2 5 JAN 2005 H GH PERFORVANCE RF | NDUCTORS AND TRANSFORMERS USI NG BONDI NG
- TECHNI QUE BACKGROUND OF THE | NVENTION (1) Field of the Invention?FeAN ﬂW;
invention relates to a nethod of formng an inductor in the fabrication o
integrated circuits, and nore particularly, to a nethod of forming a high
qual ity inductor using bonding techniques in the manufacture of integrated
ci rcui t SHIGH) PEBSORMANCBNRBf INDBCPORGr ARDt TRARS ROAMPLS dggRRdsSerbRb ML €l ess
“comruni cations notivate a growing interest in |owcost, conpact nonolithic
personal communi cation transcei veFECHMLQHEper formance radi o frequency (RF)
i nductors are the key conmponents for inplenmenting critical building blacks
‘such as | ownoise RF voltage-controlled oscillators (VCOs), |owloss
i npedance matching net assive filters, lownoise anplifiers and
i nductive |oads for pomégEgﬁgpﬁFPepg,TEFC;NEFFFF@§| paranet ers incl ude
i nductance value, quality factor, and self-resonant frequency. However,
the difficulty of realizing high quality factor (Q inductors renmains a

chal I enge1gspeeial by @ReSthieRR;kadi 0 frequency (RF)

The invention relates teo a method‘of
forming an inductor in the fabrication of integrated
circuits, andlmOre_partigularly, to a methoa of forﬁing a
high quality inductor using boﬁdiné technigques in the

manufacture of integrated circuits.

(2} Description of the Prior Art

Increasing demands for wireless communications
motivate a growing interest ig low-cost, compact monolithic
personal communication transceivers. High performance radio
frequency (RF) inductors are the key components for
implementing critical building blocks such as low-noise RF
voltage~controlled oscillators (VCO0s), low-loss impedance
matching networks, passive filters, low-noise amplifiers and
inductive loads for power amplifiers, etc. Critical
parameters include inductance value, quality factor, and
self-resonant frequency. However, the difficulty of
realizing high quality factor (Q) inductors remains a

challenge especially on silicon radio frequency (RF)




| 2 5 JAN 2005 integrated circuit (I C) applications. Conventional

i nductors built on gilicon have strictly planar structures and PSIG%NN%@%
conventional fabrication processes suffers from several |imtatrons.
structures and methods currently wused for fabricating high Qinductors are
in hybrid circuits, nmonolithic mcrowave integrated circuits (MM Gs), O[SI
di scret eintagphtedt Fonsunhi ¢MCAr eppatcaeadinky cospathbhgnwith silicon V
processing. Consequently, the ability of i ntegrating hi gh quality factor
(hi gh Q iPABGEPEEsPBALlACONVEidikPoohave skirAicteag. plankhespastiuaRy _
fabricatin technigues, met hods, and processes were proposedtto | nprove

t he perfSFaaHEénﬂf PRESNhE eGR4t é8bEdRGEPOr Prprekaes, snoskref frohese

. . : I hanges
techni qu are.not cost effectjve or practical, requiring process char
such ag geggg?%igémfﬁ?%%BPsfneFSFFdF§F€§FPF65Ié?ér@eéhoéﬁacurmgnmﬂyh hi-gh

i stiv] b L . nsiv rqcesses such as_the sel ective renoval
of the siTEdoEok BePPLER APRISLYR PRASERAES: Sre hacnvhesn Farudbsed Lo

T o i cessin
eI|n1natﬁohbgiﬁﬁbétﬁ§E§999635&5E88§EESEt%ircEQ%EV?&MIEQB? 08§22t
technique raises reliability Issues

applications which are not readily compatible with silicon
VLSI procesSing. Consequently, the ability of integrating’
‘high quality factor (high Q) inductors on active silicon is

limited.

In the past,rmany fabricating techniques,

-methods, and processes were proposed to improve the
performance of the integrated conductor. 1In fact, most of
these techniques are not cost effective or‘practical,

- requiring process changes such as depositing thicker
metal/dielectric layers or starting with high resistivity
substrates. Expénsive processes such as the selective
removal of the siiicon substrate underneath the inductors has

‘14; been introduced to eliminate the substrate parasitic effects..

However, this processing technigue raises reliability issues

like packaging vield and long-term mechanical stability.

Also, the typical aluminum-copper {(AlCu) interconnects which

are found in the conventional silicon process have higher

resistivity than gold (Au) metallization used in GalAs




[ il t he typical
a1 i b copper (Al Gu) i nt o connect ”EWEPh' tTZ'(it)y ngd[‘;f’."i‘aﬂ‘é :@Aﬁpugg%g
iSinI IGEIZQ grgcgsiAkl\lla\zlgogl ?Qg[m()lrg;;st I'I'\tg: ?]y! S ?Océgﬁgrgnf ggt io\la'([aa: E:jlr,:gt ihi/gh
ngggﬁgﬂce (%#%?Lﬂfﬁigoislhg ertacgg:‘[:frgﬁﬁ;;r&%ﬁﬂﬁ% SL %1]( gﬁ‘.catggc{]e by
duct ande i % o aaﬁoiféfeg‘?iéééfo%;% I*uhCSmhamayyd-lcg}/@jﬁe{ %ﬁc%{ oach may
accept aL‘F‘%% O PG TR e 4 25T i toamf e, GuTphee

