INTEGRATED TRANSFORMER AND METHOD OF FABRICATION
THEREOF FIELD OF THE INVENTION [0001] The present invention relates
to integrated transformers for semiconductor integrated circuit structures,

and to a method of fabricating an integrated transformer. BACKGROUND OF
THE INVENTION{&OOOZ Monolithic transformers are used in on-chip radio
frédETRAREDIAR AN @BME&%ME%Q&Q%E%%MHD&EEREOF
including impedance matching, signal coupling and phase splitting.

Monolithic transformers provide a number of advantages for the circuit

designer over conventionaﬁfﬁrﬁfgﬁﬁg iwrﬂ%ﬁwer power consumption
onolithic trans

and higher packaging density. ormers enable power
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levels obtainable based on existing fully integrated amplifiers using silicon as

citogiSHRRIALS, ara 199 iMhiRl bersensidesed fak wirglessnapplications. This is

due to power losses caused by eddy currents induced in the silicon substrate
by electromagnetic fields associated with coils of the transformer. [0003] In
order to reduce power losses, a variety of fabrication methods have been
proposed including spBaeK&aepiodesdindg tetviaNjtiesNincluding thinning of
the silicon substrate. This technique is costly, however, and not readily
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costs are associated with this technique. [0004] Current fabrication
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econd cails being.formed to have unegu hysical lengths,.resulting in a
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thicknesses and distances between respective IIs and the silicon substrat

MIRQAFLBERISERRPANEIER I HANFIMIME RS HOIMAREEd by ARARLFNNES Qlesses.

known integrated transformer structures include planar transformer
However, power levels obtainable based on existing fully integrated amplifiers using silicon as

the substrate are too low to be considered for wireless applications. This is due to power losses
caused by eddy currents induced in the silicon substrate by electromagnetic fields associated
with coils of the transformer.

[0003] In order to reduce power losses, a variety of fabrication methods have been proposed
including special wafer-processing techniques including thinning of the silicon substrate. This
technique is costly, however, and not readily compatible with foundry processing technologies.
Furthermore, additional costs are associated with this technique.

[0004] Current fabrication techniques for monolithic transformer structures result in the
primary and secondary coils being formed to have unequal physical lengths, resulting in a
difference between the values of inductance of the coils. Furthermore, in the case of stacked
transformer structures, differences in metallization thicknesses and distances between respective

coils and the silicon substrate also cause discrepancies in transformer performance.
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structures that rely on coupling between coils located primarily in the same
plane, ie lateral (or “side’) coupling between coils. US2003/0071706
discloses such a structure. [0006] FIGs. 1(a) and (b) show prior art
transformer structures of the planar and stacked type, respectively. The
structures show transformers having, respectively, two and four turns per
[Oﬁﬂﬁlary Eﬁi‘)‘%%?fdw&b‘iﬁt%@%q ?@é)s@ﬁ’é}e(‘b?rébcé"éﬁf’dﬁé‘é& Viangs Gpnpfermer
structures of FIGs. 1(a) and (b) respectively. [0007] Planar transformers rely
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efficient and symmetric design of monolithic transformers for ‘silicon RF ICs,"
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proposed an integrated transformer structure having the feature of mixed

peodplingl Retwrary @imansandsecoWary eopilsddde siructtie PianasedfiyGs.
Lee exhibits side-coupling (hereinafter referred to as "lateral coupling’) and

1 e rtidg(be cespticty ¢hereinafter referred to as “transverse coupling'). Mixed
coupling was suggested to provide the best performance in terms of
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mixed coupling devices is generally better than that of devices relying on
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i i0 | tly mitigate the above mentioned problems. 2 [0011]
Stﬁ}lgs&l gé?u%rg%eras;?%%(g%bodiments of the invention to provide an improved

[d@éﬁ?fat%e (S.-G. Lee, “Area efficient and symmetric design of monolithic transformers for
silicon RF ICs,” Proceedings of the IEEE Region 10 Conference, 1999, pages 880 - 882)
proposed an integrated transformer structure having the feature of mixed coupling between
primary and secondary coils. The structure proposed by Lee exhibits side-coupling (hereinafter
referred to as ‘lateral coupling’) and vertical-coupling (hereinafter referred to as ‘transverse
coupling’). Mixed coupling was suggested to provide the best performance in terms of
symmetry, area efficiency and insertion loss.

[0009] The performance of mixed coupling devices is generally better than that of devices
relying on only lateral or transverse coupling between coils. However, further improvements in

transformer performance are highly desirable.

SUMMARY OF THE INVENTION
[0010] It is an aim of embodiments of the present invention to at least partly mitigate the

above mentioned problems.



transformer structure. [0012] Another aim of embodiments of the present
invention is to provide a fabrication method for an improved integrated
transformer structure. [0013] A still further aim of embodiments of the present
invention is to provide an integrated transformer having increased power
efficiency. It is a further aim of embodiments of the invention to provide a
[‘Wéh]sforrﬁé? ‘hg\ﬁﬁﬁf ﬁ%&?@é%@@%%@?%?ﬁéﬁ@ﬁ%%%i?dﬁ%ﬁ&@énWﬁ?\Ved integrated
sta#é(%%fd CMOS deep-submicron fabrication processes. [0014] According to

UAHAULSEEE B the present invention there is provided an integrated

Jﬁ forrRer lsltructur cobmgrising: a irst coil element associated with.a. ..
T?E nother a%ﬁl (%.'er{l O fm nts o % € presen { Vention 1S OSI'OV c a abtrlcat on
transverse axis, the tirst coil element having at least one turn, the first col

mElR5AG0F SOTRRHNIEY iﬁt@%ﬁit@@{&‘?&&ﬁﬁéfli%gcﬁﬂea first lateral level, and a

second portion provided on a second lateral level, the first and second lateral

[desls beingiimutialysRacat A AIhs PR JEANSVERESAXIH phe filstaifkgrated
second portions being displaced laterally from said axis by different

triasfoeativRadistainceasansbatiedstions cClossonatheotimrooétive dirstobf the
element, the first coil element being configured to provide a conducting path

infyoigh@apledadt a portfiomoef lilnerfg siquenttdrpottheffistpyillglementpotible with
crossover portion, through the crossover portion and subsequently through

stapdast MO8 rienp-oR tHECsEE BRI (O AT LS first coil element, in which any
change of flow direction along said path is less than 90 in a lateral direction.

[4RkH5) AcEerElg 16 LSS HRECASPREIEFHE IMEHEBANHE & RO dadnierated

int%;rated transformer structure, comprising: first and second coil elements
transtormer s Cttlﬁ'e %Om I’lSlngl . - .
ssoclated with a transverse axis, each coil element having at least one turn,

each cail el 89&%9{%@%{}3%%3&[EtaQ%ﬁéc&%sF5%‘1"9' gﬁ’ﬁ% ﬁ%ﬁé‘?‘nt&{?éi%%%t Jeast

51
and a secomT portion provi on a second lateral level, the first and sec
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an
second portion provided on a second lateral level, the first and second lateral levels being

mutually spaced apart along said transverse axis, the first and second portions being displaced
laterally from said axis by different respective distances; and

at least one crossover portion of the first coil element,
the first coil element being configured to provide a conducting path through at least a portion of
the first portion of the first coil element to the crossover portion, through the crossover portion
and subsequently through at least a portion of the second portion of the first coil element, in
which any change of flow direction along said path is less than 90° in a lateral direction.
[0015] According to a second aspect of the invention there is provided an integrated
transformer structure, comprising: first and second coil elements associated with a transverse
axis, each coil element having at least one turn, each coil element comprising a first portion
provided on a first lateral level, and a second portion provided on a second lateral level, the first

and second lateral levels being mutually spaced apart along said transverse axis, the first and
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second portions being displaced laterally from said axis by different

respective distances, each coil element further comprising at least one

crossover portion, said coil elements being configured to provide a

conducting path through at least a portion of the first portion of the respective

coil element to the crossover portion of the coil element, through the
Set‘é%}ﬁ‘é&ﬁ()@“%?é‘é%éﬁ’lb@ﬂi@ﬁ% @8&%%&1%%&?@??@5&@ B’éFﬁ'&ﬁ?soFaCh

the second portion of the respective coil element, in which any change of
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coupling ween sald Co s afong a portion of a leng east
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According to a third aspect of the invention there is provided a method of
BRI SN b MG HANSNRC AWM B BPIRINE 618 S8R OF: the
forming a first coil element associated with a transverse axis, the first coll
reffebtienichaiageat idashionanychatbe dirabealieleimenibagraptisitgialédsthan 90° in
portion provided on a first lateral level, and a second portion provided on a
a seorhdileteral by Eksthedirstaadd sbcondiateealdevelebéingronidellytspacadtic
apart along said transverse axis, the first and second portions being
cliBbradedvesterithe fibele Bt alin by poffere ot pdspeibtivearidisi mpesodgtment in
forming at least one crossover portion in the first coil element, whereby the
befhst Lonrel aRderit aseerfigiielt® provide a conducting path through at least a

rtjon of the first portjon, of the first coil element to. the crossover porti L
8o R T e e B T g s i

a&r%ﬁtés%%ﬁffré)nos%?xﬂg%t %ﬁﬁ{cﬁtc&%gnes'lem%@tsé"&sv‘é'ﬂCh any change of flow

direction along said path is less than 90 in a fateral direction. [0017] The

MethRA MY » i SUNERMRAUNEIRLOMPIRENE-SIERR Ahlai NG ARSI Having

coil element associated with said transverse axis, the second coil element
atanehatlaashOnRtusN LaRRRrisingaiish pritipn erpraandbe firstdaieral level,

level, and a second portion formed on the

and a second portion provided on a second lateral level, the first and second lateral levels being
mutually spaced apart along said transverse axis, the first and second portions being displaced
laterally from said axis by different respective distances; and

forming at least one crossover portion in the first coil element,

whereby the first coil element is configured to provide a conducting path through at least
a portion of the first portion of the first coil element to the crossover portion, through the
crossover portion and subsequently through at least a portion of the second portion of the first
coil element, in which any change of flow direction along said path is less than 90° in a lateral
direction.
[0017] The method may, in some embodiments, comprise the steps of forming a second coil

element associated with said transverse axis, the second coil element having at least one turn

comprising a first portion formed on the first lateral level, and a second portion formed on the
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4 second lateral level, the first and second portions being laterally offset from

one another around said transverse axis. [0018] In some embodiments, the

first and second coil elements are formed to provide electromagnetic

coupling between the coil elements along a portion of a length of at least one

coil element in both a lateral and a transverse direction. [0019] In some
sesddafiie Mtchiberfist aafl Hetné HP%&W&?%%% lét‘?fﬂllr%lﬁ@s%tfft‘&m §.“e[6@(’2§]’rl ground

some embodiments, the second coil element comprises a plurality of turns.
Safgdiafﬂﬁr%%?ﬁg'embodiments, each turn of said first and second coils is
e tp have: s frstRarion provided.on. & fish lateral evel, and  second

ortion prow?ijec? ona secoth latera eveﬁn[%e irSt and second lateral levers

elggti%%ﬁ‘g%ﬂé'%gﬁg%%%ﬁ%@ﬁttﬁé% SRIAHANRYRESE il SRS IIRhRBA.SRE0NGhe

portions being aced laterally from said axis by different distances, and at
cdARRBAR £FOSEOYRERLArLRN. Bash dwndaei@.configured to provide a
conducting path through at least a portion of the first portion to the crossover
[qoagion, throughethieoarosary dic pistiosilandsubsanpiesetiy thoeugh atulgast a
portion of the second portion, in which any change of flow direction along
[09aR] pathinisodessnthadiBénin, théataral dieltiome[0022ptvsonpéiedyedimants,
said first and second portions of each turn each comprises substantially half
[9%in oflBarMesiMbldivesits[oacBlm afteviddiiveaadmsetlithentsiscasnad i kspve:

said first and second coils further comprises third and fourth portions. [0024]

In som&EmpbamRentsicd et S thiafirst avd: i omibR i et PR Aesecond

laterall ogg, t from the common transverse axis a different distance than the
gk b A arse s B ot e L eecsrad R g vere

aﬂg,SEh%r}grstth%% 9&:@5%“508!0%@%@185 ﬁlggﬁl(%@igg?fgl}g B said axis by different distances,
and at least one crossover portion,
each turn being configured to provide a conducting path through at least a portion of the
first portion to the crossover portion, through the crossover portion and subsequently through at
least a portion of the second portion, in which any change of flow direction along said path is
less than 90° in a lateral direction.
[0022] In some embodiments, said first and second portions of each turn each comprises
substantially half a turn of said coil element.
[0023] In alternative embodiments, each turn of said first and second coils further comprises
third and fourth portions.
[0024] In some embodiments, each of the first and fourth portions of each turn are laterally
offset from the common transverse axis a different distance than the second and third portions of
each coil.
[0025] In some embodiments, said first and third portions of each coil are provided on a

different lateral level to the second and fourth portions of each coil.
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different lateral level to the second and fourth portions of each coil. 5 [0026]
In some embodiments, the first and third portions of each colil are in
diametrically opposed spaced relationship about the common axis. [0027] In
some embodiments, said first, second, third and fourth portions of each turn
each comprises generally one quarter of a turn. [0028] In some = '
[@%@odiﬁfé?ﬂg}eé&tl‘?@é‘ﬁeé%rﬁ@rﬁr&b&fﬂ%H‘s‘fé%%%oﬂfrﬂfs?alﬁh&I‘?éri‘fﬁﬂ’{}éhamemcany
embaodiments, each coil element comprises four turns. [0029] In some

