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
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including impedance matching, signal coupling and phase splitting. Monolithic
transformers provide a number of advantages for the circuit designer over

conventional transformers ﬁ?ﬁﬁg&lffﬂﬁﬁwﬁﬁgﬂ?umption and higher

packaging density. Monolit ormers enable power amplifiers to be
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ased on existing fully integrated amplifiers using silicon as the substrate are

citeRil QLIRS GRasIPerRAHQ WirdlassiapRiGationsed hisifoaHg 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 waferBgrO &SR {mgNer i qiHsINEIRNIFIgMhinning of the silicon

substrate. This technique is costly, however, and not readily compatible with
[0 dry Mrordsbiagratiarpisyies urRdrihemsbieraskifirsnanen gid hntegrated circuits

associated with this technique. [0004]Current fabrication techniques for
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Istances between respectiv nd the silicon substrate alSo cal
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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 primary and
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FIGs. 1(a) and (b) respectively. [0007 Planar transformers rely on coup
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design of monollth|c transformers for silicon RF ICs," Proceedings of the
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transformer structure having the feature of mixed coupling between primary
piaindrgaaoRetand ekl TEGH achy e propes edphydtd eiexhllithesiGeeReHNBIGs.
(hereinafter referred to as 'lateral coupling’) and vertical-coupling (hereinafter
leferddthteasctragigverse coupling'’). Mixed coupling was suggested to
provide the best performance in terms of symmetry, area efficiency and
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better than that of devices relying on only lateral or transverse coupllng
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[0008] Lee (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.



[0011]lt is a further aim of embodiments of the invention to provide an

improved integrated 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
[Or'?é\I/]ng iﬁ%@%ﬁd‘%%ﬁ?&‘?@ﬁﬁ?‘?‘ﬁs@fé%i’ﬂ’{é’i‘t&%ﬂbf’@rﬂﬂﬁa’i‘rﬁéﬁ‘@vﬁ?‘ﬂﬁ&egrated

invention to provide a transformer having increased power efficiency that is
tr%ﬁf?ﬁ’ﬂﬁf)f&%ﬂﬁestandard CMOS deep-submicron fabrication processes.

4]According to affirsga ect of tpe resent invention there.i prp%ide an
otheraim of € O énts of thé present invention is tQ pI‘PVl €'a raprication
integrated transtormer Struc ure, comprising: a first coil’'element

nRERRAALGH IR A ASYRSE @XiSidie fiLfhcall.element having at least one

turn, the first coil element comprising a first portion provided on a first lateral

[devsl, ang aineeans pektiIR ArRYIdRH©BransereRd ataraldavelothe fitktandiegrated
second lateral levels being mutually spaced apart along said transverse axis,

triinefdinstand sgaandapattionshgingedispladed fatekallynironasbidiaxis Oy the
different respective distances; and at least one crossover portion of the first

ingeilteie menty thefirsh goingiehaemizheingcdnfiguerad to grovitie & conphidiiagith
path through at least a portion of the first portion of the first coil element to

stedagdd SNV AgsorienisisUighrisrsierdseesssesportion and subsequently

through at least a portion of the second portion of the first coil element, in
[0 HtEh arfyFerraHte Of G GRS R ARIRY Yalfe pHtAT &8 dStAr st dnsespatd
dir?ction. [0015‘]6According to a second aspect of the invention there is
trans TSy S I‘uCtl{ CopsIng:
rovided an integrate
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
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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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
S%@B@ﬁﬂrﬁﬁ?ﬁéﬁ@%éﬁﬂﬁaﬂ@d%@é ﬂéf%ﬁi‘}‘%@ﬁ% E&fﬁf%{@bﬂ‘i%ﬂ?%‘r’@ﬂmames’ each
respective distances, each coil element further comprisjng_ at least one
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conducti ath through at lea ortion of the first portion of the respectjve
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the second portion of the respective coil element, in which any change of flow
cidiRRtPpoARNG SRIdRa NS e BT dhan2R it a [Riew sitsstiannthpoftish dnche
second coil elements being arranged to provide electromagnetic coupling
rdopvvrencbidearihelaranis apogacp ortftswafirdaogthoaf atile psthani Gallan 90° in
element in both a lateral and a transverse direction. [0016]According to a
a thiechlbdipatioof tirelinvendi st thé wilssfprovidel: o gretimad Ofof alsnadticlgecammagnetic
integrated transformer structure, comprising the steps of: forming a first
cgilingeeiareen saidatedamithtadeasyeeseonRisa threfiyof ebltasierneprihelomgnatn
least one turn, the first coil element comprising a first portion provided on a
befhst fater PR R e sakeriiPhortion provided on a second lateral level, the
first and second lateral levels being mutually spaced apart glong sai —
TR o SRR e D P AR DR GBI BTG e ASad PRdIaRy Hahvicatng
LB ALATRIRN ERRGCIVE SISIANCRR fd fprming at least one |
crossover portion in the first coil élem nt, whereby the first coil element is

Conﬁ%ﬁfﬁé% provide acondycig RanitRieaR RtdeaskaRORiQR Af ignlitthaving

portion of the first coil element to the crossover portion, through the crossover

aestimangns uksaquantydhrak obnaileast.aipepinnsafighrigecond naktionef level,
the first coil element, in which any change of flow direction along said path is

andsssthami Poriva padeidd diregsierunf0RIAT kean et Gickmay séaddiageral levels being
embodiments, comprise the steps of forming a second coil element

magsdiapecediprgaidieaastbrsevais atire e Cosidurbiktetarhpettinayingnauieplgted
one turn comprising a first portion formed on the first lateral level, and a

laggsalbnEr B radsh e i diBpreRerespeeitsndl Yanseal fddel, the first and second

portions bein%; laterally offset from one another around said transverse axis.
forming at least on€ 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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[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 embodiments, the first coil element comprises a
plurality of turns. [0020]In some embodiments, the second coil element

seconiAa s Yl andrarant necqob patiRnsdiriasBaHnosiES foar A RIS digund

first and second coils is formed to have: a first portion provided on a first
SYUFLARISUE 281 a second portion provided on a second lateral level, the first

second lateral levels bej tually spaced, apart along.said transverse
[(ﬁq ’ the%rsgtr%ene(:{nk)()dlm%}l%bﬁg f{ps an% %C H%CCO% Tg}en%s"'%;% f?)rmectl%gmw Ei/

axi secon lons being displace era rom saia axis
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configured to provide a conducting path throug least a portion of the first

cRPEHPRHR B A38RYATREHiIRMmstHQuaRdhR crossover portion and
subsequently through at least a portion of the second portion, in which any

[oohange of flove dirdotionealonpesaid pathlisdess thani Q0 ipailaierak direction.
[0022]In some embodiments, said first and second portions of each turn each

[092M prisés sulrstariidipdntdf Ghauenoofl saitleboiicalarmaptisfO02Bjinldjtefriatise
embodiments each turn of said first and second coils further comprises third

(09341 fourth eBrei e ofDRAT neadhiere misadi Fterad sershdeeHe ififorapd tropth:
portions of each turn are laterally , ‘

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 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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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. [0026]In some embodiments, the
first and third portions of each coil are in diametrically opposed spaced
[0QA8tiondhi E)%B"Cﬁﬁ?‘?ﬁ%‘%ﬂtﬁﬁéﬁ fé&fsa“[b@?ﬂ ROSIMEPE Db ETFhaTE diaefrisally
second, third and fourth portions of each turn each comprises generally one

RSP AL BT RCLb 8 BER M Ents, each coil element comprises

[0‘(‘{59];“” i '“?%‘ét%{n%%t Yr%ee[[Ts],bs%gclrﬂt%[[],t%éc%%ghﬂﬁ%l 2%'5’%‘)8{% C8ﬁ}8£'s5§tse5% .rtur1|1 each
tirns. [00281T some embodiments, the turns are substantially Symmetrical.

cc[&%ﬁ@lk"g@f?&h%‘?@ﬁ@%ﬂﬁﬂ&rﬁ?atﬂﬂ?nﬁrSt_ coil element is arrangeo_l suc_h that no
portions of the Tfirst coil element overlie one another along a direction parallel

[d28RId tARSHRI SMEESMents, each coil element comprises two turns. In alternative
embodiments, each coil element comprises four turns.
[0029] In some embodiments, the turns are substantially symmetrical.
[0030] In some embodiments, the first coil element is arranged such that no portions of the
first coil element overlie one another along a direction parallel to said transverse axis.
[0031] In some embodiments, the first coil element comprises a plurality of turns arranged
such that adjacent 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.



