P100615 RF AND MM C STACKABLE M CRO- MODULES BACKGROUND OF THE

I NVENTION (1) Field of the Invention The invention relates to a
nethod to forman integrated circuit device, and, nore particularly,
to a method to forman interconnecting structure for use in
integrating multiple, RF and MM C stackabl e nodules. (2) Description
of the Prior Art In the art of integrated circuits, electrical

i nt ercoiggld on and packagi ng are key enabling technol ogies. Mich

recent work has been %@ﬁ%&%eg{rﬁ&%ﬂﬁ tlvhgégag(g#fﬁess in three

di rensions. That is, univéersities and ' r i'nstitutes are
now wor ki ng on technol ogies to reduce the volunme of and to inprove
the performance of integrated systens of multiple ICs. In this

regard, silicon stacking %ﬁ%KFEé8§%p?? Egﬁgggéggégnnects have been

successfully denonstrated Tn I'licon systemis
one where nultiple integrated circuit devices are vertically
st acked, one upon another. Stacking circuit nodules creates area

ef ficiengies_i.n.the.sanme P100615 way that a high rise office
bui | di ng'i's moradl Zhd 't ffi’“é"’ie Etloflhan

The invention relates toc a method to form an integrated
circuit device, and, more varticularly, to a method to form an
interconnecting structure for use in integrating multiple, RF

and MMIC stackable modules.
(2) Description of the Prior Art

In the art of integrated circuits, electrical
interconnection and packaging are kev enabling techneclogies.
Much recent work has been done to integrate multiple devices in
three dimensions. That is, many universities and research
institutes are now working on technologies to reduce the volume
of and to imprcove the performance of integrated systems of
multiple ICs. In this regard, silicon stacking and through
wafer interconnects have been successfully demonstrated in the
art. A stacked siliceon system is one where multiple integrated
circuit devices are vertically stacked, one upen another.

Stacking circuit medules creates area efficiencies in the same
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a single story building. A very conplex function or group of
functions can be integrated onto several ICs while taking a
relatively small surface area of the systemcircuit board. Wafer

t hrough connects are a techni que whereby holes are forned conpletely
t hrough the sem conductor substrate. Crcuit signals fromthe top
side of the integrated circuit can then be routed through the bul k
of the syfigtsate to the bottomside. This through interconnect, or
through yla%h%%pgbﬁlJﬁyrC%F%t%lcgagyllvggka Ingrgp IO Si%%c1en% than
signals i 1Y the "ver {1 Al i 6t on g'a n, “fedute the require
surface area f t@e dqyu_e ar ?y g q%hog Iénltaﬁﬁpnl%fpth

St
above- deschﬁég approac dlqg hr eet diménsi ona egra %i"6hTi 8"t he
r

high fre ﬁﬁenc% geéggpgaggﬁ Ftgge ngtJJI # rt&g ¥ kntegrated

system The substrate Fi At cal' Ty $itiTon “havi fig a
el ati vely ow .t esi st ance.. The resistivity of the il Lon_sybstLal,

is well “SUited Yo The formition of ur ace Fe el |po

devi ces._.Howeve bnmhgqshhgp fEGSFSPC OS| are_ g%uc 2d grtlcally
throughtfheuﬁulE sUbstTat'e, %t he“T'ow resi Vty pf oves 16768 | ossy
and results i g ificant si gnal uatlon For e

convent i ooﬁnflleter%?]c A AU A S5 TRY ‘Eu&r Esi"SFEhER Br % t\)@é‘gn AB¥ULS 5
Ghns and abo% 6to ngldglgf %%gsgngegrated circuit can then be routed

through the bulk of the substrate to the bottom side. This
through interconnect, or through via, capability creates many
packaging options to route signals in the vertical direction
and, again, reduce the required surface area of the device or

system.

A major limitation of the above-described approaches to
three-dimensional integration is the high frequency performance
of the resulting, vertically integrated system. The substrate
bulk material is typically silicon having a relatively low
rasistance. The resistivity of the silicon substrate i1s well
sulted to the formation of surface level CMOS and bipolar
devices. However, when high freguency signals are carried
vertically through the bulk substrate, the low resistivity
proves to be lossy and results in significant signal
attenuation. For example, a conventional silicon substrate with

a resistance of between about 5 Ohms and about 6 Ohms will cause
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P 100615 a transmtted signal |oss of about 0.5 dB for a 1 Gz signal
that is passed fromthe ton side of the substrate to the bottom side
of the substrate using a through via. The high frequency or RF

per formance can be inproved sonmewhat by increasing the resistance of
the silicon or by replacing the silicon substrate wth an insul ator
such as silicon dioxide. However, the RF performance is still not
sui t abl &;fffs very hi gh frequency devices or for nmultiple m)dul e

vertically sta sﬁgﬁgegev' 95 258 overaleald v pasesd signal. o
S

I nteracts Wlat

and r esu in
attenuatjon. .L.n_addition the rror art t.echni gues_us r assing
signal s T;t roughpfjﬁe su Tratthée 8§h deef poo(r?16 “’ug ance r%a é:ﬁl ng ik
thereforec{es%l he nsﬁgss sg Q%?h S%Ve @#cg&iq I % ancy or
i nventions relate to |n1i t'éa"di rcurlf Fodufes” ahd packaging <

er
n
S.. Patent ,268 660 Bl to ong et al
VR egraEfWhCTlt cur freas cﬂ?l EQ

schenes throu vias. .U.
descri betg-nfer fhoa” % Canrﬁléi}e fn
e has

|
packagi ng. .A. sili con s ebst a1
i

formed ther ertr?fnﬁﬁ ari T¥T ng tor Byoruﬂ rlge U‘Lac o F‘ Sl J(i?% #bg %%t Gre
then for. ld1 an %55 anég r_and Chposr gmn(go n@at epo v656 553 0 Leas
et al di'sclo§es a’"nethod 10 f8ria Ehi p°Hodui‘e "6Y St acki ng

di e. InterfcOrm nection etl%% die gbfrade be for

ance 1s ¥ su1 2 fTor very ﬂlg@ zrequ%%ky
devices or for multiple module, verticaily stacked devices. The
vertically passed signal simply interacts with the substrate too
much and results in signal attenuation. In addition, the prior
art technigues used for passing signals thrcough the subsirate
exniblit poor impedance matching and therefore result in lossy RE

performance.

Several prior art inventicons relate to integrated circuit
modules and packaging schemes and to through wvias. U.§. Patent
6,268,660 Bl to Dhong et al describes a method for multiple
integrated circuit, module packaging. A silicon substrate has a
plurality cf through vias formed therein by drilling or by
uitrasonic milling. Copper vias are then formed by plating and
pelishing. U.$. Patent 5,656,553 to Leas et al discloses a
method to form a multiple chip module by stacking die.
Interconnection between die is made be forming a metal

interconnect layer on a side surface of the stack. U.S. Patent
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i nterconnect | ayer on a side surface of the stack. U S. Patent 3
P100615 5,587,119 to Wiite shows a nethod to forma coaxial viain a
substrate. An aperture is drilled through the substrate. A first
conductor layer is formed to line the aperture and lies next to the
substrate. The aperture is then filled by a dielectric |layer. A
smal l er aperture is then drilled through the dielectric |layer. The
second apgkiure is then fiIIed with a second conductor |aver.