ORI A AR PR A R AN S mmetrical. [0030] In some

[@Q‘ﬁ"d.' r?fé‘&%et%‘r%ﬁgé‘i%%'t'seé%{ﬁ‘ ?”s?t,'sse%%rﬁ"‘c[,‘%?%?d%%ﬁf}éﬁ‘l%% pie %&'8(‘%% 8 each
irst coil element overlie oné another a ong a direction parallel to sal

C(gm\égrgc&%jﬁ, &ggﬁ&lﬁgr%q@ﬁﬁmbodiments, the first coil element

comprises a plurality of turns arranged such that adjacent concentric

[sdegjonsafssaid dmBrziar IR BIELRRNEL AP SRPAIMaFRY B ARHiomef a
turn of the second coil element. [0032] In one embodiment, the method

eiabodprisas, thehstepsiehdortomngradasen afrasconductive material on a first
lateral level; patterning said layer of conductive material to form portions of
[0029k of bashmefethboiiisteEndiegoonducoilleienahiissfomeingad. layer of an
insulating material above the conductive material on the first lateral level,
[0Qing Enlsgrae enbodbnenistibe higtedibtlomeneiseEniagdatsinthiets paripns of the
patterning said layer of conductive material to form corresponding portions of
fikeh ll A iH DYeTie s eRntbrsalonRd EBRURMRBRLS SUSS] WRsHRESdiRents of
[Ot&eﬁjnve tion, enh%n ed cou Iir}g its rlo ided tbetween firspﬁﬁan]dt sefcond coils q
B trAR SRR RIrTe: S S B 5N pHPHe o laePpporms araiee
su%'iqoﬁlsel?\igf acent concentric portions of said turns on a given lateral level are separated by a
portion of a turn of the second coil element.
[0032] In one embodiment, the method comprises the steps of
forming a layer of a conductive material on a first lateral level;
patterning said layer of conductive material to form portions of turns of each of the first
and second coil elements;
forming a layer of an insulating material above the conductive material on the first lateral
level;
forming a layer of a conductive material on the second lateral level; and
patterning said layer of conductive material to form corresponding portions of turns of each of
the first and second coil elements.
[0033] In embodiments of the invention, enhanced coupling is provided between first and
second coils of the transformer structure. This is at least in part due to the use of crossover

elements that increase a level of coupling between respective first and second coils of a

transformer structure.



elements that increase a level of coupling between respective first and
second coils of a transformer structure. 6 [0034] In embodiments of the
invention, an amount of current crowding in a region of the transformer
structure where the crossover elements are located is reduced. This is at
least in part due to the fact that crossover elements according to ,
[0 M odinferdodithenings Hﬁdﬁvﬁ%\%é‘%ﬁmél@éﬁfc‘%iWWQWW&H%t%Pn of the
tri%ﬁnges of direction less than 90. [0035] In embodiments oféhe inventi

ARBTG5 PR XA Gl dayceia Bl & feast n part

antRsanal atl??ré%dkr‘v%f ll@'se'l?tsaééce&ﬁ%A”tBae% ﬁ&%’#@%@@%ﬁ%@&%m&?f}?r% T an
primary ana secondary colls constructed according to embodiments he

IRVSEHOMWEIE WA RRSEH RYAINEIF YRRt g.coMRggYence that, per unit

length of coil, the average distance from a ground plane is substantially the

[0d38)e forLanboaaiie [ROSGhiNRaERdImeRis Afithe RYRMIAMH8iS8e primary and

self-cancellation is achieved due to the differential layout connection. This
secondegtiol ssatbsidstiatiyislininaies ddwmanieaade pviske (OG3rdaWhdstnmetry of

reference is made to primary and secondary coils having portions on first and
psmagnahthterandeetsjlit wilktrecedpreoidieg thanbadiniater af lbv@lsaremnoi he

_necessarily perfectly planar. A small amount of non-planarity may be
insreasefsYMIBtHE MAGREc e Jugaeathayaier vaithenggh S eodiabriars agadistanredepm a

not be perfectly planar. Furthermore, it will be appreciated that portions of
SgHBIGH e SOFL Dtk BegRBh et ¥kl may not be perfectly coplanar,

to variatjons in fabrication processes and fabrication methodology. Thus,

Ueimenat it e el e
df%ﬁé}e%‘{i‘ﬁ @8@990@9%'c%&?Yrﬂg?cgﬁng‘étﬁg%cst%{)s%ﬁﬁﬁl A S S

of the coils. Similarly, a direction of lateral coupling between adjacent
[0937{ONS WRiTSPRAINE IQtghal VG Ma%ROkPe BRYREHY RATAIIIAIREon first and

transverse axis of the coils. [0038] It will also be appreciated that reference
sd@FOURINYIBRINEER Ak BIRRGate iptRfida@d eral levels are not necessarily perfectly
planar. A small amount of non-planarity may be present. In other words, the lateral levels,
although substantially planar, need not be perfectly planar. Furthermore, it will be appreciated
that portions of one or each coils within a given lateral level may not be perfectly coplanar, due
to variations in fabrication processes and fabrication methodology. Thus, a direction of lateral
coupling between adjacent concentric portions of the first and second coils may not be perfectly
orthogonal to the transverse axis of the coils. Similarly, a direction of lateral coupling between
adjacent portions on respective lateral levels may not be perfectly parallel to the transverse axis
of the coils.
[0038] It will also be appreciated that reference to coupling between coils along a lateral and
a transverse direction is not intended to refer solely to resolved components of a single direction

of coupling between two coils. This latter situation is illustrated schematically in FIG. 3a. The

direction of coupling between the portions of the primary coil (P) and secondary coil (S) is
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a transverse direction is not intended to refer solely to resolved components
of a single direction of coupling between two coils. This latter situation is
illustrated schematically in FIG. 3a. The direction of coupling between the
portions of the primary coil (P) and secondary coil (S) is 7 indicated by arrow
_ C. The resolved components of C in a lateral and transverse direction are
indignécddy %@L%@W?%@Bé@ﬂ%ﬁ%@@éﬁ Ratherab v rateyeedifgetion are
. intended to refer to coupling between a portion of the primary coil and a
ingKAIEh B tha S bR E8ivhich portions are mutually spaced apart within
@ @yen laieral vl and at the, same ime;coupling betwieen said partion of
the %rimary co’iFand1L another portion of the secon ar)gcon w?wlcghppor lons are

Al ISRACES ARATLAIRNG A AeCUOR WARTRISHRAR HRARSNE! %M%&J?I%thin

structure. This situation is illustrated in FIG. 3b with respect to'a portion o
a he-Rrimaty1eal], (R eourleshio ppstivnsipkthawasondapyaeill ondtwerisiffer@itand
respective lateral levels. Lateral coupling between portions of the primary and
aisebanganycofl thistbengairy edidieradH el ia rewiclech(indiaatad iyt atsay «kection
and transverse coupling between the same portion of the primary coil and a
ppelitibi sfitheasecosdany cbihormcaifferBnt teradiaydlistaisd préldded with
(indicated by arrow C2). [0040] An integrated transformed structure according
respstip adiphepr bt inraegei] (R eaipadiad areoatiohiiss thdrr sohipgwo

along a direction CI between portions of the same coil_(e.g. portions of the

SRR PRy e AVETRIERY Reathaie R b SisRE eir BRI OIf SR Brs e fleen
the primary coil and th dary coil, or bet il and
o5 primeny colland e, seqnan ol ot etveon o secondang il and.

€ primary’ ol 1 ermore, coupling 6ng difectio etwee

c&‘ét%%”ée%‘éet@ftﬁé‘?‘%é: U8t %%Ité%“m% Qf e ﬁﬁ@ﬁ%%%i i ﬁlé'sse%o%l‘égﬁ}fc?ﬁleon a

R r, coupling along direction occurs betwee € primary coil a

dFREANIAFRILPIRENESViHE GRECHIRRY Gab @rebihe primary coil.

[0040] An integrated transformed structure according to embodiments of the present
invention has the advantage that coupling along a direction C1 between portions of the same coil
(e.g. portions of the primary coil) is avoided. Rather, coupling along direction C1 occurs
between the primary coil and the secondary coil, or between the secondary coil and the primary
coil.

[0041] Furthermore, coupling along direction C2 between portions of the same coil (e.g.
portions of the primary coil) is also avoided. Rather, coupling along direction C1 occurs
between the primary coil and the secondary coil, or between the secondary coil and the primary
coil.

[0042] This results in an increase in performance of an integrated transformer structure
according to the first embodiment of the invention.

[0043] Whilst reference has been made to coupling between a portion of the primary coil on

a lateral level and respective different portions of the secondary coil provided on each of two
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[0042] This results in an increase in performance of an integrated transformer
structure according to the first embodiment of the invention. [0043] Whilst
reference has been made to coupling between a portion of the primary coil on
a lateral level and respective different portions of the secondary coil provided
on each of two 8 lateral levels, it will be appreciated that the discussion is

lageldnyehpivibhe R g eI usS Ot H bhapeliede vy utlipn b tween

given lateral level, and r spectlve ifferent portions of the primary coil
A BPoVige: é@ﬁ %688ﬁd8‘fytﬁ%1f8%6egé¥% T LI R LR %‘étm ﬁ%ﬂ%@%&f the

transfor er strctures d|n mb gl ents of the invention may be
Pae %rcyrlf)o d;e\(c}lﬂlée?n e(%)%ltlz coﬁsdo he Qr?nerlgﬁtgv&gltlzed coils refers to

[(eRUS: Suﬁﬂe%ﬁw@trﬁ’ﬁmﬁ%laﬁﬂléﬁ%%@&’dﬁ% 1% Qﬁ‘i‘!&ﬁﬁﬁe‘?ﬁ?%ﬁh‘éﬁ&%ﬁ%ﬁ%ay be

coupled along a lateral direction (e.g. direction Cl, shown in FIG. 3b) and

d9NE P aRsYersR R nYImati el atendl ditection s(RQraibection el as the
also shown in FIG. 3b). BRIEF DESCRIPTION OF THE DRAWINGS [0045]

piambpaihents afthe s asenidnvanriancwilhaw hedeseringd herainaftetdaye.g.
way of example only, with reference to the accompanying drawings, in

divelatcin (00469 G HI(s 3b3ehémiatizdliustrationdokprior mnnsit ticthedstshbivingion
(a) a planar transformer having primary and secondary coils having two turns

(e disfitiand -G plaardasformdiG hing four turns per coil, the primary and
secondary coils each being provided on one of two lateral levels spaced
apart in a transverse direction. [0047] FIG. 2 is a schematic illustration of

exploded views oft ‘fEﬁ’ﬁéﬁﬁﬁf@ﬁQﬁﬁﬁ%ﬁeWN&g 1. [0048] FIG. 3

is a schematlc illustration o coupling between two respective portions of

%rj 8D fl%r LEI GG RROMING IGR ﬁ'}ég%ﬁé’ﬁé& N RPGEHRIBY way of

tera an a transverse direction, an )coup etween three

e;[ﬁ%Bf%C&iM?, Raftionsof LRl Q%ﬁﬂ%ﬂﬁé drawings, in which:

[0046] FIG. 1 is a schematic illustration of prior art structures showing (a) a planar
transformer having primary and secondary coils having two turns per coil and (b) a transformer
having four turns per coil, the primary and secondary coils each being provided on one of two
lateral levels spaced apart in a transverse direction.

[0047] FIG. 2 is a schematic illustration of exploded views of the prior art transformer
structures of FIG. 1.

[0048] FIG. 3 is a schematic illustration of (a) coupling between two respective portions of
coils of a transformer structure showing resolved components of coupling along a lateral and a
transverse direction, and (b) coupling between three respective portions of coils along a lateral
direction and along a transverse direction.

[0049] FIG. 4 is a schematic illustration of a transformer structure according to a first
embodiment of the invention.