[0031]In some embodiments, the first coil element comprises a plurality of
turns arranged such that adjacent 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

(93 b ctilfeePRREYRANS $HiRs HUﬁPé‘r%’&Ptﬁm‘Péuﬁfoéﬁﬁﬁ%f fhevitoednd seighef the

coil elements; forming gblayer of anﬁ{gsulating aterjial above thje conductive
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orm corresponding portions of turns of each of the Tirst and secon I
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provided between first and second coils of the transformer structure. This is

[dBkast i PABJAUBAtbekS f RfEias SV ek alemeits dhati inectease: diryel ohd
coupling between respective first and second coils of a transformer structure.

sd@Oadfinceimhadintenisiol hreinmeatithisanaaneau i pirediecotioeaadingyiinetry of
region of the
primary and secondary coils constructed according to embodiments of the invention. The
increased symmetry has the consequence that, per unit length of coil, the average distance from a
ground plane is substantially the same for each coil.
[0036] In embodiments of the invention, noise self-cancellation is achieved due to the
differential layout connection. This connection substantially eliminates common-mode noise.
[0037] Whilst reference is made to primary and secondary coils having portions on first and
second lateral levels, it will be appreciated that said lateral 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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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
embodiments of the invention provide an electrical flowpath with lateral
changes of direction less than 90. [0035]In embodiments of the invention, the
_electrical characteristics of the primary and secondary coils are substantially
inigrted Ry AV s gﬁ‘l%ﬁ'é?lﬁeﬁéﬂl%@%tﬁr?&%é%ééa@ ﬁﬁ’étFE?‘b?VBWﬁwda‘F?C&HH are
. secondary. coils constructed according to embodiments of the invention. The
InlEPEASE éﬁ?\%?étﬁ??ﬁgtﬂ‘%yconsequence that, per unit length of coil, the

ageglistance from a ground plane is substantially the same for each cail.
O e T B T RS e B S T £
p%@r&ocyﬂeag&fgeﬁgm&l é@ﬁ%%@@ﬁﬁl%&%ﬁ wm!ﬁ ﬁ%@ﬁggmgzﬁggﬁﬂgﬁ apart within
eliminates common-mode noise. [0037]Whilst reference is made to primary
a aSREgRdaty CailshadRenRostHRNS it anceaesRsbiatarat I8 eHmivibil and
be appreciated that said lateral levels are not necessarily perfectly planar. A
arsihall gonunif ofideReptanactyl Wy ibeopiesent taisr syardsaihe dateral direction
levels, although substantially planar, need not be perfectly planar.
péalithermaderansadiisbexappl deiated tthat portionsiadronellosteach igdils withinta
given lateral level may not be perfectly coplanar, due to variations in
refgseicatioprplotesdePaRamaenit ficieunksthoduisigns Phibs, sacgirdaticigibpn two
lateral coupling between adjacent concentric portions of the first and second

g tSPFO S eYR  ortibgah Rl s e eV erstoasial Hitine Bas and
Similarly, g directi f lateral ling | ! dj t '
SSiplaul. g diaction o eral soupling hetesn Sdasent RIS A v

W, a
respeiytlve ral fevels'm Yy no per arallel oafﬁe transverse axisS 0

ccg} i %i{aset\[v%g By, i"er?‘éiggi(bn? &Rﬁér%?f%aed é*c}ﬁ‘taﬁ%fgr%?&gnt%e LRl d%?g}(‘ﬁgﬁ;& a

long a lateral and a transverse direction is not inten to refer

diferERAMEAIGRVBPRARIS Bl e ol ditadliPh,8lcespling between two coils.

This latter situation is illustrated schematically in FIG. 3a. The direction of

[0pauplingAetvuesndhe-pritens efthe.Rr ivaieitd Bhasd saao oeaiy eikis) is
indicated by arrow C. The resolved components of C in a lateral and

invamsuehse thiérediiomge ehindiogibokasotd aafick idn @Epasitcalyol@Q3]Rathame coil
such reference is intended to refer to coupling between a portion of the
(egipratipeoilfahaipaiportionibfitheosdash itkihgrc oduplmerrivogtibres e (i uteraily
spaced apart within a given lateral level, and at the same time coupling
byjagrREl SHNPHAMT S thosprrigiy coil- ndcaneth e EAIBABY Ba8 srttsdampary
coil which portions are mutually spaced apart along a direction parallel to said
“Ythnsverse axis of the structure. This situation is illustrated in FIG. 3b with

[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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respect to a portion of the primary coil (P) coupled to portions of the
secondary coil on two different respective lateral levels. Lateral coupling
between portions of the primary and secondary coils in the same lateral level
is provided (indicated by arrow Cl), and transverse coupling between the
same portion of the primary coil and a portion of the secondary coil on a
lafﬁﬁéﬂ%Yﬁl?athéllIE%P%eﬁ%@dp'il&‘)i@‘édhﬁﬂH%%‘i‘éﬂ W%W@W@?Z‘Plfdeﬁe]‘}?\lrﬂng between
integrated transformed structure according to embodiments. of the present
2 pRERESh hA°HRa é‘m&?ﬂa?é‘é‘ﬁié‘f"c(&tﬁﬁﬁh]évﬁﬂoﬁ‘@déeaﬂﬁ&YSrﬁi PEGwRRIgnS of the

Rerions phihe same.cal (£,9: Rodions of fhe primary ol is avoided. Rather,
P'cou ling along direction occurs between the primary coil and the

[00RY ndaﬂ%e%%'te@&ﬁﬁ%ﬁﬁ& %&ﬁfé@ rA%J%ﬁ&%‘é@&%@&rHéH&%’ tff@ﬂlvention may be

[0041]Furthermore, coupling along direction C2 between portions of the same

d&RHi k8% PAvtIN S REth e s IsOhis @lsoAvRIdaTcRathe re fOURINGIAIANY as the
direction Cl occurs between the primary coil and the secondary coil, or
phebnesil teeosdapndaky eoilgndsiredyd patioaodolpR42jdhgsanasulisdifeadon (e.g.
increase in performance of an integrated transformer structure according to
ditleetirs Cénbodineht@f Ihsinmvdntion (0G4S PAtist treference thakBaer rdaedaion
to coupling between a portion of the primary coil on a lateral level and
(erespieiipn GffedensisortiomE16H the-secondary coil provided on each of two
lateral levels, it will be appreciated that the discussion is equally applicable to
coupling between a portion of the secondary coil on a given lateral level, and

respective different portior imar il proyi ach of the
respective different %i%%?%@é@ﬁ[}élﬁm éggrggeﬁi%r%mﬁﬁer structures
rdi mbodi s of the. invention . b Cri havin

o e HE AR e e EARh AR By ey of
e PHIPRY AN SRR (ol RRYING.IEsREsvEReMiPRscpupled along a

lateral direction (e.g. direction Cl, shown in FIG. 3b) and along a transverse
[(mg)sptiomrmlet@clk&qaf@mﬁa}aﬁ@tm (8 G- RelaRS Sh SR IRPMR IR FIG.

3b).

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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BRIEF DESCRIPTION OF THE DRAWINGS [0045]Embodiments of the
present invention will now be described hereinafter, by way of example only,
with reference to the accompanying 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

[095hkforrRKF ﬁah%.ﬁgcma&frﬂglﬁé%ﬂea.Pftﬁgaﬁﬁfﬂwﬁréﬁa@g&@ﬁ%@mé@afeﬁt

be|ng pro on one of two lateral levels spaced apart in a transverse
CrYRAERSA! ]]IIE"@ "M a schematic illustration of exploded views of the

art mer structures of FIG. 1. [0048]RIG. 3 is a schemat
[dﬂ %[rat'éﬁ‘%ﬁog cougaﬁnd) Btwaen two. roefgrp Ve portions oP%%‘ﬁs%?mss sectional

vE@rﬁéﬂQﬂﬁE %it&ﬁugm&omgd@%@gg&m@w& AALAVBING 2100 Gonding

lateral and a transverse direction, and (b) coupling between three respective

clotiensRfIGRdw alongiadaterabdiregtiog.and along a transverse direction.
[0049]FIG. 4 is a schematic illustration of a transformer structure according to

[@38Ft ermmbodimendcatiingidnuantiaion 0050niGrhds sansehemaiicdiigsisatietoat
an exploded view of the structure of FIG. 4.

embodiment of the invention.

[0054] FIG. 9 is a schematic illustration of an exploded view of the structure of FIG. 8.

[0055] FIG. 10 is a schematic illustration of a transformer structure 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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[0051]FIG. 6 is a schematic illustration of a transformer structure according to

the first embodiment of the invention. [0052]FIG. 7 shows (a) a perspective

view of region A and a corresponding cross-sectional view along line X1-X1

of FIG. 6, and (b) a perspective view of region B and a corresponding

cross-sectional view along line X2-X2 of FIG. 6. [0053]FIG. 8 is a schematic
[006Lkratidior & thanshsmidr él(lr‘ifé‘iﬂf%nélfé’otfaﬂﬁ&fﬁl%f SEUIHE arrpdinAehothird

the invention, [00541FIG. 9 is a schematic illustration of an exploded view of

R LRSRE S BYE 8 [0055]FIG. 10 is a schematic illustration of a

qiRaporRs Sfyycce accarding ta e seshnd embarment ot edventan
B]FIG. 11'SROWS (3) & perspective view of region A' and a cross-sectiona

s WAoaneine Kds Xt afi5G. 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)

[0d¢XSPagtive yiew Qbiedieiofalanek A Ao stuseations! vienhalenadine Yctoing o a
of FIG. 10, and (b) a perspective view of region D' and a cross-sectional view

vatatiehlsteh¥ 2mweabddimenOof the invention.

DETAILED DESCRIPTION OF THE INVENTION
[0064] The following embodiments are intended to illustrate the invention more fully
without limiting their scope, since numerous modifications and variations will be apparent to
those skilled in the art.
[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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[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 ofa
[Oﬁﬁ?ﬂary &80 Grainihdiarhidy dtdids é%éd%ﬁﬁttwﬁoﬁ?ﬁﬁféﬁﬁ%ﬁ@?ﬂ“d?ﬁfél'

invention. [0060]FIG. 15 is a schematic illustration of a secondary coil of a |
Oﬂ%ﬂ%?&?ﬁm‘SF‘BtPﬁL?ﬁ@%8&8?‘8‘?1%’%11%%1?83 YA 87 fRE flvdRtRsitve coil
[ 1JFIG. 16isas e ratic ill%lggrna&lil%g of % traEtlsségfmer strugture according

n Eégi € Cross-sectio

to the thir e(:.‘cl’(T)W1 Soralar%en %Hﬁ%()lnventlon. %6) fl}yissué Cross-sectiona

skﬁl%lé eﬁ@ﬁ'&ﬁ%&%@{la‘?}‘ stttﬂjear%t,rfb%llﬁ Coe gﬁ?g)ltﬁ’elt Q%Hﬂfg sﬁgﬂg 0 @5‘1‘1@ gr:&grdin g to

the invention. [0063]FIG. 18 is a cross-sectional schematic illustration of a

fifstriRe s S RERREHING tR-anvaridtionofdhe:thirshembadiment ©fibRaving a

invention.
generally rectangular cross-section. A width of the track in a lateral plane according to the first

and second embodiments of the invention is about 10um. Other widths are also useful.

