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Field of the Invention

"—

This invention relates to a semiconductor deyice and

5 also to a method for making the same. More particularly, the
invention relates toa semn_’.conductor devicewhich is very thin,
is unlikely to break by bending stress, and.is suitable for
use as various types of cards, and_ also to a method for making
such a thiﬁ semiconductor device stably and at low costs.

10 Background Art’

The formation of Vérious types . of cards such as. IC
cards has been proposed by utiliz_iﬂg a very thin semiconductor
device. Hitherto, it has been difficult 'to obtain such cards
which caﬁ stand ﬁse in practical applications owing to the.

15 ease in breakage by bending stress.

Conventional assembling technologies of thin
semiCOndﬁctor devices are described, for example, in "LSI
Handbook" (edited by the Electronic Communication Society and
published by Ohom Corporation on November 30, 1984 ' 'pp.

20 406-416). In these conventional semiconductor device
assembling techndlogies, there have beeh'employed
semiconductor wafers which have such a-thickness of
approximately 200 um or over that they are very unlikely to
break when direct handling is done. |

25 As is well known in the art, a polishing method has been
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according to the polishi ng. met hod.. it d S essentf' al that the iem' conguctor
waf er be s Yo process a seniconductor wafer, for example, wit

a process accuracy of 5% according to the polishing method,
it is essential that the semiconductor wafer be set parallel

5 toapmlishingdeviceathighaccuracyandhighreproducibility.
For realizing such a very high level of parallel setting;.a
very expensive apparatus is necessary, thus having involved
a difficuity in practical applications. -

An attempt has been mede to effect a polishing method

10 while monitoring the thickness of a semiconductor wafer. If
aregionwith a large area is polished according to this method,
it takes a very long time, resulting in the lowering of
productivity. |

Alfernatively, when a semiconductor wafer is polished

15 to a very small thickness, for example, of approximately 0.1
pm, there arises the problem that various types of
.semiconductor devices, such as transistors, formed.on the
surface of the semiconductor wafer are broken owing to the
stress caused by the polishing;

20 Moreover, when such a thinhed_semiconductor chip is
directly handled according to the prior art technologies, a
problem is involved in that the semiconductor chip is broken.
Thus, it has been difficulf to form a semiconductor device
in high-yield at low costs.

25 ‘Disclosure of The Invention’
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bending stress exerted thereon, and can be utilized as various
5 types of cards. |

Another object of the invention is to provide a method
for making a semiconductor device which is able to thin a
semiconduc%orﬂchip to a level of approximately 0.1 to 110 ym
and wherein such a very thin chip can be handled without

10 involving any cracking occasion.

In order to achieve the above objects, there is provided
a semiconductor deviée which comprises a thin semiconductor
chip and a substrate which are facéd to each other via an
organic adhesive layer containing a multitude of conductive

15 particles therein, a pad made of a conductive film and formed
on the surface at the substrate side of the semiconductor chip,
and a substrate electrode provided on the surface at the chip
side of the substrate such that the pad and the substrate
electrode are electricélly connected to each other via the

20 conductive particles.

The thin semiconductor chip and the substrate made of
an elastic material, which are arranged in face-to-face
relationwitheachother,arebondedandfixedtogetherthrough
the organic adhesive layer, so that when exerted with a bending

25 stress from outside, they are very unlikely to break.



problemis involved in that the sem conductor chip is broken. Thus, it has
been-difficdlt to forma seniconductor device in high yield at | ow costs.
25 Di scl osure of The Invention 4 3 Accordingly, an object of the
invention is to provide a sem conductor device which can solve the problens
of the prior art technologies, is unlikely to break owing to the bending
stress exerted thereon, and can be utilized as various 5 types of cards.
Anot her ‘obj ect of the invention is to provide a method for naking a
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handl ed m‘é#&”ﬁhe substrate is ensured by means of the conductive °
- particles present in the organic adhesive . The conductive
particles are deformed by application of a pressure to the

5 pad of the semiconductor chip and the electrode of the
substrate which are arranged in face-to-face relation with
each other. The thus deformed conductive particles ser#e'to
electricali.y connect the semiconductor chip and the substrate
with each other, and thus, the electric connection between

10 the pad and the electrode is very reliable.

A passivation film having a giﬁen pattern is formed on
the semiconductor chip, and the pad is formed on a portion
where no passivation film has been formed. The thickness of
the pad is smaller than that of the passivation film, so that

15 the conductive particles present between the pad and the
electrode being faced to each other are effectively suppressed
from migration to outside. In this way, the pad_and_the
electrode can be reliably, electrically connected by means
of the conductive particles.

20 A method for making a semiconductor device for the
purpose of achieving the another object of the invention
comprises bringing a semiconductor wafer, which has been
attached to a tape, into contact with an etchant while rotating
the wafer within an in-plane diréction thereof or laterally

25 reciprocating the wafer at a high speed so that the



10 involving any cracking occasion. In order to achieve the above objects,
there is:provided a seniconductor device which conprises a thin .

sem conductor chip and a substrate whi&h are faced to each other via an
organi c ,adhesive |layer containing a nmultitude of conductive 15 particles

- therein, a pad made of a conductive filmand forned on the surface at the
substrate side of the sem conductor chip, and a substrate el ectrode

provi ded on the surface at the chip side of the substrate such that the pad
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thin dhips to hot-pressing against a substrate to bond them
5 on the substrate one by one.
While rotating the wafer in an in-plane direction
thereof or laterally reciprocating it at a high speed, the
semiconduciox'wafer-is brought into contact'with.anletchant;
so that the wafer is very uniférmly etched. Thus, there can
10 be obtained a very thin semiconductor wafer (0.1 to 110 um)
which is substantially free of any irregqularities and
distortion.
A plurality of the thin semiconductor chips which are
obtained by.dividing the very thin semiconductor wafer into
15 smaller-sized chips are, respectively, separated from the
tape which is a first substrate, and are heated on a second
substrate and welded by compression pfessure. Thus,
irrespective of the semiconductor chips being very thin, the
chips can be £ ixedly adhered or bonded on the second substrate
20 without involving any undesirable cracking occasion.
Especially, when a non-rigid tape is used as the first
substrate, only a desired chip is pushed upwardly and is
selectively heatéd,-so that it is very easy to adhere the

desired chip on the second substrate. For the division of

25 the wafer into the chips, it is preferred from the standpoint



4 The' el ectric connection between the sem conductor chip and the substrate
is ensured by neans of the conductive particles present in the organic
adhesive . The conductive particles ar® deforned by application of a
pressure to the 5 pad of the semiconductor chip and the el ectrode of the
substrate which are arranged in face-to-face relation with each other. The
t hus deformed conductive particles serve to electrically connect the

sem conductor chip and the substrate with each other, and thus, the
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formed. The ness o ﬁlP at of the passivation

film so that The adhesion between the second substrate and the

semiconductor chip is effected through a conductive adhes ive,
5 by which any wire bonding becomes unnecessary, thus being very
effective in the simplification of the steps and the reduction

of costs.

