RADIO FREQUENCY IDENTIFICATION SYSTEM BACKGROUND
FIELD OF THE INVENTION The present invention relates generally to
integrated circuits, and more particularly to radio frequency identification
integrated circuit systems. BACKGROUND OF THE INVENTION In the
stream of commerce, it is desirable to keep track of products shipped from
a manufacCRADIO FREQUENUCSIIDENITETICASEON SNIETEMrotect the
product from loss or theft. Incidences of lost or misplaced cargo can
detract significantly from the bottom line for both shipping companies and
uninsured purchasers of lost or stolen products. Keeping track of where a
particular package is located whitekemeeMteNto a customer is a labor
intensive task for the shipping company handling the package. In

FIELRWSHtoAE DS eesienaeg must rely on the shipping company to provide the
current whereabouts of the product while enroute, and/or must access the

SHBpIPIGEORIPAPRIONERALTHSFPETHAY 16 IBtes itheishitnand mapyparticularly to

radio SRHIAG INforTTRIRR KRWE Y RAMRNHTRGHTer or seller of a product is
usually restricted to the information supplied at the time a shipping

company takes physical possession of the product and identifies it by

BACKSROUSTEHEMEE amaptiqabecanner. While radio frequency identification
(RFID) has been implemented.in an effort to automate the trackin
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information cannot be easily obtained concerning. the whereabouts of a

theft. JaeicegeshAlldoShYorHeP FEFesURR s PratisA L ol ¥ dsprrdhhadtom line for

both sAfpIHIOESFHSIYE:NERNSnh Needpdihavide loscorateltiapkiMicts. Keeping track
information of a package, One method involves the use of bar codes and.

of wheges i RAFUCYIBWRATR SIS IAERITEC RS RSR oL T BRRHIET Botlielas hisnsive task

for th@GEpIsingasbYIPINS Halieedaapsihgscannativsother jnatine eliesely on the
. RFID systems, which use radio frequency (RF) .transponders to transfer
Shippipg ATRSH tES’in8r"Hé‘5a‘??8rF%’E£Fﬁ’6n‘§. TR Bl r v hile enroute, and/or

must SLBNRICAYPSIIRHG REENIRONdetdsysiesnstarlneifasikaad to
R i TUcRlons, g e s syl WPy

restridi@nspongeigystandypiaalplicaniprises identdicatippitiataondpany takes physical

possession of the product and identifies it by using, for example, an optical scanner.

While radio frequency identification (RFID) has been implemented in an effort to
automate the tracking process (i.e., eliminate the reliance on a human package handler to
provide the tracking information), the basic problem still remains: information cannot be
easily obtained concerning the whereabouts of a package while en route. To resolve this
problem, a low cost, compact, and unobtrusive means is needed to provide accurate tracking
information of a package.

One method involves the use of bar codes and scanners. However, this method
requires close proximity between the product carrying the bar code and the scanner.

Another method relies on RFID systems, which use radio frequency (RF)
transponders to transfer information to interrogation stations. Unlike other information
communication systems, RF transponder systems are not restricted to line-of-sight or hard-
wire communications, and are most desirable where wireless communications are a necessity.

Information transferred by a RF transponder system typically comprises identification data,
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but can also include messages, depending on the sophistication of the
electronics used in the system. RFID systems include an interrogator,
which typically employs an exciter that transmits a RF excitation signal,
and a transponder. The transponder is energized by the excitation signal

but ca® érwﬁmiﬁd’e%%g&c'ﬂ@ﬂeﬂdﬁfgi@iﬁﬂﬂﬁ%@%m@@&iﬂ)@fe@m@feﬁ@ﬁ@f@ﬂ?émed in the
back to the interrogator. This is accomplished when the transponder
Systelaceives a RF signal, or, more specifically, is energized by the RF

mRENetig elds apd kRN Jarmsc6eareNSeHUN 2y plbat yiligaety dheexciter that

transponder and/or may provide additional information. The transponder
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information it contains. This infgormation is then recorded by a data
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predetermined frequency. When the transponder enters this magnetic

that ‘fféllld 1O E18cHiRSBPRSI sttt ife TV SRS pANGEORAhicRI BVl The
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then modulate the magnetic field in order to transmit the transponder's,
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transponder includes a rad10 transceiver and a battery power source, which enables it to
transmit a signal to a remote receiver. The advantage of using active transponders is that they
typically have increased range over passive transponders, but the disadvantage is that they
require a battery power source to achieve that increased range.

Desirable though these RFID systems are, there have been problems with size, cost,
and reliability.

Solutions to these problems have been long sought, but have also long eluded those

skilled in the art.

