~ | NTEGRATED Cl REU-T-4 NDUETGR - TECHNI CAL FI ELD OF THE | NVENTI ON 5 Thi's

invention relates to of formng an inductor in an integrated
circuit, and to an i n@ﬁ@%’ﬂ@ﬁ‘mmwrcw t including an inductor. BACKGROUND OF
THE I NVENTION 10 Int uits are widely used in electronic

devi ces of many types.- | t’'¥%Very aoften pecessary in such integrated

circuits to be able to integrate an inductor, that is, a circuit conponent
whose inductance 15 is the nost inportant part of its inpedance. In

articular, it is useful in . f Lo frequency devices,
Por exanpl e i ntegrated radi%r&]Pir@tge%ér11!31'5a&‘Jt Cant NIS[? (,S)Rto i ntegrate

i nductors. Moreover, as radio frequency devices are required to 20 operate
at hi gher fregugncices, Ml Moher perfryT®RIAce requirements in terns of
their efficiéency, it becomes useful to be able to integrate inductors
having | arger inductance values. An inductor is formed by providing a 25
conductsi ve, usual |Mﬂ”&ti&1verﬁii&ffﬁrﬂel@td§1$os%mg@&mﬂi&h tdfrffo%lﬁm{gr %trf, on

whi ch t he ot her, ci i;t cqQmpaonents .ar for . _The performance a n

i nduct or can %gur#e%)grlend a?ln * r]Ceer ratoefdei(“tlsrccﬁlula ‘i tafdfeaté)t é" %&e@%%ﬂ whi ch
is a 30 neasWig Bl Hercmsling ofn émeshuprorsupplied to the inductor, which
is lost. This depends on the electrical resistance of the conductive

el enent, and t he. anmpunt of ener which is lost to the sem conduct or
B%%KGROUND OF THE INVENg[yION

10

Integrated circuits are widely used in electronic
devices of many types. It is very often necessary in
such integrated circuits to be able to integrate an
inductor, that is, a circuit component whose inductance

15 is the most important part of its impedance.

In particular, it is useful in the manufacture of
radio frequency devices, for example integrated radio
frequency transceivers, to integrate inductors.
Moreover, as radio frequency devices are required to

20 operate at higher frequencies, with higher performance
requirements in terms of their efficiency, it becomes
useful to be able to integrate inductors having larger
inductance values.

An inductor is formed by providing a

25 conductive, usually metal, element on the semiconductor
substrate, on which the other circuit components are
formed.

The performance of an inductor can be measured in
terms of its quality factor, or Q value, which is a

30 measure of the amount of energy, supplied to the
inductor, which is lost. This depends on the
electrical resistance of the conductive element, and on
the amount of energy which is lost to the semiconductor
substrate. It is therefore advantageous to be able to

35 reduce the resistance and the energy lost in this way.
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substrate. It is therefore advantageous to be able to 35 reduce the

resi stance and the energy lost in this way. oft, | fill
11111112112121121121211211212111  995U58 ¢ *000002* 07 OCT %2 |In general,
‘efforts at enhancing the Q val ue have invol ved nodest reductions in the
series resistance of the conponent, or glimnation of substrate |oss

ef fects. These nethods include the use of, for 5 exanple: additional
relatively thick gold or copper netallization, nultiple netal layers in

~parallel, bulk mgrao NN chni ques t.0 renove .resistive terial
"underneath the in uct%r ,g]]ilgn]is’u?ea J?%r[}sofa i GRS ;acvk}et;5 QS s, or
spun-on t hi ck el ed mede sthovedudiel dres siubgthreatse nie phesiicaldncesepar at e t he

i nductor fromidieokfssns] |dCam sHstdaie. o £rd 8fs@rde IS fat ent No.
5,539, 241, to i_dl, et al, discloses a nethod of form ng an i nductor on

