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a protrud| n ¥ of an individual projected el ectrode and lpﬂﬂﬁ@h
surface of t §‘J{;§£kﬁ§l dual electrode termnal via-the conduct | vé adhesive is
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sem conduct or
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25 electrode is forned at the side of the circuit substrate,

préferable tAIPINI  parrjer |ayer conposed of €onductive rre*é%ﬁ:”m‘n
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of seniconducter apparatus in this invention, the flip-chip packaging
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According to the sem conductor apparatus in this invention, the hei ght

of the prowardmdaml ectrode is processed appropriately so thaictire7/00672
di stance between the protruding surface of the 7individual projected
el ectrode ' : 4

Nk, REVEL 4EHRT B, BEACTEEAVT, FHi0
BRTHEMLEAuUPCuSORBESEHNNE. BEST THIH
LT, EA. &, ROEERENSE M THRESBHNNEEE
WFTEAESE, BEBEL 4L LTHEL, -

5 Th. BERIIVRBRICLZ Ay FEEZHAVT, BBRTFTHLE
REBHSBHEZFHLTREREL 4L LTHRY,

¥h. R—X MEAVAEBEYBEEFERVTORV, AU PEL 2
KoWTiR, HEECr—AuBATHNEDE L,

Th. TLIBERTF2RTLILUADAuPP tZEoBI IV

10 HMHETERIATVLIESGR., BRItV TEEZSLEELETW,

RO XSk, EHA3 K3 EBEEROMASE LN, KREk
RFEMETATENELLZ0T, Y UEEFREL B4 2 — UMD
B THOCRANS B, BICLBERT NG a — A s SOLAWERK
BEDLAWHBPCHEMIhTWIBAICR. RN TH S,

15 RE0ESic, ARVOEBELEEICIhiY. SREBEOLEELE
HEREEEENEN LCANAT 3 SEERTELOMOERN. =
NENY—L UL REBBOFEHEERMISATOS /b, ¥
RERTFLOREREOBINERLEHELTLDLETEIENTE S,

T, ARHOLBEEBOMBEF KIc LT, $UERXFOFESL

2 YMETZI icdd, SEREBOABELNEIBBESHEAL

THNAT 3 EBEEFHEOMOBREN. ThEhg—EBEXOR

ERBOBXNMECMITE 340, ¥UBKTFLEARER:0BR

MBERORESBD CEELEOBVESKEBL BRI OREICHAT

%3, |

25 '
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and the oppos] face of the |nd|V|duaI el ectrode termnal 2006
conductive adﬁggpéglaecones uni form - Consequently,- the sen1conékﬁ¥gg 72

el enent can be connected electrically with the circuit substrate reliably.
It is preferable that in the sem conductor apparatus, the material of 5

Lhe broj ected ol ect ppdeqy & F1d caFEO U SMBL L (ER FLEB IR LR

group consi sting of more, it 1s preferabl

That the di st ance Sydt B At HEsk T BrOIE GEEACRIN T O0T oM BB A R L BRI & ¢

prOJected el ectrode and t he opposi

BRRICERE N ERASEL LTRATE 3,
¥io, AREOENEEEONBHEI LN, BEREBHF YL
5 HEEBIlickd, ¥RURTLEBERLOBENERLIRE LT
BIENTEBZDT. 7V yTF v TEEERE AV LEREEEOR
EHELLTRBTE 3, o

10

15

20

25

15



surface of the-individual electrode termnal via the conductive adhesive is
in 10 a reagysam3l [err] mto 10 [err] m NeXpCTirPomes2cond
aspect of seniconductor apparatus in this invention, - the flip- chip
-packagi ng technique is used for connectlng electrlcally a

sem conductor elenent and a circuit rate via an. el ectrode tern1na
forned on the surface of the senicon ct t Bhere the element is 15
formed, a conductive adhesive and a prOJected eIectrode conposed of
conductive netalllc material fornmed on an electrode termnal on the circuit

ndivi dusl  pr o) £t 3%%@%%"%@??%&5@&@?%%%&% Gl Sl
20 forned on CRECE MAPE  IRRMSRIRALEY, TR RR E ORI < BRL %ﬁ"

substrate 5 EEEBKRFELANREARERLOBRKNBEEFTLSI 7Y v 75y P
EERABAVONTVIEMERE TS > T, NEESEECEEOLABE
CHIRBBEEENEN L THANAT 28 BERTE L OO ER X,
ENENY— LU 3L SNREEERBHE S HE I BRER LT3
CLAERBETIENAEE,

10 2. WREEESBEOHEN, AuRUCudS>BENEDHEL &b—o
ODLEHHTHIMRE L L EROLYGEEE,
3. MESRERBOARE CNENBRERREN L THERT 5
EE%?E&@Héﬁﬁﬁ\1um~10um@ﬁE?$6%$ﬁlk
EROLUEEE, -
15 4. YUERFORFHRELOBERET L. BEHBESL . EKE
REOBERFRICHERL AABLELBHNOREEELEALT, B
EEUHERTFLNEOBEREOBRNEREFTES 7 ) 9 7F v FE
EBERVFABVOATVIEREL REROFBEER,
5. NINEBURTFORFERELOBBET FHic, HBELSEHHO
20 HMEEIOEZNYYEABRSATOVIRREL CRROLYEEE
6. WHEEERBORMEE XN, EENCALTHI3HREL KERO
YRGEE, |
7. NERREBLSBERERNC X EEOMIC. FTHEEMROE
25 ERCHLUTTEEREBOARHOES 2 E—Rb0LLTHH
RIE 6 RO LM EE,

16

* [ L M S *



where the height o6f the surface of the electrode term nal forned on the
ciréuit SubstWendaBsa3ddifferent, so that the di stance between aPGTHEPVRSH
surface of the individual projected electrode and an opposi ng surface of
t he i ndi vi dual el ectrode ternminal forned on the surface of the

e Cprauctor 2 W%ﬁ?&%&%ﬁ’%é&ﬁ“ﬂ%&?ﬁdﬁ ?"‘E%
e, nvent] ol sesmiEine 98 6 20feraal 2 sl a! 0 Layer GUPOTENNO m ®
on the surface of g; fEEPEF BMRIRT ERO¥HER,
9. ﬁ%ﬁﬁﬂﬁ®¥ﬁﬁﬁﬁﬁ20mmEL%hT4umuWT£6
5 HSRIE 7 IRRONUEE, | _
10. ¥MERXFORTHRA-ZLBELHRL L%, ZEBREOTH
FER I ABEEENZREE IS, YUEETFEEBEREL 72— x4
DV TERTIRIC, ¥BARFOFRLOMETS I LickD, ¥
BUETFOLSRERBEOLREL chiaANAT s EARERNOBEL:
10 FEHEOMOEMN, ThThi—L53 &5 X RERTFOEERE
FUMBEL IS LERME LNk BORES &,
11. REXERFOFBELYOMET 3 < aL;b TE%EE&@-
MBI LY BENEL. 5%x10°~5, Oxlolhﬁnoﬁﬁt
TIHMREL O EROEBEBONB H .,
15 12, ¥HERTFOREBBELUELT B I 28I, ¥UAEFOLE
EEEOERAR I HBUERNEET I ¢ T, BELRLKRFEERE
REK 72— Vit THRT3HREL O cBRO¥ B4 EEOR
X H o -
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barri er RGEAEROTPAST2

According to the
the corrosion of the'electrode termnal fornmed on the

preferred swoponuaamuct or apparatus on which the _

el ement where the el enent is forned.
f or med,
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seni conduct or el ement where the element is formed can be preven
In fhe seni MYAIBRBR apparatus, it is preferable-that the heigﬁﬁsgPWP%E
projection of the projected electrode is substantially uniform

In the sem conductor apparatus whose height of the projection of the

proj ected el ectrode | g—stbstanttatty uniform it is S e
hei ght of t he prct#iﬂ*!ﬁajkubZace of the indivi dual ElBE85Ed@ R edt r ode
is unified by 10 pushng—tte—prorected el ectrode on aftar—gurface of a
hard material before the projected el ectrode is bonded wWith conductive
adhesi ve. In the sem conductor apparatus in whidh the height
of the protruding surffaceof the individual projected eljectrode is
uni fi ed by pushing the BF dj ected el ectrode on the flat dqurface of the
hard material, it is preferaplfe 15 that the pressure on the|protruding
surface of the projected el ectrode which
RENELR
1210
ERTERMEE

Fx—AFGUBRED - TH

HBEFEFHE
(CREREVEER)

FRTIEMTREL

BRITHIS TR

FRKEETRL

FIG. 2
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I s caused by pushing on the flat surface of the hard material is in a range
of 1. 5w3918533r] to 5.0 X 10[err]N nferr]. . PCEIPY7086T0r e,
i.t is preferable that the variation in flatness of the hard materi al
is 4 [err]mor |ess over a distance of 20mm Further, it is 20 preferable
that the material of the projected electrode is at |east one netallic
materi al selected froma group consisting of Au and Cu. ‘Further, it is
preferable that the di stance between the protrudi ng surface of the

i ndi vi dual proj ected el ectrode and the opposing surface of the

I ndi vi dual el ectrode terminal Vja the conductive adhesive is in a
range of 1 [errg o~1iQ [err] m 25/ ¥ cordin fir e e
nmet hod for produciag tHg sem condyct or Aeparat ud NRj eched

el ectrode is fdaed gkdle semcOnductor ele =H' ‘g“ :
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where the elenent is forned, a conductive adhesive is transf Efﬁk&ﬁ%@nthe
vertex ‘of twoMPWct ed el ectrode and the sen conduct or eleng%t I'S

pressur ed ' o 6 o
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fromthe back when the sem conductor elenment is nmounted on a circuit

“substrate witwooems3dtce down. According to that, in the part of PEHEPIZOPTR; t .

" substrate where the height of the surface of electrode termnal is
-different, the individual projected el ectrode forned on the
&senm conductor element is 5 “deforned plastically in the direction of
“+hei ght in accordance with the height of the opposing surface of

el ectrode termnal formed on the circuit substrate, respectively, so

that the distance between the protruding surface of the i ndi vi dual
projected el ectrode formed on_theg sem conductor el ement and_ the
opposi ng surface of the inervi deall L—E8E term t/t he Rt
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10  substrate i%%ﬁﬁified. | Accbrding to the firstpEgoshoedt the

met hod f or 3FUH g the sem conduct or apparatus, the height of the
proj ected el ectrode can be processed appropriately so that the
di stance between the protruding surface . of the individual projected
el ectrode and t he opposing surface of the 15 individual electrode term nal
via the conductive adhesive can be unified. As a result, the
sem conductor apparatus with high reliability can be produced easily
and at a | ow cost. _ In the first aspect of the method for
produci ng the sem conduct or apparatus, it is preferable that the
pressure on the protruding surfac -the 20 projected electreﬂe which is
caused by pushing the sem condycioOr ek S in a
rarige of 1.5 X 10[err] to 5.0 10 riA NV MmN
N
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Furthernore, it-is preferable that after the projected el ectrode . .,
formed on tweegmsdidonduct or el enent is deformed.plastically, PCREP¥METCt | ve
~adhesive is transferred to the vertex of the individual projected el ectrode
25 formed on the sem conductor elenent and the sem conductor elenent is

mounted on the circuit substrate with face down again. In the
nmet hod for producing the preferred sem conduct or apparatus I n which
the projected el ectrodge— Pl astically, and gher—the
7 ' JGsLETo+X . EREHENEToLR
1\ R RERBBR
R E _ ElRsEiR0E
_ (RERERELTR)
DT
- BEIEHEEAEL

Tx—AFOUBERIZED - TH+
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HJEERTER

FIG. 7
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sem condyctor elenent is nmounted on the circuit substrate again, the

sem conduct or VY@ &HBH3 i s not pressured substantial by when the FPCTAP97/00672
sem conductor elenment is nounted on the circuit substrate with its face
down. Therefore the shift of .the position of the semi conductor el enent and

/ p
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' / RANNMNANY

&
NAANN

/

FIG. 8A
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5 the circuit substrate can be prevent ed. Accordin

to a
second aspswo9msdthe nethod for producing the .  seni condREHIPIZMATR at us,
after a projected electrode is forned on an el ectrode term nal forned
on a circuit substraté, the individual projected el ectrode is

processed in the direction of height, so that the distance between 10 the
protrudi ng surface of the individual projected electrode forned on the
circuit substrate and an opposing surface of electrode termnal fornmed on a
sem conductor elenment is unified, in the part of the circuit substrate

wher e t he height of the surface of the electrode termnal is
different, a conductive adheéive<§§ transferred to the vertex of the
i ndi vi dual projected electrode and 15 ¢jhen the sem conductor elenment is
mounted on the circuit substrate with «t face down. According to the

second aspect of the nethod for producing\the
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sem conduct or apparatus, a step of pressuring the seniconduc%gﬁps;
not priesentwo 33 ore the danmage inflicted on t-he sem condu

can be decreased. Further, it is preferable that the hei ght of the
protruding 20 surface of the individual projected electrode is unified by

pushi ng the projected electrode to a flat surface of a hard materi al
before the projected el-eet+ode—hs bonded with ad 1t is
preferable that the mMn&zNhl ch is caused by zu@ﬂﬁjﬁwwa efted
el ectrode to the flat rface—of the hard materi a— TS ITnfa range of
1.5 X 10[err] to 5.0 X lo[err]hVn[err]. 25 Furthernpre, it is
preferable that the flatness jof the hard material is 4 [err] mor |ess

over a di stance of 20nmm i ef Description of Draw ngs
FIG 1 is a sectional view ng a sem conduct or apparatus |n
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I3

Exanple 1 of this invention. FIG 2 is a flow chart show ng the
process of producing the sem conduct or apparatus in Exanple 1.

FIG 3A is a sectional view showing a sem conductor apparatus in the 5
step of transferring conductive adhesive in the process of producing a

sem conduct or apparatus shown in FIG 2. FIG 3B is a sectional
vi ew show ng a sem conduct or apparatus in the step of nounting and
that of pressuring the sem conductor__el enent FIG 4 is a flow
chart showing a process of produci nQES@RILBTm conduct or apparatus in
Exampl e 2. FIG 5A is a sectional view show ng a sem conduct or
apparatus in the '

SEMICONDUCTOR APPARATUS
AND METHOD FOR PRODUCING THE SAME

Technical Field
The present invention relates to a semiconductor apparatus. In
particular, the present invention relates to a semiconductor apparatus in
which a flip-chip packaging technique is used and a method for producing

10 the same.

Background Art

Recently the semiconductor element has become increasingly
integrated, the size of the semiconductor apparatus has become miniaturized
and the pitch between the connecting terminals has become narrower.

15 Under these circumstances, the semiconductor apparatus in which the flip-
chip packaging technique is used has been developed more and more.
Hereinafter, one example of semiconductor apparatus in which the flip-chip
packaging technique is used will be explained, referring to the figures.

FIG. 9 is a sectional view showing a semiconductor in which the flip-

20 chip packaging technique is used. An aluminum electrode terminal 102 is
formed on the semiconductor element 101. The area of the semiconductor
element other than where the aluminum electrode terminal 102 is formed is
covered with an insulating film 103 composed of Si oxide film, Si nitrogen
film and the like. On the aluminum electrode terminal 102, a projected

25  electrode 104 composed of conductive metallic material such as Au or Cu and
the like is formed. On the other hand, a desired circuit pattern 106 and an
electrode terminal 107 are formed on the principal surface of circuit

substrate 105 composed of insulating material such as resin, ceramic or glass

Sheet Has Been Replaced
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step of nmounting and the step of pressuring the sem conductor elenent in
the process of producing a sem conductor apparatus shown in FIG 4.
FIG 5B is a sectional view showi ng -a sem conductor apparatus in the 15

step of transferring the conductive adhesive. FIG 6 is a
sectional view showi ng a sem conductor apparatus in Exanpl e 3.

