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On-chip inductor with trinmabl e i nductance, a nethod
for maki ng the sane and a nethod for adjusting the
wo aedarice of the inductance BACKGROUND OF THEPCT/SG2005/000123
| NVENTI ON Field of the Invention The invention relates
on-cRipN 1SS HI: WAGHMC e mtabh of HnAieRae da)d U MRt AFDA making
met hod for making such an inductor, which can_be used
f e higme f 2rduenesthod cfpat 2di es ting t the sh@radrace of the
particularly as an ante [0 RFID tags. The
i nvention relates al so p%ggﬁﬁggﬁ%% for adjusting the
i npedance of the inductor. Description of the Rel ated
Art On-chip antennas of RFID tags are normally
conductive coils, the inductance of which need to be
BACKGROUND, Of (15%; HAVENLONat ed RFID tag. Particularly,
~ the inductance of the antenna should have a value wth
Fielghiadh ther devirarid®condi ti on can be reached toget her
Wi th the capacitance constituted by the circuit to
The vimvembion s edavesc tted anveereii ro gidaah Pe rvf idrhericieresdnl e
inaf AAINC . QP JNMYEhans, Useth i Fhd el AL ch can
citcuits 65 al'so néed accurate values Tor
be @l ifead i Rregyudnt RE ntagphitrgl cirouiitss anchd iddwes
circuits. Since mass production_cannot ensure exact
parfiggidEne @S aeditae tsqd ridy Riddudiefite YAf ygivention
relﬁw'agstbe 124] A15{8h o LA ISt 1S e el d o M avd degk byhe
a gradual trimm ng of predetierm ned shunt "paths
indyswrtovi .ded in the inductive path. Such an adjustnent has
becone very inportant in RF applications, particularly
Desdmigtiigin G fheqerdediAduits. Crcuits of RFID tags
with on-chip antennas and RFICs with onchip inductors
On-dtie wirtdeinhdabsf e tddd £otindrines]l 1 gt@mddnct BMOSoils, the

technol o to achi eve | ow cost. -Therefare, to find,
inductance é%lwhich need to be matcheéewié% the associated RFID

tag. Particularly, the inductance of the antenna should have a
value with which a resonance condition can be reached together
with the capacitance constituted by the circuit to which it is

connected, whereby optimum performance can be attained.

On-chip inductors used in RF integrated circuits (RFIC) also
need accurate values for applications, e.g. in RF matching
circuits and filter circuits. Since mass production cannot
ensure exact inductance values, the required inductance value
should be adjusted. Adjusting is generally provided by a gradual
trimming of predetermined shunt paths provided in the inductive
path. Such an adjustment has become very important in RF

applications, particularly in high GHz frequency circuits.

Circuits of RFID tags with on-chip antennas and RFICs with on-
chip inductors are widely fabricated with foundries' standard
CMOS technology to achieve low cost. Therefore, to find a
trimming method associated with the-state-of-art foundries'
fabrication environment will be much helpful to design and

manufacture RFID tags with on-chip antennas and RFICs. Such



trimm ng nmethod associated with the-state-of-art
foundries ' fabrication environment will be rmuch
whedopflui1ios o desi gn and manufacture RFID tags weTSG2005/000123
on-chi p antennas and RFICs. Sychtrimm ng should be
carried out in a short time aind with low costs. In
state-of -the-art solutions the inductors or inductive
.antennas a tri med, by changi ng the effective |ength
trl%Tl?%eg?%ﬂggt?9e0%%ﬁ*9 fOTEegﬂegi§€9r¥EFb%?eﬁPd with low
cosBs480, 110 di scl oses a solution particularly for
antennas used in RFID tags working at a relatively | ow

Tn L SONEHEYEhE-Irt 356 MK, th8 wnaﬁatﬁéghoﬁn&ﬁgﬂethée

desi gned and made on an i1 nsul ating substrate, being
antgenas aity brianed by tthamyenal tbeneffieceisgei hespik. of the

. . The,RFID tags:. circuit. dies_are attache o] e ..

inaddFLTF ot Ao i e e ab el s by i hol blr pdsgroses a

soluBeoASSREL Bt ela A1 efdd. aid0enhBEYus8ANOh REIDedaldefodRking at
RFID tags with on-chip antennas. If the nethod

a rgiakiveby 1AWt heeqyemsey USS 6948013106k d be wpprhesach
n: chi .} t nQAs._Qr . op-chip_jn it .
ant o R o ds L BHLT ApE AR RS 1 B0 E o DHELEE S el ' peing
genépal bxaapterdaswilils cussedal ncanbihetepsi bn aike. The RFID
specificatign, nanely in US 6,369, 684, the tunable
tagﬁgtﬁ+rﬁf+ s ?ﬁstﬂged%HT?%h?%gFBntg? FHRStHRFSadNEr senpected

sephPhtECRi thethBgnett € &F etHe 088868t 8HcBYahRENGAlL| soASthey
a result, the | osses increase and the quality

cangekfpe crenerdedfas REIRduzgancétBeps-ghent fptennas. If the

metﬂ88r§§§890358.9$S§A@Sd9¥%$ ?E é’gggb?§gf§$ufétﬁg aPP%ied to

surface area i s neede e layo unab
on-thipsindhet i ner asisathss zer i onrehspsindstsovbeniappbitd be

in chip-|level inplenentations. If |t is applied for
COnBRCERT pt HALEPBIA (T PRt SYLnPrEBAPARE FodePipEple, as
dis€Q8Ptdcat ednovhbehpt So R0 rtr 5gRAL Y EQt 8ol M AHIE19€$hIBs

envi ronment. To overcone the aforenentioned drawbacks
6,389t ¢8nri Hge nbuhdlellg gretal wires in the centre region of the
coil adversely influence the magnetic field generated by the
coil. As a result, the losses increase and the quality

coefficient Q of the inductance gets greatly decreased.

