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A device includes an interposer including a substrate, and a

lira t through-sub atm le via (TS») pen au at ing through thc sub-
strate. A glass substmte is bonded to the interposer through a

fuslou boflcling 1 hc glass substrate hlchlrlcs a second TSv/
therein and electrically coupled to the lirst TS's.
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IVTEII POSER-Ols-CLASS PACKAGE
STRUCTURFS

TFCfINIC'Af FIFI,D

[0001] This disclosure relates generally to integer(ed cir-
cuit structures. ond morc particularly to interposer-on-gliwss
package structures and methods for fiirming the sonm.

BA(IKCiROUND

[OUU2] lii increase the density ofpockoge structures, mul-
tiple dies may need to be packaged in a same package struc-
ture. To occonunodate multiple dies, mi interposer is typically
ilsi'.d t(1 tlond dies thcrcon, and tlm resulting stnicturc includ-
ing the interposer mid the dies are treated as a single structure.
[0003] It is desirable to I'onn silicon intcrposcrs duc to thc
fact that the tecluiology for handling silicon substmtes is
mature. I'urthor, fi.aturcs formed on silicon interposers nmy
have a hives daisity However, due to various factors. such as
tlm significant ditfi:rance bcnvs~en the coetficient of thermal
cxpmision (C'I'I') of silicon and the C TL'f printed circuit
board (PCB). it is ditficuit to bond a silicon interposer directly
oli a P('B without incurring reliability issues. For example,
dies are bonded on a silicon interposer. which aro bmided to
P('B directly, the resulting packove srructure will suffer from
reliability pmblcms A solution for tlm afxsvc-discussal prob-
lem is to insets on organic substrate between silicon interposer
mid PC'B This solution, however, still suffi:rs from other
issues Firstly, organic substrates have a hivh cosr. Secondly,
organic substrotes ore typically sofi. ond lmncc may not bc
able to provide aiough protection needed by other package
componcn(s Thirdly. the sigiud loss in orgmuc substmtcs is
high, panicularly when thc signal has a high frequatcy

SUMlvLARY

[UUU4J In accordance si ith one aspect, a device includes an
interposer including a substrate, ond o hrst through-substrate
via (TSV) paietroting through the substrate. A glass substrate
is bonded to the interposer thmugh a fusion bonding The

gloss substrate includes a second TSV therein ond electrically
coupled to the first TSV
[UUU5] Other embodimaits are also disclosed.

BRIEI'ESCRIPTION OF TI IE DR.AFVINGS

[0006] For a more complete understanding of the embodi-
ments. mid the advantages thereof, reference is now made to
the follossing descriptions taken in confunction with the
ilccolilpally lilg ill iiwl rigs. lit u ll Icll:

[0007] FIGS. IA through I I are cross-sectional views of
intermediate sta es in the manufactunng of a package struc-
ture in accordance with an enibodiment, wherem a glass
substrate is bonded to an interposer;
[U008] liRIS. 2A through ZD are cross-sectional views of
intermediate stages in the manufoctunn of a package struc-
ture in accordance with alternanve eiubodunents, wherein a
composite glass substrate is bonded to on uiterposer: and
[0009[ FIGS. 3 though 8 illustrate package stnictures in
accordance with various embodiments. wherein operungs are
fonued in gloss substrates, u ith dies located in the openings.

DUIAILL'D DESCRIP11ON OF ILLUSTRATIVE
I',MBODIMFNTS

[001U] I'Im making and using of the embodiments of the
disclosure are discussed in detail belosv. It should be appre-
ciated. however, that tlm embodiments provide many appli-
cable inventive concepts that can be embodied in a wide

variety of specific contexts. The speciTic embodiments dis-
cussed are merely illustrative, and do not 1 unit the scope ofthe
disclosure.
[0011] A novel package structure incorporating lass sub-
strates and Oie method of fornun the same are provided. The
intermediate stages of manufacturing various embodiments
are illustrated. lite vanations of the embodiments are then
disaissed. Tftrougout the various views and dlustrative
embodiments. like reference numbers are used to desi nate
like elements.
[0012] Referring lo FICi IA. interposer wafer 2. which
uicludes substmte 10 and uiterconnect structure 12. is pro-
vidal Substrate 10 may be liirmcd of a semiconductor mate-
rial such as silicon. Alternatively. substrate 10 is formed of a
dielectric nuiteriol. Interposer wafer 2 is substantially free
from attenuated circuit devices, including active devices such
as transistors ond dmdes. Furthernuire, interposvr ual'er 2