[0071] Furthermore, the number of turns need not be a whole number. Coils according to
some embodiments may have a fractional number of turns, for example 2.5 turns, or any other
suitable number of turns.

[0072] Reference to a primary coil and a secondary coil having an integer multiples of turns
each of substantially 360° includes primary and secondary coils according to the first and second
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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DETAIl FD DESCRIPTION OF THE INVENTION [0064]The following
embodiments are intended to illustrate the invention more fully without
limiting their scope, since numerous modifications and variations will be
apparent to those skilled in the art. [0065]FIG. 4 shows an integrated
transformer structure 10 according to a first embodiment of the invention. The

raghsctgrauBrHE SPIGS AR R N e S ABOH S ELhE ST teserif s Other distances

embodin}ert, each of the coils is provided with four turns through
arg }KkANGHAy 360. Two turns of each coil are provided on each of two different

(g3 1e seﬁguLQro%@m?I(?{r"l‘%ﬁﬁ 69 é’i’g?rr%%rﬁaﬁeﬁiﬁz%f(é[?éf{)rs]ie%ael%ll]#%ﬁ(:)Lnlsbg?'rt

opposed ends of the coll. The secon as a carresponding pair

teﬁ{mz{mlfl },Zﬂ’b]&Paﬁ‘hBBJE}%? ge@&ﬁiﬁ -1559%1&%0@ ﬁ‘é‘f &ﬂﬁ'&ﬁﬁé%%&ll&\% coil has

electrical connection of the structure to a circuit. [0067]It will be appreciated

opdoRAreemmaldlled intherartdhat @mhedimenisatiheinvention are not limited
to a primary coil and a secondary coil each having four turns. One or each of

[0S oIl SReeriiay & sheg keateiieros malieinuydodr Of tirnsumuthenmopenthe coil 11
coils do not necessarily have to have the same number of turns. [0068]In

(FGditidns thérshiapenoh deliof oilhsead ahigt 1186 “tHbas Apgesaltieyogiml 11a on the second
advantageously the coils are of similar shape or identical shape in order to

lagsyigl/lgecimphevel eonghaddamesrnghdiepivser PDEIEHE ebemirshlsiue. aAqeprding

b, 12a, 12b need not be at opposed ends of a respective coil, o
to the first embodiment, the average diameter D1 has a value of about 182um. However it will

be appreciated that in other embodiments of the invention the average diameter may be any other
suitable value. In some embodiments of the invention, the average diameter D1 has a value of
about 282um.

[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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One or each terminal of one or each coil may be located away from an end of
a respective coil. [0070]The coils may be formed of conducting elements of
any suitable cross-sectional shape, including rectangular, square, round, oval
or any other suitable shape. Coils according to first and second embodiments
of the invention are formed from a conducting track having a generall

abepi AN E e SlisRge R SHIAFSRCHE Rkl ﬁ%ﬁﬁl%%ﬁ%t%%%?}élﬂwns is

the first and second embodiments of the invention is about 10um. Other
lK&\’/’i’dths are also useful. [0071]Furthermore the number of turns need not be a

le nlf "?h E:o s accordin me emb ghments may have a ntal
oth the Tirst an efl g[{l ments [0) IHVGHtIOl‘]b Oortion (0)
ber of urns for example urns, or any other suita fe"number ot turns.

dl[ﬁ’QrZRJ REFRIRRCHIA A REMANEUBNM AIGEARHRN GO AL AR BHEHE tommon

multiples of turns each of substantially 360 includes primary and secondary

26919 aeaerEIa e dhe il shang-sesend finhedimsktselifie invaptiamolimihothe

course be appreciated that, strictly, such coils do not have an integer multiple
fint andscobaxasityustirsinagkOapaliatvaessoppesactsrzis of the coils is
required in order to provide terminals to each of the coils. However, the
[Q98ddencdlef thissgap Hasdnehcignordd fomthé plengdsetcondisfinvinmatreial having
number of turns. [0073]The primary and secondary coils are arranged to

R gortisBesHVRBe AR salena dhaterath eféls materiabof tyhstarsadlyathedn opposite
apart in a transverse direction. In other words, the first and second coils are
lé?gfmﬁtéﬁlbiréﬁlet\ﬁf&%%ﬂyﬁﬁéiﬁ}@ﬁé&@ﬂwéﬂﬁﬁf?ﬂ%%?q%%@rﬁ*ﬁédp?ﬁﬁﬁ}dlE@é@lms to
are spaced apart alon ransverse Xis 2 rmal to he two planar level
%a%%n%ﬁte HERTI e R B b el A S e rep R wen

O“d ALerals Vei% %%'Q%%PBQ”X P%Ec}l n@?‘) fipldo.ene ta(;ihh ra%y change

074 rt ermore, t e prlmary and secon cmsare arrange

oPAFEATH QNG Hhe dAtmR Qi fgH 06ONSERSHEAHEAGKR: ¥l ahliZe dodh chitbdiments,
within each lateral level 101, 102. The tracks, in one embodiment, are

afptiaally spacedidRadnalangiviendataral planesdver axasp e eth®deceed 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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tracks are mutually spaced by a distance of about 20um in a given lateral
plane. Other distances are also useful. [0075]As illustrated in FIGs. 4 and 5,
the primary coil has opposed end portions (or terminals) 11 a, 11 b on an
upper (or second) lateral level 102, whilst the secondary coil has opposed
terminals 12a, 12b on a Iowerég)r first) lateral level 101.&'0076]Referring to
astﬁélgﬁlﬁcfﬁlgé‘%ﬂi‘?e“}?ﬂm‘gry% ,QHHDFﬁ%Yﬁt{ﬁ}?’?inbfrﬁ%"b ﬁ’i‘ef’ri/dé%’feﬁeﬁ%l?@)‘n
has a first half turn 21a (of substantially 180) that begins at terminal lla on the
Mkl SAfAtLral level. The half turn 21a has an average diameter D1 (FIG. 4)
firstxalue, Accordin he. first embodi t, the average di t 1
AR el R A A R T T A R o o

thgmp%%'a%annmd&y@ﬁm ﬁggeﬁvﬁﬁ@ﬂﬁrgg%%ﬁ@ﬁya@cme% one another

suitable value. In some embodiments of the invention, the average diameter

b shamaraluevef abiaui232um. [0077]Coils are described herein as having
an 'average diameter'. It will be appreciated that this is only one way of

[0888Ning Ehehisiracigriatia 8fahaoin hhapardmeier BYevhigr diRtetan DiayAveording
used to describe a coil of circular shape as well as a coil of non-circular

togtha hest Ehdddnmetevibeagéud ieihiBter abefe il tpuiine distance between
diametrically opposed positions of the coll, the positions being midpoints of a

[A4%/8n trabe Ahdiddralr taiad Hirde copreqod PSITHIKS stasopupi§lesnerh Bhrlimariesugh half-

the Et;esent invention include coils of circular shape, as well as coils of

iR AR ally EuitdrEHYpe (R Oviamey diedpahg il AR BRebf straight sides,
as cails haying three.or more straight sides). .In the case of coils

O i L A e S S SR o e

fo%%tﬁ‘ﬁﬁ?%'u%%%?-1[99?0?11%;%3‘?}?%“19%}?%5‘5@13,1& LD pﬁﬂé&%ﬁytc%yéfa&%h)ero y an

provided on the first lateral level, and has an average diameter D2

uRISHENIYAHEMDI IR IERS yi@ﬁleﬁ%'mcﬁ%ﬁﬁﬂ“&é@a e fisstRmmanimant. e

value of D2 is about 158um. Other values for D2 are also useful. The value of
pldddsdisiensinad @B. ihe Hasisibal the pusIagen Widthuahtihe: i@k f8IBOD4, which

each coil is about 10um, and the distance between respective mutually
isdejadentlzbnTanis ibdrackipait dite isaBjinnnQO80Hmbntd thehfinstiend@aeardt for a
embodiments of the invention, portions of coils of
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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different diameters are arranged to be generally concentric with one another

about the common axis 20. The first and second half turns are connected to

one another. In one embodiment, the first and second half turns are coupled

by a first crossover element 21c. [0081]The crossover element 21c is in the

form of a length of conductive material having two bends at respective ‘
[998%kiond amdhg e iehighabirine ?ﬁ%ﬂéﬁéﬂ%@%%ﬁ%fﬁﬁﬁ%ﬂ}l%‘iﬁ ppGsiad terminates
. directions. Thus, the crossover element allows respective ends of first and
“‘stSBBW&ﬂféﬁ f SEBE B ﬁ@é@iﬁ%ﬂﬁ&f"&ﬂ%ﬁ?%%iﬂ&%ﬂ‘r%%ﬁ%% Tt

half turn flowi 'gltco the second half-turn without experiencing a change of

1 . . L
“Idirection n'a lateral plane of 90 or more. That is, any change of direction in

[Mjate rﬁh%? ﬂeﬁ1i§§§gg?@1[ﬂ {lﬂe R Qﬁg '5}%9 s%{m%tiﬁ‘%i%ﬁ(fﬂggrossover elements

embodiments, any change of flow direction along the length of a crossover
aielprrant dgesineirexassedd 1 a lateral plane. [0082]it will be appreciated
that in alternative embodiments, a change of flow direction as current passes
[e3Lgh the.cresshves elampaitiviayidbe greaten thandBdheat ieds tran-etonal
further alternative embodiments of the invention, the change of flow direction
vigvaylbeglbss ¥ak UG FO033] EHGH70f tkie wrimeass@advsecondérygoil SBL of T2G. 6,
comprises several crossover elements similar to the crossover element 21c
ansh pecsinec tiadirge wridose doa KRaltor R ofoth & prindisteselptars (B0 8agl{ vilflentify
also be appreciated that in some embodiments of the invention one or more
thef BENEFY sl eF CIBMBNICHTalF B SRR integrally with one or both of the

ectiye.portjons Ofﬂ-Et[h oiLelem between which the crossover element
e ORI S LT o SR S G

ISP RS Q%FE%drﬁ?}{tEha‘%e%ﬁ] %?%Y%E}ﬁ?%%ﬂh%% RiB&d, _%a?lg}ifre]gl?dcated

continuous member wit e crossover elerment, ratner than as discrete

alB 1S Byl coniaG 4R fT e REGRBAUNA tiB\RADP of the primary

coll 11 is connected to a third half turn 31a that is provided on the second

[degsyal leved. rialhtpinng &Lbrang 3ddkane coneesiRita PG IRRIBKEY33ormed over

second crossover element 31c. [0086]The third half turn 31a has an average
a ciasnate2 DA phisivnimielagdingiz pravidedabdireghe 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.

