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1 An integrated circuit Field of this invention This _—
invention relates to an integrated circuit.

Background of the invention In the prior art, it
known to use bond wires to connect conponents in

integrated circuit. Bond wires may be
may al so account for thermal expansion for

reliability. However, sm{qntgg e&"'cfr@ﬁ

i nduct ances due to thelr | on

, i
I nexpensi \j\“&

Thield efdbissingentien | enge when transnmitting high
G HRBMRbnY e dnr]ntlﬁegr?dedlﬁrchﬁt egrated circuit,

| arge I nductance ma
US Patent 4,686,492 ('Gellmnn'),

conpensate for

V\fhfnes?ru%%eé T htsl'k?osﬁg %hﬁﬁ%n‘glé v&r{énftﬁal%r'nﬁmd Mgh ¥8

W res

mul tiple parall | 'ayers of

to poor power transfer.

““&NN@NMW

ey have |t

In structure

*G00002*

si nce
In

mul tiple parallel

I 01 are connected between
B?‘fq{g%eﬁd ??g%sméﬁﬁ%'ﬁ lines 103, 105 in an integrated

clinrtiee prioriagt it is krawrriogise dond WSG%FP eaNNgel GOMRORERALS it AN irftegrated

b&&@.t%émuﬂ&lm% Bé H’fé?ﬁelﬁl\féaé?@%é)} ¥iSo S&%o%ﬁ’i fo\i}mﬁ}eté@al expansion for

Helirkidy. Hewsyepsioaa Randrwitesigay faawedwge irchictanees e iodheir long and

e i nductive nature of

guency S|gnals in the

t Rtegried C'b%t'tv\lé@?’f? lerge 'aa'fczi%’@ﬁ’tm%\blﬁéd W PRAS POET transfer. { o
be strictly controlled. 20 Summary of the inventi on A
first aspect of the invention is defined in claiml

By 5 Boteat #§86482 ¢errlimanny emuitiBsparalisbipyerg of hendyyires 101 are
P&rink&8d %tv@én%réﬁlﬂ%ﬁ%ﬁdﬁ%h@@ﬁ% 1'09 |H"aﬁi§rﬂegr§ted circuit 100;

desired characteristic npedance of

t he conductive

r $esuoaureely Syak éR af"ﬁ@g%ﬁ@ﬁ&é{@h%‘tdwﬂreﬁﬂﬁémeﬁﬁ capaditive effect
t ReofipRnadte féritRe ﬁiéib&t‘i\fea{a@dre%ﬁlé@ﬂ WOEO %k/\bévé‘rn a'di'&ﬂé’fﬁr\hﬁtﬁ this

mat ching structure may be 25 provided f
i Arangeateatioidhe band W"?%) 18hisithe §@“B‘Sﬁb’r'”tf ?Qil‘?é?’@ﬂ thémeH‘i'% parallel

f lagsre @nEe sondWales 10aCWRER thd§apsthed@ed 8@ delidceri BondAvires 101
second aspect of tl?g i nvention is defined |n claim?2.
U

BYRVSrB PRIy CRRY)

nd plane having the first

apert ure imedi ately adjacent to the conductive
bbon oLfSJ red 30 characteristic inpedance of the

H'&PU&’Y \95

G IBAtORY match the characteristic

i R’lﬁ%ﬂ&@ﬁeﬁzt of theaventibreistHefinédith didid 15 BYPré\aditg the conductive ribbon

TR W SO W o

émﬂstr

cture

hidhqesye

nﬁ%q%scteristic

t Irrﬁﬁﬁé@d,‘e sffthé c@iductive ribbon may match the characteristic impedance of both
the die and the substrate. Advantageously an impedance matching structure may be

provided for the integrated circuit, to maximise power transfer of high frequency signals

across the integrated circuit.

A second aspect of the invention is defined in claim 2. By providing the ground plane

having the first aperture immediately adjacent to the conductive ribbon, a desired

characteristic impedance of the conductive ribbon may match the characteristic

impedance of both the die and the substrate. Advantageously an impedance matching

structure may be provided for the integrated circuit, to maximise power transfer of high

frequency signals across the integrated circuit.
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frequency signals across the integrated circuit. 2

O her features of the invention are optional. For

exanple, the first transmssion line nay be a

co- pl anar wavegui de that includes a conductive strip

and a ground plane, and the gpound plane having a
portion that is coplanar with and spaced fromthe

c t r

greg%ﬁ gata'tl.?f@s of trhleri’h eEE@n gﬂeeogﬂgﬁ(al Sﬁ?réxgﬁﬁ]ﬁé g@g&&ﬁra%gm ég%n line
besay bmamamarpvavegwde (st irchuales y conma:tlsestmpdand a ground plane,

| FROPE RS bard e o %, (Pl PR all¥el om e

ptandattiveystiid. Thesirimay thenrbenireanged endie groune p@oer arskthe gecond
c e £ : nd term nation of the
rgﬁgﬁﬁlé\}g"%‘&?‘a 3%5?“‘%%%@3@&. de. The width of the

each of the plurality of conductive ribbons may

€ second term nati on uent
ofirstieansussiareline; hbeyadnaiie aelusding @fgqqné@ptug ri b@nsﬁzeam to
' %&Hééi@%hﬁl@@ﬁé %ﬂ?ﬁd {h8 sb@érﬁﬂ@ﬁﬁlﬁgn&ﬂ St Fe%g&él% Roldthar

first térmnation aracteristi

. wavasyisiee The wiskh eathwetanh ohtbe plutralityiot canduefiveirbhonsTmey
rmﬁeaw%é&éas%ﬁr&ﬁ% fRét téﬂaﬁnalog @kHet %ceﬁ%@m%%h ve

r| bons haracteristic I ance of
cEPRRESHERtlY. thetiealityiof condustive rﬂtrb&ﬂs maydiecgonfigyraf lag a gradual
Ciﬁ#ﬂéhﬁﬁ’cé {Parshsmit fn%tebﬁafté'ﬂ E\ﬁ?uit@ﬂth@i%ttﬁ@ ﬁ%t tetrllﬁﬁaltleﬁ"ﬁés a lower

characteristic |npe ance of first termnation

t ﬁBﬂdd&W L{gé Xe&%ﬁrn%%ﬁusfsfoﬂcrlhé A fdlgosl?e Lep! %‘e gf gﬁu‘?de like the

weharactensdic imegdance cpepared W'Wﬁb@l serandderminationo hlgie i bagause for

ré&kﬁcﬂi th"’é plliRtyedt ohdlRtivé ﬁbt?dn‘%ctthé'cﬁﬁrlalcbérlgt@@lpr{p%@aﬁ& ke

second termnation natc es the hi I gher characteristic

| sealivedibbpn ehesnddhef is @'neﬁﬁf'ﬁ%ﬁyl coHpled 4o thej isst termination matches

dee %W@tdharacfefnst.@@nJeldgﬁéeeé‘f tEé ﬁfgp{eﬁn mah&dwrrﬁm chhatdcteristic
now be describ

th
r BTReFangeot th%cerrdéwwegmb@g B ihagnihat is @slepfr@auyecoypled to the second

| {ehHmbficH PatcRe& tHRWMigher cRamagleRsticCiipetiaice dfitidIs&toAd kérmnation.
perspective view of "a first integrated circuit having

a conductive ribbon wth a varying width; Figure 3 is

aBgémggc@a‘pt.bﬁtdfrmeﬁgdrelsnsert| on | osses of the first
|nten9rated circuit of Figure
Example embodiments will now be descnbed by way of example only, with reference

to the figures of which:

Figure 1 illustrates a known integrated circuit;

Figure 2 is a perspective view of a first integrated circuit having a conductive ribbon
with a varying width;

Figure 3 is a graph of return and insertion losses of the first integrated circuit of Figure
2;

Figure 4 is a perspective view of a second integrated circuit having three conductive
ribbons, each with a varying width;

Figure 5 is a perspective view of a third integrated circuit having a ground plane with a
cut-out portion;

Figure 6 is a graph of return and insertion losses of the third integrated circuit of Figure
S
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30 Figure 4 is a perspective view of a second
integrated circuit having three conductive ribbons,
each with a varying wwdth; Figure 5 is a perspective
view of a third integrated circuit having a ground
plane with a cut-out portion;gFigure 6 is a graph of
return and insertion |osses of the third integrated
C [ f Fi v,
Flé@v%gftls% p%eF %F&L In?\ggrgtfo;héthchtr%wa‘? %kﬁltﬂapﬁ&%%ggﬁﬂéj Plane with a
p¢l&1¢étmrtl¢ﬂ &ndcut -out portion; and Figure 8 is a graph
t

lérgrslgfe 3 Pch of 18 e LRA Elseﬁ.sﬁﬁofgé%age? fQUHhliPhegrated circuit of
d@g%ﬂeﬂptl on Exanpl e enbodl ments may be used in a high
frequency integrated circuit. The transmission |ines
in the high frequency integrated circuit may include a
nPetaded descriptian 10 assenbly and/or a copl anar
wavegui de. The microstrip |ine assenbly has three
Iayers a mcrostrip line, a dielectric substrate
| EXAanple apbesiments may he yeed ip@nhiak frequanice jntegrategicirawit The
R issioM oS 1 e AT RO S8 photh mal e B micrstip ne
me@bymﬁwﬂ@plmagwem chlepIﬂlafOétrlp\me@3§¢fdbly Hnas three layers:
aé‘nfflﬁ'é’étﬁ;ﬁ wla o@a@an&s@as%% |Q%}? fnh:.@ sérhizhfid dot die), a
Several exanpl e enbodi ment now be descri CP
i grevnetplage - e ﬁO-PIaﬂQ't Wé\f?@@tﬂier’f’@ﬁttwt) tpyetsu plcenductive strip spaced
M Q%b!aﬁarl greﬁncﬁﬁﬁﬁé‘t&nﬂ d &b@tr%eﬂ‘ﬁhﬁﬁdﬁe cBIoRIMAF waveguide has
wavegui de via a conductive ribb havi ng a varyi ng
VAR 't'%ﬁb@réu%P'ﬁnePP%W%L@ﬁtW"PneS have the sane
i npedance, 20 b) a second enbodi nent to couple a
co-pl anar waveguide to a stepwi se co-planar wavegui de
VP EE RERMPPIR\REThqdiRIHS WElNaW Peydesegbed (nsludingg wi dt h,
whegp abm%hembdidiﬁhém t%%b@ﬂe lai rﬁl@ﬁnsh%\flﬂe@séérﬁb@% a stepwise co-planar

i npedances, enmbodi nent to cqup

mcr os“t’?‘ﬁeﬁu'ldferY@ %gmwﬁ RPoR haviBg & ‘@éy'%wﬁt%ﬂﬂ'}ere both

transmission lines have the same impedance,

b) asecond embodiment to couple a co-planar waveguide to a stepwise co-planar
waveguide via conductive ribbons each having a varying width, where both

~ transmission lines have different impedances, | |

c) a third embodiment to couple a microstrip line assembly to a stepwise co-planar
waveguide via a conductive ribbon having a uniform width, the conductive
ribbon is embedded in a mold resin material, the reference ground plane has
been appropriately cut out to adjust the characteristic impedance of the ribbon,
where both transmission lines have the same impedance, and

d) afourth embodiment to couple a co-planar waveguide to a stepwise co-planar
waveguide via conductive ribbons each having a uniform width, the conductive
ribbons are embedded in a mold resin material, the reference ground plane has
been appropriately cut out to adjust the characteristic impedance of the ribbon,

where both transmission lines have the same impedance.

A) Microstrip line assembly coupled to a step-wise co-planar waveguide, via a
conductive ribbon having a varying width
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wavegui de via a conductive ribbon having a uniform

wi dt h, the conductive 25 ribbon is enbedded in a nold
resin material, the reference ground plane has been
appropriately cut out to adjust the characteristic

i npedance of the ribbon, wherg both transm ssion

i nes have the sane i npedance, and d) a fourth

enbodi ment to couple a co-planar waveguide to a

st epwi se co-planar wavegui de via conductive ribbons
ckigwrelillisitptes afiist otagrated cincuitta®d haginguip aisubstrade (i.e. a printed
[ERORBRaR(BTPEAE i irsPurdirfled ot @RLEH b8breolfithar waveguide
reference ‘'ground plan

e has been appropriate

t Po ifjclusting: hgroghd plaoe 208 and aicaynianan cendcting etrlp|2@5b)rarranged on
I S