may uiclude, or may be free from. passive devices such as
capociuirs, resistors, inductors. voractors, andror the like
[0013] Intercomiect structure 12 is f'ormed on substrate 10.
Interconnect stru(:turc 12 includes mie or moro dielectric
layer 18. ond metal lines 14 mul i ios 16 in dielectric layer(s)
18 Throughout tlm dvsvription, the side of intcrposvr wol'cr 2
u it h uiterconnect structure 12 is referred to os o front side, and
thc opposite side is rcfetrcst oi as o backside Metal lines 14

and vins 16 ore rel'erred to as Iront-side redistribution lines
(RDI,s). Further. through-substrate vias (TSVs) 20 are
fonncsf in substrate 10, and me electriaalfy coupled to front-
side RDI,s 14/16. Insulation layers 21 arc usvd to separate
TSVs 20 fmm substrate 10.

[0014] Referring to FICI IB. substrate 10 is atoll, so that
TSVs 20 pro tnide out o I'he backside surf'ace 10o ofsubstrate
10 Ltch stop layer 22, v,luch may be formed of sihcon
nitride, fiir example, is I'onncd on TSVs 20 and substrate 10,
and is polished or etched to form the structure os shown ui
FtG. lr.. wherein TSVs 20 ore again expiised Next, as shiiwn
in FICI. 1D, etch stop layer 24. wluch inay also be formed of
silicon nitride. Ior example, is liinncd on etch stop layer 22.
Next. oxide layer 26. v,hick may be a silicon oxide (SiO)
layer, is I'ormed Tlm formation methods of etch stop layers
ZZI24 uid oxide layer 26 uiclude conuuonly used deposition
methods such rm plasina enhancv. chennad vapor deposition
(PECVD) In alternative embodiments. addinonal RDI.s 58
(not shoun in FICi 3D, please refer to Fffi'S Sand 8) may be
formed on the back side of substrate 10. uherein one or more
lover of RDLs 58 may be liinned
[0015J FIG. IL'lustrates glass substrate 30, which
uicludes glass layer 32. Glass layer 32 may be formed of
SiOs, LiO„CeOa, AI,O,. BsO... or the like. Optionally, oxide
layer 34 such as silicon oxide (SiO) may be formed on the
surface of glass layer 32. In an embodiment, thickness T of
lass substrate 30 is less than about 800 pm, or even less th ui

about 200 pm.

[OU16J Next, as shoivn in FIG. 1E glass substrate 3U is
bonded to interposer wafer 2 throne+ the fission bond (oxida-
te-oxide bond). In an embodiment ivherein oxide layer 34 is
formed, oxide layer 34 is bonded to oxide layer 26. In alter-
native embodiments wherein the glass in gloss layer 32 itself
is also an oxide, or the surface of glass foyer 32 is oxidized,
oxide layer 34 is not formed. and glass layer 32 is bonded to,
and contacts, oxide layer 26 directly.

[0017] Referring to FICi. 1(i, photo resist 36 is fomied on
glass substrate 3U, and is patterned. Openings 38 are then
formed by etching glass substrate 30 and underlying layers
24. Z6. and 34, until TSVs ZU are exposed. During the etclgng
step, etch stop layer 24 functions to stop the etching process,
and is then etched to expose TSVs 20
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[0018] Next, as shown ui FI6. 111, TSVs 40 are formed in
opcnuigs 38. and may bc clccincally coupled Io TSVs 20 In
an embodiment, the lateral dune«sion Wl, wluch may be a
lengtl&&width or a diameter. depending on the top-view shape
ofTSVs 40. is greater than latensl dimension WZ ofTSVs 20.
The formation of TSVs 40 may include a plating process for
fill openings 38 with a metallic matenal such as copper.
tun sten. a solder material, or the like, and then perfonnin a
chenucal mechanical polish (CMP) to reniove excess por-
tions of the metallic material over gLass substrate 30.

