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TITLE OF 'rBE INVENTION 
FLIP-CHIP TYPE SEMICONDUCTOR DEVIC~ ANO 

ME'rBOD or MANUFAC'?ORING TSE SAME 

BACKGllOUNt> OP THE INVENT?OH 
Field of the Invention 

The present invention relates to a flip-chip type 
semiconductor device obtained by mountinq a semiconductor 
chip on a multihlayered wirin9 subs~rate and a manufactu:inq 
method of the same and, more pa.r\:icularly, to a flip-chip 
type semiconductor device which can be recycled, has high 
mounting reliability, and can ~e manufactured at a low cost 
and a method of manufacturing the same. 
Description of the Related Art 

FIG. 1A is an illustration showing a conventional 
flip-chip type semiconductor device, and FIG. lB is an 
illustration showinq a mounting state of a convenuonal 
flip-chip type semiconductor device. 

·As shown in F%G. lA, in a coQventional flip-chip type 
semiconductor device 100, projecting.solder bumps 101 
consisting of a solder or a metal material such as Au or an 
Sn-Aq-based alloy are fo~d on external terminals which are 
provide~ in area uray arran9ament on a peripber.al portion 
or an aotive reqion of a chip. . 

... _The flip-chip type semicoii.~uetor devi.c;e 100 is mounted 
. on <l m.ulti~layere<l wirinq substra:te.-.101· ·(J10W21:in9 subst::-ate)· · 
. . - . .. . ~ . -. . . . . ......... ~ ·'· . 

. _., o~ . .'WJli~h. el~ct;-ode pads. (not. shown) .... U$, fo:rmacl··:in··:the-::'.•ame-:"" 
. . ··-· . . . .. . 

pattern as the bump arranqement pattern of the flip-chip 

, . 
. ... ···- -···'· 
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type seuiiconduC1:or device 100 on the side of an end user. 

Wh.en the flip-chip type semiconductor device 100 is mounted 

on the multi-layered wirinq substrate 102, if a bump 

material is a solder, the flip-chip type semiconduator 

device 100 is mounted by an IR reflow (infrared refl.ow) 

process using a flux. 

However, after the conventional flip-chip type 

semiconductor device 100 is mounted on the multi-layered 

wirinq substrate 102, due to incoincidence (l\\isma~ch) 

between linear expansion.coefficients 0£ the multi-layered 

w1rinq substrate 102 and the flip-chip type semiconductor 

device 100, eapecial1y, tbe temperature cycle 

characteristics of the mountinq reliability are deqraded 

disadvantaqeously. In order to solve ~e problem, the 

followin9 measure is conventionally perforined. 

In order to lllake the linear expansion coefficient of 

the multi-layered wirinq substrate close to the linear 

eXpansion coefficient of silicon, a ceramic-based material 

such as AlN, Dmllite. or qlass ceramie• whioh i9 

substantially expensive among a material is used to minim.1%e 

the mismatch betlieen the linear exp•nsion coefficients, 

thereby perf ormin9 an attempt to improve the mouni:J.DCJ 

reliability. This attempt is effective from. ~ viewpoint 

of improvement in moun~in9 reliability. BoWever, since the 
.. . . . .. . . . . . .~ ... , ................ _.. ,,. -~ ". 

expensive ... cerami<:;.based ma-terial. is used as the material of 

. the. muiti-1.ayerad wiring substrate. · the application· Qf the 
.... ,.,--.,· ·.- .... ,. .. · ..... ·mea.aure is ••limited to a· super computer, .• large_;scile~ .,, ..... ·.·. . .. 

... :·~·":· , ..... '.:~·;-·:·~·:··:~_~'.:o~uter, .. :··or · tha···:iike•··which- is·· Cjenerally ·m.xliMiiy··· :9~91;;·:;~"'.'.:::::.·:~·~·"·:.'.:·" ·_ 
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Xn contrast to this~ in recent years, the followinq 

tecboique is proposed. That is, an under fill resin is 

arranged between a semiconductor chip and a multi-layered 

wirinq substrate which is relatively low in cost and wbich 

uses an organic material having a lat'CJe linear expansion 

coefficient to construct a flip-chip semiconductor device, 

so t:hat mountinCJ reliability can be imp.roved. In this 

manner, the under fill resin is arran9ed between a 

semi.eonduCtor chip and a multi-layered virin9 SGD$trate 

usinq an o~qanic material, so teat G shearinq s~ress actinq 

on a bump joint portion existing between the semiconductor 

chip and the multi-layered wirin9 substrate usin9 the 

orqanic material is dispersed, and the =Ountinq reliability 

can be improved. When the under fill resin is interposed 

between the semiconductor chip and the multi-laye::ed wiriru; 

substrate usinq ~be or~anic material, a JDulti•layered wiring 

substrate usinq an inexpensive·orqanic material can be used. 

aowever, in·~his conventional technique, when a void 

exists in the unc!er fill resin, or when the adhesive 

characteristics cf an interface between the under fill resin 

and the semiconductor chip and au interface between tbe 

under fill resin and the lmllti-layered wiring subatrate 

using_ an orqanic material are poor, in a moist absorption 

reflow process of a produC1:,·a ·peelin9 phenoiaenon occurs an 

the interface; and a defective· 'product is unufact~ed. 

disadvantageously. For this reason1 ··the c()nventiona1 · 

, .. technique.·cannot :eliably advance''& reciu.Ctien "in• cost of a 
• •" A•: • "•• •: "• ••• ' ' ,, ,; •. ~ '•' '• 

·.~.:· · . . •.: 
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In addition, since a flip-chip type semieonductor chip 

is generally used in an LSI havinq high performance, the 

products itself is expensive. Therefore, when a portion 

except for the semiconductor chip is defective in an 

electric selection process performed after the flip-chip 

type semiconductor chip is mounted on a multi-layered wirinq 

substrate. non-defective semiconductor chip must be recycled. 

llowever, ~hen an under fill resin is intetposed between the 

~emiconductor chip and the multi-layered wiring substrate 

usinq an orqanic material, the semiconductor chip cannot be 

recycled. J:n this case, since periphez:al devices includinq 

the multi-layered wiring substrate using the orqanic 

maeerial become defectiver a reduction in cost can hardly be 

always advanced by usinq the mu1ti-layered wiring sul)stra~e 

usin9 the organic material. 

on the other band, when a ceramic-based multi-layered 

wirin9 substrate is used in a semiconductor c:hip, t:he. linear 

expan&ion coefficient of the ceramic-based material is 

optimized to eliminate the necessity of an under fill resin. 