BRIEF ILLUSTRATION OF THE DRAWINGS
10 Fig. 1 is a view illustrating a first-embodiment of‘the.
invention;
Fig. 2 is a view illustrating a prior art mefhod;
Fig. 3 is a plan view illustrating an embodiment of the
invention;
15 | Fig. 4(1) is a plan view showing the connection between
a chip and a substrate;
Fig. 4(2) is e eectional view showing the connection
between the chip and the substrate; |
Fig. 4(3) is a sectional view showing a connection
20 portion between the chip and the substrate;
Figs. 5(1) to 5(3) are, respectively, schematic views
illustrating the steps of a second embodiment of the invention;
Fig. 6(1) to 6(5) are, respectively, schematic views
illustrating the steps of a third embodiment of the invention ;

25 and



15 the conductive particles present between the pad and the el ectrode being
faced to eath other are effectively suppressed frommigration to outside.

In this way, the pad and the electrodefcan be reliably, electrically
connected by means of the conductive particles. 20 A nethod for
maki ng a sem conductor device for the purpose of achieving the another
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BEST MODE FOR CARRYIﬁG OUT THE INVENTION
5 Example 1

As shown in Fig. i, a thin semiconductor wafer 105 is
placed on a tape 107 (HA-1506 of Hitachi Chemical Ltd.) held _
with a fran;e 101. This semiconduct_or wafer 105 is completely
cut off by means of dicing grooves 104 and separated into a

10 plurality of chips 105°'.

The separated chips 105' are pushed upwardly from the
back side of the tape 107 by means of a heating head 106, and
is urged against a subsfrate 102 on which an adhesive 103 has
-been preliminarily applied, thereby causing the chip to be

15 thermally bonded to the substrate 102. The adhesive 103 is
‘an anisotropic conductive adhesive made of a compound
material of an.organic material and conductive particles, so
that an electrode (not shown ) formed on the substrate 102
and an electrode (i.e. a pad, not shown) of the‘thin.chip 105

20 are electricaliy connected with each other through the
conductive particles contained in the adhesive 103 by
application of a compression pressure and heat.

It will be noted that the chip 105' is so thin as
approximateiy 0.1 to 110 pm in thickness and is bendable. If

25 the thickness is smaller than 0.1 um, adifficulty is involved
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nto a plurality of chips, and subjecting individual thin chips to
hot - pressi n§ agai nst a substrate to bond them5 on the substrate one by
one. Wiile rotating the wafer in an in8plane direction thereof or laterally

ing it at a high speed, the sem conductor wafer-is brought

th an etchant, so that the wafer is very uniformy etched. Thus,
10 be obtained a very thin sem conductor wafer (0.1 to 110

into

[err]m which is substantially free of any irregularities anddistortion.
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the chip 105' should be preferably within a range of 0.1 to
110 pm.

The tape 107 is non-rigid in nature. When the tape 107
is pushed upwardly while heating the tape 107 with the heating
head 106, Lhe thin chip 105' on the tape 107 is also pushed
upwardly, thereby ensuring uniform and stable bonding with
the substrate 102 placed above.

Fig. 3 is a view showing a plane structure of Fig. 1
wherein the tape 107 is held with a ring-shaped frame 101 and
the wafer 105 is separated into a plurality of the chips 105"
by the dicing grooves 104. A.periphery 304 of the wafer 105
is within the inner side of the frame 101 and is adhered to
the fape 107 as flattened. The frame 101 is formed of a
stainless steel or a plastic material. Although the wafer
105 is very thin as having a thickness of from 0.1 to 110 um,
it is strongly adhered to the tape 107 by means of a pressure
sensitive adhesive. In this condition, when the wafer 105
is diced under conditions where it is adhered to the tape 107,
the resultant thin chips 105 dé not individually peel off
from the tape 107;

Fig. 4 shows the state observed after the thin chip 105"

has been bonded to the substrate 102. Fig. 4(1) is a plan

A
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For the division of 25

into the chips, it is preferred fromthe standpoint 6 of

applications that the wafer is conpletely separated into

chi ps by dicing. The adhesi on between the second substrate and
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electrode (pad) formed on the thin chip 105' and an electrode
(substrate electrode) formed on the substrate 102 aremutually
connected through face down bonding. Alternatively, they may
be mutually connected with wire bonding of a conductive paste.
The mounting of the thin chips may be simply, easily
realized a; set out- above, so that the thinning of, the -
impartment of high functionality to and low costs of
semiconductor devices can be facilitated, thus enabling one
to extend the ranges of application in many and new fields.
It will be noted that Fig. 4(3) is an enlarged, schematic
sectional view showing a portion of connection between the
thin chip 105' and the substrate 102 éhown in Fig.4(1) and
4(2). As shown in Fig. 4(3), the pad (i.e. an electrode
provided on the semiconductor chip) 405 made of a conductive
film is formed on a surfacé portion of the thin chip 105' which
is free of any passivation film 408, and is connected with
the substrate electrode 412 formed on the surface of the
substrate 102 by means of the conductive particles 406. An
organic £ilm (an organic adhesive £ilm) 409 is provided between
the substrate 102 and the chip 105'. The conductive particles
410 are contained in the organic £ilm 409 and ensures electric
conduction between the pad 405 and the substrate electrode

412 therewith. In this case, as shown in Fig. 4(3), the

by



BRI EF | LLUSTRATI ON OF THE DRAW NGS 10 Fig. 1is a vi ewillustrati ng a

first embodi nent of the invention; Fig. 2 is aviewillustrating a prior
art nmethod; Fig. 3is a plan viewillltsPrating an enbodi nent of t he
i nventian; 15 Fig. 4(1) is a plan view show ng the connecti on between

a chip and a substrate; Fig. 4(2) is a sectional view showing the
connection between the chip and the substrate; Fig. 4(3) is a sectional
vi ew showi ng a connection 20 portion between the chip and the -substrate;
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outside, of the conductive particles 406 intervening between
the pad 405 and the substrate electrode 412. As a consequence,

5 the pad 405 .énd the substrate electrode 412 are very reliably,
electrically connected with each other.