As disclosed in US 6,369,684 an extra surface area is needed for
the layout of tunable wire lines. The increased size increases
costs when applied in chip-level implementations. If it is
applied for on-chip inductors, the relevant compact model is
complicated, which is not friendly to a circuit design

environment.

To overcome the aforementioned drawbacks a trimming method for
on-chip inductors is disclosed in US 2004/0063039, which is
based on the principle of tuning the intrinsic capacitor between
winding lines of a coil that forms the inductance. Here a method
for trimming high frequency inductance of a passive component is
disclosed, which includes the steps of forming a first

dielectric layer on an insulation substrate, forming an
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on-chip inductors is disclosed in US 2004/ 0063039,
which is based on the principle of tuning the

WO pao6iinEDE capaci t or between wi nding |ines of BCT/®G2005/000123
that fornms the inductance. Hege a nethod for trinmng
hi gh frequency i nductance of a passive conmponent is
di scl osed, which includes the steps of formng a first

. .dielectric |ayer, on. insul ati on substrate, formng,

oG RR LR e UL (EPAE] oG OReT UpRF Sy PaCERBY Tirst

dielbettic¢stapée| ecdfhend ayesecd @ NiinglaceLLONBayer on the

. dielectric |ayer on the inductance pattern, and

indygranag Rekhated wedaforeing patPacadonctad bLpper pattern on
S e c i th] ch

the SHEPEECHRLEAy (IFnelt SrouRd ThaheRUile LAYRETCIR guen o

desikasi tie pedfostmenbyof askee imdwntageef vihee uppar beetakily

ayer pattern. This trinmm png nmethod has proven not
perléa#?%i%\_ﬁtw%ﬂm%w R e aAPRRE UFEL Al layer pattern.
Thi§OPPRALhY ehythOW REL USESRIY £8P0 BRL ¥iedbPeydeskdBient and
. occupies a |large surface area on the tuned inductors.
it SUVMMARYLICE JHEOMPWEATT CALWckow dadgigtment i sangeobpégt The

t esent jnyentjon-to provide ap, on-chip .
des £ BEeRE EEE RS TN IRLr BTk et S e SpnapSchinel apgprsaEs-
to high frequency integrated passive devices, wherein
the trimm ng can be carried out efficiently in a broad
L UsS nt._range. Anot her object of the present
Suﬁg%gn{)gg%é?'sﬁfgﬁ%?BWde a method to trimon-chip
i nductors and on-chip RFID tags ' inductive antennas
with in an effective way, which can also be carried
out in CMOS interconnect process or CMOS conpatible
Accpr@érgsyorit el 2vamt ckhept peEkialye ngrepeebessnvantipnhep provide
L o i v I o0} r Oy] fficie
G e o B PO R e B e AR e cBhn e
appbeedetoimigh f As¢quaccyr ateegratt edsyavayve Taeatbesyewherein
thet@e.above-nentloned obégcés |tfPas,beggyfound t hat

rimming can be carril ut efficien in a broad

adjustment range.

Another object of the present invention is to provide a method
to trim on-chip inductors and on-chip RFID tags' inductive
antennas with in an effective way, which can also be carried out
in CMOS interconnect process or CMOS compatible process or

relevant chip packaging process.

A further object of the invention is to provide an efficient
adjustment method by which the desired inductance can be set in

a fast, accurate and easy way.

To achieve the above-mentioned objects it has been found that
the range of adjustment will be noticeably higher if the spaced
capacitive metal layer surfaces arranged above and partially
covering (overlapping) the underlying adjacent winding lines are
electrically connected at one of their end zones with one of the
coil lines underneath. This connection will not decrease the

quality coefficient of the inductance.
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the range of adjustnent will be noticeably higher if
t he spaced capacitive netal |ayer surfaces arranged
wa@bwea1@nsl partially covering (overlapping) theCT/SG2005/000123

underlying adjacent winding Ijnes are electrically

connected at one of their end zones with one of the

coil lines underneath. This connection will not

decrease the quality. coefficient. of.the . .
noc R 35 e I8 The et b 9. whp trimmable
indbSEMEEOM M tihedr | preb] ®ed nduat anegphasedeen provi ded

that conprises: at |east one electrically conductive

~  pat m&onstddditd Nt hecd NdU A d e AEtith aSoRs BEtuting the
antenna provided on a substrate, the path defining a
pluduttiay agfd speicety condudii vantiemes; prowl dft @l @et aj gubstrate,
| aver t he. conducti v t.n;. at-|l ne strip. . .
Pifinh FRE S lfe ey B B TalidiRive Lines;
partially covering at |east t |ines of .the