[0050] FIG. 5 is a schematic illustration of an exploded view of the structure of FIG. 4.
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direction and along a transverse direction. [0049] FIG. 4 is a schematic
illustration of a transformer structure according to a first embodiment of the
invention. [0050] FIG. 5 is a schematic illustration of an exploded view of the
structure of FIG. 4. 9 [0051] FIG. 6 is a schematic illustration of a transformer
structure according to the first embodiment of the invention. [0052] FIG. 7

[W3d1vs (é:)[%' Séﬁsﬁo@éﬁg@t\‘ﬁéwlﬁf%&ﬁ %%H%f%”&ﬁr?%ﬁ@ﬁd?ﬁ@o&‘%%@@tf&ﬁbl
view. alon%‘Jine X1-X1 of FIG. 6, and (b) a perspective view of region B and a

CrRBPFHRISBIYifY 8§88 %Bectional view along line X2-X2 of FIG. 6. [0053] FIG. 8
isg.sch tic illustration of a transformer structyre according tg.a second. ..

G 3odirhiri o T ErRH JODSAT FIC. B A ScRiiate MLslaton o aic ™

v1%PARQ§q1}{é% 9& f'b‘? Fiey g}“ﬁl@d‘%ﬁl%ﬂ@pe&ggé 51e|\:7sj G I%Qlé)‘?l a8 §ﬁ@§'&ﬂp&pondin

illustration of a transformer structure according to the second embodiment o

cih18-loventionidPARGIAiGR XA shewsi{a)a perspective view of region A" and a
cross-sectional view along line XI'-XI' of FIG. 10, and (b) a perspective view

[00682gi0IFR; . and aschessrseittintialiviey a alomngolinerXairof@eafcEdtinko[08&bhd
FIG. 12 shows (a) a perspective view of region C' and a cross-sectional view

ealpdgnéimelyiheyibamBi@. 10, and (b) a perspective view of region D' and a
cross-sectional view along line Y2'-Y2' of FIG. 10. [0058] FIG. 13 is a graph

[MRdlvingtilte Ameuskangsidistraieta (@ siRldséterRipherianctaief FIG. 8.
second%coils as a function of frequency for (a) a conventional stacked

[93PKforhikSH; Hhys? trARERIEPSIRSItNG o HeTRes SHBUERRSAARgHe the second

elgnnb\gedriltiglrllt %P% e((} a ﬁ{%ggformer according to the second embodiment of the
invention.

[0056] FIG. 11 shows (a) a perspective view of region A’ and a cross-sectional view along
line X1’-X1’ of FIG. 10, and (b) a perspective view of region B’ and a cross-sectional view
along line X2’-X2’ of FIG. 10.

[0057] FIG. 12 shows (a) a perspective view of region C’ and a cross-sectional view along
line Y1’-Y1’ of FIG. 10, and (b) a perspective view of region D’ and a cross-sectional view
along line Y2’-Y?2’ of FIG. 10.

[0058] FIG. 13 is a graph showing the amount of power transfer (Gmax) between primary
and secondary coils as a function of frequency for (a) a conventional stacked transformer; (b) a
transformer according to the first embodiment of the invention and (c) a transformer according to
the second embodiment of the invention.

[0059] FIG. 14 is a schematic illustration of a primary coil of a transformer structure
according to a third embodiment of the invention.

[0060] FIG. 15 is a schematic illustration of a secondary coil of a transformer structure

according to the third embodiment of the invention.
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[0059] FIG. 14 is a schematic illustration of a primary coil of a transformer
structure according to a third embodiment of the invention. [0060] FIG. 15 is
a schematic illustration of a secondary coil of a transformer structure
according to the third embodiment of the invention. 10 [0061] FIG. 16 is a
schematic illustration of a transformer structure according to the third ,
(09 o dirkiErt ¥ %Sﬁﬂ?é‘ﬁt‘i’éﬁuf@@@ﬂqﬁ@ YoM Y BICHER BT rRr deg dprfhichird
illustration of the structure according to the third embodiment of the
erff’R?é}r’HS’ﬁt. 1%6’83‘?%918 is a cross-sectional schematic illustration of a

e R B BB o e
aiollewingismhediments g intended to illustrate the invention more fully

without limiting their scope, since numerous modifications and variations will

[dsBPPareat 1 ithoseskiladhinithearh ORI hiG: d aheme altriiag atestding to a

transformer structure 10 according to a first embodiment of the invention.
varh@ @trefater ehikd diaisoai pennaryhedihvkhtand a secondary coil 12. In one
embodiment, each of the coils is provided with four turns through
substantially 360. Two turns of each coil are provided on each of two
different lateral levels. [0066] The primary coil 11 has a pair of terminals | Ia, |
Ib at opposed end3BFAREE) IPEHREIIONHAK 1ddH RA¥ENGdREsponding pair
of terminals 12a, 12b at opposed ends. The terminals of the coils allow
[090thrical boFiloctinr SFbRE OGS Rife P RIEs &t Bt WPHapredatsd

b%(gl?ll’sons Slﬁilleled in the.art that embodi(rin 1nts of tr)}% invention a[% not limited

MEA AR LGl aiaPE SEESAUAI COiIEALNRAVIRG TOURTHE® She 6 BRER G

tht&% sﬁgllesd(i:r?‘[hgl%\{.e a greater or smaller number of turns. Furthermore, the
colls do not necessarily

[0065] FIG. 4 shows an integrated transformer structure 10 according to a first embodiment
of the invention. The structure 10 has a primary coil 11 and a secondary coil 12. In one
embodiment, each of the coils is provided with four turns through substantially 360°. Two turns
of each coil are provided on each of two different lateral levels.

[0066] The primary coil 11 has a pair of terminals 11a, 11b at opposed ends of the coil. The
secondary coil has a corresponding pair of terminals 12a, 12b at opposed ends. The terminals of
the coils allow electrical connection of the structure to a circuit.

[0067] It will be appreciated by persons skilled in the art that embodiments of the invention
are not limited to a primary coil and a secondary coil each having four turns. One or each of the
coils can have a greater or smaller number of turns. Furthermore, the coils do not necessarily
have to have the same number of turns.

[0068] In addition, the shape of each coil need not be the same, although advantageously the
coils are of similar shape or identical shape in order to provide improved coupling between the

coils.
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have to have the same number of turns. [0068] In addition, the shape of each
coil need not be the same, although advantageously the coils are of similar
shape or identical shape in order to provide improved coupling between the
coils. 11 [0069] The terminals | Ia, | Ib, 12a, 12b need not be at opposed ends
of a respective coil. One or each terminal of one or each coil may be located
[Wy frohheairateptstid ar*e‘slﬁ’eé{%?/el85i’l‘.ee[@)éf)el‘d]e’rfﬁ@Rﬂﬁi‘fé‘?ﬁ&@S 196 3¢ PRectiyE coil:

conductjng elements of any suitable cross-sectional shape, i%c%ﬁjdin
il

ORI SY AT P B0 G 8h P AR TN Ap&T L RIS ekt

id]rst apd seqond embodiments of the invention ate formed foM A o ional
conducting track having a generally rectanguiar cross-séction. A width of the

sﬂﬁﬁ&&ﬂ?l@lﬂ@@tﬂ%@%@%@j E’&lh‘a,tl?@afi5§tm®’}9}§‘?§ﬁ’i%l%f§}%ﬂg.i SN0 dhfng to

invention is about er widths are also useful. [0071] Furthermore, the

fiRY ARREnUERDHHERR NOL DA NVERIR N RRR L PHsnAL cORIRALL tEOMRVing a
embodiments may have a fractional number of turns, for example 2.5 turns,

g@icailly athangslitable Recmber afidmsof M2 i2icRafarenes! {Daaduiavanyngad aadirst
a secondary coil having an integer multiples of turns each of substantially

aiRb@dnoluchelsopnimatyod e secondany dwils Hyoordingetoridehfirst alad sebdnd
embodiments of the invention. It will of course be appreciated that, strictly,

[07dh coildreberipera e amhsefdrimfimplanef N sV belexasiReR 600k ncecs o
between opposed ends of the coils is required in order to provide terminals

SABeSERodi At SRy, Myt lartinnal SreRRH @l BFaRidog SR RRIS Bedhindrat foher
trgaquéu(gg)rgges ?f defining the number of turns. [0073] The primary and

Su1 n er of turns. . .
secondary colls are arranged to have portions on first and second lateral

[d\%%i 1t%9é¢f§r9§c§1§ta3{§rﬁﬁa%%l ARATY is%%ﬂ%&!ﬁﬁ?&%\%%ﬁt{% é‘ﬁ I%Hi't%gles of turns

rst an econd colls are over two mutually spaced

RN s@@s@eﬁﬁi@l@ﬁﬁoﬂ%l%@@ BRiRYS! S SRAGS L ARMULBIANG T NELSA second

axis 20 normal to the two planar levels such that the coils 11, 12
embodiments of the invention. It will of course be appreciated that, strictly, such coils do not

have an integer multiple of coils of exactly 360°, since a gap between opposed ends of the coils
is required in order to provide terminals to each of the coils. However, the presence of this gap
has been ignored for the purposes of defining the number of turns.

[0073] The primary and secondary coils are arranged to have portions on first and second
lateral levels 101, 102 that are spaced apart in a transverse direction. In other words, the first and
second coils are distributed over two mutually spaced apart planar levels. The planar levels are
spaced apart along a transverse axis 20 normal to the two planar levels such that the coils 11, 12
share a common transverse axis 20. The first and second lateral levels are substantially parallel
or parallel to one another.

[0074] Furthermore, the primary and secondary coils are arranged to have portions provided
in the form of four concentric tracks 111, 112, 113, 114 within each lateral level 101, 102. The

tracks, in one embodiment, are mutually spaced apart in a given lateral plane. For example, the
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share a common transverse axis 20. The first and second lateral levels are
substantially parallel or parallel to one another. [0074] Furthermore, the
primary and secondary coils are arranged to have portions provided in the
form of four concentric tracks 111, 112, 113, 114 within each lateral level
101, 102. The tracks, in one embodiment, are mutually spaced apart in a

e ATEARHR Y aRACIE D SIS BRaba AR R TP s sk distances

distance of about 20m in a given lateral plane. Other distances are also
arg &0 0875 As illustrated in FIGs. 4 and 5, the primary coil has opposed

SIPOrRnR QLSRR L3 b g0 a0 uppen (1 scoond) lneral eyl 402

O
t the ‘secondary coll has “0pposed terminals on a lower fo(r]ﬁrst)

welAErALjavs! 9-93101[981%5‘?18?%@9&9 e SHUGHIB O LIRG PHTRES ol ) R

turn 21 of the primary coil 11 (FIG. 5) has a first half turn 21a (of
oppRstantialhiil 893, that hesivsatteiminalllaion themnecond Iateral level. The

half turn 21a has an average diameter D1 (FIG. 4) of a first value. According
[o78)e firReambedineniirthervet agedinmetell Die ifas anveduerdihalpoinialB26i. 11

However it will be appreciated that in other embodiments of the invention the
(RCefadesdidimeteimay De ariyditientisiitaddie) vedubedmsarrenembdtimeits sfond
the invention, the average diameter D1 has a value of about 282m. [0077]
lagetldexre dRsCHBEARAE hafhavergadiangagé dlmetef atigilygae. According
Oﬁgpremated that this is only one way of defining a characteristic of a coil. The

o R DoBeRe R FETE? %&gﬁ%@dé@@ tousefiBeosl dohbP ciftgyer it Wil

bsh?) t\C/lv Ias atgon of non- C|rtcu rsharf)e Th%ter ra%e dlam%ter h
G RS S i S P AL SR SRS e a e“&Bpos%%Vﬁé‘%%oﬁfs“oF‘iﬁ%a% i, Ahe’er

g%i% NR.0ej %orﬂud@r%g% Jr%f Ladiygn trag %mﬁe%v@a% &gsl% rfb{(?ﬁ@lvame of

Colls accor Ing to embodiments o the | present invention inc de coils
g9y, shape, as well as coils of generally circular shape (including coils
having any number of straight

[0077] Coils are described herein as having an ‘average diameter’. It will be appreciated that
this is only one way of defining a characteristic of a coil. The parameter ‘average diameter’ may
be used to describe a coil of circular shape as well as a coil of non-circular shape. The term
‘average diameter’ refers to the distance between diametrically opposed positions of the coil, the
positions being midpoints of a given track along a radial direction.

[0078] Coils according to embodiments of the present invention include coils of circular
shape, as well as coils of generally circular shape (including coils having any number of straight
sides, such as coils having three or more straight sides). In the case of coils according to the first
and second embodiments, the coils are of generally octagonal shape.