d@@& 1 Si n to nost seni conduct or
S si.n but they are unconmmo ' ue
B: 8222@“ and traey V\nclpclrﬂ{paescu I%"}’h 5 gh %ﬁ' dfuddssidestts) aduraventdagy t

roingt he st . cqmonly used. This spiral
onvent i Sidtod ML ad S St ! ) S
|Cnduct or which is built  Roilzant +1‘ ymor‘i:l e Sy Sivasaadiy fsdee ridt y

| ow. @ factor and high
upi estdvar gélovahiqr argis bigprdl29 sl &S
gg?agl tic ef?ects due to substrate | osses. /§f %@Fﬂ ﬁgﬁ’aﬁé’r"@lhave

di scussé®PihEnisi@mpfand high noise levels that are not acceptable for

A

high frequency applications.

Most of these complex Processes used seem
promising, but they are uncommon to most semiconductor

processes and they will result in high production costs.

Currently, the conventional spirél'inductor is still the most

commonly used. This spiral inductor which isg built
horizontally on the substrate surface not only occupies large
chip area, but also suffers from low O-factor and hlgh

parasitic effects due to substrate losses.

A number of papers have discussed the use of .
inductors for new device technolegies such as RF devices.
The first two references listed provide more general

discussions of inductors while the remaining papers discuss

spiral inductors. Refer to: (1) "New'Develmeent Trends for

Silicon RF Device Technologies," by N. Camilleri et al, IEEE

Microwave and Millimeter-Wave Monolithic Circuits Symposium,




i nductors for new device technol ogi es such as RF devices. The first two

references |listed provide nore general discussions of i nductorsquﬁijmq ?F%
remai ni ng papers di scuss spiral inductors. Refer to: (1) "New Devel opne

Trends for Silicon RF Device Technologies,”™ by N Camlleri et al, I|EEE

M cr owave anéj MI1linmeter-Wave Monolithic Grcuits Synposium 3 2 5 JAN 2005

P- S8, 1894 %:2)19%: ufe) HFWt@%itéb@l&ﬁ&O{hlgi?i{x% gg Per sonal

Conmuni calg;(_l‘_I(_)nsI,1 by P.R Gay et al, Proc. Custom TIntegr el EPF Bt s

Conf erence;* 97 %%-%@‘,““‘1‘9’9%?’2{@5;%&@% K R CMOS £ospat | blleqﬂg@:cr vave

| nduct or slrgg%épﬁjm(gb e-Metal Interconnection Silicon Technol ogy; “°TEEE

M crowave an T ded VivE T dtenferenes, 3, sw-82, D9#5- A7) .F%pggg%n (4)
y"J_N.

"RF .G r cuhodasi cty?. of Spiral Inductors. on Silicon,”
Burghartz et al, ourhal “HV Sott i St UGno dsy 1 dlafet 38, No. 12, P.

246- 247, Datard98&cdn "Nove bstrate Contact Structure for Hi gh-Q
Silicon Integrated  Spir %lnédju%%%cz}“‘o Yy, N IBRF ghiartowaste adnd Tech_ Di g.

Int. El éstidenl D gstRatd NGioP. H5-H8, 1997, (6) "Mcrowave Inductors
and Capacitors in Standard Ml t11evel Tt ezrl’c6’n‘ne4c€t"478i IH o SRsEhnot ogy, " by

J.N. Bur gRdT A retuidl Dl ABpansactdons, ;qn M crowave Theory and
Techni ques, Vol. 44, No. | * BT s on ilicon, ™
' ¥ J.N. Burghartz et al, IEEE Journal of Solid-State
Circuits, Vol.'33, No. 12 ' 5 t '
r P. 246"'247, Dec. 1998; (5) "Novel

Substrate Contact Structure for High-Q Silicon Integrated

Spiral Inductors," by J.N. Burghartz et al, Tech. Dig. Int

Electron Devices Meeting, p. 556-58, 1997; (6) "Microwave

Inductors and Capacitors in Standard Multilevel Interconnect
Silicon Technology," by J.N. Burghartz et al, IEEE
Transactions on Microwave Theory and Technigues, Vol. 44, No.
l, P. 100-104, Jan. 1996; (7) "The Modeling,
?ﬁaracterization and Design of Monolithic Inductors for
Silich RF IC's", by J. R. Long et al, IEEE Journal of Solid-
State Circuits, Vol. 32, No. 3, p. 357-368, March 1997; (8) -
Ffﬁ - "Multilevel Spiral Inductors Using vLSI Interconnect
Technology," by J.N. Burghartz et al, IREE Electron Dévice

._Letters, Vol. 17, No. 9, p. 428-430, Sept. 1996; (9) "si 1C--

Compatible Inductors and LC Passive Filteré, " by N.M. Nguyen

et al, IEEE Journal of Solid-State Circuits, Vvol. 25 No., 4
- r - 7

p. 1028-1031, Aug. 1990; (10) "Experimental Study on Spiral




1, ‘P. 100-104, Jan. 1996; (7) "The Moddeling, Characterization and Design of
Monol i thic Inductors for Silicon RFI1Cs", by J. R Long et al,? REBEN ;ﬂ%.
Journal of Solid- State Grcuits, Vol. 32, No. 3, p. 357-368, March 1997;
(8) "Multilevel Spiral Inductors Using VLSI I|Interconnect Technology,"” by
J. N Burg%@rtz et al, IEEE Electron Device Letters, Vol. 17, No. 9, p.