- ORIV it I e hed i, CBy Spt L ity

acitance; - r ective connecting ds assocj at ed

~ PR ISARF AR TR | BRSO T 1o S PRSI F S oL GHEE opPaced
t BBt PSpa BAEHN CONAGRLE i RAd B4 8RdS.A T O4gH bhethe

dielectric | ayer and connects the strip with only one
ofondiect ivrepaiheprderned i nge ofephesant | pscapacheance;
performed by selectively separating the strips in two

- respestiives paonsecpind gals yajastiabedevitie apdcehgetrically
betmeeqénge two |ines underneathf Tﬁe separ ation ks .
of PRIET R Br rd? t 0o 3RS Chbp ity O 1 h&n® enbltit neRtRofornecting
t P& | SR d © N h MBEG t e UNOET & Yt ROC ST A WEE US R T SoAnEMES the
structure, the on-chip inductor is formed in the top

neE&EiP (Wit otla OMEPt Nt cbieet . In this case, the
manuf acturing costs can be reduced if the strip (s)

whezaint teimohmece f nghpasiisiparean opaedeafongedi bl geChesively
cess. [ ; L gen h .

sepR R e M onchs neE b ehlo Freb P R OPRE T by Bhr Ry dust

abotadtité asisecit@nodeween the two lines underneath. The

separation is often referred to as “chopping”.

In an embodiment of the invention, when the underlying structure
is a CMOS structure, the on-chip inductor is formed in the top
metal layer of a CMOS interconnect.In this case, the
manufacturing costs can be reduced if the strip(s) and the

connecting pad(s) are formed along with a CMOS pad process.

According to a further embodiment of the invention, the
adjustment, that is the trimming of the inductance, can be
carried out in an even easier and more accurate way if at least
some of the strip(s) have different widths thus representing

respective different capacitance values.

A possible field of application lies in the connection of the

path to an RFID tag to form the antenna thereof.

According to the invention a method has also been suggested for

providing a variable inductance of an on-chip inductor by
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carried out in an even easier and nore accurate way if
at |l east sone of the strip (s) have different w dths
WO baos/11apF esent i ng respective di fferent capaci PeErnse2005/000123

val ues. A possible field of application lies in the

connection of the path to an RFID tag to formthe

antenna thereof. According to the invention a nethod

.has al so_been sug ested for providing a variable
CrimpgRet ahlRat of OBR gﬁ@%h? i PRt oPibytri ming , that

conprises the_ steps of: formng a long electrically
forpdpduet 98I paLACREVFHYL ¥ V@R ANCE YR R F B8V HRIgSeveral
Spaéggsi{ﬁég &th. Legdet er @ﬁda'?gggéég iﬁgg inductance to

constitute an inductor and to act as a ant enna,
conbbitiihg andieflectorcahdyes aotthe el REtantahhy;

conductive path; formng at | east one netal |ayer
formingpaoditbectdietetiyée bayehespacetrican andonductive path;

partially covering at least two of the lines of the
forpiggtat cabhyrconduattye paydr usdeipeat hinel gebnieadkh¥ 1ayer

connecting only one_end of the strip with one of the
SpaF?ﬁe%rgﬁdéﬂﬁeﬁﬁﬁtb?lhyc%%ﬁ%%%$ﬁgaba§e@ﬁtoﬁyﬁ plethe lines of
the S ELECEILE1 L9V EbnaROLi YYD LhReLAUChance by

reducing the strip capacitance by separating the strip

i r{s. According,to_an ex a enbodi nent_. of
eLebhst {RLER: FanneE R R o BF EFRRE FHe oot Retih gne of
thespages apastnastAnggnE@ntometbgnghpadetBkoligeehst Biiplectric

forning step, wherein the strips can have different
layGr gt #< 1 n such cases during the inductance-varying

step the strips with different widths are selectively
varghpppelde hherebynae clodrsedaningi hbcadfusPneapacanapee by

| zed c ing. t er aspect of the

SeP%%%%%%?thé %g%ﬁ%dgﬂagwﬁeéﬁf%gbvided for adjusting the

j e_of -chip i equi red.val ue
Acc%ﬁ@#ﬁégﬁ%r?§e§§$ﬂ§9%§£p§m%$&fﬁé8£ 59 fnlCUHLVES ion, a
plurality of strips is provided in a spaced apart arrangement

during the metal layer strip forming step, wherein the strips

can have different widths.

In such cases during the inductance-varying step the strips with
different widths are selectively chopped, whereby a coarse and

fine adjustment can be realized.

According to a further aspect of the invention a method has been
provided for adjusting the inductance of an on-chip inductor to

a required value that comprises the steps of:

—~forming a long electrically conductive path that has several
spaced lines on a substrate with a predetermined inductance to

constitute the inductor and to act as a RF antenna;
—-forming a dielectric layer on the electrically conductive path;

-forming a plurality of discrete metal strips with differing
width on the dielectric layer spaced from and partially covering
at least two adjacent lines underneath, each of the strips

represent a transformed capacitance value proportional to the
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-forming a long electrically conductive path that has
several spaced lines on a substrate with a
w@e@dai@Enii ned i nductance to constitute the i nPOTBGZ005/000123
and to act as a RF antenna; -gdorm' ng a dielectric
| ayer on the electrically conductive path; -formng a
plurality of discrete netal strips with differing
e die ectr c layer spaced from and

acwp"‘irt"f]ef&ﬂ?/ VET] gaél | east two adjacent |ines

underneath, each of the strips represent a transforned
-trigEyag 1t & VaiRRe B SRAtadHAY (B ehddbtiaf toRwi e manner to

ach R &9 10 s8] NG Sdd Rt separati ng. them

In a stepw se nner to |eve to e required

[ b ' h
oo SIS 101 T SRS W O LER AL 108

the agtapd o Mdied anciengy adhee ep:ftlwsrl tmdeaﬁfartde a Nge Spejot Oco each
determ ne the difference relative to the desired val ue