For this reason, a ·recycle process for a non-defective 

semi.conduct.or ohip can be relatively made easy. 

i'IG. 2A is an illustration showing a removinq method 

of a flip-chip type semiconductor device, a12d l'ZG. 2B i.s an 

ill~st:ration showing the flip-chip type semiconductor device 

after the reanoval •. When a .. semiconductor device· 100 ··i·s to ·i:;e···· · ·· · 

recycled, a heatin9 absox-ption 'tool .. 103 absorb.e the­

semi.conduct~r device 100 by, .. suckinq .tbe. semicond~or device· .;.. .... ·. 

100 by means of ~-v•~,._49y~~e.,.(.not ... ahown)-·c~ect:ed·to."'an·· , . ....., ... :·~-- ,· .• :.=-~:··· ·.,.. . .... 

' __ ,,~, ..... ··• -~'"- :~·.::- ···. ~ ~_.-....... _. -~- -~ ... ·--~ '~.· 
• •"•d" .,,._. •. . . ·· .• · . ·. . • .. ·.~ • • . • . • .• •• - . . . , ... ~.. • .·- . 
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exhaust pipe 104 formed in tne heating absorption tool 103, 

and the semiconducto~ devioe 100 is heated to a high 

temperature by a heater 105 to melt solder bumps 101 on the 

rear surface of the semiconductor device 100, thereby 

cb::awin9 the semiconductor device 100 from the multi-layered 

wiring substrate 102. In this manner, the non-defective 

semiconductor device 100 can be removed. 

However, when ~he semiconductor device 100 is removed, 

the semiconductor device 100 is heated to a hiqh temperature. 

· For this reason, a passivation film consisting of a 

polyimide (PI) -based organic material or an in~anic 

material such as SiO and formed to protec.t: the solder bumps 

lOla of the removed semiconductor device 100 or the barrier 

metal joint portion between the solder bumps 101 and the 

semiconductor device 100~ and the active reqion of the 

semiconductor device 100 is damac;ed. !'or this reason, the 

non-defective semiconductor chip may be defective. In "this 

manner, due to the above-described problem, it is difficult 

to i:-ecYQle a non-defecti.ve f lip•chip ~ype semconductor chip 

in the conventioaal technique. 

SUMMARYOl'TBE INVBftrON 

It is an object of the present invention to p·rovide a 

flip-chip type semieotldUC!tor d•vice which can be recycled, 

. has high mounting· reliability,·. and oan ·be. manufactured···at'' a 
low cost. an,~ .. •· -~od.of JDanufacturing the same • . . · ' .. . . .. . . . .. 

.· .. ·: . A. fl~P.·Chip ,type semiconductor c!Ovice accordit19 to· the······· 
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electrode fox-med on the semiconductor substrate, an 

insulatinq film formed on the entire surf ace of the 

semiconductor substrate to be opened above the pad electrode, 

a wirinq portion patterned on the pad electrode and the 

insulating film, an electrode formed on the wirinq portion, 

a metal bwnp formed on tbe electrode, a support plate in 

which holes each havinq a diameter lar9er than the diameter 

of the metal bump a::e foz:med at positions adjusted to the 

~tal bumps and whieh is ~ranqed such that the metal bumps 

project with an appropriate interv•l above the selftieonducto~ 

substrate, and an insulatinq resin layer formed to bury the 

electrode between the semiconductor substrate and ~he 

support plate. 

In the present invention, since the insulatinq resin 

layer is formed on the semiconductor substrate, even though 

a theDnal stress or a mechanical stress acts on the metal 

hump, the stress acting on the metal bump can ~e moclerated 

by. the elasticity of the insulatinq resin layer. For 'th.is 

reason, an active reqion or the like fol:JDed on the 

semiconductor substrate can be more prot:9eted, and the 

moantinq reliability of ~he semiconducto~ device is improved. 

In addition, siAce an under fill resin is not used unlike a 

conventional device, the semiconductor device caa be 

recycled without damagin9 periphe:al devicea including the 

multi-layered-wiring substrate. FurthetmOre~ since the 

. metal bump is formed on- .i:tie · electrode buried in th• -

i,~s:g.latiD9\ resin: .layer ·to- pro-ject from the S\JX'f ace . oi the 

.. ~ ··~ 

&\a.PPQr:t: .plate,...,the,·_bei·CJ~1::· -bettireen the, •emtconductor ·. · 
....•... ·, ~. .. . . . . . . ·•·· ..... ~. ~ ~--: ..... "' 
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substrate and the metal b~ oan be increased. For this 

reason, when the semiconductor device i& ~n"ted on a multi­

layered wirinq printed board or the like, a standoff hei9ht 

which is the interval between the semiconductor substrate 

and the multi-layered wirinq printed board can be increased. 

"rherefore, when the semiconductor substrate and the multi­

layered wiring printed board are offset due to the mismatch 

between the linear eXpansion coefficients of the 

s~conductor subst::ate and the multi-layered wiriD9 printed 

board,.the offset can be reduoed. Bspecisl1y the 

temperatu:e cycle characte~istics of the mountin9 

reliability can be improved. 

Iii the present invention, the pez:iphe::y of the joint 

portion ~~en the JDetal bump and the elae1:rode is 

preferably covered with the insulati%19 :r:esin laye~. In this 

manner, since the joiut portion be~ the metal bwnp and · 

the electrode is J:el.nforced, the mechaQical strength of the 

joi.nt portion of the metai b~ i.s improved to improve 

protec1:ion properties a9aiD5t an external s~ss. 