[0079] The second half turn 21b of the primary coil is provided on the first lateral level, and
has an average diameter D2 (FIG. 4) of a second value which is less than D1. According to the
first embodiment, the value of D2 is about 158um. Other values for D2 are also useful. The

value of D2 is determined on the basis that the average width of the track forming each coil is
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sides, such as coils having three or more straight sides). In the case of coils
according to the first and second embodiments, the coils are of generally
octagonal shape. [0079] The second half turn 21b of the primary coil is
provided on the first lateral level, and has an average diameter D2 (FIG. 4)
of a second value which is less than D1. According to the first embodiment,
b Janie arpbedishaer B8R ERer b TR b iaren A g ekt raakeportions is
value of D2 is determined on the basis that the average width of the track
#8tming each coil is 13 about 10m, and the distance between respective

[d&%ﬁga”yn? 13CEN copce é@é:o}qr&‘&%ﬁ’(?c{it}r?e%is'éf i 09%8];,'@#8593”3 Jist gnd
second embodiments of the invention, portions of coils of  different diameters

MG AFBER LR BEREIRNY (CONGERHIE WIKLARE ANATIRT ARAKE IS FFR AR mon

axis 20. The first and second half turns are connected to one another. In one

a8hodinent ther fkshandisacansbalhierns 368 OMRIeR DY PHESt RHEFAME! the

element 21c. [0081] The crossover element 21c is in the form of a length of
fisoatlictb dmateriahhavioeu i hienfis afroespectvenpasitions along the

length of the material of substantially 45 in opposite directions. Thus, the
[098Mdsovdihelememtcaltbers ned pectiveheridsrofifir d¢raptin secodd-hadfrarersthabeg

connected such that current flowing through the first half turn flows into the
tveeberily MaNSREAH vivRPBUS @R ee g dhctidhg g tiedtivhstanaabietal plangosite

of 90 or more. That is, any change of direction in the lateral plane is less

difgelirad. Netoifgas e fepaldtoiraPertie anberitSrs i Sreig o figws to

direction along the length of a crossover element does not exceed 45 in
PSR 21 T B B APERRLALE AN AAGF QE0S BNAU B aHg -r

wﬁﬂéﬁlge%%rﬂ%n iaeﬁs%gea& cfl%%é@{%‘& B S%‘?%% é%t gh1be Gragsaverplem %t change

may be greater than 45, but less than er alternative embodiments

oP4itb& KVRNHO M ERE ﬁﬂﬂ@g;qgs)g flow ﬁse%@&mﬁ%’ B8HERS AR s&4Dnd embodiments,

any change of flow direction along the length of a crossover element does not exceed 45° in a
lateral plane.

[0082] It will be appreciated that in alternative embodiments, a change of flow direction as
current passes through the crossover element may be greater than 45°, but less than 90°. In
further alternative embodiments of the invention, the change of flow direction may be less than
45°.

[0083] Each of the primary and secondary coils 11, 12 comprises several crossover elements
similar to the crossover element 21c connecting the first and second half-turns of the primary
coil 11.

[0084] It will also be appreciated that in some embodiments of the invention one or more of
the crossover elements may be formed integrally with one or both of the respective portions of
the coil element between which the crossover element provides a flowpath. In other words, one

or both of the portions of the coil element being connected by the crossover element are formed
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[0083] Each of the primary and secondary coils 11, 12 comprises several
crossover elements similar to the crossover element 21c connecting the first
and second half-turns of the primary coil 11. [0084] It will also be appreciated
that in some embodiments of the invention one or more of the crossover
elements may be formed integrally with one or both of the respective portions
Ayt StRElCSTEIBHeEhsEFE SAMAR AR Y belsairat é?’éliﬁ%‘iliﬁb ASVHigersts clements in
flowpath. In other words, one or both of the portions of the coil element being
m&‘b“'rﬁf&%‘i‘éa&tby the crossover element are formed 14 as a single, continuous

b ith th t, rather t di
e RS A N3 s B 1
thﬁPﬁ’]%?S@‘?&&%ﬁ‘ A Al e, Bl thak.ip REQY H%daﬁ’c'[‘§f@a§@8&ﬁ@éé¥?{é‘hlﬁvﬁmher

Half turns 21b and 3 la are connected to one another by a second crossover

blement 316 [ROBELEHbg thikd half turn 3 la has an average diameter D3

which is less than D2. According to the first embodiment, the value of D3 is
[omiseLt 13z (H{ROBA Tihe shirdkal fuvemgeldi isneanmectedchysaddiirdaarD3soveiording
element 31c' to a fourth half- turn 31b, the fourth half-turn 31b being provided
toghetfiesfiesttederahtethel v 0881 fisthbhedflidpmd 1a is also provided on the first
lateral level, as in the case of the fourth half-turn 31b. The fourth and fifth

(098 turnEthird hallisrcdhne cratregiashity arbiiderefyorar elnpendass ddenteiith half-

41c. Underpass element 41c is empl iéed because both half-turns are

s\t Bed AUt hakinierid brhe i 8ty Mdefmdbe iahaesticneve an average
t hich | th D Th fourt fifth half-t
[0%@];6 © Otf H)Llha tllﬁ‘ égrﬁ 1essa I;%rnﬁ,] ne;[df PUt e%:rest a%]errqﬁe Ias mng % ums Fhe

onre ey Wi PG a THEhGETH aVrae tidniéts

fou?tllIbBLagPtu(%rrl 31 haﬁ%efénrlﬁter{é'f‘h'&l‘{ %I aﬁf By ?&9591!1 PGS Eﬁ&hgr by an

iment of the invention the value o fba iS’ 11 m Itw e appreciate

uhEHIRs RIESEPAUME SOIRRAIMEPISHIAVAT: ANGhIHIy ORHURS R AARESR are

formed as a single continuous
provided on the same (i.e. the first) lateral level, and both have an average diameter of D4, which

is less than D3. Thus, the fourth and fifth half-turns are connected without the requirement for a
change in average diameter of a half-turn, or a change in lateral level of a half-turn. According
to the first embodiment of the invention the value of D4 is 110um. It will be appreciated that in
alternative embodiments, fourth and fifth half-turns 31b, 41a are formed as a single continuous
turn and that therefore underpass element 4 1c¢ is unnecessary in such embodiments.

[0089] The fifth half-turn 41a is itself connected to a sixth half-turn 41b by a fourth
crossover 41c. The sixth half-turn 41b has an average diameter D3 and is provided on the
second lateral level.

[0090] Similarly, the seventh half-turn 51a has an average diameter D2 and is provided on
the first lateral level. The sixth and seventh half-turns are connected by a fifth crossover element

41c’.
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turn and that therefore underpass element 41c is unnecessary in such

embodiments. [0089] The fifth half-turn 41a is itself connected to a sixth

half-turn 41b by a fourth crossover 41c. The sixth half-turn 41b has an

average diameter D3 and is provided on the second lateral level. [0090]

Similarly, the seventh half-turn 51a has an average diameter D2 and is ‘
[99%ided 813 It dhfiriehedrali 18P Hrrie Igmﬁi%flwaﬂé,g@%é?ﬁ?flﬂé@fﬁﬁa}ﬁ%ﬂrénd terminates
. connected by a fifth crossover element 41c'. 15 [0091] Finally, the eighth
HETFYAR SPh 19pr6VRIELBH T SRS RY T ARA VST SR @PRTAGEAE Bf 2 sixth

terminal | Ib. Tlg(? seventh and eighth half-turns are connected to one another
Crossover ent C

b)S/ a Sixth crossover element 51c. [0092] Further details regarding the

[GRBPNS %Hi&%r%&ﬁ‘}fé‘f%é% ) IG0 16 GHOSPAMEL RIGME NISVALS {?{eoé{jé?s“s‘gvé{%mems

illustrated in FIG. 7. [0 G. 7(a) shows a perspective view of region

aefprd@a& avdiRErassiaagtional view along line X1-XI of FIG. 6. FIG. 7(b)
shows a perspective view of region 'B' of FIG. 6, and a cross-sectional view
[0@B1g lINBIG 2142 sab WG porsiiedhieefigenas, etiers APoARIG. B, iddntidfyosthectional
‘primary' and “secondary' coils, respectively. [0094] With reference to FIGs.
viggajlang 1{in Xt pXdyobEISe én @t dAdtoohdimgatpetispefitist envbotiingemt, Bief FIG. 6,
crossover elements are substantially planar, provided on lateral levels
ang cerends-afeeneh i g §acaXis 20 Bdile bn heheifsgrpy lstiesnd |asdral” identify
levels. [0095] The primary and secondary coils 11, 12 are provided in an
thexRIEEYe PR ORTRII Y er OBS SIASREFEEY: A passivation layer 4 is provided

L i L B R g e S

are associate gath cfos menty Rk Rtintols
e Bx\’cﬁr%gﬁtt,?fl%%g&seo%pe?@rﬂfé%ofgglslﬁ%t%’%%l?yf Husratian: 4 e 5aR8 RS ocated
irst turn of the primary coil 21, crossover

along the transverse axis 20 between the first and second lateral levels.

[0095] The primary and secondary coils 11, 12 are provided in an oxide layer 3 formed over
a substrate 2. A passivation layer 4 is provided above the coils 11, 12. It will be appreciated that
one or more via elements are associated with each crossover element in order to form a
continuous flowpath through each coil.

[0096] By way of illustration, in the case of the first turn of the primary coil 21, crossover
element 21c (FIG. 7(b)) is connected to the first half-turn 21a by a via element 71. Via element
71 runs vertically downwards to the crossover element 21c from a lower surface of first half-turn
21a at an end of half-turn 21a opposite the end at which terminal 11a is located. In other words,
via element 71 provides a vertical connection between the crossover element 21c and the first
half-turn 21a of the first turn 21 of the primary coil 11.

[0097] The secondary coil 12 is configured in a complementary manner to the primary coil

11 as shown schematically in FIGs. 4, 5 and 7.
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element 21c (FIG. 7(b)) is connected to the first half-turn 21a by a via

element 71. Via element 71 runs vertically downwards to the crossover

element 21c from a lower surface of first half-turn 21a at an end of half-turn

21a opposite the end at which terminal | la is located. In other words, via

element 71 provides a vertical connection between the crossover element
[0998]and the rondaraeitd 212 siHd s iinrosPstindy drbaded 25H 420 e ib:

e secondary coil 12 is configured in a complementar maglné%r to the

h .
4%% ry et 18s SEORT SHERFA ATy FIGES 478 471 A8 fogd8fSespective
d il ight half- ively labell 2a, 22b, 32a,

e R e

a, aan rossover elemen c', 32c, 42c, 42c'

(099 22C FRREL RIBEGUIVE t}%@%’ﬂkﬁ?%t‘?fﬁ@ &B@Jﬁi’é%?ie%@s@ﬁﬂé@%}laove is that

manner to the primary coil 11. [0099] It has been recognised that a problem

pithbnthsr stEsHrs ofilep dastnbad ABuENSBRL PONS-ane £l avellige
one another in the vicinity of via elements between levels of the structure.

stihiarce dride seaiiieiasntiyiaidhef sheuatucaizybseddcing: the lengirodécachicoiler which
over which coupling with the other coil is possible. [0100] A structure

cagtmgimichtthe lnehfirsp@miposiirblent of the invention has the advantage that
portions of a given coil of the structure do not overlie one another. This is at

[0E5t in pastracrencheadire sedviehislembedinsnisiothedrygniten drisrths advantage that
according to embodiments of the present invention. Crossover elements

PYHEBT Aty T BB QinertEusisep Res OnesHY et BRI I ot st dashahptfue to

a IateraIE{)I%ne in the v'icinictiy of the crossover.elements. [,l0101

It will be
g SOt By b SRR S B ARG A etPn%”ﬁv%de“rlﬁBtod’u%ﬁ\ﬁee LCétthe

id&‘é{l‘%ﬁﬂpflib%%%ﬁ%ﬁ %é’lé%b OLIoNG:Q ?o%%{%&‘dﬁ%?@'s‘ tiﬁ‘efﬁ‘sr%%\él%@ n J&ﬁ do not have

another een recoghised that a further disadvantage o

oFUHGINR QTLESIBILAE 1 PIESCRERPLIMIR clos§lVesRRGRAQ0 bends on each

level in the region of via elements between levels of the structure. The
[oaagence ofithesspesdedasulisinsansacreasadniha safiesfRsistaRsEments of the
invention, one or more portions of a given coil may in fact overlie one another.
[0102] It has been recognised that a further disadvantage of the structure of Lee is the
presence of two closely spaced 90° bends on each level in the region of via elements between
levels of the structure. The presence of these bends results in an increase in the series resistance
of the coils, leading to current-crowding in the vicinity of the 90° bends. This results in a
significant degradation in transformer performance.
[0103] Structures according to embodiments of the present invention have the advantage of
reduced current crowding in the vicinity of the crossover elements. This is at least in part due to
the absence of 90° bends in a lateral plane in the vicinity of the crossover elements.
[0104] It will be appreciated by those skilled in the art that in alternative embodiments of the

invention, not all of the members connecting portions of coils on different lateral levels have the

characteristic that any change of flowpath they provide does not exceed 90° in a lateral direction.
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of the coils, leading to current-crowding in the vicinity of the 90 bends. This
results in a significant degradation in transformer performance. [0103]
Structures according to embodiments of the present invention have the
advantage of reduced current crowding in the vicinity of the crossover
elements. This is at least in part due to the absence of 90" bends in a lateral
OB%W&W%%F&WfWH@WM&%é‘?’ﬂ%d‘fd’lﬁ‘ﬂ}i?tewmaﬁéeé’é&‘é’éﬂ’&f@éﬁﬂ&/
those skilled jn the art that in alternative embodiments of the inventi
e’%ﬂ?%ﬁst%% MEe i% BitHe iR BsHER S BP D] %%n%?ff&?%‘ﬁ%? féR%e ﬂ‘ﬂ%?/e