B e e S e o Y BB 15 T B s shission
clinerBaevar asaigieside lingi aaswblwcgdwawcmwmtrm 5190203 ); and v) a
h&yHd0&ivd rga%bf'Z@g width 4 Figure 2 illustrates a first
integrated circuit 201 having: i) a substrate (i.e. a
printed circuit board ('PCB ) 221); ii) a first
téﬁ&?ﬂ@aﬁys ki 61991@%"%9‘3@ ofd tﬁé’ l%luﬁﬂ‘ [ané@¥54 Bf ﬁl@ co-planar
205, 1 ncludi ng ground pl ane a and a co-p
cwam\cﬁgeltdﬁr?@%Tm 90@@550 wa\fqgawge?@Sompl@qsr?eﬂrmgrrwnatlon 219 atthe
agb-bibn4H c%naé&n?rsﬁrﬂi 'ﬂ% fAild e nﬁl G%Sf‘;l%]rme 'aﬁTrﬁbI? FcARfs a second

transmssion [ine (shown as a mcrostri I né
alegpinplian 2 Hcatiae n@crastﬁ@ tine23@3. |T|be|lq: e 22@33 Fpacasdrany the first
CRAAHSHdnNV21 5 étliﬁ’é’eo-%%ﬁar mﬁbﬁ g‘s%] i 2’(35bt Iaﬁd ke rqlcﬁ)s"t’r?pgllde%% is

arranged on t groun ane he Cco-p | anar
\m%@eﬁ @8 am@acerﬁéth@dcpf At omm@@tq fae sprfacy mwh@béhealc die 219

fikafbng&d &4 ﬂ\@tdrgurhdzélgn@%é%d lﬁ&’if‘é&l?@ﬁﬁ’d@@ﬁjﬂc“ ng
strip 205b, while the mcrostrip |ine assenbly

i ncl udes a second termnation 211 at the mcrostrip

| TREcoHRdetivENBbbk 207 @ombAsdsSa fridb&RID fsrt@réléd&%any Eéﬁnect the first

term nation 215 at the co-planar conducting str

2e5pinatign? 137! the e9-plenay ‘ﬁPrldPﬁté’ef(tfP Q> ang 3 serned etS‘H 289 to

Séléétﬁé‘&!% @bnhdre tHe(eedbRd %&lr@ﬁ&ﬁ)ﬁeﬂaﬁtﬂe Hi@ro§t'ﬁbflnﬁé QO@ 'Because of
which the 1C die 219 15 is arranged on the ground

o8 e tiGAraRABMeRLRT (e Bp-plapar prrdlsive st 20GLcANALADe Fgrostip fne

r 203 tHey 2o aﬁQﬁ@Hd a%ﬁfe@erftlp'aﬁfes @rﬂtﬁ\emé’t irft {e@iQiirE:uIPQdﬂ WAccordingly,
connect the f term nation at the co-pl anar

cHRAR AN g‘esﬁerCPBd SeFEIngan 81@»@66&?“%8 SiRPIWiIES alrangement

el ectrically connect the second term nation 211 at the

mcrostrip.line 203. Because of 20 the relatjv
ar PepERRd iSt'Sme‘F@”Eﬁng HRSsMISSAR 8'2:% isfé'%{%‘?dpb@@%dﬁ%‘g

t&ﬁ:aﬂlbr?rfos-'-t\/r 3 VCl,ivﬂ\%re Z,is the characteristic impedance of the transmission

line; L is an inductance of unit length of the transmission line and C is a capacitance
of unit length of the transmission line. It is found that the characteristic impedance of a

conductive ribbon is additionally related to a width of the conductive ribbon, as follows:

8e”
e -2

= (1)
—[B 1-1n(2B - 1)+ {ln(B )+ 039_M}], for %>2
&

r

W
, for —<2
f H

SRS

r
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203, they are arranged at different planes in the
first integrated circuit 201. Accordingly, the first
and the second term nation 215, 211 define a step-w se
arrangenment. The characteristic inpedance of a
transmssion line is calculateg by the following 25
equatlon Zo =L/ C, where Zo is the characterlstlc

a e a S e
R e R AR B 4Pl qistaoe ppjween the
Cis a capacitance of unit length ofjhgl S|on 0.11
| camgluctivie ribdoh @nd e refeaencelgrowtiaans; et + ,E OdB )
a conductive ribbon is additionally r t@d t(frzil
wi dt h3 t he conductive ribbon, as follows: 8e4 WW

eBA- , i vicB 0o (sly ded#ea[cBarbctbﬁéﬂ’d?m@edaﬂce of the conductive
1n(B2 Za £). 39-0.61 for W2 7 26r sr H5 where:

defines the width of the conductive ribbon; H defines
arighiost alfrd:e is thanedative lWielectripmpnstant/ef a sublstsategwdich, in the case of the

ofishiBapated e 2P BB it Guech A s o desired
char acteristic inpedance of the conductive 2Zo Er
Hg}grtg{ﬂ'ée fs rahlpﬁeﬁraq?e$alfw Zbiggg\lgl? Er{e gure% ?)ppwstk\e mlcrostrlp line

|m¥$gfcatheciomlairﬁtm?ava§lﬁdé}ﬁwwadena ﬁér@@lblearacterzl%tllcambédance of 50Q2.
erring to the t i ntegrat circuit

Fo rima rafir S stefion st b HgihESaushs) SifilE A Panshission,
ca)deﬁumdajhammguc epedahcdafiench unaehghefithe temdustivecribbon 207

i npedance. of 5052 To mnimse return and insertion

| siw@lsthgfefqﬂe@ﬁ mq@m&qh toe gharastedistic imgedannes of bethdhe IC die 219
10, And st characteristic i npedance of each unit

| ength of t e conductive ribbon 207 should therefore

be 500 to match the characteristic inpedances of both

the 1IC die 219 and the pCB 221. From Equation 1
abromeEquatien raatioye Hhe Faiol 2; bbouléphe kentsorgiantso thatdbe degired
desired 15 characteristic inpedance of each unit

| egadtertic ifpedzpiad 'éﬁééthJrf ti I&Qﬁlﬁ] oPBé cORdEDNOS ribbéh 2G@iBtches the

c ?p@%@aot erééﬁﬁs'n% RGNS both the @me%g'a%d?r'mee kDA

From the relative arrangement of the co-planar conductive strip 205b and the microstrip
203, it is seen that the first and the second termination 215, 211 define a step-wise
arrangement. Consequently, the conductive ribbon 207 includes a main portion having
a width 217 that continuously increases in width from its first end 213 to the second
end 209 as the height of the ribbon over the ground plane gradually increased.

The conductive ribbon 207 may be provided with a transition portion (not shown) to
introduce a less abrupt width increase from the second end 203.