!'urthermore, in ~e present invention, f4n example, 

the support plate can be made of a eonductive material, an 

insulai:inq film and a metal tilm c:an be fOllDed on the 

support pla~ in i:be order named, and a metal bump, having a 

ground potentia1, of t:he me1:al bumps ean be connected to the 

metal film.!if;t~Jl collductive adhesive agent.· ·'for exmapl~, · ... 

the support plat~ Can ... be B,l&de.9f an .insW.•tin9·•·material, a .. 

metal fill\\ can b~ foz;me4. e>n .. ~tie. surface of ·,the •upport plate.,' .·:····•·-:· .. - . 
..•. :···•d 

:.-·--·-.. ~ ......... • ....... ,.· ... :.· ..... 
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bumps can be connected to the metal film·with a conducti~e 

adhesive agent. In this manner, siAce the metal film can be 

used as a GNO plane f unction1 the f ollowinq electric 

characteristics can be improved. That. is, a GND inductance 

in a packaqe form can be reduced, EMI (Electromac;netic wave 

impedance) shield effect can be improved, and crosstalk 

noise can be reduced. 

In addition, in the present invention, the ins~laei.nq 
resin layer preferably contains at least one resin selected 

from the ~oup consisti.nq of an epoxy-hued resin, a 

silicon-based resin, a polyimi.de-basecl resin, a polyolef in­

based resin, a cyanate ester-based resin, a phenol-based 

resin, a naphthalene-based resin, and a fluorene-based resin. 

In addition, in the present invention, the insulating 
film can be made of a photosensitive material. Further, the 

ins~1atinq film preferably has a therinal decOJDS>Osition 

temperature of 2oo•c or more. 

In & method of manuf act.urin9 a. flip-chip type 

semi.oonduct.cr·device according to the p~seut invention, a 

pad electrode is foz:med on a semi.conductor substrate. An 

insulating f ila is foraaed on tbe entire surface o~ the 

semiconductor substrat.e, and the part of the insulatinq film 
that. ia on the pad electrode is removed ~o form an opening. 

A metal thin film. layer is fo=-ed on tlw ent.ize aw::f ace of 
t;lle semicoiiduc::tor. substrate and· the·· iiietaI thiii film layer· is· 
patterned.to form & wirinq portion. A resist fila is formed 

o~ the .. •nt;i.i:~ surface of·. the· semiconductor· 'a6at:"ate. 'The· . 
r~ai•,~ .fi.i. is pa~terned···~o rU10ve · the ·res:ist '·f.tbi''·an ·the·· .. ~··::-:~·::~ · . .. ·~ ... -··.· . :· •... ~:· .... :.~.·-'"; -~·,··~···· ..... ' ..... ~· : . . . . . . . .. . 
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wiring portion, and an electrode is formed in tbe open.ins. 

A metal bump is formed on the electrode. A support plate is 

arran9ed above the semiconductor substrate with an 

appropriate interval between the support ~late and the 

semiconductor substrate. In the support plate, boles each 

having a diameter larger than the diameter of the metal cump 

are foxined at positions adjusted to the positions whe:e the 

metal bumps are arran9ed. An insuiating resin is injected 

between tbe semiconductor substrate and the support pla~e. 

:tn the present: invention, .since packages can be 

manufactured by the process in the state of a aemiconduetor 

device, the number of step& can be consi.derably reduced in 

eomparison with a packaqinq method in which packages are 

manufactured from a conventional sta~e of small pieces so 

that the cost can be considerably reduced. 

In the present invention, tbe support plate can he 

made of a conductive material, an insulatin~ film. and a 

me1:a.l. film can be formed on the s_upport plate in the order 

named, and a conductive adhesive avent can be buried into 

the hole of th• support plate located at the mt:al bump, 

havin9 the ground potential, of the metal bumps. 

Purthe%1IOJ:e, the present invention preferably inolUctea 

the step of buryinq. a conductive adhesi'le a9~nt iDto the 

hole of· the support plate located at the JQetal.bump, havinq 
. .. .... . ~ ··- - . . . . .. ........... ~ .... . 

tb- C]rOund ~el\t.i.al, ·of···tae· i\et&J. ·~S whea the support 

. e~ate is made of an insulatin.4;"aaterial and a metal film is 
• : .. ~:; ·: ......... ··:-•. , ..-:-':"':. '!'.' ~- ·.;.."': ··"- • :. ._ 

.. ,,, .f~d. on -the surface of the. aujport plate .. 
. . ·• ·-V"l'<''\" •n......,,..,• ... ....,,.--~~1""1'-'~"''i" .'..' ,,.,. •... ·~ r 

_ ..... .,.,, .... ,Sti-11· £m:thei.w:e·~- iii. the···present.~invention, .,.~ atep 
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of arranqin9 tbe support plate above the semiconductor 

substrate is to place the support plate on jiqs arran~ed at 

both the ends of the semiconductor substra~e and each having 

an appropriate interval thickness. 

BR.IBF DBSC1U1'Tl:ON OF TD DRAWINGS 

FIG. 1A is an illustration showin9 a conventional 

flip-chip type semiconductor device, and FIG. lB ~s an 

illustration showing a mounting state of a conventional 

flip-chip type senli.conduc~or dev1ce; 

FIG. 2A is an illustration showinq a method ·of 

removin9 a flip-chip type semiconductor device, and PIG. 28 

is an.illustration shoving the flip-chip type semiconductor 

device after tbe remcval; 

FIG. 3. is a sectional view showing a flip-c:hip type 

semiconductor device accordin9 ~o the first embodiment of 

the present invention; 

FIG. 4 ia an enla:qed view of a section A in PIG. 3; 

PIGS. SA and SB are sectional vie\JS seqaen'l:iall7 

abowin9 the steps in a 1M1:hod of manuf actur1D9 a flip-c:tU.p 

type semiconductor device accorclin<; to 1:bis etllbodiment: 

FIGS. 6A to 6C ~ sectional views sequentially 

sbowin9 t:he steps next. w the steps in PIGS. 5A and SBJ 

i'lGS. 7A to 7c ue sectional views sequentially 

showinq .the steps ·next t.othe steps in !'~GS.; 6A to 6C: 

1'IGs,. 8A to 8C are sec:tioaalviews sequentially 

showing- : tJie st.eps ... nezt to. the steps in P?GS • · 7A to ·7C; 
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showing· the steps next to the steps in FIGS. 8A to SC; 