[0019] FIG 11 illustrates thc fomiation of solder bumps 42
over glass substrate 30 and electrically coupled to fSVs 40.
Thc resultinc package stnicture as shown in FICI 31 may then
be sawed span, resulting in a plurality ofpeel sge stnicturcs.
I'16 1.1 illustmtes onc of thc resulting package structiues,
wherein an interposer (a piece sawed from interposer wafer 2)
is also dcnotcd using rcfercnce mmicral 2. while a piece of
glass substrate tha»s a piece oi glass substrate 30 is also
denoted using refercncc muncral 30 Solder humps 42 in the
resulting package stn&cturc umy be bondel to printed circuit
board (P(.B) 48 &ll'lth& r packag&i co&i&pi)ac&its such as a pack-
age substrate Further. uuerconnect structure 12 ol intcrposmr
2 nuiy bc bondcdl to die/a) 46

[0020] I'IGS. 2A tincups 2D illustrate alternative embodi-
ments. Unless specified otherwise, the reference numerals in
embodiments shown in 116S. 2A tluough 10 represent like
elements in the embodiments illustrated in FIGS. 1A through
11. For simplicity, the detailed structures such as layers 22,
Z4, 26, and 34, which are im olved in the bonding between
glass substrate 30 and uiterposer &i afer 2 (as shown in detail
in F16S. 1A through IF) are not illustrated, although these
structures may also be used in all embodiments tluoughout
the disclosure. The initial steps of this embodiment is essen-
tially the same as shown in 1& ICIS. LA through IF, except vgl ass

layer 3Z is a composite glass substrate compnsing photo-
sensitive glass layer 32 1, and nonphoto-sensitive glass layer
3 ZB. wlierein the resulting bonded stru en& re is show n in F16.
2A. Referruig to FICI. 2B, photo-sensitive glass layer 32A is
exposcxf to light using lithogmphy mask 47, for example. In
an embodiment. the port&ons of photo-sensitive glass layer
32A that are sub]cut to the light exposure (symbolized by
arrows) are removed, while the pon«ins not exposed to light
are not removed. In alternative embodiments. tlie portions of
photo-sensitive glass layer 32A that are not su biect to the 1&seht

exposure (symbolized by arrows) are removed, while the
ponions exposed to I& Jv&t are not removed. Refhrring to Fl(i.
ZC, the patterned photo-sensitive glass layer 32A acts as a

lmrd mask for the etching of underlying non-photo-sensitive

glass layer 3 ZB. and hence the resulting openings 38 extend to
TSVs 20.

[0021] Next, as show«i«FIG. ZD. TSVs40 are formed. and
bumps 42 are fomied to electrically couple to TSVs 40 Pr&w

cesses are then coimnued. in winch the package structure as
shown in FIG 4D is saw cxf, and a pack &ge compo«a&it (not
sho~n in FIG. 2D, please refer to pack &ge component 48 in
FICi. 11) such as a package substrate or a PCB is bonded to
bumps 42. Further, die(s) 46 (not shown &n FIG. 2D, please
refer to FICI 11) may be bo&tdcxf to mterconnect structure 12.
The process steps are essentially the same as she~a in FIG.
11, and are not d&scusscxf hereni.

[UUZZ] FIGS. 3 tluuugh 8 illustrate variations of the
cmbodinwnts. Again, thc fiirmation details of layers 22/24/
Z6/34 as shown in FICi. 1F of these embodiments are not
shown. and may be realized by applying the teaching as
shown in FIC&S. IA tluough lb. Refernng to FIG. 3, die 5U is
directly bonds«i to interposer 2 (which is a piece sawed from
interposer &safer 2 as shown in Fl(i. 11) tluuugli bumps 52.

Die 50 may be located in opening 54 (alternatively referred to
as a pocket) in glass substrate 30, v herein opening 54 may be
a tlu ough-opening penetrating from one side to the opposite
side of glass substrate 30. Tluough-opening 54 may be pre-
formed befr&re glass substrate 30 is bonded to interposer wafer
2, or fomied simultaneously vvith the formation of openings
38 (not shown in FIG. 3, please refer to FIG. 1(i). FIG. 5 also
illustrates that more than one die 46 may be bonded to inter-
poser 2.

[0023] FI(i 4 illustrates yct another embodiment. wherein
RDI,s 58 are formed between interposer 2 and glass substrate
30 RDI.s 58 may be pre-formed on interposer wafer 2 (or
pre-fiirmed on glass substrate 30) before interposer (wafer) 2

is formcxl on glass substrate 30 Although FIG 4 only illus-
uates one layer of RDI,s 58, more than one layer of RDI,s
nmy be fonuM. With the formation oi'RDI.s 58, TSVs 40 do
not lmve to be vertically aligned to 'I SVs 2 U. Instead, 'I S Vs 40
and TSVs 20 can be fully or partially misaligned, mid elec-
trically coupled with each other through RDI,s 58.