Figure 3 shows a simulation result of the first integrated circuit 201 in respect of its
return and insertion losses. It is shown that the return loss 304,306 of the first
integrated circuit 201 with the conductive ribbon 207 is less than -10dB over a broad
frequency range of between 10GHz and 70GHz. Also, the insertion loss 302 over this
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Fromthe relative arrangenent of the co-planar
conductive strip 205b and the mcrostrip 203, it is
seen that the first and the second term nation 215,
211 define a step-wi se 20 arrangenent. Consequently,
the conductive ribbon 207 inclgdes a main portion
having a width 217 that continuously increases in

d
V\‘ﬁéjchﬁnw %’ﬁbé#ée&é {hfalh gggnHé&S’é Erﬁj&dﬁﬁu&%gmpn 867 prditedS
gwideloarid lmpedemmet@hIngrrsa'uciumofgtthe\ﬂestnntemretedmwtram be
provided with a transition portion (not shown) to 25
introduce a | ess abrupt width increase fromthe second
eBUCopRnarvgagyide covpled ta astapiivise icomw/anas wavegifide, ivéie conductive
f @1 01 in respect of its return
}Itgj%%ﬁseg%ft??%‘ﬁﬁfoggy IBthlzs shown that the return |oss
304,306 of the first integrated circuit 201 with the
CABGHe dntin | iRy -

QOpect el 4 D230 Fidorpe TR AT ERD DsurRrp R a e
t4?e1)4 in adirstiteansmissiondiog (hown asy Brsteo-plapefuvaneguidari@e, ingluding a
| gro8nd PaRe 4o RE&arfal oI LM

Q%VT dB e g&?gn{'@ gepa go ﬁl’;rggt IE 056)@%@%5?2 trt)e PCB 421; iii)
areIG die 41 Sietsoeagrended ot fiecticE 42m.1w> S5ecapdfaapission line (shown as

V‘Qk‘@&‘rﬂhgu ﬁ%%@eétﬂ%€4§3 Gt rfgﬁa GRURL PR 40%!%%' gé%ﬁplanar

via conductive ons each "having a varyi
Fradreting sitipde3k) asrenaerion HiediPBtidd 7166 diree 4onductive ribbons 4072,
CAYRY 4§tdg: i) a substrate (i.e. a PCB 421); ii) a

first transnmission line (shown as a first co-planar
mavegU|de 405, including a ground plane 405a and a

CBR&hf’éWﬁ‘ét |ﬁt@5f$‘ﬂé‘c¥ élﬂﬂlt%ﬁ ' %tﬁ@%@rs@ﬁd@&@ﬁd es Pfa%‘r Wateguides 405,

1, 111) ' so arranged

4408 by coopeabRdeTTIRRons CEIRE dis AES EEspRsed fam the termination

SRS firsE Eo- piaaaﬁWawe@wmwo@eaﬁd)&e seBédsb- BIGnéﬂ’ m\@guﬂe 403 is
pl ane 403a and a co-p conducting str

a?raegd enAsuizee Pfﬂeéﬁﬁ'e ﬁT%ORBOSF% F%@%%WU'&F |”\‘Felc) die 419 is
r 4PdHRRa o AHAPCBMUDAD Mofdbier, tHdendskdt ebbie of thé%bnductlve ribbons 407a,

|ntegrated circuit 201, both the fjrst and seco

cH75 ARG arrealrcdifalie ourtes! between th@éurﬂ@@dﬁsgw&t@m@aﬂon at the
t REPEJIIRE FiFhand tHeeselcbndlt& prbhlr Wavedufies apscass. f rom t he

termnation at the first co-planar mavegU|de 405, and
the second co-pl anar wavegui de 403 is arranged on a

sgééa@ge om‘hetrbnatn}ecar%@eﬂﬂeat mﬁééﬁggn@r Edrfucive M 4055 A& the

IC die 419 is arranged on reov

e?iagf ‘E?T'pl@%l'?trdﬁ 4930 ﬂ't?dr?(ﬂ%l at qitferept FH%%%'“ 3@7%?“”36“%?@‘1 circuit
ABYC ARESARIGRC tHel firstl dnd the sedond tdrafingion defite 4 steptwisé drrangement.

second termnation at the
Unlike the first integrated circuit 201, characteristic impedances of the first and the
second co-planar waveguides 405, 403 are different. More specifically, for example,
the characteristic impedance of the first co-planar waveguide 405 is 50 Q2 while the
characteristic impedance of the second co-planar waveguide 403 is 300 Q2. Accordingly,
the conductive ribbons 407a, 407b, 407¢ are configured as a gradual impedance
transformer by requiring the characteristic impedances at the ends of the conductive
ribbons 407a, 407b, 407¢ to match the corresponding characteristic impedances of the

respective terminations.
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respective first and the second co-pl anar wavegui des

405, 403. Because of the relative arrangenent of the

co- pl anar conductive strip 405b and the other

co-planar strip 403b, they are at different planes in

the second integrated circuit 725 401. Accordingly,

the first and the second term nation define a

S r

cREE NG B E A RS TaBye, S St Bindleldd bt oph e, 407

amutdfmvesaemwdg widtp Hamam%b,v@jm sl thdlhts désiBedhetaracteristic
fo 35%& bet\wgér’? bR %?\Hg 5n%?é%s¥% I{}rErWSO%)f ?gﬂhg epd teﬁ%trlcally coupled to

Fact 81 st c I mp co-
V\ﬂi\eélgpjl nermurxamsn) o 390@ \(mtheeemdweleemcailyauoapbé to Erta second

[ - S e d
SBEGERGE s B FE Al S B0 AR R B07jebdrte 25 a graca
4mﬂaﬂ®7tcart§f®monf| gured as a gradual inpedance
transfornmer by requiring the characteristic inpedances
at the ends of the conductive ribbons 407a, 407b,
4917 i the digtectiic materialdn bethbe fiishgnd thersecomst integrated circuits 201, 401.
[ C tl ' [ . . :
Rgﬁ?«gﬁ'[él cﬁéle@ﬁ ¢k ta ti%g Eﬁ% r’gg%véer’ﬁéle@é gﬂa% ot?&f%f gﬁ%ralelectrlc material
cergl meald tasin matwalé thewﬁdthmf?tbe candustivestitanc209z0rdhenplurality of
4

e Mefbfs 46/ .a0f orc L Be cOERY bV Bhmbetiing Bk Hhnauctve
f rikkhons 0 Moldaesinmeatenal. el ectrically coupled to the
first termnation) to 300 O (at the end electrically
coupled to the second 5 termnation). In this way, the
cEhMicrestrieling atsemblyATialed40 2istepiipe copéanar waueguide, via a
g r. Air is the dielectric
rrgc?fg}rd?aévleﬁmg R’ﬁgh @Bﬁwde{ﬁd the second integrated
circuits 201, 401. Since the dielectric constant of
Afigules |%§%Fbt§7§m|r@rlntla§%¥bota@hlt 8h1 ebhptisinl: @)' §§ths'tr§%e (ie.aPCB
materi al resin materla%
t%ﬂdt)@cfw@tttrawmssmdweiwvwva& %Berwplanawamwde 505, 'nClUdlng a
C&BQH&bl'aHQ 5p5PBRAS céﬁHéharéQr?&bané)Zt‘ﬁp%@Bb)bﬁrrdrﬁéa%ﬁ%wcs 521; iii)

ding these conductive bons
n%ﬂ b{ dig|519 gyranges e thei fCB 15333 '\é)s%@ﬁ@ﬂ? tr@@gmqsglgnw@e gshown as a
Sﬁwﬁ)?oéﬁ‘lpsﬁec&seml}a fncmﬁ}f'@gijrhil‘:?ostﬂd Iﬁme%%%’ira‘h@@&' BRkhe/R die 519;

having a uniformw dth Figure 5 illustrates a
tiPﬂdr‘G 3 ¢ndyetvedipben 68Gi t 501 conprising: i) a
substrate (i.e. a PCB 521); ii) a first transm’ssion

line (shown as a first co-planar wavegui de 5
i Hke thei fivgt lrategrated circuit 201, the co-planar conducting strlp 5b5b and the

microstrip line 503 include a respective first and second termination. The IC die 519 is
also spaced from the first termination at the co-planar conducting strip 505b, and the
microstrip line 503 is arranged on a surface of the IC die 519 opposed to the surface on
which the IC die 519 is arranged on the ground plane 505a and indirectly on the PCB
521. Also, the conductive ribbon 507 electrically couples the first and the second

termination.

