| NTEGRATED TRANSFORMER BACKGROUND [ NMMVbnolithic transfornmers are used in on
chip radio frequency (RE) integrated circuits (ICs) to performa range of
functions including i npedance nmat ching, signal coupling and. phase
splitting. Monolithic transfornmers provide a nunber of advantages for the

circuit designer over conv i f inel udi ng | ower power

consunption and hi gher pacﬁggFgg€g£%??€§éskgﬁ%ﬁyvﬂ?c transforner enabl e

power anplifiers to be fabricate d CMOS processes. [0002]
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However, there are issues with t .~ For exanple, they m ght have
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coil elenents. The first and second coil elenents are configured to result
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integrated transfornmer having primary and secondary coil elenents. The
first BARlsecsiyeyen thess aisasitiss with RBHPIGRIP-eHOL SXapwdu theyimighblaye lew selt-
cancel l ation effect. 10006l 1 n yet another enbodi nent, a nethod of formng a
devi cecbmapt epreheads, highemmsemhtol between the coils and trade-offs between performance and

silicon area consumption.

[0003] Theretore, challenges for exploring more efficient transformers exist.

SUMMARY OF THE INVENTION

[0004] A transformer is disclosed. In one embodiment, the transformer includes a

transformer layout having an integrated transformer. The integrated transformer includes

primary and secondary coil elements. The first and second coil elements are configured to result

in noise-self cancellation effect.

[0005] In one embodiment, a device is disclosed. The device includes a substrate and a

dielectric layer disposed over the substrate. The device further includes a transformer layout

disposed in the dielectric layer. The transformer layout includes an integrated transformer

having primary and secondary coil elements. The first and second coil elements are configured

to result in noise-self cancellation effect.

[0006] In yet another embodiment, a method of forming a device is presented. The method

includes providing a substrate and forming a dielectric layer over the substrate. The method

further includes forming a transformer layout in the dielectric layer. The transformer layout



i ncludes providing a substrate and funning a dielectric |ayer over the
substrate. The method further includes formng a transformer |ayout in the
dielectric layer. The transfornmer |ayout includes an integrated
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effect. [0007] These enbodi nents, along wi th other advantages and features
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description and the acconpanyi ng drawi ngs. Furthernore, it is to he
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100091Fi g. shows an enbodi nent of a transfornmer; [0010] Figs. 2a-b show
alter na?m}ﬂéa@ﬁfrodl ments of transforners;

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
various embodiments of the present invention are described with reference to the following
drawings, in which:
[0009] Fig. 1 shows an embodiment of a transformer;
[0010] Figs. 2a-b show alternative embodiments of transformers;
[0011] Fig. 3 shows an embodiment of a VCO circuit;
[0012] Figs. 4a-b show plan and cross-sectional views of an embodiment of a device;
[0013] Fig. 5a shows a plan view of an embodiment of an integrated transformer;
[0014] Fig. 5b shows a magnified view of a cross-over location along axis y1-y2;
[0015] Figs. 6a-b show an embodiment of a process for forming a transformer;
[0016] Fig. 6¢ shows a cross-sectional view of a transformer along a first and second cross-
over locations;
[0017] Fig. 7a shows a plan view of an embodiment of an integrated transformer;
[0018] Figs. 7b-c show cross-sectional views of a transformer along axes yl-y2 and y3-y4;

[0019] Fig. 8a shows a plan view of an embodiment of an integrated transformer;



[0011] Fig. 3 shows an enbodinent of a VCO circuit; [0012]Figs. 4 b show
pl an and cross-sectional views of an enbodi nent ot-'a device; [00131Fig. b5a
shows a plan view of an enbodi nent of an ntegrated transformer; [0014]Fig.
5b shows arnagnitied view of a cross-over |ocation along axis yl-y2;
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and second cross- over |ocations; [0017]Fig. 7a _shows a plan view of an
embodi A or Figh 9% sheys aples vievanEabrmbedimennianipiseratad trnsiogper; and
cross-sectional views of a transfornmer along axes yi-y2 and y3-y4;
[ 0019][8022] 8aFsh&wshewph arosyoeew rogioan enbodi nent of an integrated
t ransf or ner,
DETAILED DESCRIPTION
[0023] Embodiments relate to transformers and methods of fabricating transformers. The
transformers are integrated transformers which are formed on a substrate. For example, the
transformers are monolithic transformers. The substrate may include other circuit components,
such as complementary metal oxide (CMOS) components, along with the transformer, forming,
for example, an integrated circuit. The IC may be any type of IC. The IC may be incorporated
into, for example, consumer products.
[0024] Fig. 1 shows an embodiment of a transformer 100. The transformer includes first and
second coils 110 and 120. The first coil, for example, serves as a primary coil and the second
coil serves as a secondary coil. In other embodiments, the first coil may serve as the secondary
coil while the second coil may serve as a primary coil. The first coil includes first and second
terminals 112 and 114, the second coil includes first and second terminals 122 and 124. In one
embodiment, the first terminal of the first coil serves as a first port P1 of the transformer and the
first terminal of the second coil serves as a second port P2 of the transformer. The second
terminals of the coils, for example, may be coupled to constant DC supply, such as ground. The
ground may be a physical or a virtual ground.
[0025] As shown, resistors R1 and R2 are coupled to the first and second ports of the
transformers. The resistors are provided to depict the presence of resistive components within

the coils. For example, the resistors represent resistance due to the non-ideal metal traces of the

coils which have a finite conductivity. The coil resistance, for example, may be about 50 Q.



[0020] Fig. 81) shows a magnified view of a cross-over |ocation along axis
vi -y2; [0021]Fig. 9a shows a plan view of an enbodi nent of an integrated
transforner; and [0022] Fig. 9h shows a cross-over regi on DETAI LED
DESCRI PTI ON [ 0023i Enbodi nents relate to tkgqgf ornmers a thods of
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which are fornmed on a substrate. For exanple, the transforners are

nmonol i Otiec factaan sfayratroragiectlthe ceilibesistaace may i ncl ude ot her circuit

conponents, such as conplenentary netal oxide (CMOS) conponents along wth
t he tr@amgépr merhe tirerovilngmptiees Eranpérerf tans amt tgrsedoad coil couptises Pham@rwhy be
any type of IC. The IC may he incorporated into, for exanple, consuner
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transformer i ncI udes first and second coils 110 and 120. The first coi | ;
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includes first arid second term nals 122 and 124. nbodl nt, the
first thertrnpfarmermenbaveinogtsysgngtriest egids g8 I@nfﬁmetwff fraﬁq orgpery s not
transforner and the first termnal of the second coil serves as a second
port P2qual td $ieredul tupsihar trems forfihehayéngmuir mtigiotladr shasf 1: 1. hEBorcgamgle, ther  exanpl e,
ma.y be coupled to constant DC supply, such as ground. The ground may be a
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coupled to the first and second ports of the transformers. The resistors

are prg h%@lérﬁmﬂf‘e?' Fﬁ r LRGN, SRR Rt ﬁaj{ 8hi oV LruGORPORER SN W dgthnotiie
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desired ratio may depend on, for example, design requirements. The desired turn ratio may also
depend on the number of turns of wires in both the first and second coils which may also be
related to the lengths of the wires used in both coils.

[0027] Figs. 2a-b show alternative embodiments of transformers 100. The transformers are
similar to the transformer described in Fig. 1. Referring to Fig. 2a, the transformer includes first
and second coils 110 and 120. The first coil, for example, serves as a primary coil and the
second coil serves as a secondary coil. The first coil includes first and second terminals 112 and
114. Similarly, the second coil includes first and second terminals 122 and 124. The first
terminal of the first coil may serve as a first port P1 of the transformer and the first terminal of
the second coil may serve as a second port P2 of the transformer. The second terminals of the
coils, for example, may be coupled to a constant DC supply, such as ground. The ground may be
a physical or virtual ground.

[0028] Resistors R1 and R2 are shown coupled to the first and second ports of the

transformers. The resistors are provided to depict the presence of resistive components within



The actual coil resistance may depend on, for exanple, the material used or
design paraneters. O her factors may al so affect the coil resistance.

[ 00261The first coil conprises F nunber of turns and the second cot:
conprises S nunber of turns. The turn ratio of the fi rst and second coils

is defined. a sho he fjrst S s.ar metric For
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producing. a transfornmer with a turn ratio of about 1:1. In other

enbodi Fsribeut 3 hact hansmeenet tumayhaihe fingrodylemetng adens empswith gbeut a 1:2
non-symetrical transformer, F is not equal to S resulting in a
transfmnnﬁiﬁiOthi@ingartmﬁ)anﬁdlaairtgenherhwm ritids, mFpelsekanpife, t he transforner
may have a turn ratio 1m such as 1:2 or 1;4. It is also understood that n

needs [eoR9he :Reﬁhﬁhgtmﬂilgb%,.thd:ﬂﬁns@%ﬁféplrgludeblﬁrét hANSEOhASilTAY) AaveoaTher n
ratio where n is equal to 1.5 (turn ratio - :1.5). Providing a transformer
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1027] sho aI te tive enbodi ts of transforners 100. The
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to Fig; 2a, the transfornmer includes first and second coils 110 and 120.
The fitesringlsilR2 ahd 1 2 shihlesccand svbsod sncudss ifimstrapd seiond garchindhe 2Aeguind8coi |
serves as a secondary coil, The first coil includes first and second

t er ni riBlesfikd@raimed] dflte fiSit bl atdyyerviehe ageetqiet Rioof the tragdforeies ahd fietfirand
second termnals 122 and 124. The first termnal of the first coil may
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second coil may serve as a second port P2 of the transtbrnmer. The second
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[ 0028] Resi and. R2 are ,shown co t he f| rst and second ports
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resistive conponents within the coils. The coil resistance, for exanple,
may beenapssimespthosesmaditpnmisals af e firstivad seconddubepils oratbe atsond coil piemes t he
nunber of turns than the first coil, formng a transfornmer with about a 1:2
turn reammonlPrcowilel. nig cmetelndmifmentahe havimog tahhies df tirenfirsedridoscomlysudloils be
useful, [0029] Referring to Fig. 2b, the transformer includes first and
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coil and the second coil serves as a secondary coil. The first coil
| ncl udgs,Epfist and second termnals 112 and 114. in one enbodi nent, the
second coil includes first and second sub-cols 120a-b. The First sub-coil
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first coitL ve as a first port Pl of the transformer and the first

t er i rfEAPS 06‘Fleltshér%ﬁr?%%t°réﬁée %r@&slﬁé tedepietdhe Breggnce REresisEypeoERRICiFaYithiRr ve as
second and third ports P2 and P3 of the transfornmer. The second term nals
of t heheedilss For grareantpt essistery rdyeescoushiedntodes toshstentdeliingolppiogs oftheh as
ground. The ground nmay be a physical or virtual ground. In one enbodi nent,

t he seotind/hici mvaaltmitefcohdetilitysThaosl seBamde, Fobe:@ipls ngdy Bhdosespnd coi |
are commonly coupled, in e enbodi nent, the conmmon tenMal of the first and

secondrheSidRraf Bbil fesistance may depend on, for example, the material used or design parameters.
Other factors may also affect the coil resistance. As illustrated, the second coil has about 2 times

the number of turns than the first coil, forming a transformer with about a 1:2 ratio. Providing a

transformer having other turn ratios may also be useful.



is coupled to a virtual ground. O her configurations of the second
termnals of the coils nay al so be useful. 100301Resistors RI, R2 and R3
are shown coupled to the first, second and third ports of the transforners.