| nt er nat I t atlon 21063686 A2 to Farbes et al
teachess%qﬁgfﬁgg 2 Worn1an°wﬁte YK% d}‘61ﬁ859t W TR th qrﬁﬁﬁhlﬂofes
havi ng coaxi.al , 1nper_and outer atent 5,682, 062
to Gaul dénnngFFatesiaGﬂgfﬁgdlfoggfgi%?§$§fﬁg8 E%%t%ﬁﬁ Hede C|$c€135t
devi ces er nat i onal Pat catl on VO 98139781 ta Galla her
at al teacrhuCtgrrr%?%%rd 15 e BB ¢ TREF TP o ik
board. Th%)%5% art .app oaches have These
approacheé cannot prOVI

t at
deapggﬁtlff’swabﬁlieng?’eﬁ de P € Slssl 8% i n
d t the P t ,
ot SO B R PR P e R S A et v RHonbE Sl ey AR e ric
500, 000 rperllplln t he design, I e U|r§ﬂ§q ﬁ SUMWWARY OF THE

| NVENTI prlhélg%.OQﬂnﬁﬁﬁF SF St hd pres EAVERL T oh 9548 provi de

conductor layer. International Patent Application WO 02/063686

)

AZ to Forbes et al teaches a method to form an integrated
circuit with through holes having cogaxial, inner and outer metal
layers. U.5. Patent 5,682,062 to Gaul demcnstrates a method o
form stacked, integrated circuit devices. International Patent
Zpplication WO 98/39781 to Gallagher et al teaches a method to
form a multiple laver, printed circuit board. The pricy art
approaches have a maior limitation. These approaches cannct
provide controllable dielectric thicknesses within design
requirements. However, the present invention provides
controllable dielectric thicknesses between about 50 A and about

500,000 A depending on the design regquirements.

SUMMARY OF THE INVENTION

A principal object of the present invention is to provide
an effective and very manufacturable methced to form vertical,

integrated circuit interconnects.
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an effective and very manufacturable nmethod to formvertical,
integrated circuit interconnects. 4 P100615 A further object of the
present invention is to provide a nethod to formvertical,
integrated circuit interconnects having effective shielded vias with
mcrostrip ground plane. A yet further object of the present
invention is to provide a nethod to formshielded vias with

m crostrgps@round plane with exhibit excellent RF performance. A yet
further object of the present invention is to provide a nethod to
form st ackabl e silicon carrier nodul es having excellent RF

per f or mance. yet furtheerctob eg eofrthen rl%semﬁol nvent,i onri Lo

provi de men‘tr% £o Ot stacke Rt pl €™ Iles HavirRg ee @

excel | ent thr ormance.. Anot heECf urt h r begt the pres ega\mg

i nvention ths?d 5 ovi de proved: “Shi'ei e \l/\i“f%rcrﬁné]egs
a

ground pl n Sli con .substrate ther further, obj ect of the
present |tralf\?3é:ﬁtl|\78ns i's® %ecpﬁrl(‘?\?l E% sjt%rccksocbﬁlé), IEPIPEont 3 Caérrl er nodul e
havi ng excel lent RF perfor rrance. 5

A yvet further object of the present invention is to provide
& method Lo form shielded vias with microstrip ground plane with

exhibit excellent RF performance.

& yet further object of the present invention is to provide
a method to form stackabie, silicon carrier modules having

excellent RF performance.

A vyet further object of the present invention is tec provide
a method to form stacked, multiple IC modules having excellant

RF performance.

Ancther further object of the present invention is to
provide improved, shielded wias with microstrip ground plane in

a silicon substrate.

Ancther further object of the present invention is to
provide a stackable, silicon carrier module having excellent RF

performance.



P100615 Anot her further object of the present inventionis to
provi de a stacked, nmultiple I C nodul e having excell ent RF
performance. In accordance with the objects of this invention, a
method to formshielded vias with microstrip ground plane in the
manuf acture of an integrated circuit device is achieved. The nethod
conprises, first, providing a substrate. The substrate is etched

t hr ough #,Q«fsor m hol es for planned shielded vias with mcrostrip
ground plane. A first dielectric layer is forned overlying the
substrate and lining the holes. A first conductive |ayer is

deposited overlyin he .first .dielectric |ayer and lining the holes.
A second die288¥PFc %%é%ﬂﬁﬁ §5388§s? ed'® fg%F§Fn§n¥?ﬁ§%qq' £ s

conductive l,ayer and linin he. hol es. second conductive_Layer is
Gopos: t G syl G: Aot BB T e T RS g T e

hol es toegﬂﬁkﬁgxcgonplete the shielded vias with mcrostrip ground
pl ane. SO 1'n accordance with the objects of this invention, a

method to forma silicon carrier nodule is achi eved. The net hod
conprises, first, providing a silicon substrate. The silicon

substrate is_etched &hroug orm hol.es for planned shielded  vi
Th accor

with mcrostrip grouﬁaxﬁiaﬁé&oiﬁ?i?%Qe%ﬁ%ﬂqgcfpgﬁ tAYE-i°8 62 AetHod >
te form shielded vias with microstrip ground plare in the
manufacture of an integrated circuit device is achieved. The
method comprises, first, providing a substrate. The substrate is
etched through to form holes for vlanned shielded vias with
microstrip ground plane. A first dielectric layer is formed
overlying the substrate and lining the holes. A first conductive
layer is deposited overlying the first dielectric layer and
lining the holes. A second dielectric layer is deposited
overlying the first ceonductive laver and lining the holes. A
second conductive laver i1s deposited overlving the second

dielectric laver and filling the holes to thereby complete the

shielded vias with microstrip ground plane.

Alsc in accordance with the objects of this invention, a
method to form a siiicon carrier medule is achieved. The method
comprises, first, providing a silicon substrate. The silicon
substrate is etched through to form heoles for planned shielded

vias with microstrip ground plane. A first dielectric layer is
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P100615 fornmed overlying the silicon substrate and Iining the holes.
A first conductive layer is deposited overlying the first

dielectric layer and lining the holes. A second dielectric laver is
deposited overlying the first conductive |laver and lining the holes.
A second conductive |layer is deposited overlying the second
dielectric laver and filling the holes to thereby conplete the

shi el deqplydéfajs with mcrostrip ground plane. First netal lines are
formed overlying the top.side. of the substrate gnd. cor%iacﬁqi Egt he
shi el ded SA'SS' W EA & 08t i°5 *GF8Un pTafe® “88cond-Hetals 'Phed: af e
formed overlying .the bottom side.of the @ substrate and contacting to
the shi dlad GPHEUAr LI MORSat e BOPU il I o 18 ol der

b  f d the first .netal I ) ttom si de .sol der bunps
e f or B TR Dabd At 2o TRl e A RoSLEMT (tstirth The
bj ects of this.i ti . a thod to forma nmultiple cjircuit )
ol o 1 ASHERIENT THE e ROl CcORDT SEE 4E. FErmng 4 Al 07 afid y
f sili i dul es. Th dul e h ¢ ise, first, a
oi 1 con BUSSer At 850K (T PELGRePettrTT 1y BPosyErti oF 1He"8 FPEon
substrate. A fi rgﬁﬁ conductive Iavgr overlies the first dielectric

| ayer. AEECENG CUFREct ritd Fafét oveHi%ed "Fh8otFF st° COFdGEYi ve

: ' ' [ ith mcrostri round plLane in
{ﬁger /20431%E2|L£¥ gﬁiéﬂgég %%gsvkgghvﬁfcrostrip gIO'néJp ane.pF?rst

metal lines are formed overlying the top side of the substrate
and contacting the shielded wvias with microstrip ground plane.
Second metal lines are formed overlying the bottom side of the
substrate and contacting to the shielded vias with microstrip
ground plane. Top side solder bumps are formed on the first

metal lines. Bottom side solder bumps are formed on the second

metal lines.

Also in accordance with the obijects of this invention, a
method to form a multiple circuit module is achieved. The method
comprises, first, forming a plurality of silicon carrier
modules. The modules each comprise, first, a silicon substrate.
A first dielectric layer overlies the silicon substrate. A first
conductive layer overlies tThe first dielectric layer. A second
dielectric layer overlies the first conductive layer. A
plurality of shielded vias with microstrip ground plane in the

silicon substrate each comprise a through hole filled by a
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silicon substrate each conprise a through hole filled by a 7 P100615
concentric plug conprising the first dielectric layer surrounding
the first conductive |aver surrounding the second dielectric |ayer
surroundi ng a second conductive layer. A plurality of first netal

| ines contact the shielded vias with mcrostrip ground plane on the
top side of the silicon substrate. A plurality of second netal |ines
contactlgaﬁipoaX|al vias on the bottom side of the silicon
substrate,.

