-1- DESCRIPTION METHOD OF MANUFACTURING SEMICONDUCTOR DEVICE TECHNICAL
FIELD The present invention is directed to a semiconductor device manufacturing method, and
in particular to a semiconductor device manufacturing method for disposing plural semiconductor
substrates having 10 semiconductor chips one above the other, connecting semiconductor chips, each
of which constitutes a different semiconductor substrate, in such a manner as to enable signal
transmission, and subsequently singularizing the semiconductor chips into individual pieces. 15
BACKGROUND ART A reduction in size, thickngss and weight of semiconductor application
products for use in various mobile apparatuses, such as digital cameras and portable 20 telephones,
has progressed at a rapid pace in recent years. In accordance with the trend, there are continuing
demands for size reduction and density increase BESEREdrdtictor devices installed in the
semiconductor application products. To meet such demands, for example, methods of 25

manufacturing semiconductor dexiees bayingamwaierQmrwalferiherenpiterorferedda as "WOW")
configuration have been proposed. In the WOW configuration, plural semiconductor substrates

(wafers) having semiconductor chiEi are disposed one above the other and bonded in this 30 wafer

state. TRe follbiwifitf givestd et description of a conventionally proposed method of
manufacturing a The present invention 1s directed to a

semiconductor device manufacturing method, and in
particular to a semiconductor device manufacturing method

for disposing plural semiconductor substrates having
10 semiconductor chips one above the other, connecting
semiconducteor chips, each of which constitutes a different
semiconductor substrate, in such a manner as to enable
signal transmission, and subsecuently singularizing the
semiconductor chips inte individoal pleces.
15
BACKGEROUND ART
A reduction in size, thickness and welght of
semiconductor application products for use in various
mobile apparatuses, such as digital cameras and peortable
20 telephones, has progressed at a rapld pace in recent years.

Tn accordance with the trend, thers are continuing demands
for size reduction and density increase of semiconductor

devices installed in the semiconductor applicaticn
products. To meet such demands, for example, methods of
25 manufacturing semiconductor devices having a wafer-on-
wafer (hereinafter, referred to as “WOW”) configuration
have been propcsed. In the WOW configuration, plural
semiconductor substrates (wafers) having semiconductor
chips are disposed one above the other and bonded in this

30  wafer state. _
The following gives a brief descripticn of a

conventicnally proposed method of manufacturing a
semiconductor device having the WOW configuration with



semiconductor device having the WOW configuration with -2- reference to drawings. FIGs, IAto 1G
illustrate a conventional process flow for manufacturing a WOW configuration semiconductor device.
First, in a process shown in FIG. 1A, a semiconductor substrate 110 is prepared. The semiconductor
substrate 110 includes a substrate body 120, a semiconductor integrated circuit 130 and via holes 140
which are filled with metal. The semiconductor integrated circuit 130 is formed on the substrate body
120, and the 10 via holes 140 filled with metal are formed in the substrate body 120 and the
semiconductor integrated circuit 130. When the semlcoaductor substrate 110 is prepared, the via
holes 140 may be formed in the substrate body 120 prior to the formation of the semiconductor 15
integrated circuit 130, or the semiconductor integrated circuit 130 may be formed on the substrate
body 120 prior to thecFEATRTION GTahe A Hetles 14DIRbte tRateinte the sutiseate body 120 is reduced
in thickness in a prosessdothedeicpbeddretow] the viarholes 40 dornot2@ have to penetrate the
substrate body 120 af:thispeigtion sedBxbiia-peecessshewn in FIG. 1S, a support 300 is bonded
to the semiconductor substrate 1Q op the-semicanductorintegrated sirguit-1:30 side. A glass

substrate, for examp @%XJ?&: sed é%rb@@r L&@D({Q&O& ﬁﬁ( Q}s:gguen% in a process shown in FIG.

1C, the substrate bo 120 0 1§ reduced | th |c nes§L ess rgﬁlu%ctlon iS I%hl%}ﬁeci%)@/ for
example, polishing B SUrfAre of the- sibstrate body ?L%O ifch SuFfAca tha Semiedhduictor

integrated circuit 130 %%Wﬂ%ﬁtqﬁ%mt%%%ﬁ%s}%%%% Hid theStbstrate body 120
after the thickness Féeetionrdreireferdddtas BrREsémicitictorRsiibstard-PT0AMHEIHE Stbstrate
body 120a, respectiviety:itie $dppor 300has afuridtensetsippdring:tie $&ficemducios substrate
110a having retluces Hoitlitycaftars¢ filled with metal are formed in the

subgstrate body 120 and the semiconductor integrated
circuit 130. When the semiconductor substrate 110 is
prepared, the via holes 140 may be formed in the substrate
body 120 prior to the formation of the semilconductor

15 integrated circuit 130, or the semiconductor integrated
cirenit 130 may be formed on the zubstrate body 120 prior
to the formation of the via holes 140. - Note that since
the substrate body 120 is reduced in thickness in a
process to be described below, the via holes 140 do not

20  have to penetrate the substrate body 120 at this point.

Next in a process shown in FIG. 1B, a support

300 is bonded te the semdconductor substrate 110 on the
sermiconductor integrated circuit 130 side. A glass
substrate, for example, may be used for the support 300.

25 Subseguently, in a process shown in FIG. 1C, the substrate
body 120 is reduced in thickness. The thickness reduction
is achieved by, for example, polishing a surface of the
substrate body 120, on which surface the semiconductor
integrated circult 130 is not formed. The semiconductor

30 substrate 110 and the substirate body 120 after the
thickness reduction are referred to as the samiconductor
substrate 110a and the substrate body 120a, respectively.
The support 300 has a2 function of supporting the



the thickness reduction. Then, bumps (not shown) are formed on the via holes 140 exposed from the
surface on which the thickness reduction has been performed. Note 5 that the bumps (not shown) may
be formed via electrode pads (not shown). Next in a process shown in FIG. 1D, a
semiconductor substrate 210 is prepared. The semiconductor substrate 210 includes a substrate body
220, 10 a semiconductor integrated circuit 230 and via holes 240 which are filled with metal. The
semiconductor integrated circuit 230 is formed on the substrate body 220, and the via holes 240 filled
with metal are formed in the substrate body 220 and thg semiconductor integrated 15 circuit 230.
Bumps (not shown) are formed on the via holes 240 exposed from the surface of the semiconductor

substrate 210 on the semiconductor int girated Ciﬁg Zﬁ) side. Note that the bumps (not shown) may
e

be formed via electfode gﬁg%ﬁg%hg\% TR, TooMtlctEr 26 ShstitE 910 RH6Hded to the

semiconductor sub&tt&te" P GEH S8 ch P HTENTE that Ie se RIBBIRdUEDF irftdgiatbdédifeuit 230 of the
semiconductor subgieareeg] 0loppsesithelsulsstraté bougrr2es of the semsicenddetes substrate 110a.
Note that the via holés 240tare fonnekninsadvante:at.2h positidrs:corresponding to thecwa holes 140,

and each set of thercorfespendingvia heles 246.and 440 are eleetiicallyconnpcted-viga bump. Next
in a process showndg =!G, the.supstrate body 220 is reduced in thickness, in the same 30 manner

as in the process of FIG. 10. Th iconductor substrate 210.an %e strate body 220 after the
thickness reduction are, refer edﬁtgggﬁ%sgeé\%é@ bS tg%l(sn%stjfgtegé O;%I%d the substrate body 220a,

respectively. -4- TRER-BUMPE(HSE sfi é%‘?é%% Lé%llﬁsn e URkERSIes 241 exposed from the surface
on which the thickn8&& 68l Mas FRtormed. MéteUHEr tie PORTEES Sistin ety be

formed via eléétrode [Fais geolova). integrated circuit 230 and via holes 240
which are fllled with metal. The zemiconductor integrated

cirouit 230 1s formed on the substrate body 220, and the
via holes 240 filled with metal are formed in the
substrate body 220 and the semiconductor integrated

15 clrcuit 2320, Bumps (not shown) are formed on the via
holes 240 exposed from the surface of the semiconductor
substrate 210 on the semiconductor integrated circuit 230
side. Note that the bumps {(not shown) may be formed via
elactrode pads (not shown). Then, the semiconductor

20  substrate 210 is bonded to the semlconductor substrate
1102 in such a manner that the semiconductor integrated
circuit 230 of the semiconductor substrate 210 opposes the
substrate body 1202 of the semiconductor subshrate 110a.
Note that the wvia holes 240 are formed in advance at

25 positions corresponding to the via holes 140, and each set
of the corresponding via holes 240 and 140 are
electrically connected via a bump.

Next in a process shown in FIG. 1E, the

substrate body 220 is reduced in thickness, in the same

30 manner as in the process of FIG. 1C. The semiconductor
substrate 210 and the substrate body 220 after the
thickness reduction are referred fec as the semiconductor
substrate 21Ca and the substrate body 220a, respectively.



5Next in a process shown in FIG. 1F, by repeating the same processes of FIGs. 1D and 1E,
semiconductor substrates 310a and 410a are disposed one above the other at the bottom of the
substrate body 220a of the semiconductor substrate 210a. Then in a process shown in 10 FIG. 10, the
support 300 of FIG. 1F is removed. Herewith, a semiconductor device 100 is completed. In this
manner, the WOW-configuration semiconductor device 100 is manufactured in which the
semiconductor substrates 110a, 210a, 310a and 410a with reduced thicknesses are bonded to 15 one
another in the Semiconductor substrate (wafer) state. -4~ FICs. 2A to 20 illustrate another
conventional process flow for manufacturing a WOW configuration semiconductor device. In FIGs. 22k

to 20, the same refefﬁgge r]lt)garpneral ar ggﬁen tq the co%ooneé}ts Whﬁiﬁh are Zg}icu:ommon in FIGs. LA to
1G, and their explanatioris ma Se ofitted Firs , i%réeproc_%us% sifown n‘%’ =leh ,lseésm%%?’nductor
substrates 510 and BT0P4fp 4P hE SR it o SibdtFste B 6 Rt dde s 854 stPte body 520
and a semiconductdriftdgiate PeFERFE30: THCES semicohbaclormtegrarsd ehewit 5302 formed on
the substrate body 520 “PRE®@nYiEdnEdED SilsstRRED 10vREI e a substrate body 620 and a
semiconductor ntegrated circuit¥$36; Tire sepicorductohintegiated TiculiFe3@is faneed: brnche
substrate body 620:Tkeszi30 thesemicondustarsubstiaie £10 isrhonrded o e senriconductor
substrate 510 in suchg-PaBRes thatdbesemicanducter infegrated circyit83Q,0f the, sgmiconductor
substrate 610 oppoges the sggy’gg&d%togﬂ@temgqgrgl&uig g& H}ie g%nlgg%nductor substrate 510.
Next in a process sgowncinnlgé%j tZO% tQ&Os%bs&tjé%tezki% f3)/ 62 isre uced In thic nes? The thickness
reduction is a hievec%%/, for example, poﬁsﬁln a‘surrace o‘??héf’rslu%s?r‘g?ec%%%y 620, :nl%hich
surface the s icoﬁ&ﬁcto}%teé?ﬁeﬁ%??ﬁﬁ% is bt ¥dfrited-STHe sERMESRBuctdiStBéhtie 610 and
the substrate body 828%HertRE HHickheSE Fetiction at8 R ds thesehiconitidisi-substrate

610aandthesub§ﬁﬁ§l%ﬂﬂf@?@gﬁgur@tiﬂn semlconductor device 100 is
manufactured in which the semiconduoctor substrates 110a,

2108, 310a and 410a with reduced thicknesses are bonded to
15 one another in the semiconductor substrate (wafer) state.

. FIGs. 24 to 2C illustrate another conventional
process flow for manufacturing a WOW configuration
semiconductor device. In FIGs. 2A to 2C, the same
reference numerals are given to the components which are

20 common in FIGs. 1A to 1G, and their explanations may be
cmitted. First, in a process shown in FIG. 23,
semiconductor substrates 510 and 610 are prepared. The
semlconductor substrate 510 includes a substrate body 520

and a semiconductor integrated circuit 530, ‘The
25 semicenductor integrated circuit 530 is formed on the

substrate body 520. The semiconductor substrate €10
includes a substrate body 620 and a semiconductor

integrated circuit €30. The semiconductor integrated
circuit 630 is formed on the substrate body 620. Then,

30 the semiconductor substrate 610 is bonded to the
semiconductor substrate 510 in such a manner that the
semiconductor integrated circuit 630 of the semiconductor
substrate 610 opposes the semiconductor integrabed circuilt



10 respectively. Subsequently, in a process shown in FIG. 20, via holes 640 filled with metal are
formed in such a manner to penetrate the substrate body 620a and connect the semiconductor
integrated circuit 530 and the semiconductor integrated circuit 630. In this manner, a 15
WOW-configuration semiconductor device 500 is manufactured in which the semiconductor substrate
510 and the semiconductor substrate 610a with a reduced thickness are bonded to one another in the
semiconductor substrate (wafer) state. 20 [Prior Art Document] Patent Document] [Patent
Document 1] Japanese Laid-open Patent Application Egglication No. 2008-153499 25 DISCLOSURE
OF THE INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION However, the
semiconductor device manufacturing method shown in FIGs. IA to 10 requires, when two 30
semiconductor substf&te8Tarbidorifetieaa proesss or F6rming BuMps on the via holes exposed from
both semiconductor substrates, thusleqvirg the pealslesisohloim pEaductisity d&he an increase in the
cost of manufacturiagi=+ e Septgomductos devitezed in ABcekdiagdo theisemicopruety device
manufacturing methedishews:inkGs:12A e 2Gpinge the semicanduetor subsiralesare-handed in
such a mannerdhat, s +he supstrate body 620, on which surface the

semiconductor integrated circuit 630 is not formed. The

semiconductor substrate 610 and the substrate bedy 620

after the thickness reduction are relerred to as the

semiconducter substrate 610a and the substrate hody €20a,

10  respectively. Subsequently, in a process shown in FIG. 2C,

via holes 640 filled with metal are formed in such a

manner to penetrate the substrate body 620z and connect

the semiconductor integrated circult 530 and the

semiconductor integrated circunit 630. In this mamner, a

15  ¥WoW-configuration semiconductor device 500 1s manufactured

in which the semiconductor substrate 510 and the

semiconductor substrate 610z with a reduced thickness are

bonded to one another in the semicenductor substrate

wafer) state.

20
[Prior Art Document’
[Patent Document]
{Patent Document 1] Japanese Laid-open Patent
Application Publication No. 2008-153499
25

DISCLOSURE OF THE INVENTLON
PROBLEMS TO BE SOLVED BY THE INVENTION

However, the semiconducter device manufacturing
mathod shown in FIGs. 1A to 1G requires, when two

30 semiconductor substrates are connected, a process of

forming bumps on the via holes expeosed from both
semiconductor substrates, thus leaving the problems of low
productivity and an increase in the cost of manufacturing



5 the surfaces on which the semiconductor integrated circuits have been formed oppose each other,
three or more semiconductor substrates cannot be disposed one above the other by simply repeating
the same processes. That is, a special process is required to dispose three or more 10 semiconductor
substrates one above the other, which results in low productivity and an increase in the cost of
manufacturing the semiconductor device. A-150, according to either of the semiconductor
device manufacturing methods shown in FIGs. LA to 1G and 15 FIGs. 2A to 2C, in the case of forming
deep via holes, it takes a long time to perform the hole- foFmation of the via holes and the metal filling
process and also the number of materials required for the processes increases, which leads to an
increase in the costidienasmfosiudng the 20:semiconductor device. Furthermore, according to
either of the semiconductor devigesamifegtwing methodsshowa i FlG@sviAdo 1G and FIGs. 2A to
2C, in the case of fopmingbeviaholes by sy atehingser thedike, thedenths of the 25 yia holes
change according tg}%g&@ﬂg@&e%&fﬂg a ée%o‘{‘@!&? Ifgd 8hﬁh§ \{l%[latlon the diameter

of the end portigns gélthe V|a oles. Asa esult, the ameter 8,ut eV|a Qles e ﬁ)ﬁ‘ﬁedw en the
semiconductor ‘subs raﬁe IS reauced?o a eswe& |cﬁness variés, Which 56 results in the

variation in the resiStahtE-orihBaiEchREN cORREEFoREHBESINHE Fidiém bd&Ereasdiréiability of
the semiconductor GEVIEECTHIVEVP Bf ﬁ‘@ﬁb@%%ﬁoﬁlﬁﬁﬁ@?tﬁéﬂpﬁ@m%ﬂ iAventdw aimshE providing
a reliable semiconduttordéyice imaiyfactgdrg methbdavithrivg i produetivity, caipable.of reducing the
manufacturing costsaMBEANS HR SQLVINGTHEIPROBLEMS: threln arderda=achieve the
above-describgd obiegi; e prese IBVERHOR1S.4 SHBIGANMCIONAEWER:r, which
results in low preductivity and an increase in the cost of
manufacturing the semiconductor device.
Alse, according to either of the semiconductor
device manufacturing methods shown in FIGs. 1A to 16 and
1%  FIGs. 22 to 2C, in the case of forming deep via holes, it
takes a long time to perform the hole-formation of the via
heles and the metal f£illing process and alsc the number of
materials required for the processes increases, which
leads to an increase in the cost of manufacturing the
20  semiconductor device.
Furthermore, according to either of the
semiconductor device manufacturing methods shown in FIGs.
1A to 16 and FIGs. 2A to 2C, in the case of forming the
via holes by dry etching or the like, the depths of the
25  wia heoles change according to the size and density of the
via holes, which leads to the variation in the diameter of
the end portions of the vias holes. As & result, the
diameter of the via hcles exposed when the semlconductor

substrate is reduced to a desired thickness varies, which
30 in turn results in the variation in the resistance of the

electrical connections, leaving the problem of decreased

reliability of the semiconductor device.
In view of the above problems, the preésent



manufacturing method for disposing one above another plural semiconductor substrates each having,
on the main 10 surface, semiconductor chips each of which has a semiconductor integrated circuit,
connecting the semiconductor chips, each of which constitutes a different one of the semiconductor
substrates, in such a manner as to enable signal transmission, and subsequently 15 singuiarizing the
semiconductor chips into individual pieces. The semiconductor device manufacturing method includes
a first step of preparing a first semiconductor substrate and a second semiconductor substrate; a
second step of reducing thickness of the second semicenductor 20 substrate; a third step of firmly
fixing an opposite surface of the second semiconductor substrate with a reduced thickness to the main
surface Of the first semiconductor substrate via an msulatln er, the opposne surface being
opposite to the maiA E(RRHcESF te"es FedohdEdh L}E‘%’il ORHFEERP of forming, in the
second sem|condu@twsabsméwﬁﬁﬂhtth@«rédu@@@mkﬁé§s,@l@ﬂa m@CWm'@thénétrates from the
main surface to thecoppasite surfaeetof the selcend:senficoncuctor sulasteate; and a fifth step of forming
a 30 connection part which enables the signal transmission, via the via hole, between the

semiconductorchip.gfthe fisk serticoneusior sesiiateand the semiconductor chip of the second

semiconductor substrate. EFF%T% %F THE IN\{}EA"I;IO éccc% ing.o. @e Bﬁees(;;{lt invention,
it possible to provide a reliable semlcon uctor evice manu ac urln met od W|th high productivity,

capable of reducing-tHe RIgHUTECtUNRG BS54 BRIER BEEERISFON G FHE DRAWINGS

manufacturing method for dispesing one above another
plural semiconductor substrates each having, on the main

10 surface, semiconductor chi?s each of which has a
samiconductor integrated circult, connecting the
semiconductor chips, each of which constitutes a different
one of the semiconductor substrates, in such a manner as
to enable signal transmission, and subsequently

15 singularizing the semiconductor chips into individual
pleces. The semiconductor device manufacturing method
includes a first step of preparing a first semiconductor
substrate and a second semiconductor substrate; a second
step of reducing thickness of the second semiconductor

20 substrate; a third step of firmly fixing an opposite
surfzce of the second semiconductor substrate with a
reduced thickness to the main surface of the first

semiconductor subshrate via an insulating layer, the
cpposite surface being opposite to the main surface of the

25  second sewmiconductor substrate; a fourth step of ferming,
in the second semiconductor substrate with the reduced
thickness, a via hele which penetrates from the main
surface to the opposite surface of the second
semiconductor substrate; and a fifth step of forming a

30 connection part which enables the signal transmission, via
the via hole, between the semiconductor chip of the first
semiconductor substrate and the semiconductor chip of the
second semiconductor substrate.



