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present invention relates to an integrated circuit inductor and a hod of
maki ng the sane. An integrated circuit inductor is an inductive conponent
-built up on a substrate in a simlar nmanner to other conponents, and
generally includes a spiral conducti ve trace. Thi s arrangenent suffers from
t he di sadvantage of high parasitic |osses, in the formof resistive and
capacitive |l osses to the seni conductor substrate on which the integrated
circuit is built. A sol UNTEGRATED SIRCOMT ANDUTTERSE! ectively etch the
silicon substrate beneath the conductive trace, as described in US patent
specification No. 5,539.241. This solution is shown in the acconpanyi ng

drawi ngs, i ch: (Fi 1 is a,plan view of .the. prior integrate ircuit
i nduct gr anghé,i%%%ntih%@ncﬁeﬁgg L‘gé‘e i"?)tﬁgfat§$8{KF‘(5'ﬁ"ﬁ\’8?qriarT@t? ?‘1‘?%089 Fi gure
1 of thwking e samleict or. The inductor 1 conprises a spiral alum niumtrack

2. It is laid down on a insulating oxide |layer 3, which itself covers the
sem conduct or substrate 4. Fromits inner end 55 an underpass track 6 at a

| ower | evel aln; Lk e y I 1N r fromthe

i nner end SAP o"gsg%%&ecglr%ﬁ g{&@ﬁ@%@@% gﬁﬁﬁ%npgﬁgﬁﬁ@cyé y&io%nect ed
t o anostiestraterinec simitar nannérhie stee cbmpeinenfé;earf@]pgen?ératl%&wﬂiu@e@é%;ﬂral
substantidal tJextent. ll_F s%;l)aced from th?reﬁ ?em' ?on((:jluc-t_or substrate by the

t hi cknEYAAUFIVEHEAGE, s |iNig: arhgngement sifftshe ropm ta dsagivaniagmpelr igh Wargsiie gh

di el eclosses, Al the fofr f a8l URdIcaRakile oRRsABRNESLARLENARRGC i Rte
connection to the substrate and hence at high frequencies, the conponent is
| i abl eonavhiglsthe integrategkeiraut ieblict and act as a capacitor. |In accordance
with the inprovenent of the said US patent, the oxide |ayer 05 NOvV 2004 2
has apertures 10 forned in it, with a track supporting portion 11 connected

to the surrausslutieyy & thiy frobigees f2seldbivey etdireid iliesn stibsiraeisdrice 1 s
et ched avvag, | eaving an air gap 14 beneath the oxide portion 11. Thus the

i nduct theecondugtive trace; agdasqrnhad ekiSceaigut specifieatinme Neg 5:330.24bacthisve
conneckj 3 W ' : I+ [ onstant. Wiilst this is a
distin%?m?%%?§§gﬁgﬁP?HF%%ﬁ¥%ﬂ%%ﬁwg£H%ﬂwﬁ#%qu%ﬁggp 14 requires the use of
aggressive chenmicals and is a sl ow process. Further, the air gap can be
fornmed only_as a_post fabricatjon step, becguse the |iquid etchant required
is not usedf[dHre ﬁésé\ﬁﬁnf‘”ﬁwptﬁﬁ Rt "%ﬁgﬁgﬁ Qreubinduelotiantention is to
provide an inproved integrated circuit inductor and nethod of making the
same. According to the invention there is provided an integrated circuit

i nduct or, thigurat2ds & etbssisantionahdigmhgnathei line dhll Sobsipuee d ahdhamprioxi de

| ayer ﬁ@ Eﬂﬁ silicon substrate, the inductor conprising: an inductive |oop
deposi SdCon t he oxi de | ayer; apertures in the oxide |ayer beneath the

i nductive | oop; bridges adjacent the apertures and provided by portions of
t he oxi de between an i nner region and an outer rggion of the oxide |ayer,

respect i vel yN&i PAHACAN CAMPHEES & Riraln@luetnive! fra6h, 2.t Hely Hip daymgn a
ho. br | BGLAg JRATHATS wiich HEDE Lol ASTRE ekt SORaHTa: [Py Reneat
si | i comnenlendr@tan underpass track 6 at a lower level in deposited layers making up the
inductor passes from the inner end 5 to a connection 7. The other, outer end 8 is
directly connected to another connection 9 at the same level. The spiral track 2 has
a substantial extent. If spaced from the semiconductor substrate by the thickness of
the insulating layer alone, which has a comparatively high dielectric value, the
inductive track has an appreciable capacitive connection to the substrate and hence
at high frequencies, the component is liable to lose its inductive effect and act as a

capacitor.