16



to the first embodiment, the value of D3 is about 134um. [0087]The third half

turn 31a is connected by a third crossover element 31c' to a fourth half- turn 3

Ib, the fourth half-turn 31b being provided on the first lateral level. [0088]A

fifth half-turn 41a is also provided on the first lateral level, as in the case of

the fourth half-turn 31b. The fourth and fifth half-turns 31b, 41a are connected
[0PBhe ahbrier B4 cibit hass g Rbintare ragpreENsRs s b entadidis 2a. 32b,
emfloy d begsgse (EbOth half-turns are provided on the same (%.e. the first)

I i

Hardray SHFPRRVE SRRt didheter SF DA RIS ShIT S Ve

Thus, th foyrth anp fifth half-turns are conn gted.without th? requirement for
adéac nt ends. of the hal —tlgns, 11 a sinylar mﬂntler to the rlﬂla}’%’ coil ]] )
change in average diameter of a halt-turn, or & charige In lateral level of a

[db@ﬁ]tur”It’ﬁ&&Bé%’l%&%ﬁﬁk%ﬂﬁ&t%’P%‘i’é?ﬁ%Ih%g‘s?rﬁ&{ﬁ%‘?'ﬂé@ﬂe@x‘fﬁ%@{j@%ﬁlﬁ that

110um. It will be appreciated that in alternative embodiments, fourth and fi

phalisnsm doh, ALaiatRdAHHEE: 38 BSINGI R EoNTALUSLHIDARAdNRYvels of the

therefore underpass element 41c is unnecessary in such embodiments.
stHOOBY Theififta kel diffticht a ¢$ disstivonrested lioifcsbd hehadi-tiwadhldoidyar which

fourth crossover 41c. The sixth half-turn 41b has an average diameter D3
caupding pidvibkedtion the sgooesititateral level. [0090]Similarly, the seventh

half-turn Ma has an average diameter D2 and is provided on the first lateral
[OERYI. The Siriuahaceeddraiorbefittirrnbedismmnettbelipyeatimiher dustipantage that

element 41c'. [0091]Finally, the eighth half-turn 51b is provided on the
PYHEBN A YSMIEVE P tEHEIHERS A RYTHIAANE 1BOHfe JBUdRM LAY BigRtHdue to

HiaLNS afe connecied 1o Py aQt%Ehserc%g'SiXEQ O Slement 91
%ﬂgﬁﬁ%vurtﬁgr GRS egarding the Ye§idig of the STUAUPE I Whidh Rhé
m%%%%%"%rc‘%%%“ etlsements according to embodiments of the present invention do not have
90° bends in a lateral plane in the vicinity of the crossover elements.

[0101] It will be appreciated by those skilled in the art that in alternative embodiments 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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are provided are illustrated in FIG. 7. [0093]FIG. 7(a) shows a perspective
view of region 'A' of FIG. 6, and a cross-sectional view along line XI-X1 of
FIG. 6. FIG. 7(b) shows a perspective view of region 'B' of FIG. 6, and a
cross-sectional view along line X2-X2 of FIG. 6. In the figures, letters 'P' and
'S" identify the 'primary’ and 'secondary’ coils, respectively. [0094%With
ORsrerdMiE FPEREE. l?fﬁ}hﬁﬁso"[(ﬁ) b H’i‘é‘f}‘l’i@ due ARV Féﬁﬁ@% feripath that
embodiment, the crossaver elements are substantjally planar, p:ii)vided on

SYEFEPAPIEVEIE RICRH SiBRY tRE PR YNS S0 Beii/eadR e firsPahyh the

rslr%%gndnl ! erg&lgxgl; L(())QSSBS]The primary and secondary coils 11, 12 are
1Dprov?’dae In-an oxmaeylayer'B formed over a substrate 2. A passivation layer 4

[0P0B{OVIdRA ABRYEHACiFAHS hdurda AKUEORARRTRGIRAISA JORALRNG B Qe Via

elements are associated with each crossover element in order to form a

eifohiRsripwRARHoMeRRACBhaRIb ARG B Vs @ dIstalioRa iR tBdary coils

case of the first turn of the primary coil 21, crossover element 21c (FIG. 7(b))
migychiffaegigietiiodikadinst inalédyin Hkaibyacyier etgpaantc 1dnddia &l emrobil from a
runs vertically downwards to the crossover element 21c from a lower surface
supifirst Daluidnddtioat the sendiokliBlftun Poacoppokitéhthaiendy abwhictFIGs. 4 and
terminal 1 la is located. In other words, via element 71 provides a vertical
S clrrisdeiess s Stoverier tRBBRY RS @lainBar ol ¢ anbpthefirs? Hathduthb2 Iegased a

the first turn 21 of the primary coil 11. [0097]The secondary coil 12 is ,
Bt aRr iR SR E tar{PARAR QRSS! BATHERY T 12 85 ERaGeRndary coil

%chematically in FIGs. 4, 5 and 7. [0098]The secondary coil 12 has eight
ialf-turns, respectively labelled 22a, 22b, 32a, 32b,

[0106] According to the first embodiment of the invention, the substrate 2 is a silicon
substrate. It will be appreciated that the substrate 2 may be made from any suitable substrate
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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42a, 42b, 52a and 52b. Crossover elements 22c, 22c', 32c, 42c, 42c¢' and 52c

connect respective adjacent ends of the half-turns, in a similar manner to the

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

structure of Lee described above is that portions of one coil overlie one

another in the vicinity of via elements between levels of the structure. This
Set‘éﬂﬁé@s‘?@ﬁiﬁé%éﬁfvé?&ﬁ%‘léfﬂﬁ&%u @%}P’féﬁﬁbﬂﬁéhﬁéﬂl@ﬁﬁﬂl?eo?eé% cSphrdignt can

which coupling with the other coil is possible. [0100]A structure according to
P A B B YRS ?ﬁ\t/‘élﬁﬁoﬁp ‘%ﬂ%%d%ﬁ?@éé%ﬁf PBHSHE Py to have
thgi\s/aenecoirlm%fe }Qﬁg Structure do not overlie one another. This is at least in part

(e 16 the crossover elements employed by structures according to

[ATHOIIRERTR RIS LGRS JPUELHON &%‘&%ﬁ%‘%ﬁﬁé‘%ﬁ?ﬁé}tﬁtﬁ&&@ﬂ%ﬁ&%eously

embodiments of the present invention do not have 90 bends in a lateral plane

tHOdh8 Wieipity afilhenapestuaiRISIRPLSHOHOLIN Ml 18 Rpeecinteth iy BeSRen

skilled in the art that in alternative embodiments of the invention, one or more
theediBns 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
[0dfiddo clodelyt spaced AU Hzamdsaoneedch levs|fmtiyeadrgion26f id Blerdzhtsnd

between levels of the structure. The presence of these bends results in an

230 Erddsdipnthé2dadad Fekistemie ofeh ecanectad disiptdera FdRt-whalidingdiants

the vicinity of the 90 bends. This results in a significant degradation in
23 Ariard ﬁ%’nﬁfra&‘ewamaﬂeé .a[fﬂsééjgfi‘blﬁtﬁle%oé&%%ﬂtaﬂw‘ge{%weﬁzﬂﬁ&%‘élﬂ@f@f et 202

present invention have the advanta frzd ced current crowding in th
Qb iiep e alin i S gy TS

fi%lg gﬁ?%%%é&%iﬂ&%'s% 549 E?eer%{&%’ﬁﬁy Slr%}ﬁﬁl%rnodsgp%\é% %L%H‘%@BS- a common

e appreciated by those skilled’in the art that in alternative

cRPReATE0sELNEN WERIAR: N LIS MEMIGLE HRNIEGIGRATIeNSOf
coils on different lateral levels have the characteristic that any change of
[lappathghayRiovite daesnetexeard\3ehir dilatarimireeliRBponding 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.
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One or more crossover members may be provided that do provide a change

of flowpath that exceeds 90 in a lateral direction, in either the primary coil, the

secondary coil, or both the primary and the secondary coils. [0105]It is noted

that, in an integrated transformer structure according to the first embodiment

of the invention, electrical characteristics of respective primary and
[WdEbndaR)scisie rﬁ%FEﬁWéPtsl}’ﬂHtRF YerReHG EdGiPrtA) TN St dth a crossover

respectlve Ien ths f each coil from a substrate 2 provided bglow the

letpart it Hf?(‘é‘ VERERPIECEAE FIRMAYS COMEN FIGE IRARASY Rigstracture.