FIG . LA illustrates a first process of a 10 manufacturing process flow of a conventional
WOW-configuration semiconductor device; FIG 16 illustrates a second process of the
manufacturing process flow of the conventional WOW-configuration semiconductor device; 15FIG . 1C
illustrates a third process of the manufacturing process flow of the conventional WOW-configuration
semiconductor device; FIG 10 illustrates a fourth process of the manufacturing process flow
of the conventional WOW-20 configuration semiconductor device; FIG. IE illustrates a fifth
process of the manufacti. process flow of the conventional WOW-configuration semiconductor device;
FIG . 1F illustrates a sixth process of the 25 manufactl]"rﬁi"g process flow of the conventional
WOW-configuration semiconductor device; FIG. 10 illustrates a seventh process of the
manufacturing process flow of the conventional WOW-configuration semiconductor device; 30FIG. 2A

illustrates a first progﬁé%gggﬁhq@%%%g process of a conventional WOW-configuration

semiconductor device; lllustrates a second process oftthe -9- 7.gF_ttr;:)er mapufacturing process of
the conventional WOW-confi urﬁ?&% fﬁ‘goﬁ: u ?ﬁﬁ?cse?n ,mveE' .ré’CjLI stfates a third
in%ngwcgl%ﬁﬁg&%‘%ﬁsemiconductor

process of the otheEERUFAGUTRgRFSdes otthecony

device: 5 manufacturing method with high productivity, capable of
reducing the manufacturing costs.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates a first process of a

10 manufacturing process flow of a conventional —WOW-
configuration semiconductor device;

TG, 1B dllustrates a second process of the
manufacturing process flow of the conventional —WOW-
configuration semiconductor device:

15 FIG. 1C 4illustrates a third process of the
manufacturing process flow of the <onventional —WOW-
configuration semiconductor device;

FIG. 1bh 1llustratas a fourth process of the
manufacturing process flow of the conventional —WOW-

20  configuration semiconductor device;

FIG. 1 dllustrates a £L£ifth procaess of the
manufacturing process Iflow of the conventional WOW-
cenfiguration semiconductor device;

FIG. 1F i1llustrates a sixth process of the

25 manufacturing process flow of the conventional WOW-
configuration semiconductor device;

FIG., 1G illustrates a seventh process of the
manufacturing process flow of the conventional WOW-
configuration semiconductor device;

30 FIG. 2A illustrates a first process of another
manufacturing process of a conventional WOW-configuration
semiconductor device;

FIG. 2B 1illustrates a second process of the



PIG. 3 is a cross-sectional view illustrating a semiconductor device according to a first embodiment of
the present invention; FIG. 4A illustrates a first process of a 10 manufacturing process flow of the
semiconductor device according to the first embodiment of the present invention; FIG. 43
illustrates a second process of the manufacturing process flow of the semiconductor device 15
according to the first embodiment of the present invention; FIG. 4C illustrates a third process of
the manufacturing process flow of the semiconductor device according to the first embodiment of the
present 20 invention; FIG. 40 illustrates a fourt_hgt;[ocess of the manufacturing process flow of
the semiconductor device according to the first embodiment of the present invention; 25FIG. 4E
illustrates a fifth process of the manufacturing process flow of the semiconductor device according to

the first embodimerft di3he JrEEeRERvERtiBE: FREC4R fustidtes 18ixts PRoEEEs 6Rthe 30W-
manufacturing process flowshtHeose srevngastior tevicteadenstding to the first embodiment of the
present invention; FIG. 4G illustial€s akeventhproeess of théi-0- pranufacturing peocass:=ftow of the
semiconductor devigerageardingitasthe fisst-embodiment of the, gresepbiivaitions1 WOW=

5 cenfiguration semiconductor device;

FIG. 3 1s a cross—sectlonal view illustrating a
semiconductor device according to a first embodiment of
the present invenitlon;

FIG. 42 illustrates a first procsss of a

10 manufacturing process flow of the semiconducter device
according fo the first embodiment of the present
invention;

FIG. 4B illustrates a second process of the
manufacruring process flow of the semiconductor device

15  according te the first embodiment of the present
inventicn;

FIG. 4C illustrates & third process of the
manufacturing process ZLlow of the semiconductor device
according to the first embodiment of the present

20  invention;

FIG. 4D illustrates a fourth process of the

manufacturing process fiow of the semiconductor device

according to the first embodiment of the present

invention:
25 FIG. 4E dillustrates a f£ifth process of the

manufacturing process flow of the semiconductor device
according to the first embodiment o©f the prasent

invention; .
FIG. 4F illustrates a sixth process of the

30 manufacturing precdess flow of the semiconductor device
according to the first embodiment of the present
invention;

FIG. 4G illustrates a seventh process of the



FIG. 41-1 illustrates an eighth process of the 5 manufacturing process flow of the semiconductor device
according to the first embodiment of the present invention; FIG. 41 illustrates a ninth process of
the manufacturing process flow of the semiconductor device 10 according to the first embodiment of
the present invention; FIG. 4J illustrates a tenth process of the manufacturing process flow of
the semiconductor device according to the first embodiment of the present 15 invention; FIG.
4K illustrates an eleventh process of the manufacturing process flow of the semiconductor device
according to the first embodiment of the present invention; 20FIG. 4L illustrates a twelfth process of
the manufacturing process flow of the semiconductor device according to the first embodiment of the
present invention; FIG. 4M illustrates a thirteenth process of the 25 manufacturing process flow of the
semiconductor devieeaccardingiadhedfirstestbodiment ofthe preseahinventiontor defliGe4N

illustrates a fourteenthpregess of the manufacttingprocess. fiow:Lfithe semiconductor deyige 30
according to the first gmhodiment of the present invention; FIG. 40 illustrates a fifteenth process

of the manufacturi.ng process fléwlqj_thegger@igmggggpg&evigﬁ aceonding Lo the fitst gmbegiment of

the present inventio, ., raceuring process flow of the semiconductor device
according to  the first embodiment of the present
invention;

FIG. 4T illustrates a ninth process of the
manufacturing process flow of the seaemiconductor device

10 according to the first embodiment of the present
inventicn:

FIG, 4J 1llustrates a tenth process of the
manufacturing process flow of the semiconducteor device
according  to  the first embodiment of the present

15 dinvention;

FIG. 4K illustrates an eleventh process of the
manufacturing process flow of the seaemlconducter device
according to the first embodiment of the present
invention:

20 FIG. 4L illustrates a twelfth process of the
manufacturing preocess flow of the semiconductor device
according to the first embodiment of the present
invention;

FIG. 4M illustrates a thirteenth process of the

25 manufacturing process f£low of the semiconductor device
according te the first embodiment of the present
invention:

FIG. 4N illustrates a fourtsenth process of the
manufacturing process flow of the semiconductor device

30 according te  the first embodiment of the present
invention;

FIG. 40 illustrates a f£ifteenth process of the
manufacturing process flow of the semiconductor device



FIG. 4P illustrates a sixteenth process of the manufacturing process flow of the semiconductor device
according to the first Embodiment of the present invention; FIG. 4Q illustrates a seventeenth
process of the manufacturing process flow of the semiconductor device according to the first
embodiment of the present 10 invention; FIG. 4R illustrates an eighteenth process of the
manufacturing process flaw of the semiconductor device according to the first embodiment of the
present invention; 15FIG. 4S illustrates a nineteenth process of the manufacturing process flow of the
semiconductor device according to the first embodiment of the present invention; FIG. 4T illustrates a
twentieth process of the 20 manufacturing process flowlof the semiconductor device according to the
first embodiment of the present invention; FIG. 5A illustrates a first process of a manufacturing process
flow of a semicond¥6FdE e 25tccotdifig to- arfsdificanieReis firseémbbiimertofthapresent
invention; FIG. 5B illusteatescarsecond process of the manufacturing process flow of the semiconductor
device  according to the modificationdef the first-embadinent of3thes present yiveptionhe
manufacturing process flow of the semiconductor device

5 according te the first embodiment of the present
invention;

FIG. 4Q illustrates a seventeenth process éf the
manufacturing procssg flow of the semiconductor device
according to the first embodiment o©f the present

L0 invention;

FIG. 4R illustrates an eighteenth process of the
manufacturing process flow of the semiconductor device
gocording  to  the first emboediment of the present
invention;

15 FIG. 45 illustrates a nineteenth process of the
manufacturing process flow of the semlconductor device
according to the first embodiment of the present
invention;

FIG. 47T illustrates a twentieth process of the

20  manufacturing process flow of the senlconductor device
according te the first embodiment of the present
invention;

FIG. 5& illustrates a first oprocess of a
manufacturing process flow of a semiconductor device

25  according to a medification of the first embodiment of the
present invention:

FIG. 5B illustrates a second process of the
manufacturing process flow of the semiconductor devica
according to the meodification of the first embodiment of

30  the present invention:

FIG. BC illustrates a third process of the
manufacturing process flow of the semiconductor device
according to the modification of the £irst embodiment of



FIG. 5C illustrates a third process of the manufacturing process flow of the semiconductor device
according to the modification of the first embodiment of -12- the present invention; FIG. 5D
illustrates a fourth process of the manufacturing process flow of the semiconductor device according to
the modification of the first embodiment of the present invention; FIG. 6 is a cross-sectional
view illustrating a semiconductor device according to a second embodiment of the present invention;
FIG. 7A illustrates a first process of a 10 manufacturing process flow of the semiconductor device
according to the second embodiment of the present inyeation; FIG. 713 illustrates a second
process of the manufacturing process flow of the semiconductor device 15 according to the second
embodiment of the present invention; ~ FIG. 70 illustrates a third process of the manufacturing
process flow of the SEMiEHTRTbr 4BVi& 4E8brding to the second embodiment of the present 20
invention; FIG. 7D illustratéssa fobkth pracesisrette nmandfaetiing process flowk ofthe
semiconductor deviveractardingitodhersecend enibodiment dfithe prasentinvertion; 2&RGe7E
illustrates a fifth progess of they manutaciumag proeess dawsf the.semicordusiordaviee aceerding to
the second emBodimgat gig&@ﬁeg@mgﬂy%gqn; FIG. 7F illustrates a sixth process of the

30 manufacturing process flow of fhe S@@%orgugws%ggggticnal view illustrating a
semiconductor device according to a second embodiment of
the present invention;

FIG. 7A illustrates a first process of a

10 manufacturing process f£low of the semiconductor device
according to  the second embodlment of the present
invention;

FIG. 7B illustrates a second process of the
manufacturing process flow of the semiconductor device

15  according to the second embodiment of the present
invention;

FIG. 7C illustrates a third process of the
manufacturing process flow of the semiconductor device
aecording  to  the second embodiment o©f the present

20  invention:

FIG. 7D illustrates a fourth process of the
manufacturing process flow of the semiconductor device
according to the second embodiment of the present
invention;

25 FIG. 7E illustrates a £ifth process of the
manufacturing process flow of the semdconductor device
according to the second embodiment of the present
invention;

FIG. 7F illustrates a sixth process of the

30 manufacturing process figw of the semiconductor device
according to the second embodiment of the present
ipvention;

T FIG. B ig a cross-sectional wview illustrating s



according to the second embodiment of the present ion; FIG. 8 is a cross-sectional view illustrating a
-13- semiconductor device according to a third embodiment of the present invention; FIG. 91 illustrates
a first process of a manufacturing process flow of the semiconductor device 5 according to the third
embodiment of the present invention; FIG. 9B illustrates a second process of the manufacturing
process flow of the semiconductor device  according to the third embodiment of the present 10
invention; FIG, 9C illustrates a third process of the manufacturing process flow of the
semiconductor device according to the third embodiméent df the present invention; 15FIG. 9D illustrates
a fourth process of the manufacturing process flow of the semiconductor device according to the third
embodiment of the FTE8eRPTIVEHTOR; FRYLOE ilRSHated afifthdprécess bfdhexmbodiment. of

the present invention:

FIG. S5A illustrates a first process of a

manufacturing preocess flow of the semiconductor device
5 according to the third embodiment of the present
invention;

FIG. 98B illustrates a second process of the
nmanufacturing process flow of the semiconductor device
according to the third embodiment of the present

10 invention;

FIG. %C illustrates a third process of the
manufacturing process £flow of the semdconductor device
according to the third embodiment of the present
invention;

15 FIG. 8D illustrates a fourth process of the
manufacturing process flow of the semiconductor device
according to  the third embodiment of the present
invention; '

FIG. 9E illustrates a fifth process of the

20 manufacturing process flow of the semiconductor device
according to the third embodiment of the present
invention:

FIG. 9% illustrates a sixth process of the
manufacturing process flow of the semlconductor device

25  according to  the third embodiment of +the present
invention;

FIG. 10 is a cross-secticnal view illustrating a
semiconductor device according to a fourth embodiment of
the present invention;

30 FIG. 1in illustrates a Ifirst process of &
manufacturing process flow of the semiconductor device

according to the fourth ewbodiment of the present
invention;



20 manufacturing process flow of the semiconductor device according to the third embodiment of the
present invention; FIG. 9F illustrates .a sixth process of the manufacturing process flow of the
semiconductor device 25 according to the third embodiment of the present invention; FIG. 10is
a cross-sectional view illustrating a semiconductor device according to a fourth embodiment of the
present invention; 30FIG. 11A illustrates a first process of a manufacturing process flow of the
semiconductor device according to the fourth embodiment of the present invention; -14- FIG.
1113 illustrates a second process of the manufacturing process flow of the semiconductor device
according to the fourth embodiment of the present invéntioh; FIG. 11C illustrates a third process
of the manufacturing process flow of the semiconductor device according to the fourth embodiment of
the present invention; FIG. 11D fliStratest fédrl poedss ofthe 20HaNUPAEERINg prdcetidlow of the
semiconductor deviceractordingitocthesfourtts emiiddiment of the present-imwéntiony devifdG. 11E
illustrates a fifth progess.af the manufaetueing progess flewefdhesemicenductprdevige d&according
to the fourth embodiment, et the present invention; FIG. 11F illustrates a sixth process of the

manufacturing process flow of t%@migg@dugﬁ&eﬁiﬁﬁco&di%Eor@eIg%)gg Segnbgginﬁ(g of the

resent 20 invention; , . .
P manufacturing process f£low of the semiconductor device

according to the fourth erbodiment of the present
invention;

FIG, 11D dillustrates a fourth process of the

10 manufacturing process flow of the semiconductor device
according to the fourth empodiment o©f the present
inventicn;

FIG. 11E illustrates a fifth process of the
mamifacturing process flow of the semiconductor device

15  according to the fourth embodiment of (he present
invention;

FIG. 11F illustrates a sixth process of the
manufacturing process flow of the semiconductor device
according to the fourth embodiment of the present

20  dinvention;

FIG. 116G illustrates a seventh process of the
manufacturing process flow of the semiconductor device
according to the fourth embodiment of the present
invention;

25 FIG. 11H illustrates an eighth process of thes
manufacturing process flow of the semiconductor device
according to the fourth embodiment of the present
invention;

FIG. 12 is a cross-sectional view illustrating a

30 gemiconductor device according to a fifth embodiment of
the present invention; and

FIG. 13 is a flowchart showing an example of an
entire manufacturing process flow of a semiconductor



FIG_ 11G illustrates a seventh process of the manufacturing process flow of the semiconductor device
according to the fourth embodiment of the present invention; 25FIG. 11H illustrates an eighth process
of the manufacturing process flow of the semiconductor device according to the fourth embodiment of
the present invention; FIG. 12 is a cross-sectional view illustrating a 30 semiconductor device
according to a fifth embodiment of the present invention; and FIG. 13 is a flowchart showing an
example of an entire manufacturing process flow of a semiconductor device,4 g WOW processes and
widely-recognized semiconductor device manufacturing processes. DESCRIPTION OF
EMBODIMENT Embodiments that describe the beat mode for carrying out the present invention
are explained next with reference to the drawings__ [First Embodiment] [Configuration Of
Semiconductor DevitevAggoerding To-Fiksg10 #ibosirneas 0t T heaRresenitdaventionignizedFirst is
described the configimationohia-semictndusiondevite-dceordingtmadirstembodiment of the present
invention. FIG. 3 is a cross-sectional view illustrating a semiconductor device according to the first 15

embod?ment of thg B%?%%ﬁﬁ% i%%}\.%@g r%%{_%@ge to FIQ. 3, a semicor]ductor glevice 10 according
to the first embodimeént 6f the pres |,veP| | das a configuration in which semiconductor substrates
11c, 21c, 31c, &1c, 51c, 61c andEFROLE L EnEHBTVE e thr EFhet 8effidonductor device
10 is, for example, &TMDSESPUE nidmdpy eesite, Bgehsdrodevice ora MENSI Thexgemiddnductor
substrates 11c-71c refarence to the drawings.
[First Embodiment]
[Configuration Of Semiconductor Device According To First
10 Embodiment Of The Present Invention]
Firast is described the configuration of a
semiconductor device according to a first embodiment of
the present invention. FIG. 3 is a cross-sectional view
iliustrating a semiconductor device according to the first
15  embodiment of the present invention. With reference to
F1G. 3, a samdconductor device 10 accoording to the first
embodiment of the present invention has a configuration in
which semiconductor substrates 1le, 2lo, 31c, 41c, 5lg,
tlc end 7lc are disposed one above the other. The
20 semiconductor device 10 is, for example, a CMOS L3I, a
memery device, a senscr device or a MEMS.
The semiconductor substrates llc-T7lc
constituting the semiconductor device 10 are, for example,
gilicon wafers. In the case where the semiconductor
25 substrate lle-7lc are silicon wafers, the semiconductor
device 10 is a so-called WOW-configuratiocn semiconductorn
device in which plural semiconductor substrates (wafers)
are bonded to one ancother in the semiconductor substrate
(wafer} state.
30 The semiconductor substrates llco-7ic include
plural regions A in which semiconductor chips are formed
(hereinafter, referred te zs the “semiconductor chip
formation regions A”) and a scribing region B for



constituting the semiconductor device 10 are, for example, silicon wafers. In the case where the
semiconductor 25 substrate 11c-71c are silicon wafers, the semiconductor device 10 is a so-called
WOW-configuration semiconductor device in which plural semiconductor substrates (wafers) are
bonded to one another in the semiconductor substrate (wafer) state. 30The semiconductor substrates
llc-71c include plural regions A in which semiconductor chips are formed (hereinafter, referred to as
the "semiconductor chip formation regions A") and a scribing region B for -16- separating the plural
semiconductor chip fo,ation Legions A. The reference symbol C indicates a position at which, on the
semiconductor device 10, cutting is performed using a di€ifig blade or the like (hereinafter, the "cutting
5 position C"). The semiconductor device 10 is cut into individual pieces at the cutting positions C
using a dicing bladesepthe:tiketo therebyifasm tralipregactsor chifaghsemicondustarehip
formation region A gf the;sgmiconductiorsubsirates:1 ker{1clnelides, d0:respactively, a gubstrate
body 12-72 (not shq) \%b)c s€l @2&%}) L&ggwye E@tggeu |t Jc%g& tsgoaqpf%q%&?g}g% pads

e

15-75. The substrat sl not sh v\% e, for & f’sl (con. Eac of t
semiconductor mtegra &cﬂ‘% 7§Jin é”?’[% co Ura i in Wuhlcﬁ & diffusion layer

(not shown), ar? ins&&fihl 18Pef(Hot si%?ﬁn)s%‘ﬁ Gir'cﬂ% r’r)c% witingl&fér ("8t €hown) and the
like are formed in siliggaviohExarBpRCaRES fohneditir ong Rfdde onthé cafrésponding substrate
body 12-72 (not shaldm).;ig théade or the like to thereby form finsl products.

Each semiconductor chip formation region A of
the semiconductor substratres 1lco~7lc includes,

10 respectively, a substrate body 12-72 (not shown}, a
semd.conductor intégxated circuit 13-73 (not shown) and
electrode pads 15-75. The substratse bodies 12-72 (not
shown) are made, for example, of silicon. Bach of the
semiconductor integrated circuits 13-73 (not shown) has a

15 configuration in which a diffusion layer (not shown), an
insulating layer (not shown), via holes (not shown), &
wiring layer (not shown) and the like are formed in
silicon, for example, and is formed on one surface of the
corresponding substrate body 12-72 {(not shown}. In the

20 foliowing description, the surface of each of the
semiconductor substrates 1lc-71c, on which surface the
semiconductor integrated circuit 13-73 (not shown) is
provided may be referred to as the “main surface”.

The electrode pads 15-75 are disposed on the

25 corresponding semiconductor integrated circults 13-73 (not
shown), respectively, via the insulating layer (not shown).
The electrode pads 15-75 are electrically comnected to the
corresponding wiring laver {not shown) provided in the
semiconductor integrated circult 13-73 (not shown). As

30 each of the electrode pads 15-75, a laminated body or the
like may be used, in which an Au layer is disposed on a Ti
laver, for example. OQOr, the following may zlso be used as
the electrode pad 15-75: a laminated body in which an Au



20 following description, the surface of each of the semiconductor substrates 11c-71c, on which
surface the semiconductor integrated circuit 13-73 (not shown) is provided may be referred to as the
"main sur The electrode pads 15-75 are disposed on the 25 corresponding semiconductor integrated
circuits 13-73 (not shown), respectively, via the insulating layer (not shown). The electrode pads 15-75
are electrically connected to the corresponding wiring layer (not shown) provided in the semiconductor
integrated circuit 13-73 (not shown). As 30 each of the electrode pads 15-75, a laminated body or the
like may be used, in which an Au layer is disposed on aTltayer, for example. Or, the following may
also be used as the electrode pad 15-75: a laminated body in which an Au layer is disposed on a Ni
layer; a laminated bodydn whichasBddayerand an Audayer; are sequentially dispesed ema-Ni layer; a
Iamlhnateg bo;iy n wgl%alggféq?/eg;ﬁr %%@mgyézd@@%%%&%%ﬁ high,melting %ﬂnt metal,
such as Co, Ta, Ti in plac seeng,interconnect.structur e
semiconductor sub%gtg% i %gd%%i}% %%%E? 8 i gﬁ e l%gungla% al% and the

0 one ervia a
electrode pads 15 0 fHe semlconggfé}tor su%strate & ana;lgJI g the %?eértlﬁ ﬁéﬁgdéW& fe-als
semiconductor 3ubstHtE 2t & efettridaiEshidcteditd SAETEHRF Vit m&tal fafiEad fitned in via
holes 21y. The semicHrRKRIBIEGHSIFAES LI And 31c are bonded to one another via a resin layer 26,
and the electrode pads 25 of theemmanductaiusuostratests 24t d the elettidde pads 35 of the
semiconductor substraie=3l c-are-atecirealheornectedrie=aact ather vig matak layers 48 formed in via
holes 31y. Note that.eaeh Mabola:is<a conpecting hale Previded-1o.cannngt sericondugtpr substrates
(not imited to Adiaceql, 20:semicopduciar substpaies). and conaecls.ihe sepcanduionsubstrates fo

enable signal transm|SS|o ween; em when %?ﬁfta a er, an c}ptlca waveguide r the like is
formed inside the warhol fie me?a‘l gyer 1?tl?e |caFwaveguu§3e or the Tike Tormed ifiside the via hole

may be 25 referred t6 agctﬁ@ﬁ‘éoﬁﬁe?fﬁﬁn y Tﬁ@?eﬁﬁ@&ﬁ&ﬁ&%?%%sﬁ%‘?&gﬁE%d 41c are
‘bonded to one anothéFvitié rédin [ayer éenﬁﬁﬁl the SIBEtreee PaRis 35-8f the Sericardifdtor Substrate
31c and the electrodapae45:bidie sdmicenductbr stibshate At drsefactdsliby tehnected to

each other via metat layerscb & fernedck irt viackolesdl \A 5T kel se c ardiiciongubstrates 41c¢ and 5ic are

bonded to one anotBgbyiar-atesylayer46: ppdithe-glectrodepads-45 of the semicenductarzsubstrate

metal lavers 48 formed in via holes 3ly. Note that each
via hole is a connecting hole provided to connect
samiconductor substrates (not limited to adjacent

20 semiconductor subgtrates), and connects the semiconductor
substrates to enable signal transmission between them when
a metal layer, an optical waveguide or the like is formed
inside the via hole. The metal laver, the optical
waveguide or the like formed inside the via hole may be

25  referred to as the “connecticn part”.
, The semiconductor substrates 3lc and 4lc are
bonded to one another via a resin layer 36, and the

glectrode pads 35 of the semiconductor substrate 31c and
the elactrode pads 45 of the semiconductor substrate 4lc

30 are electrically connected to each other via metal layers
58 formed in wvia holes 41y. The semiconductor substrates
4le and 51lc are bonded to one another via a resin layer 46,
and the electrode pads 45 of the semiconductor substrate



-18- 41c and the electrode pads 55 of the semiconductor substrate 51c are electrically connected to
each other via metal layers 68 formed in via holes 51y. The semiconductor substrates 51c and 61c are
5 bonded to one another via a resin layer 56, and the electrode pads 55 of the semiconductor
substrate 51c and the electrode pads 65 of the semiconductor substrate 61c are electrically connected
to each other via metal layers 78 formed in via holes 61y. The semiconductor substrates 10 61c
and 71c are bonded to one another via a resin layer 66, and the electrode pads 65 of the
semiconductor substrate 61c and the electrode pads 75, @f the semiconductor substrate 71c are
electrically connected to each other via metal layers 88 formed in via holes 71y. 15In the

semiconductor subs& te 7]{.:9, ahsoldfr mask.layer 76 Bgving enings.76x g fO{med, and external
. ; %} and’ the a0 r?de acs % %%e s%mxcan uc o%
connection terminals 91 are formed inside 76X. The external connection terminals 91 are

he openings
provided to electricailfEormied theSeHitontic 53\&@ 1FPRAGEC56 WirinGKib<HRE orith@ like
provided outside th&SkfficerdGet®r tevisodahs dréicdithetied td the electrode pads 75. As the
external connection terminals 91T keldenrdigliydurbompsitetondestive pastetobihe ke may be
used_ In the case whenisdldes halls arecused-asthe 25-externakeennédiortetnminals 91, an alloy

containing Pb, an alloy.ef Sniengd L1y arsalley of Snsand A alley OfberAgand Cu:egthe like may
be used as a mate”@]lgf éﬁ%%ﬂ&@l 5QQQE%BOBF%@%§§}COI@HC‘COJ: substrate 6lc o
are electrically connected to each other wia metal layvers

78 formed in via holes &ly. The semiconductor substrates
10 6lc and 7lc are bonded to cone ancother via a resin layver 66,

and the electrode pads 65 of the semiconductor substrats

6lic and the electrode pads 75 of the semiconductor
substrate 71lc are electrically connected to each other via

metal layers 88 formed in via holes 7ly.