Because of the relative arrangement of the co-planar conductive strip 505b and the
microstrip line 503, they are arranged at different planes in the third integrated circuit
501. Accordingly, the first and the second termination define a step-wise arrangement.
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ground pl ane 505a and a co-pl anar conducting strip
505b) arranged on the PCB 521; iii) 20 an IC die 519
arranged on the PCB 521; iv) a second transm ssion
line (shown as a mcrostrip |ine assenbly, including
a mcrostrip line 503 arrangedgon the IC die 519; and
v) a conductive ribbon 507. Like the first integrated

flklér%?%ér gch}hket tﬂg leﬁqlnﬂJeegarE%g cl?rgtmfjﬂﬁt 'cngraétteh’stfb |ﬁl%§g?rﬂféq of the first

mcrostri respectiv
aandl tbe@emdtmmmmtwwnguiwﬁawfcwﬁ @resms same Mose spgwifically, both

fha %éﬂégggﬁ%ﬁczihng%tﬁﬁﬂéﬂe@% 'tr%rboaﬁlaﬁﬁ%v&@g@gg%é ahi@ G dd%@np line

str > m crostri I'S arrang
oassan@lyrafraéé OfA dh%reldcchara@tes@@c omedence ofeachaini iﬁmgm:@f the

whi ch [ 19 is ar ed he ground . . .
PG abaR 207 s Biereror 54 SEOREE g ind Safhecehataeteristc
cifipedaides®f bbiblane coplanal waleguil 305 drallibé Aficrbsteip fihé S§sembly.
and the second 30 term nation. Because of the relative

arrangenent of the co-planar conductive strip 505b and
t Rewever canaisnik@ tHel doadbélive ribbery 207 6f the fiest itehrated circuit 201 (or the

di ff t. pl hi i nt d it 1.

arErER RGP 7874 Ap2e. dgrof fie senathateptnsy Ritinap 17 e

dednidoetive rivbep 507 sias arcoastgetwidth. alordbtsdendvhr Fosesure thatla desired

ok oo S Bt Hod PR SRR i

\Pmpeb hgamtméecﬁ bﬁﬂﬁthet@@éblafae wiaheguides05 Wt?e?ﬂﬁemsfrnpdlaéla)ﬁsembly, an
ot char act er, nces € CO-

ERAEIA (EoRRES 3y, S04 Fi0RE 57 B viacd B0GaTir SHHn of the

5¢Qundpldrs 6084l bereatiatot the iconductiverpisabargd?. of each unit

| ength of the 5 conductive ribbon 507 should therefore

be 500 to match the sane characteristic inpedances of
bDtehcavite 508 irptha gasundeplagub0ba iSPovialed by nemaoviog asiortlop of the

B End B3G5 B0, SPEBYIEME] me i dhncliavy S0 RIOHEY pifinupusty
canvdrding todtsrdisiamoesto 41057 agnddibtivte, ribboi S06f Motesspeeifically; the area of the

;}%ﬁg%@é 89 r‘éé%e%%? ﬂl’pe]ﬁrst tgnt? Pgt%ng(%{ltﬂﬁ%g Yahalr m@%&qlﬁegtzo the

CONST al ong 0 ensur
asetend t&rmlnamba(atdmeamlcswtnp Imqa@lﬁanﬁ'es efisurésethabthd ulesirede

o#%&?%r?s?g e ped 3 o* ﬁﬂg c%ﬁgi?ctlgg %@cg‘gg(ynrﬁgicﬁes {hrg%%ﬂ?en&%ractenstlc

anar wavegui de € mcrostr
| impedarsesesfibioth tharco pﬂmarwawegt( ideh5dnarabtha rmamstnp Ilﬁe@ssembly

FMgrlér er5 abrléa 9 I| a@él dirg AP cdHy Eljl\}%rl'lb% a fixed width may
2 IR B

groun ath't e conductive r
55)e7eaS|er compared with fabncatlon of integrated circuits with conductive ribbons of a

varying width.

Further, it is seen that a mold resin material 523 is used to embed the conductive
ribbon 507, so that a smaller width of the conductive ribbon 507 may be used
compared with a corresponding conductive ribbon of an integrated circuit in which air is

used instead.

Figure 6 shows a simulation result of the third integrated circuit 501 in respect of its
return and insertion losses. It is shown that the return loss 604,606 of the third
integrated circuit 501 is less than -10dB over a broad frequency range of between
10GHz and 70GHz. Also, the insertion loss 602 over this frequency range is less than
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15 The cavity 508 in the ground plane 505a is provided
by renoving a portion of the ground plane 505a.
Specifically, the width of the cavity 508 is varied
continuously according to its distance to the
conductive ribbon 507. Mre spgcifically, the area of
the cavity 508 decreased fromthe first termnation

¢
t 38 A o201 50U B D6 bt 8858 #ERBon 507 provices
t w@ebammdam@dna@h@g struetpiesior theithipbiotegeated tireuite501.
conductive ribbon 507 matches the sane characteristic
i npedance of both the co-planar wavegui de 505 and the
npngeeﬂamapwvm/@e@wtﬂdyo a qomnlerar avaveguide, i icnedrstuclie ribbons
'é‘éc%gfa%ﬁ% GhifofilignW t h conductive ribbons of a fixed

may be easier, conpared with fabrication of

[ nt egrat ed circuits with conductive ribbons of a
v
P & TR BRbgralsd P O oo nry I MSE%*‘*'I' e PCB
5@?71) iy @ firstdrangmissian lige (shawnrasa firsheo-plenarukaveguideia®Boincluding a

dgFBNnd3ﬁah’§ G@Sa Qmﬂfs?go jahlr @ongigétfrﬁss‘?r‘?d'éﬂ)ﬂg rranged on the
con

tiverib an i ntegrat clircult

P¢Bieg1; 'B)oamgfe@ie |Gﬁ§ta€aage®rgu e @B ALY asespnd trapsroigsion line
gﬁ?\{vi a8h skbénd &i- blgnémﬁﬁbaﬂg@og' |F18IH€1|F\ %cbr‘ﬂj g\rﬁﬁﬂﬁ gfane 603a

