INTEGRATED CIRCUIT SYSTEM WITH ANTENNA

CROSS-REFERENCE TO RELATED APPLICATION(S)

This application claims the benefit of U.S. Provisional Patent Application serial
number 60/580,086 filed June 15, 2004, and the subject matter thereof is hereby incorporated
herein by reference thereto.

This application is a Divisional of U.S. Non Provisional Patent Application serial
number 10/908,973 filed June 2, 2005, now U.S. Patent No. 7,444,735, and the subject matter

thereof is hereby incorporated herein by reference thereto.

FIELD OF THE INVENTION

[0001] The present invention relates generally to integrated circuits, and more particularly
to radio frequency identification integrated circuit systems.

BACKGROUND OF THE INVENTION

[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 invol ves the use of bar codes and scanners. However, this
met hod requires close proximty between the product carrying the bar code
and the scanner, 100061 Another nethod relies on REID systens, which use
radi o frequency (RE) transponders to transfer infontration to interrogation
stations. Unlike other information communication systems, RE transponder
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[0010] Desirable though these RFID systems are, there have been problems with size, cost,
and reliability.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0014] FIG | is a plan view applicable

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

embodi ment of FIG 1 taken along line 2-- 2; [0016] FIG 3 is a

cross-sectiqgpal . view of a seco enbodi nent of FI 1 taken al ong,,l i ne
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1 simdaledtiR dwgr structure of FIG 3; [0018] FIG 5 is a plan view
applicable to additional nmultiple enbodinents of a integrated circuit
device in accordance of the present invention; [0019] FIG 6 is a
cross-sectional view of aSUMMARYOBAHEERVENTIONG, 5 taken along line 6-6
[0020] FIG 7 is a cross-sectional viewof a fifth enmbodinment of FIG 5
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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
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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.



[0029] 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.

[0030] The integrated circuit system 100 includes first and second integrated circuit
devices, such as first and second RFID devices 106 and 108.

[0031] For the first antenna system 102, the first RFID device 106 is connected to a first
pad 110 on a substrate 112. A lower redistribution layer (RDL) 114 is formed over the
substrate 112 as shown in FIG. 2 and the first pad 110, and is patterned to form a conductive
path 115 as shown in FIG. 1.

[0032] A first dielectric layer 116 is deposited on the substrate 112 and over the lower RDL
114 with an opening over a portion of the lower RDL 114 as shown in FIG. 2. A bottom
surface of the substrate 112 and the first and second integrated circuit devices 106 and 108,
on a side opposing the lower RDL 114, remains exposed to the environment. For ease of
explanation, various layers are shown as transparent and the same numbers are used to
designate the same or similar elements.

[0033] A 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 lower RDL 114 as shown in FIG. 2.

[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

S5A



[0042] The first pillar 118 is fornmed 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 fornmed over the
first pillar 118 with an opening provided therein exposing a portion of the
first pillar 118. %8233& A second pillar 419 is formed over the second
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provided therein exposing a portion 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
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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
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| 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
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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 with 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 |lower RDL 114 is patterned
to formcl condui..tive path 525 and covers the second pad 126 that is
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118, 4higknes for ayen hizher freqgengies wnil ARy ngsamdn |the i c dpyers wilt e casily

elim r}ﬁf don of phot onaski ng and processing steps. It will be understood
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Referring nowto FIG 10, therein is shown a flow chart of a manufacturing
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fow i r@ealngéﬁ@ﬂde(bﬁhéﬁé‘t?Knoélnlgwl%‘éﬁth? verRldh Lit-el ectric Iayer and over
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r adi o re uency ioncircult manu actur| ng net hod and appar at us of
the prfeagntcoilrtantenons523 (HIGL Shednmpeted mﬁiﬁleMerHﬁDEtld)ﬂ at bothm:hdS)mhawd in
unavail abl e sol utions, capabilities, and functional advantages for radio
frequefl®y Si dent i f i cation integrated circuits. The resulting process and
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utilization. { g8 WZDH@ i nvention has been described in conjunction
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enbr aceppat RDIugH. aI ternatives, nodifications, and variations which fall
Wt hin 51? SCORE p
[0 &] n the presen 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 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 _ . . :
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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, claimed in claim1 further conprising a | ower
redistribution layer on the first pad and connected to the antenna. 3.
The systemas claimed in claim| further conprising forming a pillar on the
first pad and over the first dielectric layer, the plllar connected to the

ant enna, 154. The system as clalnﬁd inclaim1 thlther ﬁ£r|3|%§: a first
%

pi | | arngadedhains, s@ Il mpiters,sef ﬁ‘?rFlH HPS FSPPVR 11 HRFeAccorpRIn e diapy £19 ar,
the t ng provided therein exposing the
f|rsthk?ﬁﬁgh?kg%%&gﬁgég%ﬁﬁ g?“%%ngﬁgﬂgad in the opening in the thlrd
dielectric |ayer, the second plllar 20in contact with the antenna. 5. 'the
systemas clained in claim1 further conprising: forming 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 radio frequency
identification (RFID) integrated circuit device; a first pad on the
substrate connected to the MD integrated circuit device;

11



What is claimed is:

1. An integrated circuit system comprising:

a substrate;

an integrated circuit device connected to the substrate and having a side exposed,;

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;

a plurality of first pillars over the first pad,;

a second dielectric layer over the plurality of first pillars, the second dielectric layer
having an opening provided therein exposing the plurality of first pillars;

an upper redistribution layer over the second dielectric layer;

an antenna made from the upper redistribution layer, the antenna connected to the
plurality of first pillars; and

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

2. The system as claimed in claim 1 further comprising a lower redistribution

layer in contact with the first pad and connected to the plurality of first pillars.

3. The system as claimed in claim 1 further comprising a plurality of second
pillars on the plurality of first pillars and over the second dielectric layer, the plurality of
second pillars connected to the antenna.

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

a plurality of second pillars on the plurality of first pillars;

a third dielectric layer over the plurality of second pillars, the third dielectric layer
having an opening provided therein exposing the plurality of second pillars;
and

a plurality of third pillars on the plurality of second pillars in the opening in the third

dielectric layer, the plurality of third pillars in contact with the antenna.

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

a plurality of pillars on the first 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.
12
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6. An integrated circuit system comprising:

a substrate;

an integrated circuit device connected to the substrate and having a side exposed;

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 and a lower redistribution layer in contact with each
other and connected to the first pad;

an antenna made from 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.

7. The system as claimed in claim 6 further comprising a lower redistribution

layer contacting 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;

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 first pillar 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:

a plurality of pillars on the first 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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