15 In the semiconductor substrate 7lc, a solder
mesk layer 76 having openings 76x is formed, and exbternal
connection terminals 8L are formed inside the openings 76x.
The external connection terminzls 91 are provided o
electrically connect the semiconductor device 10 and a

20  wiring substrate or the like provided outside the
semiconductor davice 10, and are connected to the
electrode pads 75. As the ewternal connection temminals 91,
sclder balls, Au bumps, a conductive paste or the like may

be used. In the case when soldsr balls are used as the

25 external comnection terminalg 81, an alloy containing Ph,
an alloy of 8Sn and Cu, an alloy of 5n and Ag, an alloy of

Sn, Ag and Cu or the like may be used as a materlal of the
external connecticn terminals S1.
[Processes For Manufacturing Semiconductor Device
30 Bccording To First Embodiment Of The Present Invention]
Next is described a manufacturing process flow
of the semiconductor device according to the first
embodiment of the present invention., FIGs. 4A to 47



[Processes For Manufacturing Semiconductor Device 30 According To First Embodiment Of The
Present Invention] Next is described a manufacturing process flow of the semiconductor device
according to the first embodiment of the present invention. FIGs. 44 to 4T -19- illustrate the
manufacturing process flow of the semiconductor device according to the first embodiment of the
present invention. In FIGs. 4A to 4T, the same reference numerals are given to the components which
are 5 common to the semiconductor device 10 shown in FIG. 3, and their explanations may be
omitted_ First, a semiconductor substrate 11 skqwe in FIGs. 4A and 4B is prepared. FIG. 4Ais
a plan view and FIG. 4B is a cross-sectional view. With reference to FIGs. 10 4A and 48, the

semiconductor substiatestl-includes the substrate- bedy k2 dhessemisengiictorintegrated circuit 13

and the electrode pads 15, Notedhat JoFIG, 4Adheglectiodepads-15.arenpl shown, InEIG. 4B, the
reference numeral h%denotes oge,surfa%e 8f the }5 %%E%:_Oﬂ%&;f%%l‘ %l,ibst@}g 11 (the surface on which

o prhesenl, JNVellTion. Sdie: .
the electrode pads E Are Torme , Le., the main sarface), and the referénce numeral lib denotes the

other surface of the SerRTCOHERI AP SuBsFafe-F1 fe Sthe QuHaRe SPFOSHE {5t AN Bifface). 20The
substrate body”12 i§TREES, fef &xfnFRTOFINESRT The'samiconducitrifitedfatBdTirctit £8%Ras, for
example, a configuidtRRANERRICH A BiffTS oRady (8t SHewh), an insulating layer (not shown), via
holes (not shown), a wiring layeF{nsttshawseamdshatlikecaresfonsiede2s: in SiligbpwiT henelectrode pads
15 are formed on thersemicenducior ntegratedreineuit. 13 miasthelmsigating layery(hel siiadvn). As each
of the electrode pads 45, adaminated-kady geta dka may be, used iR whiehamA leyerigdisposed
on a Ti layer, for examplga Orgthe:ne semiconductor substrate 11 includes the
substrate body 12, the semiconductor integrated circuit 13
and the electrode pads 15. Note that, in FIG. 4R, the
electrode pads 15 are not shown. In FIG. 4B, the
refarence numeral lla denotes one surface of ths
15 gemlconductor substrate 11 (the surface on which the
electrode pads 15 are formed, i.e., the main surface), and
the reference numeral 11b denctes the other surface of the
semiconductor substrate 11 (i.e., ths surface opposite to
the maln surface).,
20 The substrate body 12 is made, for example, of
silicon., The semitconductor integrated circuit 13 has, for
sxample, a configuration in which a diffusion layer (not
shown), an insulating laver {(not shown), via holes {not
shown), a wiring layer (not shown) and the like are fommed
25  in silieon. The electrode pads 15 are formed on the
semiconductor integrated circuit 13 via the insulating
layer (not shown). As each of the electrode pads 13, a
laminated beody or the like may be used, in which an 2u
layer is disposed on a Ti layer, for example. Or, the
30 followirky may alsc be used as the electrode pad 15 a
laminated body in which an Au layer is disposed on a Ni
layer; a laminated body in which a Pd layer and an Au
layver are sequentially dispesed on a Ni layer; a laminated



30 following may also be used as the electrode pad 15: a laminated body in which an Au layer is
disposed on a Ni layer; a laminated body in which a Pd layer and an Au layer are sequentially
disposed on a Ni layer; a laminated -20- body in which a Cu layer or an Al layer is disposed on a layer
of a high melting point metal, such as Co, Ta, Ti and TIN, in place of Ni; or a damascene interconnect
structure. The semiconductor substrate 11 includes plural semiconductor chip formation regions A and
a scribing region B for separating the plural semiconductor chip formation regions A. The reference
symbol.C indicates a position at which, on the semiconductor substrate 11, 10 cutting is performed
using a'dicing blade or the like (hereinafter, referred to &S the “cutting position C"). diameter 91 of the
semiconductor substrate 11 is, for ekample, 6 inches (about 150 mm), 8 inches (about 200 mm) or 12
inches (about 300 MARYvA THICKREsE B SfihéarEsemicarddetol substrate digscfotexample, 0.625
mm (when 91 - 6 in¢hkes)r 0c2% ngtwinverd 9y 8anchesirand 0. 725ahmevlien 9la; 121inches). In the
present embodimeniytherfotiowing sleseaptienns given with-an exenmeple-iovkichran:8-inch-diameter
(about 200 mm in diaimreter):sidicon wafer 20 is used as the semiconductor substrate 11.

Subsequently, ;1 a process showmdn ki 46xafringe parion:h of the semicerduetpnsubstrate 11
shown in FIGs. 4A and 4BdJsdemevednihe ssmigenductar substrate dl.aftersthe fringe portion lix is
removed is regicon B for separating the plural semiconductor chip
formatien regions A. The reference symbol C indicates a
position at which, oo the semiconductor substrate 11,

10 cutting is performed using a dicing blade or the like
{herveinafter, referred to as the “cutting position C"). A
diameter ¢l of the semiconductor substrate 11 is, for
example, © inches {(about 150 mm}, 8 inches {about 200 mm)

or 12 inches (about 300 mm). A thickness Tl of the
15 semiconductor substrate 11 is, for example, (0.625 mm {when
pl = 6 inches), 0.725 mm (when ¢l = 8 inches) and 0.775 mm
(when ¢l = 12 inches). In the present embodiment, the
following description is given with an example in which an
g-inch-diameter (about 200 mm in diameter) silicon wafer
20 is used as the semiconductor substrate 11.

Subsequently, in a process shown in FIG. 4C, a
fringe portion 1lx of the semiconductor substrate 11 shown
in FIGs. 4A and 4B is removed. The semiconductor
substrate 11 after the fringe portion 11x is removed is

25  referred to ag the samiconductor substrate llc. The
removal of the fringe portion 1llx is performed by grinding
with a grinder or the like in such a manner that the
semiconductor substrate llc after the removal of the
fringe portion 1lx has, for example, a circular shape in a

30 planar view. In this operation, dry polishing, wet
etching or the like may also be used in combination.

The dry polishing here is a processing method in
which a surface is ground down (polished) using abrasive



25 referred to as the semiconductor substrate 11c. The removal of the fringe portion IIx is performed
by grinding with a grinder or the like in such a manner that the semiconductor substrate 11c after the
removal of the fringe portion lIx has, for example, a circular shape in a 30 planar view. In this
operation, dry polishing, wet etching or the like may also be used in combination. The dry-
polishing here is a processing method in which a surface is ground down (polished) using abrasive
-21- cloth ionued by hardening fibers containing silica, for example. The wet etching i a processing
method in which etching is performed by supplying fluoro-nitric acid or the like while the semiconductor
substrate 11 is rotated 5 using a spinner, for example. t&#lre case where the semiconductor substrate
11c after the removal of the fringe portion lIx has a circular shape in a planar view, a diameter p2 of the
semiconductor substrate-i1€davidglaycinenlaeshape inlzpanarviednsafpreiaiople, 168.0 10 0.1
mm. That is, the semicamgietor siisstrate Etwihose diamneter ptis: 8iinghes taleouti20@musd). is reduced
in diameter to form thesemigonslusiertsuthsinatellwithitherdiameter 82r0fk93:0a0:inyn. Next in a
process shown in F'@aé@ﬂh@ rasin d Slayes d@iis fapmed an the.surface ha of;thesemiconductor
substrate 11c. A re%g@ sed qifmpr ple, befg%glo&%gn% QXCbEB)P@gy be used as a
material of the resin Ia t rnatlv an e\goﬁde bg an acr §9 resin, a
polyimide-based resin or e used as a ma erlal 0 h5 resm ay% A thickness T2 of
the resin layer 16 is for&%a rﬁ‘ﬁi’ét:‘a%u{ BURETHE feSividysr F6aRE) BB Bribaiiy appRiing a resin
mainly composed oﬁf@iﬂé%‘&ﬁﬁ% WerrfodfoliBhe(BEES o tHabafFaaé haloftheasdmitanductor

substrate circular shape in a planar view is, for example, 193.0 *
10 0.1 mp. That is, the semiconductor substrate 11 whose
diameter ¢l is 8 inches {(about 200 mm) is reduced in
diameter to form the semiconductor substrate llc with the
diameter ¢2 of 193.0 £ 0.1 mm.
Next 1n a process shown in FIG. 4D, the resin
15  layer 16 is formed on the surface lla of the semiconductor
substrate llc. A resin mainly composed of, for example,

benzooycelobutens (BCB) may be used as a materiasl of the
resin layver 16, Alternatively, an epoxide~based resin, an

acrylic-based resin, a peolyimide-based resin or the like

20 may be used as a2 material of the rasin layer 16. A
thickness T2 of the resin layer 16 is, for example, aboub
S pm.  The resin layer 16 may be formed by applying a
r%ﬁin‘mainly composed of, for example, benzocyclobutene
(BCB? to the surface 1la of the gsemiconductor substrate

25  1lc using, for example, spin-coating technique.
Subsecquently, the resin layer 16 is prebaked at 140 °C,
for example, to be semi-hardened. The semi-hardensd resin
layer 16 has adhesiveness. Neote that the resin layer 16
may be formed by a vapor-phase growth method or by

30  attaching a2 film resin, instead of using spin-coating
technique.

In the process shown in FIG. 4D, it is
preferable that, when the surface 11b of the semiconductor



25 11c using, for example, spin-coating technique. Subsequently, the resin layer 16 is prebaked at 140
C, for example, to be semi-hardened. The semi-hardened resin layer 16 has adhesiveness. Note that
the resin layer 16 may be formed by a vapor-phase growth method or by 30 attaching a film resin,
instead of using spin-coating technique. In the process shown in FIG. 40, it is preferable that, when the
surface 11b of the semiconductor -22- is used as a reference plane, a surface 16a of the
resin layer 16 be parallel to the reference plane. If the surface 16a of the resin layer 16 is not parallel
to the reference plane, for example, the via holes 21y ate formed at an angle in a process shown in
FIG. 41 to be described below, and the metal layers 38 or the like are formed in the slanted via holes
21y. This may result in thge %roblim of decreased reliability of the connection between adjacent

semiconductor subsStrAtes” Riote tHat 16 b&TRS paralfel i 1Rt Ry thiat e bafatbhdn a height

H1 of the surface 16% ofifie F8SiNay8r 36 With PEsFEcbURe referereclisiAnsas dspmieniess.

Accordingly, it is préferable totdreca progess of wheckirigitheyanatién irs theheightH1 after the 15

formation of the resimldyer 1 frvtheceagd srheredbe vatiationein thesheight htilissmpre thaa 1 pm, it is

preferable to have Zpracessef adjusinudhersurfase.d63:0fdhe.Fesinlayet 1650 makgthe variation in

the height H1 withiyd Jrg. The; sufacs 162,67 ihe.resin layer 16 may 20 he ?ﬁ%cﬁ%ﬁ?ed %@Uﬂd) by, for
§F

example, a CM? method. . . hen n_semiconductar substrates have alread iIsposed one
above the other and a res?n Biyetr}% tr%r? or(%eg%an#h% osp_r?%gt'(the iR Igyaéfr) Ié\ée%ﬁji(;gn%iﬁctor

substrate, the back SUHACE S TS PvStRTTS St condiitor o5 Lubstrabs (FRSHFdéBn which no
devices are formedy 188 S FerpéneePIanB T ca8B st 1@ pbrsTerabletRab it top surface of
the resin layet'be pardisl tbaka kéferehte Plane cRote tisariseihyfaratiel insthisitasae meaas that the
variation in the heightigfitheHopsiirfdee 30.0f dhe resin lafetwithrrespect so/¢he refergnee plane is (1 z
n) EIm or less. Thatisswsaeseribathabeverigibe gasenwhen a rgsindayekissformed on a single
semiconductor subgtate.dhevppiatiop indheheightof . o have a process of
checking the variation in the height Hl after the
15 formation of the resin layer 16. In the case where the
variation in the height H1 is more than 1 um, it is
. preferable teo have a process of adjusting the surface 16a
of the resin layer 16 to make the variation in the height
Hl within 1 um. The surface 16a of the resin layer 16 may
20 be processed {grcund) by, for example, a CMP method.
When n semiconductor substrates have already
been disposed one above the other and a resin layer is

then formed on the topmost (the nw'iayer) semiconductaor

substrate, the back surface of the lowermost semiconductor
25 substrate (the surface on which no devices are formed) is

used as a reference plane. In this case, it is preferable
that the top surface of the resin layer be parallel to the
reference plane. Note that being parallel in this case
means that the variaticon in the height of the top surface
30 of the resin layer with respect to the reference plane is
(L = n) un or less. That is, as described above, 1in the
case when a resin layer is formed on a single
semiconductor substrate, the variation in the height of



-23- the top surface of the resin layer with respect to the reference plane is preferably 1 x 1 - 1 um or
less, and in the case when a resin layer is formed on semiconductor substrates of, for example, ten
layers, the variation in the height of the top surface of the resin layer with respect to the reference
plane (the back surface of the lowermost semiconductor substrate) is preferably 1 x 10 --- 10 um or
less. Next in a process shown in FIG. 4E, a 10 semiconductor substrate 21, which has a configuration
the same as that of the semiconductor substrate 11 of FIGs. 4A and 4B, is prepared. In FIG. 4E, the
reference numeral 21a denotes one surface of the semiédnductor substrate 21 (the surface on which
the electrode pads 25 are formed, 15 i.e., the main surface), and the reference numeral 21b denotes

the other surface of the sesicangdustor substiate 2ds6\e.1the-surface oppgsitedoithe main surface).
The semiconductor §g9§gg}%glﬂ@gyge§5a ﬁ}g@%g&%%%x 22, A ie'?ig%@f%?t% %\%eggaégdicrilrcuit 23
' u strate 21

and the electrode pa sezc(:) 255. %ggazjlls aq:%ust‘t e.semic tor sub are thé same as those of
the semiconductor Substrate 117 ARt the SXpranation’is the SFoPE Bnfited £ CoR & HEEquently, a

depression 21x is fOFTE0-DATRE SUrfaceP¥1 67608 bF thé- BreparFSemidshdiictde 5ibBtrate 25 21. The
semiconductor Substhstel =L gher ffe Fimnameh srufadeprdsdibr 2saibrelaved to Hsithe
semiconductor substeatesZic. TFhedepression2ix isfarmedifar éxarhple;ifsuched ndner as to
reduce the thicknessofdhaeented-nortioaearebits yighaity aeares ingudingtheplural 3¢ -
semiconductor chipjformatiga regions A) while leaving the fringe portion of the semiconductor
substrate 21 (an area excluding the plural geg#g%g%ct&g i égﬁnﬁ&gn Eﬁqiogs A). The depression

e t

21x is formed, for example -24- grindin e surface 210 of the semiconductor substrate 21 using
i S%Tlhcg%%{écﬁigng,séb E%ﬁ‘l%‘ing £ \ive‘f%é%(%m Kol tﬁe“?f?éé%%%rﬁgé% 18&d in

égkélas uﬁa of the semiconductor Substrate 11 of FIGs. 4A
and 4B, is prepared. In FIG. 4E, the reference numeral
21ia denotes one surface of the semiconductor substrate 271
(the surface on which the electrode pads 25 are formed,
15 i.e., the main surface), and the reference numeral 21b
denotes the other surface of the semiconductor substrate
21 (i.e., the surface opposite to the main surface). The
semlconductor substrate 21 includes a substrate body 22, a
semiconductor integrated circuit 23 and the electrode pads
20 25, Details about the semiconductor substrate 21 are the
came as those of the semiconductor substrate 11, and the
explanation is therefore omitted.
Subsequently, a depression 21lx 1s formed on the
surface 21b side of the prepared semiconductcor substrate
25  21. The semdconductor substrate 21 after the formation of
the depression 21lx is referred to as the semiconductor

substrate 21¢. The depression 21x is formed, for example,
in such & manner as to reduce the thickness of the central

porticn and its vicinity {an area including the plural

30 semiconductor chip formation regions A) while leaving the
fringe portion of the semiconductor substrate 21 (an area
excluding the plural semiconductor c¢hip formation regions
A). The depression 21x is formed, for example, by

a grinder or the like

ry5
combination. th



5The depression 21x has, for example, a circular shape in a planar view; however, it may have a
shape other than circular. In the case where the depression 21x has a circular shape in a planar view,
a diameter y3 of the depression 21x having a circular shape in a planar view is, 10 for example, 1952.
0.1 mm. A thickness T3 of the area with a reduced thickness in the semiconductor substrate 21c is in
the range of about 1 um to about 100 gm, for example; however, in terms of strength, the thickness 73
is preferably in the range of about 10 gm to about 50 gm. 15 This is because setting the thickness T3
of the area with a reduced thickness to about 10 gm tq_%] out 50 gm reduces breakage due to
mechanical vibrations or the like and stress exerted on the semiconductor chips. Note that the lateral
side of the depression 21x does not necessarily 20 have to be peipendicular to the bottom surface of
the depression 21x¥TheGeB8oR6r e fificRnesd Tehfihe areaiwrhdurdducetithitinress #ithe
semiconductor subgtiates2 &c dxgim-srmore ibasifbkews. fris Cohsideret:that25 drgrder to prevent a

defect or contamdnativndraviag ogstiried-an the hacksuriace.of the semicenducton supstrate 21c (the
surface on which ne.dgvices.are formed) from spreading to devices, such as transistors, in the
semiconductorgintegrated circuitl%s the thickness '5:1 ofgo the reduced, thickness in the

rea with
semiconductorssub%gate 21¢ nebds to be A 6t flue e ’oy%&?ﬁ?@@e‘ﬁth o BteriBhtfsolation (not
shown) in the devic¥& Pfere”tie BEBHT of Sciient ettt (dt shswApithe shape other

than circular. In the case where the depression 21x has a
cizcular shape in a planar view, a diameter ¢3 of the
depression 21x having a circular shape in a planar view is,
L0 for example, 195.2 + 0.1 mm. A thickness T3 of the area
with a reduced thickness in the semiconductor substrate
2ic is in the rangs of about 1 um to about 100 um, for
example; however, in terms of strength, the thickness T3
is preferably in the range of about 10 um to about 50 pm.
15 This is because setting the thickness T3 of the area with
a reduced thickness to about 10 ym to about 50 um reduces
breakage due to mechanical vibrations or the like and
stress exerted on the semiconductor chips. Note that the
lateral side of the depression 21x does not necessarily
20  have to be parpendicular to the bottom surface of the
depression 21x.
The reason for the thickness T3 of the ares with
a reduced thickness in the szemiconductor substrate 2lc
being 1 un or more is as follows. It is consldered that,
25 in order to prevent a defect or contamination having
cccurred on the back surface of the semiconductor
substrate Zlc (the surface on which no devices are formed)
frxom spreading to devices, such as transistors, in the
semiconductor integrated circuit 23, the thickness T3 of
30 the arsa with z reduced thickness in the semiconductor
substrate 2lc needs to be at least five times or more the
depth of element isolation (not shown) in the devices.
Here, the depth of element lsclation (not shown) in the



-25- devices in the semiconductor integrated circuit 23 is in the range of about 200 nm to about 500
nm. Accordingly, the thickness T3 of the area with a reduced thickness in the semiconductor substrate
21c needs to be at least 1 km, which is five times the minimum value of the depth of element isolation,
200 am. Thus, by forming the depression 21x in such a manner as to reduce the thickness of
the central portion and its vicinity (the area including the plural 10 semiconductor chip formation
regions A) while leaving the fringe portion of the semiconductor substrate 21 (the area excluding the
plural semiconductor chip foimation regions A), the semiconductor substrate 210 after the formation of
the depression 21x maintains sufficient rigidity. 15 Accotdingly, the method for manufacturing the
semiconductor device according to the first embodiment of the present invention does not need to
employ a support hadngz=functiortef suppertingdbecsemicangtiterisubstrate-21e, ag described in the
section of Backgroupd-2G-Attanchthe-semicanduglor subsisgie 836 with 2 reduced hipfpress can be
treated in the same manner: icorductor trat before the thickness reduction. This
eliminates the need%%%t&%?%géizfgf ggn hi%té) g?] rggﬁb%ﬁjgggfee éﬁgegrt%ﬁ?%etﬁ% $émiconductor
substrate, 25 which Processes are nof Lsua Wsa%ra Eﬁch%e%e S‘Eﬁwiggnéﬁctb‘?&b%%iée-% a result, it
is possible to i prof?%‘%ﬁg prodaEihntires SRR AT ApIBcEad Ehowh i rIGerEL s semiconductor
substrate 110 is bofd&#$5 the geprédsiBn 32 1%%f the semiconductor substrate 21c. First, the
semiconductor substrate 11c is @ispasetlin Suchiagmaheeihat dhe fesindayet A6Faemed on the
surface ha of the semiceatugtorsubsirated keomesdresniaskwithdheen26--hotam-surface of the
depression 21x of thgsemisonductor spbsitate 246 Alignmentmarks forenabling highly accurate
positioning argcprovided inAGYaRGE Inyias example; the scbind.regions B of the, semicopductor 5
substrates 11c and grlfngeh epB%%I}JgHmcgfomlé? samiconductor substrate 21 {the area

excluding the plural semiconductor chip formation regions

A}, the semiconductor substrate 2lc after the formation of

the depression 2lx maintains sufficient rigidity.

15  Accordingly, the method for manufacturing the
semiconductor device according to the first embodiment of
the present invention does not need to employ a support

having a function of supporting the semiconductor
subgstrate 21c, as described in the section of Background

20  Art, and the semiconductor substrate 2ilc with a reduced
thiclkness can be treated in the same manner as the
semiconductor substrate 21 before the thickness reduction.
This eliminates the need for the processes of bonding and
removing the support to/frim the semiconducteor substrate,

25 which processes are not usual wafer processes of a
semiconductor device. As a result, it is possible to
improve the preductivity.

Next in & procass shown in FIG. 4F, the
semiconductor substrate 1lc is bonded to the depression

30 Z2lx of the semiconductor substrate 2lc. First, the
semiconductor substrate l1lc is disposed in such a manner
that the resin layer 16 formmed on the surface 1la of the
semiconductor substrate llc comes in contact with the



semiconductor substrate 11c may be achieved by a well-recognized method using the alignment
marks as a reference. The alignment accuracy is, for example, 2 um or less. Note that a ceLLain
amount of gap is formed 10 between the lateral side of the depression 21x of the semiconductor
substrate 21c and the lateral side of the semiconductor substrate 11c. T2 the case where both the
depression 21x of the semiconductor substrate 21c and the semiconductor substrate 11c have, for
example, a circular 15 shape in a planar view, the gap in the shape of a circular ring is formed.
Subseduently, while the structure shown in FIG. 4F is beifg heated at, for example, 250 C, the
semiconductor substrate 11c is pressed from the surface Ilb side to thereby cause the resin layer 16

formed on the 20 s%@@@ﬁlaﬁfﬁgéeﬁﬁcgngug@@%@eg@g t@fh%m%e%%ﬁ%a%&@ bottom
surface of the depregsiar: 23x.fshe semiconduclar syhsliaie £Le, Herewiih,fhe (eoi laver 16
beco_mes hardened,_and the s '8%@9}1%%@1{ sual?ggat;eC CI)I‘g ila&%ngg Lin Vta e epre%sm% 21x to the
semlconductpr 25 sggstra;e 2%’%&' e heati) opera‘flon May be per orme%eafo?OO%,rhowever, the
temperature is preferaphy 200 C o I§§§%Pfﬁ@05§%ﬁfﬁ|§p€ﬁqﬁﬁ§d%€%ﬁﬁfé}‘aﬁjre as high as
300 C, stress'ogcuré‘b}ﬁ%tﬁ&aﬁ%fi‘ffér%‘ﬁc%‘ﬁﬁ thethermat eRpansieh ifsichEaréause separation and/or
30 breakage of the semiesHdictor sUBStrates:tSudt sepayatien andireattaige kecames more likely as
the number of laminaeddayersinoradses. INexiqgn Ehpracessrshkewnta Fie. 49, 8 r2F=photasensitive
resist film 27 is fornegkin: stighaemManiesas:te,caver thgﬁlgj@g;@gé’a of tﬁﬁ semigonductor substrate
21c. The resist film 27 is formedyfar.example, hy.applying,a liguid &sig%o the %%%%8 2laofthe 5
semiconductoy subgiiate 21 (Fe thigkagss of e feoiehlim 27,510 Ui fo7 example.

semiconductor substrate 21c and the lateral side of the

samicenductor substrate 1lc. TIn the case where both the

depression 21x of the semiconductor substrate 21c and the

semiconductor substrate 1lc have, for example, a circular

15  shape in a planar view, the gap in the shape of a circular

ring is formed. Subsequently, while the structure shown

in FIG. 4F is being heated at, for example, 250 °C, the

semiconductor substrate 1l¢ is pressed from the surface

1lb side to thereby cause the resin laver 16 formed on the

20  surface lla of the semiconductor substrate llc ta be
press-bonded to the bottom surface of the depression 21x
of the semiconductor substrate 21lc. Herewith, the resin

layer 16 becomes hardened, and the semiconductor substrate
llc is bonded in the depression 21x to the semiconductor

23 substrate 2lc. The heating operation may be performed at
300 °C; however, the temperature is preferably 200 °C or
less. If the operation is performed at the temperature as
high as 300 °C, stress occurs due to a difference in the
thermal expansion, which can cause separation and/or

30 breakage of the semiconductor substrates. Such separation
and breakage becomes more likely as the number of
laminated layers increases.