0 return and insertion | osses.

t 3 3 8RG9NH codanas gandsEng sirip 83k amljv) mrﬁeergmauetwe ribbons 6074,
Ce07BUBG7H0L is | ess than -10dB over a broad frequency
range of between 35 1 0GHz and 70GHz. Al so, the

insertion |loss 602 over this frequency range is |ess

tNREhS thild ARgrated %ﬁ?cuntfhﬂ Q?X'SH&)M op i 1Rt dr&?no%lé’h@"@%a is cut out to

pl ane 505a and the rib rovides a w deband

| RIPUERAR @PRRAYTEHBIRYSAY %ﬂé@tn ﬁ@SX'aﬁhet fiyet graundipipne 6@5%(0éadjustmg

cthe edpacitaRde ofPhe FBbdH Pd 60TR\EEN B g%mm §ﬁ|d h@néé the
%\?Fl anar. wavegui de, via conductive rib
h

3rteristic nrestancaoting cendiptive vbt?qns@t?aa@% 90?006\8tshown in

i Flg@rgmtl'fédcaﬁit}’ 608 Is cfe(ﬁﬂied: 8§"BIdo&blBdriarigllar S 3he Ah8r (smaller)
first transm ssion |ine (shown

tga%s'? P%{hec%ﬂ%ﬂ @waﬁr)m& thearavng plapg ngigierte inner tripagle and

asueslael optha BRygePBiangleds ﬁanﬂdv@ﬁtto fdﬁmﬂhéleé\f ty ®OB IS LséWito adjust the
strl 605b£ arranged on 1; iii) an IC die

ar“&ﬁé’ thesis gag@?@z'flahy%o the Qeft%'ﬁcﬂ"aﬂeansm ssi on

Iine (shown as a second co-pl anar wavegui de 603,

| I_qlt(:eI lf'llglcrc])ﬂdt?ctlég ?lggon g(57ogfnthe &lr%rllr%egrated circuit 501, the width of the

conductive ribbons 607a, 607b, 607¢ is uniform. This advantageously simplifies
fabrication of the integrated circuits. However, whereas the second transmission line
503 of the third integrated circuit 501 defines a microstrip line assembly, the second
transmission line 603 of the fourth integrated circuit 601 defines a co-planar waveguide.
Thus, the fourth integrated circuit 601 may be more advantageous then the third
integrated circuit 501 since the width of the conductive ribbons 607a, 607b, 607c can

be made smaller than that of the third integrated circuit 501. To reduce the width of the
conductive ribbons 607a, 607b, 607c yet further, a mold resin material 623 is used to
embed (or encapsulate) the conductive ribbons 607a, 607b, 607c, as shown in Figure 7.
For example, between corresponding example configurations of these integrated

circuits, the width of the conductive ribbon 507 of the third integrated circuit 501 may be
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and a second co-pl anar conducting strip 603b); and v)
three conductive ribbons 607a, 607b, 607c. 15 Like
the third integrated circuit 501, a portion of the
first ground plane 605a is cut out to provide an
aperture (shown as cavity 608)4gin the first ground
pl ane 605a for adjusting the capacitance of the

6 t
%1 0%29%66 H?cg?ns \gtzg)regﬂh% v{/ Mtﬂ otf o?mﬂughlg?mggﬁkfgﬁﬁo 6547@ 607c¢ of
6i6& :ﬁqurﬂsﬂﬁﬂegraﬁ@imrcuwos m_aMDnlmbe ahquh 58 microndie cavity
608 is defined as a double-triangular - i.e. the inner
(smaller) 20 triangle and the outer (bigger) triangle,
t FigurgrBoshowvsd simailatias irehuilttof thei faurdly integrated ciecuitrfilP1 in respect of its

| Oﬂé{u?h gﬁ‘%g{g ftf&ﬁ IS8 §F |sts'hb®g%a$ it ﬁﬁﬂr%rfs’é‘seébéébd‘ @'ié&ttl% -10dB

used to capacl tance of
Wer abgcmﬂ frecmoey &08p of betmeisv 8GHz ande’ OHizu idsopthgriasertion loss

L dCovel 9&%@5@%&%& vv| |§’ Q?Q tr%g71 0?5 Htehé‘e b £4Litl %b@ %f fHeSffound

circuit _ / conductive’ri bbons
60are 6@FEProvides 8 wnci,ehanﬂﬂrnpe:danw matelingastustee fasithe fourth

h%tét&’j 3,3&1 tf@qul cation of the int egr at ed circuits.

ereas the second transm ssion Iine 503 of
the third integrated circuit 501 defines a microstrip

tw}fefbour tﬁﬂﬂ&éncé Reat Fbcthrésal'B?‘ mte}zétga clrbtﬂﬁ H208 trﬂfs been

mgr at circurt 601 fines co- pl anar
verepegsdd Such wisigband impedgnea Watohmgfﬁfatﬁé'tﬁsdﬂlﬂ aaximigg power transfer

o Cﬁ?fré@fg?c?gléﬁé‘lg Adfgal!s fﬂﬁ&gﬁhﬁte&@té@c&glté Qb?%ﬂt 564, 601.

ce the w he“conduct | ve ri bbons
6Burther. guymroviding @ widebansdmpadancemaatriing stiggiureritough cerfiguring a

t Eé\f it il t'ﬂg‘ég?lﬁ{deﬁarfé e d- plgﬂér wa-%gﬁl@g URE widts ok @Bﬁkqu&ftlve ribbon

con Ive r|b ons 7c yet fur
acambejacﬂ\@sltageﬁmlbflxeﬂ a'B'EB'tS '§n9ﬁ§e‘ﬂhlﬁ6 theé?ﬁ)’eﬂmPHfV'"g fabrication of

%ﬁéé‘& &t A8o W&H&iddﬁ?g thé hb@éﬁlnﬁﬂ%éld rE8 natéfdl Ghe width of

own I n Figu . For "exampl e, between

ctﬁ‘ﬁﬂ@bﬂ@ﬁ@ﬂ ﬁ@og’ﬁdﬁ%@dconfl gurations of these

integrated 35 circuits, the width of the conductive

ri bbon 507 of the third integrated circuit 501 may be
18lthagh die pentienchasreeneseibed witb reflecanse onlyita@ few embodiments,