an insul ati e | S QBbVE A S i Tottfu st “sbstiat T 15 and
subsequent | y eremplieng ddwi tsissi Llonglict oirveslubsiifiatie gdid ransogfed Wet
SUDSt ot 6 18 T T LR R I hre @ TS bl emont oq
using 20 st &HdarUCNES Processhisiapss SUMARY cOF BHE HiNVENEtEY dl41 i s an
obj ect of theiddwendn 4 PAMIAS 3 insulating or high resistivity |
substrates, or spun-on thick dielectrics above the
10 substrate to physically separate the inductor from the
lossy silicon substrate.
Prior art US Patent No. 5,539,241, to Abidi, et
al, discloses a method of forming an inductor on an
insulating oxide layer above a semiconductor substrate,
15 and subsequently removing the semiconductor substrate
by means of a wet etching prodcess, leaving the inductor
suspended. The loss of energy to the substrate is
therefore reduced.
However, this method cannot be implemented using
20 standard CMOS process steps.
SUMMARY OF THE INVENTION

It is an object of the invention to provide a
method of forming an inductor on a semiconductor
device, and a semiconductor device having such an

25 inductor.

It is a further object of the invention to allow
an inductor to be formed using standard CMOS process
steps.

The method according to the invention includes the

30 steps of etching a pit to a first depth into the
isolating layer and the semiconductor substrate;
filling the pit with low dielectric constant material;
and forming an inductor element to a second depth
within or above the pit, the second depth being less

35 than the first depth, and the inductor element being



~nmethod of formng an inductor on a sem conductor device, and a

sem conduct or devi ce having such an 25 inductor. It is a further object of
the invention to allow an inductor to be formed using standard CMOS
process steps. The nethod according to the invention includes the 30 .
steps of etching a pit to a first depth gnto the 1isolating |ayer and the
sem conduct or substrate; filling the pit with |low dielectric constant
material; and form ng an inductor elenent to a second depth wthin or
above the pitfoﬁmﬁéﬁﬁ%ngjdgpth beiquless 35 than the first depth, and the

. masce SS. H
i nduct or el enent orned by & dafascene process. According to

further aspects ofAd%ferdientd ofirthdierasnertpr ovi déuk & rpreodess for form ng
an inductor afheie Sid i, SUhsts a8 cd e pﬂ&rrﬁi'{u ed, VMJL&&%&?

dielectric constant material to reduce the loss o energy tot

substrate, arfd UsifgP™ R s dEid Sthidetiird ab widdude kave resi st ance
by prow di ng direel eatti gt yedirh tokn tmedead e fior] tde ddwieet dhe A gdgep s | nduct or

trench i s obtaj i ta usly .during, the 10 vi tching. The depth of
t he i nduct or e?{aér}eﬁhidswehe }?}ioousztiyeacfehy avrl%a Ve & éﬂ‘ager%érfﬁ%ﬁé’esi nce there
is no netal STOPPINVE &y eredivferieatteditstafive piv dreovightrad ned after

conpl etion ofrdihe ipreryratialcidepasit il tHy it dddst intglg et al
di el ectric chemcal nechanical 15 polishing by masking the i'nductor area

and et chi ng ChY &L i haP PR it itre equsisofiusimst tdee. There
is thu® provided et dhulrly. CME® cnpat idfl €he inductor can thus be

adjusted by via over-etch percentage since there is no
metal stopping layer underﬁeath it. The pit is
obtained after completion of the pre-metal deposition,
or the first inter-metal dielectric chemical mechanical

15 polishing by masking the inductor area and etching down
to a prescribed depth into the silicon substrate.

There is thus provided a fully CMOS compatible
process to insert a pit underneath the inductor and to
eliminate an additional thick metal layer to form the

20 inductor.

BRIEEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention, and
to show how it may be put into effect, reference will
now be made to the-accompanying drawings,.in which:-

25 Figure 1 is a partial cross-sectional view showing
an initial state of a device in a process according to
the invention.