The resistors are provided to _depict_the presence of resistive c negnt s
wi t hi rl0ORE coiine Tirkigind aseppiceils wreondaisd Bresyibgrmodsrellratielidotd dhen o
the non-ideal metal traces of the coils which have a finite conductivity.
The coite anelwidimentcidie chidy arexaippined fayaselt dberite shycanyelkatigs effest- cod
resistance may depend on, for exanple, the material used or desip

par amep edisionélyh et flasicalrlsngiayf thalteo cafl§ exntbetrecisady bontedliedt Borcexampde, in
illustrated, the second cod has about 2 tinmes the nunber of turns than the
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transforner having other turn ratios may al so be useful. [0031] The first
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ef fect: iment, the collP’s are intertwined to resul in noise
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transformer with "a 1:1 turn_ratio, the lengths of the coils can be

equal i g@lizatipns Bcraapiag PAYE HFiCAe¥-n rati o, where 117i 1, high turn ratio
accuracy can be achieved by controlling the physical |engths of the coils.
As sucl003the tinanstmbodimehnshd mpstvmdr mayhetprfigmer o alalancednkdensed zat i on
i ncreasing power efficiency. 1003211 n One enbodi nent, the transfornmer may
be confyagu) @dnéBrmierbah abeleduunkfataacett ¢fiat odi)s seranss obatenced cnil andieun
transforner, one of the coils serves as a bal anced coil and the other

serves,as; {he.sunhal aasdc&idii. HoPbx&¥RBPhE port BuREd fo BObRbadd oil ihe
bal anced coil is a balanced port and the port coupled to the unbal anced

coil is .the  unbal anced f I : il, for
exanpl ?lalilcfdtpﬁ A5t e%oargé)dé]l 1%%ﬁ8ttl{l1/eﬁr{b3%ﬁ§%d8%ﬁ% fh(f-q%l?)agﬂ%ég ?ﬁ)fﬁgér m nal . The
bal un transforne : e configured.in a gircuit, to perform
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conversi on) or unbal anced-to-bal anced conversion (cg,

si ngl etesmétedl- The bilan sprsfonmer maghecesfighyd mherepultp peeornBYans8nds of bal un
transforners have i nproved perffinnance over conventional bal un

t r ansf onteased Borveest@ntel g, diffrentialgnsinglererdd aversinpravebalargsdito balanegid
phase bal ance. The bal un transformer can be inplenented into a.

di f ]{ elr eRveRlioVER., Siekn@nbidaticand chboverdibe). Beunribuansbainents vhyalah so be
usert ul .

transformers have improved performance over conventional balun transformers. For example,

the transformers have improved amplitude and phase balance. The balun transformer can be
implemented into a differential VCO. Other applications for the balun transformer may also be
useful.

[0033] Fig. 3 shows an embodiment of a VCO circuit 300. As shown, the VCO circuit
includes a transformer. The transformer, in one embodiment, comprises a balun transformer
301. The balun transformer, for example, may be one as described in the present specification.
The balun transformer includes first and second coils 310 and 320. The balun transformer may

be employed in other types of VCO circuits or other types of circuits.



10033. 1Fig. ) shows an enbodi nent of a VCO circuit 00. As shown, the VCO
circuit includes a transforner. The transformer, in one enbodi nent,
conprises a hal mtransforner 301. The balm transforner, ffir exanple, may
be one as described in the present specification. The braw transforner

i ncl ud first, an econd. coil s 310 and 320. The bal up transforner y. be
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substrate 405 is provided on which the device is forned. The substrate, for
exanpl @bsteaserfPd sasovded o1 wbishshbdevie is formed. Jlgstbsirate, fqrexaBRignpBIIS%AY be
a p-type doped silicon substrate. Qther types of doped or intrinsic

subst ratiBsomaypstadts.oThesubsedita) for Bormer.angpt s a peypadupedsiase subsirate] (dherg
silicon germanium gallium arsenide, silicon-on-insulator (SOO or sapphire
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conponénts (not shown). Circuit conponents can include, for exanple,
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the circujt copponents. . The dielectric,layer, for exanple, incl ude a
rotal PayRF oBPIRCheriE it Be ot be Birbed v iteuls FmPA ST on Tlebr SR

| ayer may include a plurality of nmetal |ayers of the |C. [0936{A
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enbodi ment, the transfornmer |ayout includes a primary or main | evel 484a.
The préimaitycolmypoertts hrewaddo usefial.be provided in any nmetal |evel ML of the
device, where i =1 is the bottomlevel and i= T is the ton level. In one

enbodi [weBs], t hedicryeidtiaymusbes Prepmeded thesudsttaapor@tiad cit@valonpbnihe Tke
(e.g., MI). Providing the layout in other netal |layers may al so be usetial.
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| ayer. IS mey 1 ncrease currant flow due to larger cross-sectional areas
of the cpils.. For.ex l e, the | ayout and penul timate
metal pEE S s el YR A e SR R RERIREH AR Vel £y il so
be useful for the transformer |ayout, [0037] The | ayout conprises a
pl ur al i%0y6lof  vArfransfermenigyah 4R e w&@s%’ﬁs dlqi%s-‘ﬁﬂ%féaﬁfm I ,OQ ﬁ@?‘iwa{, the
conprises x nunber of virtual concentric ring shaped placenents 442in one
enbodi tertormer jayout inplotles arihery o2 madp kvek 4islay Thy prignaanlesoetdcvih ot bsunber >
2. Providing x having other values may al so be useful. The First (n=1) ring
pl acengotidedl o ailpxaspl kyelddr sfakpdedse, twhetdie= d i e ogdmrleved apd acBisthe tand X
(n=x) corresponds to the innernost ring

level. In one embodiment, the layout may be provided in a top metal level of the IC (e.g., Mr).

Providing the layout in other metal layers may also be useful. In one embodiment, the primary

layout may encompass more than one metal layer. This may increase current flow due to larger

cross-sectional areas of the coils. For example, the layout may encompass the top and

penultimate metal levels (Mt and Mr.;). Any other combinations of metal levels may also be

useful for the transformer layout.

[0037] The layout comprises a plurality of virtual ring shaped placements. For example, the

layout comprises x number of virtual concentric ring shaped placements 442,.,. In one

embodiment, X is a whole number > 2. Preferably, x is an even whole number > 2. Providing x

having other values may also be useful. The first (n=1) ring placement, for example,

corresponds to the outermost ring placement and x (n=x) corresponds to the innermost ring



pl acement. As shown, the |ayout includes two concentric ring placenments
4421 and 4422. The ring placenents are separated by a space 448. [0081The
ring shaped placenents correspond to | ocations of coil elenents of the

transfornmer. The nunber of rin haped pl acenents, for example, depend
on t hePlACRMRY. &6 Shovhdhe Wo’t‘tﬁégflé?sstt” ocgnfent IRl eTRY @mﬁ?‘?f‘@?m‘ﬁber of

ri ng shaped placenents is equal to 2 tinmes the nunber of turns for the
first cogblacfoentesmmppasated hyalpacsa8. of a transformer in which the first
coil has one turn, the transformer conprises two ring shaped placenents. In
ot her E038p! esChefring shapaticplpdearamaniesmned t@toeuiiaadicoil eknfentssif tieoi | havi ng 2
turns. [00391The concentric ring placenents, for exanple, conprise a

pol ygopalsfshirpe Thd REmBQ! o9 sHRYLdi psdeldftsafor 8XARplBUNREdeRhd 5h BR@Swunlber ene

enbodi ment, adjacent sides of the polygon foral an angle eater than 0 For
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al so b@“ﬁ%@fﬁﬁnﬂgﬁﬁg?ﬁPﬁge%ﬁgﬁggégggg?br t 8ﬁﬁg%gﬁgg%?gggégg?g%q@%ﬁ%Qgheck
viol atj.ons, Angles ich are 900 gr | ess, for._exanple, cause current
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shown, the concentric placenents conprise an octagonal shape. Providing a
pol ygotedirstirodthas pno b dhe Gans&qranes cogpiases 4%0 ging shapgd placepens [s@hen . In yet
ot her enbodi nents, the concentric ring placenents may have ot her geonetric
shapesexamdés) dourgingphecpmeyiy arcaprosidap és-.a firs0pdllBuolg Zatucesnf i gur ati on of ring
shaped pl acenents can be enployed for any 1:n ratio transformer, including

one Wh89fLl1ll Fhelconfditri€X@dplabementd, fdr dxatnple, toapsdens patygdmayshapge.f Dhiered by
providing 4 ring shaped placenents. In the case where a transforner with
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he provi In"other transtornmer |layout |levels for thée secondary coil. For
exanpl e,,. a sgcondary, | ayout, | eyal A484b L OVI ndary
coil. Rﬂgg%neﬁ)gﬁl grag}gea&/r%ag?r tPaenv% ' rng)§/ “het %g%(’é@ig%‘péﬁg%ﬁﬁ 92)9 r%{é%llgsde?v(zﬁ%ﬁel ow t he
primal), |ayout |ev In so egﬁo inments, for applications. rein the
D11 mar Yialsdtier Wi 0 qBE6a RO DS bebdny oHEEape R edter Lhar0 Rl SEs G duky
| ayout naK be di sposed above the primary |ayout level. In yet other
enbodi ek yiolatimss dagled avhjch ae 80° erdgssh®or ¢k applseehuabevecnh g WEILtfeche
primary |ayout |level. A secondary |level may enconpass nore than one netal
| ayer . whithslegiiyles doiegmefoanancentn ih embadienchioasshbangthe commssicsegt | onal ar ea
of the conductive line. 100411l n one enbodi ment, the secondary |ayout.
faci i pRt&sertd 8skpri@ a@foctadnfish$peOfPréAGing a polygon with other number of sides, such
as six, may also be useful. In yet other embodiments, the concentric ring placements may have
other geometric shapes, including non-polygonal shapes.
[0040] Such a configuration of ring shaped placements can be employed for any 1:n ratio
transformer, including one where n = 1. For example, a 1:1 ratio transformer may be formed by
providing 4 ring shaped placements. In the case where a transformer with 1:n ratio is desired in
which n > 1, additional ring shaped placements may be provided in other transformer layout
levels for the secondary coil. For example, a secondary layout level 484b may be provided for
the secondary coil. The secondary layout level may be provided in a metal level below the