[0024] In I'IG 5, opemng 54 cxtcnds only partially into
glass subsiratc 30 aml ~tops at an intermediate lcvcl oi'glass
substrate30 Dic50islvcatcxfu&opemng54 In mexemplary
embodiment Iiir forming tlm structure, opening 54 is pre-
fer&ac«i in glass sub&irate 30 before interposer &vafer 2 is
bonded with glass substrate 30 Further, dic 50 may bc
bond&«1 to uiterpo sar &safer 2 before the bonding of interposer
wali.r 2 to glass substrate 30 is periionnmf Accordingly, after
interposer isaier 2 and glass sub straw 30 me bonds«I. die 50 is
pmtcctcd by glass substrate 30 FICI 6 illustrates a package
structure snnilar to Ihe structure shown in FICi. 5, except
RDI s 58 are furtlmr liinued

[0025] 116S. 7 and 8 illustrate package structures similar to
the package structures shown in F16S. 5 and 6. respectively,
with additional RDLs 60 formed on the surface of glass
substrate 30 and on the opposite side of interposer 2. RDL s 60
are formed between, and electrically couphng, solder bumps
42 mid TSVs 40. Altlxiugh only one layer of RDLs 60 is
shown, more than one layer ofRDLs 60 may be formed. With
the formation of RDLs 60. b&unps 42 do not have to be
vertically aligned to TSVs 40. Instead, bumps 42 and TSVs 40
can be fully or partially misaligned. and elect«cally coupled
tluough RDLs 60. Bumps 42 may thus be formed substan-
tially unifonuly. and the space vertically overlapping die 50

may also be used to form solder bumps 42. In FI6S. 7 and 8,
portions of bumps 42 (marked as bumps 4ZA) and portions of
RDLs 6U (marked as RDLs 60A) vertically overlap openuig
54. mid possibly vertically overlap die 50.

[0026] In tlm embodiments, 0&e low-cost glass substrates
arc used Io replace tlic cxpciislvc olgalllc sulistialcs, al'lil

hence the manuiactunng cost is reducnl. Further, the photo-
sensitive glass that may be integrated in glass substrates can
be used as hard masks. and hence the manufncturing pmcess
is simpler and easier to control. The loss of high-frequency
signals in lass substrates is also fow. uid he&me the electncal
charactenstics of the packs e structures are also impmved.

[0027] Although the embodiments and their advantages
have been described in detail, it should be understood that
various changes, substitutions and alterations can be made
herein witfto&tt departing from the spirit and scope of the
embodiments as define« by the appended claims. Moreover,
the scope of the present application &s not intended to be
limited to the particular mnbodiments of the process,
machine, manufacture. and composition of matter. means,
methods and steps described in tlm specification. As one of
ordinary skill in the art will readily appreciate from the dis-
closure, processes, maclfines, manufach&re, compositions of
matter, means, methods, or steps, pfeselltly existing or later to
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be developed, that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments descnbed hereui may be utt)ized according to
the disclosure. Accordingly, the appended claims are
intended ni include withui their scope such processes,
machines, manufacture, compositions nf matter, means,
methods. or steps. In addition, each claim constitutes a sepa-
rate mnbodiment, and the combination ofvarious claims and
embodiments are within the scope of the disclosure.

What is claimed is:
I A device contprislflg
an interposer comprising:

n substrate: and
a Iirsi tluough-substmte via (TSV) penetratuig throu h

the substrate; and
a glass substrate bonded to thc inmrpo sar, w herein the glass

substrate comprises a second TSV therein and electn-
cally coupled to the first fSV.

2 The demce oi'clmni 1 ihrlher composing
a die bonded to the interposer, wherein the die and the glass

substrate arc on opposite sides of thc interposer, and
a solder bump electncally coupled to the second TSV.

wherein the solder bump and the interposer are on oppo-
sile sides oi'thc gldss siilisli'dtc

3. Tide device ofclaim 2 further comprising a pnnted circui I

board (Pf 'll) bonded to the solder bump.
4 The device ol'claim I, wherein thc glnss substrate com-

prises a pluito-sensitive /sass layer, and n non-photo-sensitive
glass layer bonded to the photo-amis itive glass layer.

