| NTEGRATED CI RCUI T SYSTEM W TH ANTENNA CROSS- REFERENCE TO RELATED

APPLI CATI ONS) This application clainms the benefit of U S. Provisional
Pat ent Application serial nunber 60/580,086 filed June 15, 2004, and the
subject matter thereof is hereby incorporated herein by reference thereto.

This application | i VI SLO W I S Pat ent Application
serial nunber 10/ F§E§%A#?‘be§ﬁ59ﬂbﬂ s ) &ﬁﬁ/@mf‘ect matter thereof
is hereby incorporated herein by reference thereto. FIELD OF THE | NVENTI ON
[ 00011 The present invention relates generally to integrated
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[0002] In the stream of commerce, it is desirable to keep track of products shipped from a
manufacturer or seller to a customer or end user in order to protect 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 while enroute to a customer is a labor intensive task
for the shipping company handling the package. In addition, the customer must rely on the
shipping company to provide the current whereabouts of the product while enroute, and/or
must access the shipping company’s web site in order to locate that information.

[0003] Any shipping information known by the manufacturer 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 using, for example, an optical scanner.

[0004] 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.



100051 One nethod involves the use of bar codes and scanners. However, this
nmet hod requires close proximty between the product carrying the bar code
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[0010] Desirable though these RFID systems are, there have been problems with size, cost,
and reliability.



BRI EF DESCRI PTION OF THE DRAWNGS [0014] FIG | is a plan view applicable

to nmultiple enbodi nents of an integrated circuit systemin accordance with
the present invention; [0015] FIG 2 is a cross-sectional view of a first

enbodi mrent of FIG 1 taken along line 2-- 2; [0016] FIG 3 is a

Cross- igonal .view of a second enbodinent of FI 1 taken al ong,.line
3--3; @6@157]5?‘1%?@“540 e DRSS GG trahirasourto i kR R SUREREST 71 G
1 si mgaledtif . structure of FIG 3; [0018] FIG 5 is a plan view
applicable to additional nultiple enmbodinents of a integrated circuit
device in accordance of the present invention; [0019] FIG 6 is a
cross-sectional view of aSUMMARYeOBAHEERVENTIONG 5 taken along line 6-6
[0020] FIG 7 is a cross-sectional viewof a fifth enbodinent of FIG 5
sim |l gootn the plekdittiventioh grbdeda sydRARIdr MbfufaBulifig ancCineggated circwinal
view of a sixth enbodinment of FIG 5 taken along line 8-- 8, 100221 FIG 9
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the substrate 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 upper redistribution layer is formed into an antenna with the antenna

connected to the first pad. A second dielectric layer is formed over the first dielectric layer

and over the antenna. This provides a means for accurate tracking of goods while en route to

customers.

[0013] Certain embodiments of the invention have other advantages in addition to or in

place of those mentioned above. The advantages will become apparent to those skilled in the

art from a reading of the following detailed description when taken with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a plan view applicable to multiple embodiments of an integrated circuit
system in accordance with the present invention;

[0015] FIG. 2 is a cross-sectional view of a first embodiment of FIG. 1 taken along line 2--
2

[0016] FIG. 3 is a cross-sectional view of a second embodiment of FIG. 1 taken along line
3--3;

[0017] FIG. 4 is a cross-sectional view of a third embodiment of FIG. 1 similar to the
structure of FIG. 3;

[0018] FIG. 5 is a plan view applicable to additional multiple embodiments of a integrated
circuit device in accordance of the present invention;

[0019] FIG. 6 is a cross-sectional view of a fourth embodiment of FIG. 5 taken along line 6-
-6:

[0020] FIG. 7 is a cross-sectional view of a fifth embodiment of FIG. 5 similar to the
structure of FIG. 6;



with the present invention. DESCRI PTI ON OF THE PREFERRED EMBCDI MENT [ 0024]
In the foll owi ng description, nunerous specific details are given to

provi de a thorough understandi ng of the invention. However, it will be
apparent that the invention may be practiced without these specific
details. In order to avoid obscuring the present invention, sone well-known
pr ocesk031ke pEIGy 8dis gorosgiseeionakbview i detxdh pmbpdinmest oiNglg- i takem algng linged--

drawi ngs showi ng enbodi nents of the present invention are sem -di agrammti c
and not’ to scale and, particularly, some of the dinensions are for the
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circuif devices c fLFSk ipces 106 and 108. [0031]
For theovfelrt’g?(?a%rfd%ﬁhgregflég lémalitag?s%feﬁggﬁkﬁ&%z%ggﬁ%%ﬁ?ce 106 is connected to
a firsfoopad THOteo “Preeidig adseisdd Rereif ihcluees depdbisibti obtatcdial bayiertoresil ) 114
is fornmed over the substrate 112 as shown in FIG 2 and t first, Ioad 110,
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identifying the item. As the RFID tag passes near the RF reader, a directional antenna in the

RF reader emits RF signals towards the RFID tag. The emitted RF signals 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.



[0033] Afirst pillar 118 is formed over the first dielectric layer 116 in
the opening in the first dielectric layer 116 and is in contact wth the

| ower RDL 114 as shown in FIG 2. 100341 A second dielectric layer 120 is
formed over the first pillar 118 with an openi ng provi ded therein exposing
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rest diAetly 3 eWiRS{CSahd second pads 310 and 326 so a tower RDL is not
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di el ed0P3H |Aust pille |8 Welposed everdhe find diclparie daver 110 imthe encaingtindhe | r st

E?g 4 'rs'y\(ﬁii%l%ct%% l%pe?rfllg Ind18h cgntgar&ﬁhoﬁle%wér%il L Bﬁo%ﬁl &10131%3 2> hown in

[0034] A second dielectric layer 120 is formed over the first pillar 118 with an opening
provided therein exposing a portion of the first pillar 118.

[0035] An upper RDL 122 is formed in contact with the first pillar 118 as shown in FIG. 2
and is shaped to form a coil or antenna 123 connected to the first pillar 118 at one end and to
a second pillar 124 at the other as shown in FIG. 1.

[0036] The second pillar 124 is formed at the same time as the first pillar 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.

[0037] A cap dielectric layer 128 is formed over the second dielectric layer 120 and the
upper RDL 122 formed into the antenna 123.

[0038] 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



[0042] The first pillar 118 is formed over the first dielectric |layer 116
in the opening in the first dielectric layer 116 and is in contact with the
"first pad 410. [00431 The second dielectric layer 120 is formed over the
first pillar 118 with an opening provided therein exposing a portion of the

first pillar 118. n‘l A second pillar 419 is d‘&rred_ over_ the second
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second RED devi ces 506 and :
provided therein exposing a portlon of the first pillar 118.

[0044] A second pillar 419 is formed over the second dielectric layer 120 in the opening in
the second dielectric layer 120 and is in contact with the first pillar 118.

[0045] A third dielectric layer 420 is formed over the second pillar 419 with an opening
provided therein exposing a portion of the second pillar 419.

[0046] Successive dielectric layers designated by a numeral 422 and successive pillars
designated by the numeral 424 can be formed up to an upper dielectric layer 426 and a top
pillar 428.

[0047] The cap dielectric layer 128 is formed over the second dielectric layer 120 and the
upper RDL 122 formed into the antenna 123.

[0048] 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.



[ 00521 For the fourth antenna system 502, the first RED device 506 is
connected to the first pad 110 on the subsbratc 112. [0053] The first
dielectric layer 116 is deposited on the substrate 112 and over the first
pad. 110 with an opening over a portion of the first pad 110 as shown in

oo 104 ofTRS fovdh e o e HBLoGHE MRS he oBRa a SRSREF o,
[ 0054]infekhat B l@f Righdr Bedudnlfc@ual MNyaEHs fif?rtﬁ@féiéﬁébtﬁ@q?a}féf%ewm%ielasil e

first dielectric layer 116 and are in"contact with the first pad 110, First
pi | | arfdleéd18-5 t hrough 8 are shown in FIG 6. The nunber of first pillars