primary layout level. In some embodiments, for applications wherein the primary layout level

does not occupy the top metal level, the secondary layout may be disposed above the primary



transforner. For exanple, the second. coil has a portion whicn ine or nore
different levels than the primary | ayout |evel. For exanple, the second
coil has a portion on a different level than the first coil, in one

enbodi ment, the secondary layout is disposed within the area of the primary

| ayout, Faqr,_applications havin re than qne,secqndary | ayout are
a3 postb i P f L RE EmBRt s e Rt BBk R TR scs R pad Pt
advant geo_usly en&tts)ll es al :n transformer, wherein > | to have the sane
area aSCRIIAY [BYAWPHT merSecarsimDIERTIgNASEICORBRES THOTSItAH ISP A% dibodi ment
of an integrated transformer 500, The integrate -ansfois fornmed in a

t r ansfoeninsreasagwant flawaludite b doged godsaspetionaharga otihstaoadectivihiget r ansf or mer

| ayer, for exanple, is simlar to that shown. in Figs, 4a-b. In one

enbodi [0841], t Mansé enh&timeaty dittsccamfary hgsutlfecidganatackingpéthecoiicenthei ¢ ri ng
pl acenents. As shown, the transforner |ayout includes hrst (outer) and

secondrfistifie). EQNGERHId thelsefhd RY181aS a fp@ftﬁ)\fﬂ WhiBe i &e sthaRediiretyRey of
concentric ring placenents is also useful. [004: 3] The transformer conprises

fit st ﬁgﬁg i 1 . i . L mer
con‘pri%lglgﬂlae : é}? rleg}rel)llslt %ygh(%ro ?annng]’ﬁgl tgé gﬁfcﬁggfs &@?deaﬁgﬂ égg%%ﬁhftg%ﬁﬁgg eélve t he
same nunber of tunis. Since . the | ayout conprises two gongentric ri

ol acenit B HrREeal JREpEFRBPATEH diecondiry BYORd (HSHNEH YOHKD st
second coil with one turn, Providing a |layout wth other nunber of
concenig ydRevénBer apphesiioas Savipg mesefifap|one pepongdscs dgsioat, theveare dispesedmay

i nclude four, six or eight concentric placenents for a 1:1 transforner
havi ngwehihhke atewof thelprieerp taybourSuctranenfiguragac idvahtapbaistyi emsbleand :rsecond

coils. 100_, 4441The first coil i npl udes fi rst and second term nal S 512 and
514, Tignsfdrinst, vagkig aconeh hdvansdiani®sred & MM Nakass@igecoupl ed to first and
second ends of the first coil. The second coil includes third and fourth

t ransf WL t @';i%i5@%11(2‘?/%;é%aﬂ?ﬁeg??f‘ar?%%cﬁﬁiegﬁ%{ d.nriﬁttegxaa@ééi tgﬁlgfg)??xelew fﬁ%er eof .

As shown. the termn Irst col t he Secon are | ocated
at different, sides of.the opternost concentr.ic frin .oi?d/the transf or ner
[ ay out PRF AR TG i RR e bR GO Prif RS layer bs SEREAE JOF1 are
| ocat ed on opposi n% sides of the outernpst concentric ring of the
t r ansfEFIHEEMCE{AYEE orRABPICe Bty tatha sBowR 1t Bighi 43 slnang b srey.ibe
| ayout are al so useful. 00451lin one enbodi nent, portions of the first coil
and setontbroei layghianospaisecoimxepenal shapiedgoncentric ring placements. As shown, the
transformer layout includes first (outer) and second (inner) concentric ring layers. Providing
other shaped or number of concentric ring placements is also useful.
[0043] The transformer comprises first and second coils 510 and 520. In one embodiment,
the transformer comprises a 1:1 transformer. That is, the first and second coils have the same
number of turns. Since the layout comprises two concentric ring placements, the transformer
includes a first coil with one turn and a second coil with one turn. Providing a layout with other
number of concentric placements may also be useful. For example, the layout may include four,
six or eight concentric placements for a 1:1 transformer having either two, three or four turns for
each of the first and second coils.

[0044] The first coil includes first and second terminals 512 and 514. The first and second

transformer terminals are coupled to first and second ends of the first coil. The second coil



pl acement. Preferably, first and second coils share equal or substantially
equal portions of a concentric ring placenent. For exanple, each concentric
ring pl acerrent i s occupied by about 50% of the first coil and 50% of the

second coi | |n one dlnent gssover | ogat ion 560
i s probrlydes tth taﬁg Fr teﬁpﬁ‘alsﬁtzéﬁgagi ‘H’E@Cﬁio RPN iSeR8 e
cross-over | ocation 5601 _aI ong the axis yly2. The cross-over | ocation
conpr i thewof. i As shaard thatennigals Iog\&@ fesiredlcang tke sseond cailare batediap ditiersnt sidss e
interleaving the coils of the transformer. hi one enbodi nent, a cross
connecéfahe citanges candeatrici rivg affthatrawitdrnder tiypan Preferaglyp tectemeingls 6 thgrirst

adj acent ring placenent. For exanple, the cross connector transfers the

rout i NGiLfhdans Kcond eMiechScaiddod o ﬁﬂs@k@fd@ﬂ'@f\ﬂheb@tehh@stmoﬂlce@fndnrﬂg]ofthd: ng
pl acement, where n =1 to x. [00471in one enbodinent. the first and second

coil's ?aﬂ‘@ﬁo ek 1650kt @h?f&? guﬁhoﬁsoméﬂrﬂﬂacls A EEnsthaR: BlyohRe GLOB TV er

el enen route a co ma concentric ring to an adj acent concentric

ring, 0SS .connect o rovid The 0SS npl e,
is di s@ggé]d i 0 8fg ﬁ%‘i’ 41}{1@688%1[0 E)8ﬁhl gﬁ“cﬁ? ! ecoB%r{))l on o?c?lhgg%lgﬁﬁ%havi ng
a thi ckness which is less than T. The, upper an ower portjons are

separ al é%FnWt aPrterable, st andosscauisotls glnrg qwd of ?%?ﬂtlﬂbp ?q“IaLE‘ﬁP?‘bsrPf%Ok as
shown, conprises a first cross connector 5621. The first cross connector
connect@icargc pogtplasament. thee ckimsle, qoh coBratricningtecemgneis oeeupicddarherent in
to another portion in the inner ring placenent (n = 2). In one enbodi nent,
the fi§®l of RSErscanlnedton, bdthpeaondedilat or connects the | ower portions of
the first coil. As such, the first cross placenent. Simlarly, second cross

connec ﬁ6]5624n%9@91%5&ﬁnféﬁf3apl‘é£§t'09901fos§ B@erﬁ@&ﬁﬂﬂSG@[slprwﬁedfhthée outer ring.
pl acenent (n 1) to anot her portlon in the inner ring placenent (n - 2). In

e o TROMAIERL £l Sy SREANALARE CRONAGhOLol R0 R XLAGHSEY, MinsdRORGELD. L1

upper | on- e secon providing t secon 0SS cohnect or,
t he routl ng of the econd coil éhl ge(i fromthe |nnet rggg Q(P errent to the
outer ¥4 nBl%b FTERENEh OCA [ O IYINICE L5 d1C PHERE BET CF8GT 8 566 2% provi ded
for the transformer. The second .

facilitate interleaving the coils of the transformer. In one embodiment, a cross connector

changes a routing of a coil from one ring placement to an adjacent ring placement. For example,

the cross connector transfers the routing of a coil from the n' ring placement to the n-1 or n+1

ring placement, where n =1 to x.

[0047] In one embodiment, the first and second coils comprise a thickness T at locations

other than at the cross-over element. To route a coil from a concentric ring to an adjacent

concentric ring, a cross connector 562 is provided. The cross connector, for example, is disposed

in either the upper portion or lower portion of the coil having a thickness which is less than T.

The upper and lower portions are separated by a middle portion 548.

[0048] The cross-over location 560, as shown, comprises a first cross connector 562;. The

first cross connector connects one portion of the first coil 510 in the outer ring placement (n = 1)

to another portion in the inner ring placement (n = 2). In one embodiment, the first cross

connector is provided at or connects the lower portions of the first coil. As such, the first cross
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cross-over region may be simlar to the first cross-over region. In one
enbodi nent, the | ayout includes 2cross-over regions for a ring placenent,
where x is an integer. Providing other configuration of cross-over regions
may al so be useful. The second cross -over region includes first and second

cross connectqrs to. change e routi of the first coil frpmone.
oo B SRERBTE 06 1o B Mg Recisg: (1 B BREREYE For
exampl e, the first connector changes the first coil routing fromthe inner
ring phlaecaraht Singlalyea srpoad ciosheprpleeioepRhtconpdns &redwrin @fdgﬁ&yp@qi cethatyes

t he second coil routing fromthe inner ring placenent to the outer ring

pl acenmnhe owsr Siopiacerhdne (if 113 to ammine pbdiondo nikeioha rinpwdacepant {iond). ol dnkee
first coil while the second connector connects upper portions of the second

coi | . &hhRimeRNTHeGuEctidi ONS cOfincfRISpo0IIRE Gt & BnABYs al_les@?&q;outs@fswf.the
[ 00501The dielectric layer on which the transformer is formed may be, thr

exanpl j:nt - di i ( : -

dout e sy B B R ARAUR BEp Gosd Rl PHTLuu A CRDRELH! larkl®
interconnect. levels to in%gr onnect. the various circuit comnmponents to

achi eVEOPAE HASH TREPIRERIAET Ehile OB Hag RIASFECN, "devi ce may i ncl ude | nunber
of interconnect levels, where 1 is the |lowest |evel and | is the highest

| evel , [0p$8511 Ansaepist FrayepVar redion eeldnay ke vided &t the trastrpiser TRopeceBh whi ch
corresponds to the netal |evel (M). For exanple, interconnects or netal

| i nes aps-dies posedmay be kienifar éndie firghveedssafver tegenl NDohaywbodimehbwerlaportt i on

of the MD layer includes a via | evel having contacts. Separating IND

| ayer sintRyledIE csssaivenrepicdp fdrayeiig placdmahomigre x[198bRtdger. On@veiipostheent t he
transforner is formed in two adjacentlevel Mk and ; and a via |level Vk_i
ther eb&fn‘fYéﬁﬁtioE aF C%fbgp%r%gig&erngjl ek& 6L LsGul. aMf%rse&dth@%s‘%tbvtepf%tgiJnQHaﬁﬁ’ésner I'S

formed i ncludes an ! ayer and the trench | evel of the next |ower | MO
| ayer..ln _one enpadi nent, .th er .and J.o I =YY, corr to
o upler B ReRRaP T Rbeoshd o HOREE RS RLT RS oot BT SHCRRRFREH ¥
| evel therebetween corresponds to ihe m dd| e ortiog. I n one enbodi nent,
the coRlPCeBIBHEMAUIERHIOTPHHIP HBS PISEECRYy 4107 SHITRIGES HEY SOUISHEF CAHEST ower
portions interconnected by the via level. For exanple, the upper and | ower
por t i ohs fissteod supingdrdyy theannerirag Bagemenkity, the onteexagplasementethgispdondr t o
conductive lines formed in the trenches hi the via level. [0053IFig. 6a-b
show anashoedihmepds thé saopd ocié ssitihg frohotheiimger aink pdarsientnmrth&O@er dimg one
enbodi ment, the process forns a 1:1 transformer in a device such as an IC

Qt her f1¥R@%en0f AN WEShd Bt 8brRctBecadRlidllowdportidhsidf the frst @MBRhillemel of the
transfornmer cons are forned in a |lower dielectric |ayer 680. The | ower

transf ort . ' 80
erboai pent: “PHE P et Bk Bl B0l B Bl Rt Sl e T o e

penul timate interconnect .| evel. In other enbodi ments, the |ower dielectric
| ayer %ﬁﬁe@8§F%@®%ﬁﬂ $ &8 terconnect |evel other than the penul timate

i nterconnect |evel. ) )
[0050] The dielectric layer on which the transformer is formed may be, for example, an

intermetal dielectric (IMD) layer. Interconnects of the device are formed in the IMD layer. A
device may comprise numerous interconnect levels to interconnect the various circuit
components to achieve the desired functions. For example, a device may include I number of
interconnect levels, where 1 is the lowest level and I is the highest level.