CRRAY GAriaf@né bmv@pgé‘ssﬁ@%%m B Scopb of tHeecidigd! 4dwill be clear to

|nte rated circuit 60 be about 50 nicrons.
FA §lifled @agﬁbwhautsqenamae g t.heérmeﬂt'% ag Hainegh Fprexample, a

| pArRAY 6 tRE PSbr’hEt‘r‘nb&l BOdtubed (bséﬁ%gloﬁé) drtise c&dmemrribbaﬁsizm
i nsertion [osses is shown that its return

8807 p487h H07e ke mele tmasv'dw&@ban% m?a’afﬁ?%a‘a@%w structures for
r ﬁ‘\ﬂﬂﬁat@& chalitderRo Cﬁﬂne@ﬁ&’f cHRfdifratioNsSH? the Evity BES rddBﬁﬂhe ground

| oss 02 over this frequency range is |less than 1dB
Helape 505@1 &06aare 909@@@9 torproyige gfd@gﬁ@p impedance matchlng structures for

integrated circuits. Moreover, the conductive ribbons 207, 407a, 407b, 407c, 507, 607a,

| 607b, 607¢ may be build-in within a flexible substrate (e.g. a flexible PCB) to simplify
fabrication of the integrated circuits 201, 401, 501, 601 in respect of the dimensions of
these conductive ribbons and/or a gap distance between the adjacent conductive
ribbons. The flexible PCB may also be easily soldered to an IC die or a PCB. Further, it
should be appreciated that the described embodiments are equally applicable to
integrated circuits where the IC dies 219, 419, 519, 619 are respective sources and the
PCBs 221, 421, 521, 621 respective loads as well as to integrated circuits where the IC
dies 219, 419, 519, 619 are respective loads and the PCBs 221, 421, 521, 621
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pl ane 605a provi des a w deband i npedance mat chi ng
structure for the fourth integrated circuit 601. 10
W deband i npedance nat ching structures for integrated
circuits have thus been proposed. Such w deband

I npedance matching structures 4 |1 maxi m se power
transfer of high frequency signals across the

dicLf ot - | .

F'l {)ﬁf I@Qg%u£é$ %tﬁb@%u? H'Wdé@ %{1S| @%Qﬁg(& tra}@gﬂ;ntted in either

sdlmﬂ@mﬁrle tlnmmt.aggﬁed Gtﬁwlfglﬂm nP1a 505 add\letwednthene dles 219, 419,
05 14849 Bha iR B8259 431255 69 VALY ItREintd f? WcE’I:Ji s°z’o1a4o1 501,

conductive ribbo can be advant ageousl xed

i §&1 man gpﬂatemacfrﬁqueemewhla areprtalnyamy ofdbe mowa\re mectrum such

i 5d saweéﬁeﬁo@H& %HatvéeH%J érooet\Dé{er?ﬁG@qi’éﬁ@sé Az fdrhﬁen higher

i nto nol resin materi al erib

afreqyiepey. MHQ@%PCQ@ haye h@ﬁ!gwﬁedraé thm@bﬁram faptbe @@ewbed
|ﬁ{%§Fét@@€’|rdM|tE hoth&f LAt8HE SuBstared magla%swe%w%mmw the PCB

{ variations are however possi scope
Keé1.c2di A21 Mmay egrh haysea Hickaessg of 209 naigians 200 migkrsns, or 400

wntcmt FAeRa' Sipaeyifie %}/%E%sé@#ﬁﬂééé)& tRS nﬁ)lloar'egﬁqnatgﬁél mentioned

exanpl e, a variety eonetrical structures
d?l?Pé’ﬁ§?Tcﬁ‘T§?P$j-f|attnﬁéh% émﬂsr@t'\rev@bhoné Hriexample, if fgrruperglue with a

4@3!@ctné@3ﬁst§rﬁt%f PovsTe l%@d tRe BRifdYh $RdtH of m&dua%%esﬁs 607a,
mat ch In? structures for 25 |nte rated circuits.

BQ7%y PREGofdhe fayrthiigjagratadsirsuibfOt m@y dgvedyced e 50 amgpns

t he ground pl ane 505a 605a are possible to provide

band i eda h|n struct res for rated

chiranncre. B 2l cation on e edien et esys Rat isptpa S b ormection.
W?xa#@‘é} llt n‘@Zﬁe @&Hgo coﬁxﬁéﬁban)ﬁﬂj @Idﬁ?{s/sthﬁtﬁbal(%%s d):dﬁplanar
W tnin exl S str a exl bl e to
SiaheticR) ta e 20 AR et oitefertem Y cui to 201,
401, 501, 601 in respect of the dinensions of 30 these
conductive ribbons and/or a gap di stance between the
adj acent conductive ribbons. The flexible PCB nmay
al so be easily soldered to an IC die or a PCB.
Further, it should be appreciated that the described
enbodi nents are equally applicable to integrated
circuits where the 1C dies 219, 419, 519, 619 are
respective sources and the PCBs 221, 421, 521, 621
respective |loads as well as to integrated circuits
where the 1C 35 dies 219, 419, 519, 619 are respective
| oads and the PCBs 221, 421, 521, 621 11 respective
sources. Sinply put, high frequency signals may be
transmtted in either
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directions in the integrated circuits 201, 401, 501,
601 between the IC dies 219, 419, 519, 619 and the
PCBs 221, 421, 521, 621. Also, the integrated circuits
201, 401, 501, 601 may operate at a frequency wthin
a certain range of the m crowawe spectrumsuch 5 as
bet ween 10GHz and 70GHz, or between 30GHz and 50GHz,
Of1afygN higher frequency. Al though PCBs have been
used as the substrates for the described integrated
circuits, other suitable substrates nmay al so be used.
di 3 421, 521, 621 nmay each
ﬁgveﬁ\gﬂ?%rg%ﬁecgrg&gg&g%rb%crons 300 m crons, or 400
m cronsa spbsttater, supergl ue may be used in place of
the nol ?flfﬁ%‘aﬂsrﬁﬁgﬁﬁ'hﬁé afFBRiddy e%gbﬁpﬁé"i‘héﬁ(stﬁransml?smn line
enca at1ng the conductive ribbons. For exanple
t he %deé&@f' tegminatian; di el ectric constant of 7 were
used, t Q%lé‘ﬁ‘é\flr%mﬁ@'t g&r#hc@fonttf?@sm@édd’& bpgdided Second
607a, e fourth integrated circuit 601
may serfacedihe ke ‘P%ngépﬁﬁeérf@ﬁ‘sthe firsh terAdiatiePe, the
appl i cabis@BorRf tréﬂ%ﬁwn&b’l&ﬂ%%ﬁraﬁbé&‘ 6h WeesechAd 80kade Jf‘trﬁeeS’ie
to 1 C connecti on. For exanple, it may be used t
con n@@tseé?@ﬂ @@Sﬂl"‘é‘ﬁ%ﬂ ling: haying 4 eecerd @em‘!'!@i'ﬁf‘aﬁﬂ?r
wavegui Q%n&&tn@é‘%&ﬁﬁo@o@ﬂnéﬂ?&oﬁlé H'fétfir'ét%nﬁfth@'éééo‘hﬂ%ﬁmnatlon
height. 12 dains 1. integrated circuijt