ljlargersot sé%‘é'r‘%f?er R termos‘Pﬁrt'%v‘i’ 18 Ollélltﬁeve 1ot i 38 ANd.2 nt%%e first
ocated a greater distance e SU S ra e ermost por IOﬂS

axﬁ?&c51?@18@}51%%%%}13%23%eﬂ%dh%@@é%@ﬁ%'El% Rttﬁ&éﬁ%ﬁmlﬁ% tentef

the invention, the substrate 2 is a silicon substrate. It will be appreciated that

difgmevbsiiate Afsaydee RIBERMERY oS HitRbla SUbSH AR AL SUSR BRith each
SiGe, GaAs, Al203 or any other suitable substrate material. [0107]In

criosatipaisaéithe first embodiment of the invention, concentric tracks of the
coils may be of a greater diameter or a smaller diameter. For example, in

[Hdifle embediménis of thepnvenyion] &d veluesgiibet, (D2 o8land.R41ar@31b,
greater than those of the First embodiment by 100um. That is, the values are,

2iedpetiiely, arumis 298umd23A¢ rcare 240 A[GTOBIRIG skdwda whilst

structure 210 according to a second embodiment of the invention. FIG. 9

q%@%&ﬁl&é@ﬂ%&? H%W@&Vﬂ&ﬁ@&ffﬁ?éa@f%@h %9\}31?6\?666&%0(% B Fﬁa?g}d lateral

nd a sec nda 00|I <‘2 e str cturg of FIG. 8. The
le ﬁ 1St an SECO. il %g}f) SCCOII tur ave 311 average
ﬁrlm ry coil'has‘a pair o PRI a € secondary coll has

dﬁﬁ{é??%’f“v%'!{‘&pé"i Q ﬁ%@?@%&%ﬁﬁfg% a &eﬁ@é”%rscq 3%9"%?}%'0%% of

ctrical connection of the structu Ircuit. The primary an secondary

DSUR £ RAYE {OWntHERB SRrEaLPURSIRRHANY 3684[09]As discussed in

the context of the first embodiment, it will be appreciated by persons skilled in

[ prt thakanpqaidientsnhhans esinane N@hheiierkdarR RIMRGLRHRNI1f of
a secondary coil each having four turns. One or each of the coils of the

thedoendremp e dinmeniec atehave2a1grehiie saoath@lleta 2fieroditie wesond turn is
Furthermore, the coils do not necessarily have to have the same number of
cqnppeied 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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[0110]Furthermore, 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. [0111]A first turn 221 of the
primary coil 211 has four quadrants 221a, 221b, 221d and 221f. Quadrants
221a and 221d are provided on a second lateral level 202, whilst quadrants
digpetsiaRg %ﬁ‘?%dﬁ?%\tf?déaﬁlbﬁlé P AR E SUaded ied it thida by a via

second |ateral level 202 (as viewed with respect to the orientation of FIG. 9).
MDA A £ QU ﬁ?&ﬁ@ﬁ%ﬁ%ﬁ%ﬁﬁ%ﬁ PELRHULEEEHA f %a»%ﬁ%‘bﬁs%*ﬂ

202 are tuall rallel and spaced apart alo common transverse axis
R e B fral vl

[dpﬂl:hz]Q%@&%@&%&@QW&%@[HWQQQ@M?J&WEC%@&%EQ% fourth quadrant

(corresponding to a first (outer) track 311 of the Structure) and are connected

240NN BRALHRT BYnd Y igh MEIBE!s 22ckte R0y AALS R dikd AR 2 AANS Mnent 41c¢

average diameter D2 which is less than that of D1, corresponding to a
ofs@eatist tiabkddhen{Qihi3gsscerding to3theos eaonrdoambabidierhoisthe required to

invention, the value of D1 is 182jim and the value of D2 is 158jun. The value
crofPRtigede tenerinedtonrih e dvasisdhad teomidih oidké badisiOwmnahilstctmeric

spacing between mutually adjacent concentric turns of the structure is 2jim.

trjok 41Q fadbareez2qindinate24 @ ard EdHmeehadhyoyidedsgbledare fasrl level.
221e, whilst quadrants 221d and 221f are connected by a via member 221g

[M2dhar tdt Wil rherRBECReLAdh 1% &) PRE PRI T aMBEn ted! iihigdpamay be

221¢ and 2219) will be used to refer to a member providin aé path
R e B e R S A ARl meters, but

[Oqgg]g IO%%t(Fgog)tri]ogifE)?rqeuqtd%gﬁQ %%t%gp!:% i?flestpa]::gs]?hg rﬂgt}&]eu'ired to be connected to
one another are connected by crossover elements (including via elements), whilst end portions of
quadrants on the same track but different lateral levels are connected to one 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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[0116]The term 'via element’ will be used to refer to an element associated
with a crossover element that provides a flowpath between a crossover
element and a quadrant of the structure. Since crossover elements are
generally provided at lateral levels intermediate between the first and second
lateral levels 201, 202, individual via elements do not necessarily span the
SRS R e B RIBE N RSt R d Kl BNV IS ABRE P hrisFe RE €48 pRe g second
ma?i be associated with each crossover element. [0117]A second turn of the
AR NP coi 2 1 s S S PRE SN M £ 24 84, Isg simp 2Aqp! level
uadrants, 2 231d are provided on a second lateral level 202, whilst
asqqagtoﬁ%rrﬁlflsa]faél}t%%qBé){lf%efrgrg%{)ﬁgl ‘on a first lateral level 201 located
[d;igl W the,Seconthiaeial 1BveleQs &Qﬁe@f&&ﬁ‘@&1%9%@,%@6’%}’1‘&}%?9&w15 (in

of the second turn have an average diameter D3 which is less than D
okRIESRANGING {&:aithirdiconeentriotiaok Bl 3o Jihesvalue pf DR aceoiding 40r42b,
the second embodiment of the invention is 134um. [0118]The first quadrant
2281 a40f thexaczs 1620 isCosttectesdovthel oty qRad rEh223de0b4he, findh, and
turn by a crossover element 221h. The second quadrant 23 Ib of the second
23ervinmunmegiadi tol thguiirstigs 822hnn@ 322doP tREasd C3Rd, RATbland2dial, 242b and
member 231c. In turn, a third quadrant 231d of the second turn is provided
2641l 1Ré2E apd RAIatena LR Db ahd TBecunfreres ¢ leananes Seruael itearnthnbetyeen
Ib by a crossover element 231e. Finally, a fourth quadrant 231f of the second

PHIFPISIEYHARE 8B B HHeOthiFIPGERAXENE DAY BYPRE AR TaRBRFI S ggks of the

0119]The third an%fourth adrants 231d, 2 yo the second turn have an .
AP ALt D AL 108 G B A AR b B e pecvely.

trig fra 1 t tr. re. value of D4 according to the
e

secon iment | A'tHird turn of the primary coil 211

[A2B)PriSemiRHAUadiARIS AL mEdL yadigh b 24 2o QupdiRntsadd pand

241d are provided on the first lateral level, whilst quadrants 241b and 241f
[eamprovided anath@secopekdptenat lewel cRuadipAtol#i@ anthrdd brage et@shal

average diameter D4 corresponding to track 314, whilst quadrants 241d and
vizgd/Idl g lafeaX 1&verageFidiande terD 3 1cby saspengingpia tinack<3d.3f Qgiaa i&nif FIG.

241b is connected to quadrant 241a by a via member 241c. Quadrants 241b
1GrdPadrpssreedomabeied dyrg brossov&Zetdiént1®41e, whilst quadrants 241d

and 241f are connected by a via member 241g. [0121]A first quadrant 241a
[(MpMe thitBetorr et eishineeds 16 thd FouptProjidett ahpn 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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231f of the second turn by an underpass element 231h. As in the case of
underpass element 41c of the first embodiment, underpass element 231h of
the second embodiment is not required to cross between inner concentric
track 314 and concentric track 313 adjacent to inner concentric track 314.
Furthermore, quadrants 241a and 231f are both provided on the first lateral

[QL33). [0 f‘Z”Z}]ttWi fa5e %fﬁb‘i"élfﬁéféﬂl fspiisdmdldin pry ﬁﬂé‘i’?flst,h&b%&frﬁﬁfg%fﬁ
and 241a may be formed from a single member without the need for an

G A S SO K G OISR B eSS PP order ©

ftracks that are re uir qto be co nec}ed to one another are connected by
orm a continuqQus Ogigagl?ln I’H‘Joclili%| eacn Ccop1

crossover elemen g via elements), whilst end portions of quadrants

[A34e S%WQJWHHHQHB%(%'HQE%@JFMI%'&%&G&%&HE%?2929%?1@?‘?1'@5‘5 Rfich

via members. [0124]Similarly, the fourth turn of the primary coil 211

PRI IS aSfRHh WAk anit-4R i AilatinZRifingehdaits Quadrants2hd santiary
251d are provided on the first lateral level 201, whilst quadrants 251b and

cadblfatevpreldaient gn ¢bensesenddateralderet 200 B guadiaaicase afrtieoikirdlement
turn, mutually adjacent quadrants of the fourth turn are provided on
242 pelctivedinsh drtgattnd lebrediabels veutrand 05 davdimch 25ddydngssef dre coil
average radius D2, whilst quadrants 251d and 251f have an average radius
approyigaskants 251b and 251d are connected by a crossover element 251e,
whilst quadrants 251d and 251f are connected by a via member 251g.
i gdar o

(463354 HEGR N ETERh VHERIS ders@ebnidomih O veprsURfE P hyra
element 221h; similarly, a flowpath between the third and fourth turns is
R ORIAEHI ) L dbvdP s NL i JEAEITRE SSAnAs Bal o UaraTL e
thigc%gg)om rlgfp Ntasypany lrlatgrﬂllﬁtezg '{nary coil. Thus, the secondary coil has
\ 212r§ and %EE% '

terminals at opposed ends. Because of the increased

[SEYMERN QT 1HE 'ABSIONPELRIHCIUR @ bR d8URIR AT Pk2a @Rl P R Q& ctional

provided on the second lateral level 202. Thus, the terminals of the
visRCABRannc il are prpYided @NHite sameaiaiesal jenptas thedeunivaisnddls: FIG.