Next in a process shown in PIG. 4G, a



Next in a process shown in FIG. 4H, the resist film 27 of FIG. 4G is exposed via a predetermined
mask, and the exposed resist film 27 is subsequently developed, 10 thereby forming an opening 27x In
the resist film 27. Note that for convenience of explanation, FIGs. 4H to 45 show enlarged views of a
part of the structure shown in FIG. 40 (i.e., the electrode pads 15 and 25 and their vicinity). The
reference numerals 14 and 24 of FIG- 41-i 15 denote insulating layers provided on the semiconductor
integrated circuits 13 and 23, respectively, which ulating layers are not shown in FIGs. 4A to 4G. The
ulating layers 14 and 24 are made of, for example, Si3N4 or 51_02. The thickness of each of the
insulating layers 20 14 and 24 is in the range of, for exafpte, 0.1} mito 2.0 pm se as to achieve
electrical insulation between the semiconductor integrated circuits 13 and 23. , Next in a process

shown in FIG. 41, thewsiedyelg 2k iscformedkin the semicongduciensubstrate 230, Thevia 25 hole 21y
i formed In such a anerdganatilednedesn yerd aad apad olihe semicondiclar substrate

21c (the substrate 22, iconductor integrated circyit 23, the insulating, layer 24 and the
electrode pad 25) ct:)%?gig}o# |§1§ er?tﬁsé?o %ﬁfﬁg 7)%" go%ﬁé?&%’e?o T £
T1tis

ectrode 30 pad 13 of the
semiconductor substFat TS VR hOR §f§i§f&ﬁé&?b§?%r%€<£ﬁﬁle, dry etching. The

via hole 21y has, foP 8RaRIE- & EeufisHaid-fm & Branafievkisndnas s dianiarricgiet; for
example, 1 um -28f86:804im iNoié hawevisrithartmtiameter p4 of the via hole 21y is preferably set
to a value which allows the via hpie:21y 40 have-ar aspsictwatio - Bepth LT,/diameierpd)-between 0.5
and 5 inclusive. Thigis hegause byrsstting 5 the. dissneteryid of the-widhale2 bk 10 g.value which
allows the via hole 21y te-have.gn,asnectratio (-depth Diidigmetes p4) betweend 2:and & inclusive, it
s possible to aghieye, JoLgxanle: af ImPrayement ia fe etching speed (ntqughpyt for forming the
via hole 21y Note that for convenience of explanation, FIGs. 4H to 45

show enlarged views of a part of the structure shown in

FIG. 4G (i.e., the electrode pads 15 and 25 and their

vicinity). The reference numerals 14 and 24 of FIG. 4H

15 denote insulating layers provided on the semiconductor

integrated gircuits 13 and 23, respectively, which
insulating layers are not shown in FiGs. 44 to 4G. The

insulating lavers 14 and 24 are made of, for example, SiN,
or 510;. The thickness of each of the insulating layers
20 14 and 24 is in the range of, for example, 0.1 um to 2.0
1 sc as to achieve electrical insulation between the
semiconductor integrated circuits 13 and 23.
- Next in a process shown in FPIG. 41, the via hole
21y is formed in the semiconductor substrate 21lc. The via
25 hole 21y is formed in such a manner to penetrate the resin
iayer 16 and a part of the semiconductor substrate 2lc
{the substrate body 22, the semiconductor integrated
circuit 23, the insulating layer 24 and the electrode pad
25) corresponding to the opening 27x so that the electrode
30 pad 15 of the semiconductor substrate 11¢ is exposed. The
via hole 21y iz formed by, for example, dry etching. The
via hole Zly has, for example, a clrcular shape in a
planar view, and has a diameter ¢4 of, for example, 1 um



10 and an improvement of the ease of forming the metal layer 38 in the via hole 21y. Nextin a
process shown in FIG. 4J, the resist film 27 of FIG. 41 is removed. Then, in a process showE in FIG.
4K, an insulating layer 28 is formed in such a 15 manner as to cover the top surface of the insulting
layer 24, the top surface and lateral side of the electrode pad 25, the wall surface of the via hole 21y
and the top surface of the electrode pad 15 exposed at the bottom of the via hole 21y. The insulating
layer 28 is formed by, 20 for example, plasma CVO. The insulating layer 28 is made Of, for example,
S12N4 or Si02. The thickness of the Insulating layer 284§-in the range of 0.1 gm te 2.0 gm, for
example. Next in a process shown in FIG. 4L, the 25 insulating layer 28 is removed, except for that
formed on the wall gwface ghthe nistBole2dyFhe xgmaval of the asulating layen28 is performed by,
for example, RIB (Regetvergn oingelnhis Rioeess, aniyaraelgraied naris of fie Insplating
layer 28 are remov %?Q withoyt using a Qoé%mgé ,an jEp}e g:(o es% IS Ee%?r ed to as a self-alignment
process. By the se@al nme%bp ocess, the poﬁthns Bf the via hofe” )f a %Bﬁﬁoﬁé)pad 25 are
-2

SS, via 1] y
determined with acEracy h -%’a‘ésiﬂr’or{rﬁ}ﬂgﬁw‘éea deSigf intvbieRaYS BIddtrotR-paags present in
some part, etching [&FeAoAREESH thé SEctibhawith ad eketrdds Fed andEiserithued to the electrode
pad of a different sérhicoriucter Suilsstraterinzthe 5 undaviyirarsestien tortheieby formemivia hole
having a different deptfiidexttiara peocess: shewninF1&ndN, armetal dayer 29 is formed in such a

manner as to coverthedopisurfacesehthe-insutating.laygri24, the topsuiaceand  n the
etching speed (throughput) for forming the wia hole 21y
10 and an improvement of the ease of forming the metal laver
38 in the via hole 21y,
Next in a preocess shown in FIG. 40, the resist
Lilm 27 of FIG. 41 is removed. Then, in a process shown
in FIG. 4X, an insulating layer 28 is formed in such a
15 manner ag to cover the top surface of the insulting layer
24, the top surface and lateral side of the electrode pad
25, the wall surface of the via hole 21y and the top
surface of the electrode pad 15 exposed at the bottom of
the via hole Zly. The insulating layer 28 is formed by,

20  for example, plasma CVD. The insulating layer 28 is made
of, for example, 813Ny or 8i0;. The thickness of the

insulating layer 28 is in the range of 0.1 um to 2.0 um,
for example.
Next in a process shown in FIG. 4L, the

25  insulating layer 28 is removed, except for that formed on
the wall surface of the via hole 21y. The removal of the

insulating layer 28 is performed by, for example, RIE
(Reactive Ton Etching). In this process, only
praedetermined parts of the insulating laver 28 are removed

30 without using a photomask, and the process is referred to
as a self-alignment process. By the self-allgnment

process, the positions of the via hole 21y and the
electrode pad 25 are determined with accuracy. In



10 lateral side of the electrode pad 25, the top surface of the insulating layer 28 and the top surface of
the electrode pad 15 exposed at the bottom of the via hole 21y. The metal layer 29 is formed by, for
example, electroless plating, or may be foLmed by sputtering, CVD or the like. 15 As the metal layer
29, a laminated body in which a Cu layer is disposed on a Ti layer, or a laminated body in which a Cu
layer is disposed on a Ta layer, for example, may be used. In addition, a conductor which satisfies the
design criteria can be used as the buried material, and W, 20 Al, doped polysilicon, a carbon material
such as a carbon nanotube, or a conductive polymer may be used in place of Cu. In the case where
the electrical insulation of the insulating layer is sufficiéft?a combination with a buried wiring using no
barrier metal layer may be chosen. 25Next in a process shown in FIG. 4N, a photosensitive resist film
37 is formed in such@dmanmer asytoedver thedepispiface ahthe:mesabipyer 29:0xeept fok the inside of
the via hole 21y. The-tasisilnn3Zdgdoped, farexample; byapplying.a dry filmdesist{q the 30 top
surface of the metalfayer 29. emecm@e X N %&%M%r example ffien, in a

process shown in FIG 40 the re§§t film xposed via a pre determine mask and the
exposed resist fllm%a/ 55 IS su seq‘uen%ly‘c"z'gevé:lopeb1 %heretg) orrlﬁ aﬁ%ﬁé}ﬁng 37k in the resist
film 37. The openin h¥s R rSEmpR, tar&?ﬁ}aﬁf@hapé%% Blahe? \}i@/%e‘aﬁé‘ﬁﬁ%ga%hameter b5 of,
for example, 1 am &30 ERFBSNERER A process shown in FIG. 4P, the metal layer 38 is fotmed inside
the via hole 21y and on a part oﬂmé:openmgvﬁxzshav\ﬁhmwﬁlGMGTEWJtmwse of etectiolytic plating, in
which the metal layba PerisAfsekasarfeatletlayersithe metahiayer3&is taimed, for1@ gxample, by
growing a plating filn by=preciitation Ek@wmirﬂ@nmagz@ﬁ to fill the-nside afithesvia holg 2ly and the
part of the opening 3/.shawn JB FGr 40 *&9@&'@9&%3&% themelal laygredd Is, Jer example, a
Cu plating fim. Next,[J 3 Biqcess;shpwD ) F16; 40 dhe Lo 1egist I 37.0FIG, 47 s removed.

alectrode pad 15 exposed at the bottom of the via hole Z1y.

The metal layer 29 is formed by, for sxample, electroless

plating, or may be formed by sputtering, CVD or the like.
15  As the metal layer 29, a laminated body in which a Cu

layer is disposed on a Ti layer, or a laminated body in
which a Cu layer is disposed on a Ta layer, for example,

may be used. In addition, a conductor which satisfies the
design criteria can be used as the buried material, and W,
20 AL, doped polysilicon, a carbon material such as a carbon

nanectube, or a conductive polymer may be used in place of
Cu. In the case where the electrical insulation of the

insulating layer is sufficient, a combination with a
buried wiring using no barrier metal layer may be chosen.
25 Next in a process shown in FIG. 4N, a
photosensitive resist £ilm 37 is fomed in such a manner
as to cover the top surface of the metal layer 29 except
for the inside of the via hole Zly. The resist film 37 is
formed, for example, by applying a dry film resist to the
30 top surface of the metal laver 2%. The thickness of the
resist film 37 is 10 pm, for example. Then, in & process
shown in FIG. 40, the resist film 37 of FIG. 4N is exposed
via a predetermined mask, and the exposed resist film 37



Next in a process shown in FIG. 4R, a part of the metal layer 29 which is not covered by the metal
layer 38 is removed. The metal. layer 29 may be removed by, for example, wet etching. Next in a
process shown in FIG_ 49, 20 a metal layer 39 is formed in such a manner as to cover the electrode
pad 25 and the metal layer 38. The metal Layer 39 is formed, for example, by forming, on the
insulating layer 24, a resist film having an opening for the electrode pad 25 and the metal layer 38.
Subsequently, 25 with use of electrolytic plating, in which the electrode pad 25 and the metal layer 38
are used as feeder layers, a plating film is grown by precipitation in such a manner as to fill the
opening, and the resist film is then removed to thereby form the metal layer 39. As the metal layer 39
30 the following may be used: a laminated body in which an Au layer is disposed on a Ti layer, for
example; a laminated: bedy-ingich la/Pddayeopad an Aurlayer arersequentiallysdispapesian a Ni
layer; a laminated bogyife -3%=s which & Guidayer oran-pllayer is;disposed an,a layerof a high
melting point metal,as%t]:gg]%cb E?ﬂaE@Q%TANpﬁB@?evﬁfew gi[lﬁidﬁ\g?%ceé&ea}gé%rcon@ct structure.

Next in a process sggwnf[@rFlG;a%lT, aefrlrlge o] '%Ol’lj f the semiconductor subsfrate 21c i3 removed.
The semicond%ctor Substrate 21c gf%er’,the emoval of the fringe portion is referred to as a

semiconductorsubstrate 21d. TREFEmoval of HrE fififg& potfion Bf fHE seftficontiGc B stbstrate 21¢ is
performed by grindif@&ith A & Yrirelenest thefikeinSiicVaanbansr that thatemicensastor substrate
21d after the removaf oflise fige portfon:hakefor éxarfiple, atirculdi shapednatplanar view. In this
operation, dry poliskihg;wetletchingarthimlike tayalisthbe sed<nzcombipations Ind Sikedcase where
the semiconductor gebstrate=24¢ afteydhe removalof the fringe portien has.a gircylar shape in a planar
view, a diameigr p6.Qhie semiconduCiOr SUBSKALE: s ng £iim by precipitation in
such a manner as to f£ill the inside of the via hole 21y
and the part of the opening 37x shown in FIG. 40. The
rplating film forming the metal layer 38 1s, for example, a
Cu plating £ilm., WNext in a process shown in FIG. 40, the
1%  resist £ilm 37 of FIG., 4P is removed.
Next in a process shown in FIG. 4R, a part of
the metal layer 29 which is not covered by the metal layer
38 is removed. The metal layer 29 may be removed by, for
example, wet etching. Next in a process shown in FIG. 45,
20 a metal layver 339 is formed in such a manner as to cover
the electrode pad 25 and the metal layer 38. The metal
layer 39 is formed, for example, by forming, on the
insulating layer 24, a resist film having an opening for
the electrode pad 25 and the metal layer 38. Subsequently,
25  with use of electrolytic plating, in which the electraode
pad 25 and the metal layer 38 are used as feeder layers, a
plating film is grown by precipitation in such a manner as
to £111 the opening, and the resist £ilm is then removed
to thereby form the metal layer 3%. As the metal layer 39,
30 the following may be used: a laminated body in which an
Bu layer is disposed con a Ti laver, for example:; a
laminated body in which a Pd laver and an Au layer are
sequentially disposed on a NI layer:; a laminated body in



21d having a circular shape in a planar view is, for example, 193.0 0.1 mm, as in the case of the
diameter p2 20 of the semiconductor substrate 11c having a circular shape in a planar view.

Next, after a resin layer 26 is formed on the surface 21a of the semiconductor substrate 21d, the
semiconductor substrate 31 is prepared, which has a 25 configuration the same as that of the
semiconductor substrate 11 of FIGs. 4A and 4. Then, the processes of FIGs. 4F to 4T are repeated.
The same processes are repeated for semiconductor substrates 41 to 71_ Lastly, the external
connection terminals 91 are formed by a well- 30 recognized method. When the external connection
terminals 91 are fokmed, a Ni layer, for example, is formed as the metal layer 39. Then, the solder
mask layer 76 having the openings 76x which expose the Ni layer is formed, and the -32- external
connection terminald3£1ré foHne8H HRF Nt Tayer expisedisiieRRSBeRings 26¥er of The
external connectioritéritinalteg1 arg grovide dioteléctrdcatly conriatt the seMmicendutior, device 5 10
and a wiring substrafesoethelike pravideddzutsidesthe semicanducior device-10.-As the external
connection terminals 91, solder halls, Axl bumpscagondustivepasteor the like may-pe used. In the
case when solder halisiargisad a5 dhe sxlemal connectiondetminals 1. A0 allak 40 containing Pb, an

alloy of Sn and Cu, =1 all% Laing_ ?mﬁ:og %qr A%g{\d Cg or the I|ke Taé/tb% used as a

material of the exte na connectlon termln RisS manner, tﬁe semlcondu ltor device 10 of

FIG. 3 is manufactaret. ShePS&micBhduttdPaavice 6% ?L% &Jﬁ%ﬂ%ﬁ&&ﬁpﬁeﬁﬁgsﬁ’iﬁg%uttmg
positions C using a2é1€mg Blagiergrhietiketo erebyform muapkeBuek. the  According to the first
embodiment of the §rasearifivehtonsalfasredmiedndictopsubstratslisopreparadiig with

10  a grinder or the like in such a manner that the
semiconductor substrate 21d after the removal of the
frings portion has, for ezampls, a2 circular shape in a
planar view. In this operation, dry polishing, wet
etching or the like may alsc be used in combinaticn. In

15 the case where the semiconductor substrate 21d after the
removal, of the fringe portion has a circular shape in a
planar view, a diameter ¢6 of the semiconductor substrate
21d having a circunlar shape in a planar view is, for
exanple, 193.0 £ 0.1 wrm, as in the case of the diameter @2

20  of the semiconductor substrate 1le¢ having a circular shape
in a planar view.

Next, after a resin layver 26 is formed on the
surface Zla of the semiconductor substrate 21d, the
semiconductor substrate 31 is prepared, which has a

25  configuration the same as that of the semlconducton
gubstrate 11 of FIGs. 4A and 48. Then, the processes of
FIGs. 4E to 47 are repeated. The same processes are
repeated for semiconductor substrates 41 to 71. Lastly,
the extarnal connection terminals 81 are formed by a2 welli-

30  recognized method. When the external connection terminals
91 are formed, a Ni layer, for example, is formed as the

metal layer 39. Then, the solder mask layer 76 having the
cpenings 76x which expose the Ni layer is formed, and the



20 which only the fringe portion is removed (reduction in the diameter) without thickness reduction.
Also, a second semiconductor substrate is prepared, in which a depression is formed in such a
manner as to reduce the thickness of the central portion and its vicinity while leaving the 25 fringe
portion. Then, the depression of the second substrate is bonded to the first semiconductor substrate,
and via holes are formed in such a manner as to penetrate the second semiconductor substrate with a
reduced thickness, and electrode pads of each semiconductor chip 30 of the first and second
semiconductor substrates are electrically connected ta gach other via metal layers formed in the via
holes. Then, the fringe portion of the second semiconductor substrate is removed. Furthermore, -33-

in the seine manner,yith.the,second semiconductor, .a thied semicendyctor subsfrate is prepared, in

which a depressio%% f%Ae Jo rggyic%g%hicﬁlesg oé}hg ce %al portion and its vicinity while leaving
the fringe portion. The ,Jét epgn%%re55|on of the third SubSiate |squnded tg the second semiconductor

substrate, and via holes are forméd iFS0EATE MaFMEISE #PeREFETE e third &ficonductor
substrate with a redRiceH FFckies S LPArEREHbYE 5495 8F babhacifiebRendisitéipbrthesecond and
third 10 semicéndudtor auhstrates ang etedritaiy eonnetlted fo.sachoivedeid metalildgerhformed in
the via holes. Then sthe frimge:partiorndefthesthinl semicanduciat sphsiratesiseermoped. By repeating
such processes, it is Hggsiiedoghs dmwﬁlﬁgmmwrsgb%@m@@b@ﬁgge other and
connect semicondu&o.rtcﬂgpﬁﬁgcmvﬂgcﬁ&g@§tit%§5ﬁgifgggt semicandugtorsubstrate, in such a
manner as to enablgrs%gﬂgletcr{agg [ Séo%x'{glsn%rfcc%; mfIEO\% e{;l)lz[inlggtes th{&nggg fog1 %h% processes of
bonding and 20 remaoving a $uppglrc[%}o/from ffie semiconductor substrata. whi ’Erocesseé:}%re not
usuahNakH[ﬁgces§%$éﬁlnlng Pb, an alloy of &n and Cu, an alloy of Sn and
Ag, an alloy of &n, Ag and Cu cor the like may be used as a
material of the external connection terminals 81.
In this manner, the semiconductor device 10 of
FIG, 3 is manufactured. The semiconductor device 10 is
15 cut into individual pieces at the cutting positions C
using a dicing blade or the like to thereby form final
products.
According to the first embodiment of the present
invention, a first semdconductor substrate is prepared, in
20 which only the fringe portion is removed (reduction in the
diameter) without thickness reduction. Also, a sacond
semlconductor substrate is prepared, in which a depression
iz formed in such a manner as to reduce the thickness of
rhe central portion and its vicinity while leaving the
25  fringe portion. Then, the depression of the second
substrate is bonded to the first semiconductor subﬁtrate,
and via holes are formed in such a manner as to penetrale
the second semiconductor substrate with a reduced
thickness, and electrede pads of each semlconductor chip
30 of the first and second semiconductcr substrates are
electrically connected to each cther via metal layers
formed in the via holes. Then, *the fringe portion of the
second semiconductor substrate i1s removed. Furthermore,



semiconductor device, and it is therefore possible to provide a semiconductor device manufacturing
method with high productivity, capable of reducing the manufacturing 25 costs. Note that in the case
when the diameter Of the prepared first semiconductor substrate is smaller than the diameter of the
-bottom surface of the depression in the second semiconductor, the vertical wiring system according to
the present invention is applicable without the removal 30 of the fringe portion of the first
semiconductor substrate. In addition, according to the first embodiment of the present invention,
a process of forming a bump on each via hole when the’sémiconductor substrates are bonded -34- to
one another is not necessary, and it is therefore possible to provide a semiconductor device
manufacturing methiod with kighsprasuctivity,icapahle ofsedngingthie-manufaetyying eegtsaIn addition,
according to the first grkediment.of thepresent inventian, sesmicondugiorsubstrates arebpnded to
one another in such;a eanner;that @céagégetqi@%g ihe.ssmigonsuclor abbay el A ihich surface

a semiconductor mtelgrated cl‘rfcun is. {_'orm - QpPoses. a 10 ) SU rface of the oth aer semi uctor
substrate, on which’ surface a Sericonductor mtegraYeé%w Uit is no??orrﬁea Accordmgﬁ/, by simply

repeating the s%me%c@@gggsﬁﬁ% GHmbRE sEicoh fHER T stbR trate S eRA%E BRPIRA one above
the other, and it is tAERTBFe FssIBds Providedlra SradmicomflcidrdBoitasmanafdeming method with
high productivity, cdgalfiedf redosing:thexmanufaetingptestshe third additicopdocariing to the first
embodiment of the presentdnvention, therviahelasatedonmed, withinelectrode pads of

each semicenductor chip of the second and thizd
1¢  semiconductor substrates are electrically connected to
gach other via metal lavers formed in the via holes. Then,
the fringe portion of the third semiconductor substrate is
removed.
By repeating such processes, it is possible to
15  dispose plural semiconductor substrates one above the
wther and connect semiconductor chips, each of which
constitutes a different semiconductor substrate, in such a
manner as to enable signal transmission. This process
flow eliminates the need for the processes of bonding and
20  removing a support to/from the semiconductor substrate,
which processes are not usual wafer process of a

semiconductor device, and it is therefore possikle to
provide a semiconductor device manufacturing method with

high productivity, capable of reducing the manufacturing
25 costs. Note that in the case when the diameter of the
prepared first semiconductor substrate is smaller than the
diameter of the bottom surface of the depression in the
gsecond semiconductor, the vertical wiring system according
to the present invention is applicable without the removal
30 of the fringe portion of the first semiconductor substrate.
In additicn, according to the first embodiment
of the present invention, a process of forming a bumnp on
each via hole when the semiconductor substrates are bonded



the semiconductor substrate, only in a part having a 20 reduced thickness. This eliminates the need
for creating deep via holes, and therefore causes neither an increase in the time required for the
hole-formation of the via holes and the metal layer forming process nor an increase in the number of
materials required for these processes, 25 which results in preventing an increase in the cost of
manufacturing the semiconductor device. In addition, according to the first embodiment of the
present invention, since the via boles are formed after the thickness of the semiconductor substrate is
30 reduced to a great extent, it is possible to reduce theyyariation in the diameter of the end portions of
the via holes even when the size or density of the via holes are changed. As a result, the variation in

the resistance of -35s the£le onpection t the | f the
semiconductor devi Slél éggé%% ti gc%&lgggo%%%f%% %%%%@E&S 8 {ﬁgéég%/ﬁgt embodiment
0

describes an example in |ch Fonifg the depression 21X in sﬁrc’#g HaRHer 5515 Yeduce the
thickness of the ce %E}%&rtl‘&ﬁ%&ﬁ@bl&ﬁﬁwﬁ%gﬁ GRS RePiura LumrntiiRtor chip

formation regions A?W@@&Wﬁ&‘fhé‘fﬁﬁ@e portion of the semiconductor substrate 21 (the area
excluding the £0 plural semiconductsidkip formatiorr rdgionstA), tthe seimisondubtsiiswrstrate 21c¢
after the formation offthehdepression 2ixvmaintains suffictendigidity. Haweyesthe thiekness reduction

may be performed gaitheentise susfage,24B-of the sepricondustorsubsiratg 24 witheut the 15
formation of the depgessign 21x. InAhis Gase. hs-follawipgmanufacturing progesses. can be adopted.

gemiconductor integrated circult is formed, opposes a

16 surface of the other semiconductor substrate, on which
surface a semiconducter integrated circuit is not fozmed.
Accordingly, by simply repeating the same processes, three
or more semiconductor substrates can be disposed one above
the other, and it 1s therefore possible to provide a

153 semiconductor device manufacturing method with high
productivity, capable of reducing the manufacturing costs.