1. Id I the first
e g P 4hah Pl S8 e P A, AP Pl o 5
sol der cond .net al nes of the on substrate.
A’ o al TSP AL B fﬂeaf RPEAIE 1% e TarPACHEREYY (RE BPGPAT 1y
I dul b b di th t t ed d t
the top e Lot ter? {s%m RNy &1 A5Gk G EDh R AAHEr Produl o
t | Ly st the bott d
ver ot R SEAF T 8 g Egn%eﬁ%ﬁcaﬁ TLRegr IO aatapaes”
underlying silicon carr |l es, Also i.n accordance with the
obj ect s ?ﬁcﬁﬂ?F§1Pn%eﬂf?%n?l%§e E5r FIer-odui®e Gévite T55Ehi eved. The
device co a substrate, A first dielectric |aver

f t,
oo o R R Lo Blean P BET LA M R iplr S d e er b p iy

dielectric |aver
vias on thepbottom side of the silicon substrate. A plurality of

top side sclder bumps lie on the first metal lines of the
silicon substrate. A plurality of bottom side solder bumps lie
on the second metal lines of the silicon substrate. A plurality
of integrated circuit die are attached to the plurality of
silicon carrier modules by bonding the integrated circuit die to
the top side solder bumps. The plurality of silicon carrier
modules are vertically stacked by bonding the bottom side solder
bumps of overlying silicon carrier modules to the first metal

lines of underlying silicon carrier modules.

Also in accordance with the objects of this inventicn, a
carrier module device is achieved. The device comprises, first,
a substrate. A first dielectric laver overlies the substrate. A
first conductive layer overlies the first dielectric layer. A
second dielectric layer overlies the first conductive layer. A
plurality of shielded vias with microstrip ground plane in the

silicon substrate each comprise a through heole filled by a
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second dielectric layer overlies the first conductive |ayer. A
plurality of shielded vias with mcrostrip ground plane in the
silicon substrate each conprise a through hole filled by a 8 P100615
concentric plug conprising the first dielectric laver surrounding
the first conductive |aver surrounding the second dielectric |ayer
surroundi ng a second conductive layer. A plurality of first netal

li nes cqn&gg; the shiel ded vias with nicrostrip ground plane on the
top side_ of t con__substrate, % gé of ., second netal I|ines
cont act ?W?cen 8|%eﬁ9¢FT%’dﬁlﬁgnFE?d%ﬁF#p dF Rgt bt are%6n t he botton1
side of _the SI|ICO st rate. top side sol der nps
ie on T FIPLE “%em oS SBP TR 1 SunbSEr . Reprarartty
of botto soI er on the second tal lines of the

o 11 con et b 518 LB DRCERRbT O T DRAW RS | P e, &

acconpanyj drawi ng forn1 a . material ar description
there | €51 tYF?S Elﬁstt G 0an ORF T | (gt ie thot R AT  GrErapPelt
enbodlnent of es _inventjon shomnn a_preferred nethod of
Format | O HREAE FROGH ddrrer bl b IS 267 FET derratle. a second
preferrEdqugggenEntpfgrglf%y of second metal lines contact the

shielded wias with microstrip ground plane con the bottom side of
the silicon substrate. A plurality of teop side solder bumps lie
on the first metal lines ¢f the silicon substrate. A plurality
of bottom side solder bumps lie on the second metal lines of the

gilicon substrate.

BRIEF DESCRIPTION OF TEE DRAWINGS

In the accompanving drawings forming a material part of

this description, there is shown:

Figs. 1 threough 9 illustrate a first preferred embodiment
of the present invention showing a preferred method of formation

of a silicon carrier module.

Fig. 10 illustrates a second preferred embodiment of the
present invention illustrating the formaticn of a stacked module

device comprising several silicon carrier modules.
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present invention illustrating the formation of a stacked nodul e

devi ce conprising several silicon carrier nodules. 9 P100615

DESCRI PTI ON OF THE PREFERRED EVMBCODI MENTS The preferred enbodi nents of
the present invention disclose nethods to forminterconnection
structures in the manufacture of integrated circuit devices. A
method to formshielded vias with mcrostrip ground plane for
passi ng sh@nal s between top and bottom sides of substrates is

di sclosed. A nmethod to forma silicon carrier nodule for stacking
integrated circuit devices is disclosed A method to form stacked,

mul tiple integrated,, ﬁgbgggfg %%#%%ﬁ%gmzﬂt rconnection

and nodul e devices “are |sc osed ear o t hose
experienced in the art that the present |nvent|on can be applied and
extended w thout deviating fromthe scope of the Present invention

Referring now.to Fig 1.thro first preferred
of the preseﬁ% |hven i%ﬁ? emboﬁ? rated‘ﬁg%ébrg Ntih%%ﬁ ge%?%h

of the Rr&sent, Lnv Q{ion ar%o%newg and _ di scussed e ? E esegi
| nvent G 0V dés” & et fod 01 b cie U<t 6f - 1 Bue i° eerdohhect
e L SRS IR O Por oy e, P ATt Srcomariz e,
RF CIrCUIté%S%E%lD ground plane for passing signals between top and
bottom sides of substrates is disclosed. A method to form a
silicon carrier module for stacking integrated circuit devices
is disclosed. A method to form stacked, multiple integrated
cirecuit modules is disclosed. Interconnecticn and module devices
are disclosed. It should be clear to those experienced in the

art that the present invention can be applied and extended

withcut deviating from the scope of the present invention.

Referring now te Figs. 1 through 9, the first preferred
embodiment of the present invention is illustrated. Several
important features of the present invention are shown and
discussed below. The present invention provides a method to
fabricate wafer-level interconnects exhibiting greatly improved
RF performance. These interconnects are further applied to the
formation of silicon carrier modules to which RF circuilts are

mounted. Several such silicon carrier modules can be stacked to



mount ed. Several such silicon carrier nodul es can be stacked to 10 P
100615 form a conplex, nmultiple chip system having excellent RF
performance and reliability. Referring particularly to Fig. 1, a
partially conpleted silicon carrier nodule is shown in cross
section. As a first step, a substrate 10 is provided. The substrate
10 may conprise any of several materials including sem conductors,
dielectnﬁ&gﬁ or conbi ned sem conductor/dielectrics such as silicon

Ins%!%%pr gg&%ié Nb{%iqg%fegﬁpéyéyséy% %ubs£raé§%1%{en%nﬂnlses

S|I|con vantage ot resen nven i S that
high fr capable.vias may be fornmed even |f t he
substra&%gﬁggxaggoﬁgre§%§tgvl%y£ “The substrate 10 is preferably

ground down to a thickness of between about 50 microns and about 300
mcrons. This is substantially thinner than a typical silicon wafer

that is used f r_ formng.i.nt L ted rCU|t devi ce and B
RY OU¢ sy CEljbstar‘\t a???teigler E%Eed

et chi ng holes roug Sibstrare 10-°
substrate %%O£SCSF¥W!L\%J ule Es %éown i %ob tggngfid The togtand
bOttOﬂ]SIdES may, Th practice; beé ~1den iCar % R°Const T ctloﬁ

However, .t he up surfa of the u ate 10 t hr ouy h 10
is referred’to ggb%th Cl% dg":?/\)hlﬁ?e‘lpttth(’;,1 Ig\lﬁé?t agJemaé’ F8fRr re

to as tig%yb%%t8eveé§¥hmaterials including semiconducters, dielectrics,

£y
[

or combined semiconductor/dielectrics such as silicon on
insulator (S501}. More preferakly, the substrate 10 comprises
silicon. An important advantage of the present invention is that
high frequency or RF capable vias may be formed even if the
substrate has a low resistivity. The substrate 10 is preferably
ground down to a thickness of between about 50 microns and about
300 microns. This is substantially thinner than a typical
silicon wafer that is used for forming integrated circuit
devices and makes etching holes through substrate 10
substantially easier. The substrate 10 iz shown with a top side
and bottom side. The top and bottom sides may, in practice, be
identical in construction. However, the upper surface of the
substrate 10 in Figs. 1 through 10 is referred te as the top

side while the lower surface is referred to as the bottom side.