conp't"P'é‘F"ﬁ‘g a ma'nwﬁsanW@ cantigupyshsipcrepsRfisinivgdthdiem thedirst
arr afagRmageh.t he substrate, the first transmssion |line
having a first termnation; a die having a first
surface on the substrate and an opposed second

spir T AR ftedriRddirBuib@msrisiaced fromthe first
term nati on a second transm ssion |ine arranged on

the sec8®dPsA®ace of the die, 10 the second

transni ssm&rahsmgsiaa\rh@arranmﬂmetsabmaﬁ@tth@nrst fakndission line
conductive _ribbon to electrically couple the first and -

the GRWMhA fitsbiStMNgiP™®n i ncluding a main portion which
cont i nuggd Navintfa AR SSrfdce dNtﬂé Buthstraf® antParf bppdsed second

;e;um afclg? tgme d|e5be|ng spaceg rognrt e |(rJ|s't(t:(Ierrm(fnualtltonCorrprl sing:
a second transmission line arranged on the second surface of the die,
the second transmission line having a second termination;
a conductive ribbon to electrically couple the first and the second termination
wherein the width of the conductive ribbon is constant along its length; and
a ground plane arranged on the substrate including a first aperture

immediately adjacent to the conductive ribbon.

3. The integrated circuit of claims 1 or 2, further comprising an encapsulant around
the conductive ribbon.

4. The integrated circuit of claim 3, wherein the encapsulant is resin.

5. The integrated circuit of claim 3 or 4 when dependant on claim 2, wherein the

conductive ribbon has a substantially constant width.
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a first transm ssion |line arranged on the substrate,
the first transmssion line having a first

term nation; a die having a first surface on the
substrate and an opposed second 20 surface, the die
bei ng spaced fromthe first temm nation; a second
transm ssion |line arranged on the second surface of
the die, the second transnission |ine having a second
term nation; a conductive ribbon to electrically
couple the first and the second termnation wherein
tde 4V

195 Thbchaieh GRaGRA i 11 fneiek 8 rin BT dafiegt Uiltn (v
subs?‘l"‘?@f@ng wcfp[mulﬁ@)aprfasmgter@p@dthyrs@nulamred| ately

adj acent to the conductive ribbon. 3. The integrated
circuit of clainms 1 or 2, further conprising an

ehcapdintagratas Glipit ofichdm dari@laimiby wherelrbibs. cogductive Tihion includes
i nt egkah y inthe

o auaRFRsh Whieh cohiuudy ineilses o Wioh RS RRSLE ARG
whentegBipatietant on claim 2, wherein the conducti ve

ri bbon has a substantially constant width. 35 13 6.

The | nte%gated circuit of claim1, wherein the main
dor t Thminiegrated cirguit gt glaim 2vyvhereedhawidh obthedirshaparture)varies

or ac»?orﬂﬁ&@!s!? ARerdiyg B |@H|ﬁ5r‘|dé% the>cohdudtiVe rlH%ﬁ

circuit of claim1 or claim®6, wherein the con ﬁt}aomt the
ri bbdHANFRPeIRG 1 2 direqtian SPErenicyaF to qmamn Setface of the substrate.
continuously increases in width fromthe second

termination. 10 8. The int egr ated circuit of claim 2,
wher Bisiintegeated gireuitf claja 8f whereindpe widih ef therapegure continuously

cont detredssh Yn WREPHEM Sk firdt fefmingdiicH. ance to the
conductive ribbon at each point, the distance being

in a direction perpendicular to a major surface of the

S@ﬂﬁe&ht@ﬁra@ed difgitiontiam 8t fRAher dofiprisingfa é"e'c@h(maﬁerture wherein the
wherein t th of the agerture conti nuous| 15

decr&saperye 'an%ewpqdrl?yna filbiriangle hayiag iase contident with the first

termination and the second aperture is on the outside of a larger second triangle
surrounding the first triangle. |

11. The integrated circuit of any one of the preceding claims, wherein the first
transmission line is a first co-planar waveguide including a first conductive strip
and a first ground plane, the first ground plane having a portion coplanar with and
spaced from the first conductive strip.

12. The integrated circuit of claim 11, wherein the first surface of the die is arranged

on the substrate and wherein the second transmission line is a microstrip line.

13.‘ The integrated circuit of claim 11, wherein the second transmission line is a
second co-planar waveguide including a second conductive strip and a second
ground plane, the second ground plane having a portion coplanar with and spaced
from the second conductive strip.
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10. The integrated circuit of claim5, further

conprising a second aperture, wherein the first

aperture is bounded by a first triangle having a base

coincident with the first term nation and the second

aperture is on the outside of g |arger second triangle

20 surrounding the first triangle. 11. The integrated
C;f‘h% irﬁégr?%ncﬁ)rﬁ]& I 8{ c(l)én P1|e130 F&&%F’E&ﬁpr@ rfd gﬁwd &Ened pﬂane including

wavegdh:ctbporhm Q@blargarawthlansltspacﬂdﬁmn rthaeccstinctp/e rdubdn a

first ground plane, the first ground plane having a

portion coplanar with and 25 spaced fromthe first

cibﬁwdmbe integratedicjjcuitldf claiinel 4, whenrgirethe avidth of thietconfiudtivairibbon and

r

on i His su rrrtlgr? céﬁtr 315 V\ﬂgﬁ&%% glorq%ﬁeq%‘?qﬂ# EP@ r%ﬁgﬁ&?%rmmatlon

l'i neta tbeaemrtdrtestllnamm ine. 30 13. The integrated

circuit of claim1l, wherein the second transm ssion

line is a second co-planar wavegui de including a

st@omble inteatatedicireuitefrany oaa@f thequeeading daimsnwhereiribe integrated

t he ' r with

and CRaRTE 0P Rl L B ARG o e RO RO T

The |ntegrated circuit of cla|n113 further conprising

aq$ hiar i

o 1 el AHRTEBLARE SO el B REBlARo gy f he

15. vPresedingetpimsed circuit of claim 14, wherein the

wi dt h of the conductive ribbon and 5 the third

portion continuously decrease along the |ength from

the first termnation to the second term nation. 16.

The integrated circuit of any one of the preceding

clainms, wherein the integrated circuit is operable at

a frequency of between 10GHz and 70GHz. 10 17. A

conductive ribbon for use in an integrated circuit

according to any of the preceding clains.