depen a er of fa r uch, as desi red,conduct | vi t Sl ze

fi ovvagpﬁgm_y Igff cRe ncﬁweIoeﬁ(fsr ? ﬁﬁ?’édr {afreregy gre 5&‘88%53_{1 ipte %%dnﬁlr(alllte?yeﬁce ric
layer spb2 FEG.f 9rigmadhlat QuRd apPecabid Bt muRipld @mso8ikinds bhtauGkeghhtedaittulg t he
tops of the pillars exposed as shown in FIG_ 6. The dielectric materi al

nust bestewf 50%inesrcpidance with she presertiinyensiny. dags 6 neawsess-seefiongl viewraf a 100561

o LTS ARk "y AL P g v

N ove SEC Fic laver as ed to

f or m &5000iHIGOT iant@BRecchiddalcadn et b dthtedntodimdrit sBhil4pitd kler srubtliBe df Iy ough N
at one end and to second pillars 524-1 through N at the other as shown in

FI G 5vhicheys afigh geieppsysion @9% 524-1 through N are fornmed at the sanme
tine e Hi LdhaLs. al8s h NH Al £4C teafolfed RECSECON
pad lggoﬁﬂatﬁ}e;ﬁtgg?r%h é?cu?hgy%%%gwgnlghlg&segt ﬁgﬁfa?lrd s?&ggg ll%él.t Ql'%e gecond
pad 12fvices,cadnecfistdaddosettred RFI3 tHewitdd BOGnd 508581 A cap dielectric | ayer

516 is fow ed over the second di citri.c r. 512 d. the uppe | X: 622.
[ 0059]10P¢2 rFé)fﬁh%é)@ﬁF AnFRAEYSHM %{)f tﬁ%ﬁ%@ﬁ&%&%\?@g é*ocoflﬂ%ﬁeﬁﬁ%dfﬂe Bhndof f
condug;aid\qqo%lthgglgosﬁgt@ ike formed up to 10 micron in height and this
provides with 1 nproved fatigue perfornmance, good el ectromagnetic

per f or[f5de, Tranfirsydiettctrivdayaal 1 1diis depaitedon thefsubstsatedll 2 apd byverrth¢ Srsppaken,

this does npot significantl ffe fatiqu r f or nance, ctromagnet.i ¢

bor  or R agr o &P et B e Bt G AP AHERT I T1B Bor FREE B e
pl at edxlpPhafidbhl vAHBuS 88 ctd ARC Showi® A6 Alankiedr&it ! A0 tHROMM @ nitnGers fare et @b N 1 s
shown a cross-sectional viewof a fifth enbodinent simlar to FIG 6, which

i s a fdesignatgrithesame eystmidan et@nentThe pl an vi ew woul d be the same as for the

fourt enna_,sS)s St in E For_t.he fifth . . 2, the
first h‘fggg‘hll rﬁté’h}a& Srg%?gﬁmtuﬁ% ]‘i&ej"?‘gf e"i&f A mlgsmgt@%ﬁigggﬁi é‘gg?%gt gpfi rst
RFI D dend £id 286 cdridR6 Mithkhe fitdt pad 100 eFpatpillas 5ag-8rthisl@hiSsarel sipedi ingiGon t he
substrate 112 and over the first pad 110 with an opening over a portion of

the fi¢-sthepaumbearofdysspidars daperd en a7numbryed faptprssiuchias| depkeha@dciiough N
o SamBlyd Mond Uk Ry, 87,0 L ouah 2 shows Ln FLO ) e
W th tioess]i ratsepaddl ditlctritORGSLSIR s Carntdd dir@breic thiei Grst @jikars 318211 theahghrddund
the f ifei&iné’ itlllel %rpg o? :‘lfh86_ Iz)l'illtargrg(lil)%?edl\las shown in FIG. 6. The dielectric material must be

sufficiently flowable to fill any gaps between the pillars.

[0056] An upper RDL 622 is formed in contact with the first pillars 518-1 through N over

the second dielectric 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.

[0057] 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.