Figure 2 is a partial cross-sectional view showing
the device of Figure 1 at a later stage in a process

30 according to the invention.

Figure 3 is a partial cross-sectional view showing
the device of Figure 1 at a later stage in a process
according to the invention.

Figure 4 is a partial cross-sectional view showing

35 the device of Figure 1 at a later stage in a process



. process to insert a pit underneath the inductor and to elimnate an
additional thick metal layer to formthe 20 inductor. BRI EF DESCRI PTI ON OF
THE DRAW NGS For a better understanding of the invention, and to show how
it may be put into effect, reference will now be nmade to the accompanying
drawi ngs, in which: 25 Figure 1 is a paryial cross-sectional view show ng
an initial state of a device in a process according to the invention.
~Figure 2 is a partial cross-sectional view showi ng ‘the device of Figure 1
at a later stage L@ F{gcggg BrQVgr(]:tcordi ng to the invention. Figure 3 is a
parti al i '
stage in a processFiaererdihy 2 opdhelidhventsonsed gonel 4visw asipawinal
cross-secti onghe Vi&M SHO¥ NB; g3pe t hes deyi ££ Of @%eirq. Qtplao): &r stage in
a process 4 accor 1n§hto the. invention. Figure 51s a partia

cross-secti onafcor

101

cross-section view showing the device of Figure 1 at a later

oW Hige . teeRfel?®e of Figure 1 at a later stage in a

processs accordi ngriguidesi iwentporeidl R g e fedSiendBrtidl showing
cross-section&ll v&eevv. shOV\%nLgi t he Peéy' ce of Figure 1P§I31_%ter conpl etion of a
process i AN

EMBODI MENTS R @ ed ing hipawst ze siemy @othiderct or device 10 during a 10 CMOS

manuf act uri npPFOLESS - pldcit b1 He @PPsestAteth EdnfigvFe 1 shows just a
part of what_jmy be a targe integrated circuit device. The device

smal |
has a
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35

according 10 the i nventTon. | TE e ERRED

Figure 1 shows  a semiconductor device 10 during a
CMOS manufacturing process. It will be appreciated
that Figure 1 shows just a small part of what may be a
large integrated circuit device. The device has a
semiconductor substrate 12, for example of silicon. A
layer of insulating oxide 14 is above the substrate,
and a dielectric layer 16 is formed on that. Figure 1
schematically shows a plurality of active component
isolation regions 18 formed on the silicon 12.

Figure 2 shows the device 10 after the next
processing step. The desired location of the inductor
is uncovered by a mask, and the area is etched, in a
dry etch process, through the dielectric 16, oxide 14
and substrate 12. This etching forms a pit 20. The
depth of the pit can be selected to give the required
properties of the final product, but may for example be
in the range of 5-10 pm.

Figure 3 shows the device 10 after the next
processing step. The pit 20 is filled with a low
dielectric constant material 22, which also surrounds
the pit. The material 22 is preferably an oxide, such
as silicon dioxide, but any suitable material can be
used, with a . dielectric constant which gives the
required properties of the final device.

Figure 4 shows the device 10 after the next
processing step. This step involves planarizing the

upper surface of the device using a known technique



. sem conductor substrate 12, for exanple of silicon. A layer of insulating
oxide 14 is above the substrate, 15 and a dielectric layer 16 is forned on
that. Figure 1 schematically shows a plurality of active conmponent
isolation regions 18 formed on the silicon 12. Figure 2 shows the device 10

after the next

processing step. The dessjred |ocation of the inductor 20

is uncovered by a mask, and the area is etched, in a dry etch process,

through the dielectric 16,

pit 20. The ddenthofeddhgRig o%ar&h%‘?ni%%'le—?nte%%a%%c%il"%otlhles figgui red
but ma nple*bé

properties of the final product,

u or exa
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oxide 14 and substrate 12. This etching forns a