[0051] An IMD layer includes a trench level in an upper portion which corresponds to the

metal level (My). For example, interconnects or metal lines are disposed in the trench level of
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[ 0054] Various types of dielectric material may he used for the dielectric
| ayer. Preferably, the dielectric material conprises a dielectric materi al
used for MD of the device. For exanple, the dielectric |ayer nay conprise

ultra-low | : (Li Lic) dielectric terial. her, s of dielectric
mat er i BedMD HRYPL o AV RO ‘zf%l,el aygrdpcldes@nit By ediaV g §8B Ef fione

enbodi nent, a transfornmer layer is provided in a transfbriner region of the
| ower SemsirasoerMD laysrmaybent tiek siap daycofnabahdwilt he | ower diel ectric |ayer
whi ch corresponds to the transforner |ayout. in one enbodinent, trenches
are fofroesg] i n Ihhee embodimenevied trafsfdrimer Isdomned iditebedjacent nietal devel Vhentd Minches
may be formed in the sanme process used to forminterconnects and contacts

r egi onsa Rt h@h 16RAV, | MRrdbb@iteh OFBBEx R, A @Elcbiie 14yWeT wHikE Hiettdnsfrindy®r |
I nterconnects and contacts may be forned by, for exanple, dual danmascene

techn! igRd infdidich bh Trlay b BAGR, bbichlio Bt th%%gﬁggleglmq@%ﬁg@%%g%j be

enpl oyed. ua scene techni ques nay e us

via firs ual , damascene, t echni a mask i rovi ded the surfa of
'he af erbedifite FREPCHT el efikGved PBrmobl R iR i Se Juldhafio2g fe

| ocations of the vias The mask nmay be a soft mask, such as,g phot or esi st
mask ofansfemb Ak eieasnbrhide Bsria lnyelidherrbiiwaehenrtespridk o Gigapddls PPENS- dp
silicon nitride below. Qher mask configurations or materials are al so
usef ul ond @oBihet, theabdclananty exgept fosthpatdaseomebaridonsdrpy epeo pod Brverexposed
by the mask to formvias. Patterning of the dielectric |ayer, for exanple,

conpr i g@sioadint&tdmetted pl eheetis heveBURI easmpleatbt iupgeriad l@v & porttpns Rtddoupladher
techni ques for patterning the dielectric |ayer are also useful. The vias

exposeLaps0niackar Rl RN cREhAW: arbkintilar kD ESMIBLF Y if@Sncdlif EheSRinchdtBa Kad S -
removed. The soft mask is renoved by, for exanple, ashing. O her techniques

for reggméﬂg.the soft nask are al so usef ul

[0053] Fig. 6a-b show an embodiment of a process for forming a transformer 600. In one
embodiment, the process forms a 1:1 transformer in a device, such as an IC. Other types of
devices may also be useful. In Fig. 6a, a lower level of the transformer coils are formed in a
lower dielectric layer 680.. The lower dielectric layer, for example, is an IMD layer of the
device. In one embodiment, the lower dielectric layer corresponds to an IMD layer of the
penultimate interconnect level. In other embodiments, the lower dielectric layer may correspond
to an interconnect level other than the penultimate interconnect level.

[0054] Various types of dielectric material may be used for the dielectric layer. Preferably,
the dielectric material comprises a dielectric material used for IMD of the device. For example,
the dielectric layer may comprise ultra-low k (ULK) dielectric material. Other types of dielectric
materials, including low k (LK), may also be employed.

[0055] In one embodiment, a transformer layer is provided in a transformer region of the
lower dielectric layer. Trenches are formed in the lower dielectric layer which corresponds to

the transformer layout. In one embodiment, trenches are formed in the trench level of the lower
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[ 0058] A trench soil mask is formed over he dielectric |ayer with openings
corresponding to trenches. The dielectric layer is patterned to renove
portions exposed by the mask to formtrenthes in an upper portion or trench
I evel . The trench mask may be renoved after form ng the dual damascene

openi NE81 Wik Se? ﬁgﬁ@g dh@%ﬁﬁ?g:e ?&‘éﬂgllﬂ safHd r&@e??ué-e'a tb W P?erécﬁﬁ’lgéts g&?

trench an or e tre I rst dua

d t h nb di t, th t f

" nel LRt srrééwﬁ%a T Rt R T AR S
described in Figs. 4a-b. in one enbodinent, the trentdi | evel oldie | ower

di el ecandi C@ntaas;sénax ke tsartl%bhéar PR el dptmeiciteehnies oKt ardrenpi §rst

pl acenents. The trenches correspond to | ocations where | ower portions of

t he fidwi dangscsectothiqoisnsaydktimEnykds XBheratual donmedne fO0GQ]T eyl absactre
portions of the coils or coil elenments may be forned in a simlar manner as
f or m ngefint erconnects. For exanple, a conductive material is deposited or
forimd on the substrate, filling the trenches of the lower dielectric

layer.pd5§ condycitd g attaat etmgécené ethlﬁef@erraln@askq dﬁﬂéﬂﬁi‘éé of ARPRI fac @b 4 nUM
tungsten al I oys such doped Cu, . ope or a conbi nation

t her eof. O her, d ctive naterlal yS,
e oyt Ry REY %@L@ r*y,‘fonsp%ftﬁwefffs gl ‘ef? 5‘°a f %S”%??%Veléf‘ DPhERat T e
material used to form.interconnects t he ev 11I one enbodi nent,

the coRBUEE ARl maplersial scopaiPsest BajHEr COR Fhdel mashan AR shown)
may be first forned to line the trenches. The seed | ayer may be fol i oed by,
for exanyk, eychRYFEQS pesilicarcttridgdebow.oPtheo maslngontiparaiivas of mpisriakyaye albso be
useful. The conductive material can he deposited by cleetro-plafing. Oher
technigeés, such as eh:etre-less plating, CVD, PVD or sputtering, are also
useful . The techni que enployed nay depend on the material used. [0062] The
trenchessmmy Beeldidl&diMalh 8 phatAed to @¥8Ve Poitidhs b ok BY g miRR 16 1 idyer
or

Patterning of the dielectric layer, for example, comprises an anisotropic etch, such as reactive ion

etching (RIE). Other techniques for patterning the dielectric layer are also useful. The vias

expose a contact region below. After forming the vias, the soft mask is removed. The soft mask

is removed by, for example, ashing. Other techniques for removing the soft mask are also

useful.

[0058] A trench soft mask is formed over the dielectric layer with openings corresponding to

trenches. The dielectric layer is patterned to remove portions exposed by the mask to form

trenches in an upper portion or trench level. The trench mask may be removed after forming the

dual damascene openings with trenches in the trench level and vias in the via level. The trench

and vias may also be formed by, for example, trench first dual damascene techniques.

[0059] In one embodiment, the transformer layout includes first and second concentric ring

placements, similar to that described in Figs. 4a-b. In one embodiment, the trench level of the

lower dielectric layer is patterned to form trenches in the concentric ring placements. The
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depositing the conductive materiaL The bather |layer may |ine the surface of
the dielectric layer and the trenmli openings. For apbDhcanoas with a hard
mask, the barrier layer nmay line the surface of the hard mask and the

trench openin arrier la for exa an comp N, T

or a cBf#ffSE ‘??p‘t)rﬁjgtrogB‘fat‘ﬂ‘%g %lﬁﬁ‘geroﬁor%%ﬁsr %f G sgFo ds‘i?éﬂ6 @’- %é)ll‘ll um
is also useful. Providing a ban-ter layer having nultiple layers is also
usef ul arefp@nasiar ri er can be for med by, for exanple, physical vapor
deposition (PVD), chem cal vapor deposition (CVD) or atom c |ayer

deposi [0060] (Al 'ﬂ:h)e.loﬁmniomfnhqcms ofr opil Elstrigetsheay hecformeding soilasmpnrer as

[ 00631Excess conductive material is renoved to formthe | ower portions of

t he cofdrmiddinenen@eitodisnampld)a coxdrsse Mteeial BldepssitedvDRkeshed yn shepi *
narizing process. The planarizing process renoves excess conductive

mat er| bs?% filhlﬁ%ltﬁent%nchésv(ﬁf thQTb&e?ﬁle?ééEricﬁl‘ﬁ?erOfThEQ@n&ﬁ:ﬁ‘?@ﬁm@rﬁi @&t dxafple,

materi a ayer his results In t e top surface of the conductive naterlal

bel ng %ﬁﬁggeﬁwg@geggﬁg%@gnsg” aiffys SR 9 et L B b CR 21 - The

pi anar ocess duch as

chem cal nechanlcal p | i shi | ectra- C\MP onbi nati on

t her eoforapigation (g ?) é}%?g O%icﬂ%fi”ﬁ?vep’@i‘ﬁ egﬂ]isﬂéldé)‘ﬁ’(?@é’ééélé a’é‘féﬁ: SsPCa$8f ul .
The pol i shing rocesnay |nclude mul tiple polishing steps to renove the

di f f er esefulndrefeiadlys thespopuciiye mhiere® seluprisos @ capdndsiae mastiahased ta dosu 1l n
applications which enploy a hard nmask, the planarizing process may al so

r enov eirtdreoired offdtskdef/foem t he surface of the dielectric |ayer, |eaving

i nterconnects baying a planar surface. In altenmaenbodi nents, where a

di el eCIO’O‘6@{) | QH%n%&%odlﬁleﬂﬂﬁﬁ@U&ﬂuctNe hRYri# cBRipAs@fdoppert Pecdppainsed Ziyrg
process 065] As shown, the | ower first cod |ncludes first |ower and

.Secondglo?%q\}/@%% 1 131 R %ln?d Blike @PHefRL, Tﬁﬁngeeg e SGHRAGyC B!

i ncl ud d fourt ower coll termn a 624: As Shown,

first and r % cations,.,660[.2 are pr,ovi ded.to-chan
poSi t i 8???%? Cg)t %‘T‘cﬁ%ﬂﬁu%g’ WB“% s SabRY Tt IBa}p?“}fﬁh 2ysefy lngﬁ P %Igglr?%‘ﬁ .
The | ower flrst coi |l occupies about 1.4 of the flrst or outg@srln

pl acenByterizhereisaisposifed byeleahe-nlatng Qhpigfesimatussetieh as plRelg-

CVD, PVD or sputtering, are also useful. The technique employed may depend on the material
used.