[0058] A cap dielectric layer 516 is formed over the second dielectric layer 512 and the

upper RDL 622.



| eaving the tops of the first pillars 518-1 through N exposed. The
dielectric material nust be sufficiently tlowable to 'fill any gaps between
the pillars. [0064] Second pillars 718-1 through N (only the second pillars
718-5 through 8 are Shown in FIG 7) are forned over and in contact with
the first pillars 518-1 through N, respectively. é_l 065] Athird dielectric
| ayer [P989] sInfthe prageniripyam@onnis harbesndlissorerad shap i 1“%49@&@}% dugtive Ry t he
tops of_ t I It gh,aN r terial
e s R AT R T i S T
SucceslserftﬂmbﬁaeeIgSo«bfeleptrblhlagxs:ndqugnaam hx;d powel themealadissi2Boar af hcsmg@l

di rectl &? q@second pillars 718- %l é N and succeSS|1ve dielectric

| ayer sp1 é"silb KReB, HS 1dnss pketgnilicanily tlect JRREHE BFTEMINERCISHIOTRFle

| evel r [ par I 6 abNbE HEREESEAt ed by
the u éé{; dgﬁh’k‘%egr"z t%%na% @%?%%lgﬁ%gsﬁ%&n&?ﬁéa&% 0%) Eﬂ;gg@f g%dr\rled Igver and in
cont acminiirmmlteisletaacﬂ:cesm ve | ayers of p| Ilars 722. [0068] An upper

di el 728 f il 726-1 th h N
Leavi igpfle. BBing: tewei dIGnd: phArl & #oeh ™Y irBiigrtiel Sieaar e

di el ecthbsdiRehteimahr USEG. Bewﬁf(’:hflé & ifi@tdnvenhh @ypadth g0 0 The blananyw gapsd bet ween
the pillars. [0069] In the fifth antenna system 602, the first RDL 622 is
f or medthie rsamo a6 dett thgifokrth petenipsistep! W?amsFIY%é- 1Ferhihe Gidh aqtesna sysemiBed t o
f f . ted
[0 m Sug ol 25 PR PRl SRS HRARARER Sy Rl €

pi | | ar @o6npt Tishewndildetridlay&arme 1§8eﬁd§ﬂedJ§1ﬁ)ﬁfe uibktkas $17 26t dvet hiscofighpd) . The
second colum of pillar are formed at the sane tine_as the first colum of

pi | | ar klOawdhalaep%%@tqr@wwnapféb%ﬁﬁap%blQWO&/H&HG Hhe second pad is
AR L L S A S T e T

hi gherinf FIequg lam fosmadh th dryopgaing inrhd hest dleﬁoerm Yaiyer | Byswsareiin korgecterish | y
filled, 0071& cap dielectric layer 716 is formed over the upper
di el ectiFifEstiPafdtO728 and the first RDL 622 farmed into the antenna 523.

[ 0072] [oe3er Al f28oiOWclRirfd Biysh 7@%{ ?dd?leﬂ%r&ﬁﬂv‘!heaﬁ&tr piErsSPGL] eRALglyinew of a
porti on of a sixth antenna System 504 of a sixth enbodi nent taken al ong

| i ne 8lea@ngtheFb@ obthe fog 78liark6it 8- hbroggkNﬁmS%nﬂles@sb@m Bougrial histbe ond

R FID d Iceﬂ)f?a%ﬁ @ g[:o)glnected o thetflrz1 pad 110 formed on the substrate
112. AY %8’? wablg tq 4l ARy gang bEOLF R BePUaKSs rate 112 and the first pad
110, andeip PRbhebilRes 1 -1 ABLEY ©aRMue sbomd alldts T1$ 5abroa o Brure biovid G 5,
100741@hepf| rst gl el ectric Iagljgr ¢ g(ms dep og?l?esél on thg glﬁbstr?ate 112 and
over tnFIGoRkrrefpmediovar gid in C&ﬁta@'fp‘éﬁlil Hy fcrs/fdrﬂl@rs Poslithioush Ny Frspecsively- RDL