In accordance with the improvement of the said US patent, the oxide layer



Preferably, the apertures and the bridges extend generally radially of the
I nner region; and the trench extends circunferentially of tﬂéiﬂ@ﬁéﬂmﬁegion
‘Normal |y the inductive loop will have a plurality of spirally arranged
turns; and the oxide |ayer includes an underpass connection in one of the
bridges from a peripheral connection £or one end of the inductor to its

I nner end. According to another aspect of the invention there is provided a

met hod ' rat. i rcyit, inductor, the integrated circuit
havi nghggy | Cd(i)’%s ?@btso?%gge'ﬂ '?'8\%& "36f0 SUBPARIRI RPN Jdl Fafascies tothe

si | i cosurvbind riaye; bysbrdgesT™g. iViacihai Bpdrtuidae tﬁ@télgétr‘éf&‘?é LtbsH 1 divay1e
steps of . .depositing the inductive |oop on t he oxi de | ayer: opening °the
apert ufe@é"q% anir gapqtd bepeatmthenexidaqartion d 11 odhusidbe pndidtivefgadkh2 isri dges

to su . [ : in.the silicon suhstrate beneath
the b Phaced M eeRiodr o ldtdrdatEiid  Sphliis SafhestER BT, ahbautiE Bon

- subst r fnve dielextric wenstanhi Mghilst tiseng ardisthot ihplovehterit BROBhaLIG? BF tHY'iS
beneat h thle extent of the_inductive |oop. To hel p understanding of the

i nvent B8R, 1%requires the ussioh aograssiveneherpicals and iscislow prosess.bEurther, the

r ef er eAfregd chRHA$SIHIRABNI | il kehi, Fi LS. n.vi ew
of an inte%gF?qt ed ci rcuitBﬁ%ﬂ%%?%ﬂ%‘&?ﬁ%ﬂ%geﬁ{]h%é:aiag'\%ﬁtplé&l@mﬁiegﬂ} t4 Is a
cr oss- &eqititeshiginol iused dmthen€MO B dabricationi n Fi gure 3 of the inductor of the

i nvention, Figures 5(i) to 5(vii) are cross-sectional views simlar to
Figure 4, but on a larger scale, of steps in the production of the inductor

?L Fi ggret 3,ThE} Bbjeet fl the? iMAINEBACIY Y& Hove “heihHlovad CRtdsatdP dircR Of
e inductor o
inductor and method of making the same.

According to the invention there is provided an integrated circuit inductor, the
integrated circuit having a silicon substrate and an oxide layer on the silicon
substrate, the inductor comprising:

an inductive loop deposited on the oxide layer;
apertures in the oxide layer beneath the inductive loop:
bridges adjacent the apertures and provided by portions of the oxide
between an inner region and an outer region of the oxide layer, respectively
within and without the inductive loop, the loop being supported on the bridges;
a trench formed in the silicon substrate beneath the bridges, to provide
- an air gép between the inductive loop and the silicon substrate.

Preferably, the apertures and the bridges extend generally radially of the inner
region; and the trench extends circumferentially of the inner region.

Normally the inductive loop will have a plurality of spirally arranged turns; and
the oxide layer includes an underpass connection in one of the bridges from a
peripheral connection for one end of the inductor to its inner end.

According to another aspect of the invention there is provided a method of
making an integrated circuit inductor, the integrated circuit having a silicon substrate



Figure 3. Referring to Figures 3 and 4, in common with the &‘ﬁfﬂy %ﬁ:tor,
the inductor 101 of the invention has a spiral alumniumtr 24 IS
deposited on an oxide |ayer 103 over the silicon substrate 104. The latter
is etched away in a trench 114 which extends around the beneath the track,
to provide a low dielectric air gap 115. The oxide 103 has an inner region
1031 within the track 102, an outer region 1032 outside the track and a
bridgi ng region 1033 extendi ng between the other regions, 05 NOV 2004 4
t he brigid ag &8¢ davdet i f Nt L.does 4,a 035
t her ebet ween, whi chyopgﬂg%r%o?ﬁgb?f%r?%ﬁag@ﬁﬁtﬂ%ﬂ @h?'(lgﬁﬁt %’eﬂg? gﬁ%ﬁf)g’had
access PBsisHR ¥} theceaps @bstrate for its etching to formthe trench.