FIG 7 is a flow chart show ng the process of producing the

sem conduct or apparatus in Exanple 3. 20 FIG 8A is a sectional

vi ew showi agdhe dikiec oThectlectrade texatinal 107 as connected tpthe sirciritgpatherrci r cui t
substrate in the step of pressuring the circuit substrate shown in

FIG 7. 106. Infliprhip patkaging, thewlednede tarapingh @ sgnaedseledsrgably or
after the gvli{}fﬁllet semiconductor element 101. A projected electrode 104 is
electrically connected with the electrode terminal 107 by the conductive
5 adhesive 108. The conductive adhesive 108 contains a powder of conductive

metallic material such as Ag, Cu or Ni and the like in the resin. The
insulating resin 109 is filled in the space between the semiconductor element
101 and the circuit substrate 105. When the insulating resin 109 is
hardened, the semiconductor element 101 and the circuit substrate 105 are

10 bonded by the hardening shrinkage force of the insulating resin 109, and are
attracted'powerfully and fixed. Consequently, the mechanical strength of
connecting the semiconductor element 101 and the circuit substrate 105 of
the semiconductor apparatus is enhanced and a stable fixing can be
maintained. |

15 A method for producing the conventional semiconductor apparatus as
above-mentioned Wi]l.be_ explained referring to FIG. 10, which is a flow chart
showing the process of producing the semiconductor apparatus. First, a
semiconductor element 101, on which a desired element, a wiring and an
insulating film 103 are formed by the normal process of producing the

20 semiconductor, is produced. Then the semiconductor wafer, on which a
numerous pieces of semiconductor element 101 are formed, is produced.
Then, the quality of the semiconductor element 101 is checked by electrical
inspection, that is,. by contacting the probe, and the projected electrode 104 is
formed. After that, the semiconductor wafer is cut into individual

25 semiconductor elements101. On the other hand, in advance, a desired
circuit pattern 106 and an electrode terminal 107 are formed using
conductive material such as conductive metal, e.g. Au or Cu and the like on

the circuit substrate 105 which is composed of the insulating material.

2 This Sheet Has Been Replaced
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substrate is pressured. 25 FIG 9 is a sectional view show ng one

exanpl e of sem conduct or apparatus in which conventional flip-chip
packagi ng techni que is used. FIG 10 is a flow chart showi ng a
process of producing a sem conduct or apparatus in which the
conventional flip-chip packagi ng

9

Then the seﬁiconductor element 101 is positioned on the circuit substrate
105 with its face down via conductive adhesive 108 so that the
predetermined electrode terminal 107 can be connected electrically with the
projected electrode 104. After that, the conductive adhesive 108 is

5 hardened by heat treatment and electrical inspection is conducted to confirm
the acting state. After the normal acting state is confirmed, the liquid
insulating resin such as epoxy-based resin is filled in the space between the
semiconductor element 101 and the circuit substrate 106 by capillary action.
After the insulatihg resin is filled in the space, the insulating resin 109 is

10 hardened by heat treatment and the like, and accordingly the flip-chip
packaging is completed.

The semiconductor apparatus in which the flip-chip packaging
technique is used was produced according to the above-mentioned production
processes.

15 | However, according to the above-mentioned conventional
semiconductor apparatus and the method for producing the conventional
semiconductor apparatus as shown in FIG. 11, irregularity of the flatness
accuracy of the surface of the circuit substrate 105 is caused by the warp,
swell and the like in some parts of the circuit substrate 105. Further, there

20  is also the irregularity of the film thickness accuracy of the electrode
terminal 107. Consequently, the protruding surface of the electrode
terminal 107 at the side of the circuit substrate in the region of one
semiconductor element is not positioned at the horizontal surface |
respectively; and therefore an irregularity of the position of the protruding

25  surface of the electrode terminal 107 at the side of the circuit substrate in the
direction of height of the protruding surface is caused.

Consequently, in mounting the semiconductor element 101 with face

down, the size of the space between the semiconductor element 101 and the

3 is Sheet Has Been Re[ilaced
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techni que i s used. FIG 11 is a sectional view show ng one

exanpl e of conventi onal - semi conduct or appar at us. Best Mode for
Carrying Qut the Invention 5 Her ei naf {et exarnt a

sem conduct or apparatus of this I nvention ITH‘%gHEF gf@éﬂp'oduci ng
the same will be explained referring to - REPLACGED

10

15

20

26

circuit substrate 105 in the concave portion of the circuit substrate 107 is
larger than that of other parts of the circuit substrate 107. As a result, the
conductive adhesive 108 can not reach to the protruding surface of the
electrode terminal 107 positioned in the concave portion of the circuit
s_ubstrate. Consequently, the electricalﬁ connection failure is caused.

Disdl e .

It is an object of the present invention to -provide a semiconductor
apparatus which is stable in quality and has good productivity, and a method
for producing the same by connecting electrically the semiconductor element
and the circuit substrate more reliably. |

In order to achieve the above-mentioned objects, in the
semiconductor apparatus of this invention, the flip-chip packaging technique
is used for connecting electrically a semiconductor element and a circuit
substrate via a projected electrode composed of conductive metallic material
formed on an electrode terminal, which is formed on the surface of the
semiconductor element where the element is formed, a conductive adhesive
and an electrode terminal on the circuit substrate, wherein the individual
projected electrode is deformed plastically in the direction of the height 80
that the distance between a protruding surface of an individual projected
electrode and an opposing surface of the individual electrode terminal via the
conductive adhesive is unified.

According to the semiconductor apparatus in this invention, the
height of thé projecfed electrode is processed appropriately so that the
distance between the protruding surface of the individual projected electrode
and the opposing surface of the individual electrode terminal via the
conductive adhesive is uniform. Consequently, the semiconductor element
can be connected electrically with the circuit substrate reliably.

It is preferable that in the semiconductor apparatus, the material of

4 This Sheet Has Been Replaced
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figures. (Exanple 1) FIG 1 is a sectional view showi ng a
sem conduct or apparatus in 10 Exanple 1 of this invention. As shown in

FIG 1, an al um num el ectrode termnal 2 is forned on_t urface of
sem conductor elenment 1 where the el ement adIBEENrea of the
sem conductor el enent 1 other than wher e el ecty ode

termnal 2 is forned is covered with an | nposed of
Si oxide film Si nitrogen filmand the |ike. On the al um num
el ectrode tthemmjectal] electnode ds ab deast onermeallic materiad splestad fromctheduct i ve
metallic material such as Au or Cu and the like is formed. On the

ot her hand,grauﬁwpﬁléﬂukﬁQfe%iﬂﬁnﬂéi'ﬂi-ern 6 and an el ectrode termnal 7

are formed on a G ehl b SHPSt LAl S e b U S hedishalset Kt iwadn the
protruding surface of the individual projected electrode and the opposing
5 surface of the individual electrode terminal via the conductive adhesive is in
arange of 1 4 m to 10 £ m.

Furthermore, it is preferable that the flip-chip packaging technique
is used for connecting the semiconductor element and the circuit substrate
via the electrode terminal formed on the semiconductor element where the

10 element is formed, the conductive adhesive and the projected electrode
composed of the conductive metallic material formed on the electrode
terininal on the circuit substrate.

In the preferred semiconductor apparatus in which the projected
electrode is formed at the side of the circuit substrate, it is preferable that a

156  barrier layer composed of conductive metallic laminated film is formed on
the electrode terminal on the semiconductor element where the element is
formed.

According to the preferred semiconductor apparatus on which the
ba_rrier layer is formed, the corrosion of the electrode terminal formed on the

20 semiconductor element where the element is formed can be prevented.

In the semiconductor apparatus, it is preferable that the height of the
projection of the projected electrode is substantially uniform.

In the semiconductor apparatus whose height of the projection of the
projected electrode is substantially uniform, it is preferable that the height of

925 the protruding surface of the ihdividual projected electrode is unified by
pushing the projected electrode on a flat surface of a hard material before the
projected electrode is bonded with conductive adhesive.

In the semiconductor apparatus in which the height of the protruding

5 This Sheet Has Been Replaced
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mat eri al - such as resin, ceramic or glass and the |like. The el ectrode 20
termnal 7 is connected to the circuit pattern 6. In flip-chip packagi ng,

t he el ectrode term nal 7 connects electrically with the sem conduct or
el ement 1. A conductive adhesive 8 contains thex te —coneuet i ve
metallic materi al such as Ag, Cu or N and the Wﬁﬁ%m@HEEfHéér&E;Nn. The
insulating resin 9 is filled in the space betwken t HREPLAGERONduC) or
elenent 1 and the circuit 25 substrate 5 - When the 1 nsulating

resin 9 i s heunfacecef thenadtddnabprhiected eéeoémdetls unified hyrpushingdhecui t
substrate -5 are bo by. the hardeni ng shyinkage, force of. .
i nsul ati ng rixgeet 93 eiewaroaieénhﬁher at s a%ef the w%mtﬁmﬁgd.t is preferfﬁﬂe

that the pressure on the protruding surface of the projected electrode which

is caused by pushing on the flat surface of the hard material is in a range of
5 1.5 X 10%t0 5.0 X 10°N/m?.
| Furthermore, it is preferable that the variation in flatness of the
hard material is 4 £ m or less over a distance of 20mm.
According to a first aspect of the method for producing the
semiconductor apparatus, a projected electrode is formed on the
10 semiconductor element where the element is formed, a conductive adhesive
is transferred on the vertex of the projected electrode and the semiconductor
element ié pressured from the back when the semiconductor element is
mounted on the circuit substrate with its face down. According to that, the
projected electrode formed on the semiconductor element is deformed
15 plastically to unify the distance between the protruding surface of the
individual projected electrode formed on the semiconductor element and the
opposing surface of the individual electrode terminal at the side of the circuit
substrate. |
According to the first aspect of the method for producing the
20 semiconductor apparatus, the height of the pro;ected electrode can be
processed appropriately so that the distance between the protruding surface
of the individual projected electrode and the opposing surface of the
individual electrode terminal via the conductive adhesive can be unified. As
a result, the semiconductor apparatus with high reliability can be produced
25 easily and at a low cost. _
In the first aspect of the method for producing the semiconductor
apparatus, it is preferable that the pressure on the protruding surface of the

projected electrode caused by pushing the semiconductor element from the
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10. - Consequently, the nechanical strength of connecting the
“sem conduct or
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back is in a range of 1.5 X 10%t0 5.0 X 10®*N/m?.

Furthermore, it is preferable that after the projected electrode
formed on the semiconductor element is deformed plastically, the conductive
adhesive is transferred to the vertex of the individual projected electrode

5 formed on the semiconductor element and the semiconductor element is
mounted on the circuit substfate with face down again.

In the method for producing the pireferred semiconductor apparatus
in which the projected electrode is deformed plastically, and then the
semiconductor element is mounted on the circuit substrate again, the

10 semiconductor element is not pressured substantially when the
semiconductor element is mounted on the circuit substrate its with face
down. Therefore the shift of the position of the semiconductor element and
the circuit substrate can be prevented.

According to a second aspect of the method for producing the

15 semiconductor apparatus, after a projected electrode is formed on the
electrode terminal formed on the circuit substrate, the height of the
protruding surface of the individual projected electrode is unified by pushing
the projected electrode to the flat surface of the hard material, the conductive
adhesive is transferred to the vertex of the individual projected electrode and

20 the semiconductor element is mounted on the circuit substrate with its face
down. _

- According to the second aspect of the method for producing the
semiconductor apparatus, a step of pressuring the semiconductor element is
not presént. Therefore the damage inflicted on the semiconductor element

25 canbe decreaéed. |

In the second aspect of the method for producing the semiconductor

apparatus, it is preferable that the pressure which is caused by pushing the

projected electrode to the flat surface of the hard material to apply to the
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el ement -1 and the circuit substrate 5 of the sem conductor apparatus is
enhanced and the stable fixing can be nuaintai ned. As sha I n
FIG 1, the height of the projected electrode 4 is o1 HA§BE ﬂ or di ng
to the height of the respective electrode term nalf i

circuit substrate 5. That is, there is the irregul grity ﬁ

accuracy of t he pri nci pal surface of the circult substrate 5 and the
filmthickness uding rac of the electrode terminal 7. Conse gntly. the
i rregul arit prefruding gﬂﬁ BFPIest etiwie@r‘égﬁdaea ranga olal-5 7% ﬁl%[ ﬁ%%-d

di rection of hﬂ')gghlpf the 10 protruding surface is caused. The hei ght of
t he prOJecte>c<i ode 4 is | onered by plastic deformation in

(D

accordance with t Iﬁlfﬁ i {sry{)ereferrgjbfe tha (i;tl{eweaﬁ'a}tﬂx?n{ Qh%%@so?’thghe

irregularity of the ect

pre-defor ”qua‘}h%ﬁkltéiﬂl' 1¥ 4 P 0GPl bve P 24idtaRke F 2bBfin.
5  Brief Descrintion of Drawi

FIG. 1 is a sectional view showing a semiconductor apparatus in

Example 1 of this invention.
FIG. 2 is a flow chart showing the process of producing the
semiconductor apparatus in Example 1.

10 FIG. 3A is a sectional view showing a semiconductor apparatus in the
step of transferring conductive adhesive in the process of producing a
semiconductor apparatus shown in FIG. 2.

FIG. 3B 1s a sectional view showing a semiconductor apparatus in the
step of mounting _and that of pressuring the semiconductor element.

15 FIG. 4 is a flow chart showing a process of producing the
semiconductor apparatus in Example 2.

FIG. bA is a sectional view showing a semiconductor apparatus in the
step of mounting and the step of pressuring the semiconductor element in
the process of producing a semiconductor apparatus shown in FIG. 4.

20 FIG. 5B is a sectional view showing a semiconductor apparatus in the

step of transferring the conductive adhesive.

FIG. 6 is a sectional view showing a semiconductor apparatus in
Example 3.

FIG. 7 is a flow chart showing the process of producing the |

25 semiconductor apparatus in Example 3.

FIG. 8A is a sectional view showing a semiconductor apparatus prior
to pressuring the circuit substrate in the step of pressuring the circuit

substrate shown in FIG. 7. S—
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position of the el ectrbde termnal 7 in the direction of height of the 15
protrudi ng surface, and the height is constant substantially. Consequently,
t he amount of the change of ‘the height of the projected elecirade 4-caused

by the plastic deformation is different based ¢mHibSHEETIHASOBEEN | t he
el ectrode termnal 7 in the direction of heightl of tRepuNOEDr udi ny
surface. Concretely, when t he di stance bet ween b-he—prot+tetng—sul f ace

of the electrode_termnal 7 20 _and the sem conductor element. 1 is .

shorter, the anpfh€. 8B istaasegbionnl wigvwgshowing a gemiconductireafterithe eizewisde 4

becones |l arg a result, the distance between protruding

surface of spﬁgtrapq)}semeggure el ectrode 4 fornmed at the side of the

sem conduct or el nt, 1 and t he el ecgir ode.term anl 7
i

o et b o BTN d 3" Sodhitial \Gh - Showine,Obe'd s
pref er abl e b Bats b he Al AW GvbiitbBaPaLARES Mok ekl tolQue is used. |

5) FIG. 10 is a flow chart showing a process of producing a
semiconductor apparatus in which the conventional flip-chip packaging
technique is used.