114. F S e i | r t and.
the saft06SEE Rl HEAAEHRDT2Y 3 KMlRed! BHEIL 4Rl SNOMaRC IS PARRAEET 500, )

A secorgvidp eheobs of tHeayedndddiRars 518ar ﬂ’mﬂlgh\l‘é expdsed fittestielditat eciteriat nhayer 116

W th an openin rovi ded _t herei n_exposin ? port| on of the lower RDL 114.
be sufficiently flowable to fill any gaps between the pillars

[0066] Successive levels of pillars designated by the numeral 722 are formed directly on the
second pillars 718-1 through N and successive dielectric layers designated by the numeral
724 are formed around the successive levels of pillars 722.

[0067] 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.
[0068] 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.

[0069] 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



[0076] An upper RIM 814 is formed in contact wwth the lower RDL 114 and is
shaped. to forma coil or antenna 523 (FIG 5) connected to the | ower RDL
114 at both ends as shown in FIG 5. 100771 The |ower RDL 114 is patterned
to formcl condui..tive path 525 and covers the second pad 126 that is

formed at t S ti as the first pad.110,,.The seco ad 126 i
connelfEgnd BS§ Wgﬁgc S gg"%tﬂgo@: th‘i W?%lplﬂa’éag%r gF@égﬁ} &gaqo‘é@/ee?ndgafgs s

for medeQar cdiiitins 8£ pidrindt 864w Gut Medandlas @B dlgb&epilllﬁﬁe’l’?fdap%@ﬁ@ N)0079]

In the present invention, it has been discovered that having the first and.
secondhgisetadtqolwnh afpillsr daredorrad B 1l weratiren as the fissitpolymn ef nillersgrd athe

upper RDL 4 provi des t.is ned a ythi.ck di | G~ I esults
in el 698{“?‘?0?%! tog 58??59% psag}lég‘?tl Sgﬂwflf)?hﬁ? S&ﬁg?dr%%dgﬁ%r;ﬁ/{eg%gﬁé E:Haet(::l? s %b("[ he sixth
ant enngo AN St sfiffigurdiRndidreet 5O aReRtdOhidletwesnbd benttdlwerto REY dedidedand t he
upper RDL 814 elimnates the use of the pillar 118 (FIG 2) or the pillars
118, 4higkness for gyen hzBer freqgengies il Any ngsipdn (the €1 c dpyers; wilf e casily

elim r}ﬂfeidon of phot omaski ng and processing steps. It will be understood
that the use of the sixth antenna system 504 does not preclude the use of a
pi |l arodtg (K£tsp did)echtc lpidrl ABSs Tdrthed 418y thé2pperadidlcdi?iB 14yda 723 aad tieefisuch a

| ayer may be required for other routing purposes. The structure of the

Si xthlﬂﬂgé%zﬁo@}ﬁﬁlﬂéﬁ%ﬂ?@@tﬁlﬂ}%%r provi des good el ectrical perfornmance by

m i mighhg HLaghh AERSI iiforEARRS 100894 ReLEBE hpernai o Fl G
9, thé?gﬁ ?is S %&Q%MC?)OE@Séééﬁrglggﬁ%b{)ggv%g?osg sevent h antem@g system 904
of a séukahfenendettmBiv of d9BkmbAdimtrowaken nldalg@ne $;-8tdfdI&efent h ant enna
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Referring nowto FIG 10, therein is shown a flow chart of a manufacturing
met hodindithesfist pad 100 @nd Grpattarmed o formi the cenduictivespatia b & agshosi in BIG. &ccor dance

wWth t resent jnvention. The system 1000 .i ncludes .form.n ) ate
havi ng[B§7‘ﬁ nte@lfr heb el yer Uy B2 dapPals ety e é%ﬁeilégaa“él‘g’gﬁﬂft)ﬂ%%’f&
form ngpa 1fiursith RAGpeAink RS HBBEHIGH 6f GRNBREL RDLL P14, NBoi edse @fakplnationg i t
device in a block 1004; formng a first dielectric |ayer over the substrate
and t haribiis Byeysade shoven 4 transpareet angtthe sameyenbesagiciiged tp desegnatithp s89¢ ded
therein exposing the first pad in a block 1006; form ng an upper