i‘n the range of

5-10 m Fi gur'éM™FIghddh ife rdéviice B osf tlévetthe next processing step. The
pit 20 is filled wiildurae |owhddiseleet et i¢@Ngants i@t ehjcal, 22, which al so

surrounds the pit. The terial

2
silicon di oxPd€ - Ba hy it adite S

const ait whi clergierds dried  frieguti med apr dperetr, epreffetrhe 1fyi nalindevi ce.
shows the deviggskQafdgr 3JN%J§%%%#%{%geéﬁhn%l§h§BUmTQb§ step invol ves

pl anarizing the~ 35 upper surface

2 is preferably an oxide, such 30 as
mﬁﬂ£%¥meScéﬁebéorﬁ§§dPWMO€haa.dieIectric

Figure 4

evi cCé using a known technique 5
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preferably using tungsten
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26, and the depositiwdrthofordiveltéotuti eistrack as trench etching stop-
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layer.
More particularly, it involves the simultaneous
formation of the via and of a deep trench 32 for the

inductor (which may be a spiral inductor, or may have

any other desired shape in plan view) within the pit 20

filled with oxide 22, using a dual damascene via first
etching approach. The depth difference between
inductor trench and via can be adjusted by controlling
the etching aspect ratio dependent effect-and via over
etching percentage.

Figure 6 shows the device 10 after the next
processing step. This involves the formation of an
inductor 42 and of the necessary connections 40 and 50
therefor in dual damascene process, using copper for
example as the metal, using nitride for example as
capping layer 34 and with additional oxide insulation
36. As is conventional, the dual damascene process
involves two cycles of lithography and dry etching, a
copper deposition step, removal of excess metal by
chemical mechanical polishing, and capping of the
exposed copper surface. There is therefore formed an
inductor as shown in Figure 6, in which the conductive
element 42 of the inductor, filling the trench, is
electrically isolated by the low dielectric constant

material 22 from the semiconductor substrate 12,

CaPuRendATRSA °donnect i on



- 28 for dual damascene structure 30 with via 30a and trench 30b. The
dielectric stack 28 can be forned of 10 oxide, with or without nitride as
trench etching stop- layer. Mre particularly, it involves the sinultaneous
formation of the via and of a deep trench 32 for the inductor (which may
be a spiral inductor, or may have 15 anyecot her desired shape in plan view)
within the pit 20 filled with oxide 22, using a dual damascene via first
etching approach. The depth difference between inductor trench and via can
be adj usted canty §.NY; chi %§§¢ r.at | ent .effect and
via over 2oh§%chi&6q%%?%%HF%g§?§%fnﬁggl hg§%1?ﬁ%%;egﬁgggfb éf%er t he
next processihy AEF LT nViOr e anRe < flte O st lar salmductroro 42 and

of the necessary nolNechi aserdéh@and 50 ort hﬂfeefﬁibsitrkaddcfmlfﬂ%(kf‘éﬁle process,
usi ng copper for 25 exanple as. the netal, .usi nitride for exanple as
cappi ng | ayermféle aansdeiv(ﬁlfr?e £di 15 ol U He ﬁg\% SHSTNSEENKS i LY

convent3 onal ,carher dulal nglarhes et tpraft esse  ginvdOjesit whecydyestathing

| i thography and dry.&tchilg, 1199#& depqsj td. tep, rqpqv | of excess
nmetal by 30 che&?ca_ meC anf%é po |§%in,,q§%5Hggﬁ%?§§ ot héé exposed
copper surfacETHer® i % Thetefor €4 dﬂ’refgL Idn thendiidt o s SOk 3 Fi gur e
6, in which trhiegtcanskicdt e t el emptechzof e iinduettdrevdd Wiitmpdthe trench,
is electrica“kyliﬁphgtqg1Q¥ é{gagtgg diq!%ﬁtric constant 35 material 22
fromthe sem 'CoRHUCtS FUEITare ", B t4hd@ii) teduci ng | oss of energy to
the substrate, to Iranghiarigel wegraed Framgdgr,eehef igldcttdmrals i sol ati on of

formed above and partially within the pit. However, in
accordance with the invention, the inductor may be
formed entirely above the pit. For example, in the
case of a 0.18pum system-on-a-chip process, implemented
15 . with more than three (for example, six) metal layers,
the inductor can be formed with the top metal layer,
entirely above the pit. 1In such a case, the pit is
still isolated by the pit. | _
The invention thus provides, using standard sub-
20 micron CMOS processes, an inductor having desirable

characteristics.