FIG. 11 is a sectional view showing one example of conventional

semiconductor apparatus.

10
Hereinafter, an example of a semiconductor apparatus of this
invention and a method for producing the same will be explained referring to
figures.
(Example 1)
15 FIG. 1 is a sectional view showing a semiconductor apparatus in

Example 1 of this invention. As shown in FIG. 1, an aluminum electrode
terminal 2 is formed on the surface of semiconductor element 1 where the
element is formed. The area of the semiconductor element 1 other than
where the aluminum electrode terminal 2 is formed is covered with an

20 insulating film 3 composed of Si oxide film, Si nitrogen film and the like.

On the aluminum electrode terminal 2, a projected electrode 4

composed of conductive metallic material such as Au or Cu and the like is
formed. On the other hand, a desired circuit pattern 6 and an electrode
terminal 7 are formed on a circuit substrate 5 composed of insulating

25 material such as resin, ceramic or glass and the like. The electrode
terminal 7 is connected to the circuit pattern 6. In flip-chip packaging, the
electrode terminal 7 connects electrically with the semiconductor element 1.

A conductive adhesive 8 contains the powder of conductive metallic material
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10 [errlm It is nore preferable that the distance is about 5 [err]m

Consequently, the junction |ayer conposed of conﬁm.cm.ue..adhe-swe-& which is

transferred on the vertex of the projected el ect fogs SHEET iHAS BEENehches t he
' ' REPLACED

such as Ag, Cu or Ni 'and the like in the resin. The insulating resin 9 is

filled in the space between the semiconductor element 1 and the circuit

substrate 5.

When the insulating resin 9 is hardened, the éemiconductor element

5 1 and the circuit substrate 5 are bonded by the hardening shrinkage force of

the insulating resin 9, and are attracted powerfully and fixed.

Consequently, the mechanical strength of connecting the semiconductor

element 1 and the circuit substrate 5 of the semiconductor apparatus is

enhanced and the stable fixing can be maintained.

10 As shown in FIG. 1, the height of the projected electrode 4 is processed
according to the height of the respective electrode terminals 7 formed on the
circuit substrate 5. That is, there is the irregularity of the flat accuracy of
the principal surface of the circuit substrate 5 and the film thickness
accuracy of the electrode terminal 7. Consequently, the irregularity of the

15  position of the electrode terminal 7 in the direction of height of the
protruding surface is caused. The height of the projectéd electrode 4 is
lowered by plastic deformation in accordance with the irregularity
respectively. In this case, the irregularity of the height of the projected
electrode 4 which is pre-deformed plastically is smaller than that of the

20 position of the electrode terminal 7 in the direction of height of the
protruding surface, and the height is constant substantially. Consequently,
the amount of the change of the height of the projected electrode 4 caused by
plastic deformation is different based on the position of the electrode
terminal 7 in the direction of height of the protruding surface. Concretely,

25 when the distance between the protruding surface of the electrode terminal 7
and the semiconductor element 1 is shorter, the amount of change of height
of the projected electrode 4 becomes larger.

As a result, the distance between protruding surface of the projected
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surface:-of the electrode termnal 7 at the side of the circuit substrate 5
and as a result, the electrical connecting failure can be prevented.
Next, a method for producing the sem conductor appar agus—+ el
will be explained referring to FIGs.2 and 3. FIG 2 | THIS{SHEET HAS B
showi ng the process of producing the seni conductor appar at REPLACED

Exanple 1. As shown in FIG 2, in the sanme way as that~—or conventi onal
process, a sem conductor elengent 1 is forned on the_ surface where the

el ement is elockiode driprmedatfhgside efithg samicondudtos glgraent 1 gndghe;sirfagened

o e ol Lot A D Lec S LOL P2 i 8 Sl o ng 10
elements 1. 4Ll &bs hﬁi’t‘b_rmt. gy [E P HD18 TREN n L lisEARAUS bh ier SRS VA nB td S

101 m. Tt is more preferable that the distance is about 5 4 m.

5 Consequently, the junction layer composed of conductive adhesive 8 which is
transferred on the vertex of the projected electrode 4 reliably reaches the
surface of the electrode terminal 7 at the side of the circuit substrate 5 and
as a result, the electrical connecting failure can be prevented.

Next, a method for producing the semiconductor apparatus in

10 Example 1 will be explained referring to FIGs.2 and 3. FIG. 2is a flow
chart showing the process of producing the semiconductor apparatus in
Example 1. As shown in FIG. 2, in the same way as that of conventional
process, a semiconductor élement 1 is formed on the surface where the
element is formed. Then, a projected electrode 4 composed of Au. is formed

15 on the surface of the aluminum electrode terminal 2 by a ball bonding
technique and the semiconductor wafer is cut into individual semiconductor
elements 1. After that, the required amount of conductive adhesive 8 is
transferred only to the vertex of the projected electrode 4, and the projected
electrode 4 is positioned oﬁ the predetermined part of the circuit substrate 5

20 on which a desired circuit pattern 6 and an electrode terminal 7 are formed
in advance. The projected electrode 4 is pressured from the back of the
semiconductor element 1 to cause plastic deformation of the projected
electrode 4 and the process to make the height of the projected electrode 4
appropriate is conducted. Finally, after the conductive adhesive 8 is

25 hardened by heat treatment, the normal action is confirmed by the electrical
inspection, the liquid epoxy based insulating resin 9 is filled in the space
between the semiconductor element 1 and the circuit substrate 6 and is

hardened. As a result, a semiconductor apparatus is produced.
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transferred only to the vertex of the projected electrode 4, and the
proj ect ed el ectrode 4 is positioned on the predeterm ned part of the
. circuit substrate 5 on which a desired circuit pattern 6 and
el ectrode termnal 7 are forned 15 in advance, is pr QRS BEENDack
of the sem conductor elenment 1 to cause the pl asj L&(ﬁé‘pon of} t he
he
ally, after the

projected electrode 4 and the process to make th
projected el ectrode 4 appropriate is conducted. / . . _
conduct i ve adhesiKI&. S isa fignrkeshaiving 4 etep ¢fiteansfentingtdonductive adhesiveact i on
is confirmed by the electrical inspection, the |liquid epoxy 20 based

i nsul at i ng 3kthptoipressuringthe,semiconduetoriedement:in the proress pfipraducing
element 1 and the gircuit substrate 6 and_j ardened., As a result, a

seni _conductao?eraffagﬁ&ﬁ?g %P&aﬁﬁﬁiﬁ&% 1own in #i % | i tstezpncs gpeed

showi ng a sie9@f3 }srﬁlréssfa%rlé a8 ¥h&P lqgéj& fA f‘f(}aqh ®H1G°3A is a sectional view

5 showing a semiconductor apparatus in the step of transferring conductive

adhesive in the process of producing a semiconductor apparatus. FIG. 3B is
a sectional view showing a semiconductor apparatus in the step of mounting
and that of pressuring the semiconductor element. As shown in FIG. 3A,
the required amount of conductive adhesive 8 is transferred only to the

10  vertex of the projected electrode 4. As shown in FIG. 3B, the semiconductor
element 1 is positioned é.t the predetermined part of the circuit substrate 5
with its face down, and the pressure P is applied from the back of the
semiconductor element 1 to cause plastic deformation of the projected
electrode 4. The process is continued to make the height of the projected

15  electrode 4 appropriate. Accordingly, the step of mounting with face down
method is completed. It is preferable thét the pressure applied from the
back of the semiconductor element 1 is in a range of 1.5 X 10%to 5.0 X 10°
N/m®. When a pressure in the above-mentioned range is applied, the
distance between the protruding surface of the projected electrode 4 and the

20  surface of the electrode terminal surface 7 can be unified in a range of 1 £ m
to 104 m.

Furthermore, a projected electrode 4 may be formed by the
traﬁsferring bump technique in which the surface of the aluminum electrode
terminal 2 is pushed by the block of the conductive metallic material such as

25 _ Au or Cu and the like which is produced in advance, and then, pressure, heat
or ultrasoﬁic vibration is applied to attach the block of the conductive
metallic material to the surface of the aluminum electrode terminal 2.

Furthermore, a projected electrode 4 may be formed by depositing the

12 This Sheet Has Been Replaced



and that of pressuring the semiconductor el ement in the process of
produci ng 25 a sem conductor apparatus as shown in FIG 2. The reference

nunmber used in FIG 3 is the sane as that used in H€&
sectional view i i i '{Weal F%ﬁ"l@’ﬁﬁﬂ

_ showi ng a seni conductor apparatus in
transferring conductive adhesive in the process of produ
sem conduct or apparatus. FIG 3B is

12
conductive metallic material on the aluminum electrode terminal 2 by

" electroless plating or electrolytic plating.
As ébove-mentioned, according to the method for producing the
semiconductor apparatus in Example 1, the step of pressuring the projected
- b eiectrode and that of mounting the semiconductor element can be conducted
at the same time. As a result, in comparison with the conventional process
of producing the semiconductor apparatus, the step also can be simplified.
(Example 2)
A method for producing the semiconductor apparatus in Example 2
10  will be explained referring to FIGs. 4 and 5. FIG. 4 is a flow chart showing
a process of producing the semiconductor apparatus in Example 2. Ina
method for producing the semiconductor apparatus in Example 1, the
semiconductor element to which the conductive adhesive is transferred in
advance is positioned on the circuit substrafe with its face down. After that,
15  the step of deforming the projected electrode plastically and that of mounting
were conducted at the éame time by applying the pressure.

However, according to a method for producing the semiconductor
apparatus in Example 2, a semiconductor element which is positioned in
advance on the circuit substrate with surface down is pressured to cause

20 plastic deformation of the projected electrode. Then, the semiconductor
element is once detached from the circuit substrate, the conductive adhesive
is transferred and the semiconductor element is mounted with its face down
again.

FIG. 5 is a figure explaining from a step of mounting with its face

25 down (1) to a step of transferring _the conductive adhesive in the producing
process as shown in FIG. 4. The reference number used in FIG. 5 is same as
that used in FIG. 1. FIG. 5A is a sectional view showing a semiconductor

apparatus from a step of mounting to a step of pressuring the semiconductor
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a sectional view show ng a sem conductor apparatus in the step of nounting
and that' of pressuring the seniconductor elenent. As shown in FIG 3A,

t he requi red amount of conductive adhesive 8 is transfe v
“vertex of the projected el ectrode 4. As shown in FIG {385 ISHEEE 8
5 elenment 1 is positioned at the predeterm ned part df theREP\l:kﬁﬁDt
substrate 5 wth its face down, and the pressure e=—apprited fromthe
back of the

element in the process of producing a semiconductor apparatus as shown in

FIG.4. FIG. 5B is a sectional view showing a semiconductor apparatus in
the step of transferring the conductive adhesive.
As shown in FIG. 5A, the semiconductor element 1 is positioned at
5 the predeterminéd part of the circuit substrate 5 with its face down and the
pressure P is applied to the back of the semiconductor element 1.
Consequently, the appropriate plastic deformation of the projected electrode
4 is conducted.
Next, the semiconductor element 1 is once detached from the circuit
10 substrate 5, as shown in FIG. 5B, and the required amount of the conductive
adhesive is transferred only to the vertex of the projected electrode 4. After
that, the semiconductor element 1 is mounted again on the predetermined
part of the circuit substrate 5 with its face down. As above-mentioned, the
semiconductor apparatus having the constitution which is substantially
15 uniform like that shown in FIG. 1 can be produced. |
According to the method for producing the semiconductor apparatus
in Example 1, when the semiconductor element is mounted, the pressure is
applied. Aé a result, the position of the semiconductor element and the.
circuit substrate may be shifted from that of the predetermined position of
20 the semiconductor element and the circuit substrate. On the other hand,
according to the method for producing the semiconductor apparatus in
Example'Z, when the semiconductor element is mounted, the pressure is
hardly applied to the semiconductor element at all. Therefore the
possibility that the position of the semiconductor element and the circuit
25 substrate is shifted from that of the predetermined position of the
semiconductor eleinent and the circuit substrate is small. Consequently,
the method for producing the semiconductor apparatus in Example 2 is

suitable for producing the semiconductor apparatus requiring mounting
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sem conductor element 1 to cause the plastic deformation of the projected
el ectrode 4. The process is continued to nake the height of the projected
el ectrode 4 appropriate. Accordingly, the step of nmounting with face down
10 method is conpleted. It is preferable that the prERadreqETHAS BEEN dm
t he back of the sem conductor elenent 1 is in afy Q’eR@ LAceD X 10[lerr]
to 5.0 x 10[err] N nferr]. When a pressure in the._.abhove-~rertt+omed
range i s applied, the di stance between the protrudi ng surface of the
proj ect ed elceuracydsuch amuohinhte pitch couméching cinsttactidmect r ode t er mi nal
surface 7 can be unified in a range of 1 [err] m15 to 10[err] m

Fur t her nor dExamplgjRAct ed el ectrode 4 may be formed by the transferring

bunp technique in which the surface.of the alunm numelectro erm nal
2 i's pushed by t Rt Fep o g iR e CORARGIOR POPAER N 1 Exgrnle,3

will be explained referring to FIGs. 6,7 and 8. FIG. 6 is a sectional view

5 showing a semiconductor apparatus in Example 3. In FIG. 6, 12 indicates a
barrier layer composed of Cr or Au formed on the surface of the aluminum
electrode and 14 indicates a projected electrode formed on the electrode
terminal at the side of the circuit substrate. The other elements are the
same as those of FIG. 1. .

10 Unlike the semiconductor apparatus of Example 1 shown in FIG. 1,
in the semiconductor apparatus of Example 3, a barri_er layer 12 is formed
because the aluminum may be corroded when a conductive adhesive is
contacted directly with the surface of the aluminum electrode terminal 2.
Further, in the semiconductor apparatus of Example 3, a projecfed electrode

15 14 composed of conductive metallic materiél such as Au or Cu and the like is
formed on the surface of the electrode terminal 7 at the side of the circuit
substrate 5.

As shown in FIG. 6, the height of the projected electrode 14 is
processed according to the position in the direction of the height of the

20 electrode terminal 7 formed on the circuit substrate 5 respectively in the
same way as the semiconductor apparétus of Example 1 was produced.
That is, there is the irregularity of the flat accuracy of the principal surface
of the circuit substrate 5 and the film thickness accuracy of the electrode
terminal 7. Consequently, the irregularity of the position of the electrode

25 terminal 7 in the direction of the height of the protruding surface is caused.
The height of the projected electrode 14 is lowered by plastic deformai;ionl in
accordance with the irregularity respectively. In this case, the irregularity

of the height of the projected electrode 14 which is pre-deformed plastically is
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Au or Cu:and the |like which is produced in advance, and then, pressure,
heat 20 or ultrasonic vibration is applied to attach the bl ock of the

conductive metallic material to the surface of the al um num el ectrode
term nal 2. Furthernore, a projected electr Py peened
by depositing the conductive metallic material on tihetdl -
el ectrode termnal 2 by el ectroless plating or ele

25 As above-mentioned, according to the method-Tor producing the
sem conduct ofmalleathansdhak ofiherposition afithe slentraste tersxnal 7 ng tf)m dlmc?oatct gd
el ectrode and.t hat  of unting.the sem condyctor el ement can be conducte

at the same Pfh@l.g%&é’féﬂg&?ﬁrﬂgmgls‘@&fﬁ%ﬁ aheight peconstenhsnbstantisllycess

Consequently, the amount of the change of the height of the projected
electrode 14 caused by plastic deformation is different based on the position

5 in the direction of the height of the électrode terminal 7 in the direction of
the protruding surface. Concretely, when the distance between the
protruding surface of the electrode terminal 7 and the semiconductor
element 1 is shorter, the amount of change of height of the projected
electrode 14 becomes larger.