SUMMARY OF THE INVENTION

The present invention provides a sytem for manufacturing an integrated circuit system
having a substrate with a integrated circuit device. A first pad is formed on the substrate and

connected to the integrated circuit device. A first dielectric layer is formed over the substrate
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connected to the integrated circuit device. A first dielectric layer is formed
over the substrate 2 and the first pad, with the first dielectric layer having
an opening provided therein exposing the first pad. An upper

redistribution layer is formed over the first dielectric layer. A portion of the

and tHePREE rRdistibvtinfavediisdarpagyiitaAtaig R he A IMRein exposing
connected to the first pad. A second dielectric Iaﬁg\rﬁjs formed over the

the firit gdierdR trienlysrsiPyvap teCaitbime g shs i lilrdsndagir A portion

of theafspHiotedisackin® Rl HReds Rt Emi® LA GHSIAMA heGREERMIM connected to the
embodiments of the invention have other advantages in addjtion to or in

first padhceM oteisk dirdrihdavab dvd ohedaaVemtin dEshifislectiselaysprhiover the
antenii@. tosekiliadsa theaastrdrat @iradioint trestlinwingdatatae to customers.

description when taken with reference to the accompanying drawin

BRTE PRI e TE BRI RSV A S g AdIEgn o or in place

of thosPplicaiade muliipleTambedimests ailandotearalgshaircul BYstesRiited in the art
accordance with the present invention; FIG, 2 is a cross-sectional view of

from 3 firaCitanBbiEACIPEIES IERUH NG e - Yo ke th reference to- the

acconfF@sgrheatianakyiew of a second embodiment of FIG. 1 taken along line
3-- 3; FIG. 4 is a cross-sectional view of a third embodiment of FIG. 1
similar to the structure of FIG. 3; FIG. 5 is a plan view applicable to

additional multipig; eEbggiseenisIabNIHEFF e IEKsVindgYice in

accordance of the present invention; FIG. 6 is a cross-sectional view of a

fos EE”i‘?‘adﬂiﬁﬁ“&i%ﬂﬁpﬁ’c&%‘f@’anlﬂ{}ﬂilé[éee%b%'fﬂ%d 5 &n integrated circuit

crpss-sectional \(iew of a fifth embodimen of FIG. 5 similar to the
systemstiy aegreden e ith thppresesbigyerBosectional view of a sixth embodiment

ORGy KR ARRAIINE HelofAPirsl Bhb SiRREmRSFIGeR MA iR line 2-2;

seventh embodiment of FIG. 5 similar to FIG. 8; and FIG. 10 is a me .
fdflifaahifactinng et oned griave @ oirserpd stahpiiraeeorli EHee Mikertadong line 3--

3. presentinvention. 3

FIG. 4 is a cross-sectional view of a third embodiment of FIG. 1 similar to the
structure of FIG. 3;

FIG. 5 is a plan view applicable to additional multiple embodiments of a integrated
circuit device in accordance of the present invention;

FIG. 6 is a cross-sectional view of a fourth embodiment of FIG. 5 taken along line 6--
6;

FIG. 7 is a cross-sectional view of a fifth embodiment of FIG. 5 similar to the
structure of FIG. 6;

FIG. 8 is a cross-sectional view of a sixth embodiment of FIG. 5 taken along line 8--8;

FIG. 9 is a cross-sectional view of a seventh embodiment of FIG. 5 similar to FIG. §;
and

FIG. 10 is a method for manufacturing an integrated circuit system in accordance with

the present invention.



DESCRIPTION OF THE PREFERRED EMBODIMENT In the following
description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent that the
invention may be practiced without these specific details. In order to avoid

obscuring thg ESBMtIDXEOFONH IS PRE MR RETO WVIFOEANSENEPS are not
disclosed in detail. Additionally, the drawings showing embodiments of the

PIASARtHINANHONIE BEIBH; MAsrrMple AddstdascalReRiélprovide a thorough
particularly, some of the dimensions are for the clarity of presentation and

undersipading, i healy @ifyerdrReiveind Prék be; GRBRLTRY T dBGidRveaHe may be

practiQREH@S N @ABYeOsjRBIAIQRAiRE tBIHrdepiisanial a8bsdaadNeeiprigent invention,
defined as a plane parallel to the conventional plane or surface of the

some Weollsknawn BERGEHL SRS 4S BRtisdioirdRdTih "vertical” refers to a

diserligonRELpend igtiaiiestiroRanz ntabamjustsasfinrdyrtarmsn Seibasare semi-

"on", "above", "below", "bottom", "top", "side" (as in. "sidewall"), "higher",

diagrarpypyitic R8Pt 19a{5ritchP Iz HRAket P HRp SUPESSIE N ASR e Clarity of

preseldind. iR IhoR RGeS0 A isathercifdTaadegpasitiomefdevice can be
[rg@terial or photoresist, patterning, exposure, development, etching,
operate Ihily, U3 femoval of the material or photoresist as required in

formunera desarbeEIStivcits® hBamiasltRgueacy tRfinepaelfknte sadi@entional
identify and_track items haviré[%t{adio frequency identification (RFID) tags

plane 9 SURTE O EHRH Fel6SAH S 8 g R anthSdeHRyigH il fefers to a

directitéipefyseiliecREtDdagpassesmenaihp iR dégacer, adirectional antemna fabove”,
the . RF reader emits Fsignals“to ards the RFID tag. The emitted RF
Ta