[0062] The trenches may be lined with a barrier layer prior to forming the seed layer or
depositing the conductive material. The barrier layer may line the surface of the dielectric layer
and the trench openings. For applications with a hard mask, the barrier layer may line the
surface of the hard mask and the trench openings. The barrier layer, for example, can comprise
TaN, Ta, TiN or a combination thereof. Other type of barrier material, such as ruthenium, is also
useful. Providing a barrier layer having multiple layers is also useful. The barrier can be formed
by, for example, physical vapor deposition (PVD), chemical vapor deposition (CVD) or atomic
layer deposition (ALD). Other techniques for forming the barrier are also useful.

[0063] Excess conductive material is removed to form the lower portions of the coils. In one

embodiment, the excess material is removed by a planarizing process. The planarizing process
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| ower second coil occupies about 'A of the first or outer ring placenent
and about 1/2 of the inner ring placenent. in one enbodi nent, the |ower
first and second coils occupy opposing hal ves of the inner and outer coi
ring placements. O hcr coil arrangenents may al so be useful.. The first and
second coils are configured to have | ateral ietic upl i ng, .[0066]in one
erbod TR S SRR ERBRon s b B o eiitrea & btPaeEot ke 11 r o
| ower cod terminal and is disposed in the first or outer ring placenent

al ong aateripldaydi dawsteants (e thy top swiltvear tha warvityemaierpl bepstanapyeh tho t he
second or inner ring placenent at the second crossover |ocation 6602. The
first tppstifoe odfthe dveodddielectricrsatedai [The phinenzieg pravetsh@nipmsey, fori axgmpleagenent
to the first cross-over |location. The portion of the lower first coil from
the | QueishinkpsbcebE BIEINR|cht@ical ARCIHREANPolhQBS CMRY, elco@&IUMP (&0MEpbhes about
14 of the outer ring placenent and about 14 the inner ring placement from
the s 5 I i he fi 1 C - Lt L O e | owner
B e A e i T S
continuous. first portion of the |ower. coil fromthe | r first coil

Cor m gk Ry ity 8e vl SHing Shbs (ool bl AU Geanb By duen as
connector provides a diagonal cross-over Fromthe outer to the inner ring
pl acenBhtdUCHEBHd Frasfa@fBY8i ment, a cross-connector forms an angl e which
is greater than 900 with respect to the coil segnments it is coupling. For
exanpl [8064]he amgbmicagnsbehialbemploy3siard Mablethaplgheting pates mayabsoddthonay

al so be useful. Providing angles greater than 900 avoids deing,w rule
check tite ahmdtrhasksror\itg] ssfavhibthe dletecHi [a9ér, lcasitg ifitefcotxagiaingcapiagarcur r ent
crowdi ng effect, which degrades device perfornmance. 100681A second | ower

coi | tRrataah dRrAtisPesedifthAC 8Mbrelait Bt ARt mARWE brpRykd iEFAY Bhain ThE
second | ower coil termnal is coupled to a second portion of the first

| ower a%&kll(egiéfa}?izﬁgggkééggsed in the outer ring placenent along a second

di rection Wise) to the first cross-over |ocation. The second
portio the first tho r coil occypies. ahout a 1/4 of the quter. rjng
pl LcenbhsS] 1oesngns lverdiife oghies DqeS et 0BT AngERSEREe VAR ERIL tegpingl the
outer ring placenent and 14 of the inner ring placenent. in one enbodi ment,
nner (&lRd Aoubed. el e vor seqong cpil asdvmntisrbeBLpREN bycridd throwerls SPhemdco |
are at opposing halves of the layout. For exanple, the first coil termnals
and t h4fi Astshewn) firscaudpycend drostoral dcaliensgi60,.t ap profidédre chargerpositiog of
pl acenent while the first coil occupies an inner ring placenent in an
opposi g chidd froti®nd ring PPictR@ht Bfanbiher LA @PREGRER! ThaY®#r first coil occupies about

Y2 of the first or outer ring placement and about % of the inner ring placement. Likewise, the

lower second coil occupies about %2 of the first or outer ring placement and about Y of the inner

ring placement. In one embodiment, the lower first and second coils occupy opposing halves of

the inner and outer coil ring placements. Other coil arrangements may also be useful. The first

and second coils are configured to have lateral magnetic coupling.

[0066] In one embodiment, a first portion of the lower first coil is coupled to the first lower

coil terminal and is disposed in the first or outer ring placement along a first direction (e.g.,

counter clockwise) and crosses over to the second or inner ring placement at the second cross-

over location 660,. The first portion of the lower first coil continues in the inner ring placement

to the first cross-over location. The portion of the lower first coil from the lower first terminal to

15



100701t he | ower second coil is arranged in the transfornmer layer simlarly
as the lower first coil, except that it is rotated 1800 with respect to the
| ower first coil. For exanple, the fourth |ower transformer teimnal 6241.
di sposed in the opposin%,half of the transforner I%yout a%SL e ng IS

di spos@a spepndCRRsSYEROCH P HIRIBTINNE 41 Wile ePten ing plasemseaf Q’(’é‘? g.t, ©counter
cl ockwi se), The first portion of the second | ower coil continues in the

i nner mhagring plecamesnt fivimtha setioad srrsb-olvelogdtiostto thedirst arossrevet pesitgen; Thet t he
first cross-over |ocation until the second cross-over |ocation. A second
port i ORwics séRHPkrds tennactohb61d at ewesecdridastsdsarveelochtérnnfonas a adjtacend fitso t he
fourth I ower transfornmer termnal and is disposed in the outer ring

pl ace”;gdﬁioﬁt)?ﬂﬁ 16w SELATELH kB8 1V ePRrst BoiftermihPOkMe &) crodfBveklibdatibh gThoh, an
upper dielectric layer 680 is fornmed over the | ower coil elenents. The

ielectric | \ I [ ' b
he T offt Srhd Erosf sl brofiNE o EATRISAFE: AIECL GBI ChaRTREE Shove

conprises the !'MD | ayer of the top interconnect |evel of the device. The
upper HREIEYSic or conprising other interconnect |evels may al so be
useffil. 100721The ugper dielectric layer includes a transfbrper is oat

al i gnelPOAFL h tinane smbedimentwesrosgicenerstarifermsapangle whigh s SrEednaBAY Withe
trench I evel of the upper dielectric layer is patterned to form upper coil
el ementespat td the coil acpfiantsieis coupliog eFerdsedpiretie apglemeaypat aberhl 3. Otteerupper
coil elenments is the,e as or simlar to the |Iower coil elenents except that

it is aﬂg'[l&ogeated BRYIE BANLIEES bedicFulC Pretiding adgled prehtebfhah06° dvcadisdesigienle
Layout. [0073]As for the via | evel separating the upperlower trench or

i nter C&%ﬁ%(}%&tﬁ)‘ﬁ@! gn%le@ N i}ﬁ dosd Thdsafol ¥xatrﬂpltf:,hﬁu§er &hfeht é@ﬁ@lngte@fef:t(?r m a

bar or trench via exCept In the cross-over Locations. In the cross-over
| ocati ogs d%}he vigvl.cev%lfor emaci ns unpatterned (shaded portions). The
pat t er A Wa \graflﬁse TEFER ERY V1 a 1 evel s forms dual damascene structures.

0074] The dual darnaseene structuyres are_ fornmed or. exanple, simlar. to
Ehat ;H}O@b g A second lower col term?na is Sisposeda jacent fo tLe first lovgg coil terminal. lfl“he

second lower coil terminal is coupled to a second portion of the first lower coil which is disposed
in the outer ring placement along a second direction (e.g., clockwise) to the first cross-over
location. The second portion of the first lower coil occupies about a ' of the outer ring
placement.

[0069] As shown, the lower first coil occupies about % of the outer ring placement and 'z of
the inner ring placement. In one embodiment, inner and outer halves of ring placements
occupied by the lower first coil are at opposing halves of the layout. For example, the first coil
terminals and the first coil occupy a first half (e.g., top) of the outer ring placement while the
first coil occupies an inner ring placement in an opposing half (e.g., bottom) of the transformer
layout.

[0070] The lower second coil is arranged in the transformer layer similarly as the lower first
coil, except that it is rotated 180° with respect to the lower first coil. For example, the fourth

lower transformer terminal 624, disposed in the opposing half of the transformer layout as the
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i nterconnects in the upper dielectric |layer. The dual damascene skuct ui es,
for exanple, are filled with a conductive material and pianarized to form
upper coil elenents in. the transforner region and interconnects and
contacts in other regions, as previously described. 100751In the

Cross- r\éfaz% dI REA 803 téérfl?org{e‘re 'te?ﬁlﬁr(allﬁcis n@é(ﬁ ?(J a ﬂlfs% h&%ox b?%ﬂe%ggdndrlg\?% Q5 to
separate the upper and 'ower coil €elenments, 1n other portions of e
transforner. | ayer, the first upper coil el nts are coupled to.the first
| wer TSP @E Bl s SR TG B P BT ST R Ca o BEP Y THE
second_| ower coil elenents and the upper transformer Terminals are coupled
to resiyacrqriien pbihescond hey erapilrconbnydsnathe, inpgopgMacgmenvia heeonal lower
cross-sectional view of the transfhrner 600 al ong the first and second

Cr 0ss-firsesrobsoman eaorst 68 6 0tltha fidst 6632-ovét lotdtnfuntis theseoss-cpassroveobattion 4 he
upper cross connector 6621 couples upper first coil elenments in the inner

and oWeesnd pdtdoplsanapratsa aifl lbAvelrakstastr eamnel h@hcd® blihe Fsptieswepwer
second coil elenments in the inner and outer ring placenents. At the second