redi st(frisgﬂﬁ? oeherﬁa}ser over the first dielectric layer in a block 1008;

fow i Ngom8] | Rastond delktiiena@r d1neis Uppedd oedithé firhulielodtrit Ayt 1ilGtwittaan
antenna, the antenna connected to the first pad in a block 1010; and

f owl i repeingaxdyidediihareat exnosinganortion el the averikl2k 1t-el ectric 1ayer and over
the a a | I . ] St i t he
radi o%rﬁe ue}r‘llgflls‘)%e%l??f%llgég F%‘[?fgefafﬁg‘uﬁ%%g%*‘aﬂgﬁ%g%ﬁ ﬁggﬂgﬁ%ggﬁ%g?%t us of
t he prfesgatcoilrantenomsi3 (FGL Sheanmpeated anthe dovder RIDEBtl0# at bothrrkdozwshawd in
unavail abl e sol utions, capabilities, and functional advantages for radio
freque‘ﬂ@gﬁi dentification integrated circuits. The resulting process and
conf | Gehaf)| O Rver ROR! AN [OpNRET BRI (Bhdudkle YR 53818M. cibithy
versatile, accurate, sensitive, and effective, and can be inplenented by
adapt i segorkinpath 1 2otipo iveforraed at thesany theaas tetfusi pag, 1 o Jhe satdndrpadali?d is
utilization. {0%84\] V%LfiD%g i nvention has been described in conjunction
with aCO8peRted focthpaeqen , “is to be understood that many alternatives,
modi 11 BBY810NA caB 1Vt AkyeP TR WS Iibrrk@l BARAREREcE dilloaticlydrl B drd dbe art
in light of the aforegoing description. Accordingly, it is intended to
enbr aceppalt RDIu&lH. al t ernati ves, nodifications, and variations which fall

W thi n[OE)l?E] S5ohe por];setn ?nvention, 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 pillar 118 (FIG. 2) or the



included clainms. All matters set forth herein or shown in the acconpanying
drawings are to be interpreted in an illustrative and non-limting sense.
What is clainmed is: 1. An integrated circuit systemconprising: 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

subst reitlerssal@, 18, #24. sindpddd, (KlRe 4)iwhkich aneansedesp icost dyeto HgvelinginglipropEni ng

. . . ; Firt _ . . :
Phe't (RO BRI R R3OS Rips' 1 B BRUmaBRRREL AELLELE PO BteUET, OF P
upper dyeirss04 does inonpreelyéé thetuBe ofimpilanal & HIGeZ) @billas 1 b 418s5424paa 42hd 10a

second dielectric |ayer over the first dielectric |ayer_and over the
ant end&1G. 4) since sucL aylayer may be requIre& %or other routEng purpos%s. Tﬁe structure of rghe

sixth antenna system 504 further provides good electrical performance by minimizing
electrical parasitic capacitances.

[0080] Referring now to FIG. 9, therein is shown a cross-sectional view of a seventh
antenna system 904 of a seventh embodiment.

[0081] As shown in FIG. 9, the seventh antenna system 904 is similar to the sixth antenna
system 504, except that the upper RDL 814 rests directly on first pads 110 so a first RDL is
not required. In this embodiment, the processing and cost is reduced.

[0082] Referring now to FIG. 10, therein is shown a flow chart of a manufacturing method
or system 1000 for manufacturing an integrated circuit in accordance with the present
invention. The system 1000 includes forming a substrate having a integrated circuit device
provided thereon in a block 1002; forming a first pad on the substrate connected to the
integrated circuit device in a block 1004; 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 in a block 1006; forming an upper redistribution layer over the first dielectric layer
in a block 1008; forming at least a portion of the upper redistribution layer into an antenna,
the antenna connected to the first pad in a block 1010; and forming a second dielectric layer
over the first dielectric layer and over the antenna in a block 1012.