“belowign QUG redBRred BYart *aiteree B B8R indlS¥ehn aitéhatfg “under™

are deCu@nti(i\eppedhe BREIhbia@ian pmagtached integrated circuit device. The
is used to " ower-,u[%' %%to .en.ab‘gé?ehchID taﬁet% tratns it hotoresist
resoHSB! B4 B the TR THE RN PeQu Bl 1THR! Or photoresist,
patterfigispoassosigaalkie ypisaliy conthin ihe kforamenihoeddelevand tiake imth&ial or
hot IC.pertainingrreg aanj identi H;eg thﬁ a(l;{getd item. Referring now to FIGs. 1,
phoro <SSR e R G RIS cyetem 100, . 1 102
pRidwereappicabRFY reuliépie eenboctimenisecatithedndegtaledteirsuitaving radio
f i{stecrln 1t%0 itn acg&g nce WiLE thﬁgmstent invention FIG.t%lis A tinine to and
requelfoSBRHBRAPLNY Ur hesr ARFoREHRAE SPRRYSITEAREN I3 Rpptiging to an
identifyhightshbwrs. aAlirdicoRIdINagysitns 162: KRB riadecroskrsaitinialinéena in the
RF reél)cieerl gr%(l:t% sq]g%g slrtrc])(vevqltr s],c t@cGRl!'IElt(ggr.] allgg %rlrllllnttee _R%’ é’l"ghn'%ﬂ are received by an
antenna RFID tag and induce an alternating current (AC) in the RFID tag for an attached
integrated circuit device. The AC is used to “power-up” the IC to enable the RFID tag to
transmit response signals from the RFID tag back to the RFID reader. The response signals
typically contain the aforementioned relevant data in the IC pertaining to and identifying the
tagged item.
Referring now to FIGs. 1, 2, and 3, therein are shown an integrated circuit system 100.
FIG. 1 is a plan view applicable to multiple embodiments of the integrated circuit system 100
in accordance with the present invention. FIG. 2 is a cross-sectional view of a first
embodiment of FIG. 1 taken along line 2--2, which shows a first antenna system 102. FIG. 3
is a cross-sectional view of a second embodiment of FIG. 1 taken along line 3--3, which

shows a second antenna system 104.



shows a second antenna system 104. 4 The integrated circuit system 100
includes first and second integrated circuit devices, such as first and
second RFID devices 106 and 108. For the first antenna system 102, the
first RFID device 106 is connected to a first pad 110 on a substrate 112.

Atawarsedigtiipution YRR DL iklddis RreesouRLHE stdbsifade. ik Bvices,

shown in FIG. 2 and the first pad 110, and is patterned to form a

such asdiigtiaadessand FHEDdedisnhaf #5198 A first dielectric layer 116 is
deppsited Rnihertbsiiaia 102, and myerindlawaeRIde il Lnwih@nto a first pad

openinggover a portion of the lower RDL 114 as shown in FIG. 2. For ease
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112 adSHORer snAFeaISE gt tIESIgNPAE the S sibniled elaaiantseshlinstipllpath 115
118.is formed over the first dielectric layer 116 in the opening in the first

as shoyya b lC1ayer 116 and is in contact with the lower RDL 114 as shown in

FIGfizst Alisreand [diglectiérilbyesobabd vhommeedverdha firsidodlar 18 ier RDL
an opening provided therein exposing algt?)rtion of the first pillar 118. An

114 withoah pRSNIASSYSErRASHAR RbMEIOWRR Al it haPaY8 4 'sKevm ifior ease of

explafdfon? \anidis shppedite oW aoik@haniennaddIonasteditbine fifstused to
illar 118 at one end and to a second pillar 124 at the other as shown in

. P
desigrigfethe spme QL SURHBIRSTERSSis formed at the same time as the first pillar
1 h8fandpislaeanBacteeedhs dowrrfRid it kdtrchisfehasopattaengs i fofithe first

. . a.caonductive path 125 and caver secong) 1%26 tpk(?t is.for at the
dictee @b AL HAF RS PO AR JRE RN A R Wb ekl
devieedb delerpidigleetriciayier 2848 iorsnedovesithelisecors diglestriopening
la egﬁéerlHZO and the uiPEer. R[é%éZ%formkﬁ? inj% the antenna 123. In the
provi PRGEREYASE RAEBBAN WELBVERE tHAL A single thick dielectric layer
iIsAwaikahl®but b2 higvimgntheifirsbaack sechnbedigie gititayed sid dioamdin FIG. 2
di 1%(%Hb$t\t/veﬁen the substrate 11%§1d the an%enn{ﬁ 1§§> it iﬁl%(zzfg)le to use,
IS HARR e thiRHB A SHE L B ERE ot SverdR thickhddy! Rligsgnd and to
a secobdphcopiralled sttan athrowisenthilGpackage to provide what is termed
a "gleick diel ctgf' 0 hickr&ess ac?ove 100,000 A, whichﬁen?bles I]glctrf'(igl di
i leCisSIESh R Hightré QRS b AhIES A B Rtoithd &H‘ESFaR% r 118 and is
connected to the lower RDL 114, which has patterned to form a conductive path 125 and
covers a second pad 126 that is formed at the same time as the first pad 110 and also is
connected to the first RFID device 106.

A cap dielectric layer 128 is formed over the second dielectric layer 120 and the upper
RDL 122 formed into the antenna 123.

In the present invention, it has been discovered that a single thick dielectric layer is
workable but by having the first and second dielectric layers 116 and 120 between the
substrate 112 and the antenna 123 it is possible to use multiple thinner layers to better control
overall thickness. The thickness can be controlled in an otherwise thin package to provide
what is termed a “thick dielectric” or thickness above 100,000 10%, which enables electrical
field isolation for high-frequency applications up into the GHz range.

As shown in FIGs. 1 and 3, the second antenna system 104 is similar to the first
antenna system 102, except that first and second pillars 318 and 324 rest directly on first and
second pads 310 and 326 so a lower RDL is not required. The upper RDL 122 is formed into

the antenna 123. In this embodiment, the processing and cost is reduced.