Referring new to Fig. 2, a first important feature of the

present invention is shown. The substrate 10 is etched through
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Referring nowto Fig. 2, a first inportant feature of the present
invention is shown. The substrate 10 is etched through 11 P100615
to formholes 18a and 18b for planned shielded vias wwth mcrostrip
ground plane. Preferably, a masking layer 14 is first forned
overlying the top side surface of the substrate 10. For exanple, a
phot oresi st |ayer 14 may he deposited overlying the substrate 10.
The photwgesi st | ayer 14 may then be exposed to actinic Iight

thrOUQh %}Q%§E 3 ﬁb tfgg Q%%rq ffé%gyOQ%e%rgﬁhfid@éa e% ‘lt LS Ccross

I|nked ano part resis ayer i snot cross
i nked. T %Ogbg%g g | apg%r 16;( <G, deyeloped. As.ajpesul L, Lhe
pattern 5 s ans erre as "4 pPoSitive or neg
i mge, t h kin er AIternatlver; t he Ki.ng. | ay¢
nay corrpf(r%irgsnegag@rr‘g e¥glaq e t ﬁ Sa% Sifieon onr }EIO g“fhﬂ% 4§ %)!)tter ned
using a l'i £ hogr.a p cess-1he holes 18a a b,ar .
preferab %Egbh% q%%fﬁcs i g?!e r@‘pro@gsée%?51ﬁmgf)pF%EéE% tT}y
processing, . such 2active ion. etching, ,laser drilling, or
mi crobl &s F%gager ca mépfg,rfg Tapable of he Hggﬁ}g’tggﬁfﬁed ko
et chi ng. f.or left_side hgole.18a, the dry etchin
processéﬁgﬁnéFea %h%iﬂgoug fdf TR & %%%%ghfécP?6h.O%@%“%PEH%%% e 1uch

S | follow n

art oL

as PAEC%. E¥p£§4£§éé4“11nk 8nw {fg'g%ot%%r 8

layer 14 is not cross linked. The phctoresist laver 14 is then
developed. As a result, the pattern of the mask is transferred,
as & positive or a negative image, to the masking laver 14,
Alternatively, the masking layer 14 may comprise a material,
such as silicon nitride, that is patterned using a
photolithoegraphic process. The holes 18a and 18b are preferably
etched using either a dry process or a wet process. Dry
processing, such as reactive ion etching, laser drilling, or
micreblasting vertical walls, is capable of near anisotrepic
etching. As shown for the left side hoie 18a, the dry etching
process can create a perpendicular cross section. Wet etching,
such as PAECE, is typically more constrained to following
specific etching directions as shown by the sloped sidewalls of
the right side hole 18b. In the remaining cross sections of the
preferred embodiment, the vertical profile hele is shown and is
labeled as 18 for simplicity. Note that the holes 18a and 18b

are etched completely through the substrate 10.
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specific etching directions as shown by the sloped sidewalls of the
right side hole 18b. In the remaining cross sections of the
preferred enbodi nent, the vertical profile hole is shown and is

| abel ed as 18 for sinplicity. Note that the holes 18a and 18b are
etched conmpletely through the substrate 10. 12 P 100615 Referring now
to Fig. 3, other inportant features of the present invention are
shown. A,fjsfsst dielectric layer 26 is formed overlying the top side
and bottom side of the substrate 10 and lining the holes 18. The
first dielectric laver 26 preferably conprises silicon oxide and,
nore preferabl is__formed a ghem.cal 0sition of
SI|Ian OXIdg ¥eif%%ﬁrﬂﬁ#ﬁ%§lgnghé’f?ﬁgﬁr(iwggéb???c‘fﬁygFS %gz%%ebe
formed b th rngl ledatlon 8f the S bstr 10. Th%_ %6

di el ect ¢ ayér’ 28 %ﬁ%ﬂﬂﬁﬁes gl s ut = §lBéF%fE © %%ﬁge t he

bstr at 10 d h tly f d hi d
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| at f th t ( | t hat
L o S e PR el PR e e A R B G A E e e

d i d f t the substrate 10. The f
i el ect ATE A BgBrY %éfprﬂ%iégféhﬁgrzgnf%}? B A" RIS B bt ween

about ]i¥)rm9%ng aboé%emldéi vaéor depogition {CVD) of silicon oxide.
Alternatively, the first dielectric layver 26 mav be formed by
thermal oxidation of the substrate 10. The first dielectric
layer 26 provides an insulating barrier bhetween the substrate 10
and the subs=guently formed shielded vias with microstrip ground
plane. It is impeortant that the substrate 10 be isolated from
the shielded vias with microstrip ground plane so that all of
the electric field (E-field) energy is contained in the vias and
is prevented from entering the substrate 10. The first
dielectric laver 26 is preferably formed to a thickness of

between about 100 A and about 20,000 A.

As an optional feature, a first barrier layer 30 1s next
deposited overlying the first dielectric layer 26 and lining the
holes 18. The first barrier and adhesion layer 30 is used to
form a diffusion barrier between the first dielectric layer 26
and the subsequently formed first conductive layver 34. The is an

important feature if the first conductive layer 324 comprises a
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As an optional feature, a first barrier laver 30 is next deposited
overlying the first dielectric layer 26 and Iining the holes 18. The
first barrier and adhesion layer 30 is used to forma diffusion
barrier between the first dielectric layer 26 and the subsequently
formed first conductive laver 34. The is an inportant feature if the
first conductive |ayer 34 conprises a 13 P 100615 netal, such as
copper, ghhats wi Il diffuse into the first dielectric Iayer 26 if that

| ayer 26 rise S|I|con ox st barrier e
preferaﬁ?%‘ggnﬁPfée fé pfl, RF ﬁfxdgﬁéf “ot” t?dﬂ“a%ﬁrﬁged t he

f t b I ted. b CV ocess to a
thi cknook OfobEtenh © bt T Le{aﬁ R LT GRS e o

duct | 34 te | th t diel ect
Coyer 2658 1 ¥ ERe r'rlﬁ L v oPO T b SR Ty, FoRgeLiss o hrsfﬁn. Frne
hol 1 Th st cond | th hi el di | ayer of
tﬁeezoaﬁ;a vlgg %h 1Eg%fv§8ﬁ ﬁgé?ileggeggﬁﬁlg?Z?%%ﬁb?egb%n%r|ses

a netal |aver uch as er évilun] num _Alternatively of %e first

COﬂdUCtlpr&ﬁe£§ Y %?D?ﬁﬁ7%§8 rfs d%ﬁ%ﬁessn|8k@ILh%ﬁkﬂi§Fd SRARRY:

conduct i 34 | refe | y deposited by a physical vapor
depositl%é? (gété alq @8§ ‘conbi nati on process. The first

conducti ve

A first conductive layer 34 is next deposited overlying the
first dielectric layer 26, and the first barrier layer 30, if
used, and lining the holes 18. The first conductive laver 34
forms the shielding layer of the coaxial vias. The first
conductive layer 34 preferably comprises a metal laver, such as
copper or aluminum. Alternatively, the first conductive layer 34
may comprise copper, nickel, or gold. The first conductive
layer 34 is preferably depcsited by a physical vapor depcsition
{(PVD), plating, or a combination process. The first conductive
layer 34 is preferably between about 500 A and about 10,000 A&

thick.