[0083] Thus, it has been discovered that the radio frequency identification integrated circuit
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, economical, uncomplicated, highly versatile, accurate, sensitive, and
effective, and can be implemented by adapting known components for ready manufacturing,
application, and utilization.

[0084] 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

10



2. The systemat, clainmed in claim1l further conprising a | ower
redistribution layer on the first pad and connected to the antenna. 3.
The systemas clainmed in claiml further conprising formng a pillar on the
first pad and over the first dielectric layer, the pillar connected to the

antenna, 154. The systemas clained in claim1 thither conprising: a first
pi | | arneJAdechelaims, S‘Xﬁ ersasef ﬁ‘?rFlgﬁ‘HF’é‘l BSPPYVR 1} HirAccoppinyg drla?”l“é% B¢ 19 ar,

the tmelﬁ girsde&mwlu's@ae RYiARn@RERLNG Provided Lherein exposing the
first and a secon p|| ar on the pad in the opening in the third
dlelectrlc | ayer, the second pillar 20in contact with the antenna. 5. 'the
systemas clained in claim1 further conprising: formng a plurality of
pillars on the pad, the plurality of pillars connected to one end of the
antenna; formng a second pillar connected to the other end of the ma; and
25form ng a second pad connected to the second pillar. 6. An integrated
circuit systemconprising;, a substrate having a radi o frequency
identification (RFID) integrated circuit device; a first pad on the
substrate connected to the MD integrated circuit device;

11



a first dielectric layer over the substrate and the first pad, the first
dielectric |ayer 30having an opening provided therein exposing the first
pad; an upper redistribution |ayer over the first dielectric layer; an
antenna conprising at |east a portion of the upper redistribution |ayer
into, the antenna connected to the first pad; and a second dielectric |ayer
over tWahatiis sfaigied ectric | ayer and over the antenna, 7. The system
as claimed in claim6 further conprising a |lower redistribution |ayer on
the first pad and connected to the antenna, 8. The system as cl ai ned

inclaimé6 farth@ﬁnﬁggmkﬂshagtgmpﬁﬁb@ﬁmﬁmmghe first pad and over the first
dielectric | aye the pillar connected to the antenna. 9. The system
as clainmed 4 Wﬁ?h@ﬂngaﬁﬂﬁﬁﬁm@éﬁﬁﬂﬂéﬂﬁ@“%a first pillar on the first pad;

10a third dj gle &(f If:the%l?sﬁrapev&%né&gd {ot Int@rkeb@Eircdi vwéﬂ rd dielectric
e rst prllar; and

| ayer h.avi provided therein exposin
5 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
10 a second dielectric layer over the first dielectric layer and over the antenna.
2. The system as claimed in claim 1 further comprising a lower redistribution
layer on the first pad and connected to the antenna.
3. The system as claimed in claim 1 further comprising forming a pillar on the
first pad and over the first dielectric layer, the pillar connected to the antenna.
15 4. The system as claimed in claim 1 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
20 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
25 forming a second pad connected to the second pillar.
6. An integrated circuit system comprising:
a substrate having a radio frequency identification (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
30 having an opening provided therein exposing the first pad,

an upper redistribution layer over the first dielectric layer;

12



a second pillar on the pad in the opening in the third dielectric |ayer,
the second pillar in contact with the antenna. 10. The system as
claimed in claim6 thither conprising: 15a plurality of pillars on the pad,
the plurality of pillars connected to one end of the antenna; a second

illar connected to the other end of the antenna; LA nd .
(F:)onn ected t%® Qq@r@e@msg}g ptyleast a portion ofat e uppglr e Psgib%tl%gclgyg' 1%’%? the

antenna connected to the first pad; and
a second dielectric layer over the first dielectric layer and over the antenna.
7. The system as claimed in claim 6 further comprising a lower redistribution
5 layer on the first pad and connected to the antenna.
8. The system as claimed in claim 6 further comprising a pillar on the first pad
and over the first dielectric layer, the pillar connected to the antenna.
9. The system as claimed in claim 6 further comprising:
a first pillar on the first pad;
10 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.
10.  The system as claimed in claim 6 further comprising:
15 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.
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