10 As a result, the distance between the surface of the barrier layer 12 at
the side of the semiconductor element 1 and the protruding surface of the
projected electrode 14 becomes uniform. It is preferable that the distance is
in a range of 14 m to 10 #'m in the same way as Example 1. It is more
preferable that the distance is about 54 m. Consequently, the junction

15 layer composed of conductive adhesive 8 which is transferred on the vertex of
the projected electrode 14 reaches reliably the sﬁrface of the barrier layer 12
at the side of the semiconductor element 1 and as a result, the electrical
connecting failure can be prevented.

Next, a method for producing the semiconductor apparatus in

20 Example 3 will be explained referring to FIGs.7 and 8. FIG. 7 is a flow
chart showing the process of producing the semiconductor apparatus in
Example 3. As shown in FIG. 7, an element is formed on the surface of
semiconductor element 1 and after that a barrier layer 12 is formed by'
layering Cr and Au on the surface of the aluminum electrode terminal 2 with

25 aplating technique. Then, the inspection is conducted and the
semiconductor wafer is cut into individual semiconductor elements 1.

On the other hand, a desired circuit pattérn 6 and an electrode

terminal 7 are formed on the principal surface of the circuit substrate 5 and
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13 . of producing the sem conductor apparatus, the step al so
can be- S|an|f|ed _
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after that a projected electrode 14 composed of Au is formed on the surface of
the electrode terminal 7 with a ball bonding technique.

Then, the projected electrode 14 is pushed onto the flat plate having a
desired flatness accuracy and composed of hard material. Consequently,

5 the appropriate plastic deformation of the projected electrode 14 is conducted
and the height of the protruding surface of the projected electrode 14
becomes uniform respectively. After that, the required amount of the
conductive adhesive paste 8 is transferred only to the vertex of the projected
electrode 14, the semiconductor element 1 is mounted on the predetermined

10 part of the circuit substrate 5 with its face down, heat treatment is applied to
the conductive adhesive 8 to be hardened, electrical inspection is carried out
to confirm the normal action, and finally the space between the
semiconductor element 1 and the circuit subétrate 6.is filled with insulating
resin 9 such as liquid epoxy based resin. According to the above-mentioned

15  steps, the semiconductor apparatus is produced.

FIG. 8 is a figure explaining from a step of pressuring the circuit
substrate to a step of transferring the conductive adhesive in the process of
producing a semiconductor apparatus as shown in FIG. 7. The reference
number used in FIG. 7 is same as that used in FIG. 6. FIG. 8Ais a sectional

20 view showing a semiconductor apparatus prior to pressuring the circuit
substrate. FIG. 8B is a sectional view showing a semiconductor after the
circuit substrate is pressured. As shown in FIG. 8A, the projected electrode
14 which is formed on the principal surface of the circuit substrate 5 is
pushed to the flat plate having a desired flat accuracy and composed of hard

25 material. Consequently, the appropriate plastic deformation of the
projected electrode 14 is éonducted and the height of the protruding surface
of the projected electrode 14 is unified. It is preferable that the variation in

flatness of the above-mentioned hard material is 4 & m or less over a distance

e

e
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(Example 2) ‘ A nmet hod for producing the sem conductor apparatus

In Exanple 2 will be explained referring to FIGs. 4 and 5. FIG 4 is a
flow chart showing 5 a process of producing the sem conductor appar at us
in Exanmple 2. In a nmet hod for producing the sem -‘-o‘r‘#x{l R (ﬁ% in
Exanple 1, the sem conductor elenent to which the g é |ve
Is transferred in advance is positioned on the ci )

its face down. After that, the step of deform ng fhe'brOJected
el ectrode PiZdmma| |l ispreferable &haﬁwﬂmmeﬁgun_eothrm applibdctioshedlatt plates ame
However , accordin nethod

o or SRR B35 o cppm i e ™
hi € t. ance op the ui
Subst ra o vt efRhe Hcfite of the Brajepled lecteade 4. { RBOR, as Shown in FIC.

8B, the conductive adhesive 8 paste is transferred only to the vertex of the

9 projected electrode 14 and the semiconductor element 1 is mounted.

Furthermore, a projected electrode 14 may be formed by the
transferring bump technique in which the surface of the electrode terminal 7
1s pushed by the block of the conductive metallic material such as Au or Cu
and the like which is produced in advance, and then, pressure, heat or

10  ultrasonic vibrétion is applied to attach the block of the conductive metallic
material to the surface of the electrode terminal 7.

Furthermore, a projected electrode 14 may be formed by depositing
the conductive metallic material on the electrode terminal 7 by electroless
plating or electrolytic plating.

15 Furthermore, a technique of forming a thick. film using paste may be
used. Regarding the barrier layer 12, a material other than Cr-Au film may
be used.

Furthermore, in a case when an aluminum electrode terminal 2 is
composed of material except for aluminum which is not corroded easily such

20  as Auor Pt and the like, the barrier layer is not required to be formed.

As above-mentioned, according to the method for producing the
semiconductor apparatus in Example 3, the step of pressuring the
semiconductor element can be omitted, therefore the damage which is
inflicted on the semiconductor element is reduced. In particular, when the

25 semiconductor element is produced by using the brittle material such as
compound semiconductor, Ga-As, the method fdr producing semiconductor
apparatus in Example 3 is very effective.

As above-mentioned, according to the semiconductor apparatus of
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pl astic-deformati on of the projected el ectrode. Then, the sem conductor 15

el ement is once detached fromthe circuit substrate, the conductive

adhesi ve is transferred and the sem conductor elenment is nmounted wth

its face down agai n. FIG 5is afig ~eXpl-ai-ni # n a
step of nounting with face down (1) to a step of t} @RS BrclngA [REE

conductive adhesive in the producing process 20 as sho i n RBPGACED The
reference nunber used in FIG 5 is sane as that us ' T HG
5A i s a secthisriavexntion techeight af thmprojerted electrode isgppeesseds in t he sth ep

of nounting and that_ of pressuring the_sem conductor . el ement in the -
process of gﬁPBBQR?F?‘T@lSét%BH’rfE&ﬁH estance betvesn theprefwuding surface offthg 4. FI G

. PBERRT . . . f
PP anat ot s B RRed EhSis BhaIh oPHARAE SitfioR o 1RB S ividudl e1dctrode Vi P ©

the above-mentioned conductive adhesive respectively. Cohsequently, the

5 electrical connection between the semiconductor element and the circuit
substrate can be made reliably.

Further, according to the method for producing the semiconductor
apparatus of this invention, the height of the projected electrode can be
processed appropriately tb unify the distance between the protruding surface

10  of the projected electrode and the opposing surface of the individual electrode
terminal via conductive adhesive fespectively by applying the pressure to the
back of the semiconductor element. Consequently, a semiconductor
apparatus in which the semiconductor element and the circuit substrate are
electrically connected reliably can be produced.easily and at a low cost.

15 Industrial Applicability

As above-mentioned, the semiconductor element and the circuit
substrate are electrically connected reliably in the semiconductor apparatus
of this invention, the semiconductor apparatus of this invention can be used
as a semiconductor apparatus in which the semiconductor element and the

20  circuit substrate are electrically connected.

Further, according to a method for producing the semiconductor
apparatus of this invention, each projected electrode can be deformed
plastically and the semiconductor element and circuit- substrate can be
electrically connected reliably. Consequently, the method for producing the

25 semiconductor apparatus of this invention can be utilized as a method for
producing a semiconductor apparatus in which a flip-chip packaging

technique is used.

" This Sheet Has Been RTilaced

(011111




“As. shown in FIG 5A, the sem conductor elenment 1 is positioned at the
predeterm ned part of the circuit substrate 5 with its face down and the
pressure P is appl led to the back of the sem conductor el enent 1.
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Sheet Has Been Replaced

THIS, SHEET HAS BEEN

CLAIMS REPLACED

A semiconductor apparatus in which a flip-chip packaging
technique is used for connecting electrically a semiconductor element and
a circuit substrate via a projected electrode composed of conductive
metallic material formed on an electrode terminal which is formed on the
surface of said semiconductor element where the element is formed, a
conductive adhelsive and an electrode terminél on said circuit substrate,
wherein said individual projected electrode is deformed plastically in the
direction of height so that the distance between a protruding surface of
said individual projected electrode and an opposing surface of said
individual electrode terminal via said conductive adhesive is unified.

The semiconductor apparatus according to Claim 1 wherein the
material of said projected electrode is at least one metallic material |
selected from the group consisting of Au and Cu.

The semiconductor apparatus according to Claim 1 wherein a
distance between the protruding surface of said individual projected
electrode and the opposing surface of the individual electrode terminal
via said conductive adhesive is in a range of 1 4 m to 10 £ m.

The semiconductor apparatus according to Claim 1 wherein the

flip-chip packaging téchnique is used for connecting electrically said

semiconductor element and said circuit substrate via said electrode

terminal formed on the surface of said semiconductor element where the
element is formed, said conductive adhesive and said projected electrode
composed of the conductive metallic material formed on said electrode
terminal on éaid circuit substrate.

The semiconductor apparatus according to Claim 4 wherein a

barrier layer composed of conductive metallic laminated film is formed on

GO T




Consequent | y, stic de

el ectrode 4 is con Cl%g}hsB@nRehﬁﬂ Next, the sem conductor el ement
1 is once detached fro substrate 5, as shown in FIG 5B

and the required anount ve 5 adhesive is transferred only
to the vertex of the proj e 4. After that, the

sem conductor elenent 1 is nDunted agaln on the predeterm ned part of

the circuit substrate 5 with its face down. As above-nentioned, the

seni conduct or apeid alegtrodsterginalcon thessunfacs ofsaidisemicendugter element| y

where the element is formed.
6. The semiconductor apparatus according to Claim 1 wherein the
height of projection of said projected electrode is substantially uniform.
5 1. The semiconductor apparatus according to Claim 6 wherein the
height of the protruding surface of said individual projected electrode is
unified by pushing said projected electrode on a flat surface of a hard
material before said projected electrode is bonded with conductive
adhesive.
10 8. The hando-souchi according to Claim 7 wherein the pressure on
said protruding surface of said projected electrode which is caused by
pushing on the flat surface of said hard material is in a range of 1.5 X

10%t0 5.0 X 10°N/m2

9. The hando-souchi according to Claim 7 wherein the variation in
15 flatness of said hard material is 4 £ m or less over a distance of 20mm.
10. A method for producing a semiconductor apparatus, comprising

the steps of forming a projected electrode on a surface of a semiconductor
element where the element is formed, transferring a conductive adhesive
to the vertex of said projected electrode and mounting said semiconductor
20 element on a circuit substrate with its face down, wherein said
semiconductor element is pushed from the back in said step of mounting
so that the projected electrode formed on said semiconductor element is
deformed plastically to unify the distance between the protruding surface
of said individuel projected electrode formed on. said semiconductor
25 element and the opposing surface of the individual electrode terminal at
the side of said circuit substrate.
11. The method for produciﬁg a hando-souchi according to Claim 10,

wherein the pressure on the protruding surface of said projected

21
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uniformlike that shown in FIG 1 can be produced. 10 : According to

the nmethod for producing the sem conductor apparatus i n Exanple 1,
when the sem conductor elenent is nounted, the pressure is applied. As
a result, the position of the sem conductor elenent and the circuit

substrate may be shifted fromthat of the predeterm ned position of

the sem conductor elenent and the circuit substrate. On the other hand, 15
according to the nmethod for producing the seni conductor apparatus in

Exanpl e 2, wheelectrodecwhinbrigwansed dyqushing saidbsmhzondubier pleasnt &ons not
applied to the seg;’é&gnductor el ement at a};l | . Therefore the possibility that
the position othe asinaranse 6f 1 efrel® tafe0 t Ke 16T Nbof.t substrate is

clerent andl30' ¢ he The Biathod SBLPRAERE A SRERrondastoR SURKAYS SerEdNeE hod
for producing fohelaim 10, wherein the projected electrode on the semiconductor
5 element is deformed plastically, the conductive adhesive is transferred to
the vertex of the individual projected electrode on said semiconductor
element and said semiconductor element is mounted on said circuit

substrate with its face down again.

This Sheet Has Been Reilaced

THIS SHEET HAS BEEN
REPLACED
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sem.conductor apparatus in Exanple 2 is suitable for ‘producing the
sem conduct or apparatus requiring a-nounting accuracy such as mnute

pitch connecting construction. " (Exanple 3) 25 A nethod for
produci ng the sem conduct or apparatus in Exanple 3 ~ will be explained
referring to FIGs. 6,7 and 8. FIG 6 is a sectional view show ng a

sem conduct or apparatus in Exanple 3. In FIG 6, 12 indicates a .
barrier |layer conposed of C or Au forned on the surface of the alum num
15 : - ABSTRACT

This invention provides a semiconductor apparatus in which the
height of the projected electrode (4) formed on the semiconductor element (1)
5 is deformed plastically so as to unify the distance of the protruding surface of
the projected electrode (4) and the surface of the electrode terminal (7) at the
side of the circuit substrate (5), and the semiconductor element and the
circuit substrate are connected electrically with reliability. This invention
also provides a method for producing the semiconductor apparatus. After
10  the semiconductor element (1) is positioned on the predetermined part of the
circuit substrate (5), the projected electrode (4) is deformed plastically by
pushing the semiconductor element (1) from the back and the height of the
projected electrode (4) is processed appropriately. According to the method
for producing the semiconductor apparatus, even if there is irregularity of
15  the height of the surface of the electrode terminal (7) formed on the circuit
substrate (5) which connects with the semiconductor element (1), the
semiconductor element (1) and the circuit substrate (5) can be connected

electrically with reliability.
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el ectrode and 14 indicates a projected electrode formed on the el ectrode

termnal at the side of the circuit substrate. The other elenents are the
sane as those of FIG 1.