42430, "SeRtox905: by og. "Ghar eCompat ibbe didusiols and LG Passive
0} ol 1 O+ r S,

Filters,." by uyen et al, |EEE Journa

Vol .- 25,5_1\|o‘.?' 4%%?%\%02%9%@31, Aug. 1990; (10) "Experinental Study on
Spiral 4 2 5 JAN 2005 Inductors,” by S. Chaki et al; |EEE M crowave Synp.
Dig. MIT- S, p. 753-756, 1995. U S. Patent 5,886,393 to Merrill et al

teaches form ng an indqyt@rhﬂ,n a package formusing bonding wre segnents.
The inductor can have any’ sHapee®®). 5 88t b MG 0 4o Jhara et al

- shows antdadiusd oo d P gram c substrate using bonding wire divided
inte sections and hz;{\?lang gdrﬁsuyc&c%ai%cﬁ dfifess dinymarsissy I‘zamiiim% pads. .

- ‘U. S. Patwime @tmkl8 t1oh ENG | ... 5,945,880 to Souetinov and .
5, 640,127 to Metz disclose i nducci‘:?é()orl'iil FOF HYS Ahehaps.  ith SparPatehntbondi ng

wWre. 5,963,110 to Ihara et al shows an inductor formed eon a

cerami : i i -
| amic substrate using bonding wire divided into sections

and having daisy- '
ding pads.

chained connections across lan

_ u.s. Pafen
e ts 5,905,418 to Ehara et al, 5,945,880 to Souwetinov

and - 40, i
d 5,640,127 to Metz disclose inductors formed in whole or

in part of bonding wire.
SUMMARY OF THE INVENTION

A principal object of the present invention is
to provide an effective and very manufacturable method of
forming a high quality inductor in the fabrication of

integrated circuit devicaes.




SUMVARY OF THE | NVENTI ON A princi pal object of the present invention is
provi de an effecti:ve and very manufacturabl e net hod of
quality inductor in the fabrication of integrated circuit devices. Anof

object of the invention is to provide

usi ng bo
JAN 2005
techni‘qu
anot her

i nduct or
sui tabl e
obj ect s-
bondi ng

Bondi ng

connect i

form ng 2 5hi g 9

to

i

a met hod of fabricating an inductor

ndi ng techniques in the manufacture of integrated circuits. 52 5

e hi gh qual ity inductor

#ﬁg@ operates at high frequency where
VIRFTaT 9t o3 de i@ Btedwomepst I n accordance with the
of this invention a nethod of fabricating an inductor using

A further objech efirtheri gy Lon:is to. fabricate using bonding
?ﬁ%% %%e?%?eén%fnﬁ%ﬁ% i#etuency. Yet

a
o) ?%E%C?Eet%S¥%®r¢@@¢En@st@ghnp@@ggng ﬁgﬁQP%g%ffgg ri Q@g;?!ity
| r is

techniques in the manufacture of integrated circuits is achieved.

pads are provid ver sem_conductor substrate. |nput/output
g%@ E%%ancﬁcu Hes Dundiaty pagdse Apldrality of

ons are nade to RiER

W re bonddmh y i
nﬁuﬁ@iﬁétﬂﬁ%ﬁies a high quality inductor that operates at

high i i
gh frequency wherein this fabrication is suitable for VLSI

integration at low cost.

inventi i - .
ntion a method of fabrlcating an inductor using bonding

te , .
chniques in the manufacture of integrated circuits ig

achieved. i i
Bonding pads are pProvided over a semiconductor

of ¢ i i
he bonding pads. A plurality of Wire bond loops are made

betwee i
| n each two of the bonding pads wherein the plurality of

Wire bond loops forms the inductor.

Also in accordance with the objects of the >

inventi ' i isi -
ion, an inductor comprising wire bonds is achieved

Bondj 1ct |
ing pads are formed on a semiconductor substrate The

ind i i
' uctor comprises a pPlurality of wire bond loops connectin
g

each i '
two of the bonding pads. Input/output connections are

made to at least two of the bonding pads



bet ween each two of the bondi ng pads wherein the plurality of wre bond

| oops forns the inductor. Also in accordance with the objects ofzghqA 2805
i nvention, an inductor conprising wire bonds is achieved. Bonding pads @ﬁe

formed on a sem conductor substrate. The inductor conprises a plurality of
wi re bond | oops connecting . each two of the bondi ng pads. | nput/output

connections are nade toBaIErea@stscliv®ah\t di ads. 6 2 5 JAN 2005
BRI EF DESCRI PTI ON OF THE DRAW NGS I n the aE%bE%%n§%%&%§F§m ngs formng a
part of this description, there is shown: Figs. la and Ib

mat eri al
side view and in plan view, respectively, a

schematically illustrate_in
preferred enbodi ment of 1& ﬁéandecombapgdnbnagggghggffgg%mgresent

inventionpaEL@ss72a.and 2b schematically illustraté in &F88 G ew and in
pIan.viemgaresp%%t?%ﬁ?y?%atﬁﬁéf@?ﬁ@élPEﬁbndiﬂﬁateoﬁsasﬂg@HQer-shaped

transforner of the present invention. Figs. 3a and 3b schematically
illustrate- in side view and in plan view, respectively, a preferred