In addition, according to the first embodiment

of the present invention, the via holes are formed, within
the semiconducter substrate, only in a part having a

20 reduced thickness. This eliminates the need for creating
deep via holes, and therefore causes neither an increase
in the time required for the hole-formmation of the via

holes and the metal layer forming process nor an increase
in the number of materials required for these processes,

25  which results in preventing an increase in the cost of
manufacturing the semiconductor device.

In addition, according to the first embodiment
of the present invention, since the via holes are formed
after the thickness of the zenmiconductor substrate iz

30 reduced to & great extent, it is possible to reduce the
variation in the diameter of the end porticns of the via
holes even when the zize or density of the via holes are
changed. As a result, the variation in the resistance of



FIGs. 5A to 5D illustrate a manufacturing process flow of a semiconductor device according to a
modification of the first embodiment of the present 20 invention. In FIGs. 5A to 5D, the same reference
numerals are given to the components which are common to the semiconductor device 10 shown in
FIG. 3, and their explanations may be omitted. First, the semiconductor substrate 11 shown in 25
FIGs. 4A and 4B is prepared. Next in a process shown in FIG. 5A, the resin layer 16 is formed on the
surface lla of the semiconductor substrate 11 without removing the fringe portion lIx of the
semiconductor substrate 11. At this point, in the same manner as in the process of FIG. 30 4D, it is
preferable that, when the surface lib of the semiconductot substrate 11c is used as a reference plane,
the variation in the height H1 of the surface 16a of the resin layer 16 with respect to the reference

plane is -36- preferghly & gmmiariless. Aegekstinglynil is prefesableto have a-processof checking the

variation in the helgjggﬂjaggg&gée gy%@%gﬁr&ﬁgﬂggﬂe%gi%t@sc%ng the variation in the
height B1 is more tk@@% at:.o preéje&able to%ﬁf ss of adjusting the surface 16a of the
resin layer 16 to ma € varlatl nin m The surface 16a_of the resin layer 16

may be processed by, for exam 881% ﬁ%’%‘fﬁﬁc%?\%u%fbreﬁ?&?flﬁeé%ave already
10 been disposed d#@-&ﬁov@?hé%’éﬁ@ﬂ&nﬁ%ré%@@%ﬁ@%@MoFrﬁethﬁe f6BHIBEt @he rith layer)
semiconductor substatesdhiebachssufdcsotte bittbhesenntorductorsiibstratai(thessurface on
which no devices are formied) istisedhasa retefentenplaries In thisdasesitiispidferable dbithat the top
surface of the resingdaygrbe paraliglitertheneference plagei Neoterbarbeme-paraiel hthig case means
that the variation inthe height of the tap surface of the éqsmt!ﬁgeé%tgl respechiq.the reference plane is
Snz Itl) gm o%essp'm%talf as described above, in t@e 20 case wi a%r}m aJesin Iay%r1 is fonued on a
semiconductor substrate 2lc after the formation of the
depression 21ix maintains sufficient rigidity. Howaver,
the thickness reduction may be performed on the entire
surface 21k of the semiconductor substrate 21 without the
15  formation of the depressicon 21x. In this case, the
following manufacturing processes can be adeopted.
FIGs. S5& to 5D illustrats a manufacturing
process flow of a semiconductor device according to a
modification of the first embodiment of the present
20 invention. In FiGs. 5B to 5D, the same referencs numerals
are given to the components which are common to the
semiconductor device 10 shown in FIG. 3, and their
explanations may be omitted.
Pirst, the semiconductor substrate 11 shown in
25 FIGs. 4A and 4B is prepared. Next in a process shown in
FIG. 5A, the resin layer 16 is formed on the surface 1la
of the semiconductor substrate 11 without removing the
fringe portion 11x of the semiconducter substrate 11. A
this peint, in the same manner as in the process of FIG.
30 4D, it is preferable that, when the surface 1lb of the
semiconductor substrate 1llc 1s used as a reference plane,
the variation in the height H1 of the surface 16a of the
resin layer 16 with respect to the reference plane is



semiconductor substrate, the variation in the height of the top surface of the resin layer with respect to
the reference plane is preferably 1 x 1 - 1 um or less, and in the case when a resin layer is formed on
semiconductor 25 substrates of, for example, ten layers, the variation in the height of the top surface of
the resin layer with respect to the reference plane is preferably 1 x 10 = 10 gm or less. Next in a
process shown in FIG. 58, the 30 semiconductor substrate 21 is prepared, which has a configuration
the same as that of the semiconductor substrate 11 of FIGs. 4A and 4B. Then, an adhesion layer 96 is
formed on the surface 21a of the semiconductor -37- sdléstrate 21, and a support 97 is bonded
(temporarily bonded) to the adhesion layer 96. As the support 97, it is preferable to use a substrate

which transmits light when-aliggmentds perfosmed, and-a silicaglass subsirate fer example, may be

sed. As the adhesj r i ! hich tur 0 eatin
;Jemperaiure used i%ﬁyﬁggé@%gf:%d@%&ﬁsgg%ﬁ ggk%s‘%)v%e’%ﬁ%& i Iiyﬁ)n&% fﬁggg}%@at a gut 200 C

m.53]5()} 2s X ealy agentW| 1 omes s

or less) to be descrg%j)é elow. The a%ﬁesmn_ I{:;lyerFE‘)Ezr |s?fo?mea%enrl he sur%fa%?éazfg%‘? the
semiconductor sub S b5 SPRETaRNy, or BXEnE S Rhe HdHeSiBR TSy 68 nay e foFmed on
the surface 218 of thé SERRRtdCtorsubsFate® PhyHREdchiig ainelypwadheswenfstsad of by
spin-coating. Next ih @ procegssshawinin B @50, dhicknesk 5 ned wetiormisiperfarmeta@n the entire
surface 21b of the semigonductesisulisirate 2il. The.semiegaductorsubstrate 2dsafter theythickness
reduction is referred ¢ asthgsemicongustonsubsiate2le.Jihe thickpessregction is achieved, for
example, by grinding thg sgrfac%é_g cﬂtlg&éﬁé&gﬂ&g@u%gy%g&e g&dési%ggeg%der or the like.
In this operat%L drggp@orlllsgins%evggget{g:nén%&r“trget g rggxgrs%rk{ léserde@i%o J3 martl%ns. The thickness
T3 of the ye

then forxmed on the topmost (the nﬁ‘lay@r} semicondustor

substrate, the back surface of the bottom semiconductor

substrate (the surface on which no devices are formed) is

used as a reference plane. In this case, it is preferable
15 that the top surface of the resin layer be paraliel to the

refarence plane. Note that being parallel in this case

means that the variation in the height of the top surface

of the resin layer with respect to the reference plane is

(1 » n) pum or less. That is, as described zbove, in the
20 case when a resin layer is foxmed on 2 single

semiconductor substrate, the variation in the height of

the top surface of the resin layver with respect to ths

reference plane is preferably 1 = 1 = 1 um or less, and in

the case when a resin layver is formed on semiconductor
25 subrstrates of, for example, ten layers, the variaticn in

the height of the top surface of the resin layer with

rezpect to the reference plane is preferably 1 < 10 = 10

um or less.

Next in a process shown in FIG. 5B, the

30 semiconductor substrate Z1 is prepared, which has a

configuration the same as that of the semiconductor

substrate 11 of FIGs. 4A and 4B. Then, an adheslion layer

96 is formed on the surface 2la of the semiconductor



semiconductor substrate 21c with a reduced thickness is in the range of about 1 um to about 100 um,
for example; 25 however, in terms of strength, the thickness T3 is preferably in the range of about 10
um to about. 50 um. This is because setting the thickness T3 of the area with a reduced thickness to
about 10 um to about 50 um reduces breakage due to mechanical vibrations or the like and 30 stress
exerted on the semiconductor chips. The support 97 has a function of supporting the semiconductor
substrate 21c having reduced rigidity after the thickness reduction. The reason why the thickness T3 of
the semiconductor -38- substrate 21c with a reduced thickness has to be 1 um or more is as

described above. Next in a process shown in FIG. BD, the semiconductor substrate 21c¢ having
the support 97 is 5 di Sgsgdt%n e selrpcicgn%ylcto&sgb%rate 11 inﬁfuch a manner that the surface 16a
of the resin layer 16 Which has beeh foimad BHRE Surface fa SFEHE SehitBRatRtor Sibstrate 11

comes in contact witAtHESurfeite 2 Fb BFEE L8MitBHAHCINP subitralte D 18 AR &t midks for
enabling 10 highly décurad peshtibning are provididasirradvandeling forexamite, theguribing regions B
of the semiconduct&r:gnbstiaesrehands2 terThepaditioning of thé semigbnductarisibsinate 21c
having the support 8zZrontetipisemicopdusterssdhstrate theayheachieveddy awellsA5 recognized
method using the alignmentinarks-as adeference. I healignment aceuracyLis, forexample, 2 pm or

less. Subsequentlyt@gggglt}g@g@qﬂgg at, far m@& ngp %T@e § u%urg shown in FIG. 5D is
pressed from the sypport 97 side tgéh%%%k%%cguse thg surface 1t6'a,£()) the 'g%ihj_gllg‘yer 16 formed on
the surface Ha of the semiconductor supstrate 1110 be p?ess-%on%ea%t surfad® 216 the

semiconductor sub5ffate 23 & SHereNitth e Fesin Taye A6 Bctie e Hardeted: Safd g SeRficonductor
substrate 11 s’oonte8l SHRERTACE20E GTiRe SETARIMANEIISUBSEate 21 by spin-

coating, for example. The adhesion layer 96 may be formed

on the surface 2la of the semiconductor substrate 21 by

attaching a film-type adhesive instead of by spin-coating.
Next in a process shown in FIG. 5C, thickness

15  reduction is performed on the entire surface 21b of the
samdconductor subastrate 21. The semiconductor substrate
21 after the thickness reduction is referred to as the
semiconductor substrate 2lc. The thickness reduction is
achieved, for example, by grinding the surface 21b of the

20 semiconductor substrate 21 using & grinder or the like.

In this operation, dry polishing, wet etching or tha like
may also be used in combination. The thickness T3 of the
semiconductor substrate 2lc with a reduced thickness is in
the range of about 1 mm to about 100 pm, for example;

25 however, in terms of strength, the thickness T3 is
preferably in the range of about 10 um to about 50 m.
This is because setting the thickness T3 of the area with
a reduced thickness to about 10 upm to about 50 um reduces
breakage due to mechanical vibrations or the like and

30  stress exerted on the semiconductor chips. The support 97
has a function of supporting the semiconductor substrate
21c¢ having reduced rigidity after the thickness reduction.
The reascn why the thickness T3 of the semiconductor



25 21c. The heating operation may be performed at 300 C; however, the temperature is preferably 200
C or less. If the operation is perfoimed at the temperature as high as 300 C, stress occurs due to a
difference in the thermal expansion, which can cause separation and/or breakage of 30 the
semiconductor substrates. Such separation and breakage becomes more likely as the number of
laminated layers increases. Note that since the adhesion layer 96 is made of an adhesive agent which
turns soft at a heating -.39- temperature used in the process of FIG. 50 (i.e., an adhesive agent which
becomes soft at about 200 C or less), the support 97 is readily removed after the semiconductor
substrates 11 and 21c are bonded to each other. 5Next? the photosensitive resist film 27 is formed in
such a manner as to cover the surface 21a of the semiconductor substrate 21c in the same manner as
in the process of FIGudStafahe fistenioddimertiihedesist filmsxsisfasmed, Her exampie, by applying
a liquid 10 resist to the-surface 2 lg-et-the-semigonauctor substrate 21c. The thickness of the resist film
27 is 10 km, for example. Subsegueptly rprpcesses-thesame as thege ofklIGs44H to 41 according to
the first embodimenégﬁgcpc)ef( %% %g&g{t&rétﬂ% r éi‘pila%e Zg igd‘orrgleg qﬁhtr}_e surface 21a of
the semicondu%tor substrate 21d, the seﬂmlcpndué%or su stﬁ};% 1'% prgﬁaare , W ich has a
configuration the samé 2% that OF the' SeRTEONAUEIoT Stbstrats 186 iGs-Fa SR 4B, Then, the
above- 20 describedHioEesse € andltfie HoteE8es ot FIEsE AR kraiaréseptatéd #iiekame
processes are repedtet Rithe Semrdndcidiesbeifaer 4 to 71. Lhsty Shecexevrirr

substrate 11 comes in contact with the surface 21b of the
semiconductor substrate 21lc. Alignment marks for enabling
10  highly accurate positioning are provided in advance in,
for example, the scribing regions B of the semiconductorn
substrates 11 and 21lc. The positioning of the
semiconductor substrate Z1lc having the support 27 onto the
semiconductor substrate 11 may be achieved by a well-
15 recognized method using the alignment marks as a reference.

The alignment accuracy is, for example, 2 pm ox less.
Subsequently, while being heated at, for example, 250 °C,

the structure shown in FIG. 5D is pressed from the support
97 side to thereby cause the surface 16a of the rasin

20  layer 16 formed on the surface lla of the semiconductor
substrate 11 to be press-bonded to the surface 21b of the
semiconductor substrate 21c., Herewith, the resin laver 16
bacomas hardenad, and the semliconductor substrate 11 is
bonded to the surface 21b of the semiconductor substrate

25 2lc. The heating operation may be performed at 300 °C;
howaver, the temperature is preferably 200 °C or less. If
the operation is performed at the temperature as high as
300 °C, stress occurs due to a difference in the thermal
expansion, which can cause separation and/or breakage of

30  the semiconductor substrates. Such separation and
breakage becomes more likely as the number of laminated
layers increases. DNote that since the adhesion layer 96
is made of an adhesive agent which turns soft at a heating



connection terminals 91 are formed by a well-recognized method_ When the exteLnal connection
terminals 91 are 25 formed, a Ni layer, for example, is formed as the metal layer 39. Then, the solder
mask layer 76 having the openings 76x which expose the Ni layer is formed, and the external
connection terminals 91 are formed in the openings 76x where the Ni layer is exposed, to thereby 30
manufacture a semiconductor device equivalent to the semiconductor device 10 of FIG. 3. Note
however that in the maaufactured semiconductor device, the fringe portion of each of the
semiconductor substrates disposed one above - 40 - the.other is not removed. The manufactured
semiconductor device is cut into individual pieces at the cuttlng positions C using a dicing blade or the
like to thereby form final products_ According to the modification of the first embodiment of the
present invention, a HSPSERATIESHdHEBE sibstrate B etich tickiBss Pédudtion is mot performed, is
prepared. Also, a seésBrrE$Emicarsddctal iomwhictvtiickness: reductionihag beefrpesforraed; is
prepared. Then, 10 the: segopd:sulisirate isdonded to-the tist semiconductassubstrateand via holes
are formed in such auhanhmeras td penetratedhe:secontisemiconduaiornsybstrate with a reduced

thickness, and glectrode pads ofweagf) semiconductor chip ofthe fikst-and-segond semiconductor 15

substrates are electisgli sonnesies! ta sagh, aiher via metgl ayers ot u%‘%é%éh% i foles.
Furthermore, athlr %%%i% tor suggtrgte W|thﬁ reduc thick ness IS are en eth|rd
substrate is bonded to the secon semlcon uc or su%s%rate an& Vi h rr?éﬁ e|n such a

manner as to penefrAfe{Hg> tHird Semicctftitor Sfodth&frwiRBS fediRsEd thlgﬁéﬁeé‘?% electrode
pads of each semicohtiictor dipGriRedectma a¥aTERIG seRcBRBlESSUbskiEtEsdre electrically
connected to &8ch stersfia fretditayersTormedlin thé viadotesiiconductor substrate

Z2lc.  The thickness of the resist film 27 is 10 pm, for

example. Subsequently, processes the same as those of
FIGs. 4H to 4T according te the first embodiment are
rerformead.

15 Next, after the resin laysr 26 iz formed on the
surface 2la of the semiconductor substrate 21d, the
semicenductor substrate 31 is prepared, which has a
configuration the same as that of the semiconductor
substrate 11 of FIGs. 4A and 4B. Then, the above-

20 described processes and the processes of FIGs. 4H to 4T
are repesated. The same processes are repeated for the
semiconductor substrates 41 to 71. Lastly, the external
connection terminals 91 are formed by a well-recognized
method. When the external connection terminals 91 are

25 formed, a Ni laver, for example, is formed as the metal
layer 3%. Then, the solder mask layer 76 having the
openings 76x which expose the Ni layver is formed, and the
external connection terminals 91 are formed in the
openings 76x where the Ni layer is exposed, to thereby

30 manufacture a semiconductor device equivalent to the
semiconductor device 10 of FIG. 3. Note however that in

the manufactured semiconductor device, the fringe portion
of each of the semiconductor substrates disposed one above



25By repeating such processes, it is possible to dispose plural semiconductor substrates one above
the other and connect semiconductor chips, each of which constitutes a different semiconductor
substrate, in such a manner as to enable signal transmission. This process 30 flow eliminates the
need for the process of forming a bump on each via hole when the semiconductor substrates are
bonded to one another, and it is therefore possible to provide a semiconductor device manufacturing
method with high productivity, capable of reducing the manufacturing costs. In addition,
according to the modification of the first embodiment of the present invention, 5 semiconductor
substrates are bonded to one another in such a manner that a surface of one of the semiconductor

substrates, on WhIC surf e a semlcogductor |n§gra£,%d circuit Is f(%élmed ;rr)’p%%ﬁses a surface of the
other semlconductor subs afe, oh which SUfTace 4 semiconductor T ﬁﬁgg SRHiEisHot formed

Accordingly, by smﬁﬁﬂé:ﬁedtﬁwgcmé sy ﬁiﬂ%e‘%%@éagh@%@&eﬁ‘uo?‘@ SERTicBRAGATSF substrates can be
disposed one abov&®ie bthBE dnditisthereforepessibisi provide aldémidehdirtortisvice
manufacturing methodwithinigh prodidietivity, capable of 15 reducing the manufacturing costs. In
addition, accorgling to the modifizatienddithe fisstembasiment of the, presenidngertion, the via holes

are formed, within thersemicandustorsibsirate.nly: iAaparbhaving:a reduced thickngss This
eliminates the 20 neeldor.cieatingdegp yin holes.and erafare. %f%uaess neither.ag gcrease in the
a

time required for the hole formagon he V|a holes > an d the meta| layer ormln jrE){Oﬁess nor an

Iprfe Se00 FRTILCON
increase in the num e (fm aerlalg
Thickness re uatlwn has been performed, is prepared. Then,

10 the second substrate is bonded to the f£irst semiconductor
substrate, and via holes are formed in such a manner as to
penetrate the second semiconductor substrate with a
reduced thickness, and electrode pads of each
semiconducter chip of the first and second semiconductor

15  substrates are electrically connected to each other via
metal layers formed in the via holes. Furthermore, a

third semiconductor substrate with a reduced thickness is
prepared, Then, the third substrate is bonded to the

second semiceonductor substrate, and via holes are formed
2C  in such a manner as to penetrate the third semiconductor

substrate with a reduced thickness, and electrode pads of
each semiconductor chip of the second and third
semiconductor substrates are electrically connected o
each other via metal layers formed in the via holes.

23 By repeating such processes, it is possible to
dispose plural semiconductor substrates cne above the
other and connect semiconductor chips, each of which
constitutes a different semiconductor substrate, in such a

mannar as to enable signal transmission. This process
30 flow eliminates the need for the process of forming a bump

on each via hole when the semiconductor substrates are
bonded to one another, and it is therefore possible to
provide a semiconductor device manufacturing method with



required for these processes, which results in preventing 25 an increase in the cost of manufacturing
the semiconductor device. In addition, according to the modification of the first embodiment of
the present invention, since the via holes are formed after the thickness of the 30 semiconductor
substrate is reduced to a great extent, it is possible to reduce the variation in the diameter of the end
portions of the via holes even when the size or density of the via holes are changed. As a result, the
-42- variation in the resistance of the electrical connections is reduced, and thus, the reliability of the
semiconductor device is improved. [Second Embodiment] [Configuration Of Semiconductor Device
According To Second Embodiment Of The Present Invéntion] First is described the
configuration of a semiconductor device according to a second embodiment of the present invention.
FIG. 6 is a cross-sestighapviewut@ ihustrating:pateisicondustarcderjce imecardingtothe sgecond
embodiment of the peesent invention. In FTG. 6, the same reference numerals are given to the

components which are common mteaamgp Zca08dhek eplanaians may beamiied. A
semiconductor devch 1%A 15 a%n%rd @1%1@ § nd emb 00d ent of resent invention has the
same configuration as that of %semlconauctor evice 1 accor%i Ing f%) tjhenf’rst embodiment of the

present inventian, eXcapt thtHe HumMBRT of Y RofeLaRd e B eRT Rt Met&sads of
adjacent 20 semicondieBIdu a8 i§ ¥5GA TisBABRORE iF-ife RRSLCTRBORIFIERT.

substrates, on which surface a semiconductor integrated
circult is formed, opposes a surface of the other
semiconductor substrate, on which surface a semiconductor
10 integrated circuit is not formed. Accordingly, by simply
repeating the same processes, three or mere semiconductor
substrates can be disposed one above the other, and it is
therefore possible to provide a semiconductor device
manufacturing methed with high preductivity, capable of
15 reducing the manufacturing costs.

In addition, according to the modification of
the first embodiment of the present invention, the via
holes are formed, within the semiconductor substrate, only
in a part having a reduced thickness. This eliminates the

20  need for creating deep via holes, and therefore causes
neither an increase in the time recuired for the hole-
Lormation cof the via holes and the metal layer forming
process nor an increase in the numper of materials
required for these preocesses, which results in preventing

25 an increase in the cost of manufacturlng the semiconductor
device.

