattern forms the conductor



the alternating T-shaped portions of the filter provide the conpensation. In
a mcrostrip coupled line, the odd node is faster and tends to travel on

the edges of the line, while the even node is slower and travels along the
center of the coupled lines. The exenplary filter architecture illustrated

in FIG 1 coppemseisass for the m smatch of phase vel ociti ¢grRfs26d3B3996€N and
odd nodes in the filter structure by periodically introducing stubs, and by

adjusting the electrical length of the quarter wave coupled |ine sections in
the filter. In an exenplary enbodi mrent, nost of the phase conpensation is
provi ded by the T-shaped portions. Sone phase conpensati on nay be provided
by varying the lengths of the coupled Iines away fromthe

nom nal ' / <wavel ength, e.g. by optim zation, [15] FIGS. 4A-4C depict how
variation in design paraneters for a mcrostrip transm ssion |line

enbodi nent affect the phase velocities of the even and odd nodes
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Thi s exempkemplary embodiment, most of the phase compensation is provided by the T-shaped

portions. Some phase compensation may be provided by varying the lengths of the
coupled lines away from the nominal ¥ wavelength, e.g. by optimization.

[156] FIGS. 4A-4C depict how variation in design parameters for a microstrip
transmission line embodiment affect the phase velocities of the even and odd modes
propagating in an edge coupled filter. FIG. 4A is a diagrammatic illustration of edge-
coupled conductor strips C1 and C2 formed as microstrip conductors on a surface of a
dielectric substrate 23. The conductor strips C1 and C2 are arranged in parallel, and are
spaced apart by a distance s. As depicted in the end view, FIG. C, the substrate 23 has a
height h. FIG. 4C is a graph showing calculated phase velocities for the even mode (ve)
and odd mode (vo) as a function of the ration s/h, and for different ratios w/h.

[16] In an exemplary simulation embodiment, the filter 20 attenuates the 2" and
3" harmonics as shown in FIG. 3 with very good out-of-band rejection. FIG. 3 is a graph of
attenuation as a function of frequency for an exemplary filter implementation, over a
passband centered at 10 GHz, with a nominal bandwidth which is about 2.5 GHz. FIG. 3
ilustrates an exemplary simulation plot of the return loss (S(1,1)) and insertion loss (5(2,1))
as a function of frequency. The exemplary simulation embodiment whose performance is



enbodi nent of a mcrostrip filter also exhibits very lowloss filter with
very high out-of-band rejection characteristics. This exenplary filter
enbodi ment exhibits a good |inear phase for over 80%of the filter
bandwi dt h. Harnonics in the insertion | oss characteristic have been

suppr essed. wd Zdoségsszganbodi nent of the filter is very conpag¢ius200§8iebdsi Ng i n
significant reduction of size and weight of npbst m crowave integrated
circuits which utilize nultiple filters. [18] This filter architecture can
be inplenented in a transm ssion line type other than mcrostrip, e.g. in
stripline or coplanar wavegui de. [19] Another exenplary enbodi nent is
illustrated in FIG 5, which depicts a layout of a hairpin filter 100. The
hai rpin configuration conprises 110 ports 5102, 104, and a phase velocity
conpensation transm ssion line section 110. The transm ssion |line section
110 is arran in a serpentine or series of U-shaped bends, each
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CLAI M5  than microstrip, e.g. in stripline or coplanar waveguide.

[19] Another exemplary embodiment is illustrated in FIG. 5, which depicts a layout
of a hairpin filter 100. The hairpin configuration comprises I/O ports 102, 104, and a phase
velocity compensation transmission line section 110. The transmission line section 110 is
arranged in a serpentine or series of U-shaped bends, each comprising edge-coupled
resonator sections and a T-shaped portion disposed in the U-bend. For example,
conductor sections 112, 114 are around % wavelength in electrical length at an operating
frequency, and are disposed in parallel with a spacing between them. Similarly conductor
sections 118, 120 are edge-coupled. T-shaped portion 116 connects ends of conductor
sections 114, 118, and provides phase velocity phase compensation. The lengths of the %4
wavelength sections may also adjusted to provide phase velocity compensation. The filter
100 can be constructed in microstrip or stripline, for example. An exemplary passband is
200 MHz centered at 1.85 GHz. '

[20] Although the foregoing has been a description and illustration of specific
embodiments of the invention, various modifications and changes thereto can be made by
persons skilled in the art without departing from the scope and spirit of the invention as

defined by the following claims.