Figs. 1a and ib schematically illustrate in

side view i - i ]
and in plan view, Tespectively, a prefarred

A embodi
iment of a meanderfshaped inductor of the Draesent

invention.

Figs. 2a and 2h schematically illustraté in

Sside view i i
, and in plan View, Tespectively, a Preferred

embodi
. iment of a meander-~shaped transformer of +he Present

invention.

Figs. 3a and 3b schematically iilustrate in

side view j i
and in plan view, respectively, a preferred

embodj i i
odiment of a Spiral inductor of the bresent invention

| Figs. 4a and 4b schematically illustrate in
side vi i i '
vView and in plan View, respectively, a pPreferred

embod i i
| “__dlment of a spirail transformer of the Present invention.’

Figs. 5a and 5b Schematically illustrate in

side wvi i i
iew and in plan view, Tespectively, a pPreferred



enbodi nent of a spiral inductor of the present invention. Figs. 4a and 4b
schematically kllustrate in side view and in plan view, respectpvel N 3885
preferred enbodinment of a spiral transforner of the present invention.
Figs. 5a and 5b schematically illustrate in. side view and in plan view,
respectively, a preferred 7 2 5 JAN 2005 enbodi nent of a sol enoid inductor

of t heeThetumnt mem iomledd 3. 168ungr 6b¢ : ically illustrate in side
view and in plan view, respectively, a pre]‘sée‘tl?%e“ “Etodi Rt a sol enoi d

transforner of the present invention. DESCRI PTI ON OF THE PREFERRED

.EMBODI MENTS Exi sting integrated i nductors have |low quality factors and |ow
i nduct ance val ues and ey SGecupy Sargeheanen cHP3Les. 1,1 proposed

i nt egraated \jir)gy%tfg ilJJnsi :} bondi ng techni ques, as illustrat ed in Fi gs. 1, 3,
and 5, is able to overX ifdbe ot ameraliv,h 4 he-aseeQfg current

sen CertitdiHent G0 ing. rrently, there are three types of bonding
met hods that are usgd%?%r%nﬁqéin%@{‘sﬁﬁ%FH\ﬁ_ISIOfpatéieagirrm@;entthe

"t her nhcwmmtassi.on, thernosonic, and ultrasonic wedge.. Each

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Existing integrated inductors have low quality

£ _ .
actors and low inductance valuesg and they OCcupy large area

sSpa - i .
paces The broposed integrated inductor using bonding

techniques, ag illustrated in Figs. 1, 3, and 5 is able t
r r s e to

overcome i
_ these problems with the use of current semiconductor

Ic processing.

Currently, there are three types of bonding

m i '
ethods that are used for high-density vLST packaging: the

thermocompression, thermosonic,

invention. ‘ i i
i ion All result in a high quality performance inductor

£ . .
oI the present invention. The manufacturing yield and

tol i

cierance can be easily controlled by off-the-shelf automatic

wi i i i
re bonding machines with loop control capability which are




. [ ' d can
i nmet hod has its own advantages and di sadvant alges.su:E?cihnrret ho
bondlng in the precess of the present invention. A reThe in actgp %@5
oAl ey b formance i nductor of the present invention. e jranuf act U h
o o oI erance can be easily controlled by off-the-she e
Sk dbgzgi nt OFYB.ChI nes with | oop control capability which alr gops Lo
W rg for ‘h?%ﬁ H‘éﬁshwh\mehspapkagsﬁgpagi%gﬁﬁﬂ b(? E‘E‘\bl\jr%’a ppogPS, Wt
mion 6 m separ ati on can be repeated nufa ! WEAMSA-A N
m ni mum 65_ ST TR o |m3°’135ﬂ‘““3t“@H“S”mL§"‘*I!5'@ré*&1i‘?°rli)Oéé/fg01£1ea ﬁ% SETieY or of the
| Eg;gieztgage Loo hei ghts are al so controll
i nven{go ‘ﬁ

LSI
e Ul LR e vadahge, f%ﬂ;‘fisenﬁ“' o)
tion tor o
cand U tra;g eS | nt egra eCIHcﬁLﬂ’[ Ga
materi al ; e#?c.’.g g&f i bh %H’%Femht%ﬁgratvect sy

tic
| 00 separ at es the e ectror?a%ne
- The vertlmg@@%@g@erﬁ SOJ Corgifbjsoltr! W re p

he

: his effectively reduces t

du I've € -and t . ! ( the
f|g|?s I;og}Fggtgen Al so, the bond wire has a wde Crgi;|FeC;;?QS??iC g
;gr?pLgry resulting in negligible ohm c resistance.

capac|tance with the grQﬁﬁﬂl%d%@%6fso%l%%ea%gg%g%% invention can be
fabricated in Very Large Scale Integration (VLSI) and HUltra
Large Scale Integratlon (ULSI) designs for alil semlconductor
materlal' a,. g in 5111con-based RF 1ntegrated circuits and in
GadAg MMIC's. The vertical placement of the bond wire loop
Separates the electromagnetic fields from the cohdﬁctlve
Substrate and this effectively reduces the substrate effects

Also, the bond wire has a wide cross-section and long

Periphery, resulting in negligible ohmic resistance. Small
- Parasitic capacitance with the ground pPlane is also achieved.