As another optional feature, a second barrier laver, not
shown, may be deposited overlving the first conductive layer 34
and lining the holes 18. The second barrier laver is used to
form a diffusion barrier between the first conductive laver 34

and the subsequently formed second dielectric layer 38. The
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| ayer 34 is preferably between about 500 A and about 10,000 A thick.
As anot her optional feature, a second barrier |ayer, not shown, may
be deposited overlying the first conductive layer 34 and |lining the
hol es 18. The second barrier layer is used to forma diffusion
barrier between the first conductive |ayer 34 and the subsequently
formed second dielectric |ayer 38. The 14 P100615 barrier is an

i mpor t ant,fepature if the first conductive | aver 34 conprises a

tal, h ff nta.th nd diel ect
Tayor 33 T1 Rt o By el GBpPPEBLrsilt COR SOk aecs TG Satondler o
b I t sh f bl
T or TP OsEe e oo Bé?%fg"ﬁt“ea et 4 phbicer Bpy e
d t ~thic bout d
TR T s L P R gt
overlyi Jhe first con%ﬁgtlve haver 34 and the seco arn
| aver, é& ﬁhegjeaﬁﬁc?l dIPﬁé BYey 1t ngéc%ﬁ% écfPWElt%?%r
38 f t t t he_shi el ded t
around preng UrnASsortia del e FrE | ayeh 50 pf Bf Rty CambrFoas
fr:a;' gfgooa’é,ge?%ﬁfgggok%%{gt Sdﬁ';'g‘té’g‘ggé’ﬂ the cpegond.dielectnig Layer 38

between about 50 A and apbout 5,000 A.

24 second dielectric layer 38 is next deposited overlying
the first conductive layer 34 and the second barrier laver, if
used, and lining the holes 18. The second dielectric layer 38
forms the internal insulator of the shielded vias with
microstrip ground plane. The second dielectric layer 38
preferably comprises silicon oxide or polyimide. However, the
second dielectric laver 38 may also comprise other insulators,
such as silicon nitride, silicon oxynitride, cor metal oxides.
The second dielectric layer 38 is preferably depesited using a
CVD process or a plating process to a thickness of between about
50 A and about 500,000 A. The thickness of the second dielectric
layer 38 is wvaried in accordance with the via design. This

variance 1in thickness is required to achieve less signal losses.

Referring now to Fig. 4, another important feature of the

present inventicon is illustrated. & second conductive layer 46
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such as silicon nitride, silicon oxynitride, or netal oxides. The
second dielectric laver 38 is preferably deposited using a CVD
process or a plating process to a thickness of between about 50 A
and about 500,000 A. The thickness of the second dielectric |ayer 38
is varied in accordance with the via design. This variance in
thickness is required to achieve |less signal |osses. Referring nowto
Fig. 4, 8 ;$er inportant feature of the present invention is
|IIustraIe nd c nductr e 15 _P100 deposi ted
over |l yi ny’ ﬁ%§°§e§8§d°%ﬁ xa?@rr% |3§%?m% TEAG LT ?&f%rﬁ? ABl'es 18 to

t hereb | ete, the d as with Cros rou d | ane, The
secondydgﬁgﬁgﬁ ggeI%%€ 3@ gSrX%er?%% %ﬁ%ﬁgfﬁecﬁ ﬁug? HES ViRe with
conpl et ed shi el ded vias. wi.th rostri . Th cond
ot (e e Bl e THEE St R Pl onerte,

al um num re erred enbodi nent,. t he seco onductrve | ayer
46 conpﬁise§lg88ﬁp£ P §OdeE3S|T%ﬁP%ik%§ égf?g%ﬁgﬂPﬁﬁ “thanot her
preferred enbodi ne % second conductive |ayer 46 conprrses a
conductrWﬁ?ﬁoSFFlﬁa?eﬁ? @ﬁ as B oMUt VE SFFUEYe pfsisE, “°cBRA%uct i ve
copper paste, conductrve%ﬁold aste, conductive nano silver and gold

past es. q%mgflESnauﬁ?ﬁ P nEPEP i 3F GPRREeq” FOFMYHE s dCoRES

conductive yer 46 éhen any, excess terial may )
rre ed embodiment, the second conductive’layer 46 comprises

copper that is deposited by electroplating. In another preferred
embodiment, the second conductive layer 46 comprises a
conductive f£ill material such as conductive silver paste,
conductive copper paste, ceonductive gold paste, conductive nanc
silver and gold pastes. If a conductive fill material is used
for the second conductive layer 46, then any excess material may
be removed from the second dielectric layer 38 surface using a
planarization operaticn, such as chemical mechanical polishing
or plasma etching or wet etching, to confine the material 46 to

the wvias.

The resulting vias are shown in top view in ¥ig. 5. Each
via can be seen to comprise a through hole filled by a
concentric plug comprising the first dielectric layer 26
surrounding the first conductive layer 34 surrounding the second
dielectric layer 38 surrounding a seccnd conductive laver 46.

The resulting vias are shielded vias with microstrip ground
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be removed fromthe second dielectric |laver 38 surface using a

pl anari zati on operation, such as chem cal nechanical polishing or
pl asma etching or wet etching, to confine the material 46 to the
vias. The resulting vias are shown in top viewin Fig. 5. Each via
can be seen to conprise a through hole filled by a concentric plug
conprising the first dielectric |aver 26 surrounding the first
conduct ipyg@slsayer 34 surrounding the second dielectric | ayer 38
surroundln% a §§cond cquuctlvg Iav r 46., . The_re vias.are

shi el ded Vi'ss W Th™ il oSTrP B gt Lnufxﬁf Bfoos15™¢ Fﬁ Q?aqgfﬁérgé%%nd

duct I t he, Th d
ot HE D S AL R R
conductiye layer 34 is hg shlgl ngeg the pre 3
embodi ment " FRe i Ts coﬁ uctrve” %yer§§f fur%h er’ c6 8?3% tores

d. t tl 34. act nd
Sheer s B P AR R | pieL, A4 20t 88 3,9 o
duct th duct
Featur o ¥ sh?%f%?%o et nf%r wsy’gFﬁﬁnalfpﬁtaﬁgng%t%‘& e

such that the_silicon substrat %% %; not e. between th nal
conduct glr YRE g? ths a&&ﬁ;&o&%ﬁd i chco surround and to CO'}?;L gc
E-field of the signal conducted on the second conductive layer

46,

As an important feature, the shielded vias with microstrip
ground plane are formed such that the silicon substrate 10 does
not lie between the signal conductor 46 and the ground conductor
34. In prior art embodiments of through vias, each vias only
comprises a single conductor. Therefore, some vias are dedicated
to signals and other vias are dedicated to grounding. In an
attempt to provide ground shielding in the pricr art, a signal
via may be surrounded by grounding vias in a technique called
ground-signal~ground (GSG) interconnecting. GSG offers only
limited improvement in the high frequency capability through
vias, however, because a small area of the silicon substrate 10
always lies between the signal and ground vias. Part of the high
frequency E-field energy of the RF signal on the signal via is
therefore coupled into the substrate 10 and results in signal

loss.