Referri to (i guk: i) L first oxide | 1036 i
Frrst 1 avd down SEPPREAG e bnducbip Borpo e Sdgidiera 1 (st retal Layer 106
on top. As shown dpenirigitheeapefivres in thiexis Bénéé’ch%éhﬁﬁncﬂ@@'ﬁo&&aﬁcﬁave only a

short track 106&_, V\:Ei i’l(h w Il form an "under pass” connection to the inner
end of the &FPYEINIitngbridges tpsuppeilitheloopaddi ti onal oxi de 1037 is deposited

over the top of : O.: e ragi enclose it in

i nsul ati ng mat er?%IHQEE%%b?%ﬁgﬁee?@%Oﬂa%ﬁ@i?Bgﬁ%‘%hﬁl"é&f' 98%iv.), vias
141 are etched to the underpass track 1061. Wth the mask renoved agai n,
further met@ %33261 i%dﬁéoali%t.e to%ibll the vias and provide netal for the
spiral track "1G22PEoING HENGR AT APHM&sH byretehing of thet siklgomaulkstiate; pad|thed
down, Sshifig BUESHtRLL- IR U L 0L the
track is rlggrmved. The Gnigggq? g@ﬁgﬁﬁ?&tmﬁ?ﬂgﬁggés afé‘gfjé’{f‘%@%? %wd(]%tltg %e
track iQQn‘-uI‘Iy defined in an anal ogous manner to that of the prior art. Now

as shown in Figure 5(vii.), a further nmask 143 is laid down, to etch away
gaps 1035 in the oxide, that is in both the first and second | ayers

1036, 1037, dowhelpouhdierstErding bf IHEShi@itonl A spdbific BrhBS@imeH IRefddtiviine

central regign 1031 to the circunferential regions 1032 are left intact,
with tH@Wclg"?] ge¢rkad with exferencestodhniasgompanyibgalrawingge in whiche next .
Finally, the silicon substrate beneath the gaps 1035 is etched away. The
etching is continued until the voids forned beneath the track coal esce to
form the tré&igheldds &ipjanei@wvstionn atspatmo vireuit didudier ttending neehea
corner. %rb.i 6_n of the inductor. Since the etching of the substrate is from
directfr&g 8le where the trench is to bei ng fornmed, as opposed to from
outside the inductor as in the prior art referred to above, no extra area
is consumed.  Further, the etchi nP is fully CMOS conpatible in the use of
CMOS R E t obligirafdisga seessssraiionsl gew, omghe re NV .in FiglreNDof fleoindsictiire

mat er i ?*ti‘%eih% fo?f the above steps are the sane as those enployed in CMOS
technol ogy, and as such are famliar to the man skilled in the art and w |
not be described in nore detail. Certain of the described steps will be

useful in the forﬁ i.on_of. other conponents. el sewhere on the substrate; and
i ndeed ot hef 'B€p |['}E¥9 P} are crrssagesdional viewspsiguiag dofkigure dnibig on a

conpon i I " i tion of the
i nduct ?@éu%aﬂ?%@?%eﬁ ?’%ﬁrﬁ?’ P%tﬁfrf %ﬁ%g@éﬁ%ﬁ%ﬁ?@gg%ﬁ?i nductor with a | ow
parasitic

Figure 6 is a perspective scrap view of a corner portion of the inductor of
Figure 3.

Referring to Figures 3 and 4, in common with the prior inductor, the inductor
101 of the invention has a spiral aluminium track 102. It is deposited on an oxide
fayer 103 over the silicon substrate 104. The latter is etched away in a trench 114
which extends around the beneath the track, to provide a low dielectric air gap 115.
The oxide 103 has an inner region 1031 within the track 102, an outer region 1032
outside the track and a bridging region 1033 extending between the other regions,



capaci tance and a Q value of 15 at 1.9GHz. 6 CLAIMS 5 NOV P94y r?ﬁ@%
integrated circuit inductor, the integrated circuit having a silico
substrate and an oxide |ayer on the silicon substrate, the inductor _
conprising: an inductive | oop deposit%? on the oxide |ayer; apertures in
the oxide |layer beneath the inductive™ oop; bridges adjacent the apertures
and provided by portions of the oxide between an inner region and an outer