Crimping ettt ity dHemmeie she PhiFwenas mrtr bspRntr nge
desfyé&rV%fﬂb(E%éﬂégfg%kfﬂqfﬁﬂéﬂﬂé%t wherigl . & ﬁégﬁffﬁﬁgd

di fference in the inductance val ue is  achi eved by
depayabiaratdmg:tze vi ol ete tetmmiimerh dlisf famsinasy, d/vfﬁéleeeamce d syreater
dif§chl eved. byt_mseepa utc'tn & naryover stri.p

15Tt T Mo AT e carred Ol?tChejvee‘ﬁe fb-Y peSparating a

w1d§r_t Fsm@mﬂ&&a CHred 168Gl il f Beind € NACKDONEEtB separating a
el ectri cal ly with any of the |lines underneath,

naryQyRN et Tifych a connection is preferable because it
w dens the range of adjustnent by increasing the

Thig raeﬁigﬁﬁrmﬁerdt degyehdd sivge beriranmirshtdun grevi dsthke strips on
the SR AL QR BANARS Slebeally ipy ony of

the cdaimédxe Méineaﬂke,grm:MQndmg&tdtﬂr avMddniieret Rh Dis preferable
circujt at ur and adva taHg]es of th i nvention, will

oecH S ia ST G RS | UpniBfreasing the

trarfy @S SideaodiJd,, given for the pur pose of
di scl osure and taken in conjunction with the

The invention provides a simple solution to the problem to be
solved, it perfectly fits to CMOS manufacturing technology and
it can be built integrally together with the RFID circuit.

Features and advantages of the invention will be apparent from
the following description of preferred embodiment, given for the
purpose of disclosure and taken in conjunction with the

accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top-side view of a variable inductor according to an

embodiment known from prior art;

FIG. 2 is a cross-section of the variable inductor of Fig. 1

along lines A-A;

FIG. 3 shows a trimming process with the variable inductor of
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acconpanyi ng drawi ngs . BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a top-side view of a variable
WO p@aatans accordi ng to an enbodi ment known fr oPCP8GTINS/000123
art; FIG 2 is a cross-sectlop of the variable
i nductor of Fig. 1 along lines A-A;, FIG 3 shows a
trinning process with the variable inductor of Fig. 1;
FIG 4 is a cross-section of the trinmed variable
Figinbictor of Fig. 3 along lines B-B;, FIG 5 shows a
common circuit nodel for the arrangements of Fig.
FIGanll g2 QrosFisgclhion of tihe §W%W@¥lﬁbb%s§il%‘ll@tor of
enpo t ariabl e inductor according to the
Flglgge%%QE 1€§C§h§]?s a Cross- sectlon of the variabl e
i nduct or _ of long line .G 8 _shows
FIGdlgajgr%mlndlc |ng($r|ﬁ%¥%dm%%%hl é%%?e%ﬁﬁaﬁ?eT%%ts of Fig.
1 awarrapl e3j nductor according to the i nvention; and FIG
9 shows anot her exanple of inplenentation of the
FIGLNgEN: | 2n:oPETAL RN DESCR AN 05 I HEnPREFRERED - the
ENVBODI VENT s shown in Figs. 1 and 2 , a coil 4,
varhalgbe of n@duebpd s e g ef ¢ athe figrvexhphe al um num or
copper, of an on-chip inductor is provided in a netal
FIG| ayets 22 onrasstsnegren eof cihewaricibbe MnduetectofcFig. 6

alonayf{ngsc \/ rs the nmetal layer 2 and therefore the
e T'hd Tuning netal strips 5 made e.g. of

al nlnunwand constltut tri nenbers are bui
P16 o 8 HECHD of ceb e sl S g Lo 8L Ca i beved by
the%aa@iaM@ £Rbdhctot tad &b Al Bn§ APRCEROT iy ENLLBA; t ¥R
lines 4a and 4b, because the strips 5 cover (overlap)
rrgthe §H&%§S£98Qh&9 é&%ﬁ% @foffEhﬂléﬁ§n€§t§8H 4b. tﬁ@elnventlon
capaci tance, and the y the inductance, can be varied
by a

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As shown in Figs. 1 and 2, a coil 4, made of a conductive
material, for example aluminum or copper, of an on-chip inductor
is provided in a metal layer 2 on an integrated circuit chip. A
dielectric layer 3 covers the metal layer 2 and therefore the
whole inductor. Tuning metal strips 5 made e.g. of aluminum and
constituting trimming members are built on the dielectric layer
3 over adjacent lines 4a and 4b of the coil 4 to form a
capacitor with the two lines 4a and 4b, because the strips 5
cover (overlap) the corresponding areas of the lines 4a and 4b.
The capacitance, and thereby the inductance, can be varied by a
trimming process shown in Figs. 3 and 4, wherein the strips 5
can be cut or chopped one by one at respective positions between
the lines 4a and 4b to achieve the required value of effective
inductance. This separation can be done by using milling
technology, e.g. using Focused Ion Beam (FIB) or with laser as

well known for a person skilled in the art. The tuning principle
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trimmng process shown in Figs. 3 and 4 , wherein the
strips 5 can be cut or chopped one by one at