! archare}gterls(t)lrclz dt@at an change of flowpath they provide does not exceed
Po%Y r?]aqater directivn. 17 One or more crossover members may be

[RERYdeqal Ao paVide, 2iFRane& AHAwRh Rl X E&SARRA IR Fgral

direction, in either the primary coil, the secondary coil, or both'the primary

eiabshithR mesandan afils Jed@slitinneted tbabr R RBtMEe pratae, kamstesmaty coils

structure according to the first embodiment of the invention, electrical
makhaligfeteligtids oldespsctivetprimmaiy danschseconrdpeyticoilsngiay et sbighityn a
due to asymmetry in the distance of respective lengths of each coil from a
s@ubsteeraviieyivdehbdlovirthenst (Hturd. (FiGex@mpler tbxanmpley thel piitid@s. 4 and
coil 11 (FIGS. 4 and 5) has its largest diameter, outermost portion of the coill
Sxhes tialrgavisipmste gUEtHNSERREA of tbatetl distdinteomiiaard pEpdasaped a
than the outermost portions 22a, 52b of the secondary coil 12. [0106]

gﬁ&%‘éb?ﬁﬁﬁﬁ%ffﬂ@fﬂ?gﬁﬁwﬁ%ﬁﬁgﬁ BeRUSHYRHROH M Sabstht tbeléeﬁoé‘ﬁli%‘é{r‘ﬁ"ﬂ

ubstrate. It will be appreciated that the substrate 2 may be made from any
Suitable substrate material such as SiGe, GaAs, A1203 or any other suitable

[(RPLra] MateH %'to[%]e% t'@n\g?zh R nfo?ﬁﬁ@? s 55“9)%‘1 'E&Ptté’ﬁ RS silicon

Invention, concentric trac € colls may a greater ameter ora

stHRANE" AIgMaehpFRESHATRIEN L SARE LMBACBDRAR AlothanNWERABR WK ate

values of DI, D2, D3 and D4 are greater than those of the first embodiment by
material such as SiGe, GaAs, Al,O3 or any other suitable substrate material.

[0107] In variations of the first embodiment of the invention, concentric tracks of the coils
may be of a greater diameter or a smaller diameter. For example, in some embodiments of the
invention, the values of D1, D2, D3 and D4 are greater than those of the first embodiment by
100um. That is, the values are, respectively, 282um, 258um, 234um and 210um.

[0108] FIG. 8 shows a structure 210 according to a second embodiment of the invention.
FIG. 9 is an exploded view of the structure of FIG. 8 and shows two coils (a primary coil 211
and a secondary coil 212) that comprise the structure of FIG. 8. The primary coil has a pair of
terminals 211a, 211b. The secondary coil has a corresponding pair of terminals 212a, 212b. The
terminals of the coils allow electrical connection of the structure to a circuit. The primary and
secondary coils each have four turns through substantially 360°.

[0109] As discussed in the context of the first embodiment, it will be appreciated by persons

skilled in the art that embodiments of the invention are not limited to a primary coil and a
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100m. That is, the values are, respectively, 282pm, 258pm, 234m and 210m.
[0108] FIG. 8 shows a structure 210 according to a second embodiment of
the invention. FIG. 9 is an exploded view of the structure of FIG. 8 and
shows two coils (a primary coil 211 and a secondary coil 212) that comprise
the structure of FIG. 8. The primary coil has a pair of terminals 21 la, 21 Ib.
sepARdaetEns) B8RS SO BPe sPBR g i Srererinhibeseeandbampodmgnt can
terminals of the coils allow electrical connection of the structure to a circuit.
haR& BT g SERBRAS YIS e SERAVE FoteEirHE HRAR JReStBE fNRyO have
360. 01091l A%td[iusr%gssed in the context of the first embodiment, it will be

th . . . . . .
35%%0?3 ede[)y persons skilled in the art that embodiments of the invention

[AROt HTARIR A RIMALEH A0 Bil f- S8 GONGAME QQ%QQ%JB%MiQ@v&ﬂWgeously

turns. One or each of the coils of the second embodiment can have a greater
RIS LNUMPAT R fH S dEHIREITY & he:£allsifatahirsrssasiyiiavRiteen

have the same number of turns. [0110] Furthermore, the shape of each coil
thaeeilsnot be the same, although advantageously the coils are of similar

shape or identical shape in order to provide improved coupling between the
[0ddil$. [0 fifsAtfirs LRIrnf2Rd pointhey peitidry leeif @t Jlrdsafou? Huad?dntg 222 kad

221b, 221d and 221 Quadrants 221a and 221d are provided on a second
21aterdrevalte@2! amiistZd dad aresided b amsoRiipierel irvilided phikifigedrants

lateral level 201 located below the second lateral level 202 (as viewed with

2188 Rt erd A SrRaROR biEfditgR! kyshielecdel Seiny Histemsdatfidrdeye! 202
(Jg‘géer{'vgﬁf S A T S W A A pﬂﬁégﬁ}ﬁggﬁgﬁ&%ﬂg the

ca
Su

ongac on sverse axis Stan ogona
. irst 0112 t b
o8 0 S Tl 11 e 0 2 1

rBNERI G RPGARERNEGHEShIRIANG RBLSHEN DY M TRNRShEZdGul levels.
Quadrants 221d and 221f have an average diameter D2 which is less than
[0heg)of DQuadrants 221a and 221b have an average diameter D1 (corresponding to a first
(outer) track 311 of the structure) and are connected to one another by a via member 221c.
Quadrants 221d and 221f have an average diameter D2 which is less than that of D1,
corresponding to a second track 312.
[0113] According to the second embodiment of the invention, the value of D1 is 182um and
the value of D2 is 158um. The value of D2 is determined on the basis that the width of the track
is 10um, whilst the spacing between mutually adjacent concentric turns of the structure is 2um.
[0114] Quadrants 221b and 221d are connected by a crossover element 221e, whilst
quadrants 221d and 221f are connected by a via member 221g similar to via member 221c.
[0115] The term ‘via member’ (e.g. members 221c and 221g) will be used to refer to a

member providing a flowpath between respective pairs of quadrants having similar average

diameters, but being located on different respective levels of the structure.

19



corresponding to a second track 312. [0113] According to the second

embodiment of the invention, the value of D 1 is 182m and the value of D2 is

158m. The value of D2 is determined on the basis that the width of the track

is 10m, whilst the spacing between mutually adjacent concentric turns of the

structure is 2m. [0114] Quadrants 221b and 221d are connected by a
[Hdsovdiheiere ﬁf%@i’é‘?%hﬂéycﬁ’ﬁéﬂaﬁ’gﬁﬁf’fﬁtﬁ Al OB JrePEBfiektb [sypEsover

via member 221g sjmilar to via member 221c. [0115] The term "via member'

lemngntHEHBRYE'SA LU DPEEY NI TS EERE 6 FRYEH (842 B PrOGitiHG Y

flowpath between respective pairs of gquadrants having similar average :
S Boho ot 1 e ap e LR R B e

and 1B d GAGH ﬁé&éﬁ@ﬁﬁ‘?@@i‘ﬁhﬂ%‘i@ﬁl‘kﬁ?gl%%éﬁf? (A hELEMRN FSPHAGH e

with a crossover element that provides a flowpath between a crossover

dielSree bl RREh il ARIARE AIIthe S UOHY B nRIRCALERFIINEMBIEM QNS with each
generally provided at lateral levels intermediate between the first and second

claderalrienalsn201, 202, individual via elements do not necessarily span the
entire distance between first and second levels. One or more via elements
[0hEAl be Asswoiatedwithitegomanossblét elencempri®dslélsatond, itnol ihe

primary coil 211 also comprises four quadrants, 23 la, 23 Ib, 231 d and 231f.
2P daadahts 2 Qradads 2318 sk 2gie\vitrerr ofdadsei p Aek tatt kipraler 90 2wt

quadrants 231b and 231f are provided on a first lateral level 201 located

I TR 1St 1aaratrauifed 592, f?ﬁ@”fﬁ?&%ﬁ‘@%ﬂ%&ﬁt?ﬁéﬁPd lateral
G e Resand e o averass, daieter D3 wiich 5 ess than D2

rresponding a centric track value O accor

dig“rzﬁ%%%%ﬁéﬂk%??é@ﬁ%%f‘c%}%"s E‘aqctﬁ’éﬁé;%olf’%@% L%%Q%J t?a%%? (])‘}f(‘.’aldr{é"’v‘élue of

the second turn Is connecte e fourth quadrant 2 the first

DYABBMRASTOSROVRLRIEMBBAhDof (RE SECARc Gupdiant 23 Ib of the second

turn is connected to the first quadrant 231a of the second turn by a via
[OTENbErid3 st Uk RiECf the second turn is connected to the fourth quadrant 221f of
the first turn by a crossover element 221h. The second quadrant 231b of the second turn is
connected to the first quadrant 231a of the second turn by a via member 231c. In turn, a third
quadrant 231d of the second turn is provided on the second lateral level 202 and is connected to
the second quadrant 231b by a crossover element 231e. Finally, a fourth quadrant 231f of the
second turn is connected to the third quadrant 231d by a via member 231g.
[0119] The third and fourth quadrants 231d, 231f of the second turn have an average
diameter D4 which is less than D3 and corresponds to a fourth concentric track 314 of the
structure. The value of D4 according to the second embodiment is 110um.
[0120] A third turn of the primary coil 211 comprises four quadrants 241a, 241b, 241d and
241f. Quadrants 241a and 241d are provided on the first lateral level, whilst quadrants 241b and

241f are provided on the second lateral level. Quadrants 241a and 241b are of an average

diameter D4 corresponding to track 314, whilst quadrants 241d and 241f are of an average
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quadrant 231d of the second turn is provided on the second lateral level 202
and is connected to the second quadrant 23 Ib by a crossover element 23 le.
Finally, a fourth quadrant 231f of the second turn is connected to the third
quadrant 231d by a via member 231g. [0119] The third and fourth quadrants
231d, 231f of the second turn have an averagie diameter D4 which is less

digar R Hrrreorradpsadic a furtredneetirie fraerrsaaddr e dstpiditheby a via

The value of D4 according to the second embodiment is 110pm. [0120] A
"‘ffﬂ%”h}r f PHEBrRRary Coi2 11 oS SHEBETBL PY A SEFE RS ZATE S A1 A

and 24 u s 241a and,241d are provi on the first lateral level,
o R IR L scoond latera evel
[@ggffa%%gﬁh%ﬁ%gﬂg BF Ot AYSTRIRLIRDEIRE LG &P{ﬁﬁ&ﬁﬂﬂ%ﬂgdﬁgm

314, whilst quadrants 241d and 241f are of an average 20 diameter D3
28aTHesRORdING et 8ekBdicPuadiRite3ddh i eannesdedstoauadignt24daday1c

a via member 241c. Quadrants 241b and 241d are connected by a
ofCtiassayemeeinent, Ahiespadilst nquactants 24¢ldcand addddie aanneciapinydao
via member 241g. [0121] A first quadrant 241a of the third turn is directly
croshbewtaa tontdhre docmilriquadkatit 281 w@ictheisecohd tamlijoyeanto nuerpassentric
element 231h. As in the case of underpass element 41c of the first

treglBodHinhBribeunerergaadraltme i 2813 Ui the ketbarevileborithedimidatrol level.
required to cross between inner concentric track 314 and concentric track
78] jdeant 5 RRREFLYRCERIR stRGERPIETITe e Uit 242 2 anke
f23.15‘?re both f'ovide on the first lateral level. [0122] lt will b2 ﬁppreciated
R OB BB A PRS2 PRSI S B et from
oiasye MEmBeLInaH) 1N NRCE,PLADMNABIRASE S IBmanl A3HY I035RLERd o
portions of q%adrants n respective racks that are requwgdl to be connecte

ofl@ aﬁ&ﬁe‘?@fgIa%Me@%%@%gye%%Yﬁ{cI%I&er{/]‘étse(gﬁ%ﬂ’lgwg/l){ii@t end portions of
elements), whilst end portions of quadrants on the same track but different
qlateialslerels aRceMEsiedife ena AnatiektRxidaomerdatSone another by via
members.
[0124] Similarly, the fourth turn of the primary coil 211 comprises four quadrants 251a,
251b, 251d and 251f. Quadrants 251a and 251d are provided on the first lateral level 201, whilst
quadrants 251b and 251f are provided on the second lateral level 202. As in the case of the third
turn, mutually adjacent quadrants of the fourth turn are provided on respective first or second
lateral levels. Quadrants 251a and 251b have an average radius D2, whilst quadrants 251d and
251f have an average radius D1. Quadrants 251b and 251d are connected by a crossover element
251e, whilst quadrants 251d and 251f are connected by a via member 251g.
[0125] A flowpath between the first and second turns is provided by crossover element 221h;
similarly, a flowpath between the third and fourth turns is provided by crossover element 241h.