AMENDMENT
(the J apanese Law § 11 based on PCT § 34(2)())
To : Examiner of the Patent Office |
1. Identification of the International Application
5 PCT/IP97/00672
| 2. Applicant
Name : Matsusita Electric Industrial Co., Litd.
Address: 1006-banchi, Oaza-Kadoma, Kadoma-shi, Osaka 571
JAPAN
10 Country of nationality: JAPAN
Country of residence: JAPAN
3. Agent
Name : (9555) Patent Attorney IKEUCHI Hiroyuki
Address: Suite 401, UMEDA PLAZA Building, 3-25, Nishitenma
15 4-chome, Kita-ku, Osaka-shi, Osaka 530 JAPAN
4. Date of order of amendment
09. 09. 97
5. Item to be amended
Disclosure of invention of specification and Claims
20 6. Subject matter of Amendment
(1) As per the attached sheets, amend “in the semiconductor
apparatus of this invention, the flip-chip packaging technique is used for
connecting electrically a semiconductor element and a circuit substrate via a
projected electrode composed of conductive metallic material formed on an
25 electrode "_terminal, which is formed on the surface of the semicogductor
element where the element is formed, a conductive adhesive and an electrode
terminal on the éircuit substrate, wherein the individual projected electrode

is deformed plastically in the direction of height so that the distance between

st



Unli ke the sem conductor apparatus of Exanple 1 shown in FIG 1, 5 in the
sem conduct or apparatus of Exanple 3, a barrier layer 12 is forned

because the al um num may be corroded when a conductive adhesive is
contacted directly with the surface of the alumi num el ectrode termnal 2.
Further, in the sem conductor apparatus of Exanple 3, a projected el ectrode
14 conposed of conductive netallic material such as Au or Cu and the like
is 10 formed on the surface of the electrode terminal 7 at the side of the
circuit a pzoirading surface of an individualprojectesh elestiode, argl an loppbsinght of

the projected el ecjr,ode 14 .is ﬁrocesse% acc rdingﬂto t he pasition of

the hei ght Birfasgoitheindiydual electrodeferminalrga thg conduetive adbesive dsibst r at e
S Pt Sl LGSR AP bE 05 ST SRR B
apparatus of this invention, the flip-chip packaging technique is used for
.5 connecting electrically a semiconductor element and a circuit substrate via a
projected electrode composed of conductive metallic material formed on an
electrode terminal, which is formed on the surface of the semiconductor
element where the element is formed, a conductive adhesive and an electrode
terminal on the circuit substrate. According to the semiconductor
10 apparatus in this invention, the individual projected electrode is deformed
plastically respectively in the direction of the height in accordance with the
height of an opposing surface of electrode terminal formed on the circuit
substrate in the part of the circuit substrate where the height of the surféce
of the electrode terminal is different so that the distance between a
15 protruding surface of the individual projected electrode and an opposing
surface of the individual electrode terminal formed on the circuit substrate
via the conductive adhesive is unified.”
(2) As per the attached sheets, amend “ Furthermore, it is preferable
that the flip-chip packaging technique is used fof connecting a semiconductor
20 element and a circuit substrate via an electrode terminal formed on the
semiconductor element where the element is formed, a conductive adhesive
and the projected electrode composed of the conductive metallic material
formed on the electrode terminal on the circuit substrate.
In the preferr_ed semiconductor apparatus in which the projected
' 25 electrode is formed at the side of the circuit substrate, it is preferable that a
barrier layer composed of conductive metallic laminated film is formed on
the electrode terminal on the semiconductor element where the element is

formed.” in lines 6-16, page 5 of the specification to “Next, in a second aspect

2 . et
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irregularity of the flat accuracy of the principal surface of the circuit
substrate 5 and the filmthickness accuracy of the electrode termnal 7.
Consequently, the irregularity of the position of the electrode termnal 7
in the direction of the height of the protruding surface is caused.
The height of 20 the projected electrode 14 is |owered by plastic
deformation in accordance wth the irregularity respectively. In this
case, the irregularity of the height of the projected el ectrode 14

whi ch is profseniigenductpr apparatusyinitbisinyvention, the flitrehip padkaging he positi on
of the electrode termngl, 7 in the direction of height of the

prot rudi ng €6  1s pied ok copnepting ele  semieongdycton eloment and a

ol ect rode el SuRTEHH 8 a5 AlePodn e onimal lormed Of WRCPERcdRha on the
position Ofse%%oﬁ&ﬁ%& eMmbREwhefE th gﬁrﬁe%t@s@fﬂ‘mld,i L blfudivesindilve! the
5 and a projected electrode composed of conductive metallic material formed on
an electrode terminal on the circuit substrate. According to the
semiconductor apparatus in this invention, in the part of the circuit
substrate where the height of the surface of the electrode terminal formed on
the circuit substrate is different, the individual projected electrode is

10 processed in the direction of height in accordance with the height of the
opposing surface of the electrode terminal formed on the circuit substrate,
respectively, so that the distance between the protruding surface of the
individual projected electrode and the opposing surface of the individual
electrode terminal formed on the semiconductor element where the element

15  is formed via the conductive adhesive becomes uniform. In the second aspect
of semiconducto_r apparatus in this invention, it is preferable that a barrier
layer composed of laminated film of conductive metallic material is formed
on the electrode terminal formed on the semiconductor element where the
element is formed.”

20 (3) As per the attached sheets, amend “Furthermore, it is preferable
that the variation in flatness of the hard material is 4 2 m or less over a
distance of 20mm. According to a first aspect of the method for producing
the semiconductor apparatus, a projected electrode is formed on the
semiconductor element where the element is formed, a conductive adhesive

25 is transferred on the vertex of the projected electrode and the semiconductor
element is pressured from the back when the semiconductor element is
mounted on the circuit substrate with its face down. According to that, the

projected electrode formed on the semiconductor element is deformed

__————'—'—'-_’-————-——_‘—
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protrudi ng surface. Concretely, when the distance between the protruding

plastically to unify the distance between the protruding surface of the
individual projected elect_rode formed on the semiconductor element and the
opposing surface of the electrode terminal at the side of the circuit
substrate.” in lines 5-17, page 6 of the specification to “ Furthermore, it is
preferable that the variation in flatness of the hard material is 4 x m or less
over a distance of 20mm. Further, it is preferable that the material of the
projected electrode is at least one metallic material selected from a group
consisting of Au and Cu. Further, it is preferable that the distance between
the protruding surface of the individual projected electrode and the opposing
surface of the individual electrode terminal via the conductive adhesive is in
arangeof lumto 10um. According to a first aspect of the method for
producing the semiconductor apparatus, a projected electrode is formed on
the semiconductor element where the element is formed, a conductive
adhesive is transferred onto the vertex of the projected electrode and the
semiconductor ele.ment is pressured from the back when the semiconductor
element is mounted on a circuit substrate with its face down. According to
that, in the part of the circuit substrate where the height of the surface of
electrode terminal is different, the individual pi'ojected electrode formed on
the semiconductor element is deforméd plastically in the direction of height
in accordance with the height of the opposing surface of electrode terminal
formed on the circuit substrate, respectively, so that the distance between
the protruding surface of the individual projected electrode formed on the
semiconductor element and the opposing surface of the individual electrode
terminal at the side of the circuit substrate is unified.”

(4) As per the attached sheets, amend “According to a second aspect
of the method for producing the semiconductor apparatus, after a projected
electrode is formed on the electrode terminal formed on the circuit substrate,
the height of the protruding surface of the individual projected electrode is
T T
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surface of the electrode terminal 7 and the semi conductor elenment 1 is
shorter, the anount of change of height of the projected el ectrode 14
becones | ar ger . : As a result, the distance between the
surface of the barrier layer 12 at 5 the side of the sem conductor

el ement 1 and the protruding surface of the proj ected el ectrode 14
becones uniform It is preferable that the distance is I n a range of
1ferr] mto 10 [err]m.in the sane way as Exanple 1. It is nore

pref er abl e wnifiedihepuskingtbe nrojestrsdielestiode tp the fladsuetaceofthe haid j unct i on
of '10 "t he Badpaeh H cPRicioucadaes Uh it Eanearrebiq e e mer pRBRE of the
barrier | ayi%rdiw;i%ual projected electrode and the semiconductor element is mounted on

the circuit substrate with face down.

5 According to the second aspect of the method for producing the
semiconductor apparatus, a step of pressuring the semiconductor element is
not present. Therefore the damage inflicted on the semiconductor element
can be decreased.

In the second aspect of the method for producing the semiconductor

10 apparatus, it is preferable that the pressure which is caused by pushing the
prdjected electrode to the flat surface of the hard material to apply to the
protruding surface of the projected electrode is in a range of 1.5 X 10%t0 5.0
X 108N/m?2.” in line 17, page 7 to in line 1, page 8 of the specification to
“According to a second aspect of the method for producing the semiconductor

15 apparatus, after a projected electrode is formed on the electrode terminal
formed on a circuit substrate, the individual projected electrode is processed
in the direction of height, so that the distance between the protruding
surface of the individual projected electrode formed on the circuit substrate
and an opposing surface of electrode terminal formed on a semiconductor

20 element is unified, in the part of the circuit substrate where the height of the
surface of the electrode terminal is different, a conductive adhesive is -
transferred to the vertex of the individual projected electrode and then the
semiconductor element is mounted on the circuit substrate with its face
down. According to the second aspect of the method for producing the

25 semiconductor apparatus, a step of pressuring the semiconductor element is
not present. Therefore the damage which inflicted on the semiconductor
element can be decreased. Further, it is preferable that the height of the
protruding surface of the individual projected electrode is unified by pushing



at the side of the seni conductor elenent 11 and as a result, the electrical

connecting failure can be prevented. Next, a method for

produci ng the sem conduct or apparatus in Exanple 3 will be explained
referring to FIGs.7 and 8. FIG 7 is a flow 15 <chart show ng the process

of producing the sem conductor apparatus in Exanple 3. As shown in

FIG 7, 'an elenent is fornmed on the surface of sem conductor elenment 1

and after that a barrier layer 12 is formed by | ayering Cr and Au on

t he sur f acethsfpnojected elﬁ'cm%db@cﬂabderfaee of adlard material before tileat i ng

techni que. Then, éh i nspection i s conducted and the 20 sem conductor
wafer is cubropefted erstxadeaibondnd stk adhesivel e Famther it is preferable thaton t he

ar o1 or mod 5 PGSR RO ubPaLy Bishing the proesied devradetathnfat
surface of the hard material is in a range of 1.5 X 10%t0 5.0 X 10®N/m2”

5 (5) As per the attached sheets, amend “A semiconductor apparatus in
which the flip-chip packaging technique is used for connecting electrically
the semiconductor element and the circuit substrate via the projected
electrode composed of conductive metallic material formed on the electrode
terminal which is formed on the surface of the semiconductor element where

10 the element is formed, the conductive adhesive and the electrode terminal on
the circuit substrate, wherein said individual projected electrode is deformed
plastically in the direction of height so that the distance between the
protruding surface of said individual projected electrode and the opposing
surface of the individual electrode terminal via said conductive adhesive is

15 unified.” of Claim 1 to “A semiconductor apparatus in which the flip-chip
packaging technique is used for connecting electrically a semiconductor
element and a circuit substrate via a projected electrode composed of
conductive metallic material formed on an electrode terminal Which is
formed on the surface of said semiconductor element where the element is

20 formed, a conductive adhesive and an electrode terminal on said circuit
substrate, v#herein said individual projected electrode is deformed plastically
in the direction of height in accordance With.the height of an opposing
surface of said electrode terminal formed on said circuit substrate in the part
of said circuit substrate where thé height of the surface of said electrode

25 terminal is different so that the distance between a protruding surface of
said individual projected electrode and an opposing surface of said individual
electrode terminal formed on said circuit substrate via said conductive

adhesive is unified.”



after that a projected electrode 14 conposed of Au is fornmed on the surface
of the electrode termnal 7 wth a ball bonding technique. 25
Then, the projected electrode 14 is pushed onto the flat plate having a
desired fl atness accuracy and conposed of hard nmaterial. Consequently,
the appropriate plastic deformation of the projected electrodes 14 is
conducted and the height of the protruding surface of the projected
el ectrode 17

(6) As per the attached sheets, amend “The semiconductor apparatus

according to Claim 1 wherein the flip-chip packaging technique is used for
connecting electrically the semiconductor element and the circuit substrate
via the electrode terminal formed on the surface of the semiconductor
5 element where the element is formed, the conductive adhesive and the
projected electrode composed of the conductive metallic material formed on
the electrode terminal on the circuit substrate.” of Claim 4 to “A
semiconductor apparatus where a flip-chip packaging technique is used for
'conne_cting electrically a semiconductor element and a circuit substrate via
10 an electrode terminal formed on the surface of said semiconductor element’
where the element is formed, a conductive adhesive and a projected electrode
composed of conductive metallic material fori:ned on an electrode terminal on
said circuit substrate, wherein said individual projected electrode is -
. processed in the direction of height in accordance with a height of an
15 opposing surface of said electrode terminal formed on said circuit substrate
in the part of said circuit substrate where the height of the surface of
electrode terminal is different, so that the distance between a protruding
surface of said individual projected electrode and an opposing surface of said
individual electrode terminal formed on said semiconductor element where
20 the element is formed via said conductive adhesive is unified.”
(7) As per the attached sheets, amend “The semiconductor appafatus
according to Claim 1” of Claim 6 to “The semiconduétor apparatus according
to Claim 4”
(8) As per the attached sheets, amend “The hando-souchi according to
25 Claim 7” of Claim 8 to “The handotai-souchi (semiconductor apparatus)
according to Claim 7.”
(9) As per the attached sheets, amend “The hando-souchi according to

Claim 7” of Claim 9 to “The handotai-souchi (semiconductor apparatus)



14 becones uniformrespectively. After that,

conductive adhesive paste 8 is transferred only to the vertex of the
el ectrode 14, the sem conductor element 1 is nounted on the
pr edet er m ned part of the circuit substrate 5 with its face down,

proj ect ed

treat nent
el ectri cal
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is applied to 5 the conductive adhesive 8 to be hardened,
I nspection is carried out

according to Claim 7.” |

(10) As per the attached sheets, amend “A method for producing the
semiconductor apparatus, comprising the steps of forming a projected
electrode on a surface of a semiconductor element where the element is
formed, transferring a conductive adhesive to the vertex of said projected
electrode and mounting said semiconductor element on said circuit substrate
with face down, wherein said semiconductor element is pushed from the back
so that the projected electrode formed on said semiconductor element is
deformed plastically to unify the disi_:ance between the protruding surface of
the individual electrode formed on said semiconductor element and the
opposing surface of the individual electrode terminal at the side of the circuit
substrate.” of Claim 10 to “A method for producing the semiconductor
apparatus, comprising the steps of forming a projected electrode on a surface
of a semiconductor element where the element is formed, of transferring a
conductive adhesive to the vertex of said projected electrode and mounting
said semiconductor element on a circuit substrate with face down, wherein in
the part of said circuit substrate where the height of the surface of electrode
terminal on the circuit substrate is different, in said step of mounting, said
semiconductor element is pushed from the back so that the projected
electrode formed on said semi(;.onductor element is deformed plastically in
the direction of height in accordance with the height of the opposing surface
of said electrode terminal formed on said circuit substrate to unify the
distance between the protruding surface of said individual projected
electrode formed on said semiconductor element and the opposing surface of
the individual elecﬁrode terminal at the side of said circuit substrate.”

(11) As per the attached sheets, amend “The hando-souchi according
to Claim 10” of Claim 11 to “The handotai-souchi (semiconductor apparatus)

according to Claim 10.”

the required amount of the

heat



to confirmthe normal action, and finally the space between the

sem conductor elenent 1 and the circuit substrate 6 is filled with

i nsul ati ng resin 9 such as |iquid epoxy based resin. According to the
above-nenti oned steps, the semi conductor apparatus is produced. 10
FIG 8 is a figure explaining a step of pressuring the circuit substrate
and that of transferring the conductive adhesive in the process of

pr oduci ng a sem conduct or apparatus as shown in FIG 7. The reference
nunber used (18) As @er the attached sheetsmClae d3iis adided «5.follo®s. 8A is a
sectional view _  showi ng a sen conductor apparatus prior to pressuring
the circuit substPmethadiornrodgeinga semaiconduetor anpayatwnopmprising the

Som Coniuct g 8B % b cleperot S Ao Sodl e e R 1
surface of éipceuif is{lﬁéﬂrﬁtes, 'fﬂﬁ&d’s@hf‘g éailﬁnﬁiﬁﬁﬁgl projected electrode in the |
5 direction of height to unify the distance between a protruding surface of said
individual projected electrode formed on said circuit substrate and an
opposing surface of an electrode terminal formed on a semiconductor element |
in the part of said circuit substrate where the height of the surface of
electrode terminal is different, transferring a conductive adhesive to the
10 vertex of said individual projected electrode and mounting said
semiconductor element on said circuit substrate with face down.”
(13) As pef the attached sheets, Claim 14 is added as follows.
“The method for producing the semiconductor apparatus according to
Claim 13, wherein the height of the protruding surface of said individual
15 projected electrode is unified by pushing said projected electrode to a flat
surface of a hard material before said projected electrode is bonded with
adhesive.
(14) As per the attached sheets, Claim 15 is added as follows.
“The method for producing the semiconductor apparatus according to
20 Claim 14, wherein the pressure which is caused by pushing said projected
electrode to the flat surface of said hard matefial isinarangeof 1.5 X 108
to 5.0 X 10*N/m?”
(15) As per the attached sheets, Claim 16 is added as follows.
“The method for broducing the semiconductor apparatus according to
25 Claim 14, wherein the variation in flatness of said hard material is 4 x m or
less over a distance of 20mm.” |
(16) As per the attached sheets, Claim 17 is added as follows.