WO e®@pautidye positions between the |ines 4a andPdbSGmo05/000123
achi eve the required value of,effective inductance.
This separation can be done by using mlling
t echnol ogy, e.g. using Focused lon Beam (FIB) or with

s ReChaneg pr Pratpra Soar<RrEaBAS AhkBhend T M

2004/ Q063039 in detail. In Fi%.,S whi.ch ii's a commpn
In Eégst PrutBIERr LRI ¢ RETWOR kSWRHEL TBFot AéCG¥dFgReEHERN model of

thel BeEHg: sholif #n. righerence pumpral 1] -desigaatesghe
intrinsic inductance of the coils; 12 represents the

desigspstantchbei hntoilneed bypdudieanoel of theOcindscaflés refperesents
capaci_tance between the w ndings.of ,the coil . .4 ; 13

theg R A S, et | S8 badced Oy nfigates  the

capdtcekaetei betayen Bhyndendeayd bhethbr cRS154; 14a, abdb.13b show

15a and 15b designate respective pairs of capacitor
theaparpedtapee intFoduced By the diBieFstrdcoflayre Shiypderneath

T i BS er m ciEgn - i ahl : -
the[UELSEL 85, B 20L 06T, 132 LHBCLL0090G, Bk, SWeBective pair:
of cagactianceanfl tbeistbwoliktsbdwnednbki ¢heb stdbBtlhate of the

.expressed as -_[imge(l/Y(], [ 2pf ere, Y(1, 1) ,
cnigy By ST s b RaP G the EhhEHEBhe bRy vaifll 6 Sapacitor
20 EuBGh 9R efiglhe. aghuakryabteseof ntieteerROREN S Reth® rk

network. It can be proven that the value of the

shoppdiket Bhee Deffni her edBESsHP@nashe capaci tance of the

vari abl e capacitor 20 becones greater. Figs. 6 and 7

show an enbodi mehtsrof { hwage €sEHH Li AVedti2of, wherein

one end of the strip 5 is electrically connected by a
whecepnédfli iy pades fade bheeYeparameltkeyscoddatei wetwork, which

. material, fo anpl e al um num or _copper, w th one  of

is fngURchibnadtor tabachug’ UBIUGP Phe teg) CORCONTRES i the
netwakikablre @éﬁaﬁétﬁﬁéﬁeﬁoth@tFtﬂe bapuevictednly ih®ctance ILegr
. tunable strip 5 has a w der range of adjustnent

increases when the capacitance of the variable capacitor 20

becomes greater.

Figs. 6 and 7 show an embodiment of the present invention,
wherein one end of the strip 5 is electrically connected by a
connecting pad 6 made of electrically conductive material, for
example aluminum or copper, with one of the lines 4a or 4b, e.g.
4b, of the coil 4. The variable capacitance 20 in Fig. 5
provided by the tunable strip 5 has a wider range of adjustment
compared with the possible adjustment of the coil described in
US 2004/0063039 mentioned above. The wider range of adjustment
will be apparent if the internal capacitances formed between the
respective coil lines 4b and 4a (see enlarged part of Fig. 7)
and the metal strip 5 are considered. First, the conditions
without the interconnection pad 6 should be considered. Between
the outer coil line 4b and a portion of the strip 5 overlapping
it an internal capacitance Cl is formed. Similarly, a

capacitance C2 is formed between the inner coil line 4a and a
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conpared with the possible adjustnment of the coi
described in US 2004/ 0063039 nenti oned above. The
wor@eniriehge of adjustnent will be apparent ifPtheG2005000123
i nternal capacitances forned between the respective
coil lines 4b and 4a (see enlarged part of Fig. 7 )
and the netal strip 5 are considered. First, the
t hout _the interconnection ad 6

porEG0E! HEOBSe VAR o Dn it erroanect: o0, pad &, should e

two PeabhEeNt&FstOE Shdi 2 5ay e ddPRENEd | InaBet PEST BB ween the
capacitance O is forned. Simlarly, a capacitance C2

coiislipeseta betdedh t He irerthoiresnheing anpaapbanien
con@fitES1L! £ap5a OYELLAPRLIG L0 LHDCIACP L Lh N8B T8 1. 1t

two capacitor re connec n Serres
is bﬂbwnenhihetmalteﬁﬁrmﬁngkt&ﬁﬁbrﬁane@ thatwdheapacitors
esultlng capaci t ance constltutes a capaC|t|ve | oad