1. An edge-coupled mcrostrip filter, conprising: a dielectric substrate
havi ng opposed first and second surfaces; a conductive ground pl ane

di sposed on the first surface; a mcrostrip conductive trace pattern

di sposed on the second surface, said trace pattern defining a phase

vel ocity conpensation transm ssion |line section conprising a series of
spaced alternating T-shaped conductor gortions, said T-shaped portions
conprising a parallel leg and an open-circuited transverse stub, said stub
providing a transmission line length traveled by an odd node of energy
propagation and not by an even node ef Ag(8§rgy propagation, and wherein the
phase velocity conpensation transm ssion |ine section provides phase
conpensation for odd node energy propagation at a different rate than even
made energy qr. i . . | east second and third harnonics of
a fiIte?'res%8%§gga%&ggﬁ%8P§H?@pggﬁn@%gk 11, wherein said parallel |eg of
sai d T- shaped dietasttisctibatraednting npposed fosti apdsednd sunfapar al el to a filter axis,
and said transyes se st&p i§ orien%gd ran vegsely to the parallel leg. 3.
The filter of SUTHFINBrONRARIADF dispired op W LRSSt b of said T-shaped portion
bi sect s sai da nfiabstip ebnduetiye tdce paernfdidpbed o theakanthsirfacefsatdaiae pateth phase

vel ocity, canpensatign.transm ssion |line section grodees conpensati on for
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resonat cE)E(?pagation at a different rate than even made energy propagation to suppress at least second and

third harmonics of a filter response.

2. The filter of claim 1, wherein said parallel leg of said T-shaped conductor portions is oriented

in parallel to a filter axis, and said transverse stub is oriented transversely to the parallel leg.

3. The filter of claim 2, wherein the transverse stub of said T-shaped portion bisects said
parallel leg.
4. The filter of claim 1, wherein said phase velocity compensation transmission line section

provides compensation for an odd mode propagation velocity which is greater than an even mode

propagation velocity.

5. The filter of claim 1, wherein harmonics of a response of the filter are suppressed by said

phase velocity compensation transmission line section.
6. The filter of claim 1, wherein said filter is free of low pass filters.
7. An RF bandpass filter circuit, comprising:

a fast input/output (I/O) port;
a second I/O port;



arranged for signal coupling between alternate resonators in the form of
transm ssion line gaps; the planar transm ssion line conprising a plurality
of T-shaped portions for phase velocity conpensation, said T-shaped
portions conprising a parallel |eg and an open-circuited transverse stub,
said stub providing a transm ssion line length travel ed by an odd node of
energy propagation and not by an even node of energy propagation, and
wherein said plurality of T-shaped portions provides phase conpensation for
a first node of energy propagation at a different rate than a second node
of energy pr @pmmt)i @frpata:uelsamppleéamratord fandd ia apliner teanemiskion tnd) dHerresdhasrsof a
filter resp ter of claim7, wherein parallel |leg of said

T, shaped TR Sighil sOfRIB REMER Sleraiseanicrs bor Srmedl TegmiSton e o < and
sai d transvetlahithinbhisson mm@ehphﬁlagsmm@ Mltglabaﬁpo@@drﬁlférqihaée%mc@y The
filter of claim8, wherein the transverse stub of said T-shaped portion
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resonators forned on the second dielectric surface, the resonators arranged
in a staggered arrangenent about a linear filter axis with gaps between
ends of 8al t eMhafikerlo€slaiial,ovtrdiparglleblég dEsaeﬂgehetpedl@dddﬁgorQﬁfmmeﬁs atlehied At e
resonators, 14. The filter, . of claimy7 rein the transmssjion line is
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the T-shaped portions are arranged in U-bends of the hairpin configuration.
8 16. The filter of claim7, wherein said phase velocity said pIurallty of
T- shaped: por Theflerpf eleind%gvhea%ﬁé fransversmstitoel sad TothapsdoroEtiqn bisssigatif on

veI00|t¥mﬁﬁag%.ls greater than an even node propagation

10. The filter of claim 7, wherein the planar transmission line is a microstrip transmission line.
11. The filter of claim 7, wherein the planar transmission line is a stripline line.

12.  The filter of claim 7, wherein the planar transmission line is a coplanar waveguide.

13. The filter of claim 7, wherein the planar transmission line comprises:

a dielectric substrate having first and second opposed planar surfaces;

a ground plane formed on the first dielectric surface;

said resonators formed on the second dielectric surface, the resonators arranged in a
staggered arrangement about a linear filter axis with gaps between ends of alternate resonators to

provide edge coupling between alternate resonators.