5 The dci icc of claus& 4, w herein Ihc non-photi&sensitive
glass layer is benveen the photo-sensitive glass layer and the
interposer

6. '11ie device ofclaun 1. wherein the interposer composes
a silicon substrate, and st herein no active device is formed in
the uiterposer.

7. The device of claim 1 fiirther compnsuig:
a silicon nitride layer between the interposer and the glass

substrate. wherein Ihe silicon nitnde layer contacts the
substmte in the interposer: and

an oxide layer bctwcen the silicon nitride layer and thc

glass substmte
S. Thedeviceofclaim1 furthermimprisingaredistribution

line between llm interposer and the lass substrate, wherein
the redistnbution line electncally couples the iirst TSV to the
scmond I'SV

9. Thc device o I'claim I, whereui the glass substrdie com-
prises an opening. nnd wherein the device further comprises a

die in thc opening and bondixI to thc interposer
10. The de~ice of claim 9, wherein the opening penetrates

through at least a portion of the glass subsuate.
ll Thc device of claim 9, is herein tfie opening extends

from a surface of the glass substrate facing the interposer into
the glass substrate, and wherein the opening stops at an inter-
mediate level ui the glass substrate.

12. A device comprising:
aii iiilerposer'oiilpi'isiiig

a silicon substrate; und
a first plurality of through-substrate vias (fSVs) pen-

etranng tluough Ihe silicon substrate,
a glass substrate bonded to the interposer, wherein the lass

substrate comprises a secoml plurality ol'TSVs tlmrein.

with the first plurahty of TSVs beuig electrically
coupled to the second plurality ol'TSVs,

an etch stop layer betv een the interposer and the glass
substrate; and

an oxide layer between Ihe etch stop layer mid thi'. glmss

substmte, wherein the second plurality of TSVs pen-
ctrates through tlm oxide layer

13 Thc device of clnim 12, wherein the etch stop layer
comprises silicon nitride.

14 I'he device of claim 12 furtlmr comprising
an opening extending fmm a surface of the glass substnste

into nt least an intemiediate level of the glass substmte;
mid

a die in the openmg and bonded to the interposer.
15. A method of fomiing a device, the nwthod comprising:
providuig an interposer compnsuig.

a substrate; and
a first through-substrate via (TSV) peiwtrating through

the subsu ste:
forming a first oxide layer on a surface of the interposer;
bonding a glass substrate to the interposer tlu ouJt a fusion

bonding, with the first oxide layer being between the
interposer and the lass substrate, and

I'onmng a second TSV in the glass substrntc mid clcctri-
cally coupled to Ihe lirst TSV.

16. The method of clnuu 15 further comprising forming a
second oxide layer on the glass substrate before the step of
bonding. ivhercin tlm scvond oxide layer is bmidcd to mxi

conuicts Ihe iirst oxide layer after the step ofbonding.
17 Tlm method of clnim 15. wlmrcin the glass substrate

comprises a glass layer compnsuig an oxide, and wherein the
glass layer is directly bonded to the first oxide layer.

10. 11ie method of claim 15. wherein the glass substrate
coniprises a photo-sensitive glass lnyer and a non-photo-
sensitive lass layer. and vvberein tbe step of iormin the
second TSV comprises:

exposing the photo-sensitive glass layer usuig a Itthoya-
phy mask, with first potions of tfm photo-sensitive glass
lever being cxposcd to bghk mul second portions ol the
photo-sensitive glass layer not exposed to the light:

etchuig the iirst portions of the photo-sensitive glass layer
without etclung the second portions of the photo-sensi-
tive glass layer.

using thc photo-smisitive glass layer as a hard mask to etch
thc non-pluito-si:nsitivc glass layer, mid

tilling an opmiing in thc photo-sensitiim glass layer and the
imn-phoio-smisitive lass layer ivith a mmal)ic matennl
to form the second I'SV.

19. The method of cl um 15 hinher compnsin:
befiirc tlm step of bonding tlm glass substrati: to the inter-

poser, forming an opeiung extending front n surface of
the glass substrate to at least an intermediate level of the
glass substmte: mid

bonding a die lo the interposer, wherein after the sti7 ol'onduigthe glass substrate to the interposer, the die is
located in the opening.

20. The method of clnun 19, whereui the openuig stops at
thc intcnncdiale loni:I of the glass substr ilc
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