With all of these positive conditions, the bond wire ig an

eéxcellent loop conductor for high quality factor and self-
resonant frequency on chip inductors. 1t is obvious that h
this technique will not only satisfy the fundamental

requirements of semlconductor manufacturlng, but also reduce

productlon cost over the complex processes dlSCUSSEd in

reference to the prior art.



. co . i is |1 ent | oop
Wth all of these positive conditions, the bond wire is an exce

ductor for high quality factor and self- respniant Irggr;ngét iogfl}; Jtﬁﬁlezﬂ%
?ﬁgugfors It is obvious that this éeCPg:qﬁgnﬁﬁgctE?ing but al so reduce

| , irenents of sem conduc : i ng, to the

'fungﬁnggﬁlcogfnggs t he conpl ex processes discussed in reference

pro

i essing is_conpleted,
e U ng. Lhe fabr | eatton of mar B b oS R v ok R LS SR Rduct of of the
includingngge fabricati on of normm

: : . i la illustrates in
: €t 62PEifabituabednckRhl BXAFPLE. 5& o Now, e :
present |nveH958geF? tip?d i nduct or of the presen? fnvghtl HQGTB?t will be
R L e LR A e AT
con : ' structures, n , .

i e conshOBe P IL E oS, b shmRtesven. Bies. vi buputAOULBUL £O10EE!  Ons 30
an .

aageo [ ads 26, as shown. Fig.
hﬁrﬁsgsg?%s the£g%%39h$2%%%$%ﬁg?ﬂg%ggﬁgqmeWLTGmecdmmuwtﬂugl11@Q§c§@r | oop
i _

b . , . ? el
/ i a. .10 imw de horizontal strip (din ad
i mons; on — can be Vet o) R K TorbSAENET G258 2 byt Savpm handi ng p

understood that semiconductor device structures, not shown,

may underlie and be cqnnected To the top conductive lines,
Input/output cdnnections 30 have been made to two of the

bonding pads 26, as shown. Fig. 1b illustrateé the same
inductor in plan view. | 7

The individual inductor loop 34'consists of,

fqr example, a 100 um wide horizontal strip (this dimension

can be varied) with, for exXample, 58 um by 58 um bonding pad

size and a 12 um pad-to-pad Spacing, as shown in Fig. 1b.

These dimensions can be wvaried depending upocn the design rule

and are given for illustration burposes only.

i . The bond wire inductor of the present

invention has a wider range of inductance variations due to

the loop numbers. That is, the more loops used in the

inductor, the higher the inductance. The magnetic flux
linkage between the bond wira loops 34 is more efficient than

that of spiral conductors where the horizontal gecmetry of

10

e e



size'and a 12 p, m pad-to-pad spacing, as shown in Fig. 1b. These

di mensi ons can be varied depending upon the design rule and are)g VAN fzmﬁ
illustration purposes only. The bond wire inductor of the present

i nvention has a w der range of inductance variations due to the |oop
nunbers. That is, the nore |oops used in the inductor, the higher the

i nduct ancE?® THe! Fagniduectdx 11hnkage,between, the bond wire | oops 34 is
nore efficient than that of spiral conduc%l%?sl% Tt 1R Her i somt ber

geonetry B3 slopes 200« heowspiwdte | et @ss J4 s the flux Iinkage to
the smailgr _internal |oqops. The bond wire inductor of tHeHi¥sent

i nventi.on & &0 Has EEE paRsh e cpammicﬁr@@pé)@fe/g%% tbhee_g I 0ops, and t he
ground p'l%éjea%ﬁilsﬁgt he bond wires are separated fromthe 199t orfe
surface. Therefore,  Sel¥-F&brdmne fretuencitse Wodd e fgnd wJse inductors

are hi gh@‘eﬁalmédﬁq_g% f the spiral inductors. The assocl ated frequency
dependence is al SO r?p?c&?e(fjilr}ctoﬁ’e SWrdfiacsteor dﬂldﬂﬁdﬁé\ée@él@lfe-gb%aqﬁge” al

of the bandquen@% s34 ‘b it her copper or. gold which have very 1low
series resistance an Zcriilléa ?’ﬁ@%ef‘“’&r@ eXciqtems optel arighker HhaGUGYLS, One
'm nor | i wift &hieompafralihiinadesig i s4he use