“The semiconductor apparatus according to Claim 4, wherein the

9



to the flat plate having a desired flat accuracy and conposed of hard
mat eri al . Consequently, the appropriate plastic deformation of the 20
projected electrode 14 is conducted and the height of the protruding
surface of the projected electrode 14 is unified. It is preferable
that the variation in fl atness of the above-nentioned hard material is
4 [err] mor |less over a distance of 20mMm It is preferable that the
pressure which is plied to the flat plate nposed of hard nateri al
is in a rangatemal: Oéaxd papiected Qlec@ocbe 36 apleast pne\mfemq materigl selpeted
protrudlng urface of the Jrode 4. Then, as shown in FIG

the co F&?@%°%ﬂﬁ@@?§€n g $§ﬁ¥ransferred only to the vertex of

tFEret nermore. a pribapase o etk shegs TRiRTM B s 8 i Bbws, | TOUN o4
“The semiconductor apparatus according to Claim 4, wherein the
5 distance between the protruding surface of said individual projected
electrode and the opposing surface of said individual electrode terminal via
said conductive adhesive isin a range of 1 . m to 10 p m.”
7. List of documents attached
Amended specification: Page 4 to Page 19/1 (one copy)
10 Amended claim :Page 20 to Page 22/1 (one copy)

10
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circuit substrate 105 in the concave portion of the circuit substrate 107 is
larger than that of other parts of the circuit substrate 107 . As a result, the
conductive adhesive 108 can not reach to the protruding surface of the
electrode terminal 107 positioned in the concave portion of the circuit
substrate. Consequently, the electrical connection failure is caused.

Disdl I .

It is an object of the present invention to provide a semicqnductor
apparatus which is stable in quality and has good productivity, and a method
for producing the same by connecting electrically the semiconductor element
and the circuit substrate more reliably. In order to achieve the above-
mentioned objects, in the semiconductor apparatus of this invention, the
flip-chip packaging technique is used for connecting electrically a
semiconductor element and a circuit substrate via a projected electrode
composed of conductive ﬁetallic material formed on an electrode terminal,
which is formed on the surface of the semiconductor element where the
element is formed, a conductive adhesive and an electrode terminal on the
circuit substrate. According to the semiconductor apparatus in this
invention, the individual projected electrode is deformed plastically
respectively in the direction of the height in accordance with the height of an
opposing surface of the electrode terminal formed on the circuit substrate in
the part of the circuit substrate where the height of the surface of the
electrode terminal is different so that the distance between a protruding
surface of the individual projected electrode and an opposing surface of the
individual electrode terminal formed on the circuit substrate via the
conductive adhesive is unified.

According to the semiconductor apparatus in this invention, the
height of the projécted electrode is processed appropriately so that the

distance between the protruding surface of the individual projected electrode



transferring bunp technique in which the surface of the el ectrode term nal

7 is pushed by the block of the conductive netallic material such as
Au or Cu and the |like which is produced i n advance, and then,

pressure, heat or ultrasonic vibration is applied to attach the bl ock
of the conductive netallic 5 material to the surface of the el ectrode
termnal 7. Furthernore, a projected electrode 14 may be forned
by depositing t he conductive netallic material on the el ectrode

ternminal 7 #9dtheeppesingsurface of the indjvidual| eieqtr@dq/termipabvimque
Furt her nor e, chni gue. of, form n thic fllmus past be 10
used. Regar?ﬂ”?ﬁb“f‘r’(@ %ﬁ}v&chgﬁs ‘g@?orénrm BPﬁ%ﬂueékt ¢ ﬁ%‘ﬁ“@nd%létqfi | m may

P gr lrjn.s ﬁgi > clalgment can lfe (;[nqleerc gl’ecéncaeilyc%f % t ee(pm? nt %\llgégrgge re‘ila‘iﬁt rode

It is preferable that in the semiconductor apparatus, the material of
5 the projected electrode is at least one metallic material selected from the
group consisting of Au and Cu.
| | Furthermore, it is preferable that the distance between the
protruding surface of the individual projected electrode and the opposing
surface of the individual electrode terminal via the conductive adhesive is in
10 arangeoflymto 10u m.
Next, in a second aspect of semiconductor apparatus in this invention,
the flip-chip packaging technique is used for connecting electrically a
semiconductor element and a circuit substrate via an electrode terminal
formed on the surface of the semiconductor element where the element is
15 formed, a conductive adhesive and a projected electrode composed of
conductive metallic material formed on an electrode terminal on the circuit
substrate. According to the semiconductor apparatus in this invéntion, the
individual projected electrode is processed in the direction of height in
accordance with the height of an opposing surface of the electrode terminal
20 formed on the circuit surface respectively in the part of the circuit substrate
where the height of the surface of the electrode terminal formed on the
circuit substrate is different, so that the distance between a protruding
surface of the individual projected electrode and an opposing surface of the
individual electrode terminal formed on the surface of the semiconductor
25 element where the element is formed via the conductive adhesive is unified.
In the second aspect of semiconductor apparatus in this invention, it is
preferable that a barrier layer composed of conductive metallic laminated

film is formed on the electrode terminal on the surface of the semiconductor



conposed of material except for alum numwhich is not corroded easily such
as Au or Pt and the like, the barrier layer is not required to be forned.
15 As above-nentioned, according to the nethod for producing the
sem conductor apparatus in Exanple 3, the step of pressuring the

sem conductor el enent can be omtted, therefore the damage which is
inflicted on the sem conductor elenent is reduced. In particular, when the
sem conductor el ene roduced by using the brittle material such as 20
conmpound seffe ﬂgr;e S}@aelgglen@;h% qm%d for produci ng sem conduct or
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semiconductor element where the element is formed can be prevented.
5 In the semicondﬁctor apparatus, it is preferable that the height of the
projection of the projected electrode is substantially uniform.

In the semiconductor apparatus whose height of the projection of the
projected electrode is substantially uniform, itis preferable that the height of
the protruding surfacé of the individual projected electrode is unified by

10 pushing the projected electrode on a flat surface of a hard material before the
projected electrode is bonded with conductive adhesive. |

In the semicon_ductor apparatus in which the height of the protruding
surface of the individual projected electrode is unified by pushing the
projected electrode on the flat surface of the hard material, it is preferable

15  that the pressure on the protruding surface of the projected electrode which
is caused by pushing on the flat surface of the hard material is in a range of
1.5 X 10°t0 5.0 X 10°N/m?

Furthermore, it is preferable that the variation in flatness of the

hard material is 4 » m or less over a distance of 20mm. Further, itis

20 preferable that the material of the projected electrode is at least one metallic
material selected from a group consisting of Au and Cu. Further, it is
preferable that the distance between the protruding surface of the individual
projected electréde and the opposing surface of the individual electrode
‘terminal via the conductive adhesive is in a range of 1 u m to 10 z m.

25 According to a first aspect of the method for producing the semiconductor
apparatus, a projected electrode is formed on the semiconductor element
where the element is formed, a conductive adhesive is transferred onto the

vertex of the projected electrode and the semiconductor element is pressured



25 projected el ectrode and the opposing surface of the individual

el ectrode via the above-nentioned conductive adhesive respectively.
Consequently, the el ectrical connection between the sem conduct or
el ement and the circuit .substrate can be nade reliably.

19 '

from the back when the semiconductor element is mounted on a circuit
substrate with its face down. According to that, in the part of the circuit
substrate where the height of the surface of electrode terminal is different,
the individual projected electrode formed on the semiconductor element is

5 deformed plastically in the direction of height in accordance with the height
of the opposing surface of electrode terminal formed on the circuit substrate,
respectively, so that the distance between the protruding surface of the
individual projected electrode formed on the semiconductor element and the
opposing surface of the individual electrode terminal at the side of the circuit

10 substrate is unified. _

According to the first aspect 6f the method for producing the
semiconductor apparatus, the height of the projected electrode can be
processed appropriately so that the distance between the protruding surface -
of the individual projected electrode and the opposing surface of the

15  individual electrode terminal via the conductive adhesive can be unified. As
a result, the semiconductor apparatus with high reliability can be produced
easily and at a low cost.

In the first aspect of the method for producing the semiconductor
apparatus, it is preferable that the pressure on the protruding surface of the

20 projected electrode which is caused by pushing the éemiconductor element
from the back is in a range of 1.5 X 10°t0 5.0 X 10°N/mZ.

Furthermore, it is preferable that after the projected electrode
formed on the semiconductor element is deformed plastically, the conductive
adhesive is transferred to the vertex of the individual projected electrode

25 formed on the semiconductor element and the semiconductor element is
mounted on the circuit substrate with face down again.

In the method for producing the preferred semiconductor apparatus

in which the projected electrode is deformed plastically, and then the



Further, according to the nethod for producing the sem conduct or
apparatus of this invention, the height of the projected el ectrode can be
processed appropriately to unify the distance between the protruding

surface of the projected el ectrode and the opposing surface of the

I ndi vidual electrode 5 termnal via conductive adhesive respectively by
applying the pressure to the back of the sem conductor el enent.
Consequently, a sem conductor . . apparatus _in which the sem conduct or

el enment andSeémicondustor elemgat is;mo on the circuit substrate again, the

semiconductor element is not pressured substantially when the
semiconductor element is mounted on the circuit substrate with its face
down. Therefore the shift of the position of the semiconductor element and
5 the circuit substrate can be prevented. |
According to a second aspect of the method for producing the
semiconductor apparatus, after a projected electrode is formed on an
electrode terminal formed on a circuit substrate,.the individual projected
electrode is processed in the direction of height, so that the distance between
10 - the protruding surface of the individual projected electrode formed on the
circuit substrate and an opposing surface of electrode terminal formed on a
semiconductor element is unified, in the part of the circuit substrate where
the height of the surface of the electrode terminal is different, a conductive
adhesive is transferred to the vertex of the individual projected electrode and
15  then the semiconductor element is mounted on the circuit substrate with its
face down. According to the second aspect of the method for producing the
semiconductor apparatus, a step of pressuring the semiconductor element is
not present. Therefore the damage inflicted on the semiconductor element
can be decreased. Further, it is preferable that the height of the protruding
20 surface of the individual projected electrode is unified by pushing the
projected electrode to a flat surface of a hard material before the projected
electrode is bonded with adhesive. Further, it is preferable that the
pressure which is caused by pushing the projected electrode to the flat
surface of the hard material is in a range of 1.5 X 10°t0 5.0 X 10°N/m?
25 Furthermore, it is preférable that the flatness of the hard material is
4 ;1 m or less over a distance of 20mm.

Brief Description of Drawings

FIG. 1 is a sectional view showing a semiconductor apparatus in

8



el ectrically connected reliably can be produced easily and at a | ow cost.

I ndustrial Applicability 10 As above-nentioned, the sem conduct or
el enent and the circuit substrate are electrically connected reliably
in the sem conduct or apparat us of this invention, the sem conductor
apparatus of this invention can be used as a sem conductor apparatus
I n which the sem' conductor el enent and the circuit substrate are

el ectricall ected, .15 Further, according to a nethod for
produci ng t dgd b@ﬁmventmn appar atus of this invention, each

proj ected el ectr .he or J astjcally and enj conduct or
el enent and ci rcﬁﬁs%s‘?rﬁ O(Y"aﬁ’ﬁé't shove Ri Eégqe;"fs 6&1&%’9 wenge |thap| y.
Consequent | f sem conduct or appar at us of
this i nventigeonﬁliclcagg{{E&eot}(l}léiJ arat &dﬂsﬂi% %gd for

Wi e
FIG. 3A is a sectional view showing a semiconductor apparatus in the

5 step of transferring conductive adhesive in the process of producing a
semiconductor apparatus shown in FIG. 2.
FIG. 3B is a sectional view showing a semiconductor apparatus in the
step of mounting and that of pressuring the semiconductor element.
FIG. 4 is a flow chart showing a process of producing the

10 semiconductor apparatus in Example 2.

FIG. 5A is a sectional view shbwing a semiconductor apparé.tus in the
step of mounting and the step of pressuring the semiconductor element in
the process of producing a semiconductor apparatus shown in FIG. 4.

FIG. 5B is a sectional view showing a semiconductor apparatus in the

15  step of transferring the conductive adhesive. |

FIG. 6 is a éectional view showing a semiconductor apparatus in
Example 3.

FIG. 7 is a flow chart showing the process of producing the
semiconductor apparatus in Example 3.

20 FIG. 8Ais a sectional view showing a semiconductor apparatus prior
to pressuring the circuit substrate in the step of pressuring the circuit
substrate shown in FIG. 7.

FIG. 8B is a sectional view showing a semiconductor after the circuit
substrate is pressured. |

25 - FIG. 9 is a sectional view showing one example of semiconductor
apparatus in which conventional flip-chip packaging technique is used.

FIG. 10 is a flow chart showing a process of producing a

semiconductor apparatus in which the conventional flip-chip packaging



20 producing a sem conductor apparatus in which a flip-chip packagi ng
techni que i s used.

10

15

20

25

technique is used.

FIG. 11 is a sectional view showing one example of conventional
semiconductor apparatus.

Hereinafter, an example of a semiconductor apparatus of this
invention and a method for producing the same will be explained referring to

figures.

(Example 1)

FIG. 1 is a sectional view showing a semiconductor apparatus in
Example 1 of this invention. As shown in FIG. 1, an aluminum electrode
terminal 2 is formed on the surface of semiconductor element 1 where the
element is formed. The area of the semiconductor element 1 other than
where the aluminum electrode terminal 2 is formed is covered with an
insulating film 3 composed of Si oxide film, Si nitrogen film and the like.

On the aluminum electrode terminal 2, a projected electrode 4
composed of conductive metallic material such as Au or Cu and the like is
formed. On the other hand, a desired circuit pattern 6 and an electrode

terminal 7 are formed on a circuit substrate 5 composed of insulating

‘material such as resin, ceramic or glass and the like. The electrode

terminal 7 is connected to the circuit pattern 6. In flip-chip packaging, the
electrode terminal 7 connects electrically with the semiconductor element 1.
A conductive adhesive 8 contains the powder of conductive metallic material
such as Ag, Cu or Ni and the like in the resin. The insulating resin 9 is
filled in the space between the semiconductor element 1 and the circuit
substrate 5.

When the insulating resin 9 is hardened, the semiconductor element
1 and the circuit substrate 5 are bonded by the hardening shrinkage force of

the insulating resin 9, and are attracted powerfully and fixed.