14. The filter of claim 7, wherein the transmission line is arranged in a hairpin configuration.

15. The filter of claim 14, wherein the T-shaped portions are arranged in U-bends of the hairpin

configuration.



velocity. 17. The filter of claim 16, wherein harnonics of a response of the
filter are suppressed by said T- shaped portions. 18. The filter of claim7,
wherein said filter is free of low pass filters at said first and second 1/0
ports. 19. An RF bandpass filter circuit, conprising: a first input/output
(1/0) port; a second 1/0 port; a phase velocity conpensation transn ssion

| i ne section coupled between said firs8 1/0 port and the second 1/0 port,
said transm ssion line section conprising a plurality of parallel-coupled
conductor portions formed in a planar transm ssion |ine nedium the

conduct tr.s afhediiged dam 7s wherain said phaseivalgcityssaidedurakitly o€ T+shared portidocprovidesi n t he
f or m of 1 SSI i he - the phase .vel oci conpensation transm ssion
| e essHRABIRERY Rlodd MoephBulo e RARSSiHEs BfFelel wBR AR ERR T brorb R3] o2 £
conpenswatlecity, sai d T-shaped portions conprising a parallel leg and an
open-circuited transverse stub, said stub providing a transm ssion |ine

| ength travel ed by an odd nobde of energy propagation and not by an even
nmode of 1Ener e filteppdalin 18whéeid hidi@hik 6f 4 RepoakasTRhe NI @kl suypreREPBNGAET-0N
transm ssion |ine section provides phase conpensation for odd node energy

pr opagatiPBRd PRFIOASdi fferent rate than even node energy propagation to
suppress at |least second and third harnonics of a filter response. 20. The
filter of claim 19, wherein parallel |eg of said T-shaped conductor portions
i s orieht-ed The filispefalaim 7, wherginfspidifdier igfiee of lanassdiligrstat said fiest and sseand UiGs
oriente&nkransversely to the parallel leg. 21. The filter of claim 20,
wherein the transverse stub of said T-shaped portion bisects said parallel
|l eg. 22. The filter of claim19, wherein the phase velocity conpensation

transniﬁiioqAﬁkp%m§$g&%9@r&auﬁﬂmgkggggtrip transm ssion |line section. 9

a first input/output (I/O) port;

a second /O port;

a phase velocity compensation transmission line section coupled between said first [/O port
and the second I/O port, said transmission line section comprising a plurality of parallel-coupled
conductor portions formed in a planar transmission line medium, the conductors arranged for signal
coupling between alternate conductors in the form of transmission line gaps;

the phase velocity compensation transmission line section comprising a plurality of T-shaped
portions for phase velocity compensation, said T-shaped portions comprising a parallel leg and an
open-circuited transverse stub, said stub providing a transmission line length traveled by an odd
mode of energy propagation and not by an even mode of energy propagation, and wherein the phase
velocity compensation transmission line section provides phase compensation for odd mode energy
propagation at a different rate than even mode energy propagation to suppress at least second and

third harmonics of a filter response.

20. The filter of claim 19, wherein parallel leg of said T-shaped conductor portions is oriented in

parallel to a filter axis, and said transverse stub is oriented transversely to the parallel leg.

21. The filter of claim 20, wherein the transverse stub of said T-shaped portion bisects said
parallel leg.
22, The filter of claim 19, wherein the phase velocity compensation transmission line section is a

microstrip transmission line section.



23. The filter of claim 19, wherein the phase velocity conpensation

transm ssion line sectionis a stripline section. 24. The filter of claim
19, wherein the phase velocity conpensation transm ssion |ine section
conprises: a dielectric substrate having first and second opposed pl anar
surfaces; a ground plane fornmed on the first dielectric surface; said
paral | el -coupl ed conductors forned on Yhe second dielectric surface in a
staggered arrangenent about a linear filter axis with gaps between ends of
alternate conductors to provide edge coupling. 25. The filter of claim19,
wher ei m3sai drye e Lo Rl a b WheF QMR PRAL veIBcily ddfhpeRatibPtankinRYibA Bife scefdASRsat i on
for an odd node propagation velocity which is greater than an even node

pr opagatiiiie seglipheity. 26. The filter of claim 25, wherein harnonics of a
response of the filter are suppressed by said phase velocity conpensation
transm ssion line section. 27. The filter of claim19, wherein said filter
is free2dof |Thwiases cfaithtl@rwhestin dwiplastivelotityaothpseseterdirdan®nispion lige seidon A
harnoniQ;fhg%_nicrostrip filter, conprising: a dielectric substrate having
opposed:FPrs “and second surfaces; a conductive ground plane di sposed on
the first surdidesric sbstrate layingifipstandisbaciid oppoded paearaifaces;n di sposed on the

second surface aid trac ttern. defining a phase velocity conpensation
transm ssi onﬁaf?‘ﬁ‘@ plaé'ﬁ&‘?rﬁlﬁg(qgﬁﬁﬁgira%“g‘c%ﬁf?c s of spaced alternating