[0126] The secondary coil is constructed in a complementary manner to the primary coil.

Thus, the secondary coil has terminals 212a and 212b at opposed ends. Because of the increased
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[0124] Similarly, the fourth turn of the primary coil 211 comprises four

guadrants 251a, 251b, 251d and 251f. Quadrants 251a and 251d are

provided on the first lateral level 201, whilst quadrants 251b and 251f are

provided on the second lateral level 202. As in the case of the third turn,

mutually adjacent quadrants of the fourth turn are provided on respective first
SYSRBEEY AE e RITETSS L EidEr Ak ts 18Rk 25 4817 vB %A Iér\‘?él%j’eof‘ataﬁj%econd

D2, whilst uafrants 251d.and 251f have an average radius D1. Quadrants
okl eY R 9514 e B AHBLEY 8@5%%%%@8%%&%%Pﬁ%R’E"‘z‘éi%?\}\ﬁ]?ﬁs?me lateral level

qyadrants 1255Z]I(i! a gI%S}f are connected by a via member 251g. [0125] A

a ermina a he primary coil, . .
Sﬂowpa etween the first ahd Second turns is provided by crossover element

(0433 s‘fmu%gyomlgwamsb&%@ﬁ Qi 204 JRREL SRR RYAEERY (in

crossover element 241h. [0126] The secondary coil is constructed in a

okRMRlamertary-mannentatheprimagy coi, sbhiissthe seeongtary-eofl bas, 242b,
terminals 212a and 212b at opposed ends. Because of the increased 21

24 et s¥atias 1sapsidrime 2 SHiU cluses D clerramnsll 221 2208128 24, 23 B;@42h, and
provided on the second lateral level 202. Thus, the terminals of the

25condery cojlcaty gyoviddcuan 2A2bsanhg2Aade?aPl fewd|2 3211138 Xe ami 281312242, and
211b of the primary coil. [0127] The secondary coil has sixteen quarter-turn

24311 pRfcnshis21aped| e ReaERIRE IV in ciordeYeh elsmantyPA tisknilnapaths B tween
222a, 222b, 222d, 222f, 232a, 232b, 232d, 232f, 242a, 242b, 242d, 242f,
PYE L PPRIINS e S IESPGI R8T oI BRSRIRCS S WeC s oo smgksofshe

242h, and 252 t, tively, drants 222b 222d, fand .
SRR 2SOk DA A 9331 S8 P Sz A<
23'2!3%%9’3?&@Egigraggt,sgr?vig&g%\ﬁv&%g .between pairs of quadrants which

are on respective levefs, and respective concentric tracks of the transformer

(BN IUrRsddritanaliye fhe Sacondan geéhbﬁﬁs%yiﬁ memiaielabried 4.
respectively, 222c 232c, 242c, 252c, 222g, 2329, 242g and 252g. [0128]

[o/2gierpass;elampii32peRppasts durdaRiscadf oP#Ra 0binneh trsk Stdonal
[0129] FIG. 11(a) shows a perspective view of region A’ of FIG. 10, and a

vieroskrsetitiordl -X 1" of FIG. 10. FIG. 11(b) shows a perspective view of region B’ of FIG.

10, and a cross-sectional view along line X2’-X2’ of FIG. 10.

[0130] The primary and secondary coils 211, 212 are provided in an oxide layer 3’ formed

above a substrate 2’. A passivation layer 4’ is provided above the coils 211, 212.

[0131] In the figures, the letters ‘P’ and ‘S’ represent the ‘primary’ and ‘secondary’ coils,

respectively.

[0132] With reference to FIGs. 11(a) and (b), it may be seen that according to the second

embodiment, the crossover elements are also substantially planar, as in the case of the first

embodiment, provided on lateral levels located along the transverse axis 200 between the first

and second lateral levels.
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view along line X1'-XI' of FIG. 10. FIG. 11(b) shows a perspective view of

region B' of FIG. 10, and a cross-sectional view along line X2'-X2' of FIG. 10.

[0130] The primary and secondary coils 211, 212 are provided in an oxide

layer 3' formed above a substrate 2'. A passivation layer 4' is provided above

the coils 211, 212. [0131] In the figures, the letters "P" and 'S' represent the
[mpﬁh aryAéh’élt@é‘é‘é?\B%\ﬁF %F§OIF§%%%WEIVI¥GWPW%W%%%H%%“M@§ 1a

11(a) andaib), it may be seen that according to thF second . embodiment, thg

ﬁg é er to

LR P O AR VSR e AR SIS SRS YATA R ARSI ACHB LB ROGH B APt

. embadiment ovidei on lateral levels located along the transverse axis 200
%e a conti uoﬁFp {

ween the first and seco Tg%lércaﬂl evels. 22 [0133] As in the case of the

dirhcoll Blemenss [Indl RS ARPIRCAEY Hhat QD& MMk HPo IR RIS ) which

also associated with each crossover element of the second embodiment in

pRAFELSIR AP @ aRiiaH ausHliemRath thrrugimepahrsal A0k 34 B\ YRy fondary

illustration, in the case of the crossover element 242h (FIG. 11(b)) which
cqraviles/a inwpathhetween tha dvetftheand:thite enthguad @t 2402b2element
of the secondary coil 212, a via element 72 connects crossover element
2P0k ko guddramt@4PicCrbssmeartbédavelst2QUahl 20D eatduchtqaddtaraldetel coil
between the levels 201 and 202 at which quadrants of the coil are provided.
apRi®8idgih element 72 runs vertically downwards from a lower surface of
uadrant 242f, to crossover element 242h. In other words, via element 72

s 4RI QB HOBLAIERH HU RO e lEHaFh SBHAR 2421 1
SR R R R e S T

cross-sectional view along liné 0]

a2hows 3 pershectiye view of regiog - of FIG. 10, and a cross-sectional view
along fine Y§'-Y‘§' O%Flél. 10. In %hese regions, via members are

[0136] FIG. 12(a) shows a perspective view of region C’ of FIG. 10, and a cross-sectional
view along line Y1’-Y1’ of FIG. 10. FIG. 12(b) shows a perspective view of region D’ of FIG.
10, and a cross-sectional view along line Y2’-Y?2’ of FIG. 10. In these regions, via members are
provided, as discussed above.

[0137] The second embodiment of the invention has the advantage over the first embodiment
that the electrical characteristics of the primary and secondary coils are more closely matched.
This is at least in part due to the increased symmetry of the primary and secondary coils. The
increased symmetry has the consequence that each of the primary and secondary coils has an
equal number of quadrants of each average diameter (D1, D2, D3 and D4, respectively) located
on each of the first and second lateral levels.

[0138] In contrast, a transformer structure according to the first embodiment of the invention
(FIG. 5), has no such symmetry. Thus, for example, the primary coil has half-turns 21a and 51b

of average diameter D1 located on the second lateral level, whilst the secondary coil has half-

turns 22a and 52b of average diameter D1 located on the first lateral level. Taking account of the
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provided, as discussed above. [0137] The second embodiment of the
invention has the advantage over the first embodiment that the electrical
characteristics of the primary and secondary coils are more closely matched.
This is at least in part due to the increased symmetry of the primary and
secondary coils. The increased symmetry has the consequence that each of
CRHE b"‘f‘ﬁ%fﬁ?)?%\'iliﬂ l%ré’@é%%w S@Sﬂ%“ﬁ@éCﬁHs’éhﬁj‘é‘i’%ﬁ%’é?%f &@é&%h@@?‘éﬁl}ﬁf coil,
average diameter (DI, D2, D3 and D4, respectively) located on each of the
i RERRYY SBES é*‘FaE’é?S?‘Fé‘?P&%’?TB’l‘é@FlﬁVE‘E?ﬁFré%CﬁtS %3‘?%2?6&8&%%%?88?&8%3“ of the

su%%&g{glﬁ%t$ﬁtggf‘zi%ﬂﬁ%%ﬂgﬁd Lﬂ%{e%%%’fs}h&%@ﬁq“O'ﬁc%%!f% Rk g‘f%[%glfgué%og}mnce

symmetry or example, the primary coil has urns

oﬂYﬁ{ﬁg%@%@fuae]d lﬂ;%@%&ﬂgg) Eﬁ@ %FWS@W@LW&JIM@M% invention,

secondary coil has half- turns 22a and 52b of average diameter D1 located
regpeti@diyst lateral level. Taking account of the 23 entire lengths of the primary
and secondary coils, the consequence is that, per unit length of coil, the
[qadmary Doilphthe iss tiershodinaitos nenavelage loaade dfudherfromka of the two
ground plane of the substrate than the secondary coil. This has significant
complicati arsdoetderelative panfdlendincetaf fransfemmlersnconstrgbediments of the
according to the first and second embodiments of the invention, respectively.

inERgop. the apkigs ASIOF tRe. detandilehalo dirpesii i Yh&SHve ntibiv neoRdemtriad
tracks of the two coils are of a greater diameter or a smaller diameter. For
21&%&@% %m@r%ﬁﬁﬁo@m@ﬁfsﬂﬂge%}&ﬁi%fl%ﬁ%emglﬁftb‘?,f e Jlpygntion are
and D4 are, respectively, 252m, 238m, 224m an It wil
o PR oES Db U echy SR B e Pth e g e

e, not lippit these cific. values.. Any. suitable values of DI,
e, E o T B A R MRS Ol ity

cHRWNEERREMALY AR SRGADABNA CH R ARAIURLILR L HRAENY) PR Brmer

conventional stacked transformer; (b) a transformer according to the first
aRErapdirnent ffthenbvam@ntignfandiieraitansio e e asserditg.te shengas odsecond

embodiment of the invention. It can be seen from this graph that a transformer according to the
first embodiment shows an improvement in coupling between coils over the conventional
stacked transformer. The amount of improvement can be seen to increase as the frequency of the
alternating current signal increases.

[0141] In the case of the second embodiment, an even more substantial improvement in
coupling is provided over the conventional stacked transformer. Furthermore, the variation in
coupling as a function of frequency is substantially less than that measured in the case of the
conventional stacked transformer or a transformer according to the first embodiment of the
invention.

[0142] Some embodiments of the invention have the advantage of providing noise self-
cancellation when the structure is connected to an external circuit in a differential layout

connection. This connection substantially eliminates common-mode noise. In a differential
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embodiment of the invention. It can be seen from this graph that a

transformer according to the first embodiment shows an improvement in

coupling between coils over the conventional stacked transformer. The

amount of improvement can be seen to increase as the frequency of the

alternating current signal increases. [0141] In the case of the second
lagaupeennteienathe et pohs §Ub§f§ﬁf§a¢‘i’ﬂﬁﬁ%ﬂe‘r‘h éﬁfei’ﬁ’n%kﬁﬂﬁﬂ@ i?%\ﬁ’d@ﬁd of

over the conventional sta,ck%d transformer. Furthermore, the E\{%\rtirz;ltion in,

R 8L HREHBR B fe eI s SUBBEARE IR IBEL ettt tiRALliiddodhe
otﬁge?iﬁ‘é;r"slfngé%‘%e‘é%X%r{‘%%?ﬁgt%t%%?ﬂi@%‘gﬁ%‘?rc%% etrﬁ%‘%sgigaﬁn 4 googf?ttagf Win/2

st empodimen venton. ome em imen e

isIYANKAD ARVEHRSANNAN GRS HPRRYEIRGINAIRS SEHls FARGR! AHPLVRERNSils

structure is connected to an external circuit in a differential layout

meNREStiQnsh S I6PREGHARIUbSIRBIANY R RINAtesCeMDGRNedsReISE. I
a differential 24 layout connection, the input of the structure is connected in

addiffarentiadhan oide rehkitsmingi @gohofe @pipbdndie fiosnad isouh P eierodahdin ta the
one terminal of the structure, and zero potential to the other terminal of the
ingtiotardssarbolthge v ipieyideapphedtidlp nde teialinaly and avpbtential aith@efsre
applied to the other terminal. In some RFIC applications, the primary and
idsalty pditad tesivangstier bractidatsstamtiippidentiedatiRiuctance in order for the
circuit to operate correctly according to the differential mode input described.
[OFAR fir st G QEuini fHe AERSF e IR A RS LY tE HEFaM RO Tde

substanill%wldegltlcal mductzilpcev ues and are the.refor?1 |deallﬁstljl|(§ed to

SRR LRI 18U ERHGT R DT bRt socondary

bodi f the. | tion. ol t f t .
STRRAHIMEHR Of 1S Y 8&%1_191 %%Pfgk?loynQB!’;?t}%%é%%gl g?ﬁgﬁﬁ%@p%}%r%sg%&éﬁéi  coils.