As shown in FIGs. 1 and 3, the second antenna system 104 is similar to
the first antenna system 102, except that first and second pillars 318 and
324 rest directly on first and second pads 310 and 326 so a lower RDL is
not required. The upper RDL 122 is formed into the antenna 123. In this

erRbeeimeniothepregessing @erfPSt iskeMCed.CRoRelBEiDEaNoWeld FIf5a third

4, therein is shown a cross-sectional view of a third embodiment similar to
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view WeWaveelchbadhr sansrasdolthnsespnthaniging svatem ke# in Fiyr khe third
For the third antenna sgstem 404, the first RFID device 108 is connected
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ning ove ortion of the first pad 410 as shown in FIG. 4. The firs
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opBRifg BB LA farPes s tie BEfitiTes e st ilGrn 1he gpening in the
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4 9. Suc es |ve gﬁqlcl ers designated by numeral

885k B W?ﬁéﬁ?&%}%‘fﬂf e é‘Wrrfé(blﬂﬁ% Qppning in
the secmp:emdle&ﬁtfn@}ayez@aﬁda@mwmq@|{i/am4t218 fitepitap diglectric layer

128 js.formed over the s ielectric layer 120 and t er R
5 R RS o s S3TT e  Tre SyErA B0t i opening
providgdp@eRinledpRiisfapoatbingtahtactwithpghrtapopillar 428 and is shaped

to.form the antenna 123. The antenna 123 is conne the top pillar .
4285 e el &fid'to %eé%o 1@8@%%\‘ pﬂlé‘ﬂé‘?ﬁ%ﬁ %%ﬁ%t (S Ehfepillars

deslgrasethepﬂlharauﬂnbﬁialm 4 parfdréd) uphe secppdradikiseis kgsndgtednd a top
second pad (not shown but the same as the second pad 310) and to
pillar fﬁég 'second RFID 108. This configuration permits the dielectric thickness to
baleoniplieldoranyagesited is formed over the second dielectric layer 120 and the

upper RDL 122 formed into the antenna 123.

In the third antenna system 404, the upper RDL 122 is formed in contact with the top
pillar 428 and is shaped to form the antenna 123. The antenna 123 is connected to the top
pillar 428 at one end and to a second column of pillars (not shown but the same as the pillars
118, 419, 424, and 428). The second column is connected to a second pad (not shown but the
same as the second pad 310) and to the second RFID 108.

This configuration permits the dielectric thickness to be controlled to any desired
thickness for even higher frequencies and any gaps in the dielectric layers will be easily
filled.

Referring now to FIGs. 5, 6, and 7, therein are shown an integrated circuit system 500.
FIG. 5 is a plan view applicable to multiple embodiments of the integrated circuit system 500
in accordance with the present invention. FIG. 6 is a cross-sectional view of a fourth

embodiment of FIG. 5 taken along line 6--6, which shows a fourth antenna system 502. FIG.



thickness for even higher frequencies and any gaps in the dielectric layers
will be easily filled. Referring now to FIGs. 5, 6, and 7, therein are shown
an integrated circuit system 500. FIG. 5 is a plan view applicable to
multiple embodiments of the integrated circuit system 500 in accordance

7 is avithsthe aiesantigventieiftl GnfbiignerRsarapstienahyigmabrefOBMIG. 6, which
embodiment of FIG. 5 taken along line 6--6, which shows a fourth antenna
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The integrated circuit system 500 includes first and second integrated

such gs;fixsh e\ e dREPdenist P MP REID devices 506 and 508. For

thevfayetiante ARRKY:SSRIAVZ oM enkirsir R RENDQMCR S000 3scaseeted i@ the first
the first pad 110 on the substrate 112. The first dielectric layer 116 is

pad LHop e suB3tie Llbstrate 112 and over the first pad 110 with an opening

OVek FipRriRNRefiib effest Padid 48pasi saovitie kibstatE QN 2asd ofver the first pad
explanation, various layers are shown as transparent and the same
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Bk, thagugh Nyare teemedwhth el finst diglectiicnidysr 446

. and are in contact with the first pad 110. First pillars 518-5 through 8 are
designgde,(hs TRFST BMPABAURMLY of first pillars depend on a number of

fasierpaLeh R degiredatoNdueivtiviesize thf opatiityiotHb ¢ dieleatieric layer 116
d material, etc. %g c%nd dielectric layer 512 is f rme%aro%ng the first FIG. 6
and atg i £og ST RETD thEHO PR 3 BT BB e 6.
The nithfbés of fiFGiepdliate clsisenabdariahtimiséoer Buetlicianidy Howahlededilbaoyvity, size,
aps b B/gye the, iIIars..Qn upper RDL 622 is formed in contact with the

ﬂowaﬁ%?yp‘ﬂé gei‘%@it‘ﬁ‘ﬁ%‘ﬁl ’&gr the second dielectric layer 512 as shown

INAFKecdnandldsirpig do famia tained antemdathe Figopigsted t8-thehrough N
leavi firsté)illars il -1 through N at one end and.tg se o%ghé)i la\'s 524-1 | 1 b
caving, 56 SRPNPEC PR BIRR O QRSAR Mt '8 FiHe Bechiuifilsryisfaterial must be
sufficitioygloMadre dofimes apipe sametinke pilthe first pillars 518-1 through N

and are co c%o#he second pad 12%that is formed iéh ame time

e R O A GE G ae TEDE SNGRIMING LRel (PR over the
secon®@electric layer 512 as shown in FIG. 6 and is shaped to form a coil or antenna 523
connected to the first pillars 518-1 through N at one end and to second pillars 524-1 through
N at the other as shown in FIG. 5.

