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0 Abstract

TITLE OF THE INVENTION
S__EMICONDUCTbR DEVICE AND METHZ)D FOR MAKING SAME
Fiela of the Invention
This invention relates to a semiconductor deyice and
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.
Background Art’
The formation of Vérious types . of cards such as. IC

cards has been proposed by utilizing a very thin semiconductor

device. Hitherto, it has been difficult to obtain such cards

which can stand use in practical applications owing to the .

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.
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.

As is well known in the art, a polishing method has been

: paged ....... to paged ...... |’
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in wide use for thinning a semiconductor wafer. In order to _
uhiformly process a semiconductor wafer, for example, with
a process accuracy of 5% according to the éolishing method,
it is essential that the semiconductor wafer be set parallel
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
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
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;

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.

‘Disclosure of The Invention’
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Accordingly, an object of the invention is to provide
a semiconductor device which can solve the problems of the

prior art technologies, is unlikely to break owing to the

bending stress exerted thereon, and can be utilized as various

types of cards.

Another object of the invention is to provide a method
for making a semiconductor device which is able to thin a
semiconduci:or chip to a level of approximately 0.1 to 110 um’
and wherein such a very thin chip can be handled without
involving any cracking occaslion.

In order to achieve the above objects, there is provided
a semiconductor devi;:e 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
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
conductive particles.

The thin semiconductor chip and the substrate made of
an elastic material, which are arranged in face-to-face
relation with each other, are bonded and fixed together through
the organic adhesive layer, so that when exerted with a bending

stress from outside, they are very unlikely to break.
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The electric connection between the semiconductor chip

and the 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
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
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
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.

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

reciprocating the wafer at a high speed so that the
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semiconductor wafer is uniformly reduced in thickness by
etching, dicing the thus reduced semiconductor wafer for
division into a plurality of chips, and subjecting individual
thin dhips to hot-pressing against a substrate to bond them
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 uniformly etched. Thus, there can

~ 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
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
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

the wafer into the chips, it is preferred from the standpoint
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of practical applications that the wafer is completely
separated into individual ehips by dicing.

The adhesion between the second substrate and the
semiconductor chip is effected through a conductive adhes ive,
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

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;
| 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
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 ;

and
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Fig. 7(1) to 7(6) are, respectively, schematic views

illustrating the steps of a fourth embodiment of the invention.

BEST MODE FOR CARRYIﬁG OUT THE INVENTION

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
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 substrate 102 on which an adhesive 103 has

been preliminarily applied, thereby causing the chip to be

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
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

the thickness is smaller than 0.1 um, adifficulty is involved
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in the formation of various types of semiconductor devices -
on the chip 105'. If the thickness is larger than 110 um,
cracking may occur on bending of the chip. The thickness of
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
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view and Fig. 4(2) is a sectional view. The thin chip 105°'
is bonded to a given position of the substrate 102. An -
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
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thickness of the passivation film 409 is larger than that of
the pad 405. This effectively suppresses the migration, to
outside, of the conductive particles 406 intervening between
the pad 405 and the substrate electrode 412. As a consequence,
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 ; tape 203 is handled with a vacuum chuck 201 and
moved on other substrate (not shown) . More particularly, the
thp 202 placed on the tape 203 is one which is individually
formed by dicing of a wafer. The chips 202 stuckhup 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 preésure sensitive
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.

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 ié apt to crack.
Thus, productivity lowers, makiﬁg it difficult to widely use
the method in practical applications.

Example 2
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This example iilustrates a method of thinning a
semiconductor wafer.

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
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
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
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
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.

Example 3
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Fig. 6 is a process chart showing a further embodiment
of the invention.

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
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substrate by face-down-bonding wherein the main surface of
the chip and the main surface of the substrate are facing each
other.

Initially, as shown in Fig. 7(1), a Si wafer 105 is fixed
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. ) _ : -

Next, as shown in Fig. 7(3)., the surface of the Si wafer
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

-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 p.lurality of chips 105'.
| As shown in Fig. 7(5), a given chip 105' is placed in
position of the substrate 102, followed by urging a heatiﬁg
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

changes up and bottom sides when compared with the case of
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Example 1. More particularly, the initial uppér surface of
Si wafer 105 is kept up aftef having been bonded to the
substrate 102. Accordingly, in this example, if a desired
semiconductor device is formed on the surface of the Si wafer
105 after the Siwafer 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
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
electricaily 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
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

stép, so that the thin semiconductor chip can be bonded on
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the substrate without cracking.

(4). While a desired semiconductor chip is selectively
heated and compressed, it is mqved on the substrate, thereby
ensuring moimting of the thin chip on the _substraté very easily
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.

(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 réalize a bend-resistance,

thin semiconductor device.
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WHAT IS CLAIMED IS:

1. A semiconductor device comprising:
a semiconductor chip and a substrate which is in face-to-
f_ace relation with said semiconductor chip through an organic
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
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:
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
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

on a portion which is free of any passivation film formed on
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the sﬁrface at the substrate side of said semiconductor chip.

4. A semiconductor chip according to Claim 3, wherein
said passivation film has a thickness larger than said pad.

5. A method for making a semiconductor device which
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
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

to Claim 5, wherein the step of separating said wafer into

a plural'ity of chips by cutting includes completely cutting
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
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

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

This Sheet Has Been Replaced
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semiconductor wafer includes contacting the surface of said

semiconductor wafer with said etchant and reciprocating said

- semiconductor wafer along the plane directions of said wafer.

10. A method for making a semiconductor device
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.

| 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
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
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

provided below said tape, and heating said chip.
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16. A method for making a semiconductor device
according to Claim 5, wherein said cﬁip and said second
substrate bonded together with an adhesive layer formed on
the surface of said second substrate.

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
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
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 third substrate intervenes between the step of

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

according to Claim 20, wherein said third substrate is made
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of a non-rigid tape.

22. A method for making a semiconductor device
accor&ing to Claim 5, wherein said wafer has a thickness of
0.1 to 110 gm.

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

second substrate side of said chip is not formed.
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