COnRErLedelll s8¢ 188 ntdf 2t Y S osMal e r | EhamomY t Akt thRetwo

comﬁ@ﬁ@ﬁﬁ'BQp&@P@&féan§§de toD Ccapaci L QL SreonPeehgdch a01tance
series is always smal I er than any of the two conpon

wilktabactherkalanef i this Gamaplt¢mc¢es&ttonglngpaolthace

h h If f.th di h
imfLgbe 10, BRATcOlylINe SRPeELignce AEEOLAL 0G0 ne

capheaves ¢neuﬁ@ma@gé@r e unehangedy dhgatesshtbNBetween the
capaci tance between the two coil lines 4a and 4b is,

tWOtﬁ%%éf btees s RndwiRelts HIQFPEQIPf 2RRUpabWECH @snbigh as
if @Ké%ad%'é‘&@eﬂoﬁré‘!@ﬁ@r%dl&% i tangerh &@eeagpgltance

coi |l wi nding exerts a greater thange on the over
betweart Bneecotl thindbny, exdmiss thegpeasencehahgehenpateboverall
ery ni fi cant the strip 5is cut in e,
reag B alie, of He Corhobt | BI-paric |2 BrBRGR, EnGhPRBAd 6 is very
s1g1€if§@&ht_/ﬁ wepacthanserhetyepn ¢he LhnesedRiandedarwil |
be much snmaller. In this way the step of

conpackiednprkli by bheket, tand | theselbeskiva @pPAcCihance between
then§£ﬁéssﬁﬁ'§n§ @Qowflitbé”ﬁﬁgﬂCék%%%%ﬁybkﬁstﬂbg %ng%he step

of the transfornmed capacitance i ncreases t
of inhgecofinediisynené¢.of the lines 4b or 4a with the metal
strip 5 above it practically doubles the value of the
transformed capacitance, which increases the range of

adjustment.

As a practical example, when the structure underlying the on-
chip inductor according to the invention is a CMOS structure,
the coil 4 of the on-chip inductor can be realized in the top
metal layer of interconnect in standard CMOS back end of line
(BEOL) . Therefore, the connecting pad 6 extending through the
dielectric layer -3 and interconnecting the strip 5 and the coil
line 4b, can be formed in association with the pads' open
process in standard CMOS BEOL. Accordingly, the strip 5 can be
fabricated along with the CMOS aluminum pads' manufacturing
process. Hence, no extra process and mask is required for the

implementation of the present invention.

Fig. 8 shows three diagrams indicating simulated results showing

variation of the inductance L.;s as a function of frequency,
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A s a practical exanple, when the structure underlying
the onchip inductor according to the invention is a
WEkMO&1stinzict ure, the coil 4 of the on-chip i ndBCT/AG2005M00123

be realized in the top netal | ayer of interconnect in

standard CMOS back end of |irdé (BEOQL) . Therefore, the

connecting pad 6 extending through the dielectric

| ayer 3 and interconnecting the strip 5 and the coi
demPPﬁErﬂBln@aﬁhBE FBe nbv PRt AR oeR At FER2 WM Y hiFREOFgdshe

trifthEgPEPEESST S f B r he
rls rl% é gan %geyaggﬁggtgg a ongg&%lﬁégﬁe gkﬂ%k %]nﬁﬁ]hlgher
fregadscleanUhacuavéngl@moressvehbmoee abfextigepr dnes®sg. 8, the

._.and_mas quire the | Iene ation of the

inaPEalRE PhvERE! G M g3l 8 Erohest RPEahal horhRy tuRable

strhpqspaslagosenwkaigda1§§u {6e8hawi por¥aci-ahien ahdthe is
i nduct ance Leff as a function of

deSﬁgéab@ﬁcpydéhﬁné@ngtwhgrrhatthﬁemaﬁk@ntménlsaﬁhgweatMyrker m2
- e g [ coppat
o aPBRGL R s hTPhEL Eh AR NC BRI RLuE RSN ot on
chakScEyemsﬁmceaehﬁecédv&ccbﬁdfhg t8 pstheoupdoeBanceagll the

the coil 4 alone, i.e. wthout the tunable strip (s

) 5
upPSEo%én?tWFEhaW§6k§FV%% skous bher énductapgei chpgacteristic to

thedﬁ§éggﬁgegn9¥ngggnl|ne wherein the marker ml is
own. Marker m2 is associated with the |ine show ng

The! Bt an¢e.ChaL ackgr b5t i foachi ¢vad . ancaLd|
2004 g6§%39 aﬁg t%e uppe? Fﬁﬁeggkgh nﬁ?& Bg|b5% Shg%g two,
andt hkei sutpahceacharaetreatsieastotiwvhelpnesedtr, 4b but it can

invention. i nes 4a, of the
215p SRR tBP B RARTL BB~ aRBCt HEDSEERRLSLonHILeyBchpdvantage of
thel easéntVenl| i BeSh48, e4dbhbytrip 6alsabiseoeo¥ahing @hnkhan

two. One inportant feature and advantage of the

Capﬁﬁ@%ﬁ??@an§m?ﬁaPeEﬁ%ﬁns¥h?p15n§§eéafo bt gfi #§et kell 4 should
be EBRAC b%é ﬁgﬁraﬁg Qﬁamssgyteﬁ 'b@e%héallﬁ? Oﬁat%% 4b of the

be connecte one and on
1nduh91VEneelma4oundbrméathethndughltbecasboélamédrneahbctlng
ad%ggoggh t he associ ated connecting

Fig. 9 shows another exemplary embodiment of the invention,
wherein strips 5a to 5d with different widths are used. In this
way a flexible trimming can ensure both coarse and fine
adjustment. A small tuning step is obtained if a strip 5 with
narrow width is chopped, e.g. strip 5a in Fig. 9. Conversely,
the tuning step will be large when a wide strip 5 is chopped,
e.g. strip 5d. If the inductance is measured and compared with
the desired value, the difference can be calculated, and
following some experiments, the the strip(s) with the optimum
widths, which can compensate this difference, can be determined

and chopped.