The second pillars 524-1 through N are formed at the same time as the first pillars
518-1 through N and are connected to the second pad 126 that is formed at the same time as
the first pad 110. The second pad 126 is connected to the first RFID 506.

A cap dielectric layer 516 is formed over the second dielectric layer 512 and the upper
RDL 622.

In the present invention, it has been discovered that high standoff conductive pillars
can be formed up to 10 micron in height and this provides with improved fatigue
performance, good electromagnetic performance, and good thermal dissipation. If a single
pillar is broken, this does not significantly affect fatigue performance, electromagnetic
performance, or thermal dissipation. A high-conductive copper (Cu) can be plated for

minimum resistance.



A cap dielectric layer 516 is formed over the second dielectric layer 512
and the upper RDL 622. In the present invention, it has been discovered
that high standoff conductive pillars can be formed up to 10 micron in
height and this provides with improved fatigue performance, good

elrefepimagnslic reriamancansrindeodHiarmal disipatiandiia #ibgleof a fifth
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antenna system 702, the first pad 110 is formed on the substrate 112 and
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first p4d 1@ formed in the opening in the first dielectric layer 116 and are in
contact with the first pad 110. A second dielectric layer 712 is fqo gmed

afoutiE: RIS 8T8 Al thrSUQRE Ot e g dtthesrindephidpeough N

1eav1n@1tﬁehébsmfghd\ﬁe@tqsaﬂ@ﬁ Sige1dielectioNTRigsiaMTSE kkelsLificignwtial must be

ﬂo e II a s between the Ilar Second pillars 718-1 through
Sufﬁcﬁ %E%ﬁ{&p B Va%PfVYEe%Vﬁ‘? E‘%&Pg 4rd shown in FIG. 7) are

fCSB&Gﬂd)pﬂIaﬁlem canagthhidhe fikstpilais pilBrd TE8GRdligh 8 are shown in
r 72Q is fa cond

espectively. A third dielectric la % d the

FIG. by donmise b R emiihy MRt g rrlarea ol Bingd Mapoecively.
th@oughll\ﬂﬁxmﬁeda%iemel@ctfdﬁlﬁa;ataﬁi@hmu&ie becsutfigianty ﬂQW&b’[ﬁrtﬁlgh N
fill %tween the pill i esiyve levels of p ujzla rs d nated

teavigy i SRS S S S tORNEED oSl SR CERRAhIIEHS AEIE e Bgtal must
be summdlydmmétdlﬁhfamcgap@b@td&&tgn&t@dlb;sthe numeral 724 are
fohémed aro‘fnd the su éﬁ? ive Iev Iars 722 #}% r pillars Zﬂ q h
ARG K (Rpe U, raetbe T HREE et g 6 B Tcty on the

secondF §dlafy an@ibnmedghvﬂr@ﬂctmmmadﬁeflﬂmﬁh@sem@&gtmﬂayegstbé pillaesal 724

are f0r7r%gd around the successive levels of pillars 722.

Upper pillars 726-1 through N (represented by the upper pillars 726-5 through 8
shown in FIG. 7) are formed over and in contact with the successive layers of pillars 722.

An upper dielectric layer 728 is formed around the upper pillars 726-1 through N
leaving the tops of the second pillars 726-1 through N exposed. The dielectric material must
be sufficiently flowable to fill any gaps between the pillars.

In the fifth antenna system 602, the first RDL 622 is formed in contact with the upper
pillars 726-1 through N and is shaped to form a coil or antenna (the same as the antenna 523
of FIG. 5) connected to the upper pillars 726-1 through N at one end and to second columns
of pillars (not shown but the same as the upper pillars 726-1 through N). The second column
of pillar are formed at the same time as the first column of pillars and are connected to a

second pad (not shown). The second pad is connected to the first RFID 506.



An upper dielectric layer 728 is formed around the upper pillars 726-1
through N leaving the tops of the second pillars 726-1 through N
exposed. The dielectric material must be sufficiently flowable to fill any
gaps between the pillars. In the fifth antenna system 602, the first RDL

63Riis farmeskincoPaschwiththaiviepel: Rillaks 6 threyahdNantbisny desired

. shaped to form a coll or antenna (the same as the antenna 523 of FIG.5) .
thicknesh Agk et o e Upseaysnales 296 £34r8agh ' SodiElerdiaavEsaddnbe casily
filled.columns of pillars (not shown but the same as the upper pillars 726-1

through N). The second column of pillar are formed at the same time a
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RDL dirersaaenshpathéSaaesimaded to the first RFID 506. 8 This configuration
permits the dielectric thickness, to be controlled to any desired thickness,

fFLGEIPRIGRST PelidndicLaivth 4Ry RS S TReIRY 1X{fRetsakift Bartion of a

sixth @asiia ednfsoap disleattiendinid isfermre ouat thesugracdislectric
Iag(er 728 and the first RDL 622 formed into the antenna 523. Referrin
n