211b of the primary coil.
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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[0127]The secondary coil has sixteen quarter-turn coil quadrants, labelled

respectively (in order beginning at terminal 212a) 222a, 222b, 222d, 222f,

232a, 232b, 232d, 232f, 242a, 242b, 242d, 242f, 252a, 252b, 252d and 252f.

Crossover elements 222e, 222h, 232e, 242e, 242h, and 252e connect,

respectively, quadrants 222b and 222d, 222f and 232a, 232b and 232d, 242b
eIiHE longihs olde RHIIE 2R REPDEIY Y TRy RIEHIEHEgeth of coil,

provide flowpaths between pairs of quadrants which are on respective levels,
thﬁr?&‘?&‘éiﬁé&ﬂx?z t@SrEEétrﬁW%ci HERE O ?Hé“fFéar%fb%ﬁtSFP S ?@.’%é‘iﬂ‘é‘#aﬂk?}lﬁn%f the

il h ' b labelled ively,.2 2 24
G B R i e R M S R
0%?@9&%@%8&5%&&%%%%5& @)Cllﬁegﬂ%t L‘H&%QJEA@e&%ﬁ)ﬁQRX‘& the invention,

r
perspective view of region A' of FIG. 10, and a cross-sectional view along line
re¥pbetidelgf 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
[qadmary anchsecondanheaits2d dmBddaset prakidadeiinian oxidentayeradks of the two
formed above a substrate 2'. A passivation layer 4' is provided above the
c@bils@dfly 2t2tefolishtnrthen figules dbmdette iR xamgleSirepresentidiignents of the
‘primary’ and 'secondary’ coils, respectively. [0132]With reference to FIGs.
inygugpaite(mluitsrabl) bd>3ePA thdXcesrdmpeed thie.SO2uRY EHhbddiHEHn 2he
crossover elements are also substantially planar, as in the case of the first

2 Ko dintdhbeprepigéricdrbyerometelicfosdhsd A ba R timaiersdhg iy gn are

ween the first econd lateral levels.
n(l))tq}mlete tot esessp%g} 1csvaﬁges. 2n§/ suitable galues of D1, D2, D3 and D4 may be used.

[0140] FIG. 13 shows 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. 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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[0133]As in the case of the first coil element, it will be appreciated that one or
more via elements are also associated with each crossover element of the
second embodiment in order to form a continuous flowpath through each coil.
[0134]By way of illustration, in the case of the crossover element 242h (FIG.
11(b)) which provides a flowpath between the twelfth and thirteenth
laéjﬂ‘a‘d?t%ﬁlﬁc?%%h%‘%‘b‘?ftﬂ? %%H@d?}%‘&iﬁ?‘i@ iy difteeniinlenpde doHhdatiead of

crossover element 242h to quadrant 242f. Crossover elemen é242h is located
a%il%ﬂﬁt%P&f‘?é"{}é'il%‘&t%’éeéﬁli‘h%ll‘é{/"e?é]%i’%?} DS WIS IS AFEAROSPHILLO the

@8}'%{& ?VHE St 1&%}2 I,:{algl @? ?Qﬂt zlsramﬁle? rt'E)IC%letytf(ijEVﬁln gf r(c))tent 1 -Vin/2

ower SUI‘ ace or qua o CI’OSSO elemen WOI’

1s‘Q RIS fhprevidesa HF§HE@'@@§§§1QQ&%%EV‘%§ BrifES 8%?9&%5&4%%%%

h and quadrant 242f. [0136]FIG. 12(a) shows a perspective view of region
m@stQj‘e%ﬁuﬂs@a@ﬁﬂﬁ&‘é’ﬁ’t&%ﬁ%@ﬂ@tﬁﬂé%ﬁ‘&@épFtQ liReYdind BEfAIGHRCHG.

12(b) shows a perspective view of region D' of FIG. 10, and a cross-sectional
addendisdan ghlinkfiéZni 2 mbid mplOddstiidese Tag tnsamiadtain bt diigents of the

provided, as discussed above. [0137]The second embodiment of the
inivareticliedoabethbeaddvaniage ovsrattialfy sdemdd didvehintizatalbes aletarictierefore

characteristics of the primary and secondary coils are more closely matched.
idpplly priggdéaspingsapndoe dierentidriayerioreyhgiatignof the primary and

secondary coils. The mcreased mmetry has the consequence that each of
[ brim5y SriereEceml %é‘%ﬁaﬁvé‘&&% Pfﬁ?ﬁﬁ%?‘b‘l’%ﬁfé%?&r‘ﬁ sfosReh

average d| met“:Dl D2 D and 4, rergectlv Ioca ed an each(?f the

st Ure 1ntr 1SE S 1 tlon mnter 1zm r1m seconda
HS an secon era eves I’]CO ras ral flracature Ty

& oﬁdllsr%gt éqgnfl ﬁ%léqlﬂ Eh%f 51@1},? g‘::i)? &)? }hzga%rﬂio & nl’(]laby coils.

symmetry. T us, or exa ary co urns 21a and.

[0A4gfag efdiametar Lkiacated Q e&g%ﬁg%quégﬁgﬁy ﬁJ uﬂi@’(!l%ﬁﬂ% the coils results
secondary coil has half-turns 22a and 52b of average diameter D1 located on
inthe fikgle@ieral devel Wlaking aseeunbaiihfly 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 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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entire lengths of the primary and secondary coils, the consequence is that,

per unit length of coil, the primary coil of the first embodiment is on average

located further from a ground plane of the substrate than the secondary coil.

This has significant implications for the relative performance of transformers

constructed according to the first and second embodiments of the invention,
[Orlégdecti\SQW.e RJ.“L@@]’IW%?i%‘ii@ﬁé%?‘ﬂﬁ@%'é@@ﬁﬁeé\ﬁ%‘&&ﬁ%éﬁﬁ BhurE mvEsHtiewding.

concentric tracks of the t(}%yg coils are of a greater diameter. or a smaller

|

Thisthevarorst uamiian it LBmeremBdiEh R B RVHIEh CttEosgsments
D1, D2, D3 and D4 are, respectively, 252um, 238um, 224um and 210um. It
i R PRt s L R TR o nere

pURYSRUGHRATE RRLUMUIRH LA UAESE P BEGHC HRIUESHAY SHIANEYAKESRLPFhat is to
D2, D3 and D4 may be used. [0140]FIG. 13 shows the amount of power

sdvansfanianaxhbatveani mansanst sarcondavclsHaR_RAUNEs A ffing
frequency for (a) a conventional stacked transformer; (b) a transformer
reqaRortingia tha diestembatimenicbfdbieumea@ntanisdnd (eJirddansfolimpeetween
according to the second embodiment of the invention. It can be seen from
refipiscgvaphithay anttaesiodane ratcendifgig dhe fiestemb odpmeat shoves @max
improvement in coupling between coils over the conventional stacked
berapidemestiTheodmount of improvement can be seen to increase as the
frequency of the alternating current signal increases. !0141]In the case of the
[MdBbng Extbddithert B VBRI MO BEAALAT HHIPF EirrRsUiYS
royided over the conventional stacked tr ormer. Furthermore, the,
o R ST S MO S BuETCy S TSI s ik e o
asured in t fth ventional s ransformer or a
e o [0142)50me

[AFRodimentsia! e daHantiqo dave heiaryanaee AL IQUISIRI LARE SGHodiment.

cancellation when the structure is connected to an external circuit in a

Hdiffarantial javieph comnRasiio e tiisncapnestian substantislBlRNRLES the relative
common-mode noise. In a differential 24 layout connection, the input of the

p&iiti@ising isrcanpeoisctimaiiagential tmodeuiasisingterd o ajppiying @d the
normal input potential Vin to one terminal of the structure, and zero potential

crigs thieeotharcisrpinat Gedie biosrctureteatyoitd gealtian®)is applied to one
terminal, and a potential -Vin/2 is applied to the other terminal. In some RFIC

[0d5Blicatibhies: tRehsiiasasf disdaerdrradsdunat (hilSt Be BrEGhEtEnR of the
identical inductance in order for the circuit to operate correctly accordinieto

SHFRALHETRI AP GBS DERHBUE. I ReRF L2 B HA SIRPER: BERtintehtlerent 276

the invention gescribed rherein Erovide ﬁubstarir./igxlxl% igentical induct Cp
dlrecitl overlies the, correspon Frae tact vi ¢ ement the prigiary cotl, Which ¢ nnects
values and are therefore 1d€ally suited to connection in ifferentia ayou
cr%%m/gyg‘%}ﬁ&t 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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[0143]For example, embodiments of the invention provide an integrated
transformer structure which introduces noise self-cancellation by
interdigitizing the primary and secondary coils whilst at the same time
equalizing the physical length of the primary and secondary coils. [0144]The
use of several metal layers as crossover elements to interdigitize the coils
lepeliitdsivaed: |rﬁ%‘éé%ﬁﬁ@éé‘bﬂﬁé%eéﬁﬂg%’éﬁrb%ﬁﬁé{a?ﬁlﬁw fae eeend vhils to be
featuﬁils particularly important in a high performance transformer design to
efficient power transfer from the primary coil to the secondary coil.

o e iR O PR ROV PRHIACRS,

over prior art ormers whil$ requiring ess space A structure

Rl gfﬂ%&@e‘i}’@eﬁ%‘i’m ?HPP&%‘ TR dRen e ﬁ’ﬂe'i’éﬁe%? AR AL Lk

portions of a given coil of the structure do not overlie one another. In other

redfRkd %o NRiPPHIRIIEThNE SRS Lelrafie: b ML tdalYiconfuinting relatianship
with one another along a direction parallel to the transverse axis. This is at

appasiirdpai dueltothe vatwedohihs crosgoeahelemanisemployechy crossover
structures according to embodiments of the present invention. Crossover

eletesmeritspadoordifig toibonbbelimpemtkiefdhevpldsentdmiation do not have 90
bends in a lateral plane in the vicinity of the crossover elements. [0147]Some

[MAHodiriEntd bitheryeptismi aveethttia diramBgdof iihe decaliipatien layers used
crowding. This is due to the elimination of 90 bends in a Iaterag/gﬁane in the

ety PErBBHEH STRORRST HUGHHE Shastidmie e BitthemAodoh thile

feature also enables avoidance of the situation where portions of the same
mvgq S&ment directly overlie one another in a transverse direction. That is to

(ﬁ%li; the Situgtion 2 %:C%I%erggwht% SRR %ﬁa%%&ﬁn@n?s% Iﬂgngo'} SN dHeC o

confronting relationship in a’transverse direction a situation results ina

1tEAVRSE) SRURING PEIREMIGHRAGHYE PRINRH &M E6HOBARESEOHIh@N  1ateral

therefore a reduction in power transfer Gmax between respective coils.