In a prior art method, as shown in Fig. 2, a chip 202
placed on ;1 tape 203 is handled with a vacuum chuck 201 and
moved on other substrate (not shown) . More particularly, the

10 thp 202 placed on the tape 203 is one which is individually
formed by dicing of a wafer. The chips 202 stuck- up with a
stick-up pin 204 are sucked by means of the vacuum chuck 201
and moved one by one.

The tape 203 is applied with a pre.ssure sensitive

15 adhesive, which lowers in adhesion properties by irradiation
of Ultraviolet (UV) light or by appilication of heat, but slight :
adhesiveness is still left. Accordingly, the chip 262 can
be separated from the tape 203 by means of the stick-up pin
204 operated in synchronism with the vacuum chuck 201.

20 However, in the known method of sticking up thel chip with
the stick-up pin 204, when the chip 202 is very thin with its
thickness being 0.1 to 110 um, the chip 202 is. apt to crack.
Thus, productivity lowers, makiﬁg it difficult to widely use
the method in practical applications.

25 Example 2



7 Fig. 7(1) to 7(6) are, respectively, schematic views illustrating the
steps of: a fourth enbodi nent of the invention. BEST MODE FOR CARRYI NG OUT
THE | NVENTI ON 5 Exanple 1 As shown in Fig. 1, a thin sem conductor
wafer 105 is placed on a tape 107 (HA-1506 of Hitachi Chem cal Ltd.) held
with a frame 101. This sem conductor wafer 105 is conpletely cut off by
nmeans of dicing grooves 104 and separated into a 10 plurality of chips
105'. The separated chips 105 are pushed upwardly fromthe back side of

SUbst At e 102 orp o eameud e 02e e 2 heBie, &8 R A Aopi oo,
thereby cayghigohifctBiPuhReRS .
As shown in Fig. 5.(1) r @ Si wafer 105 is fixed, by means
of a pressure_sensitive adhesive, on a tape 107 attached to
5 a frame 101, after which while the Si wafer 105 is rotated
at a high speed of 1, 000 r.p.m. or over, an etchant 502 is
dropped from an etching nozzle 501 on the Si wafer 105, thereby
etching thé surface of the Si wafer 105. The etchant 502 used
in this example consists of an aQueous solution of potassium
10 hydroxide (concentration: 40%). Etchants other than that of
potassium hydroxide may also be used.
Since the etchant 502 is dropped while rotating the Si
- wafer 105 at a high speed, the etchant 502 dropped on the
surface of the Si wafer 105 moves laterally relative to the
15 surface of the Si wafer 105 at a high'speed as shown in Fig
5(2). This causes the surface of the Si wafer 105 to be
uniformly etched, enabling dne to make the Si wafer 105 thin
without involving any difference in level or any damage.
As shown in Fig. 5(3), when the.etchant 502 is dropped
20 while reciprocating at a high speed of 1,000 r.p.m. or over,
the etchant 502 likewise moves at a high speed laterally along
the surface of the Si wafer 105. Thus, the surface of the
Si wafef 105 is uniformly etched without producing any
difference in level or any damage, and can thus be thinned.

25 Example 3



15 thermally bonded to the substrate 102. The adhesive 103 is an

ani sot r opi ¢’ conduct i ve adhesi ve made of a conpound nateri al
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mat erial and conductive particles, solthat an el ectrode (not shown ) f or med
on the substrate 102 and an electrode (i.e. a pad, not shown) of the thin
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conductive particles contained in the adhesive 103 by application of a
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ness 1s larger than 110 [err]m
As shown in Fig. 6(1), a Si wafer 105 is fixed on a tape

107 attached to a frame 101, after which the Si wafer 105 is
etched and thinned according to the method illustrated in

Example 2, thereby forming a sectional structure shown in Fig.

6(2). Further, as shown in Fig. 6(3), the Si wafer 105 is

formed witﬁ dicing grooves 104 to divide the Si wafer 105 inte
a plurality of chips 105'.

Then, as shown in Fig. 6(4), a given chip 105' is placed
in position of the substrate 102, followed by urging a heating
head 106 from below and hot pressing the chip 105' against
the substrate 102 to move the thin chip 105' on the substraté'
102 as shown in Fig. 6(5), thereby bonding them together
ﬁhrough an adhesive 103. The characteristic properties of
each chip 105' have been preliminarily measured prior to the
division in the form of a wafer, thereby individually
confirming non-defective and defective chips. lAccordingly,
non-defective chips alone are selectively placed in position,
and are moved and bonded on the substrate 102.

It will be noted that in Examples 2 and 3, the tape 107
used is the same type as of that used in Example 1, and other
types of tapes may also be used.

Example 4

This example illustrates bonding of a thin- chip and a



cracki ng may occur on bending of the chip. The thickness of the chip 105
shoul d be pteferably within a range of 0.1 to 5 110 [err]m The tape 107 is
non-rigid in nature. \Wen the tape 10¥ 8s pushed upwardly while heating the
tape 107 with the heating head 106, the thin chip 105" on the tape 107 is

al so pushed upwardly, thereby ensuring uniformand stable bonding with 10
the substrate 102 placed above. Fig. 3 is a view show ng a plane structure
of Fig. 1 wherein the tape 107 is held with a ring-shaped franme 101 and thg
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105 is ver ﬂgfn as having a thickness of fromO0.1 to 110 [err]m it is
strongly a%ﬁerea to the tape 107 by neans of a pressure