€ associated frequency dependence

i . . .
8 also 1mgroved in the inductor of the invention

;

and are therefore excellent optiong for inductors

Cne minor limitation of this design ig the use
f
Of the top metal conductor strips 20 that connect the bond

wi .
ires to form the inductor. At high frequency, due to th
; e

skin effect (i.e., the current is confined to flow only at

the surface of the conductor at high frequency), the ohmi
’ ig

stri i
Tlp resistance of the metal will be increased by the square

ro |
ot of the frequency. Fortunately, this limiting electrical

erf i ng
ol o;mance can be improved by replacing the strip conductors

.weth wedge bond wires. This will effectively increase the

q ? f - T g i i !.

form low profile short-interconnections Using only bond
. I

wi ' i
res to form the inductor of the invention results in an

11




of the top netal conductor strips 20 that connect the bond wres to form

the i nductor. At :high frequency, due to the skin effect (i.e., 5
is confined to flowonly at the surface of the conductor at hig%ﬂﬁ.ﬂ“VZﬁ@?

frequency), the ohmc strip resistance of the netal will be increased by
the square_ root of the frequency. Fortunately, this limting electrical

perfOrmheguegﬁrbbavmpgovedybyo@eghﬁg:ngeghe strip conductors wth wedge
bond wires, This will effectively increase the*Cqualtt yceasegrenthe, wedge

bond wir2 WFeAttHelrpravyd hgadl cap riorg| owprofil e short
i nterconpections. Using only bond wires fovﬁgr‘?nh??\%eiﬁu%?%@imdthe

invention tesoTTRli Wogh arao®ess Jan RORBn NAMSt ALz havi ng yvery | ow ohnic
. . LG . i .
resi stanﬁgvdgrpgio consequently, a greatly inprove qualecf%/I Faet®Fesdbt change
is required to The nor nal VLS| process in nmaking the inductor of the
present invention. Fig- 3a illustrates in side view and Fig. 3b
illustrates in plan view a spiral inductor nade using the bonding

techni que of the present; j nvgntian. Top conducting strip 20, bonding pads
26, i nput/ out put connectlldo'n\slfasofl()]é’rﬁ?r%ﬁiilig sdiidree v3dvare.s hown ?soi n Figs.
0

|§1 and Q. 1uRhe adeabriint @100 Ligehnd %up%sraalre the same in this e Iment . The

inductor made using the

bondin i -
g technique of the present invention Top conductin
. - : g

strip 2 di i
p 20, bondlng pads 26, input/ocutput connections 30 and
r

bonding wire 34 are shown as in Figs. la and 1ib Th
. _ . e

f - - » - -
abrication techniques are the same in this embodiment Th
. - : -e

~only difference is in the shape of the inductor

Likewise, Fig. 5a illustrates in side wview and

Fig. sb i i i
g illustrates inp Plan view a solenoid inductor made

using th i i
g e bonding technique of the Present invention. Top

conducting strip 20, bonding pads 26, input/output

conn i i
ections 30, and bonding wire 34 are shown as in Figs. 1la

and i i
nd 1b. The fabrication techniques are the Same in this N

e . .
mbodiment. The only difference is in the shape of the

inductor.

It will be understood by those skilled in the
. a 3
rt that the present invention is not limited to those

. e - N -
mbodiments shown in the drawing figures. The figures sho
w
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nly’ is i the inductor. Likew se, Fig. 5a o
only difference !;Sje' Ci ECveaﬁQapEi ST 5b illustrates in plan ylns\évn???ﬁl-nguﬁ
oot or eade SIsin t he bondi ng techni que of the present Lions Lon- 1o
et o aeri 20g bondi ng pads 26, i nput/out put con_nect_On techniques
Congthlnngtghpare’shomn as in Figs. and Ib. The fabrica

bondi ng w

1aren I ce is in the shape of
SIS £ erfsodiarentoosBig, 10! y, didfere hehat the
?Le t?ﬁds t rlqﬁiqﬁﬁﬁl be understood by those ski ITEP$H that can

e .

i in the draw ng
e it DfoPrdasissedft aHehagh e BRI menls Shtﬁ]mg e i bl e
F1 gur os In\éenmﬁi dTt:ilrgleg Show 12 2 5 JAN 2006 enly 1 hr CEBF e st
| .
duct or “Agsss Shad

; f_the invention. Mny

5&s FRatSc §79Be ( fradexasipia e IR E %+ Y arni ,

i_nductQF]Q gges é@:p:t Gan be made (for exanpl e hexagon. ‘oétd§dna%i r cul ar
ot her i nguyg ?8} ’tﬁ%ﬁt T8

T i f the
_ 5aetitn gebromitke fspid ith At ;SGQPE 0
triangular, e W ngﬁfggflgg Fhe present invgntgon i's “fafFORE ur ed

: : i i ed
presenzuffgﬁ?éggggfgﬂg %SHSP g°Bechni ques which has been c{everly app]le
usi ng

and integrated into the present and

The wire bond inductor of the present

invention can be further designed into the on-chip

transformers.. Figs. 2a and 2b show a meander-shaped

transformer; in side view and plan view, respectively.