FIGS. lOA and lOB are sectional views sequentially 

showinq the steps next to the steps in ~l:GS- 9A to 9C; 

FIGS- llA and 11C are sectional views sequentially 

showing the steps next to the steps in PIGS. lOA and lOB; 

FIGS. 12A a.ad 12B are sectional views sequentially 

showing the steps next to the steps in FIGS. llA and llB; 

F'XGS. 13A and ll» are sectional views sequentially 

s~winq the s~eps next to the steps in FIGS. 12A and 12B; 

FIG. lCl is a sectional view sequentially showin<J the 

step next to the steps in FXGS. 13A and 13B; 

FIG. 15 is a sectional view sbowin9 a flip-chip type 

semiconductor device accordinq to the second embodiment of 

the present invention; 

FIGS. l6A and 168 are sectional views sequentially 

showinq s~eps in a manufacturing a flip-chip type 

semiconductor device accordin9 to the second embodiment of 

the present invent~on; and 

PrGs. 17A al1Cl 178 are sectional views sequentially 

showing the steps next to the steps in FIGS. 16A and 16B. 

t>ESCllIPTIOH O!' THE bD'DUJ) BHBODIMllt.r 

A f lip-cbip t:ype semiconduc:tcr device according to an 

embodi.aen~ ol the present inveotiou and a method of 

man~fact:~inq the same will be·described.below·with 

reference to the accompanyint drawinp. ·!'IG. 3 is a 

. s~t.i~n~l . view eh.O\f'in<J ·.·a flip-chip .type· semiconductor d.Vi'ee 

.. a.:~~~;n_g.to ~e first embodiment···of ·thErpres•llt' ·i.n•entioii, · 
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and PIG. 4 is an enlarqed view of a section shown by two-dot 

chain line A in PXG. J. In the flip-chip type semiconductor 

device of this embodiment, pad electrodes 2 are formed on 

the semicondu~tor substrate 1 as external terminal 

e1ectrodes such that the pad electrodes 2 a::e located on the 

peripheries of chips iu units of chips. The portion of the 

semiconductor substrate l that is between the pad electrodes 

2 serves as an active re9ion la. A passiva~ion film 3 is 

foriRecl. on i:he active reqion la and an outer edqe portion of 

the semiconductor substrate l. An insulating resin layer 4 

for· protecting a re-wirinq layer is formed on the 

passivation film 3. An openinq 6 is formed above the pad 

electrode 2. 

A pad electrode adhesive metal fill'ft .,, a platinCJ feed 

layer metal film 8, and a cu plating layer 11 are 

sequentially formed as a wiring layer on the pad electrode 2 · 

and the insulatinq resin la.yer 4 in the ·order naJ!\ed. '!'his 

wirin~ layer is patterned like a re-wiriQ9 pa~tei;n to foxth a 

re-wirinq pattern portion lla.· In the re-wirin9 pattern 

portion lla, an external terminal forminq land portion llb 

is formed. 

A metal post electrode 15 is f o:s:med on the external 

texminal foz:minq land portions llb located on the active 

region la. · A. solder bump 16 is formed on .ea.ch of the metal 

post electrode 15. As shown in FIG. 4, a suppc>~ ... plate ... ,17 .. 
.. •• ·- 0 ,. " 0 ' ,• 'o• •' ,'' • • H'• • • • ·- •o•o 

in which a bole bavin9 a diameter larger than the diameter 

of the solde: 'b\U&\p 16 is tomed at a position, adjust~ . to _ 

. . .. . . : ..... --.:-- ............. -·~·-···· , . ..; .. , ... • .. ~.,. . 

the solder bump 16 is for.med "i'di an appropriate inte~~ .... t9 ... --.~~·------·-· .. . .... . . . . . _ .... ~.'~· ·- ....... , ........ ~ ... -.··· -.~·. ~-........ "-............. ~ .... ·.-, ... ~.-·.- '•. =~···· ~ . 
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the send.conductor substrate l such that i:he solder bump 16 

projects from the support plate 17. An insulatin9 resin 

layer 20 is forJ\\ed bet'\feen the support plate 17 and the 

semiconductor subs~rate l to buffer a stress actinq on the 

solder bump 16. The electrodes 2 are connected to 

corresponding electxodes of a mounting substrate through the 

solder bumps 16. 

In this mnbodiment, the insulatinq reain layer 20 is 

formed on the passivation film 3 of the·flip-cbip type 

semiconductor device. For this reason, when a 

heatinq absorption tool is used to recycle a semiconductor 

device as described a})ove, even. thouc;h a tl\ermai stress and 

a mecbanical stress act on the solder bump 16, these 

stresses are buffered by the elasticity of the insulatin9 

resin layer 20, and the passivation fillll J and·the active 

reqion la are protected eftectively more than a conventional 

seciconductor device, so that mountinq reliabili~y is 

improved •. ~herefore, a flip-chip type send.conductor device 

which can be recycled can be provided. In addition, since 

an under fi11 resin is not used unlike a conventionai device, 

the semiconductor device can be recycled without clam.aging 

peripheral ~ices or the like includin9 a multi-layered 

wirinq substrate. 

ln this.embodiment,_ since the solder bump 16 which is 

,f~r:med .. to be. lllOUDted on .a printed wiring. boU'd on an end 

user side is foned on . the ~l :·POS'C electrode 15 

s~d~~- .\11 . ~e. insula~~CJ . re,in ... layer .20, .. a standoff 

... he~9h~ ~'-P.J~~--iA9n(lS.~c:J.~ .. ;i'Q,;: .. th.S.s_ ,t:$ason, .. when .heat .. or · ·1:he . · ... ·• . 
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like is applied to the semiconductor device while the 

semiconductor device is mounted on the multi-layered wirinq 

printed board, even though the semiconductor substrate l and 

the multi-layered wi;ing printed board are offset due to the 

mismatch between the linea~ expansion coefficients of the 

semiconductor substrate l and the multi-layered vi.ring 

printed board., the. offset can be reduced. Therefore, a 

stress actinq on the solder bump 16 can be reduced, and 

p~eling or the like of the substrate can be prevented. In 

this manner, the mounting reliability can be imp:oved. ln 

particular, temperature cycle characteristics can be 

inq>roved. 