In addition, according to the modification of
the first ambodiment of the present invention, since the
via holes are formed after the thickness of the

30 semicgnductor substrate is reduced to a great extent, it
is possible to reduce the variation in the diameter of the

end portiens of the via holes even when the size or
density of the via holes are changad. &8s a result, the



In FIG. 6, the reference numerals 217 to 71z denote via holes, and the reference numerals 38a to 88a
denote metal layers fanned in the via holes 21z to 71z. 25 Four via holes and four metal layers are
provided for each metal pad in each semiconductor substrate. Thus, by providing plural via
holes and metal layers for each metal pad, it is possible to improve the reliability of the connection
between metal pads. In 30 addition, if a metal pad is not provided for a semiconductor substrate
disposed immediately below, via holes and metal layers can be provided for a semiconductor
substrate at one or more layers below. In this system,-443- the same electrical signal or a different
electrical signal can be connected to a desired semiconductor substrate. In addition, since each via

hole has a smaller q@ﬂa@coﬁ@B%ﬁ@'%@{%@g&%@%ﬁm&@e%%%m e progess,of providing the

via holes and metal layers, Note th numb of Vi holes al layers rowd d or each metal
pad may be two, thre% %I\?:é oggorﬁ% esse% or a‘]ému ac un e#illc%n et Iavice 10
According To Secoﬁ% I‘—l‘ﬁfif)ojd?mial?jﬁD Present Invention] Next is described a

manufacturing proce<&HI cFtRe EmFEEhductor device according to the second embodiment of the
present invention. R8I TZANS FEinst s eva. atanbiatturingeprove ss-flowdithe U Semicahductor
device according t@tte-sécand entbatiement ofthe presentioxgntion. In FIGS. 7A to 7F, the same
reference numerals are given toptheseomponests-yuich e common tethecsemiconductor device 10A
shown in FIG. 6, angthelr gxplanationsymay ne.omiled AlS9.a second embodiment. of
the present invention. FIG. 6 is & ¢ross—sectional view
10 dllustrating a semiconductor device according to the
second embodiment of the present invention. In FIG. €,
the same reference numerals zre given to the components
which are common to those in FIG. 3, and their
explanations may be omitted. A semiconductor device 10A
15 according to the second embodiment of the present
invention has the same configuration as that of the
semiconductor device 10 according to the first embodiment
of the present invention, except that the number of via
holes and metal layvers connecting metal pads of adjacent
20 semiconducteor substrates is four, instead of one in the
first embodiment.
In FIG. &, the reference numerzls 21z to 71z
denote via holes, and the reference mumerals 38a to 88a
denote metal layers formed in the via holes 21z to 71z.
2> Four via holes and four metal layers are provided for each
metal pad in each semiconductor substrate.
Thus, by providing plural via heles and metal
layers for each metal pad, it is possible to improve the
raliability of the connection between metal pads. In
30 addition, if a metal pad is not provided for a
semiconductor substrate disposed immediately below, via
heles and metal layers can be provided for a semlconductor
substrate at one or more layers below. In this system,



20 manufacturing processes similar to those of the semiconductor device according to the first
embodiment of the present invention may be omitted. First, processes the same as those of
FIGs. 4A to 4G are performed. Next in a process shown in FIGs. 7A 25 and 73, the resist film 27 of
FIG. 40 is exposed via a predetermined mask, and the exposed resist film 27 is subsequently
developed, thereby forming openings 27y in the resist film 27. FIG. 7A is a cross-sectional view, and
FIG. 73 is a plan view. Note that for convenience of 30 explanation, FIGs. 771 to 7F show enlarged
views of a part of the structure shown in FIG. 4G (i.e., theselectrode pads 15 and 25 and their vicinity)-
Next in a process shown in FIG. 70, the via -44-- holes 21z are formed in the semiconductor substrate

21c. The via holes é”%eid in.such man eneé the reswE[ﬁ% r 16 and parts of the
semiconductor substrate e su s*fra?e bot e sem cﬁ?c% E?af%?)lcwcun 23, the
insulating layer 24 and?tie efé Frode 68&%34%% oeh 15 T SPRHATGS2759H that the electrode
pad 15 of the semicBRtiEIsT Stbstrate A& s eFosetl. e Fiaclioleb iwafe tormed byaforexample,

dry etching. Each ofiffier@beinles 2 1zshas sfotidlexamptelaceircilar ishaperisca: planaradew, and has
a diameter p7 &, fot exappestTinrtepl0wdiNgte howeveribathe:diametes p7iaf,gach of the via

holes 217 is preferably: settea vihue whishallows the Viahale 217 g have an aspect ratio (= depth
D2/diameter 97) befyyeen §e5 1B,and Sinclsive. This is hecguse by sefting the diameter

ore .
[Processes For Manufacturing Semiconductor Device
10 According To Second Embodiment Of The Present Invention]
Next is described a manufacturing process flow
of the semiconductor device according to the second
embodiment of the pregent invention. FIGs. 7A to 7F
illustrate the manufacturing process flow of the

15 semiconductor device according to the second embodiment of
the present invention. In FIGs. 74 to 7F, the same
reference numerals are given to the components which are
common to the semiconductor device 10A shown in FIG. 6,
and their explanations mayv be omitted. Also,

20 manufacturing processes similar to those of the
semiconductor device according to the first embodiment of
the present invention may be ocmitted.

First, preocesses the same as those of FIGs. 4A
to 4G are performed. Next in a process shown in FiGs. 7A

25  and 78, the resist film 27 of FIG. 4G is exposed via a
predetermined mask, and the exposed resist film 27 is
subsequently developed, thereby forming openings 27y in
the resist film 27. FIG. TA is a cross-sectional view,
and FIG. 7B is a plan view. Note that for convenience of

30 explanation, FIGs. 7A to 7F show enlarged views of a part
of the structure shown in FIG. 4G {i.e., the electrode
pads 15 and 25 and their vicinity).

Next in a process shown in FIG. 7¢, the via



97 of the via hole 21z to a value which allows the via hole 21z to have an aspect ratio (= depth
D2/diameter 97) between 0.5 and 5 inclusive, it is possible to achieve, for example, an improvement in
the etching speed 20 (throughput) for forming the via hole 21z and an improvement of the ease of
forming the metal layer 3Ba in the via hole 21z. Next in a process shown in FIG. 7D, the resist
film 27 of FIG. 7C is removed. Then, processes the same 25 as those of FIGs. 4K to 4Q are
‘performed, to thereby form the metal layers 38a in the via holes 21z as shown in FIG. 7E. Next, a part
of the metal layer 29 which is not covered by the metal layers 38a is removed by, for example, wet
etching, and then the metal layer 39 is formed in such 30 a manner as to cover the electrode pad 25

and the metal layer 3}?, ? shown in FIG. 7F, The metal layer 39 is formed, for example, by forming,
on the insulating Iaigf F & tésistfitirt REUATY AR openingior frsBiettroda pad -5z 25nd the metal

layers 38a. Subsequbfitly HithUstof ety tiopREhglin @ikith thaeissmde padres: aatithe metal
layers 38a are used-a4§ faegérlayersa platinglfitpait grown thepresipitativuatstich a manner as to fill
5 the opening, and thdsesist-filnt is:therhremobed tattherehy, farm) the.metakloyer3%: - or
Subsequently, by repealing:peecesses.ihe samerasthose.obinemfirst emhodiment the semiconductor
device _1OA of FIG gj_lgcgﬁggafgg{g%@dz %h%ég%%%mt‘?ﬁ d@gl(ﬁgéo ‘;é)é% %%tét |£117%|n$cgwdual pieces at
the cutting positiong. ags%a i%?:%xbcl)%de oagéh(fglkeftot%ere%lormggna odugt . According
to the second embqdiment o tﬁe resenFirR/ention, e Same eftect AS 1T & fir Jé?rjft‘f"odiment can

be achieved. In addition SintER4cH Via HO® FHEalHhaferdanidter T RPEEsEBle £SFeduce the time
required for the proes&&RFprotiting i ieholdiaid Phetalnfayers. AsD2aroidiag farl via holes
and metal layePs fopsashimetal paid; dtisppossiblectolimprové2G ther iefigbilitydfithe Gonnection
between metal paddi frkite: Englodifheritd:{ Gonfigeration QhSemicondguctor Revdce Aegegding To Third
Embodiment Of ThetRresené Invemiat]r ©7 of each of the via holes 21z is

preferably set to a value which allows the via hole 21z to
have an aspect ratio (= depth D2/diameter 97) between 0.5

15  and 5 inclusive. This is because by setting the diameter
©7 of the via hole 21z to a value which allows the via
hole 21z to have an aspect ratic (= depth D2/diameter ¢7)
between 0.5 and 5 inclusive, it is possible to achieve,
for example, an improvement in the etching speed

20 (throughput) for forming the via hole 21z and an
improvement of the ease of forming the metal layer 38a in
the via hole 2lz.

Next in & process shown in FIG. 7D, the resist
film 27 of FIG. 7C is removed. Then, processes the same

25  as those of FIGs. 4K to 4Q are performed, to thereby form
the metal layers 38a in the via holes 21z as shown in FIG.
TE.  Next, a part of the metal layer 29 which is not
coverad by the metal layers 38a is removed by, for example,
wet etching, and then the metal layer 3% is formed in such

30  a manner as to cover the electrode pad 25 and the metal
layers 38z, as shown in FIG. 7F. The metal layer 39 is
formed, for example, by forming, on the insulating layer
24, a resist film having an opening for the electrods pad



First is described the configuration of a 25 semiconductor device according to a third embodiment of
the present invention. FIG. 8 is a cross-sectional view illustrating a semiconductor device according to
the third embodiment of the present invention. In FIG. 8, the same reference numerals are given to the
components which are 30 common to those in FIG. 6, and their explanations may be omitted. A
semiconductor device 10B according to the third embodiment of the present invention has the same
configuration as that of the semiconductor device 10A -46- according to the second embodiment of
the present invention, except that one metal pad is provided for each via hole and metal layer, instead
of providing one metal pad for four via holes and four métat layers in the 5 semiconductor device 10A
according to the second embodiment of the present invention. In FIG. 8, the reference numerals
15a, 15b-75a and 72b denrpterpelalads, -Jae metal paddsipevided for eqeh-set,etaya hole and

metal layer. 10Thus, byRrayiding one metalpad for each setof & vaholgand mefal layer, itis
possible to improve the rﬁg%\g '%gf g}escgggegtlon bet\geen rgeta# a% as in the case of the second

embodiment, when fhe same si naéfl assi ne,drt% ggj%ce%?rﬁéat% gdsgﬁegadit%rﬁlﬁ &'Ease 25
where different sign gﬂré?e%%’é‘ﬁ%i?y a@gi%??éali%agafﬁ?:eﬁ? n?@tﬁgp%d@‘?iﬁ?f)o%iﬁ@ tdithprove the
flexibility of theSwiritg - 8eSRFT - {ProcEdsd s Esr Mnithciiriy SentibeRdyems? ISevieg According To
Third Embodiment OtatrbPrésamt Ihpenticip20Nexeis déscribed a manufacturing process flow of the
semiconductor device accordingstathecthdol-1y, by repeating processes the same as
those of the first embodiment, the semiconductor device
10A of FIG. 6 is manufactured. The semiconductor device
10 10A is cut into individual pieces at the cutting positions
C using a dicing biade or the like to thereby form final
products.
According to the second embodiment of the
present invention, the same affect as in the first
15  embodiment can be achieved. In addition, since each via
hole has a smaller diameter, it is possible to reduce the
time reguired for the process of providing the via holes
and metal layers. Also, by providing plural via holes and
metal layers for each metal pad, 1t is possible toc improve
20  the reliability of the connecticon between metal pads.
[Third Embodiment]
[Configuration COf Semiconductor Device According To Third
Embodiment. Of The Present Inventicn]
First is described the configuration of a
25 semdconductorn device according to a third embodiment of
the present invention. FIG. 8 is & cross-secticnal view
illustrating a semiconductor device according to the third
embediment of the present invention. In FIG. 8, the same
refersnce numerals are given to the components which ars
30  common to those in FIG. 6, and their explanations may be
cmitted. A semlconductor device 10B according to the
third embodiment of theé present invention has the same
configuration as that of the semiconductor device 10A



embodiment of the present invention. FIGs. 9A to 9F illustrate the manufacturing process flow of the
semiconductor device according to the third embodiment of 25 the present invention. In FIGs. 9A to
9F, the same reference numerals are given to the components which are common to the
semiconductor device 108 shown in FIG. 8, and their explanations may be omitted. Also,
manufacturing processes similar to those of the 30 semiconductor devices according to the first and
second embodiments of the present invention may be omitted. First, processes the same as those of
FIGs. 4A to 4G are perfoimed. Next in a process showng FIGs. 9A -47- and 98, the resist film 27 of
FIG. 40 is exposed via a predetermined mask, and the exposed resist film 27 is subsequently
developed, thereby forming openings 27y in the resist film 27. FIG. 9A is a cross-sectional view, 5 and
FIG. 9E is a plan viéWr “Note-iat Tor EORVERRTRE SrEXHIakalibon OFIGEeORTB TR show enlarged views
of a part of the structiyé=Siiéwh in PIEEAD Gl Ftielsutivil pads 15 and 25and their sdcihity). Next in
a process shown in Fi&. 9@, ghenviaothdleszdtzr are.formeed! in the semicdnductes stbsiate 21c. The
via holes 21z are formedfosuphua marnerepenatiate-the resin layer6-andpatis of the
semiconductor substeate 23cithe suhsirate body22.the-semicandugiar integrated circuit 23, the
insulating layer 24 %ﬁ]ﬁ'ﬂn@-r‘?&e%tfo@%@%S%:%@Eﬁ%”‘iﬁ@@ﬂ@i{@ntp the openings 27y so
In FIG. 8, the reference nmumerals 15%a, 15b~75a
and 75b denote metal pads. One metal pad is provided for
each set of a via hole and metal layer.
10 Thus, by providing cne metal pad for sach set of
a via hole and metal layer, it is possible to improve the
reliability of the connection between metal pads, as in
the case of the second embodiment, when the same signal is
assigned to adjacent metal pads. In addition, in the case
15 wvhere different signals are respectively assigned to
adjacent metal pads, it is possible to improve the
flewibility of the wiring design.
[Procesges For Manufacturing Samiconductor Device
Recording To Third Embodiment Of The Present Invention]
20 Next is described a manufacturing process flow
of the semiconductor device according to the third
embodiment ¢f the present invention. FIGs. 9A to 9F
illustrate the manufacturing process flow of the
semiconductor device according to the third embodiment of
25  the present invention. In FIGs. 9A to 9F, the same
reference numerals are gilven to the components which are
common to the semiconductor device 10B shown in FIG. &,
and their explanations may be omitted. Also,
manufacturing processes similar to those of the
30  semiconductor devices according to the first and second
embodiments of the present invention may be omitted.
First, processes the same as those of FIGs. 44
to 4G are performed. Next in a process shown in FlGs. 83



that electrode pads 15a and 15b of the semiconductor substrate 11c are exposed. The via holes 21z
are formed by, for example, dry etching. Each of the via holes 21z has, for example, a circular shape
in a planar view, and 20 has the diameter y7 of, for example, 1 pm to 10 pm. Note however that the
diameter y7 of each of the via holes 21z is preferably set to a value which allows the via hole 21z to
have an aspect ratio (- depth D2/diameter 97) between 0.5 and 5 inclusive. This is because by setting
the 25 diameter p7 of the via hole 21z to a value which allows the via hole 21z to have an aspect ratio
(= depth D2/diameter p7) between 0.5 and 5 inclusive it is-possible to achieve, for example, an
improvement in the etching speed (throughput) for forming the via hole 21z 30 and an improvement of

the ease of filling the layer 38b in the ol 1 Next in a process shown in FIG. 9D,
the resist film 27 of E@ gé |s¥:ref‘émove& s?:h alﬂ}o%ézsses THE sa'?ﬁe 15s FHESE BEFTGR. 3K to 40 are
performed, to thereBy foti FFEHRER FEHinhe GEGIES 215548 ShBRimAIG59E. Next, parts

of the metal layer 2§ WHiR &8 ot W@Mhe%@@hﬁyé@%b%@%m@m Byyfors example,
wet etching, and thémfetablagiers Boa are. formee inddudls asmannes-asdfotdeveritheielectrode pads 25

and the metal layers38bras.shHowe $n & I@l%.ﬁi@met&b@eﬁ@@aﬂﬁ tosrnesh fenexample, by
forming, on the insuladingayer-24. arresist film having apsningsifordbe eleciiode 40.pads.25 and the

metal layers 38b. Sa@seﬂge@%wmf@es%%&@cw'Wf@c"azfag in which fhe glectrade,pads 25 and the
metal layers 38b ar%]ug,e %s fee 3r Iageds t%glatln‘gllf%m 15_%53 Wn by precipitation in such a manner as

to fill the openings, the resist filin is ﬁ1en femoved to y form the metal layers 39a.

Subsequently by repeatln 0dEEbs e s dh 8 H hoEe B thE fifst @mBodintéit, Hé semiconductor
device 108 ofi ?%E%cﬁ%ﬁ%%%dﬁﬂ%c‘f@%é@%uwﬁs supHiIneIVAdl pieces at
the cutting p05|t|on§713® Cusimg-aedichizblae diottresiike to thereby formrfialtprodests: Adsording to
the third embodimentief te=presemter 16 and parts of the semiconductor
substrate 2lc (the substrate bedy 22, the semiconductor
integrated circuit 23, the insulating laver 24 and the
15 electrode pad 23) corresponding to the openings 27y so
that elactrode pads 15a and 156b of the semiconductor
substrate 1llc¢ are exposed. The wvia holes 21z are formed
by, for example, dry etching. Fach of the via holes 21z
has, for example, a circular shape in a planar view, and
20 has the diameter ¢7 of, for example, 1 pm to 10 pm. Note
however that the diameter ¢7 of each of the via holes 21z
is preferably set to a value which allows the via hole 21z

to have an aspect ratic (= depth DZ/diameter ¢7) between
0.5 and 5 inclusive. This 1s because by setting the

25  diameter @7 of the via hole 21z to a value which allows
the via hole 21z to have an aspect ratio (= depth
D2/diameter ¢7) between 0.5 and 5 inclusive, it is
possible to achieve, for example, an improvement in the
etching speed (throughput) for forming the via hole 21z

30 and an improvement of the ease of filling the metal layer
38b in the via hole 21z,

Next in a process shown in FIG. 9D, the resist
film 27 of FIG. 9C is removed. Then, processes the same




invention, the same effect as in the first embodiment can be achieved. In addition, in the case when
the same 25 signal is assigned to adjacent metal pads, it is possible to improve the reliability of the
connection between metal pads. On the other hand, in the case where different signals are
respectively assigned to adjacent metal pads, it is possible to improve the flexibility of the wiring 30
design. [Fourth Embodiment] [Configuration Of Semiconductor Device According To Fourth
Embodiment Of The Present Invention] -49- First is described the configuration of a
semiconductor device according to a fourth embodiment of the present invention. FIG. 10 is a
cross-sectional view illustrating a semiconductor devicéégc_cording to the fourth embodiment of the
present invention. In FIG. 10, the same reference numerals are given to the components which are
common to those ingBIGH8sand théli eéxplatationsiMayrse paniftetnAdsemicandiictbydévice 100
according to the fourtteemradinientafthegresent1Q imientian basthe same sopfiguration as that of
the semiconductor gevicexiB: acegrdingde thedhird:embedimentaf the: present inyention, except that
some of the via holes,aze gt providecwith 2 ml&a%,s%ni&a&w@o@qygorf%%bstrates on which

n“ﬂalpadSZNQ§”0%g§gple, wet etching, and then metal layers 3%a are formed

in such a manner as to cover the electrode pads 25 and the
metal layers 38b, as shown in FIG. 9F. The metal layers
3%a are formed, for example, by forming, on the insulating
layer 24, a resist film having openings for the electrode
10 pads 25 and the metal layers 38b. Subsequently, with use
of electrolytic plating, in which the electrode pads 25
and the metal layers 38b are used as feeder layers, a
plating film is grown by precipitation in such a manner as
to fill the openings, the resist film is then removed to
15 +thereby form the metal layers 39%a.
Subseguently, by repeating processzes the same as

those of the first embodiment, the semiconductor device
10B of FIG. 8 ig manufactured. The semiconductor device

10B is ecut inteo individual pieces at the cutting positions
20 C using a dicing blade or the like to thereby form final
products.

According to the third embodiment of the present
invention, the same effect as in the first embodiment can
be achieved. In addition, in the cass when the same

25 signal is assigned to adjacent metal pads, it iz possible

to improve the reliability of the connection between metal
pads. On the other hand, in the case where different

signals are respectively assigned to adliacent metal pads,
it is possible to improve the flexibility of the wiring

30 design.
[Fourth Embodiment]
[Configuration Of Semiconductor Device According To Fourth
Embodiment 0f The Present Invention]



15 are directly connected to each other by via holes and metal layers, whereas all positions
corresponding to via holes in every semiconductor substrate are provided with a metal pad in the
semiconductor device 103 according to the third Embodiment of the present invention. 20Thus, by
providing metal pads for only some of the semiconductor substrates, semiconductor substrates not
adjacent to each other can be directly connected by via holes and metal layers, which results in an
increase in the flexibility of the wiring design. 25 [Processes For Manufacturing Semiconductor Device
According To Fourth Embodiment Of The Present Invq_r]}:' n] Next is described a manufacturing
process flow of the semiconductor device according to the fourth embodiment of the present invention.
FIGs. IlA to 1114 30 illustrate the manufacturing process flow of the semiconductor device according
to the fourth embodiment of the presEht ifverfis iraei Gie werd 1aprahdxamd reference numerals
are given to the corApaaentiwhichrade w50 cenmoriinghe semitondtictendedée00 sifown in FIG.
10, and their explanatnsmaayhe amited: Also, reagufaciunag Hreeesses:similaroithese.of the
semiconductor devices.aseesaingdothedirst tp.third: 5,embodiments-f the) %’%@”&ﬂ%vention may be
omitted. _ _sFirskqueeaseeadis same g2 gsedilbs: t%%é@n;%pe 9-rped: Next in a process
a
o84

shown in FIGs. 11 nd 1lB thegessﬁé@mﬂ%&g_ﬁa are|s %x 008 redetermlneél mask, and
the exposed resist fi m 2778 g Cﬂmponents

which are commorl to theose in FIG. 8, and their

explanations may be omitted. A semiconductor device 10C
according to the fourth embodiment of the present

10  invention has the same configuration as that of the
semiconductor device 10B according to the third embodiment
of the present invention, except that some of the via
holes are not provided with a metal pad, and that
semiconductor substrates on which metal pads are provided

15  are directly comnected to each other by via holes and
metal layers, whereas all positions corresponding to via
holes in every sewmiconductor substrate are provided with a
metal pad in the semiconductor device 10B according to the
third smbodiment of the present invention.

20 Thus, by providing metal pads for only some of
the semiconductor substrates, semiconductor substrates not
adjacent to each other can be directly connected by via
holes and metal lavers, which results in an increase in
the flexibility of the wiring design.