Furthermore, in the embodiment shown in Fig. 9 each strip, from
5a to 5d, has one side connected with the associated line 4a or

4db of the coil 4 underneath.
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pad(s) 6 . Fig. 9 shows another exenplary enbodi nent
of the invention, wherein strips 5a to 5d with
waledobarant wi dths are used. In this way a fl exP@l/8G2005/000123

trimmng can ensure both coggfe and fine adjustnment. A

small tuning step is obtain if astrip 5 with narrow

width is chopped, e.g. strip 5ain Fig. 9.

Conversely, the tuning step wl| be l.arge when a wide
Whilg e presetfioppegnte Og. l&ﬁ.uscga’ Cip S i iRfd Ence
modi df‘si JRAYWL A Rnd 1 ¢erpaed irhnishe sgesiifrad \ldiRinldif s

ference can be cal cul at ed, and ol | ow ng sone

thereqfetiaventsent lséowie byt ma;y @§) ewaml@h@mmhanﬂrnawmgs and

dt hs, mhlch can .conpen e th| di.ff erence an
aregqeet %h& &8 3‘rtﬁer Ouldf%%ﬁlendeeﬁs m=!nt

oweSEN ‘dH’étF ltthe Qle%%ctﬁpf’dlrdnp hefdeam & ts@e'iﬁ,flhﬁsenﬁﬁﬁilments is
side connected with the associated |line 4a or 4b of

not tifgepsidd £uddadie sl WAVCA LIRS preddR RaRteritigy iforms
i sUEEPT Rl dio o1 I D) Tkl g And Al erftald ey 211
or ns, speC| enbo nment's thereof ave been shown by
modﬂﬁ}/c:a(lﬁc&b@,ﬂd@ﬂvﬁ]ldﬂﬁsdr amdhgs tamhadrierdwermhling within the
described in detail. ,It shauld be er st qod,,  .however
SPi farah S GRRS (Aip (e 1REHeE -5 asspéfé']f%ftei?%d?%rﬁpsp%ded
claidd intended to limt the invention to the particular
forms disclosed, but on the contrary, the intention is
to cover all nodifications, equivalents, and
alternatives falling within the spirit and scope of
the invention as defined by the appended cl ai ns. CLAI M5
What is clainmed is: 1 . On-chip inductor with
tri mmabl e i nductance, conprising: at |east one
el ectrically conductive path constituting said
i nductor and acting as a RF antenna provided on a

substrate, said path defining a plurality of spaced
conductive |ines;
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- a dielectric layer on said conductive path; - at
| east one strip of an electrically conductive materi al
whedtoagigndvi ded on said dielectric | ayer spacepCT/86mm05/000123
and partially covering at Ieﬁzt two lines of said
conducti ve path underneat h, represent a
capacitance; - respective connecting pads associ ated
CLAfﬁ h and el ectrically connected to a respective one of
sard strips, each connecting pad extendi ng through the
dielec&rlc |.ayer and connecting said strip with only
Whapngsof §é@ﬁdlgﬁés; wherein trimming of said strips can
be performed by selective separation of said strips in
1. Phochapt dndyctorheithdheimprakake ciadnebangeel apmprising:
wherein said on-chip inductor is forned in the top
- metalepayepnofebeOMoc hi prewmtiective paThecomdbttoting said

SErLELIECEAR SLLT Lo 08 S BRE SHELR 800 cubstcace,

psatespaty defhei h§daiChDirabiey abfegohBell 8bMidctive lines;
wherein at | east sonme of said strip (s) have different

~ Wadghsilebtrid hEa%@QU&théaﬁ& Edradedi 8 Ff!a@hm 1,
wherein said path is connected to an RFID tag to form

- the aBhepnend herepiy @f-aﬁ\éTg$E¥&$QIlQre¥h§%@9i9e material

vari abl e inductance of an on-chip inductor b

themyngrovbfpdi shngpritiedsebpstvic Lépeni agaaetioigom and

e Lcal ly conductiyve, path co I Sing several spaced,
I#%géiéﬁf %% %%%ggeagﬁ 23 pridet BPFT ng Fﬁﬁ%c?gﬁggcglve path

tongashehtih e Sai tdep nEsichdra adbd©ivghcas a RF antenna;
-forming a dielectric layer on said electrically

-  Coagpsttyee padinect ORI PAIAtad £3512088 WBER| ah@YBlectrically
strip on said dielectric |ayer spaced from and

paPRREFF§dcev er i hgsReCt tedtonsurbf sabfldstrhes, each connecting
uﬁgﬁrgﬁﬁéﬁding through the dielectric layer and connecting

said strip with only one of said lines;

wherein trimming of said strips can be performed by selective

separation of said strips in two parts.

2. The inductor as claimed in claim 1, wherein said on-chip
inductor is formed in the top metal layer of a CMOS

interconnect.

3. The inductor as claimed in claim 1, wherein said strip(s) and

said connecting pad(s) are formed with a CMOS pad process.

4. The inductor as claimed in claim 1, wherein at least some of

said strip(s) have different widths.

5. The inductor as claimed in claim 1, wherein said path is

connected to an RFID tag to form the antenna thereof.