Initially, as shown in Fig. 7(1), a Si wafer 105 is fixed
5 on a first tape 107 attached to a first frame 101 by means
of a pressure sensitive tape. Thereaftér, as shown in Fig.
7(2), the si wafer is thinned in the same manner as in Example
2. m : - -
Next, as shown in Fig. 7(3)., the surface of the Si wafer
10 105 is turned down' and is placed in face-to-face relation with
the surface of a second tape 107' attached to a second frame
101', thereby sticking them together.
The first tape 107 is releésed from'the.si.wafer 105 to
obtain such a structure that the Si wafer 105 is formed on
15 - the surface of the second tape 107'. Subsequently, as shown
in Fig. 7(4), dicing grooves 104 are formed in the Si wafer
105 to divide the wafer into a piurality of chips 105'.
| As shown in Fig. 7(5), a given chip 105' is placed in
positibn of the substrate 102, followed by urging a heatiﬁg
20 head 106 fiom below and hot-pressing to bond the thin chip
105' on the substrate 102 through an anisotropic conductive
adhesive 103 as shown in Fig. 7(6).
According to this example, the chip 105' is moved on the
substrate 102 after the movement on the second tape 107'. This

25 changes up and bottom sides when compared with the case of



20 sensitive adhesive. In this condition, when the wafer 105 is diced
under condi‘tions where it is adhered to the tape 107, the resultant thin
~chi ps 105" do not individually peel off4fromthe tape 107. Fig. 4 shows the
state observed after the thin chip 105 25 has been bonded to the
substrate 102. Fig. 4(1) is a plan 9 view and Fig. 4(2) is a sectional
view. The thin chip 105" is bonded to a given position of the substrate
102. An- el ectrode (pad) formed on the thin chip 105 and an el ectrode
(substrate ogle) stk at r ] nected
{hrough 1 oBseiELE HEn HoH BReEdebdR ey thB EptREe T Gortt Wi 2ac HEITE
wth wire hondi o] conguctive te.. The nt i 0 he thin chips may
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substrate 102. Accordingly, in this example, if a desired

semiconductor device is formed on the surface of the Si wafer
5 105 after theSiwafer 105 has been made thin, the semiconductor
device is arranged on the surface of the chip 105' which has
been formed on the surface of the substrate 102.
As will be clear from the foregoing, the f&llowing -
effects and advantages can be expected according_to the
10 invention; | |
(1) A very thih_semicondudtor chip is bonded on a
substrate by means of an adhesive, and a pad formed on the
surface of the semiconductor chip and a substrate electrode
formed on the surface of the substrate are mutually
15 e;ectricaily connected through the conductive particles
contained in the adhesive, thereby ensuring a reduced
possibility of breakage due fo the bending and high reliability
on the electric connection.
(2) Since the semiconductor wafer is thinned.by'means
20 of an etchant which moves along the main surface of the wafer
at a high speed, a uniformly thin semiconductor can be readily
obtained without involving any strain or defects therein.
(3) The release of a thin semiconductor chip from the
tape and the bonding to a substrate are performed in the same

25 stép, so that the thin semiconductor chip can be bonded on



realized as set out above, so that the thinning of, the inpartnment of high
fiunctionality to and | ow costs of 10 seniconductor devices can be
facilitated, thus enabling one to ext&n8 the ranges of application in nmany
~and new.fields. It will be noted that Fig. 4(3) is an enlarged, schematic
sectional view showing a portion of connection between the thin chip 105
and the substrate 102 shown in Fig.4(1) and 15 4(2). As shown in Fig.
4(3), the pad (i.e. an el ectrode provided on the sem conductor chip) 405

made of a %ﬁgdg’ﬁbg)éEPEQ MikRoher g?gcgg_?grsurface'porti on of the thin chip

105" which 1 ree of any passivation m 408, - and is connected with the
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](c:loln(rj?JctAfio\Q/eh%g?% ?X%"g dcf%tei’t-r\%es%% 23‘5%%3}4‘2&? ﬁé‘oghgggﬁl’ég‘?ﬁ%g&é’%ﬁbﬁgur es
el ectri ¢ cgidyotion helween Lhe pad; 408 and e sybsirate el ectrode
5 at low costs. |
(5) Each semiconductor chip can be bonded on a substrate
by means of an anisotropic conductive adhesive, so that the
chip can b’é electrically connected with the substrai:e without
wire bonding.
10 (6) The thickness of the semiconductor chip is so
| small as from 0.1 to 110 um, within which the chip is able

to bend, thus making it possible to realize a bend-resistance,

thin semiconductor device.



25 412 therew ' e, as shown in Fig. 4(3), the 10

t hi ckness of ;Trmn!Hwﬂmﬂ,!E"IﬂEI m 409 is |arger- than that of the pad 405.
This effectively : mgrati®n, to outside, of the conductive
particles 406 intervening between the pad 405 and the substrate el ectrode
412. As a consequence, 5 the pad 405 and the substrate el ectrode 412 are

very reliably, electrically connected with each other. In a prior art
met hod,- as shown in Fig. 2, a chip 202 placed on a tape 203 is handled with

a vacuum fiﬁﬁyv .0n other substrate (not shown). More
&Et%%l(igﬂc ) 5%2

particul arly, pl aced on the tape 203 is one which is

L o)y oy efEhRnatot HelSer, SBGRERRRGZ02 Suck UP W h 2
a semiconductor chip and a substrate which is in face-to-
f_ace relation with said semiconductor chip through an organic

5 adhesive layer containing a multitude of conductive particles
therein, a pad made of a conductive. film and formed on the
surface at thé substrate side of the semiconductor chip, and
a substrat-é electrode provided on the surface at the qhip side
of the substrate at a position dorresponding to said pat such

10 that said pad and said substrate electrode are electrically
connected to each other via said conductive particles.

2. A semiconductor device according to Claim 1, wherein
said semiconductor chip has a thickness of 0.1 ym to 110 um.
3. A semicénductor device éomprising:

15 at least, a semiconductor chip and a substrate which is in
face-to-face relation with said semiconductor chip through
an organic adhesive layer containing amultitude of conductive
particles therein, a pad made of a passivation film and a
conductive film_ and formed on the_ surface at the substrate

20 side of the semiconductor chip; and a substrate electrode
provided on the surface at the chip side of the substrate at
a position correspohding to said pad, wherein said pad and
said substrate electrode are electrically connected to each
other via said conductive particles, and said pad is formed

25 on a portion which is free of any passivation film formed on

This Sheet Has Been
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and roved one 203 is applied with a pressure sensitive 15
adhesi ve, H@["Bﬁ ﬂ si on propert les by irradiation of U traviolet
(W) light or f heat}! Hut sii ght -adhesi veness is still '
left. Agcordingly, the ch| p 202 can be separated fromthe tape 203 by neans
of the stick-up pin 204 operated in synchronismw th the vacuum chuck 201.