25 [Processes For Manufacturing Semiconductor Device
According To Fourth Embodiment Of The Present Invention]

Next is described a manufacturing process flow
of the semiconducter device according to the fourth
embodiment of the present invention. FIGs. 112 to 11H

30 dllustrate the manufacturing process flow of the
semiconductor device according to the fourth embodiment of
the present invention. In FIGs. 11A to 11H, the same
reference numerals are given to the components which are



10 subsequently developed, thereby forming openings 27z in the resist film 27. FIG. 11Ais a
cross-sectional view, and FIG. 118 is a plan view. Note that for convenience of explanation, FIGs_ 11h
to 11H show enlarged views of a part of the structure shown in FIG. 40 (i.e., the 15 electrode pads 15
and 25 and their vicinity). Next in a process shown in FIG. 110, the via holes 21z are formed in
the semiconductor substrate 21c. The via holes 21z are formed in such a manner to penetrate the
resin layer 16 and parts of the semiconductor 20 substrate 21c (the substrate body 22, the
semiconductor integrated circuit 23, the insulating layet;24 and the electrode pad 25) corresponding
to the openings 27z so that electrode pads 15a and 15b of the semiconductor substrate 11c are

exposed. The via h(‘i)J ,ﬁg& are %mesde%gc%& dgxam ﬁleg dqum?e{?hm%“gf%?grg the V|a holes 21z has,

for example, a circ ?épe In a planar view, an Ras ple L ‘pm to 10

Tim. Note however % th HhAnTEtBr 896 Shth BRI MHIEE Sz |sgét%?erably set to a value which
allows the via hole FF74646 g dn RISt Fafio t=depth DR/didnetercd7):-between 0.5 and 5
inclusive. This is beeauseByEting tHewiaavetec 97 otithe via hote 23zxtora valuewich allows the via
hole 21z to have areagpetirativfraflepth iaiesBidinmeter 07 belween Qmiand g, inclusive, it is
possible to achieve, for exampler apsa)provementdn theLtehing sreed froughpypdor forming the via
hole 21z and an improvemeniofihe-ease of forming the mefal layer38p in.the via.hole 21z,
ot in @ process shayming 110 -Be E 744 e yed, i, afer processes

the same as those (Lg% 10 4b are erfor e the metal layer 29 |s Such a manner as
to cover the t% 10 %%ace&o |rc1psu At |§ Ia grﬁ theXPo sffrlfacg:%lsnd Jteral li;(]jel%f the electrode
top surfa

pad 25, the SHHRE Hla 6?5%?%8 mﬁ?’@%g%ﬁﬁgs‘%ﬂ?ﬂé%%ﬁ%e Pads 15a and
15b exposed at the'BBttdiitrthe Viathotds 215 Fhelmbtditage £ 2935 torrcd tRatoriey,

and FIG. 11B is a plan view. Note that for convenience of
explanation, FIGs. 11A to 11H show enlarged views of a
part of the structure shown in FIG. 4G (i.e., the
15 electrode pads 15 and 25 and theilr vicinity).
Next in a process shown in FIG. 11C, the via
holes 21z are formed in the semiconductor substrate 21c.
The via holes 21z are formed in such a manner to penstrate
the resin laver 16 and parts of the semiconductor
20  substrate 2lc (the substrate body 22, the semiconductor
integrated circuit 23, the insulating layer 24 and the
electrode pad 25) corresponding to the openings 27z so
that electrode pads 15a and 15b of the samiconductor
. substrate llc are exposed. The via holes 21z are formed

25 by, for example, dry etching. Each of the via holes 21z
has, for example, a circular shape in a planar view, and

has the diameter ¢7 of, for example, 1 pm to 10 um. Note

-howev&r that the diameter o7 of each of the via holes 21z
is preferably set to a value which 2llows the via hole 21z

3¢ fto have an aspect ratio {= depth D2/diameter ¢7) between
0.% and 5 inclusive. This is because by setting the
diameter ¢7 of the via hole 21z to a value which allows
the via hole Zlz to have an aspect ratic (= depth



15 example, electroless plating, or may be formed by sputtering, CVD or the like. As the metal layer
29, a laminated body in which a Cu layer is disposed on a Ti layer, or a laminated body in which a Cu
layer is disposed on a Ta layer, for example, may be used. In addition, a 20 conductor which satisfies
the design criteria can be used as the buried material, and W, Ad, doped polysilicon, a carbon material
such as a carbon nanotube, or a conductive polymer may be used in place of Cu. In the case where
the electrical insulation of the insulating layer is 25 sufficient, a combination with a buried wiring using
no barrier metal layer may be chosen. Next in a_grocess shown in FIG. 11F, the photosensitive
resist film 37 is formed in such a manner as to cover the top surface of the metal layer 29 except 30 for
the inside of the via holes 21z, The resist film 37 is formed, for example, by applying a dry film resist to
the top surface of th@%%tgﬂ%%ﬁ@%ﬂ?@eﬂ’ms%@f @Fé‘fregisit‘f%u%ﬁ?ioi%ﬁ%?o% exar);]ple. Then,
the -52-- resist film B75&1&Xs0de Fiald préeeteimineahask and subsanimlydévelbbed, thereby
forming an opening 87 i thesfestst filh7 . Thewpening 37yxisfoimetonly onia Vvia hote 21z
corresponding to a sectiem almrhiclvthe:btelectrode pad25hasbeanfgried. netal Nexkin the same
manner as in the prgeesses ohkles24R840.4R1a part of the metal layer 29 which is not covered by the
metal layer 38b is removed as shewp @rﬁg.E&%%e@gxg%%rqge%éhogmp %l% Jr]élgj]tﬁhce metal
layer 10 39a is f(_)rrrkelglﬂﬁ wc%g rp§gpe%f§ to cover th de_lt_ac ge padf% and the metal a%er _38b. The
metal layer 39a is formed, for example oriming, on the insu aﬁlﬁg ?aye'%}iﬁrac’?gﬁgfaﬁ’ln? aving an
opening for the electfdte fﬁd%ﬁﬁd?ﬁe#gﬁl Iﬁ%e?@Sé?SﬁEEeaﬁgﬁWh dderofes@lectrolytic
plating, in which the-8tfrotie pad D5raRd the st 13y SrIBB aré tskd asTeaddhiayées a plating film
is grown by prétipitatishdnsueh & htanmsdetétill theopenidg, ahe thopesist filmés ghreh removed to
thereby form the métatdayer 39ale of the electrode pad 25, the top surface of
the insulating layer 28 and the top surfaces of the
electrode pads 15a and 15b exposed at the bottom of the
via holes 21z. The metal layer 29 is formed by, for
15 example, electroless plating, or may be formed by
sputtering, CVD or the like, As the metal layer 29, a
laminated body in which a Cu layer is disposed on a Ti
layer, or a laminated body in which a Cu layer is disposed
on & Ta layer, for example, may be used. In addition, a
20  conductor which satisfies the design criteria can be used
as the buried material, and W, Al, doped polysilicon, a
carbon material such as a carbon nanotube, or a conductive
polymer may be used in place of Cu. In the case where the
electrical insulation of the insulating layer is
25 sufficient, a combination with a buried wiring using no
barrier metal layer may be chosen.
Next in a process shown in FIG. 11F, the
photosensitive resist film 37 is formed in such a manner
as to cover the top surface of the metal laver 29 except
30 for the inside of the via holes 21lz. The resist film 37
is formed, for example, by applying a dry £film resist to
the top surface of the metal layer 29. The thickness of
the resist f£ilm 37 is 10 um, for example. Then, the



20Subsequently, by repeating processes the same as those of the first embodiment, the
semiconductor device 100 of FIG. 10 is manufactured. Note that via holes with no metal-layer filling
are filled with a metal layer in the same manner as in the first embodiment after a 25 semiconductor
substrate having electrode pads is disposed thereon. The semiconductor device 100 is cut into
individual pieces at the cutting positions C using a dicing blade or the like to thereby form final
products. Note that positions to be and not to be provided 30 with a metal pad can be decided
arbitrarily, and it is not limited to the case illustrated in-H&..10. According to the fourth
embodiment of the present invention, the same effect as in the first embodiment can be achieved. In

addition, by not prowdln%@eit ﬁa a% for someo%f Eglev\:{lg holes i |§ all the semlconductor substrates,
semiconductor substrates no Eacentlto S3ER dther can heFdir (?t Eglﬁrrf? v?é’% holes and

metal layers, which Te80FS T e ﬁe?’%ﬂﬁ%?ﬁ?ﬁie vmﬁﬁec?éfsﬁﬁr[ﬁﬁﬁ' @rﬂb@ﬁﬁﬁéﬁq 37y irThe first to
fourth embodiment<iMistaté Bhdtddstribe methadsrstmagufitiuding Eosemicomductondevice 10 for
disposing plural serviigorittictodubstratesshravidgrsemicondsetdrichips tnehabaveithe Other and
connecting seniconrductarchipeachohabicheepnstituiesia different semiconductor substrate, in
such a manner as to enable sigmal:tansmissien Jdeweyvesraot alkthe substratestOces of

FlGs. 4F to 4R, a part of the metal layer 29 which is not

coversd by the metal layer 38b is removed as shown in FIG.
11G. Next in a process shown in FIG. 11H, the metal layer

10 3% is formed in such a manner as to cover the slectrode
pad 25 and the metal layer 38b. The metal layer 39 is
formed, for example, by forming, on the insulating layer
24, a resist film having an opening for the electrode pad
25 and the metal layer 38b. Subsequently, with use of

15  electrolytic plating, in which the electrode pad 25 and
the metal layer 38b are used as feeder layers, a plating
film is grown by precipitaticn in such 2 manner as to £ill
the opening, and the resist film is then removed to
thereby form the metal layer 3%8a.

20 Subsequently, by repeating processes the same as
thozse of the first ambodiment, the semiconductor device
L0C of FIG. 10 is manufactured. Note that via holes with
no metal-layer filling are filled with a metal layer in
the same manner as in the first embodiment after a

2o semiconductor substrate having electrode pads is disposed
thereon. The semiconductor device 10C is cut into
individual pieces at the cutting positions C using =&
dicing blade or the like to thereby form final products.

Note that positions to be and not to be provided

30 with a metal pad can pe decided arbitrarily, and it is not
limited to the case illustrated in FIG. 10.

According to the fourth embodiment of the
present inventiocn, the same effect as in the first




15 he disposed one above the other have to be a semiconductor substrate having semiconductor
chips, and a structure layer having no semiconductor chips may also be included_ Accordingly, a fifth
embodiment of the present invention illustrates and describes a method of manufacturing a 20
semiconductor device including a structure layer having no semiconductor chips. Here, the structure
layer means a set of layers having no semiconductor chips, which set includes a silicon substrate, a
metal layer, an insulating layer and the like. 25 [Configuration Of Semiconductor Device According To
Fifth Embodiment Of The Present Invention] Fi[s%é'g_ described the configuration of a
semiconductor device according to the fifth embodimentof the present invention. FIG. 12 is a
cross-sectional view 30 illustrating the semiconductor device according to the fifth embodiment of the
present invention. IAEIGLTE e Gambteferbhesailimeials 2t igiven 1o the tompaner itsiwbich are
common to those imEt@13parid thieir =b4= explariaticnsaniayles ofmitted] A-gemiconductor device 100
according to the fifthe2imbedilnentef the-present dnvertionbasthesamexenfigusationas that of the
semiconductor devige;10.6f F16, 3-aceording.to the.fitgt embodiment.af 3 the pregent inyention, except
(hat a structura;layel 51 ang. 1eaIn. VS5 90.1° Riovideq pebveen e JRanpyer Shang the
semiconductor subs%gﬁ)?lc of the semiconductor device 10. i the sémicondactor device

10D of FIG. 12, the” r%c‘t"ﬂ“r%ﬁ%?e;%fli%isposed on the semiconductor substrate 61c via the resin

layer 66, and the sdmiddrit fetbPeaBsiate 71c is disposed on the structure layer Si via the resin layer
86. The structure layer Si is proWidediwisforexarmple; viathotbsyotsholWnisamd te and

describe methods of mamufacturing a semiconductor device

10 for disposing plural semiconductor substrates having
semiconductor chips cne above the other and connecting
semiconductor chips, each of which constitutes a different
seniconductor substrate, in such a mannsr as to enaple
signal transmission. Howsver, not all the substrates to

15  be disposed one above the other have to be a semiconductor
substrate having semiconductor chips, and a structure
layer having no semiconductor chips may also be included.
Accordingly, a fifth embodiment of the present lnvention
illustrates and describes a method of manufacturing a

20 semiconductor device including a structure layer having no
semiconductor chips. Here, the structure layer means a
set of layers having no semiconductor chips, which set
includes a silicon substrate, a metal layer, an insulating
layer and the like. ‘

25 IConfiguration Of Semiconducter Device According To Fifth
Embodiment Of The Present Invention]

‘ First is described the configuration of a
semiconductor device according to the fifth embodiment of

the present invention. FIG. 12 is a crogss-sectional view

30 dllustrating the semiconductor device according to the
fifth embodiment of the present invention. In FIG. 12,
the same reference numerals are given to the components
which are common to those in FIG. 3, and their



15 metal layers (not shown) for electrically connecting the semiconductor substrates 61c and 71. The
resin layer 86 may be made of the same material as that of the resin layer 16 or the like. The structure
layer 81 includes a silicon 20 substrate 81c having no semiconductor chips, an insulating film Bid and
grooves 81x. The grooves Blx are provided, in the silicon substrate 81c, on the semiconductor
substrate 71c side, and the insulating film 81d made, for example, of Si3N4 or Si02 is formed on the
surface of the 25 silicon substrate 81c including the grooves 81x. The silicon substrate Sic is insulated
from the adjacent semiconductor substrate 71c by the-iaduating film 81d. In the grooves 81x, a cooling
medium, such as water and ethanol, is supplied, and the grooves 81x function as 30 refrigerant flow

paths. The shape apd-positiong,af the greaves 81x may be ‘},%E‘E;[%‘é\ ed g&:gi}raé{g - Thus,substrates to

be disposed in the semiconductor device are not limited to semi uctor -55-"sybstrates having
semiconductor chip%,cgﬁa%gﬁu%%r%ﬁ% éc?“ v%/ﬁ% r‘?émé‘érgnjfé‘%ﬁ%ué’ r chipLAERFAfso By hditded. By

including, for exampia® aSificGiSabSHate RAGHGLEtiGEr dritHo e bathe i Bfe-SRUBHTE Ay er to be 5
disposed in the sensiBBntrtct? dvidd Gt i’ passipreiiogatie the séimiebndubtobidevite ¢ have a
cooling function for tkensferirryhednyensiated Brsemicanductar substrates: It isyespedially effective if
the structure layer hawing areedling fyrctiarvissprovided-agiacentdQ@n tha resin layer
66 and the semiconductor substrate 7lc of the
semiconductor device 10.
In the semiconducter device 10D of FIG. 12, the
10 structure layer Bl is disposed on the semiconductor
substrate 6lc via the resin layer 66, and the
semiconductor substrate 71lc is disposed on the structure
layer 8L via the resin layer 86. The structure layer 81
iz provided with, for example, via holes (not shown) and
15 metal layers (not shown) for electrically connecting the
semiconductor substrates 6lc and 71. The resin laver 86
may be made of the same material as that of the resin
layer 16 or the like.
The structure layer 81 includes a silicon
20  substrate 81c having no semiconductor chips, an insulating
£ilm 81ld and grocves 8lx. The grooves B8lx are provided,
in the silicon substrate 8lc, on the semiconductor

substrate 71¢ side, and the insulating film 81d made, for
grample, of SizN; or S5i0; is formed on the surface of the

22 silicon substrate 8le including the grooves 8lx, The
silicon substrate 8lc is insulated from the adjacent
semiconductor substrate 7lc by the insulating film 81d.
In the grooves 81, a cocling medium, such as water and
ethanol, 1s supplied, and the grcoves 8lx function as

20 refrigerant flow paths. The shape and positions of the
grooves 8lx may be determined arbitrarily.

Thus, substrates to be disposed in the
semlconductor device are not limited to semiconductor



10 semiconductor substrate including a device generating a large amount of heat, such as a CPU.
Note that the semiconductor device may include plural structure layers having no semiconductor chips.
[Processes For Manufacturing Semiconductor Device 15 According To Fifth Embodiment Of The
Present Invention) Next is described a manufacturing process flow of the semiconductor device
according to the fifth embodiment of the present invention. First, the structure layer 81 is prepared. 20
Specifically, the silicon substrate 81c is processed to have a predetermined outer diameter, and the
grooves 81x are formed on one surface of the silicon stif¥strate 81c. The grooves 81x are formed by,
for example, DATE (Deep Reactive lon Etching). Then, the insulating film 81d is 25 formed on the
surface of the silicomsulistedtes8 Iy womwhseh: surfadedhe:grobyes Blxhhve been fanmed. The
insulating film 81d isfoemnedin for examiplenplasa CYRpAceaiding4e these proggsses, the
structure layer 81 i%gomp&g@&ﬁ&w@sfi%ﬁmesghgﬁm&@%%&%@%gv%éo 4T, the
semiconductor sub%ﬂeﬁ%{&@&[cﬂ%’ :gat%lgy%Ggh he %%8%“,_{% Ianr 8%, ]i__he E)eesi layer 86 and the
semiconductor, sub%trate tial]ly dispose 3 -- one a?bové};%e oﬁ‘uer and then via holes,

2 ﬁﬁ%”&?e%ﬁé@%fﬁﬁ%% LBmate RE SEmiconduttBP38vieER1 66, Thus, the

metal layers and th

above illustrates arfd*t&Sciibés HESRHTEE OF nistifag g ave sénfiesrdastof deiidehaving a
structure layer whidiihcliidess Sssiicow shbstrateehavingedo isensicohdaotoraetips; however, the
structure layer maysinichide; iradditian ie thesdicbnlsubsttiedtaving o samicendusatorehips, a metal

layer made of Cu ordheikeaving a cooling function is provided adjacent to a
10 semiconductor substrate Including a device generating a
large amcunt of heat, such as a CPU. Note that the
semlconductor device may include plural structure layers
having no semiconductor chips.

[Processes For Mamufacturing Semiconductor Device
15  BReccording To Fifth Embodiment Of The Presant Invention]

Next is described a manufacturing process flow
of the semiconductor device according to the fifth
embodiment of the present inventicon.

o . Flrst, the structure layer Bl is prepared.
20  Bpecifically, the silicon substrate 8lc is processed to

have a predetermined outer diameter, and the grooves 81x
are formed on one surface of the silicon substrate 8lc.
The grooves 8lx are formed by, for example, DRIE (Desp
Reactive Jon Etching). Then, the insulating film 814 is

25 formed on the surface of the silicon substrate 8lc, on
which surface the grooves 81lx have been formed. The
insulating film 8ld is formed by, for example, plasma CVD.
According to these processes, the structure layer 81 I1s
completed.

30 Next, in processes the same as those of FIGs. 47
to 4T, the semiconductor substrates 1llec-6lc, the resin
layer 66, the structure laver 81, the resin layer 86 and
the semiconductor substrate 7lc are sequentially disposed



10 and an insulating layer made of an epoxy resin, or may have a structure having a MEMS device.
Examples of such a MEMS device include pressure sensors and acceleration sensors. According to
the fifth embodiment of the present 15 invention, the same effect as in the first embodiment can be
achieved. In addition, by providing the structure layer having no semiconductor chips in the '
semiconductor device, it is possible to achieve, for example, a cooling function for transferring heat
generated by semiconductor 20 substrates. [Sixth Embodiment] The first to fourth embodiments
illustrate and describe methods of manufacturing a semigonductor device (WOW) for disposing plural
semiconductor substrates having 25 semiconductor chips one above the other and connecting

semiconductor chips, ea%% of which constitutes a _different semiconductor substrate, in such a manner
as to enable signal FARSTHISYBNn Fhe s EmBSHEntelt TeRalel 8% JBsERAbes 2itiethaadf

manufacturing a serico or BRVICE BE Snclbaird S SRt GRERYER haviry Berseiledidurtor chips.
Next, a sixth embodifiektfildstrates and describes the entire manufacturing process flow of a
semiconductor device, includinghWV@\V piacessescand Widelysrecognizbdi=57¢ > spgyicaenductor device
manufacturing processesdsetatiethiabiand BEGL) FiGuldisadliowchart shawing-anexample of -
the entire manufactering-process:flew ofia semicenduetor device, ingludipg WOW progesses and
widely-recognized semiconchisior devipe magufagiuring processes. Wil (eference (o EIG. 13, fist in a
process of "omda’qo.nr_'; c(ﬁ,%c%g an ox| %]tljcrgl IS f%(r:bmgiglm_ﬂonggL € surtace of a semi %qf@ncﬁor Sdbstrate. Next
in a process of "diffusion™ ) g 1o
semiconductor chips, a metal layer made of Cu or the like
10  and an insulating layer made of an epoxy resin, or may
have a structure having a MEMS device. Examples of such a
MEMS device include pressure sensors and acceleration
SENSOTS.
According to the fifth embodiment of ths present
15 invention, the same effect as in the first embodiment can
be achieved. In addition, by providing the structure
layer having no semiconductor chips in the semiconductor
device, it is possible to achieve, for exampls, a cooling
function for transferring heat generated by semiconductor
20 substrates.
[Sixth Embodiment]
The first to fourth embodiments illustrate and
describe methods of manufacturing a semicenductor devices
(WOW) for disposing plural semiconductor substrates having
25 semiconductor chips one above the other and connecting
semiconductor chips, each of which constitutes a different
semiconductor substrate, in such & manner as to enable
signal transmissicn. The fifth embodiment illustrates and
describes a method of manufacturing a semiconductor device
30 including a structure layer having no semiconductor chips.
Newt, a sixth ambodiment illustrates and describes the
entire manufacturing process flow of a semiconductor
device, including WOW processes and widely-recognized



10(512), a dopant (impurity) is introduced into the semiconductor substrate to form a semiconductor
region. Next in a process of "YEJOL (Front End Of Line)" (313), devices, such as transistors or the
like, are formed by repeating a lithography process (513a), an etching process 15(513b), a film
formation process (513c) and a CMP process (S13d) as many times as required. Specifically, in
the lithography process (513a), a photOresist (photo-sensitive material) is applied to the
semiconductor substrate, and a device/circuit pattern 20 drawn on a photomask is transferred onto the
semiconductor substrate by an exposure device. In thé %E’c‘ﬁlng process (S13b), unnecessary parts of
the oxide film, metal film and the like are removed by physical or chemical etching. In the film
formation process (S¢8¢);canioxiderfildsa 25 metalfilarand the fikeconstifuting devices, such as
transistors, are formgbby spattering; CVD or the like. In the CMP process (S13d), the surface of the

semiconductor substrate is polisbed. 13 15 5NEXLiRARPCESS Of E%LédB{gr%lé EndB?f lz_éne)"
Fsu

are wired

30(S14), the device rs.or the Ilke for d ont e semicon
én%ggpafﬁ E%@%gt& r?% p?gﬁr@%ﬁ%oﬁn etching process

using Cu or th%llke&o complete a_cir wtf)L e eatlng a ogra
(514b), a g, lncluding WOW processes an w1dely~recognlzed

semiconductor d@vace manufacturing processes, With
reference to FIG. 13, first in a process of “oxidation”
(511), an oxide film is formed on the surface of a
semiconductor substrate. Next in a process of “diffusion”

10 (812}, a dopant (impurity) is introduced into the
seniconductor substrate to form a semiconductor region.
Next in a process of “FEOL (Front End Of Line)” (3513),
devices, such as transistors or the like, are formed oy
repeating a lithography process (313a), an etching process

13 (813b), a film formation process (S13c) and a CMP process
(513d) as many times as reguired.

specifically, in the lithography process (S13a),

a photoresist (photo-sensitive material) is applied to the
semiconductor substrate, and a device/circuit pattern

20 drawn on a photomask is transferred onto the semiconductor
substrate by an exposure device. In the etching process
(513b), unnecessary parts of the oxide film, metal film
and the like are removed by physical or chemical etching}
In the film formation process (S13c), an oxide film, a

25 metal film and the like constituting devices, such as
transistors, are formed by sputtering, CVD or the like.