The first input/output connections 30 of a first inductor are

shown. The second input/output connections 32 of 3 second

inductor are shown, - THe two inductors together form the.

transformer. Figs. 4a and 4b show a spiral transformer andg °

~Figs. 6a and 6b show a solenoid transformer. These
miniaturized high-performance transformers will have

significant contributions to the current VLSI ang ULSI

integration process. The design of the transformer ig based

" on integrating two inductors. While the inductor has two

input/output Connections, a transformer has four.

13




future VLSl technol ogy, The wire bond inductor of the present invention
can be further designed into the on-chip transforners.. Figs. 22 @n}ANZl?Wﬁ'
show a nmeander-shaped transformer,"” in side view and plan view,
respectively. The first input/output connections 30 of a first inductor are
shown- The second inpu%éfutput connections 32 of a second inductor are
shown. THe two induct orset 6getcher fiadmcthe ot f r. Figs. 4a and 4b
show a sphLal.tragnsformer and Figs. 6a and Gb%gﬁo%&ggggﬁeﬁ GRS f or mer .
These niniaturlzeBSﬁPQhbﬁéﬁﬂaﬁnﬁﬁcénﬁqansf@&63&§egjhggga e si%nificant
contri bgki-eRs LarkRggurrent VLSl and VLSI .integration pr§€3§ The desi gn
T m d . . ;
of the transforner is basetd"doA°Kneegiatongaltosirduehanss Yhile the
i nduct omahasikwg . i@ggtégg%put onnections, a transformer has four. 13 2 5
JAN 2005 The on-chip | ndudtoff 3t tKeipfusear bﬁvehéioﬂveﬁabghcgggg usi ng

bondi ngpt ey hanqiuesepr ot dg i ual | factor performance and [ ow cost
for all sem conductor nat2%?a?ng?ﬁai%%ghnq@%Yﬁigpim@uhign of the

invénti%ﬁrﬁ@¥man@¢agihﬂcéﬂp@gaggtff especially in_devping high
perforqaﬂg? silicon radio frequencyg ﬁ %%fai%%ﬁ%ﬁ?%ﬁﬁt%itmhits (RF

a0 b . Lo
microwave monolithic integrated circuits (MMICs)

The b i i
onding technique qf the present invention can he used

for any s nd si . i
Y shape and size of inductors and transformers

While the invention has been Particularly
shown and described with reference to the preferred

embodiments thereof,

What is claimed is:
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| Cs) and m crowave nonolithic integrated circuits (MMGCs).. The bonding

- technique of the present invention can be used for any shape anf %i N (2@35
i nductors and 'transforners. While the invention has been particularly _
shown and described with reference to the preferred enbodi nents thereof, it
wi |l be understood by those skilled in the art'that various changes in

form and detail,s it t departing fromthe spirit and scope
of the invention %ﬁéﬁpﬁgdc a?ﬁ%%&?%?x%% 5HFR t%ﬁo%‘f&“%%ﬁ%%h%&ﬁlqﬁ

fabricating an iyt [ i ._of integrated circuits
dqUeLOraddy Jlgctls’zlpg St 58]

conprising: providing sem conductor structurg&s in and on a sem conductor

subst rat e wher gib38i iy SeGABAUGLALL, St LUELULES.d nCLyde L,gprog] wedge bond
wi res; form ng bondi ng”pads overlying and contacti ng sai opnost wedge

bond wires; makicd doRRUELGMT pghbgefﬁ@ectigﬂérmﬁﬂ %\A@dof Sdlidopendifg  pads;

and formng a plurality of bond wre | oops, eac oop connecting each two

of said bondi ng;adsupber BAdL BRI Gopmost wedge bond wires;

forming bonding pads overlying and contacting said
topmost wedge bond wires;

making_input/output connections with two of said bonding
pads; and

forming a plurality of bond wire loops, each loop
connecting each tﬁo of said bonding pads wherein said

bond wire loops form said inductor.

2. The method according to Claim 1 wherein said bond wire

loops comprise copper.

3. Thermethod according to Claim 1 wherein said bond wire

loops comprise gold.

4. The method according to Claim 1 wherein said inductor has

a meander shape.

i5
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]

bond wire loops formsaid inductor. 2. The nethod according to Claim1l
wherein said bond wire | oops conprise copper. 3. The nethod acco} & njaN gﬁﬂﬁ
Claim 1 wherein said bond wire | oops conprise gold. 4. The method according
to Caim1l wherein said inductor has a neander shape. 15 2 5 JAN 2005 5.
The met hod according to Claiml wherein said inductor is a spiral inductor.
G The nethod according to Claim1l wherein said inductor is a -solenoid

Inductor. 7.5 AriB! hednod Jalildiald B9 Aol AMIChaldi 1LOgaf 2Bkl GaL! 91 of
integrated circuits conprising: providing sem conductor “davi ¢e gt fict ur es
in and on a sensgepsuci R sWestrate wherein said sem conductor device
structures include topnost wedge bond wires; form ng bondi ng pads overlying
and contacting said topnost wedge bond wires; making input/output
connections with two of said bonding .pads; and formng a plurality of

bond wire | oepTheeaebhb@0f@ccording to Claim 1 wherein said jinductor is

a solenocid inductor.