20 However, in the known nethod of sticking up the chip with the
stick-up pin 204, when the chip 202 is very thin with its thickness being

0.1 to 11GHeEukFackhet UHePsaBgtiatantid® ot fka sErtitonRRueduit EHiLpY Iowers'
making it difficult to widely use the nethod in practical applications.

Exampl e 2 Thiys exYEM R dilduetdr@bRip?a8BbPaIng td H1HINM'8 , 2wherein

said passivation film has a thickness larger than said pad.
5. A method for making a semiconductor device which
5 comprises the steps of bringing the surface of a semiconductor
wafer held on a first substrate into contact with an etchant,
moving said etchant along the surface of said semiconductor
wafer at an high speed to reduce the thickness of. said -
semiconductor wafer, cutting the thus reduced wafer into a
10 - plurality of chips, and separating the chip from said first
substrate and bonding on a second substrate.
6. Amethod for making a semiconductor device according
lto. Claim 5, wherein the step of separating said wafer into
a plural'ity of chips by cutting includes completely cutting
15 said semiconductor wafer by dicing grooves.
| 7. -Amethod for making a semiconductor devicé according
to Claim 5, wherein the step of reducing the thickness of said
semicohductor wafer includes contacting the surface of said
semiconductor wafer with. said etchant and rotating said wafer
20 within an in-plane direction of said semiconductor wafer.
8. A mefhod for making a semiconductor device according
to Claim 7, wherein said wafer is rotated at a speed of 1000
r.p.m. or over.
9. Anethod for making a semiconductor device according

25 to Claim 5, wherein the step of reducing the thickness of said

This Sheet Has Been Repl
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sem conduct or waf er. shown in Fig. 5(1), a Si wafer 105 is fixed, by
means of a‘preEl mlﬂ“u_nlluﬁl dheS| ve, on a tape 107 attached to s a
frame 101, aft e Si waf®r 105 is rotated at a hi gh speed of
1, 000 r.p. m or over, an étchant 502 is dropped from an etching nozzle 501
on the Si wafer 105, thereby etching the surface of the Si wafer 105. The

et chant 502 used in this exanple consists of an aqueous sol ution of
pot assium 10 hydroxide (concentration: 40% . Etchants other-than that of

m ?ZSirch)tm a?%ﬁ%&?ﬁ&i@%f@i’ V?A 8@ shﬁbﬁ%gctgg.g;gekﬁgaé;%rﬁ%m éSfO% g'ropped or;
the surfacg k&;@@ﬂfﬁé% g A xngef@ggoé% 1§ ghlq Surf ace

of the Si I'S” causes t he

s e o L ShoeE ot iths 1B '%éiﬁhé S R g e

damage. 10. A method for making a semiconductor device

5§ according to Claim 5, wherein said first substrate is made
of é tape.

11. A method for making a semiconductor device
according —to Claim-10, wherein said tape consists of a -
non-rigid tape made of an organic material.

10 | 12. A method for making a semiconductor device
according to Claim 10, wherein said tape is supported with
a framé.

13. A method for making a semiconductor device

according to Claim 12, Wherein. said frame is in the form of
15 a ring.

14. A method for making a semiconductor device
according to Claim 5, wherein the step of releasing said chip
from said first substrate and bonding on said second substrate
includes selectively heating a desired chip and pressed

20 against said second substrate.

15. A method for making a semiconductor device
according to Claim'5, wherein the step of releasing said chip
from said first substrate and bonding on said second substrate

includes pushing said chip upwardly by means of a heating head

25 provided below said tape, and heating said chip.

i
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t he etchant 502 is dropped 20 while
E of 1,000 r.p.m or over, the etchant 502
e

As shown in Fi when
reci.procatin m, wa
| i kew se no d !aterdiﬁy al ong the surface of the Si wafer

105. Thus, the surface of the Si wafer 105 is uni formy etched w thout
produci ng any difference in |level or any damage, and can thus be thinned.
25 Exanple 3 1 2 Fig. 6is a process chart showng a further

enbodi ment of the invention. As shown in Fig. 6(1), a Si wafer 105 is fixed

on a tape 107 atlgachgdmé%l@dff %Qj}n%?ﬁ%égﬁﬂltq@%%ge?%emgr 105 is 5

etched and thinned according o t i n Exanmple 2,

thereby fo{iR fhe o | ENfm 7 Ui s O | ¢h D %nd said second

substrate bonded together with an adhesive layer formed on
the surface of said second substrate.

s 17. A method for making a éemiconductor device
according to Claim 16, wherein said adhesive layer consists
of an anisotropic conductive adhesive layer.

18. NA method -for making a semiconductor device -
according to Claim 17, wherein said anisotropic conductive

10 adhesive layer comprises an organic material and conductive
particleé.

19. A method for making a semicondqctor device
acéording to Claim 5, wherein the electrode formed on the
surface of said chip and the electrode formed on the surface

15 of said second substrate are electrically connected with each
other by face down bonding.

20. A method for making a semiconductor device
according to Claim 5, wherein a step of moving the reduced
wafer on a thirdlsubstrate intervenes between the step of

20 .reducing the thickness of said semiconductor wafer and the
step of cutting said resultant semiconductor wafer into a
plurality of chips, and said chips are separated from said
third substrate and boﬁded on said second substrate.

21. A method for making a semiconductor device

25 according to Claim 20, wherein said third substrate is made
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6(2) - Further Fr . 6(3), the Si wafer 105 is forned with

di ci ng groove ,Imﬂﬂ lﬂ"ﬂ he Si vvafer 105 into a plurality of chips
105" . VL in Fig.26{4), a given chip 105 is placed in
positroe of the substrate 102 foll owed by urging a heating head 106 from
bel ow and hot pressing the chip 105' against the substrate 102 to nove the
thin chip 105" on the substrate 102 as shown in Fig. 6(5), thereby bonding
t hem t oget her 15 t hrough an adhesive 103. The characteristic properties of
each chip df% dsyer e4sLimnarily measured prior to the divisionin
the formof a wafer, Thereby i1ndividually confirm ng non-defective and

bl aced i n oh pS22RCcR bRl  £aPTugEL 56 A VECkILFRIALODF dhe a8l ot iyl
11 e ekl s BB, o8B oL 4088 MR R B
0.1 to 110 um. '

5 23. A method for making a semiconductor deviee
according to Claim 5, further comprising:
priortothestepofkmndingsaidchiponsaidsecondsubstrate,
the step of forming -a pessivation film of a given pattern on
the surface at the second substrate side of said chip and an

10 electrode having a thickness smaller than said passivation
film.