In the CMP process (513d), the surface of the
semiconductor substrate is polished.
Next in a process of “BEOL (Back End Of Line)”
30 (814), the devices, such as transistors or the like,
formed on the semiconductor substrate are wired using Cu
or the like to complete a circuit by repeating a
lithography process (81l4a), an etching procaess (814b), a



-58-- film formation process (514c) and a CMP process (514d) as many times as required. The
lithography process (514a), the etching process (514b), the film formation process (514c) and the
CMP process (514d) are as described above. 5 Herewith, the semiconductor substrate having
semiconductor chips is completed. Next in a process of "WOW (wafer-on-wafer)" (515), a
thickness reduction process (515a), a lamination process (S15b), a lithography process (515c), a via
hole 10etching process (515d), a film formation process (515e) and a planarization process (515f) are
repeated as many times as required. Herewith, plural segiconductor substrates having semiconductor
chips are chsposed one above the other and semiconductor chips, each of which 15 constitutes a
different semicondugtrsubstrate: are genpested in sueh amannerasta.enable signal trg S”;:SSiO”-
Specifically, in the t}a'&\(ge ugtio : (51 t i ctor.substrate.is reduced in 20
thickness, as shown,in, é(g?ﬁgg Sg%gggg‘%%%ﬁmiﬁgggé tgféggf éylé O%%g %:ﬁwi%%ﬁgﬁctor
substrate having ar u4c§d thickness ﬁ&é a semicorductor Substrate on ﬁf%hpﬁé’%ﬁﬁness reduction
is performed are disposed one ab FoMEtCEEShownt h FIGE. 2R &TF SR8 Rthography
process (S15c), thé GiaHdiE etchity FrICEEd @ISy iHe Rt 16 halion ProcessisIseland the
planarization proce$8{B$51f sevmedrieie@ior chips, each of which constitutes a different
semiconductor substrate, are caimected ta eachcather i stgbva marmear-as;ta.gpabler30 signal
?aninﬂTgon,isshqmﬂgﬁ;ggSQhéukﬁéggng@@unggbn prgcyggtQB§5g99e§sggﬁggg%gg%tesﬂng"f

516), electrical testing.of {he (amipated,s m@gﬁzj uglars i foim ext in a process o
"grinding” -59x (%Q&Egdaa in, gggse(g%%%ducato%gﬁgggggeési%ze?g%?ie;def&%i%it%gthickness.
Next in a process OgggICén%i%]aS igé }n%rpmatéd semlz:o%i%%r SUDSrAtes are ¢

1 process (S151) are repeated as many

times as required. Herewith, plural semiconductor
substrates having semiconductor chips are disposed one

above the other and semiconductor chips, each of which

15 constitutes a different semdiconductor substrate, are
connected in such a manner as to enable signal
transmission.

Specifically, in the thickness reduction process

(S15a), the semiconductor substrate is reduced in

20  thickness, as shown in FIGs. 4E and 5C. In the laminaticn
process (515b), the semiconductor substrate having a
reduced thickness and a semiconductor substrate on which
no thickness reduction is performed are disposed one above

the other, as shown in FIGs. 4F and 5D. In the
25 lithography process (S15¢), the via hole etching process

(815d}, the film formation process {515e} and the
planarization process (515f), semiconductor chips, each of
which constitutes a different semiconductor substrate, are

commacted to each other in such a manner as to enable
30 signal transmission, as shown in FIGs. 4H-48, for example.

Next in a process of “electrical testing” (816),
electrical testing of the laminated semiconductor
substrates is performed. WNext in a process of “grinding”



form plural laminated semiconductor chips. Next in a 5 process of "bonding” (S19), the laminated
semiconductor chip is fixed onto a lead frame, and the electrode pads of the semiconductor chip and
the lead frame are electrically connected to each other by a bonding wire. Next in a process of
"molding’ (S20), the laminated semiconductor 10 chip fixed onto the lead frame is sealed with a resin.
Next inia process of "final inspection” (521), a pre-shipment inspection (inspections on electrical
properties, appearance and the like) of the laminated semiconductor chip which is made into a final
product form in the 15 process of S20. In this manner, alkprocesses are completed. In FIG. 13,
the processes 511-514 are well-recognized processes for handling semiconductor substrates before
singularization (dicing).7The YO W:processof G5 20rateordingstosthe-present saventianfeliowing
514,is also a process f@ﬁﬁ@@@liﬂgéh@ﬁ%@@@yd@f@b%@tg%@@§ir}gylagé@%%4dicing). That
is, while maintaining $he semiconductor substrates é@ﬁ%&g-ldlg@gs%tﬁecég|sa%%SS|QJCe to form the
semiconductor SUbg&ﬁ?ip'ft%ﬁzﬁthreﬁé g&eggona&ggug%&g (|.§~, dslspoge#]ura?semlconductor
substrates having Semic ndlucésog\cﬁrcl%% one, abpvethe other an& connect 8 ficarddctor chips, each

of which constitute® A Hiftéferit seriedhdiétor Siustratt th SHEAEREH TS BERaBR~F signal

transmission. Compared 36 16 58 vetorfalRafufdlifing ProcESs B i whith BRfcériductor
substrates are cut ihf6 sBRiieSABGEGT Chips {dcid ditet theastoEessof2BEGL ¢BEEk®Ad Of Line)"
and the diced semicond@ctercHips aretheftfienmed imtdandl:ghree:dimensionalstructure, the WOW
configuration allows immediatef transitinimirom§Eoprocass okBLOt(BackEnd:Qf Ling)" to the
process of thedhreexdimensieralstrdctire formatian-taing thespre-dicing semicepdugtor substrates.
This simplifies the facturi rocess flow, of semiconductor deyic, d also reduces the

N ution faaltes > TALITOR: e oW brocs

theoretical limit for the Rl Ber SFE&SRicsiuct8rrectons on electrical properties,

appearance and the like) of the laminated semiconductor
chip which is made inte a final product form in the

15  process of 820. In this manner, all processes are
completed.

In FIG. 13, the processes 811-S14 are well-
recognized processes for handling semiconductor substrates
before singularization {(dicing). The WOW process of 815

20 according to the present invention, following 514, is also
a process for handling the semiconductor substrates before
singularization (dicing). That is, while maintaining the
semiceonductor substrates in the pre-dicing state, it is

possible to form the semiconductor substrates into a
25 three—dimensional structure (i.e., dispose plural

semiconductor substrates having semiceonductor chips one

above the other) and connect semiconductor chips, each of
which constitutes a different semiconductor substrate, in
such a manner as to enable signal transmission. Compared

30 to a conventional manufacturing process flow in which
semiconductor substrates are cut into semiconductor chips

(dicing) after the process of “BEOL (Back End Of Line)”
and the diced semiconductor chips are then formed into a

. . 1T1. LILEL Ity
investment in mass production, céds ddeshot have a



10 substrate layers to be stacked one over the other. That is, an integration degree according to the
number of semiconductor substrate layers being stacked can be obtained. For example, if a
semiconductor device is formed by stacking ten semiconductor substrates in the WOW 15
configuration, a memory device formed of the semiconductor device with, for example, 32 GB per
semiconductor chip has capacity of 320 GB, and about 1000 pieces of three-dimensional chips can be
obtained. If, in a logic device, a CPU core unit and a cache unit are separately formed in 20 different
semiconductor substrates and disposed one above thé Bther using the WOW process, multi-core
architectures, such as 16-core, 32-core, 64-core” can be achieved_ If a massively multi-core
architecture having 327&5red @i fieYealiz 64 RECPY cofeitdell capriid mandtddreduidantly, 25
which allows organiz&fief-of ttHreergifiensiofakiogitdepicedradng ho effettive defe ctsd
Furthermore, in the WOMIrprptess, the:wiring: distande cosrespandstodhesthickness of the
semiconductor subsitaie-and-devieas canhe tergfee.copaestedit-each, 30.0herin the range of

about 20 pm even igcling.ihe tickRsss obia device lByers, 1iscanioyies to significant
shortening of the ngfgdeggt@,ﬁ%%%%% rlré%g}gat @e.lgg Wzlglsgg%% usual circults’is in tﬁe range of -61-
several hundred mi¢crometers to several tens ofd Milmeters, A Srainlé?ﬁljtﬁgsa&é]%ation of the WOW

process to signal witihg Enabids H@Og%?e%&ﬁﬁgﬂﬁ)éﬁ% traTaret Wittta large bus bandwidth per unit
via hole. 5Thus, the preferred emb ehis B tHe Bré¥ehthinvertcn frave isen Heteribed in detall;

however, it should beagwddrstedd thatithefipresent imvertion istheklimiteddotheabove-described
particular emB&dimertssand variugseiarigesandmobifitation mayibe madetethe 10Hparticular
embodiments withoiit departing érpr therscaperefdhepresehbinventions number of
semiconductor substrate layers being stacked can be
obtained. For example, if a semiconductor device is
formed by stacking ten semiconductor substrates in the WOW
15 configuration, a memory device formed of the semiconductor
device with, for example, 32 GB per semiconductor chip has
capacity of 320 GB, and about 1000 pieces of three—
dimensional chips can be obtained. If, in a logic device,
a CPU core unit and a2 cache unit are separately formed in
20  different semiconductor substrates and disposed one above
the other using the WOW process, multi-core architectures,
such as lo-core, 32-core, 6Bd-core.., cin be achiesved. If a
magsively multi-core architecture having 32 cores can be
realized, the CFU core itself can be handled redundantly,
25 which allows crganization of a three-dimenszional logic
device having no effective defects.

Furthermore, in the WOW process, the wiring
distance corresponds to the thickness of the semiconductor
substrate, and devices can be therefore connected to each

30 other in the range of about 20 pm even including the
thickness of the device layers. This contributes to
significant shortening of the wiring length, considering
that the long wiring of usual circults is in the range of



For example, in each of the embodiments, the description is given with an example of using
semiconductor substrates (silicon wafers) having a 15 circular shape in a planar view; however, the
shape of the semiconductor substrates is not limited to a circular shape, and may be a panel shape,
such as a rectangular shape in a planar view. In addition, the material of the substrates on 20 which
the semiconductor integrated circuits are formed is not limited to silicon, and may be germanium or
sapphire, for example. In addition, in each of the embodjments above  the description is given with
an example of connecting 25 semiconductor chips, which constitute layered semiconductor substrates,

to each other by an.gleetrical signalyia ﬁﬂﬁ@bkﬁ&@é’%@%e%&a@*ﬂOl@&QOWﬁVﬂﬂiﬁu@%@%‘E“0”
between the Sem'C%&&IBE_HBEPf c%%tltgggg gg,@%@lre{gfse_rg%cwl%% ubstrates doegl pot have to
a

be 30 made by an %ectrlcal Si a_JL angx yb a light sign is case optica

waveguides may be formit e via ol%%s mpﬁage of the 1 mef&%a;}é‘nr%nls SAdIfibH: iff each of the
embodiments above™:82- 8@8%’ tHotrs Eﬁz’éﬁl@ﬁt h aft@xBfsie of forming the via holes after the
formation of th& electrode pads SH4fe SEifidohatRIcISLIFSRRESTRBivEVeF, tﬁ@ee[@éﬁ%%l%tpads may be

formed after the forfigifsH-éPthe vigchétesn described in detail; however, it
should be understood that the present invention is not

limited to the above-described particular embodiments and
various changes and modification may be made to the

10 particular embodiments without departing from the scope of
the present invention.

For example, in each of the embodiments, the
description is given with an example of using
semiconductor substrates (silicon wafers) having a

15  circular shape in a planar view; however, the shape of the
semiconductor substrates is not limited to a circular
shape, and may be a panel shape, such as a rectangular
ghape in a planar view.

In addition, the material of the substrates on

20 which the semiconductor integrated circuits are formed is
not limited to silicon, and may be germanium or sapphire,
for example.

In addition, in each of the ewbodiments above,

the description is given with an example of connecting

2% semiconductor chips, which constitute layered
semiconductor substrates, to each other by an electrical
signal via metal layers formed in via holes; however, the

connaction betwaen the semiconductor chips constituting
the layered semiconductor substrates deoes nobt have to be

30 made by an electrical signal, and may be made by a light
signal. In this case, optical waveguides may be formed in
the via holes in place of the metal layers.

In addition, in each of the embodiments above,



Furthermore, a process (damascene process) of grinding the top surfaces of the metal layers formed
in the via holes by OMP (Chemical Mechanical Polishing) or the like may be provided. In addition, in
each of the embodiments above, 10 the description is given with an example of forming the depression
in the semiconductor substrate in such a manner as to reduce the thickness of the central portion and
its vicinity while leaving the fringe portion. The formation of the depression is made so that the
semiconductor 15 substrate with a reduced thickness maintains sufficient rigidity. Accordingly, as long
as the semiconductor substrate maintains sufficient rigiglity, the depression is not limited to a particular
shape. For example, parts excluding the lattice sections may be reduced in thickness 20(i.e., plural
depressions are forhr’g%d). In addition, the different connection confi uratigns of the electrode pads and

the via holes describédl intheamove Bmbodinits il b o BiRTEe fogdthes i SngREsemiconductor
device. 25In additioh:nbditedtith the ddifie irmat bhthefirsbemboeiheptmaEBe applidtkto the
second to fifth embddimentsiasove. Thogresoatintémetiona) applicafientlaids pagsiordy based on
Japanese Patent Applicatior:dlc: 2008-:3@ 240015t fitetl of Sepiembentd 2008, the entire contents of
which are incosporatedtiieraiwby references sREGRRIBHON QEdddEREFERENGE NYMERALS
top surfaces of the metal layers formed in the via holes
by CMP (Chemical Mechanical Polishing) or the like may be
provided.
In addition, in esach of the smbodiments above,
10 the description i1s given with an example of forming the
depression in the semiconductor substrate in such a manner
as to reduce the thickness of the central porhion and its
vicinity while leaving the fringe portion. The formation
cf the depression is made so that the semiconductor
15 substrate with a reduced thickness maintains sufficient
rigidity. Accordingly, as long as the semiconductor
substrate maintaing sufficient rigidity, the depression is
not limited to a particular shape. For example, parts
excluding the lattice sections may be reduced in thickness
20 {i.e., plural depressionsz are formed).
In addition, the different connection
configurations of the electrode pads and the via holes
described in the above embodiments may be provided

together in a single semiconductor device.
25 In addition, modification the same as that of

the first embodiment may be applied to the second to fifth
embodiments above.
The present International application claims
pricrity based on Japanese Patent Application No. 2008-
30 240015, filed on ZSeptember 18, 2008, the entire contents
of which are incorporated herein by reference.



10, 10A, 10B, 10Csemiconductor device 11, 11c, 21c, 31c, 41c, 51c, 61c, 71c semiconductor
substrate ha, 11b, 16a, 21a, 21bsurface lIx fringe portion 12, 22 substrate body 13, 23
semiconductor integrated circuit 14, 24, 28insulating layer 1015, 15a, 15b, 25, 25a, 25b, 35
35a, 35b, 45, 45a, 45b 55, 55a, 55b, 65, 65a, 65b, 75, 75a, 75b electrode pad 16, 26, 36, 46, 56, 66,
76, 86resin layer 21x depression 1521y, 21z, 31y, 31z, 417, 41z, 51y, 51z, 61y, 61z, 71y, 71zvia hole
27, 37resist film 29, 38, 38a, 39, 39a, 38D, 48, 48a, 58, 58a, 68, 68a, 78, 78a, BB, 88ameta

layer —63—

DESCRIPTICN OF THE REFERENCE NUMERALS
10, 102, 10B, 10C  semiconductor device
11, 1ie¢, 2le, 31c, 4le, 5le, 6lc, 7l
semiconductor substrate
5 1la, 1lb, 16a, 21a, 21b surface

lix  fringe portion
12, 22 substrate body

13, 23  semiconductor integrated circuit
14, 24, 28 insulating layer
10 15, 15a, 15b, 25, 2Z5a, 25b, 35, 35a, 35b, 45,
43a, 45b, 55, 55a, 55bh, 65, &5%a, 63b, 75, 75a, 75b
electrode pad
16, 26, 36, 46, 56, 68, 76, 864 resin layer
2l depression
15 21y, 21z, 3ly, 31z, 4ly, 4lz, 51y, 5iz, 6ly, 61z,
7ly, 7lz  via hole
27, 37 regist £ilm
2%, 38, 38a, 39, 3%a, 38b, 48, 4Ba, 58, 58a, 68,
e8a, 78, 78a, BB, 8Ba metal layer
20 2T, 27y, 27z, 37x, 37y, 76x opening
8l  structure layer
8le silicon substrate
B8id  insulating £1lm

8lx  groove _
25 81  external connection hterminal
86  adhesion layer

27 support .
A semiconductor chip formation region
B scribing region
30 C  cutting position
' Di, D2 depth
H1 height
T1-T3 thickneas



2027x, 27y, 27z, 37x, 37y, 76xopening 81structure layer 81c silicon substrate Bid insulating film 81x
groove 2591 external connection terminal 96 adhesion layer 97 support A semiconductor chip
formation region B scribing region 30C cutting position D1, D2depth H1 height T1-T3 thickness -64-

G d-

pl- ©7 diameter



yl- p7 diameter -65- CLAIMS 1. A semiconductor device manufacturing method of disposing
one above another a plurality of semiconductor substrates each substrate having, on a Main surface
thereof, semiconductor chips each of which has a semiconductor integrated circuit, connecting the
semiconductor chips, each of which constitutes a different one of the semiconductor substrates, in
such a manner as 10 to enable signal transmission, and subsequently singularizing the
semiconductor chips into individual pieces, the semiconductor device manufacturing method
comprising: t step of preparing a first semigenductor 15 substrate and a second
semiconductor substrate; a second step of reducing a thickness of the second semiconductor
substrate; a third step of firmly fixing at opposite surf he second semiconductor substrate with
the 20 reduced thickness to the main surface of the first’sémiconductor substrate via an insulating
layer, the opposite surface being opposite to the main surface of the second semiconductor substrate;
a fourth step of forming, in the second 2&Esemicondictor Sebstratesvithrthecreduce dnthielsaess, a via
hole which penetrates tiohthe mainsurtaseto Mieorher a plurality of

5 semiconductor substrates each substrate having, on a main

surface thereof, semiconductor chips each of which has a

senlconductor integrated circuit, conpecting the
semiconductor chips, each of which constitutes a differant

one of the semiconductor substrates, in such a manner as
L0 to enable signal transmission, and subsequently
singularizing the semiconductor chips into individual
pieces, the semiconducter device manufacturing method
Comprising:
a first step of preparing & first semiconductor
15 substrate and a second semiconductor substrate;
a second step of reducing & thickness of the
second semiconductor substrate:
a third step of firmly fixing an opposite
surface of the second semiconductor substrate with the
20 reduced thickness to the main suxface of the first
semiconductor substrate via an insulating laver, the
opposite surface being opposite to the main surface of the
second semiconductor substrate;
a fourth step of forming, in the second
23  semiconductor svbstrate with the reduced thickness, a via
hole which penetrates from the main surface to the
opposite surface of the second semiconductor substrate;
and
a fifth step of forming a connection part which
30  enables the signal transmission, via the via hole, between
the semiconductor chip of the first semiconductor
substrate and the semiconducter chip of the second
semiconductor substrate.



opposite surface of the second semiconductor substrate; and a fifth step of forming a connection part
which 30 enables the signal transmission, via the via hole, between the semiconductor chip of the first
semiconductor substrate and the semiconductor chip of the second semiconductor substrate. -66-

2. The semiconductor device manufacturing method as claimed in claim 1, furlher comprising: a,sixth
step of preparing a semiconductor 5 substrate different from the first semiconductor substrate and the
second substrate, and disposing the different semiconductor substrate on the second semiconductor
substrate by performing steps similar to the second, thesthird, the fourth and the fifth steps on the
different 10 semiconductor substrate. 3. The semiconductor device manufacturing method as
claimed in claim 1, wherein in the second step, only a predetermined region of the second
semiconductor 15 substrate is reduced in thickness. 4. The semiconductor device
manufacturing method as claimett in SfafmIwhersi the predsisiinifisategionisiagegion, within the
second semiconductsi-20& sstalte otherithanlafrinde pbrtidhef thespcordrsemiconductor
substrate. 5. The semicondetiondeviee manpfagturingmethoshasclaimebin claim 4, further
comprising: 5 substrate different from the first semiconductor substrate

and the second substrate, and disposing the different

semiconductor substrate on the second semiconductor

substrate by performing steps similar to the second, the

third, the fourth and the Fifth steps on the different
10 semiconductor substrate.

3. The semiconductor device manufacturing
method as claimed in claim 1, wherein in the second step,
only a predetermined region of the second semiconductor

15 substrate is reduced in thickness.

4. The semiconductor device manufacturing

method as claimed in claim 3, wherein the predetermined
regicn is a region, within the second semiconductor

20 substrate, other than a fringe portion of the second
gemiconductor substrate.

5, The zemiconductor device manufactoring
method as claimed in claim 4, further comprising:
25 a firat removing step of removing a fringe
portion of the first semiconductor substrate, wherein the
first removing step is performed prior to the third step.

6. The semiconductor device manufacturing
30 methed as claimed in claim 5, further comprising:
a second removing step of removing the fringe
portion of the second semiconductor substrate, wherein the
second removing step is performed prior to the third step.



25a first removing step of removing a fringe portion of the first semiconductor substrate, wherein the
first removing step is performed prior to the third step. 6. The semiconductor device
manufacturing 30 method as claimed in claim 5, further comprising: a second removing step of
removing the fringe portionthe second semiconductor substrate, wherein the second removing step is
performed prior to the third step. -G7- 7. The semiconductor device manufacturing method as
claimed in claim 1, wherein each of the semiconductor substrates has a substantially circular shape in
a planar view. 8. The semiconductor device magufacturing method as claimed in claim 1,
wherein the connection part connects the semiconductor chip of the first semiconductor 10 substrate
and the semiconductor chip of the second semiconductor substrate by an electrical signal. 9.
The semiconductor device manufacturing method as claimed in claim 1, wherein the connection part
15 connects the semiconductor ¢hip ohthesfirst semiconductossubstraieafwkthe-semiconductor chip of
the second semicongueion substrate Bya lightsignal.1, whe 10.nThe genigopductor device

manufacturing 20 method-asclaimedsin.claim .l wvherein assiuciyre laver having, na, semiconductor
chip is included in tQE éngzgng#g %%%q:bgi%ggs disposed one above the other, the structure layer
being insulated fromt SIgesemico uctor substrates.

8. The semiconductor device manufacturing
method as ¢laimed in claim 1, wherein the connectlon part
connects the semiconductor chip of the first semiconductor

10  substrate and the semiconductor chip of the second
semiconductor substrate by an electrical signal.

9. The semiceonductor device manufacturing
method as claimed in ¢laim 1, wherein the connection part
15 connects the sendconductor chip of the first semiconductor
substrate and the semiconductor chip of the second
gemiconductor substrate by a light signal.

10. The semiconductor device manufacturing
20 method as c¢laimed in clajim 1, wherein a structure layer
having ne semiconductor chip is included in the
semiconcductor substrates disposed one above the other, the
structure layer being insulated from the semiconductor

substrates.
25
il. The semiconductor device manufacturing
method as claimed in claim 10, wherein the structure layer
is one of a substrate, a metal layer and an insulating
layer.
20

12. The semiconductor device manufacturing
method as claimed in c¢laim 10, wherein the structure layer
has a function of cooling the semiconductor substrates.



25 11. The semiconductor device manufacturing method as claimed in claim 10, wherein the

structure layer is one of a substrate, a metal layer and an insulating layer. 30 12. The
semiconductor device manufacturing method as claimed in claim 10, wherein the structure layer has a
function of cooling the semiconductor substrates. -68- 13. The semiconductor device
manufacturing method as claimed in claim 10, wherein the structure layer has a MEMS. 14.

The semiconductor device manufacturing method as claimed in claim 1, wherein a reduced thickness
of the second semiconductor substrate after the secoerSBr‘ocess is five times or more a depth of
element isolation 10 in a device of the second semiconductor substrate. 15. The
semiconductor device manufacturing method as claimed in claim 1, wherein a reduced thickness of
the second semiconductor subst@tne aggr tg}l% 8%9%& Rrocess.is 1 am or.maore, 16. The

. . } (TR A=) ot
semiconductor device lRagufactuFLln metho
met 4 g

a%cal ed inclaim T, 'w erelriié%ﬁei%/?&%%le fainted in the
fourth step has an %speccf rg&% :??? HOTTESs thaT 286 5 AHd KoBhiore tHam § fructure layer
as g i Pav 3

5
14. The semiconductor device manufacturing
method as claimed in claim 1, wherein a reduced thickness
of the second semiconducter substrate after the second
process is five times or more a depth of element isclation
10 in a device of the second semiconductor substrate.

i5. The semiconductor device manufacturing
mathod as ¢laimed in claim 1, wherein a reduced thickness
of the second semiconductor substrate after the second
15  process is 1 pm or more.

16. The semiconductor device manufacturing
method as claimed in claim 1, wherein the wvia hole formed
in the fourth step has an aspect ratio of not less than

20 0.5 and not morse than 5.