10
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Consequently, the mechanical strength of connecting the semiconductor
element. 1 and the circuit substrate 5 of the semiconductor apparatus is
enhanced and the stable fixing can be maintained.

As shown in FIG. 1, the height of the projected electrode 4 is processed
according to the height of the respective electrode terminals 7 formed on the
circuit substrate 5. ‘That is, there is the irregularity of the flat accufacy of
the principal surface of the circuit substrate 5 and the film thickness
accuracy of the electrode terminal 7. Consequently, the irregularity of the
position of the electrode terminal 7 in the direction of height of the
protruding surface is caused. The height of the projected electrode 4 is
lowered by plastic deformation in accordance with the irregularity
respectively. In this case, the irregularity of the héight of the projected
electrode 4 which is pre-deformed plastically is smaller than that of the
position of the electrode terminal 7 in the direction of height of the
protruding surface, and the height is constant substantially. Consequently,
the amount of the change' of the height of the projected electrode 4 caused by
the plastic deformation is different based on the position of the electrode
terminal 7 in the direction of height of the protruding surface. Concretely,
when the distance between the protruding surface of the electrode terminal 7
and the semiconductor element 1 is shorter, the amount of change of height
of the projected electrode 4 becomes larger. _

As a result, the distance between protruding surface of the projected
electrode 4 formed at the side of the semiconductor element 1 and the surface
of the electrode terminal 7 formed at the side of the circuit substrate 5
becomes uniform. It is preferable that the distance is in a range of 1 u m to
10y m. Itis more preferable that the distance is about 5z m.
Consequently, the junctidn layer composed of conductive adhesive 8 which is

transferred on the vertex of the projected electrode 4 reliably reaches the

11



CLAI M5 1. (Amended) A sem conductor apparatus in which a flip-chip

packagi ng technique is used for connecting electrically a

sem conductor element and a 5 circuit substrate via a projected el ectrode
conposed of conductive netallic material formed on an el ectrode
termnal which is forned on the surface of sai d sem conductor el enent
where the elenent is fornmed, a conductive adhesi ve and an el ectrode
termnal on said circuit substrate, wherein said i ndi vi dual projected

el ectrode i Surface phihe plegtrofe serminal 7 akthy sidetof the gircuit substrate 5 and

as a result, the electrical connecting failure can be prevented.
Next, a method for producing the semiconductor apparatus in
Example 1 will be explained referring to FIGs.2 and 3. FIG. 2is a flow
5 chart showing the process of producing the semiconductor apparatus in
Example 1. As shown in FIG. 2, in the same way as that of conventional
process, a semiconductor element 1 is formed on the surface where the
element is formed. Then, a projected electrode 4 composed of Au is formed
on the surface of the aluminum electrode terminal 2 by a ball bonding
10 technique and the semiconductor wafer is cut into individual semiconductor
elements 1. After that, the required amount of conductive adhesive 8 is
transferred only to the vertex of the projected electrode 4, and the projected
electrode 4 is positioned on the predetermined part of the circuit substrate 5
on which a desired circuit pattern 6 and an electrode terminal 7 are formed
15 in advance, is pressured from the back of the semiconductor element 1 to
cause the plastic deformation of the projected electrode 4 and the process to
make the height of the- projected electrode 4 appropriate is conducted.
Finally, after the conductive adhesive 8 is hardened by heat treatment, the
normal action is confirmed by the electrical inspection,.the liquid epoxy
20 based insulating resin 9 is filled in the space between the semiconductor
element 1 and the circuit substrate 6 and is hardened. As aresult, a
semiconductor apparatus is produced.
FIG. 3 is a figure showing a step of transferring conductive adhesive
and that of preséuring the semiconductor element in the process of producing
25 a semiconductor apparatus as shown in FIG. 2. The reference number used
in FIG. 3 is the same as that used in FIG. 1. FIG. 3A is a sectional view
showing a semiconductor apparatus in the step of transferring conductive

adhesive in the process of producing a semiconductor apparatus. FIG. 8B is

12



10 height in accordance with the height of an opposing surface of said

el ectrode termnal formed on said circuit substrate in the part of
said circuit substrate where the height of the surface of said
electrode termnal is different so that t he di stance between a
protrudi ng surface of said.individual projected el ectrode and an
opposi ng surface of said individual electrode termnal 15 forned on said
circuit substrate via said conductive adhesive is unified. 2.

The sem cona@@%mdp‘ﬁawahwmgmemmnduc@apmaw@meuhe gthp of mountimer i al

of said pro d, electrode | | east aone talllc terial _selected
fromthe gr%ﬂg ﬁﬁﬁg BYeSSYrIBe ¢ S&HH" uctor e{’na As %BHF(; Fnddet or

e A A RTINS R
opposi Ng SugLAeg oPhhé Brojelididd18Mtzbde e C AL QUSWHEFTG! 38! the semiconductor

5 element 1 is positioned at the predetermined part of the circuit substrate 5

with its face down, and the pressure P is applied from the back of the
semiconductor element 1 to cause the plastic deformation of the projected
electrode 4. The process is continued to make the height of the projected
electrode 4 appropriate. Accordingly, the step of mounting with face down.
10 method is completed. It is preferable that the pressure applied from the
back of the semiconductor element 1 is in a range of 1.5 X 10%t0 5.0 X  10®
N/m?. When a pressure in the above-mentioned range is applied, the
distance between the protruding surface of the projected electrode 4 and the
surface of the electrode terminal surface 7 can be unified in a range of 1 z m
15 to10um. _

_Furthermore, a projected electrode 4 may be formed by the
transferring bump technique in which the surface of the aluminum electrode
terminal 2 is pushed by the block of the conductive metallic material such as -
Au or Cu and the like which is produced in advance, and then, pressure, heat

20  or ultrasonic vibration is applied to attach the block of the conductive
metallic material to the surface of the aluminum electrode terminal 2.

Furthermore, a projected electrode 4 may be formed by depositing the

conductive metallic material on the aluminum electrode terminal 2 by
electroless plating or electrolytic plating.

25 As above-mentioned, according to the method for producing the
semiconductor apparatus in Example 1, the step of pressuring the projected
electrode and that of mounting the semiconductor element can be conducted

at the same time. As a result, in comparison with the conventional process

13



sai d conductive adhesive is in a range of 1 [err] mto 10 [err] m 4.
(Anmended) A sem conductor apparatus where a flip-chip packagi ng

techni que is used for connecting electrically a sem conductor elenent and a
25 circuit substrate via an electrode termnal fornmed on the surface of

sai d sem conductor el enent where the elenent is formed, a conductive

adhesive and a projected el ectrode conposed of conductive netallic

mat eri al for an el eﬁt rode ternmnal_on said circuit subst rate

wher ei n sal uﬁ%gpe semiconductor apparatus, the step also can be simplified. 2
(Example 2)

A method for producing the semiconductor apparatus in Example 2
will be explained referring to FIGs. 4 and 5. FIG. 4 is a flow chart showing
5 a process of producing the semiconductor apparatus in Example 2. Ina
method for producing the semiconductor apparatus in Example 1, the
semiconductor element to which the conductive adhesive is transferred in
advance is positioned on the circuit substrate with its face down. After that,
the step of deforming the projected electrode plastically and that of mounting
10  were conducted at the same time by applying the pressure.

However, according to a method for producing the semiconductor
apparatus in Example 2, a semiconductor element which is positioned in
advance on the circuit substrate with surface down is pressured to cause the
plastic deformation of the projected electrode. Then, the semiconductor

15 element is once detached from the cifcuit substrate, the conductive adhesive
is transferred and the semiconductor element is mounted with its face down
again.

FIG. 5 is a figure explaining from a step of mounting with face down
(1) to a step of transfefring the conductive adhesive in the producing process

20 as shown in FIG. 4. The reference number used in FIG. 5 is same as that
used in FIG. 1. FIG. 5A is a sectional view showing a semiconductor
apparatus in the step of mounting and that of pressuring the semiconductor
element in the process of producing a semiconductor apparatus as shown in
FIG.4. FIG. 5B is a sectional view showing a semiconductor apparatus in

25  the step of transferring the conductive adhesive.

As shown in FIG. 5A, the semiconductor element 1 is positioned at
the predetermined part of the circuit substrate 5 with its face down and the

pressure P is applied to the back of the semiconductor element 1.

14



projected electrode is processed in the direction of height in accordance

wth a height of an opposing surface of the electrode term nal forned |
on said circuit substrate, in the part of said circuit substrate where
t he hei ght of the surface of electrode termnal 'is different so that

t he di stance between a

Consequently, the appropriate plastic deformation of the projected electrode
4 is conducted. |
| Next, the semiconductor element 1 is once detached from the circuit
substrate 5, as shown in FIG. 5B, and the required amount of the conductive
5 adhesive is transferred only to the vertex of the projected electrode 4. After
that, the semiconductor element 1 is mounted again on the predetermined
part of the circuit substrate 5 with its face down. As above-mentioned, the
semiconductor apparatus having the constitution which is substantially
uniform like that shown in FIG. 1 can be produced.

10 According to the method for producing the semiconductor apparatus
in Example 1, when the semiconductor element is mounted, the pressure is
applied. As a result, the position of the semiconductor element and the
circuit substrate may be shifted from that of the predetermined position of
the semiconductor element and the circuit substrate. On the other hand,

15 according to the method for producing the semiconductor apparatus in
Example 2, when the semiconductor element is mounted, the pressure is not
‘applied to the semiconductor element at all. Therefore the possibility that
the position of the semiconductor element and the circuit substrate is shifted
from that of the predetermined position bf the semiconductor element and

20 the circuit substrate is small. Consequently, the method for producing the
semiconductor apparatlis in Example 2 is suitable for producing the
semiconductor apparatus requiring a mounting accuracy such as minute
pitch connecting construction.

(Example 3) _

25 A method for producing the semiconductor apparatus in Example 3
will be explained referring to FIGs. 6,7 and 8. FIG. 6 is a sectional view
showing a semiconductor apparatus in Example 8. In FIG. 6, 12 indicates a

barrier layer composed of Cr or Au formed on the surface of the aluminum

15



5 protruding surface of said individual projected el ectrode and an

opposi ng surface of said individual electrode termnal forned on the
surface of said sem conduct or el enent where the elenent is fornmed via
sai d conductive adhesive is unified. 5. The sem conduct or
apparatus according to Claim4 wherein a 10 barrier |ayer conposed of
conductive netallic lamnated filmis forned on sai d el ectrode

term nal on fhe surf of ..sai d sem_conductor el ement where t he

el ement is ?%F?Fé’ e an fa tndigates acpmojagied elentrostedformed arpthe eleckrodecor di ng

el cct rode | Lraumel ahefasidp ofRedmnnstikats. The'oar eloemtscaretbe

appar at us ag&ﬁgd%sg%o%ggglg?{}nh6 wherein the hei ght of the protruding

surface of sal proj ected electrode is
Unlike the semiconductor apparatus of Example 1 shown in FIG. 1,

5 in the semiconductor apparatus of Example 3, a barrier layer 12 is formed
because the aluminum may be corroded when a conductive adhesive is
contacted directly with the surface of the aluminum electrode terminal 2.
Further, in the semiconductor apparatus of Example 3, a projected electrode
14 composed of conductive metallic material such as Au or Cu and the like is

10 formed on the surface of the electrode terminal 7 at the side of the circuit
substrate 5.

As shown in FIG. 6, the height of the projected electrode 14 is

processed according to the position of the height of the electrode terminal 7
formed on the circuit substrate 5 respectively in the same way as the |

15 semiconductor apparatus of Example 1 was produced. That is, there is the
irregularity of the flat accuracy of the principal surface of the circuit
substrate 5 and the film thickness accuracy of the electrode terminal 7.
Consequently, the irregularity of the position of the electrode terminal 7 in
the direction of the height of the protruding.surface is caused. The height of

20 the projected electrode 14 is lowered by plastic deformation in accordance
with the irregularity respectively. In this case, the irregularity of the height
of the projected electrode 14 which is pre-deformed plastically is smaller
than that of the position of the electrode terminal 7 in the direction of height
of the protruding surface, and the height is constant substantially.

25 Consequently, the amount of the change of the height of the projected
electrode 14 caused by the plastic deformation is different based on the
position of the height of the electrode terminal 7 in the direction of the

protruding surface. Concretely, when the distance between the protruding
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uni fied by pushing said projected electrode on a flat surface of a hard
mat eri al before said projected electrode is bonded with conductive

adhesi ve. 8. (Amrended) The sem conductor apparatus according to daim?7
wherein the 20 pressure on said protruding surface of said projected
el ectrode which is caused by pushing on the flat surface of said hard
material is in a range of 1.5 X 10[err] to 5.0 X 10[err]N nferr].

9. (Amended) The sepi,conduct Qr apparatus according to Claim 7 wherein the
variation i ﬁ“’&gﬁﬁ HEEIE? &P"@Sa%l t?ﬁ-? i and she pamiconductorglemeng disover a

di stance of 25, 2 +(Anended hod fo rooduci.ngq ,t.he

seni conduct 3P gﬁg]%qunt Ojf%hé&gﬁ roﬁﬁelﬂﬁt ‘#gi’ﬁtpé' B%eciﬁd)‘?lﬁfﬂﬁ'loﬂﬁ qé‘ beacgmes; o

el ectrode o elsurface of a sem conduct or el enent where the elenent is
formed, transferring a

As a result, the distance between the surface of the barrier layer 12 at
5 - the side of the semiconductor element 1 and the protruding surface of the

projected electrode 14 becomes uniform. Itis preferable that the distance is
in a range of 1 z m to 10 # m in the same way as Example 1. It is more
preferable that the distance is about 5z m. Consequently, the junction
layer composed of conductive adhesive 8 which is transferred on the vertex of

10  the projected electrode 14 reaches reliably the surface of the barrier layer 12
at the side of the semiconductor element 11 and as a result, the electrical
connecting failure can be prevented. |

Next, a method for producing the semiconductor apparatus in
Example 3 will be explained referring to FIGs.7 and 8. FIG. 7 is a flow

15 chart showing the process of prodﬁcing the semiconductor apparatus in
Example 3. As shown in FIG. 7, an element is formed on the surface of
semiconductor element 1 and after that a barrier layer 12 is formed by
layering Cr and Au on the surface of the aluminum electrode terminal 2 with
a plating technique. Then, the inspection is conducted and the

20 semiconductor wafer is cut into individual semiconductor elements 1.

On the other hand, a desired circuit pattern 6 and an electrode
terminal 7 are formed on the principal surface of the circuit substrate 5 and
after that a projected electrode 14 composed of Au is formed on the surface of
the electrode terminal 7 with a ball bonding technique.

25 Then, the projected electrode 14 is pushed onto the flat plate having a
desired flatness accuracy and composed of hard material. Consequently,
the appropriate plastic' deformation of the projected electrodes 14 is

conducted and the height of the protruding surface of the projected electrode
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14 becomes uniform respectively. After that, the required amount of the
conductive adhesive paste 8 is transferred only to the vertex of the projected
electrode 14, the semiconductor element 1 is mounted on the predetermined
part of the circuit substrate 5 with its face down, heat treatment is applied to
the conductive adhesive 8 to be hardened, electrical inspection is carried out
to confirm the normal action, and finally the space between the
semiconductor element 1 and the circuit substrate 6 is filled with insulating
resin 9 such as liquid epoxy based resin. According to the above-mentioned
steps, the semiconductor apparatus is produced.