In addition, in this embo~t, since the lower 

portion of the •older bump 16 formed on the metal post 

electrode 15 and the periphery of ~e joint portion betlleen 

the solder bump 16 and the Dtetal post electrode 15 are 

cove~ed with an insulatinq resin, the joint portion between 

the metal Post el.ectrode 15 and the sol.der bump 16 is 

reinforced by the insulating resin layer 20,·the mechanical 

strength of the ~olde~ bump 16 i~self and the protection 

effect aqaill$t an external s-cress are improved dQe to the 

reinfox:-cement effect by this resin laye:- 20,. Por t:his 

reason, the mounting reliability f0% a boud in a final 

pac::kaqe fot:m is improved. In this manner r in· ~is 

.~u~_, the. stancloff ... beight. can be increased; and·a········ ·· ·· ··· 

stress buffer effect obtained by tbe.iDsul.a~in9.resin layer . •.. .. 

20 c:a.n be added. !'or ,this re~$9U,., since a stress actinq on :-·.··· .-. . . 

the solder b~ ··16 ... ~an ... :Pe .ma%e_JDOd.e:ated, a. flJ.p .. chip ·type··· ··A-;-·.-~·-. ···· ··· 
1.d ... ,,.- .••• ..,. ... ~ ••.. • ~....:.:.-, •.•• •• .·-·· ···- •••• .:-.:..-·-·. . ···~· --·· .. 
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&emiconductor device havinq high mountinq reliability can be 

provided. 

A method of manufacturing a flip-chip type 

semiconductor device accordinq to the embodiment of the 

present invention wi11 be described below. FIGS. SA and SB, 

PIGS. 6A ~o 6C, FIGS. 7A tc 7C, FIGS. 8A to SC, FIGS. 9A to 

~c, FIGS. lOA and lOB, FIGS. llA and l~, FIGS. 12A and 12B, 

FIGS. 13A and 138, and FIG. 14 are sectional views 

~equentially showing steps in the method of maaufactaring· a 

flip-chip type semiconductor device accordinq to the 

embodiment of the present invention. 

As shown in FIG. SA, on the semiconductor substrate 1, 

as external texminal electrodes,.the pad electrodes 2 made 

of, e.9., Al, ~, or the like are :forined in units of 

semiconductor chips to be located at the outer peripheries 

of the semiconductor chips. The passivation film 3 made of, 

e. q. , an inorqanic material such as Si02 or an orqanic 

material such as pol.yimide is formed on the outer 

peripheries of the pad electrodes 2 and the active region la. 

As shown in FXG. SB, t;he insulating reain layer 4 

consistin9 of, e.g., azi orqanic material such as polyW.de 

is formed on the pad electrodes 2 and 'the passivation film 3. 

-By the insula"d.ng resin layer 4,. a func.itioi& for protecting- a 

re-v~rin9 layer (which will be foz:mad later) is achieved.· 

~f. ~~- _;~~~-;L~tin9_ ~sin. layer 4 contains .. a material.- . 

including- a thez:mos~tinq component, the cros.~-iinkin9 

reaction ~f -~-- r~_s_in. c~nent is ~~~ceci, an.4 .. •. heatinq, 
; ..... · .. . . . .. 

P~C?.~.~ i~ ~;:-~_~;nied a.~ .. !. p;~~te~ed . ~enspara~e to .... ,..;., _, ......... •·"""' ·.-.·~-:4 . . •. '· •.• ' 
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obtain a phy5ical value. As the material of the insulating 

resin layer 4, a resin material having a thermal 

decomposition temperature of 200°C or mo~e is preferably 

used. When t~e thermal decomposi~ion temperature of t~e 

insulating resin layer 4 is 200°C or more, durinq formation 

0£ the solder bWlp 16, the connection betWeeli 1:he pad 

electrode& 2 and the cu plating layer 11 is not prevented by 

ther&\\al decomposition occurring when the insulatincz resin 

l,ayer 4 is heated to aoo0c and reflowed. 

As shown in FIG. 6A, a photoresist fil.Jn. 5 is formed on 

the insulating resin layer 4. 

As shown in ~:IG. 68, exposure and development are 

applied to the photoresist film 5 by, e.q., a 

phctolithoqr•phic method. to pattern the photoresiat film 5, 

~hereby forminq an openinq Sa at a position adjusted to the 

pad electrode 2. 

As shown in FIG. 6C, ~he insulating resin layer 4 is 

rem.oved by, e.q., an et:c:hin9 method or the like by usin9' the 

photoresist film s as a mask to form an openinq 6 reaching 

the pad eiectrodes 2. 

As shown in FIG. 7A, the photoresiat film 5 is removed 

by peeling. When ~he insulating resin layer 4 is made of a 

photoaenait1ve material, the photoresist film s·need not be 

formed, and the _exposure and developing processq may be 

.. ~~-eotl~. "9r~orm.ed to .. the iosulatin9 resin·· layer 4 to 

pattern the 1nsulati.DCJ resin layer 4, thereby forminq the 

openinq 6 • 
• • ~.-·::·' : '·~· ··;."l. .... . •. 

. ';' ' - ~. ··. . . 

• • • -·:?- ... 'fr • ·.·.• ····-~··· 
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film. 7 made of a metal or alloy such as a Ti-based alloy or 

Cu is formed by, for example, a sputtering method or the 

like on the entire surf ace of the semiconducto~ substl:'ate l 

as an underlying metal thin film layer of ~e re-wirinq 

layer. t.rbe pad electrode adhesive metal f il.m 7 preferably 

nas good adhesive properties to ~he material of the pad 

electrodes 2, small metal diffusion between the fil1"t\ 7 and 

the electrode 2, and qood adhesive p:operties to the 

~nsulating resin layer 4. 

AS shewn in FIG. 7C, the platinq feed layer metal film 

8 which £unctions as a plating feed layer for a re-wirin9 

layer and has a low electric resistance property is f oxmed 

oo the metal film 7 by, e.g., a sputterinq method ~r the 

like. The pl.atin9 feed layer metal film. 8 is made of, e. g. , 

a metal mat.ex:ial such as cu. 
As shown in FIG. 8A, a photoresist film 9 is fonned on 

the entire surface of the plat~nq feed-layer metal film 8 to 

form a re-wiring layer by ·an electrolytic plating process. 