T- shaped congdidghallclRRupled®shdudéds Gorfred SR HREELORO Bicicotnis sGPERin Sithgerdpar al | el

|l eg and an open-cirgcuited transverse stub, said phase velocity conpensation

t r ans mi ¥ENgnent sheutalinepniites Ay Mith saps bebypsl Frds of alteriats conducters tapsedde edge
propagakhﬁngyelocity which is greater than an even node propagation
velocity to suppress at |east second and third harnonics of a filter
response. 29. An edge-coupl ed RF bandpass filter circuit, conprising:

25.  The filter of claim 19, wherein said phase velocity compensation line section provides
compensation for an odd mode propagation velocity which is greater than an even mode propagation

velocity.

26. The filter of claim 25, wherein harmonics of a response of the filter are suppressed by said

phase velocity compensation transmission line section.

27.  The filter of claim 19, wherein said filter is free of low pass filters at said first and second 1/O
ports.
28. A harmonic-free microstrip filter, comprising:

a dielectric substrate having opposed first and second surfaces;

a conductive ground plane disposed on the first surface;

a microstrip conductive trace pattern disposed on the second surface, said trace pattern
defining a phase velocity compensation transmission line section comprising a series of spaced
alternating T-shaped conductor portions, said T- shaped portions comprising a parallel leg and an
open-circuited transverse stub, said phase velocity compensation transmission line section providing
compensation for an odd mode propagation velocity which is greater than an even mode propagation

velocity to suppress at least second and third harmonics of a filter response.

29.  An edge-coupled RF bandpass filter circuit, comprising:



10 a phase velocity conpensation transm ssion |ine section, said

transm ssion line section conprising a plurality of parallel-coupled
conductor portions, the conductors arranged for signal coupling between
alternate conductors in the formof transm ssion |ine gaps; the phase

vel ocity conpensation transm ssion |line section conprising a plurality of
phase velocity conpensation conductor pgytions, said conductor portions
conprising a parallel leg and an open-circuited transverse stub, providing
added el ectrical length for only odd node propagation nobdes to conpensate
for an odd | | . LSd . node
propagationq@ﬂ%ﬁgﬁgegggkgﬁgﬁyggg&gﬁ%ﬁgggﬁnggggh%&gﬁﬁk¥%$@ hﬁgﬁﬁgﬁ?cs of a
filter compponszpludity ofiperati¢licoupleddondiictirpodns, wisenoadustarharanbedior sighabei t y

conpensat i,on . Lr 1.5S1.0 i téion ks . a .mcrostrip transm ssion |ine
section gﬁ‘g%g b%tﬁg&?ame?“ Zd#e cgf‘ é‘f:cpogsi ;\r%nqgegtfop%%etr%aé‘ls%usf Re Lﬁ?‘n%lag & vel oci t y conpensation
t ransm ssi otthd phae vekcity compeasasion gansinision #ins sctiorotompsiding hlpturility bephagd cl ai m
29, whergin the transn%asion line sectipn is arranged.in a a?i pin

Gonf i guF REMeFPmPgaatioh conigter o, spid ppdsitor paripnsSAMPHEng Bl e ad o,
Conpensptn-eifcuted@disiddse sRO; providthgaled eddctrRBIdhtH for bhip @8 fodé plopratiéd I pi n
configuration. 34. The filter of claiim29, wherein the plurality of

par al | dnededigiseegensaif dRlen od piofs propagationsvelogity which ds greatel thanpgfuspigode

rel ati qp&RLRioh SLBEiLMS shifprés hi 1BRBSechrld dn8 thiPHafmondR of 4 ifter feddofiée. Of cl @i m 29
wherein thé phase vel ocity conpensation conductor portions have a T- shaped

configuration.

30. The filter of claim 29, wherein the phase velocity compensation transmission line section is a

microstrip transmission line section.

31. The filter of claim 29, wherein the phase velocity compensation transmission line section is a

stripline section.

32. The filter of claim 29, wherein the transmission line section is arranged in a hairpin
configuration.
33. The filter of claim 29, wherein the phase velocity compensation conductor portions are

arranged in U-bends of the hairpin configuration.

34. The filter of claim 29, wherein the plurality of parallel-coupled conductor portions are

arranged in a staggered relationship relative to a linear filter axis.

3S. The filter of claim 29 wherein the phase velocity compensation conductor portions have a T-

shaped configuration.