AR IB AR 1§ SHBwPh SseedidAR SRy ise 2 BirdtorpBReeted to the

first paikin @Asenea syskenubOdaef a1SiXth RIWEPRIDIENT tokedaled @ VialE Saisdrate 112
. 5. For the sixth antennq syEtem 504, the second RFID device 508 is

and thg LA R R B A P S L L 2 AR 5

1Thdgiteraiert @vierl tyersMlgsis atep ddize dardteas fibstrp@dl 11 @narstds the lower RDL
tterned to form the conductive path 515 as shown in FIG. 5. The first ,
114 “Eﬁ BRI erY 16 %&8@&6’5&@&18#}?{8%%5‘8 rhfé'lfﬁrﬁaeo?i?’iﬂr]@%w&}’ various

layersRId- sHdwivii teah OReain gayveha pontonafihie lewerKDlo Hkdichateedsesame or
il of fﬁx lanation, various layers are shown as transparent and the same
SImia GHBERSare used to designate the same or similar elements. A second

dL&IS@Udﬁda&gfle%h&iSd‘}ﬁ_éanLBOM_efo&h@eﬁI’S_t/dfetlﬂé:tﬂﬁsia&’ele];ﬂlﬁw\lﬁ?eﬁrl16 with an
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FIG. Same time as the first pad 110. The second pad 126 is

The lower RDL 114 is patterned to form a conductive path 525 and covers the second
pad 126 that is formed at the same time as the first pad 110. The second pad 126 is
connected to the second RFID 508.

A cap dielectric layer 816 is formed over the second dielectric layer 812 and the upper
RDL 814.

In the present invention, it has been discovered that having the first and second
dielectric layers 116 and 812 between the substrate 112 and the upper RDL 814 provides
what is termed a “thick dielectric”, which results in electrical field isolation for high-
frequency applications. In the sixth antenna system 504, the direct connection between the
lower RDL 114 and the upper RDL 814 eliminates the use of the piller 118 (FIG. 2) or the
pillers 118, 419, 424, and 428 (FIG. 4) which means less cost due to the elimination of
photomasking and processing steps. It will be understood that the use of the sixth antenna
system 504 does not preclude the use of a piller 118 (FIG. 2) or pillers 118, 419, 424, and 428

(FIG. 4) since such a layer may be required for other routing purposes. The structure of the



connected to the second RFID 508. A cap dielectric layer 816 is formed
over the second dielectric layer 812 and the upper RDL 814. In the
present invention, it has been discovered that having the first and second
dielectric layers 116 and 812 between the substrate 112 and the upper

sixth RRbnBA4spERViceHAvhtistesroera "hisk diglestria’, pHiGhEaRE!tS N minimizing
electrical tield isolation for high- frequency applications. In the sixth
electriggl DA ILG GAPABBACEHe direct connection between the lower RDL 114

apd e mpRewRPEIB19 alintiateSs Hoe Heeciheepillafal + 2 6F6Ba 23 @niintenna
illers 118, 419, 424, and 428 (FIG. 4) which means less cost due to the

P
Syswnél?r%rféft%??&?nﬂhﬁ)?ﬁ?ﬂ%ﬁﬁﬁﬁ and processing steps. It will be understood

that IR WeePTHIE SiXthcatiemin Systam59d o NotmrarlHes the st Ahtenna
iller 118 (FIG. 2) or pillers 118, 419, 424, and 428 g:IG. 4) since such

syster 5&%%‘?&9%@%&8iF@B%F&H&IﬁbB‘i%‘BEﬁ‘&BéQE.ﬁl*ﬁ g RSO RIESIRDL is

not re§iXIBANE AN &YBIRITIRAE EPRIBIOYIdesdard glediical performance by
minimizing electrical parasitic capacitances. Referring now to FIG. 9,

tHETE RSSO 4 ErodS:JBEHRIRAT Tl b d!Sayehitt ShiehAR! Kybiemedpghod or

syster@flaEERG T AMLocimeah ReshovdcirciiGn ActbaissveniihantepRsent invention.
system 904 is similar. to the sixth antenna system 504, except th%t the

The sydsm K90 gxdudesdgimiRg Aot Rl [saBavin® Sdniehralad (Srquindgvice provided
thereoi€qlicedldekthisoemhegdiment, fing PrRCessing andeast isngetieédo the integrated

._.Referring now to FIG. ;(?, therein is shown a flow chart of a manufacturi ,
crcui i s )8R OO0 P A B A i PRt R and the frst
pad, tRecastdangedyithitieriesant Anventiong proeidysteiadifQ posligdeBdarringd in a

strate. having a inte rate%circui device pr vidéed tfﬁe eon in a block

block - TG 4 A IPHE GBS ORRARTo > OB o block
1008; dsamihgderitedn apoacin Qe (ppeing ddirtiudieiclyie layenovardhe, the antenna

substrabe d the first aqfhﬁe éirstgi lectric layer having an.openin :
connegli BT b BIHG i Hee BT 4B Sk DA A g he firs
dielectaidiBiyuticiokgrahovetetia finst biedectocdayer in a block 1008; forming at

leﬁf?et aﬁqétio[% of the (ungper redistributign layer into an ar}#enna, thet euit

antShindl AShREEU e YRE A A AN S BISERUOTY; 'R HATRARY 'R S8 Rd cireu
manuieladigc aydodvendhejppsiaticlectrindapessand ouentia afiatisia il@ortant and
heret I?Iock 1012. Thus, it has.peé?n di ctovered th%tlt?e radi f{ecg%enc dvant f

eretofore 4nki Pa)}/]ninatré%rlé?géa%: able, solutions, “capabilities, and funCtional advantages for

radio frequency identification integrated circuits. The resulting process and configurations
are straightforward, economical, uncomplicated, highly versatile, accurate, sensitive, and
effective, and can be implemented by adapting known components for ready manufacturing,
application, and utilization.