As shown in FIG. BB, the.resultant st.ruc~ure is 

exposed and developed by, e.9., a photolithographic method 

to expose the platin9 feed layer metal film 8 of only a 

portion -correspondinq to the re-wirin~ pa~tern portion lla 

to pattern the photoresist f il.m ! • In this manner, a resis't 

~sidual portion 10 is left on the plating feed layer •tal 

filll 8. . ........ ·-··· ... - ... - .. ··- - .. ··-· 

As shown in PIG. ac, ~ CU plating laye:: 11 is formed 

on the p).atin~ feed layer.metal.film 8 by, e.9•; an ... •, ' :·:·::..:·: .. .·. : .• ~ .. 
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layer constituted by the pad electrode adhesive metal film 7, 

~he plating feed layer metal film a, and the cu platinq 

layer ll is formed. This wirin9 layer is formed like a re­

-wirin9 pattern. The external teminal faming land portion 

llb is formed in the re-wirin9 pattern portion lla. 

AB shown in !"lG. 9A, the resist residual portion 10 

subjected to the pattern process is removed to form an 

opening 12 in the cu platin~ layer ll, thereby exposin9 the 

J?latin<J feed layer met.al film 8 • 

As shown in FIG. 9B, a photoresist fillll 13 having a 

larqe thickness is formed on the entire surf ace of ~he 

semiconductor substrate l. 

As shown in FIG. 9C, the p~otoresis~ film 13 is 

exposed and developed to partially remove the photoresist 

film 13, and an openinq 14 is formed to expose the external 

teDU.nal forming land portion llb. At this time, vhen the 

developinq properties of the photoresi$t !ilm 13 are poor, 

qood developin9 properties may be secu:ed by perf ondnv a 

dry etching precess usin9 a plasma surfaee processinq 

technique to the photoresist film 13. 

As shown in FIG. lOA, the plating feed layer Jl\etal 

film 8 is used as a feed layer, the metal post electrode 15 

consistin9 of a metal material such as cu or Ni is formed in 

the openinq 14 ·opened on the e~ernal teaainal forminq land 

portion llb. At this time, wh.~ ~ vuiation · in the heights 
' . . .. .. .-- . .. . .. . ... ·. •' . 

cf the formed metal post electrodes 15 is la;ge,. a .dumsny 

solid pattem may be added at ~he.~ter periphery of the 
. . ·~ ·;.. :· ...... ·. . . .. 
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a ca~bode current density distribution in an effective 

region of ~he semi.conductor substrate 1. 

As shown in FIG. lOB, the photo~esist film 13 is 

subjected to a removinq process to expose the metal post 

electrode 15 formed on the external te:rcdnal foxmin9 land 

portion l lb. 

As shown in FIG. llA, by usinq the cu platinq iaye~ ll 

as a mask, the platinq feed layer metal film 8 on the bottom 

Qf the opening 12 is removed by usinq, e.9., a wet etching 

method or a d~y etchin9 method. 

As shown in fXG. 118, by using the Cu plating layer ll 

as a mask, the pad electrode adhesive metal film 7 on the 

bottom of the opening 12 can be subjected to a removing 

process to electrically insulate the re-wiring pattern 

portions lla from each other. 

As shown in FXG. 12A, a flux is supplied onto the 

metal post electrode 15, and a solder ball (not shown) is 

mounted and subjected to heating reflow to fOJ:m the solder 

bumps 16 on the electrodes 15 as external teminals. At 

this time, when the activity of the. flux is hiCJh, after the 

solder bump 16 is formed, the flux is preferably washed to 

secure the cleanness of the sample. 

As shown in FIG. 12B, heigh-e adjastment jigs 19 each 

haviQq a prede'l:ermined hei9tit are arran99d on both the sides 

.. of the semiconductor substrate 1, and the suppor't .plate 17 ..... 

in which holes _each h&vinq a diameter larqer than 1:ha~ of 

. 'the. solder b~ 16. are fo:aM!lld. ... ~n .the ••• p~ttern as . the 
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the height adjustment ji9s 19 such that the support pla~e 17 

and the inner peripheral surfaces of the holes are not in 

contact with. the metal post electrodes 15 and the solder 

bumps 16. Xn t.his manner, an insulating resin can be filled 

to reach the periphery of the metal post electrode 15 and 

the joint portion between the solder bump 16 and the metal 

post electrode 15 and to have a_predetermined thiclcness. 

Note that a resin injection portion 18 fox injecting an 

~nsulatin9 resin is formed in the support plate 17 in 

advance. As the material of the support plate 17, any one 

of a conductive material and an insulating material may be 

u.sed. 

AS shown in FIG. lJA, an insula-einq resin is injected 

from the resin injection portion 18 formed in the suppore 

plate 17 to fill a poz:tion between the support plate 17 and 

the semiconductor substrate 1 with the insulatinq resin, 

·thereby fo.tlllin~ an in$ulatin9 resin layer 20. In this 

manner, the periphery of the •tal post electrode 15 and the 

joint portion between the solder b\U'AP 16 and the metal post 

electrode 15 are covered vith the insulatin~ resin. 

As shown in PIG. 138, tbe hei9ht adjustment ji~s 19 

arranged at the ends of the semiconductor substrate l are 

removed. '!he insula1:ing resin layer 20 to be injected is 

made of, e.9., a thez:mosettin9 ;resin, t.he resin :may be 

hardened. (cured) under predetezml.ned conditions. . ... . . . _ .· 

As s.IJ.C>WD in l'I<;. ~4, a dis~ss_emblinq p~ess for 

cut.~ug .th.e. ~..U.~4uQ;Q;"_ subs.~ate l into &emicqnductor 

.chips ... by .a .dieing. b.la~, .. 21,. .. 1:Q.~.~ban.9.e. .fZ'.~ i:he ..... 9.tat!e of .. ,,t.btt. 
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semiconductor substrate 1 to the state of the semi~onductor 

chips is performed. In this manner, a flip-chip type 

semiconductor device as ghown in FIG. 3 can be manufactured. 