24. A method for making a semiconductor device
according to Claim 23, wherein said electrode is formed on
" a portion on which any'passivation filnlon;the surface at the

1s second substrate side of said chip is not formed.

T




Exampl e 4 25 This exanple illustrates bonding of a thln chip and a

1 3 substrate by f ace- down- bondi ng wherein the main surface of the chip and
the main surface of the substrate are2fdcing each other. Initially, as
shown in Fig. 7(1), a Si wafer 105 is fixed 5 on a first tape 107 attached
to a first frame 101 by neans of a pressure sensitive tape. Thereafter, as
shown in Fig. 7(2), the Si wafer is thinned in the sane manner as in

Exanpl e "2. Next, as shown in Fig. 7(3), the surface of the Si wafer 10 105
is turned down and is pl aced in facgEE&PE e relation with the surface of a
second tape 107' attached to a seco

A semiconductor chip (105') and a substrate (102) are
bonded with an organic adhesive layer (409) containing
conductive particles (406), and a pad (405) and an e;ectrode

5 (412) are mutually, electrically connecﬁed through the
conductive particles (406). |

The semlconductor chip (105') is formed by contacting
a semlconductor wafer (105) attached to a tape (107) with an
etchant while rotating the semiconductor wafer (105) within

10 an in-plane direction at a high speed or reciprocating the
wafer (165) laterally to uniformly etch the semiconductor
wafer(105)therebyreducingthetﬁicknessthereof,anddicing
the thus ieduced wafer. The reéultant thin chip (105') is
hot-pressed by means of a heating head (106) for bonding on

15 the substrate (102).

In this way, a thin semiconductor chip can be.formed
stablj at low costs and bonded on a substrate without causing
any crack of thechip, thereby obtaining a semiconductor device
which is unlikely to break owing to the bending stress from

20 outside.



101",  thereby sticking themtogether. The first tape 107 is rel eased from
the Sir wafer 105 to obtain such a structure that the Si wafer 105 is forned
on 15 the surface of the second tape 107'. Subsequently, as shown in Fig.
7(4), dicing grooves 104 are forned in the Si wafer 105 to divide the wafer
into a plurality of chips 105 . As shown in Fig. 7(5), a given chip 105 is
placed in position of the substrate 127 followed by urging a heating 20
head 106 from bel ow and hot-pressing to bond the thin chip 105" on the
substrate 102 t hrough an ani sotropi c conductive adhesive 103 as shown in
Fig. 7(6). -According to this exanple, the chip 105 is noved on the
substrate 102 after the novenent on the second tape 107'. This 25 changes
up and bottom si des when conpared with the case of

104 1106




1 4 Exanple 1. More particularly, the initial upper surface of Si wafer 105
ts kept up aftef having been bonded to the substrate 102. Accordingly, in
this exanple, if a desired sem conductor device is forned on the surface of
the Si wafer 5 105 after the Si wafer 105 has been nade thin, the

sem conductor device is arranged on the surface of the chip 105 which has
been formed on the surface of the sulst7ate 102. As will be clear fromthe
foregoing, the follow ng effects and advantages can be expected accordi ng
to the 10 invention. (1) A very thin sem conductor chip is bonded on a .
substrate by neans of an adhesive, and a pad forned on the surface of the.
sem conductor chip and. a substrate el ectrode forned on the surface of the
substrate are nutually 15 electrically connected through the conductive
particles contained in the adhesive, thereby ensuring a reduced

FIG. 2
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possi.bility of breakage due to the bending and high reliability on the

el ectric connection. (2) Since the sem conductor wafer is thinned by neans
20 of an etchant which noves along the main surface of the wafer at a high
speed, a uniformy thin sem conductor can be readily obtained w thout
involving any strain or defects therein. (3) The release of a thin

sem conductor chip fromthe tape and3hg bonding to a substrate are
performed in the same 25 step, so that the thin sem conductor chip can be
bonded on 1 5 the substrate without cracking. (4) Wile a desired

sem conductor chip is selectively heated and conpressed, it is noved on the
substrate, thereby ensuring nounting of the thin chip on the substrate very
easily

101
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< . 105
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5 at low costs. (5) Each sem conductor chip can be bonded on a substrate by
means- of an ani Sotropi c conductive adhesive, so that the chip can be

el ectrically connected with the substrate without wi re bonding. 10

(6) The thickness of the sem conductor chip is so snmall as from0.1 to 110
[err]m within which the chip is able to bend, thus making it possible to
realize a bend-resistance, thin sem gqgrigluctor devi ce. VWHAT | S CLAI MED
IS: 1. A semconductor device conprising: a sem conductor chip and a
substrate which is in face-to- face relation with said sem conductor chip

t hrough an organic 5 adhesive |layer containing a nultitude of conductive
particles-

102
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therein, a pad nade of a conductive filmand fornmed on the surface at the
substrate side of the sem conductor chip, and a substrate el ectrode

provi ded on the surface at the chip side of the substrate at a position
corresponding to said pat such 10 that said pad and said substrate

el ectrode are electrically connected to each other via said conductive
particles. 2. A sem conductor deviceggcgording to Caiml, wherein said
sem conductor chip has a thickness of 0.1 [err]mto 110 [err]m 3. A

sem conductor device conprising: 15 at |east, a sem conductor chip and a
substrate which is in face-to-face relation with said sem conductor chip
t hrough an organi ¢ adhesive | ayer containing a nultitude of conductive
particles therein, a pad nade of a passivation filmand a conductive film
and fornmed on the surface at the substrate 20 side of the sem conductor
chip, and a substrate el ectrode provided on the surface at the chip side of

the substrate at a position correﬁ_i&ng %sai d pad, wherein said pad and
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said substrate electrode are electrically connected to each other via said
.conductive-partiicles, and said pad is formed 25 on a portion which is free
of any passivation filmformed on the surface at the substrate side of
sai d sem conductor chip. 4. A sem conductor chip according to Caim 3,
wherein said passivation filmhas a thickness |larger than said pad. 5. A