Ccross- [Wolaf - - 61 ond
coil e e‘rgfg)rl;}tn gpﬁﬁh?ﬁlear%dl}gg%gggg lg&%ﬁmri ngg ip%%%grrg%ltg gggggﬂo E&H?agno@%c"
connector, 6612 couples lower first coil elenments in the inner and outer

ring ﬁﬂ%@gﬂﬁ ts. Dielectric material of the via | evel separates the upper
and | ower noss connectors in the cross-over_ |locations. [0077] As shown, the
transfl@PABr hdabige 80 it PRERGCFtricdryer b8RgisHermeeheer thedamescaikelfngter [hower
efficiency. Furthernore, increased current flow can be achieved by form ng
a coi lumpkedlectricdayan for pkanpret @mprsveisIMD Loy deassedtdheve thodeweratitliednial
area of a coil element. [0078]Fig. 7a shows a plan view or anot her
enbodilagt TOE udper ditlegrialsdr, fovnsimpildebmpHees tHhBVIDrlans fodkiabp igekotidsed in a
dielectric |layer disposed on a device. The dielectric layer, for exanple

conpriges c@thddRide@BE uphdt RAERE LA} BRALnisid NEhES HRSEJN B evels 1oy ABELON t WO
adj acent interconnect levels with a via level therebetween. Formng the

transhirpgr in other types of dielectric layer may also be useful.
10079f¥ﬁe transforner includes first and second coils 710 and 720. The

coils [%8“/ ﬁ COiIlhe upper dielectric layer includes a transformer layout aligned with that of the lower
dielectric layer. In one embodiment, the trench level of the upper dielectric layer is patterned to
form upper coil elements of the transformer. In one embodiment, the pattern of the upper coil
elements is the same as or similar to the lower coil elements except that it is flipped along a
center axis C (dotted line) of the transformer layout.
[0073] As for the via level separating the upper and lower trench or interconnect levels, it is
patterned similarly to the trench level to form a bar or trench via except in the cross-over
locations. In the cross-over locations, the via level remains unpatterned (shaded portions). The
patterning of the trench and via levels forms dual damascene structures.
[0074] The dual damascene structures are formed, for example, similar to that for forming
interconnects in the upper dielectric layer. The dual damascene structures, for example, are
filled with a conductive material and planarized to form upper coil elements in the transformer

region and interconnects and contacts in other regions, as previously described.
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el ements disposed in a pluralib F concentric ring placenents of a
transfornmer |ayout. As shown, the transforner includes first and second
coils havinahcoil el enents di sposed in eight concentric ring placenents
7421 - 742 ere 1 is the outnost rj | acenent.and. 8§ is the |nnernost
ring plf4¢ehentn th%r%é’véﬁ%aﬁl?fﬁnh’,e dﬂ%%’“g‘i @ﬁ?ﬁ&fﬁfé ) Yq? LIS -sgpgrlen
ratio. As such, the first coil conprises 4 turns and the second coil
conpr i thesipaertand deye] ©Igdamnts t Inierperinmd of erignsiopper laei thadirs upper caid 714
arc coupled to first and. second ends of the first coil and third and cls
722 anelemi2dts areeconpleglte thet forsf owst cahe ementsyibtle ssvdsd opper keil sieoentt acocdupled

el enrent. 10081 ] The transibrmer termnals of the transfOrner are 'isposed

on t heyaHt 8450088 lowdrRBil RlcAGRPRING. thASppeh @ik fornlte tdrtifblNakSodfled Rerefpectie coi |
and the second coil arc |located on different sides of the outernost

concent Li.g ki rtérg.gnglg_ansfor mer |ayout. Preferably, the termnals f the
first cod and e second coil are located on opposi ng sides of the outernost

concentric ri 0 he transforner, l.ayout. Ot her conf.i gurati

Cer m nif028hiq s rshEFe S SPRa, et RL e e e B Teths AT afdssiontnc
portions of the first con_ansecond cod share a caoncentric rin | acenent .
Pr ef er @9ByOVar ileastiong P Os aBG AL e d)t)the gﬁé?@s%aYFéIIO%Flo%l}g%Fm F@P??P@aﬁaf
portions oft concentric nng 2l acenent. For exanple, each concentric ring

pl acenest; covplapiemr Byst abid slenBOHio the ingerfand suter oing plasemsgysd lomies cess ond
coit. [00831lin one enbodi nent, cross-over |ocations regions are provided in
t he treanskenr®sl, cobsleclonss saoad coidgicaratsan eheshmirlaad otfer tihg phoeneescAt bed

in, for exanple, Figs. 5b and 6c, The cross-over regions facilitate

interl gRYLARAIRGRs ! Betiont BR dphangb & WBhectdrb62NEoRIRBhBBREendBCHEI 0SS
connector I1n tile cross-over region changes a routing of a coil from one

B L i T L
n-1 or ﬁps_t Icc_)i}elreinggts Fl)l’ll t %elnnr?er}tahd \Sﬂt%xr‘ gng plzacéLm;[:ncgs.XDielectric material of the via level
separates the upper and lower cross connectors in the cross-over locations.
[0077] As shown, the transformer has improved matching of coil lengths. This results in
higher power efficiency. Furthermore, increased current flow can be achieved by forming a coil
element in multiple metal levels to increase the cross-sectional area of a coil element.
[0078] Fig. 7a shows a plan view of another embodiment of an integrated transformer 700.
The transformer is formed in a dielectric layer disposed on a device. The dielectric layer, for
example, comprises an IMD layer. In one embodiment, the transformer is formed on two
adjacent interconnect levels with a via level therebetween. Forming the transformer in other
types of dielectric layer may also be useful.
[0079] The transformer includes first and second coils 710 and 720. The coils have coil
elements disposed in a plurality of concentric ring placements of a transformer layout. As

shown, the transformer includes first and second coils having coil elements disposed in eight

concentric ring placements 742, - 742s, where 1 is the outmost ring placement and 8 is the
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10084] The transforner |ayout conprises a plurality of sets of crossover
regions. In one enbodinent, the transforner |ayout conprises a plurality of
sets of cross-over regions which are equally spaced apart in the | ayout.
For exanpl e, the transfornmer Iayout conprises 4 sets of cross-over regions

760(4 uaII ed apa &S ts ofeross ver regions parate the
tragsf Yﬂg}% C?nﬂ‘f‘ﬁ jf‘ ‘H@EB‘? alfELragr ORI .Ses,d%?ﬁé}‘mtrﬁ%ol fifer nost
and outernnst rin placenents t hey conprise two cross-over regions. The
cr oss- Berth P@@ﬁtéﬁg COMAMSEs HAnpIs@nd Hesseaprshirnilerdmpsises Histance bet ween t he
term nals. For exanple, the cross-over regions are disposed with the first
and t hi0P80lset $insf arrdrscscswdvmsfqrmgi ©nsinZB0H 2and 77608 coupe85d first ambsecond

enbodi ment, the first coil termnal 712 is coupled to a first end of the
first @oisbf h2lsidildne ol idmskh tiaRgfofth &G eMMAALs 722 8nd 724 ate bduBbdngidt first
direction (e.g., clockwise). The first coil, wth each encounter of a

Cross- Ql\desrecgrﬁlgénggOf{h%@g‘%nhlcgn%l%n@n adj acent inner ri ng placenent (n =
+ 1) and contl nues 1n the first direction untilcites the i nnernost ring

(e.g., the fir 0i | in the inner rin | acenent,
it con mﬂes in t%mff) W%tte@lngﬁpf%ﬁ%%ﬁfowgnagF £SBp¥E 08 tﬂo%ut 988 acent
outer ri pl acenment , 0., . wi.th each encounter of a cragss-over

r egi orPl E???l?qnt ) F%i@e tl“ﬁ%mé]dtoélthﬁ)@rﬁt ?qlh@ldpthﬁé"éﬁﬁﬁﬁmé atedocapgd qréifigipnpost
ring placenment, the first coils continues in the first direction unit it
coupl eddas@fiironemmsticancarst ongef titedransfraine7bgoutF Srefarablyasfiommeals baghout
with 8 ring placenents, this conpletes four turns of the first coil.

10086 Iffibecdihinddht saosk toiner 16@ra sredbppbidigistles 00 leattdr@ost dohtsitrienslg of ththe
second coil in the outer outernost ring along a second direction (e.g.,

count efarzfREkMag6lt. CRhéd doﬂﬁigﬁ@tléﬁk%fftbﬁlﬁhaﬁgh(h traf SRR &RV aFrQ'aisotuEéfﬂp' tions
to an adjacent inner ring plfacenent (a n + 1) wth each encount er of a

cross- @) [ ogh g aRhAGRAL BB Br hB%hILALALLEEY! 081?31{[5@“ koldsplRARICS N0

i nner ring. e sé col I NNermno it
contln es mtﬁr 0 dlrectlon ndtranS|t|osto he xt adjacent
out er H A5G st 8%%@3"%353“ Sr‘?C(’ndrF S iljlarﬁ/ieﬁ?’?l 848 S@QE@'&% B‘?man%?%?ss over
region until it reaches the outernost ring placenent (e.g., n-- 1). At the
out MosPNEFHEE pRaskrenent flee cxsrdndagbrencenmcirmgadademenhis oseurpeitbytibogtt i on
until it couples to the lburth transfornmer term nal 724 For a transforner
| ayout50ib bhthS firstngilphd Setentte sdchihng caibnpl et es four turns of the second
coil.
[0083] In one embodiment, cross-over locations or regions are provided in the transformer.
The cross-over regions are similar to the one described in, for example, Figs. 5b and 6¢. The
cross-over regions facilitate interleaving the coils of the transformer. In one embodiment, a
cross connector in the cross-over region changes a routing of a coil from one ring placement to
an adjacent ring placement. For example, the cross connector transfers the routing of a coil from
the n™ ring placement to the n-1 or n+1 ring placement, where n =1 to x.
[0084] The transformer layout comprises a plurality of sets of cross-over regions. In one
embodiment, the transformer layout comprises a plurality of sets of cross-over regions which are
equally spaced apart in the layout. For example, the transformer layout comprises 4 sets of

cross-over regions 7604 equally spaced apart. The sets of cross-over regions separate the

transformer layout into 4 equal quadrants or quarters. As for the innermost and outermost ring
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10087] Fig. | b-c show cross-sectional views of the transfornmer along the
yl -y2 axis and y3- y4 axis. Wth the. exception of the outernost and
i nnernost ring placerrents (nth ring : Alor x) coil el enent inaring

pl acenent (f.f.,g., n hring placerrent wh to X.-1).is nma etlcally
coupl erlageaneats, f}}%’§9m@6‘F? V) ERENPVET 18819 cT CEﬂSG'tOPfEr rﬁﬁi"&%éﬁ‘i XY Biacenent s
(e.g., na+1 or nl) and a second coil elenment 720 in the other of t he

adj acedwpqsmgqtpﬂlataecm twegrethg terminalyy Eor egpmple, theGose PRPIFeSiBRs #KAWROEd| an
vi ew of an enbodi nent of an integrated transfornmer 800 In one enbodi nent,
t he t ransfer fier acichpd kaesf aods-avdr regiafsoitfernnd To8. t r ansf or mer, for exanpl e,
conprises first coil 810 and a second coil 820 having a turn ratio of :2.