FIG. 8 is a figure explaining a step of pressuring the circuit substrate
and that of transferring the conductive adhesive in the process of producing
a semiconductor apparatus as shown in FIG. 7. The reference number used
in FIG. 7 is same as that used in FIG. 6. FIG. 8Ais a sectional view
showing a semiconductor apparatus prior to pressuring the circuit substrate.
FIG. 8B is a sectional view showing a semiconductor after the circuit
suBstrate is pressured. As shown in FIG. 8A, the projected electrode 14
which is formed on the principal surface of the circuit substrate 5 is pushed
to the flat plate having a desired flat acéuracy and composed of hard
material. Consequently, the appropriate plastic deformation of the
projected electrode 14 is conducted and the height of the protruding surface
of the projected electrode 14 is unified. It is preferable that the variation in
flatness of the above-mentioned hard materi_al is 4 1 m or less over a distance
of 20mm. It is preferable that the pressure which is applied to the flat plate
composed of hard material is in a range of 1.5 X 10%to 5.0 X 10®N/mZat
the protruding surface of the projected electrode 4. Then, as shown in FIG.
8B, the conductive adhesive 8 paste is transferred only to the vertex of the
projected electrode 14 and the semiconductor element 1 is mounted.

Furthermore, a projected electrode 14 may be formed by the

18



conductive adhesive to the vertex of said projected el ectrode and nounti ng
sai d sem conductor elenment on a circuit substrate with face down, wherein

in the part of said circuit substrate where the height of the surface
of el ectrode termnal is different, in said step of nounting, said
sem conductor element is 5 pushed fromthe back so that the projected
el ectrode forned on sai d sem conductor elenent is defornmed plastically

in the directio . accordance with the helght of the

opposi ng sutHeRE ramgs V%Petleé nigiedn; W e surfacerofithe elegtreds tﬁrmmabgt .
b f h b h dj

Thdivi dual - iRty Bad bR s the EpiSEv tefalic atdilonich sAuSE RNt “and

the opposi ng,gyp t"rag}[cgﬁ% ﬂrBﬂﬁtYédjﬂfILd\%f&t, Eﬁq(?:hgﬁ,r B}&%{lré”}theala or side

of said circult su
ultrasonic vibration is applied to attach the block of the conductive metallic

5 material to the surface of the electrode terminal 7. _

Furthermore, a projected electrode 14 may be formed by depositing
the conductive metallic material on the electrode terminal 7 by electroless
plating or electrolytic plating. |

Furthermore, a technique of forming a thick film using paste may be

10 used. Regarding the barrier layer 12, a material other than Cr-Au film may
be used.

Furthermore, in a case when an aluminum electrode terminal 2 is
composed of material except for aluminum which is not corroded easily such
as Au or Pt and the like, the barrier layer is not required to be formed.

15 As above-mentioned, according to the method for producing the
semiconductor apparatus in Example 3, the step of pressuring the
semiconductor element can be omitted, therefore the damage which is
inflicted on the lsemiconductor element is reduced. In particular, when the
semiconductor element is produced by using the brittle material such as

- 20 compound semiconductor, Ga-As, the method for producing semiconductor
appﬁratus in Example 3 is very effective.

As above-mentioned, according to the semiconductor apparatus of
this invention, the height of the projected electrode is processed
appropriately to unify the distance between the protruding surface of the

25 projected electrode and the opposing surface of the individual electrode via
the above-mentioned conductive adhesive respectively. Consequently, the
electrical connection between the semiconductor element and the circuit

substrate can be made reliably.
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11. (Arended) The nmet hod for produci ng the sem conduct or apparatus
according to Claim 10, wherein the pressure on the protrudi ng surface of
said projected el ectrode, which is caused by pushing said seni conductor 15
el ement fromthe back is in a range of 1.5 X 10[err] to 5.0 X
10[err]N'nferr]. 12. The net hod for producing the sem conductor
appar at us accordi ng to Caim110, wherein the projected el ectrode on

t he sem conduct or

adnesi ve |t ransFBFEG 3450rdine e tbamepthod fr Drvdtcing the semicmGIer od
o eotrode opebie R8T SRRIHGLAKoR EALERRY B frfleet bR Gughy o™
13- (New) A BRidagtkd RppRipHitelyth dnity The QHALOD RRRA Ao FrotAlBhE Yudfa e
of the projected electrode and the opposing surface of the individual electrode
5 terminal via conductive adhesive respectively by applying the preésure to the
back of the semiconductor element. Consequently, a semiconductor
apparatus in which the semiconductor element and the circuit substrate are
electrically connected reliably can be produced easily and at a low cost.

10 As above-mentioned, the semiconductor element and the circuit
substrate are electrically connected reliably in the semiconductor apparatus
of this invention, the semiconductor apparatus of this invention can be used
as a semiconductor apparatus in which the semiconductor element and the
éircuit substrate are eiectrica]ly connected. |

15 Further, according to a method for producing the semiconductor
apparatus of this invenﬁon, each projected electrode can be deformed
plastically and the semiconductor element and circuit substrate can be
electrically connected reliably. Consequently, the method for produciné the
semiconductor apparatus of this invention can be utilized as a method for

20 - producing a semiconductor apparatus in which a flip-chip packaging

technique is used.

19/1



steps of forming a projected el ectrode on an electrode termnal fornmed on a
circuit substrate, processing said individual projected electrode in the 25
direction of height to unify the distance between a protrudi ng surface of

sai d i ndi vidual projected electrode fornmed on said circuit substrate

and an opposi ng surface of an electrode termnal forned on a

sem conduct or el enent in the part of said circuit substrate where the

hei ght of the surface of 22
CLAIMS

1. (Amended) A semiconductor apparatus in which a flip-chip packaging
technique is used for connecting electrically a semiconductor element and a
5 circuit substrate via a projected electrode composed of conductive metallic
material formed on an electrode terminal which is formed on the surface of
said semiconductor element where the element is formed, a conductive
adhesive and an electrode terminal on said circuit substrate, wherein said
' individual projected electrode is deformed plastically in the direction of
10  height in accordance with the height of an opposing surface of said electrode
terminal formed on said circuit substrate in the part of said circuit substrate
where the height of the surface of said electrode terminal is different so that
the distance between a protruding surface of said individual projected
electrode and an opposing surface of said individual electrode terminal
15 formed on said circuit substrate via said conductive adhesive is unified.
2. The semiconductor apparatus according to Claim 1 wherein the
material of said projected electrode is at least one metallic material selected
from the group consisting of Au and Cu.
3. The semiconductor apparatus according to Claim 1 wherein a
20 distance between the protruding surface of said individual projected
electrode and the opposing surface of the individual electrode terminal via
said conductive adhesive is in a range of 1z m to 10 x m. |
4. (Amended) A semiconductor apparatus where a flip-chip packaging
technique is used for connecting electrically a semiconductor element and a
25  circuit substrate via an electrode terminal formed on the surface of said
semiconductor element where the element is formed, a conductive adhesive
and a projected electrode composed of conductive metallic material formed on

an electrode terminal on said circuit substrate, wherein said individual

* c L M H] *



el ectrode termnal is different, transferring a conductive adhesive to the
vertex of said individual projected el ectrode and nounting said

sen conduct or

el ement on said circuit substrate with face down.

14. (New) The nethod for producing the sem conduct or apparatus accordi ng 5

to Claim13,
i ndi vi dual

10

15

20

25

wherein the height of the protruding surface of said

projected electrode is processed in the direction of height in accordance with

~ a height of an opposing surface of the electrode terminal formed on said

circuit substrate, in the part of said circuit substrate where the height of the
surface of electrode terminal is different so that the distance between a |
protruding surface of said individual projected electrode and an opposing
surface of said individual electrode terminal formed on the surface of said
semiconductor element where the element is formed via said conductive
adhesive is unified.

5. The semiconductor apparatus according to Claim 4 wherein a
barrier layer composed of conductive metallic laminated film is formed on
said electrode terminal on the surface of said semiconductor element where
the element is formed.

6.(Amended) The semiconductor apparatus according to Claim 4 wherein the
height of projection of said projected electrode is substantially uniform.

7. The semiconductor apparatus according to Claim 6 wherein the
height of the protruding surface of said individual projected electrode is
unified by pushing said projected electrode on a flat surface of a hard
material before said projected electrode is bonded with conductive adhesive.
8.(Amended) The semiconductor apparatus according to Claim 7 wherein the
pressure on said protruding surface of said projected electrode which is
caused by pushing on the flat surface of said hard material is in a range of
1.5 X 10%°t0 5.0 X 10°N/m?

9.(Amended) The semiconductor apparatus according to Claim 7 wherein the
variation in flatness of said hard material is 4 u m or less over a distance of
20mm. _

10.(Amended) A method for producing the semiconductor apparatus,
comprising the steps of forming a projected electrode on a surface of a

semiconductor element where the element is formed, transferring a

* [ L M S *
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projected electrode is unified by pushing said projected electrode to a
flat surface of a hard material before said projected electrode is
bonded with adhesi ve. 15. (New) The nethod for producing the

sem conduct or apparatus according 10 to Caim 14, wherein the pressure
whi ch is caused by pushing said projected - electrode. to the flat
surface of said hard material is in a range of 1.5 X 10[err] to 5.0 X

Lol erT) ¥ e i e S B A oS cR
RN RRLTE I N SR S E T R S
the part of said circuit s_ubstrate where the height of the surface of electrode
terminal is different, in said step of mounting, said semiconductor element is
.5 pushed from the back so that the projected electrode formed on said

semiconductor element is deformed plastically in the direction of height in
accordance with the height of the opposing surface of said electrode terminal
formed on said circuit substrate to unify the distance between the protruding
surface of said individual projected electrode formed on said semiconductor

10 element and the opposing surface of the individual electrode terminal at the
side of said circuit substrate.
11.(Amended) The method for producing the semiconductor apparatus
according to Claim 10, wherein the pressure on the protruding surface of
said projected electrode, which is caused by pushing said semicon_ductor

15 element from the back is in a range of 1.5 X 10°t0 5.0 X 10°N/m?
12. The method for producing the semiconductor apparatus according
to Claim 10, wherein the projected electrode on the semiconductor element is
deformed plastically, the conductive adhesive is transferred to the vertex of
the individual projected electrode on the semiconductor element and said

20 semiconductor element is mounted on said circuit substrate with its face
down again.
13.(New) A method for producing a semiconductor apparatus comprising the
steps of forming a projected electrode on an electrode terminal formed on a
circuit substrate, processing said individual projected electrode in the

25  direction of height to unify the distance between a protruding surface of said
individual projected electrode formed on said circuit substrate and an
opposing surface of an electrode terminal formed on a semiconductor element

in the part of said circuit substrate where the height of the surface of

-
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mat eri al ~ot “%¥ai d projected electrode is at |east one netallic materi al

sel ected froma group consisting of Au and Cu. 18. (New) The
nmet hod sem conduct or apparatus according to Claim4, 20 wherein the
di stance between the protruding surface of said individual proj ect ed

el ectrode and the opposing surface of said individual electrode
termnal via said conductive adhesive is in a range of 1 [err] mto 10

[err] m electrode terminal is different, transferring a conductive adhesive to the

vertex of said individual projected electrode and mounting said
semiconductor element on said circuit substrate with face down.
14 (New) The method for producing the semiconductor apparatus according
5 to Claim 13, wherein the height of the protruding surface of said individual

projected electrode is unified by pushing said projected electrode to a flat
surface of a hard material before said projected electrode is bonded with
adhesive.
15.(New) The method for producing the semiconductor apparatus according

10 to Claim 14, wherein the pressure which is caused by pushing said projected
electrode to the flat surface of said hard material is in a range of 1.5 X 10°
to 5.0 X 10°N/m?.
16.(New) The method for producing the semiconductor apparatus according
to Claim 14, wherein the variation in flatness of said hérd materialis4um

15 orlessovera distance of 20mm.
17.(New) The semiconductor apparatus according to Claim 4, wherein the
material of said projected electrode is at least one metallic material selected
from a group consisting of Au and Cu.

~ 18.(New) The method semiconductor apparatus according to. Claim 4,

20 wherein the distance between the protruding surface of said individual

projected electrode and the opposing surface of said individual electrode

terminal via said conductive adhesive is in a range of 1z m to 10 2 m.
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A semiconductor device in which a semiconductor chip (1) and a circuit board (5) arc electrically connected to each other by
splastically deforming projected clectrodes (4) formed on the chip (1) so that the distances between the end faces of the electrodes (4) and the
surfaces of electrode terminals (7) on the circuit board (5) side are uniform. There is also disclosed a process for producing such a
semiconductor device, in which the electrical connection between the chip (1) and circuit board (5) is ensured cven when the heights of the
electrode terminals (7) formed on the circuit board (5) to which the chip (1) is to be connected vary, by pressing the chip (1) from the back

after the clement is placed in a prescribed position on the circuit board (5) so as to plastically deform the electrodes (4) and make the heights
of the electrodes (4) appropriate.

S




(57) B# . -

EBERT (1) CHRENARERE (4) OBEHN, COEER -
B (4) OEMELEBER (5) MNOBERT (7) BLoEMMNY
—ERBES MRERINTVWEI EiLED, ¥ UERFLERER
LOBINERNER DL URBERET 5, MA T, ¥HERTF (
1) *EBER (5) OREONBEREEB LB, ¥BEXRTF (1) 0
F¥ELOMELTERERE (4) OURELEEL. ZERE (4) O
BEPAERTAC LIk, $BERT (1) 2BHETIEFMTSH
BEBER (5) LrBRLABERT (7) Bo/BsTHEic, €5-
205 -Th. ¥RERTF (1) LERER (5) LOBIAMERLR
ERFSENHRIEBEERONEFEERBT 3,

oleleloTolololelelgl T 1111 1. .} F 8. d 4 2

) RR:LTORBEDO
PCTRESWTANMIAIERHENEEA 7 vy MNP CTRRBERAETSADCEREAZ—F
TaRi=T EE =xb=7 LR yRy7” RU oo7HER

TrA=T ES x4 r LS v» SD xX—-¥r

b el L Fl 7;”-/1: LT »y7=7 SE RYz—F
A=A LrFVT FR 732 LU A2%¥7Ay SG YIHA—A
TEARL T GA ¥y LY ZhIa7 S] Rp¥z=7
RARER GB 4¥)=x MC %45 SK z2a7737#&nl
“SAX— GE ZATT MD EARA SN ®X¥ar
TAES 727y GH ¥—+ MG =¥¥xiA SZ XUPSvEk
INHYT GN ¥=7 yx vzk=7m=—ﬂz7 TD F¥—F
iy GR ¥99} £ THuE TG b=
TN HU ~ioy— ML =V T) FPRRF>
3357 15 7785k MY 3235 1Y <l
PRT 7 ) 2 X0E 1T 429 MW =794 TT M)=H—F-
2d— JP BX MX 2%E=> UA 9234+
RA R KE #=7 NE =Yxz-—A UG ;#7’
Ik - FHT7—A KG %A¥X¥: NL 5.4 Us ;
DAp— : KP [ 3 zix&#mn NO /APo=— UZ gXRkx»
] KR = NZ Sa—-P=32F VN Y4z bth
FxyaithE KZ #¥Z7Zx5r PL H—5F YU 2—"zx5¢
FA4Y LI YeForvadfy T Har¥r

Foro—p - LK RV322 RO A—==7

AAMNZ T Q710 v S0 O T AN ) 1