- method for making a sem conductor de@i/Je which s conprises

t hest epsof bri ngi ng t hesurfaceof asem conductor wafer held on a first
substrate into contact with an etchant, noving said etchant along the _
surface of said sem conductor wafer at a high speed to reduce the thickness
of said sem conductor wafer, cutting the thus reduced wafer into a 10
plurality of chips, and separating the chip fromsaid first substrate and

bondi ng on a second substrate.
 FIG. 6
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6. A method for making a sem conductor device according to Claimb5, wherein
the step of” separatlng said wafer into a plurality of chips by cutting

i ncludes conpletely cutting 15 said sem conductor wafer by dicing grooves.
7. A nmethod for making a sem conductor device according to O aimb5,
wherein the step of reducing the thickness of said sem conductor wafer

i ncl udes contacting the surface of sZi/J sem conductor wafer with said
etchant and rotating said wafer 20 within an in-plane direction of said

sem conduct or wafer.

8. A nethod for

maki ng a sem conduct or device

according to Caim?7, wherein said wafer

Is rotated at a speed of 1000

r.-p.m or over.

9. A nethod for

maki ng a sem conductor devi ce accordi ng 25

to Claimb5, wherein the step of ﬁiéng t? thlckness of said
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sem conductor-waf er 4 ncludes contacting the surface of said &W@mm

-wafer w nd reci procating said sem conductor wafer along
the pl anﬁMﬂmﬂu ED aid wafer. 10. A ne 5 , eHi-c-oRe r
device 5 |m5, wher ei n jgai d : ilé st a ﬁ}gﬁﬁde §f3a
tape. 11. A nethod for ITB.kI ng a seni conduct of SERp té@cd%%?%&\t‘% %gﬁdm -1(
wherein said tape consists of a non-rigid ta}éa'rgﬁ‘él(& a@aég ite pegedPPal
- 10 12. A nethod for making a sem conduftldMrawingy aeged &i-iig pagedd. Aai |
10, wher Ginhh S @laflndsdRe i s supported with a frprkd AbsgactA rrpaged!. .60 paged ng
sem conduct or dew ce according to Claim12, herein said fra
formof 15 a ring. 14. A nmethod for nmaking a SBMEooguREgglpz_gg_gﬁggm di ng
to Gaimb5, whanghdl fob eibfitRifg alseiehRachi@yia CEMPFING he Steps of,
preparing a semiconductor water formed plural semiconductor elements thereon;

"3.

covering said semiconductor wafer with a first substrate;

reducing a thickness of said semiconductor water by contacting a back surface of said
semiconductor wafer with an etching solution and moving relatively the etching solution and said
semlumduutur wafer with high velocity along the back surface of said semiconductor wafer;

dividing said semiconductor wafer into plural chips by perfectly cutting said semiconductor
wafer; and '

fixing said chip to a second substrate facing to said surface on which the semiconductor
element is disposed. '

2. A method for fabricating a semiconductor device according to claim 1, wherein said step of
reducing a thickness of said semiconductor wafer is carried out by contacting said back surface of said

semiconductor wafer with said etching solution and spinning said semiconductor wafer.

3. A method for fabricating a semiconductor device according to claim 2, wherein said

semiconductor wafer is revolved with over 1,000 revolutions per minute.

4, A method for fabricating a semiconductor device according to claim 1, wherein said step of
reducing a thickness of said semiconductor wafer is carried out by contacting said back surface of said

semiconductor wafer with said etching solution and going back and forth said semiconductor wafer.

5. A method for fabricating a semiconductor device according to claim 1, wherein said first
substrate is a tape.

6. A method for fabricating a semiconductor device according to claim 5, wherein said tape is
a soft tape containing an organic material.

7. A method for fabricating a semiconductor device according to claim 5, wherein said tape is
supported by a frame,

8. A method for fabricating a semiconductor device according to claim 7, wherein said frame

is a ring-shaped frame. .
REPLACEMENT SHEET
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~selectively chip and pressed 20 against said second
substrate. or*naklng a sem conduct or device according to
Claimb5, wherein the step of releasingl7said chip fromsaid first substrate
and bondi ng on said second substrate includes pushing said chip upwardly by
means of a heating head 25 provided bel ow said tape, and heating said
chi p. 16. A method for meking a sem conductor device according to Caim

5, wherei n sa ﬂletﬁhj for mmaigd sSQILGmLtSHMEJe&t@)rchﬁlg’l@lﬁﬂimh(]gthﬁfn ividt dhepat
adhesi ve | ayer surface second, subs

5 . 17.
A e o B S o br D S Sod Sordteies & e BE b pEBRE R, SH1E Sup vy 289 pyshinee

sai d adlrast wesaidegeesndsobssiaet S

f d. f bondi d d subst r at BEPLAGEMENT SHEEII
rom sai Hmﬂmm Iﬁml ondi ng on said second substra

10. A method for fabricating a semiconductor device according to claim 1, wherein said step of
fixing said chip to said second substrate is carried out by pressing upon and heating said chip by using
a heating head disposed under said tape.

L1 A method for fabricating a semiconductor device according to claim 1, wherein said chip is

fixed to said second substrate with an adhesive layer formed on the surface of said second substrate.

2. A method for fabricating a semiconductor device according to claim 1 [, wherein said adhesive
layer is an anisotropic electroconductive adhesive layer.

13. A method for tabricating a semiconductor device according to claim 12, wherein said

anisotropic electroconductive adhesive layer contains organic material and conductive particles.

14. A method for fabricating a semiconductor device according to claim 1, wherein an electrode
formed on the surface of said chip is electrically connected with an electrode formed on the surface
of said second substrate by means of face down bonding technique.

15. A method for fabricating a semiconductor device according to claim 1, wherein a step of
covering the back surface of the semiconductor wafer reduced thickness with a third substrate is
interposed between the step of reducing the thickness of said semiconductor wafer and the step of
dividing said semiconductor wafer into plural chips.

16. A method for fabricating a semiconductor device according to claim 15, wherein said third
substrate is a soft tape.

17. A method for fabricating a semiconductor device according to claim 1, wherein said step for
reducing a thickness of said semiconductor wafer makes the thickness of said semiconductor wafer
to 0.1pm ~ 110pum.