34. In prior art enbodi nents of through vies, each vias only
conprises a single conductor. Therefore, sone vias are dedicated to
signals and other vies are dedicated to grounding. In an attenpt to
provi de ground shielding in the prior art, a signal via may be
surrounded by grounding vias in a technique called
ground- si gnal -ground (GSG interconnecting. GSG offers only limted
i mprovergfk;s N the high frequency capability through vias, however,
because a snmall area of the silicon substrate 10 always |ies between
t he signal and ground vias. Part of the high frequency E-field

ener gy of th% via i.s_.therefare cougled into

i I h
the substrat €Y10%% Iéanl‘raseo Slntg1 eﬁogggnaﬁoaﬁlcﬁ-‘sls”ﬁ 0061

I t.h t
o SRR SHBE PhhePTe PRl PP
d I Thi It | d
second St yeol puere 38 46, Ty, casilis s ogn Rl gl
I

f /] f f the through | at
reveal (1 ‘Itﬁe Of%TSDQI el dod > Urash s ﬁorgﬁgogII%"‘%agtreoﬁIId%Igﬂi

t hod of the presen nvent.i on exhi bits RF s
2t 1 onuati B ERan: e EboHpar dbrd S80S EYRHUTE /A8 Exatbl G TRE"ERFEI Hod
vias wt

J%e through vias. Simulations reveal that the novel, shielded
vias with microstrip ground plane method of the present
invention exhibits far less RF signal attenuation than
comparable 5G5S systems. For example, the shielded vias with
microstrip ground plane demonstrates a loss of about -0.5dB at

about 40 GHz while G3G losses vary from about -1.75dB at 40 GHz
for a 50 dm ground pitch to about -3.7 dB at 40 GHz for a 200 Um

ground pitch.

Referring now to Fig. 6, the rpartially complete device is
again shown in cross section. As an important feature in the
formation of a silicon carrier wmodule, first metal lines 50 are
formed overlying the second dielectric laver 38. The first metal
lirnes 50 comprise, for example, aluminum or copper. The first
metal 50 is preferably deposited and patterned using
conventional processaes that are well known in the art. The first
metal lines 50 provide top side access to the signal that is

conducted through the vias 46. In addition, it is possible to
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m crostrip ground plane denonstrates a | oss of about -0.5dB at about
40 GHz while GSG | osses vary fromabout -1.75dB at 40 GHz for a 50
gmground pitch to about -3.7 dB at 40 G4z for a 200 m ground pitch.
Referring nowto Fig. 6, the partially conplete device is again
shown in cross section. As an inportant feature in the formation of
a silicon carrier nodule, first netal lines 50 are forned overlying
the secghp 6glelectrlc Iayer 38. The first netal Iines 50 conpri se,

for exanpl.e nu pRer e f referab
deposit ed’ teﬂéa %ef ne Ot%%ﬁ%“ %n\l}e%ttlllorr‘?%l mggggeg e%ltf‘n Car & we
known |nmt he gr}t f J é netal |ines 50 provide top side access
to the sigfal PHAE Fs°° Iéjll? G&¢84 ?ﬁ? ough the vias 46. In addition, it
is possible to 18 P100615 integrate the deposition of the first
metal 50 with the via 46 in a si ngle el ectropl ating process.
Referring now_

Q Fig. nd gngther ort relet fgatyrest 2 S|Iilcoan
carrier moduf&, “the $eton ter 11nes fray B8 F S S isFig a
convent i Qqﬁ gr ocess jorod ﬁporsr&l ng and patt g tgl in S, aesd
known i it HEAr ¥ The SEEEMd’ net'al "TTHe ?;Ib]yTi‘?é’ Fi 52%
met al , suuscrllj as coxggelr 1Oorn'aﬁ %m nun% at eoomgeggsq d t%stl ng, for tal
exanpl e, "2 BvB protEss ePS8EDR Jirﬁe’i and pattetfing Treta
lines as is known in the art. The second metal lines 51
preferably comprise a metal, such as copper or aluminum, that is
deposited using, for example, a PVD process. The second metal
51 is then preferably patterned using & photeolithegraphic
process as described above. In addition, it is possible to
integrate the deposition of the second metal 51 with the via 48§

in a single electroplating process.

Referring now to Fig. 8, a first passivaticn layer 54 is
formed overlying the first metal lines 50 and the second
dielectric layer 38 cof the top side of the substrate 10. The
first passivaticon layer 54 is then patterned to expose the
underlying first metal lines 50 where contacts to the first
metal layer 50 are planned. Similarly, a second passivation
layer 56 is formed overlying the second metal lines 51 and the
second dielectric layer 38 of the bottom side of the substrate
10. The second passivation layer 5% is then patterned to expose

the underlying second metal lines 51 where contacts to the
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51 is then preferably patterned using a photolithographic process as
descri bed above. In addition, it is possible to integrate the
deposition of the second netal 51 with the via 46 in a single
el ectropl ating process. Referring nowto Fig. 8, a first passivation
| ayer 54 is fornmed overlying the first netal lines 50 and the second
dielectric laver 38 of the top side of the substrate 10. The first
passi vatg,Qp;sl ayer 54 is then patterned to expose the underlying
first netal I|neﬁ p0 mqar%lcontaci netal |a er 50 are
v,

t
pl anned.“SS5%A SFF§T & %58cotd 2 pasEtva Q% ayeFS%Ga? %ﬁﬁp

overlying the secon netal 1 an second di ectrlc | ayer
38 of the ot fonm si e’ of° 5ﬁea§§b§ r%ﬂ?& Themgi%ﬁﬁu? 458%€i vati on

| aver 56 i.s th rned t ose t.he . nderI second taI

| inos SCTREFS oﬁ?%cte I W SL O R AR R L

pl anned. The first and second passivation |lavers 54 and 56
preferably conprise plasna enhanced CVD deposited silicon nitride
as is known in_the art. ring,now to Fi 9, cdnportant
Sad i onal 1 SREGFELT Miniirge Bauacd aff%’ofrgf"ﬁéda‘?%ltplrrgp\?ildée%t“é(?%al
access to the flnlsn 5|I|%on carrier_nodul e e bunps 62 and 70
pr ef er aBI P 8aprise’ Urdér “Hakp n%‘fa“?ﬁcﬁfrl&ecﬁfitf él%ﬁ?érssbgsta‘?ld 66.

These e . .
finish silicon carrier medule §0. The bumps 62 and 70 preferably

comprise under bump metallurgical (UBM} lavers 58 and 66. These
UBM lavers 66 may comprise a variety of metals that are
specially formed to provide excellent solder boending, or
wetting, and to provide optimal thermal conductive profiles. For
example, the UBM layers 58 and 66 comprise TiNiCuAu, TiNiAu,
NiAuw, electroplated Cu, TiWCu, or CrCuNi. Alternatively, the UBM
layer 58 may be combined with the first metal laver 50 or the
UBM laver 66 may be combined with the second metal layer 51 o

raduce processing steps.

After the UBM lavers 58 and 66 are formed, then solder
bumps 62 and 70 are formed. The solder bumps 62 and 70
preferably comprise a solder-based material. However, non-
solder-based bump materials could be used. If sclder is used,
then the bump 62 and 70 may be formed by, first, applying a bump
material to the top surface and/or bottom surface of the

substrate 10. The bump material is then melted sufficiently to
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UBM | avers 66 may conprise a variety of netals that are specially
formed to provide excellent solder bonding, or wetting, and to
provi de optimal thermal conductive profiles. For exanple, the UBM

| ayers 58 and 66 conprise Ti Nl CuAu, Ti N Au, Ni Au, electroplated Cu,
TiWCu, or &G CuNi. Alternatively, the UBM |ayer 58 may be conbi ned
with the first netal laver 50 or the UBM I ayer 66 may be conbi ned
with the, ggsond netal layer 51 to reduce processing steps. After the

UBM | ayers 58 .and 66 are fornmed, then sal der . bunps 62 d 70 are
formed THE SLA6PS BUme 63 AR 90 Frofdr 4By Lonpi g8 Aot mastfial

solser_ e TeLer Lol LPRuer, don fol derBased D raleri gl 8

01 TE L ey HBLY 00,8 VD VRLELI Bl Lo Lpe Lo suctace and) o

Ul 1) 1! R8O, 0015 Ca5, .t 19.oL, L pUTR Tt g0l g, 07 and

el 110ep 20,o0d; S eh Def et Lhan o ! e pasel vatlon. ayer o1,

o8 2 S8y,ang.dses IpUaere Lo Lhe prosivation | aven B4 S0l Cer

62 and 70 are formed on both sides for good wetting and
interconnection properties. However, it is also possible to only
form solder bumps on only a single side of the module since

solder bumps may be available for bonding from anocther module in

the stack.