While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the scope of the

included claims. All matters set forth herein or shown in the accompanying drawings are to

be interpreted in an illustrative and non-limiting sense.
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manufacturing method and apparatus of the present invention furnish
important and heretofore unknown and unavailable solutions, capabilities,
and functional advantages for radio frequency identification integrated
circuits. The resulting process and configurations are straightforward,

The iReaReMiSameAcomMplicated, highly versatile, accurate, sensitive, and

effective, and can be implemented by adapting known components for
ready mg‘:lufactur?rég, a |c{51t|on and U'[I|IZta'[ on. Wplle tthe invention has

den deSthped i YomATEAGH L Legifcd SUFHHaSP S OB ne:
ulﬁ@ieﬁatgedstmatrmahyvahtgmaht&e@*amdifmatldm,cand variations will be
apparent to thos Sklledl the artinli ht ft e afore descr tlon
TR i R e b e o U SO RS
affiorwvan@atioins wdietbefal Wighinothe ﬂ&opﬂnﬁﬁt&eamﬂcdhtdéﬂsclpaﬂ)shé\lflrst dielectric
matters fet fohth herein or nsplowpoln E\g%orm ar(t)g ]ﬂg '?h re to be
mterpreteg ih an adiraid'a ngh nglser)f e. e |nv
cIﬁtm&dgmhp@@ysthmfmntmamyacwﬁnglatﬁir'sﬁdgeﬂateﬂcc]aymt system

mprising:, formin substrate having.an.n ted cwcwt de
f(?rm%lggd |rlse sbtzfl gna e sfst}téstr eerc{)enﬁse% eé1 &?ﬁ% |n]tegra1%e &?gﬁitthe antenna
deV|ce fosmmiexgeal tmsheltﬁtecprad layér over the substrate and the first pad,

first dielectric layer haying an o ni |d dt ereln osing th

frstr paog flormmgg1 én%ﬁ%‘e‘% r@'gls?r\l’ t?bnpgsyer os(ernt s %%? ctrr}%gf/%?nna'

foyming g4 leask ?&%0”&0'319{#%@ YRPEL. r%d'tt #%&tﬁ&%? 'é‘é’%%ﬁﬁ% ) r[g‘% lower

the antenna connected to the first pa and forming a second diele

redistidysrooveyeherfirse ﬁletemd@néymnandqﬂ/‘ertmeammma 2. The system as

claimed in claim 1 further comprising forming a lower redistribution layer
0A-the firBipaxstent dophapesditodiabrahtéptier FonHuisipgdpmselgimégr on the

first pifl ARYBVEMUEINALCADRUBNIIPMIAG iRilab Ak thg £ %ﬂ@%ﬁ&[ﬁ%_ovef the

first dielectric layer, the pillar Connected to the antenna. 4. The system as

claimed %S'@%ﬁfﬁmﬁfrﬁéﬂﬁﬂr&mﬁ 1 FRATHOL B g@ar on the first pad;
forming a third dielectric layer over the first pillar, the third dielectric layer

h&QARYNET BpéRifg o Wedd thesdin exposing the first pillar; and

forming a third dielectric layer over the first pillar, the third dielectric layer having an
opening provided therein exposing the first pillar; and
forming a second pillar on the pad in the opening in the third dielectric layer, the

second pillar in contact with the antenna.

5. The system as claimed in claim 1 further comprising:

forming a plurality of pillars on the pad, the plurality of pillars connected to one end
of the antenna;

forming a second pillar connected to the other end of the antenna; and

forming a second pad connected to the second pillar.

6. A system for manufacturing an integrated circuit system comprising:

forming a substrate having a radio frequency identfification (RFID) integrated circuit
device;

forming a first pad on the substrate connected to the RFID integrated circuit device;

forming a first dielectric layer over the substrate and the first pad, the first dielectric

layer having an opening provided therein exposing the first pad;
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forming a second pillar on the pad in the opening in the third dielectric
layer, the second pillar in contact with the antenna. 5. The system as
claimed in claim 1 further comprising: forming a plurality of pillars on the
pad, the plurality of pillars connected to one end of the antenna; forming a

sesanmPlALseaNeatedi kadbE RIETReHRE thermteag: aRdrforming a

second pad connected to the second pillar, 6. A system for manufacturing
AR A8l A PR RS MRS SR IR B M@ A, the antenna

radio freguianeyctdenthifieatiopaRP) integrated circuit device; forming a
first pad on the substrate connected to the RFID integrated circuit device;

foPHING LSt M IBERETAS Y B 8Y thES b SHAUFCEHE e DAY HS frpnna.

dielectri¢_ layer having an Qpening provided therein exposing the first pad;
11 T B it T TR oL Ao A OTTREARE FAgBRIE @ lower

redistifidiingl ayde astAefaigadhide oppetde distidationntayer into an antenna,
the antenna connected to the first pad; and forming a second dielectric
la8er ovéitheyfkitsindisletiioclkhye rciaioh @véurrther ant@prising. foh@iagsiepillas on the

.. claimed in claim 6 further camprising forming a lower redistribution layer
s AL 4L P APt Aa o IR e LB cimed

inyolaim & furipst,qomeriaingsarming 8 Allar.e0de sk pad and over the
first dielectricsiayer, the pillar connected to the antenna-o. The system as
climedgn élsitpiB funhérecorstrising: forming a first pillar on the first pad;

f ing a.third dielectric. | edfirst pillar, thi iel i r .
R Baing an
second pitleriog phevpkd thaeenopeningg ththBrstipdldielastric layer, the

S illar. i e ant e clai J
e S e g P MR AR e, he
plurality gsfopilmslbunneotsactorathetlenantofithe antenna;

10. The system as claimed in claim 6 further comprising:

forming a plurality of pillars on the pad, the plurality of pillars connected to one end
of the antenna;

forming a second pillar connected to the other end of the antenna; and

forming a second pad connected to the second pillar.