6. A method for providing a variable inductance of an on-chip

inductor by trimming, comprising the steps of:

~forming a long electrically conductive path comprising several

spaced lines on a substrate with a predetermined inductance to
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-electrically connecting only one end of said strip
with one of said |ines underneath by a connecting pad

wo booeaghiosai d di el ectric layer; and -varyi ng sSBETISG2005/000123
i nduct ance by reducing the s&@ip capaci tance by
separating said strip in twparts. 7 . The nethod as
clainmed in claim6 , conprising the step of providing

condiPFHEEsar nbi ai:?a%é%ri@fﬁga?%s aced%?ééa’gée”em

thod a ai me claim®6 dur | sa
‘fOEWéEEr?cé%?; Bﬁﬂﬁc??Vgrp%?hs?b nt %CE¥%%ai§§dC889HCtlve
pathReing formed in the top metal |ayer of a CMOS
|nterconnect 9 . The nethod as clained in claimé6 ,

-fowﬁ ééQE éaédmskgftw@% f@PﬂgC 492 $5eR:188k%t ric 1ayer

|ca connecti on being realized by a connection
spapad prUM|dBd byrai&@MD$ padepingess. 148st Theonetfhedids 1ines
dinclaim6 , wherein said steps of formng
und?ﬁP@ Bih, dielectric layer, strip (s) and electrica
connection constituting parts of a post CMOS process

‘elﬁﬁtﬁlg?i%ﬁoﬁoBﬁ§€Hl€ﬂ|anilon?h%nﬂePﬁoﬁaég éFéFﬁeHltﬁ one of

saifl aEAL6 un&@?ﬁ@éﬁhdﬁy'Qgc§§h908?53|pgéyﬁﬁréﬁﬁhpsald
formng step providing a plurality of sa

diederipsct baperspandd from each ot her and to have
respective different widths. 12. The nmethod as cl ai ned
—varyingaSaid1indhetehnedhyingdeaidgihUacBanmp eapgicigance by

R Bty e =

coarse/ fineadjustnent ., 13, A nethod for adjusting the
- TR8ule Ehed 6? ghadheehiB F%@h@?g FBmar%%aBBrEBevéFﬁé of

pro%@ﬁ@ﬁ{;sé ng1thbg1stepsrobaiaf QLA PY &nl Qngpsl:@et E'r‘i%lnlglément
conducCti ve path conprising several spaced |ines on

durgppsepademerah dapeedeteipi hedmindustance to

8. The method as claimed in claim 6, wherein during said
electrically conductive path forming step said path being formed

in the top metal layer of a CMOS interconnect.

9. The method as claimed in claim 6, wherein during said
electrical connecting step said electrical connection being

realized by a connection pad provided by a CMQOS pad process.

10. The method as claimed in claim 6, wherein said steps of
forming said path, dielectric layer, strip(s) and electrical
connection constituting parts of a post CMOS process on a

silicon based chip.

11. The method as claimed in claim 6, wherein during said metal
layer strip forming step providing a plurality of said metal
strips to be spaced from each other and to have respective

different widths.

12. The method as claimed in claim 11, wherein during said
inductance-varying step selectively carrying out said

separation step with different widths to provide a coarse/fine
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constitute said inductor and to act as a RF antenna;
-formng a dielectric layer on said electrically
wa@oendaectiinye path; -formng a plurality of di sCP€r/8G2005/000123

metal strips with differing ﬁthh on said dielectric

| ayer spaced from and parti al Z& covering at |east two

of said |lines underneath, each of said strips

.representing a t r ansf or med capaci tance val ue
aijFgﬂﬁPglonal to the actual width thereof; -triming

said strips by separatlng themin a stepw se manner toQ
13. aﬁrW@EhPé fRE BE3RFRUNY nHbRt ARCECTaRge. °§4anTﬁ§ FefRodnductor

S ai h c S the step of
g é%???%%% v TRG a) s et 61 "Sai d stri pe

~fo¥% ﬁe18£8 gl Fg ¥8§1£§d85H88E91 aER”QS@F&leﬁg several

sai ric tfayer prror t
spasédplﬂnesnoneaseubBEr&bg thehr angeedétadiniatoeihdutiance to
nethod,as clained in claim 13, further conprising

con?ﬁét§F§p§ab ﬁEQEEF?ﬁgaFﬂetSCFEEIa?nﬂu@?aﬁEEQQEPue
prior to each trimmng step to determne the .
—fogmipgr andéelerhriveltbesary Feyti péaChALGalaNd conductive
patﬁelectlng the next strip to be trimred dependi ng from
said difference, wherein a wder strip corresponds to

—fogmgﬁgageglgkgﬁﬁ£§”8§ andcA-Parhavet 90¢:h8 318 %rering

width on said dielectric layer spaced from and partially
covering at least two of said lines underneath, each of said
strips representing a transformed capacitance value proportional

to the actual width thereof;

-trimming said strips by separating them in a stepwise manner to

arrive to the desired inductance wvalue.

14. The method as claimed in claim 13, further comprising the
step of electrically connecting only one end of said strips with
one of said lines underneath by a connecting pad through said
dielectric layer prior to said trimming step to increase thereby

the range of adjustment.

15. The method as claimed in claim 13, further comprising the
steps of measuring the actual inductance value prior to each
trimming step to determine the difference relative to said
required value and selecting the next strip to be trimmed
depending from said difference, wherein a wider strip
corresponds to a greater difference and a narrower one to a

smaller difference.