[ iAef | i inal Lhvely it hin.and wthout the in ive
oop. e DASiAY RepioRBEingr SIRERSEHCLY, el Bidlks, i A e OBer e
i n t he tlherebetyeany Mlniclatwehdnftbegtremhhn@i qlm@g.gh i@ﬁmﬁ?ne %dgﬁiﬁé?é %(ﬁesgoop

dth bstrate fi Wth air. 2. An.integrate .
?Rduct gcr’ maésé'ﬁﬁ?%f gr'éul&sstr%g(f?ﬁiﬁﬁgﬁ Ingerferm thadrenglr t ures and the bri dges.
extend generally radially of the inner region. 3. An integrated circuit -

i nductor as claimed in claim1 or claim2, wherein the continuous tunnel
extends ci r Rgie@iNgnow| toyFighirash5(ii)roe5(viiggiaofivst 4xiddn layet e@3at rdfiet 144 t

i ' ' ' | ai | 3, wherein the inductive
| oop_nagwiaf UK Bifioh BubLAAE fos Sufs 2 frslineiarlavor oo tapeghasbawdiincu
i nduct Gigue 5(iiaj tr@lmeiamsyeﬂehewadkgtof:le@vg?rm%fbﬁ% gﬁsb%#%éjﬁ \Arﬁ%ﬁrvHigr al

i ncludes an ynder pass _connection in one o roma perip .
connecli@BhanoMngaEPass” cRBneefinnctoothe imner endrofdheespdral Grack ofethdadwdtoaki ng

an I nt pgkRicREl Oxide b3l "HUGESEsite"BvblM RI"t8h & fild Bittbm Byel%o at least
temporarily enclose it in insulating material. Then, via a temporary mask 140, Figure
3(iv.), vias 141 are etched to the underpass track 1061. With the mask removed
again, further metal 1021 is deposited to fill the vias and provide metal for the spiral
track 102. For the definition of this. another mask 142 is laid down, see Figure 5(vi.)
and the metal between the individual turns of the track is removed. The mask is

removed. At this stage, the metal of the track is fully defined in an analogous
manner to that of the prior art.

Now as shown in Figure 5(vii.), a further mask 143 is laid down, to etch away
gaps 1035 in the oxide, that is in both the first and second layers 1036,1037, down to
the silicon substrate 104, The bridges 1034 from the central region 1031 to the
circumferential regions 1032 are left intact, with the conductive track 102 ‘spanning
from one bridge to the next. Finally, the silicon substrate beneath the gaps 1035 is

- efched away. The etching is continued until the voids formed beneath the track
coalesce to form the trench 114.

Figure 6 shows a scrap view of the trench under a corner portion of the
inductor.

Since the etching of the substrate is from directly above where the trench is to
being formed, as opposed to from outside the inductor as in the prior art referred to
above, no extra area is consumed. Further,. the etching is fully CMOS compatible in
the use of CMOS RIE tools and gases such as SFg, He, O,, etc.



a silicon substrate and an oxide |layer on the silicon substﬁ t@ aﬂmglained
inclaiml, the nethod consisting in the steps of: depositi 3 gg uctive
| oop on the oxide |ayer; opening the apertures in the oxide beneath the
~inductive |loop and providing the bridges to support the |oop; 7 5 NOV
2004 formng the tunnel in the silicog substrate beneath the bridges. 7. A
nmethod as clainmed in claim®6, wherein the continuous tunnel is forned by
etching of the silicon substrate. 8. A nmethod as clainmed in claim®6 or
claim7, wherein the etching is continued until the continuous tunnel is
cont i nuous neat h the extent of the inductive loop. .A .AE AlvV.A

b. Af B+ . AC. Adchengategial details of the above steps are the same as those employed in
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Utilising the invention, we have achieved an inductor with a low parasitic
capacitance and a Q value of 15 at 1.9GHz.
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Lol I et b, b i e ) 511 1
""aBr@ an inductive loop deposited on the oxide layer;
apertures in the oxide layer beneath the inductive loop;
bridges adjacent the apertures and provided by portions of the
oxide between an inner region and an outer region of the oxide layer,
respectively within and without the inductive loop, the loop being supported
on the bridges;
a continuous tunnel formed in the silicon substrate beneath the

bridges, between the inductive loop and the silicon substrate filled with air.

2. Anintegrated circuit inductor as claimed in claim 1, wherein the apertures and
the bridges extend generally radially of the inner region.

3.  Anintegrated circuit inductor as claimed in claim 1 or claim 2, wherein the

continuous tunnel extends circumferentially of the inner region.

4.  An integrated circuit inductor as claimed in claim 1, claim 2 or claim 3, wherein
the inductive loop has a plurality of spirally arranged turns.

5. Anintegrated circuit inductor as claimed in any preceding claim, wherein the
oxide layer includes an underpass connection in one of the bridges from a

peripheral connection for one of the inductor to its inner end.

6. A method of making an integrated circuit inductor, the integrated circuit having
a silicon substrate and an oxide layer on the silicon substrate, as claimed in
claim 1, the method consisting in the steps of:

depositing the inductive loop on the oxide layer;
opening the apertures in the oxide beneath the inductive loop
and providing the bridges to support the loop;
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until the continuous tunnel is continuous beneath the extent of the inductive
loop.