which Iintroduces noise can

[0599PN ey GRISMPNISL ARG BRME AR &ovA!ARE PSR IEPAD QiR sults
primary and secondary coils. [0144] The use of several metal layers as
InIRSHPELRIENVES tdnRtsIdigitize dha.eailBy @®Mitsal. This feature is particularly
important in a high performance transformer design to provide efficient power transfer from the
primary coil to the secondary coil.
[0145] Some embodiments of the invention provide improved performance over prior art
transformers, whilst requiring less space.
[0146] A structure according to the second embodiment of the invention has the advantage
that portions of a given coil of the structure do not overlie one another. In other words, no
portions of the same coil are in mutually confronting relationship with one another along a
direction parallel to the transverse axis. This is at least in part due to the nature of the crossover
elements employed by structures according to embodiments of the present invention. Crossover

elements according to embodiments of the present invention do not have 90° bends in a lateral

plane in the vicinity of the crossover elements.
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in the impedances of the two coils being substantially identical. This feature is

particularly important in a high performance transformer design to provide

efficient power transfer from the primary coil to the secondary coil. [0145]

Some embodiments of the invention provide improved performance over prior

art_transformers, whilst requiring less space. [0146] A structure according to
[GHE becorpinerribberimshtsatitihe iﬂ\’/@i‘rﬁ’@rﬁﬁ‘éfsﬂiﬁédé(éi}'éﬁ?afgée@ﬁ‘é%%‘r‘f‘i%§wmg'

iven_coil of the structure do not aoverlie one another. In other words, no

TRSASHE St SR eBiPhrd iRt EEHPGEAR S NSh Y RISy clements

Inas%%gte]%{‘nﬁl(g)cﬁ]#xe%tsdcl)ﬁﬁg %QY]E’&{QH QLGING ransverse axis: %‘1'% IS Rldeasting where
part due to the nature of the crossover elements employed by structures

pSEERLUNG Q. ARERIMANN: Al A PECSHAIAY SHRL. il FASSRVELSIRREBES That is to

according to embodiments of the present invention do not have 90 bends in a

sdatefalinlang 19 dhade it obtheortQTaY siRleNents PaiQld ¢hHeseng

embodiments of the invention have the advantage of reduced current
reCa0wvditig in hhisnselve dpdheligicaticiualiSdbandsnn fdatetadquipine: ibetiheen
vicinity of crossover elements. In some embodiments of the invention this
refgpattine alsoenainles@udidancds ofith éhsittiatorredharen poptivnstoitiie Same
coil element directly overlie one another in a transverse direction. That is to
beyigeresgReiatiorPis-avoided where portions of the same coil are in directly
confronting relationship in a transverse direction. Such a situation results in a

[Hsthlh cedebup g Beribe SR RSO RAE PRy AL SRR CONS Sarure

therefore a reduction in power transfer G tween respective cails.
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ap eI gﬁﬁ%}” ths?m% Qﬁé‘i}&:‘g}&%‘?%?ﬁé ‘iﬁ‘@ﬁk@)ﬁ&fﬂ%@: FIG. 15 shows

the secondary coil member of an integrated transformer structure according

[R457€ third SMROGHRG 04 Bbdde UG EMIRARIMENIS (OBRIHEIRE dhBodiment.

similar manner to the second embodiment.
However, the principal difference between the first and second embodiments lies in the relative

positions of contact points between quarter turns (quadrants) of the coil elements, and the
crossover elements connected to those quarter turns (quadrants).

[0150] Thus, in the case of the second embodiment (FIG. 9), quarter turn 222d of the
secondary coil 212 is connected to crossover element 222e by via element 276. Via element 276
directly overlies the corresponding contact via element 275 of the primary coil, which connects
crossover element 241h to quarter-turn 251a of the secondary coil.

[0151] According to the third embodiment, corresponding via elements of the primary and
secondary coils, such as via elements 275, 276, that directly overlie one another in structures
according to the second embodiment, are offset from one another along a direction normal to the
transverse axis. This feature has the advantage that the number of interconnect conductor layers

needed to form a connection between portions of a given coil on respective different lateral
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However, the principal difference between the first and second embodiments

lies in the relative positions of contact points between quarter turns

(quadrants) of the coil elements, and the crossover elements connected to

those quarter turns (quadrants). [0150] Thus, in the case of the second

embodiment (FIG. 9), quarter turn 222d of the secondary coil 212 is ‘
leyplinetadir s croEGoRTGIR HERE PSS Wm@%@r‘ﬂ‘@ﬁ? Shrginyandissriaiit o7l to be
. directly overlies the corresponding contact via element 275 of the primary
TPV #hich connects crossover element 241h to quarter-turn 251a of the

ndagy coil. [0151] According.to the third.embodiment, corresponding via

Libgutc et vt A S R G B
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embodiment, are offset from one another along a direction normal to the

rd{RBYEIRErPUS i MV S eberghas dhriad vaage shat the imReofill be

interconnect conductor layers needed to form a connection between portions
afffrecpieamhaoih andiaspective diffierentdaiey ale2beleiaif iseitdihaeconhbis featiorer

in turn enables coupling between the first and second coils to be improved.
iG] igeondingfa tod thitbearpodaneniottteinvention, it is the via

elements that connect crossover elements to portions of a coil on the lower
[0B381al |NAST thatser erefiswciint] pebpasticdigssinpasiioisths Sietidhgragn layers used

according to the second embodiment. It will be appreciated that in alternative

O EhRTERASS et D SERRRCTREH B HhEr RIY<SBIE redBoEHtS to

. portions of a coil on the upper lateral level that are offset. [0153] FIG. 17 is a
myention, . . . . . h
¢f88 % ectional schematic diagram showing the metallisation layers used to

[02% trucltnaansmé[%]ggg 5%909(9{1;%( %Weetﬁqﬁsrﬁf%%ﬁlggl%%ﬁg rpdolﬁg)}lg (I)PE égﬂhg)n ttﬁﬁf éecond

mbodiment of the Inventioh. [0154] [n a structure according to the

1aRTAP RGO RO AL ANMINE FREONRIIARIALIRVG A6 TORMRARY ateral

metallisation layer TM, whilst portions of a coil on the first lateral
level are formed by metallisation layer TM-1. In structures according to the first and second

embodiments, portions of a coil on the second lateral level are formed by metallisation layer TM,
whilst portions of a coil on the first lateral level are formed by metallisation layer TM-4. Thus,
structures according to the third embodiment have the advantage that the distance between the
first and second lateral levels is lower, thereby increasing the amount of electromagnetic
coupling between the primary and secondary coils.

[0155] The feature of a lateral offset between contact points according to the third
embodiment is illustrated in FIGs. 14 to 17. FIG. 14 shows the primary coil 401 of a structure
according to the third embodiment. Features in common between the second and third
embodiments are referenced in FIGs. 14, 15 and 16 using the same reference numerals as in
FIGs. 8 to 12, prefixed with the numeral 3.

[0156] It can be seen that the via element 3275a providing electrical contact between half

turn 3251a and crossover element 3241h’ of the primary coil is located at a position that is
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level are formed by metallisation layer TM-1. In structures according to the

first and second embodiments, portions of a coil on the second lateral level

are formed by metallisation layer TM, whilst portions of a coil on the first

lateral level are formed by metallisation layer TM-4. Thus, structures

according to the third embodiment have the advantage that the distance ,
digelafecbin thiatepb flispfdicR g thtelisrqeorry Amewet, ﬂ?é‘?éﬁ?qr’fﬂfégé‘?ﬂﬂcﬂﬁ’@n of via

mount of electromagnetic. coupling between the primary and secondar. _

il et e P e e Sl et e

to the third bodi is illus din FIGs, 14 to.17. EIG. 14 shows the
aiHHEd BN BRSNS e R iiad: 1ol Sifls 7 e Lh NS Sk or

wil GaRVeRRBetash e seaend AR third: crpRdImGRIR afFiRi& e6edAlcording

FIGs. 14, 15 and 16 using the same reference numerals as in FIGs. 8 to 12,

oRiRftrad Wil thadaumerald: Q1619 gaphexaasRiihat thewvia alenoene32daaw .

providing electrical contact between half turn 325la and crossover element
In3éhhitbkthatudmanyseaills ipaatesh aicopsitandhad) e gretisplaaadiness than the
lateral direction along the direction of arrow A’ compared with the location of
wuigh 2¥5 (lRI®ne)dmisidiotute haotGrdividuto’ théssesond embodiment of the
invention. Via 3275a is displaced by a distance (W+S), where "W'
[Markspdrisitsang/iih dpeprIETddadthsgodier Bfthyiien tiebedbaspvélG. 15), the
element 3241h' is made, and "S' corresponds to an offset value. According
Vigp AR SMABEHRTAI AN BIfESETALR e fecapiRBKTLIaR e exFhelgrent
3592& 0 ttlbe widtg "W In altergfatltivte ﬁmtaodiments.of the{ vention th§. offset i .
valug may B Greatel thafl SO han the Widhi Wi Sonie Ers8aifterts e men
e value "S'.i . 7] Considering, no: ondary coil
22@085?%% %C?gléfljﬁ% third” %e%rr{l‘%soggrﬁ%%t Ig:%rhqﬁ’){)o%ﬁ% l\gi\é%g%ghent 3276a between

[A43]ter i adeedd AldNRiREFORRan:GRhBn HERBIRYELAIEDRNh deneR PoliR

secondary coil is in substantially the same position as the corresponding via

3elemeats 2 of thepseaapdans&dh@fihe secend enippdinnentafiitbd one another

invention.
along a lateral direction. This enables the conducting tracks on the first lateral level to be

provided on metallisation level TM-1 instead of metallisation level TM-4. Thus, the number of
separate interconnect conductor layers needed to form a connection between portions of a given
coil on respective different lateral levels is reduced. This feature in turn enables coupling
between the first and second coils to be improved, since the distance between the first and
second lateral levels may be reduced.

[0159] The metallisation level of the structure, TM-1, TM-2, TM-3, TM-4, TM-5
respectively, at which each of the crossover elements are provided is indicated in FIGs. 14 and
15.

[0160] In variations of the third embodiment of the invention, portions of respective coils on
the first lateral level are formed from both metallisation layer TM-1 and metallisation layer TM-

2, as illustrated schematically in FIG. 18. Thus, the portions of the respective coils on the first
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[0158] In structures according to the third embodiment, the corresponding
contact points 3275a and 3276a of the primary and secondary coils,
respectively, are offset from one another along a lateral direction. This
enables the conducting tracks on the first lateral level to be provided on
metallisation level TM-1 instead of metallisation level TM-4. Thus, the number
laﬁﬁf%gdﬁlré‘ﬂéyi ReeTedh ﬁ‘é‘&’ﬁ%ﬁd&fﬁ?qg?@?éai@éﬁé]&etBW 5% 8dind&gdppture of

) betwegn portions_af a given coil on respective different lateral levels is
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vels may be re e metallisation leve
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elements are provided is indicated in FIGs. 14 an . [0160] In variations of

dientihind embedineanbQf shadnyvestioneReiQpswRfi IespactiyencRils RbriRafiste for
lateral level are formed from both metallisation layer TM-1 and metallisation

thayehddds &, idsstiusireied scheomaticadly thbe emiliBg Thukillbe postionsi Oifheciate
respective coils on the first 28 lateral level may be made thicker in a direction

thotuta lelidbeh eftrams wé ksehecasd, thhevidéituheckicsnerddsegittviCtnessdicthg elements
portions of the coils results in a structure having an improved Q factor.

fomieg the wimbeetbiheetlatd bt pedsdiescarilisdng ehanartthht Hacrm tHyEs6f
embodiments of the present invention may be obtained from structures

variRbbr Ry E3HRE THORSRTDNR AR h el i HEIBHaNGRE &b AMbES B drequency.

mbodiments de?ccﬂbe herein.a%i%ensi?}ré H{ovidﬁd are f?r the purposes cif
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t n r, of tur f h cail..the width, thick length of the
oL SR AL IR It A
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obtain the desired inductance, Q factor and resonant frequency. Other
“RAFMeisISnaleding thewsateriale {rampiwhish fhe gongdciioggiessentsand

the insulating
“including but not limited to”, and is not intended to (and does not) exclude other moieties,
additives, components, integers or steps.
[0163] Throughout the description and claims of this specification, the singular encompasses
the plural unless the context otherwise requires. In particular, where the indefinite article is
used, the specification is to be understood as contemplating plurality as well as singularity,
unless the context requires otherwise.
[0164] Features, integers, characteristics, compounds, chemical moieties or groups described
in conjunction with a particular aspect, embodiment or example of the invention are to be

understood to be applicable to any other aspect, embodiment or example described herein unless

incompatible therewith.
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media between conducting elements are fabricated may all be varied as
required. [0162] Throughout the description and claims of this specification,
the words "comprise" and "contain" and variations of the words, for example
"comprising” and "comprises"”, means "including but not limited to", and is not
intended to (and does not) exclude other moieties, additives, components,