11 48] Ffmed b phRwa tagdarimaryreeil merikeLetardoigamiethiranstaimesond

structure according to a third embodiment of the invention. FIG. 15 shows the
eisbedindary, poitimmemires of @anthetegraiet thahkforimer fettuaiune maabirditightiyer TM,
the third embodiment.
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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[0149]The third embodiment is constructed in a 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
dlé%S@%éﬂﬁthq@lrgﬁuaﬁéﬁég fﬂ?rﬂ‘?‘?’é’d"bﬁﬁg%cén 8%1?9’@6# 21th fae location of via
27(ﬁonnectecl to crossover element 222e by via element %76 Via elem%t 276

Sty OVENTECIHE S HHASHEGIHY CHMELE VR SIBRRARL Boans PR rinihry 02 15
h t 241Nt 251
dlS acecn)c %%ngﬂt%%éf §§SO\:§E tongcl?pref'ﬁﬁ) Hs R guaGt rottu e conﬁgla%%ack of

Secondar yc0| cording iment, correspondfng via

wﬁl@lmﬁé‘&o%&(?& Primany3n ﬁls?scﬁ’ﬁ&’@%&gﬁscélﬂ%&ﬁié’ 18 ﬁl%ﬁ?éﬂ%ﬁ@ #clBrding

that directly overlie one another in structures according to the second

amhadimar.afeaffart frae ene-anolhssiRngA Jirgeigndrrmal dodbsvidh ‘W'
transverse axis. This feature has the advantage that the number of

Innlesieatneshbomiciatobiaye iseeacethée fsem al eomnae 6t @ic hetwear PR dins the
of a given coil on respective different lateral levels is reduced. This feature in

widtin ‘Svalle soosuptibglbetnte 6k thisdirstlanSsecama coils to be improved.
[0152]According to the third embodiment of the invention, it is the via

[MEthentS onsidennsaer arsxshdaryaleimsaesdio porthsribiet embeiisierh&lewed). the
lateral level that are offset with res ct to their positions in structures

Vi&@éﬁP&Hﬁé’%&%@%‘@W@Fﬁb@&%ﬁ detvis %%Pé&%ﬁé‘&‘lﬁ&ﬁﬁ?‘éﬁl{&ﬂﬁ‘&ﬁ%
bodiments | e the v a eleme s that connect cr ssover elements t
3?53 fd tﬂg ellrg ng(fﬁ mﬂyl

SRS PR ATSAN FRS PR Shes Do PSPty 1 glemen

por IOHS 0 a Col

25D ??h%egé'oﬁ@'rggg?“ﬁ‘ﬂg s%'?a%@énmﬁ'&&)%\{é%%f‘%é“%%ﬁ'S%“O“ layers used to

construct an int grated transtormer structure accordlng to the third

[AgHodimeqh Rk iRg favsialianGRatHe SBtlGieRe HecRlgb NN points

embodiment, portions of a coil on the second
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 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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lateral level are formed by 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,
laﬁFﬂéﬁYFéénéE@Grﬁﬁi’@ thither fﬁi?&%ﬁ%@ﬂﬁﬁéﬂ?ﬁﬁ&@tﬁ@éﬂ%ﬁﬁéﬁe Thatfepire of

. distance between the first and second lateral levels is lower, thereby

PSR e e BlrROSY At el B Sy RS b A S BHA Q&N RR & pIFRER P4 ARy actor-
d iJs. [0155]The feat f ff: t t.point
o T e T

RPN HNERHTAMELPH AR e FEMCIIE AECLANG 9 I NI FRRAMENE

Features in common between the second and third embodiments are
dialatencemitydGs ikde dbROEHIR UiRg Lhe:63508 KalereNsenPATRLYDAJ4N are for
FIGs. 8 to 12, prefixed with the numeral 3. [0156]It can be seen that the via
thelpient Sa7Hiaspronid iid eteaticakaoaniacbbainiaap. hakikilled 325daainichppreciate
crossover element 3241h' of the primary coil is located at a position that is
thdigpéaneaber af lateralidinection dlomgdthetdivkationof langhvwothecomdaredaeittments
the location of via 275 (FIG. 9) in structures according to the second
fospmipe dimartsopeddh viasiihbale 3pths £ 8 dyidplackeanpytaodkdigert (Wpesire
where 'W' corresponds to a width of the conducting track of which the

varjples (Rt starherhessed fp Rbwiade s indirapo il arrdfeangaldeduency.
SR
ffset val e greater th rless than t idth."W'. In sQ
R e R e B e L A A
[(A82 RCCOFR PBJP%&'H&&H(?&‘BH%H%%&E'&-&@ eI GlemeRbAR “C8mprise” and
between quarter turn 3222d of the secondary coil and crossover element
“ e Ahthe SecaRIAMCRbIss Ncs uRstantallyipa sameandositiaprassth@eans
corresponding via element 276 of the secondary coil of the second
“iachibtokrhenioofitheeduentionis 0d58{tn &ituctardsiaccosding tadthaetirdoicties,
embodiment, the corresponding contact points 3275a and 3276a of the
agstinvasycangaeotnduegecoils siepspectively, are offset from one another along
a lateral direction. This enables the conducting tracks on the first lateral level
[AEBE priERghon rstamsaaoen eV FvsIofiste AR o S RISt PR IB Vg T RA0RASSes
Thus, the number of separate interconnect conductor layers needed to form a
thediwabhBls s St erepbrifishy st ytieh dBPYH P& SRR BfrBrsHPGarks!e 1s

levels is re&uced. This featgre in tcprn enabIeFacou lilrrlgﬁbetweep the first and

U ONd BTt B improved: SIRee the distAnee Betwacn the first ana-setord

M Al YRS MAy e GHUcR.

[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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[0159]The metallisation level of the structure, TM-1, IM-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
WS IVEeRtieR, 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 poriipiis of the respective coils on the first
28 lateral level may be made thicker in a direction parallel to the transverse
1axis. Ahenfeatrisa phistreasetdtieknessmising: portions of the coils results in
a structure having an improved Q factor. [0161]It will be appreciated by
persan8rskidddientbre astahatddvdniagesvefse miodvhresitstod thegyeesends is
invention may be obtained from structures according to the invention that
genevelldinoemal dmst detfelrBrat podinosendiatseabienstdimsntly deaadoedrhersia the
Dimensions provided are for the purposes of illustration and are not intended
B e RrtiNghA [ERHR! Glsrasht Ditinp pr kRN HATtHEMISeH StamfRs OmpsisHe

oil, the width, thlckne nd_ length of the conductjng elements forming the
a ST 90 pre A R ef?w&@m%éeash&a%ﬁﬁacgmgﬂtgnowr%ﬁ%%dem {itecond

1a"%‘re MRUgoles A ?%%é‘g‘e?(?n anged E%u?btaa'” the et%'rr?gd S'rH QNG %da{%t%m
resohan ﬁequency er param |nc ing the ma erials fb
g@vmsg%gy%%g elements and the |nsulat|ng media between conducting

e ements are fabricated may all be varied as required. [0162]Throughout the

descriptian sRd Gl Ofthis SR efiaatofyitRe WD theGQDIRs IR e RAMNt is
“"contain” and variations of the words, for example "comprising” and

digRprisescemeanst e veingdhuknotdiviiediatiand isaaiaterdedin (aad
does not) exclude other moieties, additives, components, integers or steps.

cxk6 3T plemagiioch thpaddsttipplancaiof] thtaiims akithiscsddaifiohtionlsthe singular
encompasses the plural unless the context otherwise requires. In particular,
wheravhsecin desfiise cartielenisng seephgusiscieifeaition 45 eadveting ders tbot gl the

contemplatlng plurality as well as singularity, unless the context requires
fig RGO the first coil element, through the crossover element and through the second

portion of the first coil element, in which any change of flow direction along the 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 element of the

second coil element,
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[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

aspeg, %Q@QH@U&?&%%E?‘@JE@'SO%%%{S%?Q ﬁlﬁ(&‘&@ YISO PARAIRIGeh at least

therewith. What is claimed is: CLAI integrated transformer
a PEHIIN R SOMB [RIRGN of (RelliRbAgi &lemaRhaRSAcIAEId WL BTG INSS the
axis, wherein the transverse axis is generally normal to at least first and
ceRcond driaeat ievelshiaytidally spagechapast ajpngoiner itansvendeaxisn tiahe
first coil element having at least one turn, the first coil element comprising a
sdirstidoarifieleproyidedhich ey tirshtef dldevdeaieh & $esoheh 9oition jaremided
on the second lateral level, the first and second portions being displaced
diggesienly from the axis by different respective distances; and  at least one
crossover element of the first coil element, the crossover element is disposed
between the first and second lateral levels, wherein the crossover element is
ina crossover plane which is ﬁ)arallel to $Ianes of the first and second lateral

Hevels "® SURHBFSAT HHETTS RoIHEehtEl 1CBRAGHAY 5 HRVIGE S8 Ming
ath through the first portion. of the first coil element, through the crossover
R B T S R e

IERANgS LA AiIRRtan.ANG I R [5RF.AR 990 A letRip! 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
5a secondspoactian foumpakomtbiaisecondrabatal fieselilgefitsitanehpeagncblurality
portions being laterally offset from one another with respect to said
ofransverse axis. 3. The structure as claimed in claim 2 comprising at least
one crossover element of the second coil element, the second coill
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,
6throuahetﬁé“6PH§sa(§\fé?1§1%’rﬁ‘éﬁla§H& §i.li‘B§‘é%| ﬂ?rﬁ‘?ﬁ‘t’l‘f?&ﬂt} ﬁ%‘[‘Té‘%P%‘IH&%&h of
g‘we secgnd ortion of the second coil element, in which any change of flow
PN S ¥T8ss than 90 in a lateral direction.