In the completed silicon carrier module 80, note that a
continuous signal path is shown from the top sclder pad 62 on
the left side to the bottom solder pad 70 on the left side.
Likewise, a continuous signal path is shown from the top solder
rad 62 on the rights side tce the bhottom solder pad 70 on the
right side. Further, in the target application, a RF integrated
circult device may be bonded to silicon carrier module 8(0. For
example, an RF integrated circuit device, not shown, may be
bonded to the two solder pads on the top side of the carrier 80.
The shielded vias with microstrip ground plane 46 provide signal
access to this RF device from the solder pads 70 on the bottom

side of the carrier 80. Further, the signal access from the top
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and 70 are formed on both sides for good wetting and

i nt erconnecti on

properties. However, it is also possible to only form solder bunps

on only

a single side of the nodule since solder bunps may be

avai l abl e for bonding fromanother nodule in the stack. In the
conpleted silicon carrier nodule 80, note that a continuous signal

path is
bot t om
path is

shown fromthe top solder pad 62 on the left side to the

gg%ggr pad 70 on the left side. Likew se, a continuous signal

| d d 62 th ht de.to th
botton1sd1 er fﬁﬁﬁ: %1%0r|gL%hgqﬁgmjﬁapfﬁegarHﬁfi%@s%égge? ©
| t RF t t ed t. d b nded _t |
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carrier
shown, may be ded t t wo. sol ads on the top side of the
carrier rg\T%%a %?érﬂg: 6%853ﬁf?$F$% §Strip ground pl ane 46
provi de signal access to this RF device fromthe solder pads 70 on
the bottom side of the carrier 80. Further, the signal access from
the top 21 P 02615 si de to t. he bg%;on15|de of the c %g aggf e
of hi gh f r eGUEREY BPpELAL i6n" Wt h' 1 rit FEICCEFgRAFE T 0% é‘"ﬁP O%m%’ d
gggggé aka%Péagégﬁ%p%ﬁgﬁgsg%agflusfrigz%erEhngh{gwém odlm ht}o a

stacked, multiple IC module 100 ig illustrated. The multiple
module IC (MMIC) shown comprises a plurality of the silicon
carrier modules MODULE 1, MODULE 2, and MODULE 3. Each of the
modules is constructed essentially as shown in the first
embodiment of the present invention. A plurality of integrated
circuit devices 90a, 90b, and 9%0c are stacked together in the
MMIC. In this case, DEVICE 1 %0a is bonded to the top side
solder pads 6Z of MODULE 1, DEVICE 2 S0b is bonded to the top
side solder pads 62 of MCDULE 2, and DEVICE 3 %0c is bonded to
the top side solder pads 62 of MODULE 3. Alternatively, DEVICE 1

and DEVICE 2 may be in a single module.

The modules are then stacked using the solder pads 70 on
the bottom sides of each module and pads 58 on the first metal
lines 50 ©f the top sides of each mcdule. In this case, MODULE 1
is bonded to MODULE 2, MODULE 2 is bonded to MODULE 32, and
MODULE 3 1is bonded to a base substrate 92. By forming a large

array of shielded vias with microstrip ground plane 46, top side
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the present invention is illustrated. In this enbodi nent, a stacked,
multiple IC nodule 100 is illustrated. The multiple nodule IC (IWNI O
shown conprises a plurality of the silicon carrier nodul es MODULE 1,
MODULE 2, and MODULE 3. Each of the nodules is constructed
essentially as shown in the first enbodinent of the present
invention. A plurality of integrated circuit devices 90a, 90b, and
90c are mgasked together in the MMC In this case, DEVICE 1 90a is

bonded to .the si.de ads 62 DEVI CE 2.90b is
bonded tth 1 %}885 J'Sséljde so}bﬁgE rrr)ads qu W@%ﬁ %@ ‘—;IISEVP&E?:%L 90c
is bondedto thet Sld sol d ds 62 .of ternativ ,
DEVI CE T ll 821[)&%8&:9 d%l e’ iﬁﬁ% griaCkIlee MI.PP X Chl&ulsgggar ee(Joy
t hen stacked u5|n

g, the SO ds. 70 the bottom ides, o ach
modul e afdpsas B8l og f “?3. FoPonatdl “1iTed o o?t?lhcémtngﬁts?%@s of

each nnqykﬁoet 1DE%§%%§6 lg%%kklﬁg S QOngethe ggll{ d i N%fg%g%

i s bonded t and easé3 sub
92. By folr @‘o@%ri‘ arra of sr Onrldeed vi as W|t m.cr strlg roun
pl ane” 46, F6p S|ﬁe95 ’]9 F065T5 8o Her pads 625 and" Hot OJl%r sojtod
pads 70 on eac .of the silicaop carrier nodul t he stack
mul ti pl e CHep si}%’t—le%leléﬁloprov?d%%ra %argé§l nuﬁﬁ%rcarfrlﬁ ?i’léﬁﬁency

InterconneCt Qg%QSconstLucted of silicon substrates, can be used for RF

and MMIC devices integrated into system package applications

with little degradation in performance.

The advantages of the present invention may now be
summarized. An effective and very manufacturable method to form
vertical, integrated circuit interconnects is achieved. The
method provides wvertical, integrated circuit interconnects
having effective shielded vias with microstrip ground plans. The
shielded vias with microstrip ground plane exhibit excellent RF
performance. A methced to form stackable, silicon carrier
modules having excellent RF performance 1s achieved. The
stackable, silicon carrier modules are further used in a method
to form stacked, multiple IC modules having excellent R¥F
performance. A stackable, silicon carrier module having
excellent RF performance is achieved. A stacked, multiple IC

module having excellent RF performance 1ls achieved.



bet ween the various |evels of the stack. The shielded vias with

m crostrip ground plane interconnects create far |ower insertion

| osses than the prior art through vias. The carrier nodules, even
where constructed of silicon substrates, can be used for RF and MM C
devices integrated into system package applications wth little
degradation in Performance. The advantages of the present invention
may now figsissummari zed. An effective and very manufact urabl e net hod

to form Ver%‘C@kowﬁ“ﬂ?Q&%ﬁ%Qe%EEEé%teﬁﬂﬁ&¥%8999e0§5eHﬁmﬂﬁhh@ﬁﬁgdsThe

net hod provides vertical, integrated circuit i'nt ef connect's

ef f ect r ed

v aeowi S RePAEE, 3 Al oph el PR %%Qgrﬁéﬁ%‘*@@pgrl?%t%}%%ce

A ”Ethoqwﬁlf%QEﬂkéﬁﬁ%Kﬁﬁ! ha@&Lgc qu5r gPduIes haV|ng excel | ent
st ackable, "si

RF perfornance 'S i evet rcon carrier nodul es
are further used in a nethod to formstacked, nmultiple I C nodul es
havi ng excellent RF perfornance A stackable, silicon carrier nodule

havi & .tiple IC
aving excel gg%éﬁfent LIBACE,L S, AGhieved.. A stacked, myLti ple

nodul e haV|ng performance i's ac A eved’ 615 As

shown in,1NnepLe {{1—?0%%‘13‘%%%(:%‘3%5 éhaere’l%"‘%eg"%tnr?c?&'lmen% d.deyiges of

t he present |nven I on provide an e eCtlve

it will be understoocd by those skilled in the art that various
changes in form and details may be made without departing from

the spirit and scope of the invention.