For exmg]e 1 8nS BRPEMER, khCRRPEI ISBE TN T i§ BeuphnBer firdf entd Wi fig: fast ddile
first coil. [00891The |ntegrated transtbrner is thnne.d in a transfotnu

| ayout 7fd11nafh?6§tl L6 hgr%pfﬂaxa{w of, SUPIGHE: ﬁJSPdfP{t‘ﬁoﬁ’(deﬂml’se)t e

t ransf orner I'ses transformer-Tayout [‘evels. in
one enpodi hi st ries a veI l. a his,
exarpl B S0 iy coEh B b TR RORTgeRo s Togs BURadiREN had e ot
transf or mer | ayout conprises x concentric ring, plac s. The second | evel
conpr i Bleeeraens ézomd- 1) andsosiimess in Hpdirst deggtipuail 1&'&5’?\&%3}‘518“‘?@1‘? rH}ga éent s.
The first level, fbr exanple, is a top | evel and the second level is a

bot t om Febval x). ¥ loai tHe figst aoifl isrigtthd mwetmoshiiahplasenmdns, ibeantiored iavks fitghd t he
second level which is the top |level may al so he useful, in one enbodi nent,

the transdhion Ra tth@ay@is3o BRIk sEadtaxagonalg shapedht comeenrtor t) witihgach
pl acenents. Providing other shaped or u ib of concentric ring niaeenen s

al so uggef, Hhtef IPPABIASV S ?ég%h uhth§t fehdiRt NI d dﬁﬁ@en?enf {dSin Layeht

t ransf or ayout having first (outer or n =1) and second (1 nner or n = 2)

o entelcfhb RSB LREEHER, detfie cto*]? o fRRAy tflgﬁ%ft Q08 on BYGHBRIRS frReS one

concen rrent S. n one e concentric ring
P: ﬁgegsegzééﬁg;@ég%g?q%guqq ?7%? n?étsare{rre}e{sfonn%g i’zliyog’trwul?g 1‘191 ?acemerp[s i oncentric

completes four turns of the first coil.

[0086] The third transformer terminal 722 is coupled to a first end of the second coil in the
outer outermost ring along a second direction (e.g., counter clockwise). Similar to the first coil,
the second coil transitions to an adjacent inner ring placement (n =n + 1) with each encounter of
a cross-over region and continues in the first direction until it reaches the innermost ring. When
the second coil is in the innermost ring placement, it continues in the second direction and
transitions to the next adjacent outer ring placement (e.g., n = n — 1) with each encounter of a
cross-over region until it reaches the outermost ring placement (e.g., n=1). At the outmost ring
placement, the second coil continues in the second direction until it couples to the fourth
transformer terminal 724. For a transformer layout with 8 ring placements, this completes four
turns of the second coil.

[0087] Fig. 7b-c show cross-sectional views of the transformer along the y1-y2 axis and y3-

y4 axis. With the exception of the outermost and innermost ring placements (nth ring# 1 orx), a
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100911l n one enbodi nent, portions of the first coil and second coil share a
concentric ring placenent in the first level. Preferably, lirst and second
coils share equal or substantially equal portions of a concentric ring

pl acenent. For exanple, each concentric ring placenent is occupied by about
50% of _ ' il 0, Of ut | L. T e ' cupi es
the t r%’%geg%élhe&ﬁh g‘g‘éé’tl &g&e?&g‘ Sec oljir}% Iﬁg(%/eg%%t ?’ﬁ%{)enne gﬁ%gd ?ﬁgg%a,%g%tkgﬁgecond
cod occupies ahout 50% of .outer. rin | acenent an bout 50%,o0f the
oner ERlrp BBt eleornt R spi ot e B AR e B e BREn B 7 dokd e

| ayout of the first coil elenment in the first level. The transforner

| ayout b andra sgeendicopl dleraeid 7P nirthe ethginiche adiecont Figg plRePNeHa - Hre=turd And
the second has two turns. Providing first and second |ayouts with other
nunbern ¢fl)concentric placenments may al so be useful to forma 1:2
transforner in which the first and second coils have ot her nunber of turns.
[ 00921[Doesf | 1 $tig. Baishow g blid@sew bf &t crabetiSeaOsIthnl igfeltandl Bar8bemanghBlig.ondhe
first and second transformer termnals are coupled to first and second ends
of the, fi e f&ﬁ% i)l f I f or mer
ternin%fg&gggﬁgggtg§%%g§§g e f&g%éggp%ngﬁ@;ﬁgg%%ﬁﬁﬂg% g“#ﬁg?%%?“is shown,
the termnals of th Lrst coil ,an second coi | ocated. o

ai 1t ersherenadr o ald ol e fRisne B0 oL ReRRE PinaRa of L, FEFEPEIEMS ayour.
Preferably, the termnals of the first cojl _.and the second coil are |ocated
on oppBsPhedl ersapTises Prse Higtraithss ot waasibs fist f9thg of the first |evel
transforner layout. In one enbodi nent, the termnals and end portions of

t he t ri@68%lor ndiheaoithgrared trinsfooseds ifernteden fiitragsformemsydrt e dickgalc lag@rivera
conhgurations of termnals and transfornmer |ayouts are al so useful.

1. 009 3Hubstrarse [resiogh iRt entCthe SSin S aher €gud BSMPBAsdlret 4al G¥tote drahsfoirher
transforner. Fig. 81-5 shows a magnified view of the cross-over |ocation

8601 al,0nd 1808, AXiche ¥nbYdiment, Thd Bfst fQell doen1:088 i) Bvel RYb@NWIREL &I B¢ SD, the
cross-over region conprises first and second cross connectors 8621 and 8622

to facllianl &idfker haaving, the.eobls @f LAsoLr AR ANIRLerha 1905, Saadiaent
a crosg Connector & anges a rot ing of & cor romone ring pYacene to an
adj acent ring. pl acenent, eﬁﬁgplenﬁgéﬁ*he Cr.oss conne nsfers the

oUt T PhCCeRTieTiNE RIGe e HeRCrITAOw SUBRESRS HGotH APt 1RIG MAY g X

pl acenent, where nto x. A gortion of the second coil 820 is disposed in the

| ower ¢angerifierimamldcements. The first level, for example, is a top level and the second level is a
bottom level. Providing a first level which is the bottom level and the second level which is the
top level may also be useful. In one embodiment, the transformer layouts comprise hexagonal
shaped concentric ring placements. Providing other shaped or number of concentric ring
placements is also useful.
[0090] As shown, the first level comprises a first level transformer layout having first (outer
or n =1) and second (inner or n = 2) concentric ring placements and the second transformer
layout comprises one concentric ring placements. In one embodiment, the concentric ring
placements of the second transformer layout are aligned with the concentric ring placements of
the first level.

[0091] In one embodiment, portions of the first coil and second coil share a concentric ring

placement in the first level. Preferably, first and second coils share equal or substantially equal
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| 011941The cross-over |ocation 860 as shown, conprises a first cross
connector 8621. The first cross connector connects one portion of the first
coil 810 in the outer ring pl acenent (n 1) to another portion in the inner
ring placenen (XI = one egpodlne t, the first cross connector is
provi deYtgRs ?fgf}? Emg ﬁEﬂCPIBS\Er ;%F’ﬁ & cgeh SHIRFICSNSPHAFTER 1§ ich, the
first cross connector changes the ro 'firmof the first coil fron1the out er
_ng pl easereAbyadoet®% ahide Tirstirgil pnééeineriithe seand enil yThesceudaind ccperies
connector 8622 connects one portion of the second coil 820 in the outer nag
pl acenthatrangformér)layat afitielseconddetel.om éne enftedimerey the sengng keit eerepies @hout 2) .
I n one enbodi nent, the second cross connector is provided at or connects

the upses ometdms-ufgrpm&mleﬁe@rmr@oum% of By ipfe@ingiplgchlest. Foe oRginplestass
connector, the routing of the second coil changes fromthe outer ring

pl ace né%%n& c}f %} bﬁ'trﬁa{c]:ﬁ {h%gaﬁ)?@ §MBRYirst[OR %@ﬁ%n? BCAPEr G 1QE - fankRgihen 8607

may be provi or the transfornmer. Providing the transfornmer wth ot her

ARG M N e e
RTINS

adj acent concentric ring placenent. For exanple, the first connector
changessefifido farmsa 1 2diansfosuer ingvHiehothe g gng Seroadentls hayetorier sumber of;twgs.

pl acenent; the second connector changes the second coil routing formthe
i nner joi0ag] pl aterfestcoilandlbdesdititeand sedogd pdradeiefit2 andAs] 4s herirsttane sédondt
connector connects |ower porfions of the first coil while the second

Connect s AP BGtntnalkPREe E:oméd o018t R sbOMITREOHENE Firdt-co MBE s&z0Rd b@ur at i ons
of cross connectors may al'so be useful. [00961l n one enbodi nent, an open

" egi 0l e @]yaggdgg dhftad B RirkSt o ANRTAME R AYBHLY (0TS AASDedAGh. T or

eX arrpl e, e 1 nner or | nnernost ncentric ri ng pI acenent .

The open r for, e i S n.an o | f e -t

| evel ?ﬁe&ﬂﬁf % R Ay R o s PR Fosond BRCR i SR Bt o e
open reglon ﬁrOVIdeS coupling f the second coil to a second coil elenent in
the sedePithaperaraskoncaysl ringmpd thedanginraer apeutr Preferaplya hstteiHasls pbibgi nal
812 is coupled to a first end of the first coil disposed in the outer
concenfirst coit ambthpbemedenil am locredaorf dpmingisides bf the ofiergost coneamtrey ring of the

cl ockwi se). The first coil changes to the inner concentric ring placenent

at t hefiSerQBICraikASHeOMesutl &FbaNeBBREmamnd tHeastiinaleand end fetiddsrathai rect i on
to the first cross-over region 8601, where it chances to the outer

C O nce nttr{u{s@ cj:? Goild eﬁ'@ agg&ted id B st tdns ©Pinkr 1€0A1 IS OLA gﬁrQﬁ‘on% eganmhigingd where

i's coup to th con d transforner termnal 814. [ 0098] The second
tranS|sQﬂ: il ? $ %94 eg Ho the third transforner term nal 822. The
ransformer ayouts ate A1) A

[0093] In one embodiment, cross-over regions 860 are provided in the transformer. Fig. 8b
shows a magnified view of the cross-over location 860, along the axis yl-y2. Similar to the
cross-over region of Fig. 5b, the cross-over region comprises first and second cross connectors
862, and 862, to facilitate interleaving the coils of the transformer. In one embodiment, a cross
connector changes a routing of a coil from one ring placement to an adjacent ring placement.
For example, the cross connector transfers the routing of a coil from the n™ ring placement to the
n-1 or n+1 ring placement, where n =1 to x. A portion of the second coil 820 is disposed in the

lower transformer level.