7. A method of fabricating an inductor in the fabrication of
integrated circuits-comprising;
providing semiconductor device structures in and on a
semiconductor substrate wherein said semiconductor device
structures include topmost wedge bond wires;
forﬁing bonding pads overlying and contacting said
topmoét wedge bond wires;
making input/output connections with two of said bonding
.pads;'and
forming a plurality of bond wire loops, each loop
connecting each two of said bonding pads wherein said
bond wire loops form said inductor wherein said inductor

has a meandexr, spiral, or solenoid shape.

16




connecting each two of said bonding pads wherein said bond wire | oops form
said inductor wherein said inductor has a nmeander, spiral, or s@lfenpd ogns
shape. 16 2 5 JAN 2005 8. The nethod according to Claim7 wherein sad bond
wire |oops conprise copper. 9. The nethod according to Claim7 wherein

sai d bond wi'gehao rise gold. 10. A nethod of fabricating a
transforner in th}%e%%ftg%g})g”g %%ntlﬁ Fhe S efl ¥R SHGhRans mg:ref or mi ng
semi conduct or deyjgce ctures in and on a sem conductor substrate
wherein said sem %nﬁ%‘{cqjt;%?éedec\%%%r'structur es include topnost wedge bond
wires; form ng bondi ng pads overlying and contacting said topnost wedge
bond wires; making first input/output connections with two of said bonding

pads; maki ngysegRNG JcRRH QUL opnegiions_with another tw of said
bondi ng pads: and form ng a p%{r% i € (g%ab“bnrél WS Iboistd & 1658

connecting eachdy ng?piscg lg]%?gi_ng pads wherein said bond wire | oops
connecting to said first input/output

10. A, method of fabricating a transformer in the
fabricatipn of integrated circuits comprising:
formiﬁg semiconductor device structures in and on a
semiconductor substrate wherein said semiconductor device
structures include topmost wedge bond wires;
forming bonding pads overlying and contacting said

topmost wedge bond wires;

making first input/output connections with two of said

bonding pads;

making second input/output connections with another two

of said bonding pads; and

forming a plurality of bond wire loops, each loop
‘‘‘‘‘ connecting each two of said bonding pads wherein said
bond wire loops connecting to said first input/output

connections form a first inductor and wherein said bond

wire loops connecting to said second input/output

17




connections forma first inductor and wherein said bond wre |oops
connecting to said second input/output 17 .2 5 JAN 2005 connectio&§1mmm@mﬁ
second i nductor and wherein said first and second inductors together form
said transfornmer. 11. A wire bond inductor conprising : sem conductor
device structures in and on a sem conductor substrate; bondi ng pads
overlying said sem conductor device structures; wedge bond wres
under |l yi ng and connecting said bonding pads; input/ output connections to
two of said bondiargephilens fany a gsogrdl irduagbrband wiereih owps, féatth | oop
connecting each two of said bonding pads, wherein said bond wire | oops
form sai d i nduct®d &RECHheFEPAtOTRItAIF Hekic tfor™hessich tieamidererspiral or

sol enoid shape. 12. A wire bond inductor conprising: sem conductor device
structures
sai d senicondqgtor devi c

in and on a sem conductor substrate; bonding pads overlying
A wire %ond inducteor comprising

semiconducter device structures in and on a semiconductor
substrate;
bonding pads overlying said semiconductor device
structures;
wedge bond wires underlying and connecting said bonding
‘pads;
input/ output connections to two of said bonding pads;
and
a plurality of bond wire loops, each loop connecting each
two of said bonding pads,
wherein said bond wire loops form said inductor and wherein

-sald inductor has a meander, spiral or solencid shape.

12. A wire bond inductor comprising:

semiconductor device structures in and on a semiconductor
substiate;

bonding pads overlying said semiconductor device
structures;

wedge bond wire underlying and connecting said bonding
pads:

input/output connections to two of said bonding pads; and
a plurality of bond wire loops, each loop connecting each
two of said bonding pads wherein said bond wire loops

form said inductor.
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structures; wedge bond wire underlying and connecting said bondin ads:

i nput/ out put connections to two of said bonding pads; and a pluﬂgiLBMNdmsﬁ
bond wire | oops, each | oop connecting each two of said bondi ng pads
wherein said bond wire loops formsaid inductor. 18 2 5 JAN 2005 13. A
transfornmer conprising: bondi ng pads over a sem conductor substrate: wedge
bond wire underlying and connecting said bonding pads; first input/output
connections to two of said bonding pads; second input/output connections
to anot her twd3ef Sartandfosdengcqdsésiagyd a plurality of bond wire | oops,
each | oop connecting each two of said bonding pads wherein said bond wre
| oops connect i NPV "gaP S EFEHNR | TRIICPBM PO evhstectteons forma second

i nductor and wherejn said first and second inductors together form said
transformer. 19 waedge bond wire underlying and connecting sSaid bonding

pads;

first 4input/output connections to two of said bonding
pads:;

second input/output connections to another two of said
bonding bads; and |

a plurality of bond wire loops, each loop connecting each
two of said bonding pads wherein said bond wire loops
connecting to said second input/output connections form a
second inductor and wherein said first and second

inductors together form saild transformer.
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