manuf acturable alternative to the prior art. Wile the invention has
been particularly shown and described wth reference to the
preferred enbodi nents thereof, it will be understood by those
skilled in the art that various changes in formand details my be
made wi t hout departing from the spirit and scope of the invention.
24 \What is clainmed is: 1. A carrier nodule device, said device
conprising: _a silicon suhstrate; a first dielectric |ayer overlying
sai d substrd@t &5t CLei™e8nddcti ve | ayer overlying said first
dielectric |layer; a second dielectric |layer overlying said first
conduct}vé qaé';rérer BOFRGRaPRY§CBf $hi@él R SA O U 1HIEr ostri p
ground plane in said silicon substrate each conprising a through
hole filleda IpylacednceheEretpfug conprising said first dielectric
| ayer surrounding said first conductive |layer surrounding said
second di eleedtiris¢ Hagpércsuicoladéngoweskbciond condustiste altayer; a
plurality of first netal lines contacting said shielded vias with
m crostrip grdumdtpcanduohitvhelbppr soder bfispighicidiireandiebstral e;
layer;

a second dielectric layer overlying said first conductive
layer;

a plurality of shielded vias with microstrip ground plane
in said silicon substrate each comprising a through hole filled
by a concentric plug comprising said first dielectric layer
surrounding said first conductive layer surrounding said second
dielectric layer surrounding a second conductive layar;

a plurality of first metal lines contacting said shielded
vias with microstrip ground plane on the top side of said
silicon substrate:

a plurality of second metal lines contacting said shielded
vias with microstrip ground plane on the bottom side of said
silicon substrate;

a plurality of top side solder bumps on said first metal
lines of said silicon substrate; and

a plurality of bottom side solder bumps on said second

metal lines of said silicon substrate.
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a plurality of second netal |lines contacting said shielded vias with
m crostrip ground plane on the bottomside of said silicon
substrate; a plurality of top side solder bunps on said first netal
lines of said silicon substrate; and a plurality of bottom side
sol der bunps on said second netal lines of said silicon substrate.
25 2. The device according to claim1 further conprising: a first
passi vation | ayer overlying said first nmetal lines and having top
si de pad openings that reveal underlying said first nmetal lines; a
first under bunmp netallurgical layer on said first nmetal |ines
exposed b§h§aﬁﬁvﬂﬁﬁ §F88rgé8905%n?%@§m b SUORF pREeELPEn | ayer
overlying said second netal lines and having bottom side pad
openi ngs that fA&PéaPagRdBfFyPRglasar doseebhidherald (fiiges; mgRglalines
second under bunp netal lurgical |ayer on said second netal |ines
exposedrisy hsgildghsbromidedeapadrepend higsha'3. refve ldevidee ladogr dehd to
claim1 further conprising: a first barrier |ayer |ying betwen said
first diiglsectmeitel [Laypes;and said first conductive |ayer; and a second
barrier layer |lying between said first conductive

a first under bump metallurgical layer on said first metal

lines exposed by said top side pad openings;

a second passivation layer overlying said second metal
lines and having bottom side pad openings that reveal underlying
said second metal lines; and

a second under bump metallurgical layer on said second

metal lines exposed by said bottom side pad openings.

3. The device according to claim 1 further comprising:

a first barrier layer lying between said firsi dielectric
layer and said first conductive layer; and

a second barrier layer lying between said first conductive

layer and said second dielectric layer.

4. The device according to claim 1 wherein said first dielectric

layer comprises silicon oxide.

5. The device according to claim 1 wherein said second

dielectric layer comprises silicon oxide.
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| ayer and said second dielectric |ayer. 4. The device according to
claiml1l wherein said first dielectric |ayer conprises silicon oxide.
5. The device according to claim1 wherein said second dielectric
| ayer conprises silicon oxide. 26 6. The device according to claim1
wherein said second conductive |ayer conprises copper. 7. The device
according to claim1 wherein said conductive |ayer conprises gold
paste, copper paste, silver paste, or silver and gold paste. 8. The
devi ce according to claim1 wherein said substrate conprises
silicon. 9. The device according to claim1l wherein said first
conduct-vdhe| g8 Crsaesapfad t e gr by, rdermie $evdcee56B8rding to
claim1l wherein said second dielectric |ayer is between about 50 A
and abs®nBE61U601AYer 12OMAr FER S | PPRPRY rcui t nodul e device, said
device conprising: a plurality of silicon carrier nodules, said
nodul es each conprising: a silicon substrate; a first dielectric
| ayer overlying said silicon substrate;
7. The device according to claim 1 wherein said conductive layer
comprises gold paste, copper paste, silver paste, or silver and

gold paste.

8. The device according to claim 1 wherein said substrate

comprises silicon.

9. The device accoerding to claim 1 wherein said first conductive

layer is coupled to ground.

10. The device according tc claim 1 wherein said second

dielectric layer is between about 50 A and about 500,000 A.

11. A multiple circuit module device, said device comprising:
a plurality cof silicon carrier modules, said modules each
comprising:
a silicon substrate;
a first dielectric layer overlying said silicon

substrate;
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27 a first conductive layer overlying said first dielectric layer; a
second dielectric layer overlying said first conductive |layer; a
plurality of shielded vias with mcrostrip ground plane in said
silicon substrate each conprising a through hole filled by a
concentric plug conprising said first dielectric |layer surrounding
said first conductive layer surrounding said second dielectric |ayer

surrounding a secqgnd conductive layer; a plurality of first netal
| i nes contacting®s FHStsﬂ?ﬁé%ﬁﬁFYﬁ Xﬁﬁf?4%€;¥&§9r5618r6&ﬁatplane on

the top side, of said silicon substrate; a plurality of second netal
lines cont aBtFPh§CEAIE 13KFBI ded vias with microstrip ground plane on
the bottom side of said silicon substrate; a plurality of top side
sol der bunps on 3aPEceidsiicehetri¢iosenfovedildispl seéd Substrat e;
and a plurality of bottom side solder bunps on said second netal
| i nes of sarcdndiiFicva sapstrate; and a plurality of integrated
circuit die attached to said plurality of silicon carrier nodul es by
bondi ng said a plurality of shielded vias with microstrip ground
plane in said silicon substrate each comprising a through
hole filled by a c¢oncentric plug comprising said first
dielectric layer surrounding said first conductive lavyer
surrounding said second dielectric layer surrounding a
second conductive layer;

a plurality of first metal lines contacting said
shielded vias with microstrip ground plane on the top side
of said siliceon substrate;

a plurality of second metal lines contacting said
shielded vias with microstrip ground plane on the bottom
side of said silicon substrate;

a plurality cf top side solder bumps on said first
metal lines of said silicon substrate; and

a plurality of bottom side solder bumps con sald second
metal lines cof said silicon substrate; and

a plurality of integrated circuit die attached to said
plurality of silicon carrier modules by bonding said

integrated circuit die to said fop side solder bumps

wherein said plurality of silicon carrier modules are
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integrated circuit die to said top side solder bunps wherein said
plurality of silicon carrier nodules are 28 vertically stacked by
bondi ng said bottom side sol der bunps of overlying said silicon
carrier nodules to said first metal lines of underlying said silicon
carrier nodules. 12. The device according to claim 1l wherein said a
first under bunp netallurgical layer is between said first netal

| ayer and said.top,side solder hu and wherein a seg ond under

oy a1 or gi cAPEFAGRT %%%?ks%%ﬁ% b i Mo PR By 7 anao Lar g DUt
bott om si de solder s. 13. The device according to claim1l1l
wherein sai & fP?’EFlYé’B d%%‘ilv%l}rla%%? Ciasrrcl&fpl"@ﬂmtlg SgFBufigidofirst

metal lines of underlying said silicon carrier modules.

12. The device according to claim 11 wherein said a first under
bump metailurgical layer is between said first metal layer and
sald top side solder bumps and wherein a second under bump
metallurgical layer is between sald secend metal layer and said

bottom side solder bumps.

13. The device according to claim 11 wherein said first

conductive layer is coupled to ground.
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