22



second transistor coil continues along a second direction (e.g., clockw se)
to the second cross over bgio where it continues in the second direction to
the open region in the inner or innernost concentric ring. The open region
facilitates coupling of the second coil in the first level to the second

| evel . I n one_enbodi nment, the open region couples.the second cojl in the
 nner I0DRY” o1 408 REE-OFE IpRROBEREnds ST AT PHE S ShT O FER PN e LK ¢ b
the outer ring placenent. The second coil continues in the second.

di r ectfiwhcrasi eonperorogeancttegiopLrtinh et @eiftrsteonBil A de e antar hagiphsement (g 1)

pl acement in the first |evel. The second coil continues along the second

di r ectto@nother pdréon imede imnenginglpbcement(nw)i In bheehibodimeat, dsstisva@pssr egi on
where it changes to the outer ring placenment and continues until it is

coupl eghnheetbhi@ pt@udddnt b ansicals MRS okl Poiidhs of QO FSkkbil, AQauahewstie: @ban vi ew
of an enbodi nent of an integrated transformer 900. Fig 9b shows a

Cross- \égg?téﬁ(%%aggés tggfcgﬁiggtoﬂheqﬁ%taéolﬂ' ﬂ@ﬁi&mfgﬁr&&ﬂ&t &) 1 bifer ﬁg%t iI‘lg.t

descri cept that a transforner termnal 9
I toth d il .in the | f I [l :
A R R AR AR el B At L

to separate the second coil into two equal or substantially equal hal ves.

| n onendhbodPiang plasgeent(# £1) (¢ anpshes prerontia the nasr 1oL HRHFREH T A)-t BOEower

transfbnner |l evel below the third and fourth transformer termnals. spirit
or essempdidahcothtreactamgaires cohmcaofis ploeide nbomgpneadio thiermppesportidrerdtlor e, are

to be considered in all naupucis illustrative rather than limting the

i nventdeapnd@str BRedoheingitit seSe@peroef cooitdtbry etrotting 6f the Béddntl cbidtieinges by t he
appetnhtti | Q ather than by the |'onving desMijon.., an.0Ochangzescont:.

\Vil | agfintiheoireatiid Pdcd@idh bd fhetifufer Mg platb@bnvi |1 ency tk cl ai i nsare
titnksji, X, to be enbraced thereln. ﬁhat is clained is; CLABVIS 1. A

t ransf r coyprising; .a nsfof ner | ut i incl :

m ogat DBPST + ansrosp b P9y e e By PABORL T PERor SRR il i bR RufE e
secondary coil elenments, wherein the first and second _coi| elenents are
conf i gEHSEPTEST PELpiRer DHMAE] Qeeraisrqver losaikms4oHs &g eful The Seddmd tross-

over region may be similar to the first cross-over region. The second cross-over region includes
first and second cross connectors to change the routing of the first coils from one concentric ring
placement to an adjacent concentric ring placement. For example, the first connector changes
the first coil routing from the inner ring placement to the outer ring placement; the second
connector changes the second coil routing form the inner ring placement to the outer ring
placement. As shown, the first connector connects lower portions of the first coil while the
second connector connects upper portions of the second coil. Other configurations of cross
connectors may also be useful.

[0096] In one embodiment, an open region is provided in the first transformer layout. The
open region, for example, is disposed in the inner or innermost concentric ring placement. The
open region, for example, is disposed on an opposite half of the first level transformer layout as
the third and fourth transformer terminals. The open region provides coupling of the second coil

to a second coil element in the second transformer level.
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2. A device conprising: a substrate; a dielectric |layer disposed over the
substrate; and a transfornmer |ayout disposed in the dielectric |ayer,
the transfotnier |ayout includes an integrated transformer having primary
and secondary coil elenents, wherein the first and second coil elenments are
conf i gl0&d] t o Thestipst transisigiced S4@4 in ogg pREPdistenbis Bmflacio that shown ihiiggedi ce or
claim2 wherein the transfornmer |ayout conprises hexagonal shaped concentnc
ri ng pFecemsmwis thefiFhzanéuinse taphingl 81 2nsIowpled & mfitshend ofaths fiott weil dispgssdt
conprises outer and inner concentric ring |ayers The device of claim

2 wher gi the bher torncehtranthgsteeidncabhg & fienmditaiodage cautandedniwise). Thadrst
pl acenent, The device of claim2 wherein the transtbriner |ay-out

eon . pPEhisEmn@td @rth@ifhel UHRENtEO BRE PldckGeft A thee8SRIMBMsSver region SHOSasleVvi ce of
claim6 wheréin the integrated transtOrnmer includes at | east one cross-over
| ocat | @8htinues in the first direction to the first cross-over region 860,, where it changes to the outer

concentric ring placement. The first coil continues to the second end where it is coupled to the

second transformer terminal 814.

[0098] The second transistor coil 820 is coupled to the third transformer terminal 822. The

second transistor coil continues along a second direction (e.g., clockwise) to the second cross-

over region where it continues in the second direction to the open region in the inner or

innermost concentric ring. The open region facilitates coupling of the second coil in the first

level to the second level. In one embodiment, the open region couples the second coil in the

inner ring placement to the second coil in the second level aligned with the outer ring placement.

The second coil continues in the second direction unit the open region, where it continues in the

inner ring placement in the first level. The second coil continues along the second direction in

the inner ring placement until the first cross-over region where it changes to the outer ring

placement and continues until it is coupled to the fourth transformer terminal.

[0099] Fig. 9a shows a plan view of an embodiment of an integrated transformer 900. Fig.

9b shows a cross-over region in greater detail. The transformer is similar to that described in

Figs. 8a-b except that a fifth transformer terminal 926 is coupled to the second coil in the lower

transformer level. In one embodiment, the fifth transformer terminal is disposed in the second

coil to separate the second coil into two equal or substantially equal halves. In one embodiment,

the fifth transformer terminal is disposed in the lower transformer level below the third and

fourth transformer terminals.
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The device of claim7 wherein the cross-over |ocation conprises first and
second cross connectors, wherein the cross connectors change a routing of a
coil iltmone ring pi an adjacent ring placenment. The device of claim2
wherein the transforner Fornmedn two adjacent nietai Level and ci

t hereb ninh the dielectric, |ayer. The. transforner of claiml

wher oi SPIEASr O &P enpSHEY bhsfieded essmmaiednimpOut kS denhhe R

pl acenents, 11. The transforner of claim 10 wherein the transforner |ayout
conpr i Y&t GysEntighfdaracipasierioenel i telprrgongzmbprangiafkepiomeArcgpdeai m 1
wherein the first and second coil elenents share a concentric ring

pl acenemsideretl3n alf heptrtanbfontmerraber dlaailimitinguheneiontivh descriaas hormeSchay out
conprises outer and inner concentric ring placenents. The transforner of
cl ai m di3hwheeedion i hieusiindietted b dangbendwrcldine] rdaesthah bl eastor@vigs 0ss- over

| ocatlon, 15. The device of claim 14 wherein the cross-over |ocation
CO”Df'&§§ﬁ&hﬁ§Bn@ﬂfd%ﬁ@&ﬂﬂa@&ﬂ%ﬁwﬁﬂﬂﬂﬁ&HﬁﬁﬁPnWﬁ?&ﬁg@oP i&ﬂﬂf@c@ﬂ&”ePtors

change a routing of a Goil, fromone ring placenent to an adjacent ring
pl acerrgmﬁs are intended to be embraced therein.



16. The transfornmer ofl wherein the translbrner is fornmed in tw adjacent
netal |evel and a via |level therebetween in the dielectric |ayer. A nethod
of form ng a device conprising: providing substrate; formng a dielectric
| ayer over the substrate; and formng a transformer layout in the

di el ecWliatisicdgieed ithe transforner |ayout conprises integrated transformner
havi ng primary and secondary coil elenents, wherein the first and second
coil elenents are configured to result inse-self cancellation effect. 18.
The met hod of claim 17 wherein the transforner |ayout conprises hexagonal
shaped concentric ring placements, CIAIMHe nethod of claim 18 wherein the
transfornmer |ayout conprises outer and inner concentric ring |layers. 20.
The neghod afi.claimedd i§:n the first and second coil elenents share a
concentric ring placenment.

a transformer layout which includes an integrated transformer, the integrated transformer
having primary and secondary coil elements, wherein the first and second coil elements are

configured to result in noise-self cancellation effect.

. A device comprising:

a substrate;

a dielectric layer disposed over the substrate; and

a transformer layout disposed in the dielectric layer, the transformer layout includes an
integrated transformer having primary and secondary coil elements, wherein the first and second

coil elements are configured to result in noise-self cancellation effect.

3. The device of claim 2 wherein the transformer layout comprises hexagonal shaped

concentric ring placements.

4. The device of claim 3 wherein the transformer layout comprises outer and inner

concentric ring layers.

3 The device of claim 2 wherein the first and second coil elements share a concentric ring

placement.
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6. The device of claim 2 wherein the transformer layout comprises outer and inner

concentric ring placements.

7. The device of claim 6 wherein the integrated transformer includes at least one cross-over
location.
8. The device of claim 7 wherein the cross-over location comprises first and second cross

connectors, wherein the cross connectors change a routing of a coil from one ring placement to

an adjacent ring placement.

9. The device of claim 2 wherein the transformer is formed in two adjacent metal level and

a via level therebetween in the dielectric layer.

10.  The transformer of claim 1 wherein the transformer layout comprises hexagonal shaped

congcentric ring placements.

11.  The transformer of claim 10 wherein the transformer layout comprises outer and inner

concentric ring layers.

12. The transformer of claim 1 wherein the first and second coil elements share a concentric

ring placement.

13.  The transformer of claim 1 wherein the transformer layout comprises outer and inner

concentric ring placements.
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14. The transformer of claim 13 wherein the integrated transformer includes at least one

cross-over location.

15. The device of claim 14 wherein the cross-over location comprises first and second cross
connectors, wherein the cross connectors change a routing of a coil from one ring placement to

an adjacent ring placement.

16.  The transformer of claim 1 wherein the transformer is formed in two adjacent metal level

and a via level therebetween in the dielectric layer.

17. A method of forming a device comprising:

providing a substrate;

forming a dielectric layer over the substrate; and

forming a transformer layout in the dielectric layer, the transformer layout comprises an
integrated transformer having primary and secondary coil elements, wherein the first and second

coil elements are configured to result in noise-self cancellation effect.

18.  The method of claim 17 wherein the transformer layout comprises hexagonal shaped

concentric ring placements.

19.  The method of claim 18 wherein the transformer layout comprises outer and inner

concentric ring layers.

20. The method of claim 17 wherein the first and second coil elements share a concentric

ring placement.
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