18. A method for fabricating a semiconductor device according to claim 1, wherein a step of
forming a passivation film having a predetermined shape on the chip and a step of forming an
electrode having a thickness smaller than said passivation film on the chip are carried out hefore said

step of fixing said chip to said second substrate. . REPLACEW;BNT SHEET
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EMENT
‘{EFLAC ME s r

of an ani spt adhesive layer. 18. A nethodgﬁ FACPMENTOSHEED

sem conducto ilng to daim17, wherein said Isotropic
conductive}l conprises an organi.c material and conductive

particles. |1 haki ng a seagi conduct: oummﬁmnﬂwﬂ gto
Claimb5, erein the electrope fornmed on the surf and the
el ectrode fofred—omttesurtface 15 of said second*subst'rat’e &re*
electrically connected with each other by face down bonding. 20. A net hod

for mekipg a %eﬂi'eﬁgcﬁ‘%c%hgﬂﬁwah& Q)ﬁ He B0 aHofthi @e% \,ngg @ th@reﬁ

ving the redyced wafer on a strate intervenes tween 't
g? 2ogr e HEHTNE L‘li ﬁ@mﬁh PR |4 <Bipo ﬁ%fa?edfds*&gﬁ(tbwhtﬁewr supgifasy anlnept prening @pthgf
cutting pasidasienstilint ertorgem conductor wafer into a plurality of chips, and
said chips are separated fromsaid third substrate and bonded on said
second substrate.
20. A method for fabricating a semiconductor device comprising the steps of,

preparing a tirst substrate having a first and a second main surfaces nppuslte to each other
and having plural semiconductor elements formed on said first main surface,

covering said first main surface with a first tape,

spinning said first substrate having the first tape on the first main surface and etching said
second main surface with an etching solution so as to reduces the thickness of said first substrate to
0.lpm~ 110um,

covering said second main surface of said first substrate having a reduced thickness with a
second tape,

removing said first tape from said first main surface,

dividing said first substrate having a reduced thickness into plural chips,

preparing a second substrate formed wiring thereon,

tacing said first main surface to said wiring formed on said second substrate, and

heating and fixing said chip to said second substrate such that outer terminals of said
semiconductor element formed on said semiconductor chip is electrically connected with said wiring
tformed on said second substrate through a anisotropic conductive adhesion layer.

21. A method for fabricating a semiconductor device according to claim 20, wherein said step of
dividing said first substrate having a reduced thickness into plural chips is carried out by completely
cutting said first substrate. '

22, A method for fabricating a semiconductor device according to claim 20, wherein said tape
is supported by a frame.

23. A method for fabricating a semiconductor device comprising the steps of,

covering a surface of a first substrate with first film, wherein semiconductor elements are
formed on the surface,

reducing a thickness of said first substrate covered with said first film from a rear surface of
said first substrate,

covering said rear surface of said first substrate having a reduced thickness with a second
film, -

removing said first film from said first substrate,

- dividing said first substrate into plural semiconductor chips by cutting said first substrate,



21. A net hod—for—makimg—a semiconduct or device 25 according {o aim 20,
wher ei n saiid i s made of a non-rigid tape.ﬁWCEMEN’EtSH!EE'ﬁ
for maki ng amﬂmm Eﬂﬁammﬁw ce according to Caimb5, wherein said wafer

' G

has a thickness o [err]m 39 23. A method for making a
seni conduct or device according to Claim5, further conprising: prior to the
step of bonding said chip on said second substrate, the step of formng -a

passivation fil m of a given pattern on the surface at the second substrate

side of said fbing aarehnanubdrael 8 Gt e HraMidGstsubitt £k HE $Aich Bl €hicbhdRwsal d |

passivation film,. 24. A method for making a sem conductor device
elements are formed,

pushing said semiconductor chip by a heating head in the direction from said second film to

said second substrate such that said semiconductor chip is detached from said second film.

24, A method for fabricating a semiconductor device according to claim 23, wherein said step of
dividing said first semiconductor substrate into plural semiconductor chips is carried out by
completely cutting said first substrate.

25. A method for fabricating a semiconductor device according to claim 23, wherein said chip

is fixed to said second substrate by using an anisotropic electroconductive adhesive.

26. A method for fabricating a semiconductor device comprising the steps of,

covering a surface of a first substrate with a tape, wherein semiconductor elements are formed
on the surface,

etching a rear surface of said first substrate covered with the tape by using an etching solution
to reduce a thickness of said first substrate, |

dividing said first substrate into plural semiconductor chips having a reduced thickness by
cutting said first substrate,

disposing a second substrate so as to face to said first substrate, and

| pushing out said semiconductor chip from the back side of said tape to said second

semiconductor substrate by a heating head so as to fix said semiconductor chip to said second
substrate.

27. A method for fabricating a semiconductor device according to claim 26, wherein said
semiconductor chip is fixed to said second substrate by using an anisotropic electroconductive
adhesive.

28. A method for fabricating a semiconductor device comprising the steps of,

_ covering a surface of a semiconductor wafer with a first film, wherein semiconductor elements
are formed on the surface,

reducing a thickness of said covered semiconductor wafer to 0.1um ~ 110pm,

dividing said semiconductor wafer having a reduced thickness into plural semiconductor chips
by completely cutting said semiconductor wafer, and’

fixing said semiconductor chip with said second substrate.
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29. A method for fabricating a semiconductor device comprising the stéps of,

cavering a surt'ace.of a first semiconductor substrate with a first tilm, wherein semiconductor
elements are formed on the surface, |

reducing a thickness of said first semiconductor substrate to 0. 1lpm ~ {1Qpm,

dividing said first semiconductor substrate having a reduced thickness into plural
semiconductor chips by completely cutting it, and

detaching said semiconductor chip trom said tirst film by pushing out said semiconductor chip
from a back side of said first film by using a head having a flat surface.

30. A method for fabricating a semiconductor devicé comprising the steps of,
preparing a first substrate having a first and a second main surfaces opposite to each other
and having plural semiconductor elements formed on said first main surface,
covering said first main surface with a first film,
reducing a thickness of said first substrate to 0.1lum ~ 110um,
C(_)vering.said second main surface of said first substrate having a reduced thickness with a
second film, '
cutting completely said first substrate having a reduced thickness so as to divide it into plural
chips, and
detaching said semiconductor chip from said second film by pushing out said semiconductor
“chip from a back side of said second film by using a head having a flat surface.
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