11. An integrated circuit system comprising:

a substrate having an integrated circuit device;

a first pad on the substrate connected to the integrated circuit device;

a first dielectric layer over the substrate and the first pad, the first dielectric layer
having an opening provided therein exposing the first pad;

an upper redistribution layer over the first dielectric layer;

an antenna comprising at least a portion of the upper redistribution layer, the antenna
connected to the first pad; and

a second dielectric layer over the first dielectric layer and over the antenna.

12. The system as claimed in claim 11 further comprising a lower redistribution

layer on the first pad and connected to the antenna.
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forming a second pillar connected to the other end of the antenna; and
forming a second pad connected to the second pillar. 11. An integrated
circuit system comprising: a substrate having an integrated circuit device;
a first pad on the substrate connected to the integrated circuit device; a

fifISJ dielegieic jawen ayerdine-auRIraie anduhgdirstmpelsine fhishidielepiiar on the

ayer having an opening provided therein exposing the first pad; an upper
firs p athpRid ﬂqéyét%mﬁe lﬁﬁﬁrdtefee@#ew%tﬁéﬁt {58 EBRiprising at
Ie 4stap on of the upper redléﬂ’\butlonl er, the antenna connected to

first 258 YNGR & @Ié}/é\l (SNERTS e lectric layer and

o‘gtem’dneplmteﬁmemsfrm’system as claimed in claim 11 further

a lower redistribution lay firs pa d an npected to
B T ey e s b T St e Bevipsdingening
formlng prpﬂlae@rhﬂﬂanfespmdgand foneptherfisatidielectric layer, the pillar
connected t the antenn% The system as cl{flra in C| im 11 further
H Coisted

g Ao in, i el gfgond pillar

first plllarnthﬁntiiutdvdileiﬁetﬁméaner having an opening prowded therein
exposing the first pillar; and a second pillar on the pad in the opening in
thissthird Thelegtteol ayetatine sacdadchpillafuitheomtagirwitizthe antenna. 15.
TF stem laim clalm 1 further com rlsm formin

e A B R TS e G e TR B LY o ena
antennapfcthmmgeamecond pillar connected to the other end of the

tenna and fo mttn a second rt)a(alconﬁtecte&l tgfﬁte secondapéar. 16.

1 connected to
An n eggrat &CII’CB stem comprising: a su stra eehavm aira

frﬁqueng)almmfdlpadl@m(ﬁélét@l)tmthgmtemuwdllat device; a first pad on the
substrate connected to the RFID integrated circuit device; a first dielectric
lalfer ové¥ithetegrbidatiecanics e firsopadsihg: first dielectric layer

a substrate having a radio frequency identfification (RFID) integrated circuit device;

a first pad on the substrate connected to the RFID integrated circuit device;

a first dielectric layer over the substrate and the first pad, the first dielectric layer
having an opening provided therein exposing the first pad;

an upper redistribution layer over the first dielectric layer;

an antenna comprising at least a portion of the upper redistribution layer into, the
antenna connected to the first pad; and

a second dielectric layer over the first dielectric layer and over the antenna.

17. The system as claimed in claim 16 further comprising a lower redistribution

layer on the first pad and connected to the antenna.

18. The system as claimed in claim 16 further comprising a pillar on the first pad

and over the first dielectric layer, the pillar connected to the antenna.

19. The system as claimed in claim 16 further comprising:

a first pillar on the first pad;

a third dielectric layer over the first pillar, the third dielectric layer having an opening
provided therein exposing the first pillar; and

a second pillar on the pad in the opening in the third dielectric layer, the second pillar
in contact with the antenna.

13



having an opening provided therein exposing the first pad; an upper
redistribution layer over the first dielectric layer; an antenna comprising at
least a portion of the upper redistribution layer into, the antenna
connected to the first pad; and a second dielectric layer over the first

diglectricriaygysaind QvahiRtRMenia 17 fuiRSysigM@sclaimed in claim

16 further comprising a lower redistribution layer on the first pad and
c&rﬂ@a@wtaftﬁéﬂam&me1@%@@1&@%@{%}%&%@%@ Rfhepd of the
comprisiggenpitiar on the first pad and over the first dielectric layer, the
pillar connected to the antenna. 19. Theéystem as claimed in claim 16

t

futtrsProMbAs e wdipihacdriradirdt paantsihfBtblectric layer over
thesieshnilias dbehirsidietaetsicavasiinaving an opening provided therein
exposing the first pillar; and a second pillar on the pad in the opening in
the third dielectric layer, the second pillar in contact with the antenna. 13
20. The system as claimed in claim 16 further comprising: a plurality of
pillars on the pad, the plurality of pillars connected to one end of the
antenna; a second pillar connected to the other end of the antenna; and a
second pad connected to the second pillar. 14

14