In this embodiment, since respective packages can be 

manufactured by the proce&ses in the state of the 

semieonductor substrate 1, the number of steps can be 

conside~ably reduced in comparison with a conventional 

packaging method for mangf acturinq paQ~a9es from ~h• s~a~a 

of small pieces, and the cost can be considerably reduced. 

The second embodiment of the present invention will be 

described below. FIG. 15 is a sectional view showinq a 

flip-chip type semiconductor device according to the second 

embodiment of the present invention. The same reference 

numerals as in FIGS. 3 and 4 denote the same parts in FIG • 

. 15, and a description the~eof will be omitted. 

In this embodimen~, in comparison with the first 

embodiment, an insulatin9 layer (not shown) made of, i.e., 

polyimide is formed on a suppert plate 17a, and a metal foil 

layer 30 made of, e .. g., Cu is fo?:med on the insulati.119 layer. 

The metal foil layer 30 is arranged like a conductive 

pae~ern. The second ~t is the same as the first 

embodiment except for the following configuration. '?hat is, 

of solder bUaLps 16&, 16b, and l6c, the solder bump 16a 

serving as a GND external ~erminal. is connected to the metal 

···foil· ·layer 30 on the support· plate 17a by buryin9 a hole· 

with a conduci:ive adhesive agent .. ll. Xt is. cle1:e::mined .in 

· advance -on,the stage of design.for a semiconduc~o~ element 

·: ..t.~at the solder bumps l6a., .. 16b, and -l6c: ·· foxmed-·OA~-a-.met-al-·--
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·post electrode 15 serve as a GND external te~nal, a Sis 

(siqnal) external terminal, and a power supply external 

terminal which are electric functions of the external 

terminals. 

· In this embodiment, in comparison with the first 

embodiment, the metal foil layer lO in the support plate 17a 

havinq a conductive pattern can be used as a GND plane 

function. Fo~ this reason, improvements in electric 

characteristics such as a reduction in GND inductan~e in a 

package form, an BMI shield effect, a reduction in crosstalk 

noise, and the like can be achieved. 

A method of manufacturinq a flip-ehip type 

semiconductor device according to this embodiment will be 

described below. FIGS. l6A and 168 are sectional views . 
sequentially shovin9 steps in manuf acturinq a flip-chip type 

semiconductor.device accordinq to the second embodiment of 

the present invention,· and !'lGS. l 7A and l 7B are sectional 

views sequentially showing the steps next ~o ~he steps in 

FIGS. l6A and 168. 

In this embodiment, the same steps as tbe steps up to 

the step shown in FIG. 12A in the manufacturing method of 

the first embodiment are used. An explanation will be 

started from the step next to the step shown in PIG. l2A. 

As shown in FIG. 16A, bei9ht adjustment jigs 19 each 

·····-·· havin9 a-.predetemined height are uranqed..on both _the sides .. __ ... ·-· 

of the. '~~nd~~or subst_rate 1, . and the support __ }l~_~t~ 1 ~a_ 

in which .holes hav1ng ___ di~er~ l.arg~r than_ ~t of the 
. ·-:-. ... ., ··.: 
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pattern as the arranqement pattern of· the solder bumps 16a, 

16b, and 16c is arran9ed on the hei9ht ac:ljustment jigs 19 

such that the support plate 17a and the inner peripheral 

surf aces of the holes are not in contact with the metal post 

electrodes 15 and the solder bumps 16a, 16b, and 16c. Xn 

this manner, an insulatin9 resin can be filled to reach the 

periphery of the metal post electrode 15 and the joint 

portions be~en the solder bW1ps 16a, 16b, and 16c and the 

metal post electrode lS and to ha'19 a predetermined 

thickness. A resin injection portion 18 for injectinq an 

insulating resin is formed in the support plate 17a in 

advance. In addition, an insulating layer (not shown) 

consisting of, e.q., polyimide is formed on the support 

plate 17a, and a metal foil layer 30 consisting of, e.g., Cu 

·is formed on the insulating laye~. The metal foil layer 30 

is formed like a conductive pattern. As the material of the 

•upport plate l7a, any one of a conductive material and an 

insulatin9 material may be used. 

AS shown in FlG. l6B, the conductive adhesive ac;ent 31 

is buried into gap portions between the aolde• bump 16a, 

serving as the GHD external te:minal, of the solder bumps 

l6a, l&b, and 16c ~d the ~ol~s formed in the support plate 

17a havinq a cond.uctive pat1;e:n. At this time, a 

the:z:mosettinq proeeaa may be perfc1:1111ed to the ooDductive 

adhesive agent 31 under predeteaained ~on.clitions &$ needed. 

As shown in FtG. 11A, an insulatiDCJ resin is injected 

from the resin injection portion -18 of tha auppon p1ate 17a 

havins a conductive pat.~m, -an,d the insulatinq i:esin is 
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filled to reach the peripheries of the metal post electrodes 

15 and the joint port.ions between the solder bwa.ps 16a. 16b, 

l6c and the metal post electrodes lS to fot111 an insulatin9 

resin layer 20 between the support plate 17a and the 

semiconductor substrate l~ At th.is time, as a method of 

foJ:ming the insulatinq resin layer 20, when a liquid resin 

to be injected as the insulatinq resin layer 20 has 

excellent fluidity characteristics, the insulating resin can 

~e injected from the re_sin injection portion 18 by pottin.9. 

In this manner, the insulatin9 resin can be easily filled 

between the semiconductor substrate l and the support plate 

17a. 

As shown in ?IG. 178, the beiqht adjustment jigs 19 

arran9ed on both sides of tbe semiconductor su})strate 1 are 

removed. At t.his tillle, vhen the insulatinq resin layer 20 

is made of a thermosetting resin, a resin hardenl.nCJ process 

may be perfo~d under predetermined conditions, and the 

heiqht adjusi:ment jigs 19 may be removed. 