WhebgeraiBiestisps. [0163] Throughout the description and claims of this
specification, the singular encompasses _the plural unless the context
otherwise requires. In particular, wh A 3ndefinite article is used, the
specification is to be understood as contemplating plurality as well as

o e R e e {06 Femtures, mtegers,

chargGielsiics. CAMPAURER NG INGHRAIGUES.Q! AOHRS dgFGUber: Mvin at least

conjunction with a particular aspect, embodiment or example of the invention

o iR, e tROssIaesdR benarRrlicableioRmivatherdseest arbadimastad and a

example described herein unless incompatible therewith. 29 What is claimed
sdsordlpAHibD plovidedniegraiechdransio tever, teudiure,dcenupt Singalddigt 6eihg
element associated with a transverse axis, the first coil element having at
migastyopectdrapahielfinstselltelesvant com grising anfirstcpottionipneicied drpkced
first lateral level, and a second portion provided on a second lateral level, the
lafiead Iy {ep Beveoh aiateyr di ey s ealery vidiniRBespaded apart along said
transverse axis, the first and second portions being displaced laterally from
said Akl afrersit B iR el dhsintssi s sPieast one crossover portion
of the first coil element, the first coil element heing configured to provide a
conliig SSiF IR SR A SRR R BRI gy e bt Lo«
poerlt?(m %ﬂﬁg ftltr]s? &g&sosnoc\)/fe the %gslp pdiftc]{gl{’{gn %Q e RQVE portion, through the crossover

portion and subsequently through at least a portion of the second portion of the first coil element,

in which any change of flow direction along said path is less than 90° in a lateral direction.

2. The structure as claimed in claim 1 further comprising a second coil element associated
with said transverse axis, the second coil element having at least one turn comprising a first
portion formed on the first lateral level, and a second portion formed on the second lateral level,
the first and second portions being laterally offset from one another with respect to said

transverse axis.

3. The structure as claimed in claim 2 comprising at least one crossover portion of the
second coil element,
the second coil element being configured to provide a conducting path through at least a

portion of the first portion of the second coil element to the crossover portion, through the
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portion and subsequently through at least a portion of the second portion of
the first coil element, in which any change of flow direction along said path is
less than 90 in a lateral direction. 2. The structure as claimed in claim 1
further comprising a second coil element associated with said transverse
axis, the second coil element having at least one turn comprising a first
CISSYRGH POFHOBdhstRecrirsthtéhEr el el lsatbiaP BB Rf BG&F&H% RSP the second

second lateral level, the first and second portions be{gr&? ,IateJaIIy offset from

CBhE AR Btn Bt WHAN RSP SRS QA0 W ANETAME 458 1 THe Bt UEHigined
41N claym, 2 comprising at lgast. ong %’Eé‘@i‘ﬁ%@%&%‘?” giibe, second coll. ..
elemen%, the second coll element being con |gurecfntlo provide a conducting
R HYOHIAL 8ol RAERR Qi i BeheariRn.eh lesarOnd ol SIRMEDE a
to the crossover portion, through It)he 30 crossover portion and subsequently
letiaughiatdaasi-a NoHignaf theoaee pe-RQLioN Rhiherseseadioroil element, in
which any change of flow direction is less than 90 in a lateral direction. 4. The
structure as claimed in claim 3 wherein the first and second coil elements are
arranged to provide electromagnetic coupling between the coil elements
5 alonglaeponivwofsecliemgthoflainebstherencbel @lgrmehtlinisoticaniatecahphd ity of
transverse direction. 5. The structure as claimed in claim 1 wherein the first
wgril element comprises a plurality of turns. 6. The structure as claimed in
claim 2 wherein the second coil element comprises a plurality of turns. 7. ,
6The StRGCHHEYE MaHBEIAGR 6 Whsrdlihiesrad el SreniahteBrrpiseRlyality
0flurality of turns. 8. The structure as claimed in claim 7 wherein at least one

turns, g . -
urn of each of said first and second coils comprises:

7. The structure as claimed in claim 6 wherein the first coil element comprises a plurality of
turns.
8. The structure as claimed in claim 7 wherein at least one turn of each of said first and

second coils comprises:

a first portion provided on a first lateral level, and a second portion provided on a second
lateral level, the first and second lateral levels being mutually spaced apart along said transverse
axis, the first and second portions being displaced laterally from said axis by different distances,

and at least one crossover portion,

each of said at least one turns being configured to provide a conducting path through at
least a portion of the first portion to the crossover portion, through the crossover portion and
subsequently through at least a portion of the second portion, in which any change of flow

direction along said path is less than 90° in a lateral direction.
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a first portion provided on a first lateral level, and a second portion provided
on a second lateral level, the first and second lateral levels being mutually
spaced apart along said transverse axis, the first and second portions being
displaced laterally from said axis by different distances, and at least one
crossover portion, each of said at least one turns being configured to provide

9a corﬂl?&?ﬂﬁtbﬁtﬁstﬁf’é@ﬁﬁ igclpnst ¥ lﬁﬁSﬁfb?f‘@fffﬁsé ?ﬂ%ﬁ‘if&‘fﬂ)?f’f&i"ﬁ’l’?eo said at least
crossover portion, through the crossover ;%ortion and subsequently through

Ong RS AR SRR SE tHE GREBI BB SR WHELF 5y BfBhge of flow direction
iglongrgaid path s Jess than, 90 1n.3 taferal direction, 31,9, e RUYCHIE, A5 ¢ e
claimed in'claim 8 wherein said first and secon poﬁllons of Said at least one
Ay RRiSAChEABRTRRSH PSiAMRUYA! AR 3Rid .01l element. 10. The
structure as claimed in claim 9 wherein each of turn of said at least one turn
of the first and second coils further comprises third and fourth portions. 11.
The structure as claimed in claim 10 wherein each of the first and fourth
1 portions efribenatadeasineaentulinan® Mieraityeaftset die frdhen ¢ doartoportions of the at
transverse axis by a different distance than the second and third portions of
leagicincoiin b&: MiveaBirotietdram chainosdnondlaimy ditevuhsrieim saigfins dateh¢hitichn
portions of said at least one turn of each coil are provided on a different
thiyseeanteans) tyrtheoséeisd eashl ¢6ilrth portions. 13. The structure as claimed
in claim 12 wherein said first and third portions of said at least one turn of
each colil are in diametrically opposed spaced relationship about the common
Is. 14. The structyre as clajmed in claim 13 wherein said first, second,
e R YO PR A¢ loSREe Ao i SRR Comifgdess
o%etﬁ‘l%{%"}%é%ﬂ%&i*%% [ IR ke 0 BE%‘%EPI‘J%?@ ?A%'E‘Q&Qna”aﬁﬂ%r%l ortions.
wherein each coll efement comprises two turns. 16. The structure as c Rime
in claim 1 wherein each coil element comprises four turns. 17. The structure
as claimed in claim 1 wherein said turns are substantially symmetrical.

13.  The structure as claimed in claim 12 wherein said first and third portions of said at least

one turn of each coil are in diametrically opposed spaced relationship about the common axis.

14. The structure as claimed in claim 13 wherein said first, second, third and fourth portions

of said at least one turn of said coils each comprise generally one quarter of a turn.

15.  The structure as claimed in claim 1 wherein each coil element comprises two turns.
16. The structure as claimed in claim 1 wherein each coil element comprises four turns.
17. The structure as claimed in claim 1 wherein said turns are substantially symmetrical.
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32 18. The structure as claimed in claim 1 wherein the first coil element is

arranged such that no portions of the first coil element are in mutually

confronting relationship along a direction parallel to said transverse axis. 19.

The structure as claimed in claim 2 wherein the first coil element comprises a

lurality of turns arranged such that adjacent concentric portions of said

Lurns'ol TYRIB patelmest/) Q?én%ﬁg?ﬁﬂé‘dwlésb‘iﬂ*ﬂiéﬁ’apﬁ oA Fgsesuch that no

second coil element. 20. The structure as CI[aim,ed in claim 1 wherein a via
PfEHRAL ‘i%e&‘&?\t/fifé{;‘fl?ﬂbe% R e oy ERIG RS L8 OB HqBe: AR

between séﬂd crossover element and a portion of a coil element associated
e

1O sal ransSverse, axis. . . . .
he crossover element. 21. The structure as claimed in claim 20 wherein

16 Via-plement asseciRdiFAAroSSRYSh GlEMEATIRR INSISRIRISMSRE Sty of

displaced from a corresponding via element associated with a crossover

e MemMel hersesong com elamam Aond & FAnsIeiss dHacticthaneNatvel are

along a lateral direction. 22. The structure as claimed in claim 20 wherein a
separatdhentparsacatedimith dcsassoveril elemant of the first coil element is
displaced from a corresponding via element associated with a crossover
element of the second coil element along both a transverse direction and a
lateral direction. 23. An integrated transformer structure, comprising: first and
2@econdccsireteimanty arabitiatainvithareiansve plenris's @aetidedi reviferiement
having at least one turn, each coil element comprising a first portion provided.
DAL FREEIARS A REVECtOR PaHE B 58ttt ravRieic mens 8 paqatarLl a coil
1IeveI the first (?ndhs%cond lateral levels being 33 mutually spaced apart along
egla]{ll%ntraas %(\:/%trese“él%lst, fEORPeY A BE6nd portions being displaced laterally
from said axis by different respective distances, each coil element further
comprising at

21.  The structure as claimed in claim 20 wherein a via element associated with a crossover
element of the first coil element is displaced from a corresponding via element associated with a
crossover element of the second coil element along a transverse direction and not along a lateral

direction.

22.  The structure as claimed in claim 20 wherein a via element associated with a crossover
element of the first coil element is displaced from a corresponding via element associated with a
crossover element of the second coil element along both a transverse direction and a lateral

direction.

23. An integrated transformer structure, comprising:
first and second coil elements associated with a transverse axis, each coil element having at least
one turn, each coil element comprising a first portion provided on a first lateral level, and a

second portion provided on a second lateral level, the first and second lateral levels being
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least one crossover portion, said coil elements being configured to provide a
conducting path through at least a portion of the first portion of the respective
coil element to the crossover portion of the coil element, through the
respective crossover portion and subsequently through at least a portion of
the second portion of the respective coil element, in which any change of flow

MY ORISR EAopE RBsVaTASD- iha iaterad sireptdrrines feipgtplaced

second coil elements being arranged tQ provide electromagnetic coupling . .
labeéf\@lég‘ﬂ‘géf’ddiadﬂSeti?érﬂgeﬁfgnéFS%e%Piﬁ%F%%F?PCSF’aﬁéﬂﬁﬂ’% SIFBFI‘&&JEF Heegirising at
ment in both a lateral.gnd. e dire Am

leeéﬁone 10SSOVeT portion, S 1? Gif} Egra'rll’]e%\/selggm con 1i0ur}'e<? ﬁ)‘. roy gghaogog(guc ing path
fla ricating an nﬁegré]fe& ransrtormer strucﬁJre, c%mpr|3| g the steps Ofti
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element having at least one turn, the first coil element comprising a first
pRAviosT provisedean A firstlataral deysbi and Ass9crpshiRartind rRvidestioMheough at
second lateral level, the first and second lateral levels being mutually spaced
leaparpalongosaid taosyemseoads ibe:fiysitbrd seecerdpoiitionschaiyghange of flow
displaced laterally from said axis by different respective distances; and
difiertmnglat¢east prik islesstmeOpontieainrthdifestanibelraemt] wharébyitkhiEments
first coil element is configured to provide a conducting path through at least a
beipetigreethe HreyideierirompmadirecennliabsBrrobsie Eribsksvmtpaenens, portion
through the crossover portion and subsequently through at least a portion of

okfdes8tbd pEroMBF tile rBEnE 8l 8 &HErthaRhich Ay SR AHGE 8 flow

direction along said path is less than 90 in a lateral direction. 34

24. A method of fabricating an integrated transformer structure, comprising the steps of:

forming a first coil element associated with a transverse axis, the first coil element having
at least one turn, the first coil element comprising a first portion provided on a first lateral level,
and a second portion provided on a second lateral level, the first and second lateral levels being
mutually spaced apart along said transverse axis, the first and second portions being displaced
laterally from said axis by different respective distances;

and

forming at least one crossover portion in the first coil element,

whereby the first coil element is configured to provide a conducting path through at least
a portion of the first portion of the first coil element to the crossover portion, through the
crossover portion and subsequently through at least a portion of the second portion of the first
coil element, in which any change of flow direction along said path is less than 90 in a lateral

direction.
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