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 element,
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4. The structure as claimed in claim 3 wherein the first and second coil
elements are arranged to provide electromagnetic coupling between the coll
elements along a portion of a length of at least one coil element in both a

latera] Apd @A RYRI SRRV 2ol AGRIHEIIG AR ML R Mough at

wherein the first coil element comprlses a plurality of turns. 6. The structure
1645 alpimRAl U glaiisZpufierein dhergcond aehalemanieanuises @@l and
of turns. 7. The structure as claimed in claim 6 wherein the first coil element
SIRBIPEEES tArPlighadityeaft tupasiol of he sttoatuserasneiaimegthiamlaitm e elain
at least one turn of each of said first and second coils comprises: a first
dpertionapwoyicktiparh dsfiest tbdere() levelagnd dirsegomd 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
9 crossherBIghEAP claimedielimng wheeiasedirshradsengdoenignTed wd at
provide a conductln path throu t least a partion of the first portion to the
b S YA ST PR RN BBt &L PRaHE SR B EBuently trougn
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. 9. The structure as

1§laimeqLin claim G neRinisd; firstendsecant PRIHNS Ak SRid.at Aﬁé‘ﬁlrﬂ 38 the

turns each comprise substantially half a turn of said coil element. 10. The

sl YeiWR aR caingstip- claiprRvhereimeashriuHmef 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
portions of the at least one turn are laterally offset from the common

1 trans\Ubrseractisdys aldiffiedantetiistaHt e libam tire ls et diesndnthfghpio oo e bf the
each coil. 12. The structure as claimed in claim 11 wherein said first and

athipalt poetivrmsast bideky st bae therronewestirepiveie prvitledibremiferaee

lateral level to the second and fourth portlons
than the second and third portions of each coil.

12.  The structure as claimed in claim 11 wherein said first and third portions of said at least

one turn of each coil are provided on a different lateral level to the second and fourth portions.

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.
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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

1yhergin. saig finst, Seaand idiana JaurihReCHR0s OksRId %pr@éwfb%ﬁﬂmé?f

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. 32 16.
The structure as claimed in claim 1 wherein each coil element comprises four
1urns The sthinguséructunenas ialaimead WhehaimsiiaviereinesaishAHing] g mmetrical.
substantially symmetrical. 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
IgransVéestrastige aclaimedindniielashekgimed frtiesmheenpiirsinteditsuepihat
element comprises a plurality of turns arranged such that adjacent concentric
nREAaPRS Of the it fObRleMsveradtepaiale FanE Qu s By bR iSA difegtion
turn of the second coil element. 20. An integrated transformer structure
p?&”?&%ﬁq : ransyefisf&sil 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

1§econd Jateral levele i st e se GonIRtaratigvels feing eyl X SPafediy

apart along said transverse axis, the first and second portions being

ofighlaceshiaietally Hamdpaichpxba Ry HITRIRIKESNRC IV UARRARS 18RFhI lev@llare

least one crossover element of the first coil element, the crossover element is

sdpgated in bpdtwrarnthadiistfand secancblattraklevels, wherein the crossover
element is in a crossover plane which is parallel to planes of the first and
second lateral levels, wherein the first coil element being configured to
provide a conducting path through at least a portion of the first portion of the

26rst cOn BlegTalt ioaméonnss sbveluel savepisitgough the crossover element
and subsequently through at least a portion of the second portion of the first
coil efeffareilsiREh a&?ﬂF@I‘%ﬁ’éh(ﬁ HRRYVEIPE CEon %Rfrﬁ‘@té‘ﬁiﬂ %%{ﬂ‘“r%l}%%g at
than 90 in a lateral diLe tion, wherein a vig element isopr_ovided, %he

1r vid

ia
leélfié Hi’gﬁt‘ﬂ‘efﬁﬁ f&lghfﬂ f edn{:&tpci,méslgg a first portion provided on a first Yateral 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

at least one crossover element of the first coil element, the crossover element is located
in between the first and second lateral levels, wherein the crossover element is in a crossover
plane which is parallel to planes of the first and second lateral levels,

wherein 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 element, through the
crossover element 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, wherein a via element is provided, the via element being configured to provide a
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flowpath between the crossover element and a portion of a coil element
associated with the crossover element. 21. The structure as claimed in claim
20 wherein a via element associated with a crossover element of the first coil

nSIEIETS. daRlRcad. UM BIGALEIRGIING M lemP ol ARSPGIRLEA MM B he
crossover element of the second coll element along a transverse direction

R Ntalgprga 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

2tirectln stncttartade ddidiedcticimin? 30 Mherstnucturelascniaisyedairclaitn alcrossover
comprises a via element, the via element being configured to provide a

cifowpaththetiri enitiievros sodieplatefhisom arndaepraidnof ithacfirsticoiasieiekwith
associated with the crossover element. 24. The structure as claimed in claim

A STV P4 Brettrond S8 ieaner NP RIOSSHVEFSIRNERT BPtRIOTF
coil element is displaced along a transverse direction and not along a lateral

lalGrAGIEH UYL The structure as claimed in claim 3 comprises a via element,
the via element being configured to provide a flowpath between the crossover
element and a portion of the second coil element associated with the

2STOSSPYELEIEMENL 121 hRE FHHEY G IRTHIANEINCIATN 63 MRS LR Waver

element associated with the crossover element of the first coil element is

eNinBkeethiram: tha srIRIPRNMPAMARIEMILRSIARIAE JiNiiBBE GIAKSAYEKwith

element of the second coil element along a transverse direction and not
a alongailatenandiseaitarcodd cdielsiitiatbike asdlpimeakircladfcdfowheraindieal
via element associated with the crossover element of the first coil element is
dolisplaced from the corresponding via element associated with the crossover
element of the second coil element along both a transverse direction and a
lateral direction. 28. A transformer structure comprising: a first coil element

comprising first and second coil portions; a first lateral level on which the first
235il pgpﬁéﬁqgtwgﬁﬁgggned in claim 1 comprises a via element, the via element being

configured to provide a flowpath between the crossover element and a portion of the first coil

element associated with the crossover element.

24. The structure as claimed in claim 23 wherein the via element associated with the
crossover element of the first coil element is displaced along a transverse direction and not

along a lateral direction.
25.  The structure as claimed in claim 3 comprises a via element, the via element being

configured to provide a flowpath between the crossover element and a portion of the second

coil element associated with the crossover element.
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a second lateral level on which a second coil portion is disposed, wherein the
first and second portions are offset laterally from a transverse axis by
different distances; at least one crossover element, the crossover

26lemait ig dispRSRE REIERN G IStard sarond alsaligyels . eraindhe

crossover element is in a crossover plane which is parallel to planes of the

csband racondriateralievelsicarat is diwﬂ&j@rmﬁtﬁmiﬁﬂﬁmiﬁselement

configured to provide a first coil conducting path through the first portion of
athwititsd Gaih eemeriothreglriher crossavey @iemeantantoilyeughsthessatentbn
portion of the first coil element. 29. The transformer structure of claim 28
andhereilvany lelearigiiréntitre first coil conducting path is less than 90 in a lateral
direction. 30. The structure of claim 28 further comprising a second coil
element, the second coil element having at least one turn comprising a first
ortion formed on the first lateral level, and a second portion formed on the
2zeco Adqatersirrevs Bt &t sisEtaharpsrsndasdsms taterampefradthrthem

the transverse axis hy different distanﬁgs. 31. The structure of claim 30
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wherein the second coil element is, configured to, provide a second coil
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conducting pa roug Irst portion of the second co emen rough

adheesseyeielamentapd through the second portion of the second coil

element. 32. The transformer structure of claim 31 wherein any change in
the second conducting path is less than 90 in a lateral direction.

28. A transformer structure comprising:

a first coil element comprising first and second coil portions;

a first lateral level on which the first coil portion is disposed;

a second lateral level on which a second coil portion is disposed, wherein the first and
second portions are offset laterally from a transverse axis by different distances;

at least one crossover element, the crossover element is disposed between the first and
second lateral levels, wherein the crossover element is in a crossover plane which is parallel to
planes of the first and second lateral levels; and

wherein the first coil element is configured to provide a first coil conducting path
through the first portion of the first coil element, through the crossover element and through

the second portion of the first coil element.

29.  The transformer structure of claim 28 wherein any change in the first coil conducting

path is less than 90° in a lateral direction.
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30. The structure of claim 28 further comprising a second coil element, 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 the transverse axis by different distances.

31.  The structure of claim 30 comprising at least one crossover element for the second coil
element, wherein the second coil element is configured to provide a second coil conducting
path through the first portion of the second coil element, through the crossover element and

through the second portion of the second coil element.

32. The transformer structure of claim 31 wherein any change in the second conducting

path is less than 90° in a lateral direction.
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