As in the first embodiment, a disassembling process 

for cuttin9 the semiconductor substrate l into semiconductor 

chips by a dicing blade 21 ~o chanqe from ~he si:ate of the 

semiconductor substrate l to the sta~e of tbe semiconductor 

chips is performed. In ~his manner, a flip-chip type 
. . 

semiconductor deviee as shown in FIG. 15 caii be manufaC~Ul;ed. 

In tbi_s ·embodiment, as clescribed above, flip-chip type 

semiconductor devices having electric characteristics which 

tt.1.:'e U\Ore excellent. than those of the first embodimant can.be 

manufactured as packaqes by the processes at wafer level. 
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For this reason, since the number of steps can be 

considerably reduced in comparison with a conventional 

packa9in9 me~~od for manuf ac~uring packages from the state 

of small pieces, the cost can be considerably reduced. 

In any one of the embodiments, althouqh a polyimide­

based resin is used as the material of the insulating resin 

layer 20, the material is not limited to the polyimide-based 

resin. The insulatinq resin layer 20 may contain at least 

one resin selected froa the qroup consistinq of an epoxy­

based resin, a silicon-based resin, a polyolefin-based resin, 

a cyanate ester-based resin, a phenol-based resin, a 

naphthalene-based resin, and a fluorene-based resin. 
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What is claimed is: 

l. A flip-chip type semiconductor device comprisinq: 

a semiconductor _substrate; 

a pad electrode formed on the semi.conductor substrate; 

an insulating film formed on the entire surf ace of the 

semiconductor substrate, said insulating film havinq an 

opening above the pad electrode; 

a wirinq portion patterned on the pad electrode and 

the insulatin~ film; 

an eleetrode f~d on the wiring portion; 

a metal bump formed on the electrode; 

a suppo=t plate havin~ holes each having a diameter 

larier than the diameter of tbe metal bump and formed at 

positions adjusted to the metal hwnps, said &Qpport plate 

beinq arranged above the semiconductor substrate with an 

appropriate interval between said support plate and said 

semiconductor substrate such ~ha~ the metal bunq> projects 

from said support plate; and 

aQ insulating resin layer f oxmed between the 

semiconductor subs~rat:e and 1:he suppor1: plate,. said 

electrode being buried in the insulatinq resin layer~ 

2. A flip-chip type semicond\lct.OJ: device accoriin9 to 

claim 1, wherein the periphery of the join~ portion between 

~he metai bump and ~be electrode is covez:ed with the 

insulatin9 resin layer. 

3. A flip-chip type semiconductor device accordiri.9 to 

_claim 1, wherein the support plate ia made of a condg,ctive 

material~ an insulatinq film.and a metal film are foxmed on 
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the support plate in the order named, and a metal bwnp, 

havinq a ground potential, of the metal bumps is connected 

to the metal film with a conductive adhesive aqent. 

· 4. A flip-chip type semicondueeo~ device accordin9 to 

claim 1, wherein the support plate is made of an insulatinq 

mate:-ial, a. metal film is formed on the surface of the 

support plate, and a metal bump, havin9 a ground potential, 

of the metal bumps is connected to the metal film with a 

~onduc~ive adhesive agent. 

s. A flip-chip type semiconductor device according to 

claim 1, wherein the insulating resin layer contains at 

least one resin selected from the qroup consis~in~ of an 

epoxy-based resin, a silicon-based resin, a polyimide-based 

resin, a polyolefin-based resin, a cyanate ester-based resin, 

a phenol-based resin, a naphthalene-baaed. resin, and a 

fluorene-based resin •. 

6. A flip-chip type semiconductor device according to 

claim l, whe.rain t:he insulating film. i.a Dlade of a 

photosensitive material. 

7. A flip-chip type semiconductor device accordinq ~o 

claim l, wherein the insulating film ha~ a the%111al 

decomposition temperature of not less than 200°c. 

8. A method of manufacturing a. flip-chip type 

sem.iconducto~ d$vice compxising the steps of i 

foJ:mi.09 ~_pad electrode· on a semiconductor ~ubstrate; 

fomi.nv an insulatiDq film on the entire· surface-of 

the semi.conductor subs~ra~e and removing i:he insulating film 

on tbe pad electrode ~o fo%m an openinq~ 
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forming a metal ~in film layer on the entire surf ace 

of the semiconductor substrate and patterninq the me~al thin 

film layer to form a wirinq portion; 

f o:Jtlin9 a ~esist film on the enti~e surf ace of the 

semieonduet:or substrate, patterninq the resist film to 

remove the resist film on the wirinq portion, and forming an 

openinq to fo::cm an electrode in the openin9; 

forming a metal bump on the electrode1 

arranqinq a support plate above the semiconductor 

substrate with an appropriate interval between said support 

plate and said semi.conductor substrate, said support pla~e 

havinq holes each having a diameter larqer than the diameter 

of the metal bump and formed at positions adjusted to the 

positiorui where the metal bump are arranged; and 

injectinq an insulatinq resin between the 

semiconductor substrate and the.support plate. 

9- A met.hod of manufact.urinCJ a flip-chip type 

semiconductor device acc:oz=c:U.n9 to cl.aim 8, whe:ein the 

suppo~t plate is made of a eonductiVe material, and an 

insul.ati.n9 film and a met.al film. are formed on the support 

plate in t.he order named, and said method comprises burying 

a conductive adhesive ac;ent into ~e bole of tbe suppon 

plat.e located at the metal bump, haVinCJ the ground potential, 

of the met.al bumps is held. 

10. A method ot manu~acturinq a flip-chip type 

semiconduc;tor device according to claim 8, wherein the 

support plate is made of a11- insulatinCJ material, and a metal 

··film· is formed on the 9U%faca of the insulating- material, 



111111111111111111111111111111 · 
C L M S * -·29 - 11inir1w1r 

and said method comprises burying a conductive adhesive 

aqent into a hole of the support plate located at a metal . 

bump, having a ground potential, of the metal bumps. 

11. A method of manufacturing a flip-chip type 

semic::onductor device accot:ding to claim 9, wherein the 

support plate is ar::ranqed above tbe semico~ductor substrate 

by arranginq jiqs each havins an appt"Opriate thickness at 

both ends of the semiconductor substrate and placinq the 

support plate oc said ji~s. 