_ ;He,inductor el ement 42 fromthe substrate 12 can be nmade as large as is
required in the circunstances, by 5 controlling the depth of the pit 20, in
the dry etching step described with reference to Figure 2, and by

selecting a material 22 to fill the pit with a suitably high resistivity.
Moreover, this is achieved without requizring an additional netal |ayer. 10
In this illustrated exanple, the inductor is fornmed above and partially

within the pit. However, in accordance with the invention, the inductor
may be fornedb®$rely above the pit. For exanple, in the case of a

0. 18pm system on-a-chi p process, inplenented 15 with nore than three (for
exanple, six) netal layers, the inductor can be forned with the top netal
layer, entirely above® tREPPETS Ph SRehig isel AW R tit @ansti || isol ated
by the pit. Thetéqwensd onitdwst prevé dest e disd thgd séansard 1sakbrn20 m cron CMOS
processges, an_ind havi ng desirable, characteristics. 7 CLAIMS 1. A
processﬁof f(??énﬁhgg%(ﬁé?tnguc %?S?%a%% Gt TYrated tFEW 1Yt NS ¥yr at ed
circuit havingha Breesseorduet bsisubstrate and an isolating |ayer thereon,
the process conprisiaginftehing Ml teddtosdhe ispl aling dayerpand the
sem conductor substrate; filling the pit wth low di€lectric constant 10.
material; forfAML A MeREtDPSFetet within or above the pit, by a

damascene process.filling the pit with low dielectric constant
10. material;
forming an inductor element within or above the

pit, by a damascene process.

2. A process according to claim 1, wherein the
15 pit is formed by a dry etching process.
3. A process according to claim 1, wherein the

pit has a depth selected to give desired performance

characteristics.
20
4. A process according to claim 1, wherein the
pit is filled with a material having a dielectric
constant selected to give desired performance
characteristics.
25
5. A process according to claim 1, wherein the
inductor element is formed within or above the pit by a
dual damascene process.
30 6. A process according to claim 1, wherein the

inductor element is formed partially within the pit.

7. A process according to claim 1, wherein
connections for the inductor element are formed above

35 the pit by a dual damascene process.



. 2. A process according to claim1, wherein the 15 pit is fornmed by a dry
etching process. 3. A process according to claiml1l, wherein the pit has a
depth selected to give desired performance characteristics. 20 4. A
process according to claiml, wherein the pit is filled with a materi al
having a dielectric constant selected t® give desired performance
characteristics. 25 5. A process according to claim1l, wherein the
i nductor elenent is formed within or above the pit by a dual damascene
process. 30 6. A process according to claim1l, wherein the inductor
el enent is fornedégartially within the pit. 7. A process according to
claim 1, wherein donndetSRSISIUGHRE idedlictcor celm@remtinarie f or ned above 35
the pit by a dual daERSCRAIRIIRGESHbE radte AnSeEnCARAUGHAN JOVILS,
conpri si ng; %'%gnlcqnductor substrate and an isolating layer thereon: 5 a
pit, etched intd SHE isolating layer and the semniconductor substrate, and
filled5with a | owa diigl,ecttrdiedcdngtanthendtserliaalingand yanr iandueter el enent
within or abue g Rideodt N NG O &l $TBALPRIRG TonmRd by a damascene

process. . .
dielectric constant material; and

an inductor element within or above the pit, the

inductor element being formed by a damascene process.



