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SEMICONDUCTOR DEVICE MANUFAGTURING METHOD

' BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor device manufacturing
method including an inspection etep for inspecting the circuit elements of
manufactured semiconductor devices and, more particularly, to a semiconductor device
manufacturing method or a semiconductor device inapecting method which is suited to
malke the ingpection step simple and efficient and to a jig for use in guoh methods.

Fivet of all, 2 conventional semiconductu;‘ device manufacturing method will -
be descﬁbed below with reference to Figs. 18 and 14 attached hereto. Fig. 18is a
flowchart schematically show.ing a representative semiconductor device manufactyring
rasthod, particularly, the portion of & inanufaeturing process :';ncluding an inspection

step according to the present invention. Figs. 14(a) to 14(c) éhow various forms of

- somiconductor devices mannfactured in various steps of the. semiconductor device

manufacturing process.

Cunventions]ly,: semiconducter davices are gemerally manufactured by a
manufacturing method including the following major steps. The sequence of the atepa
coincides with the sequence described below. o )
| (1). Previous Step
The previous step is the step. of forming a mnultiplicity of LSI (large-scale

integrated civcuit) chips 1b formed by integrating a multiplicity of eireuit elements over

" a semiconductor wafer 1a;

(2) Probing Inspection Step
The probing inspection step is the step of carrying out so-called initial

screening of the multiplicity of LSIs formed over the semiconductor wafer 1a in the
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above-deacribed step (1) by using probes on a chip-by-chip basis, to determine whether
each of the LSIs is defecuve or nondefective.

(3) Cutting Step

The aemiconductor wafer la over which the L8Ir are formed in the above-
described atep (1) is normally cut and separated into the individual chipa 1b by using;
for example, a laser beam or a dicer.

(4 Mounting or Packaging Step

The x;xounﬁng or packaging atep is the step of mounting each of the chips 1b .
obtained in the shove-desczibed step (3) on a so-called socket 2 or causing eﬁ.ch chip-
aixa.ped électmd_e pad to indepeﬁdenﬂs conduct to a leadfirame so that the chips 1b can
be adapted to the subsequeni: steps (inspection steps), ‘and then packaging t.h'em with
-regin or the liks, thereby forming chjects o be {nspected in the subsequent inspection
. steps. '

- (5) Burn-in Step.

The burn-in step is the step of imparting. electrical or thermal stresa to a
.plurality of objects to bé_ inspeéted, which have been obtained in the above-deseribed
step (4), at the éa.ﬁe ﬁme for a long period of time, thereby accelerating and screening
out potential defacts in the mawtifactured LSI chips 1b. -

| (6) Screening Inspection Step

The screening inspection atep is the final inspection step which are performed
on the reliability of semiconductor devices after the above-described steps (1) ta (5).

In each of the above-described probing inspection, burn-in and screening
~ inspection steps, probes v?hich are disposed to positionally and dimensionally
correspond to predefermined electrode pads 1c formed on the semiconductor wafer 1a

or the chipa lb are brought into contact with the electrode pads 1s, and each of the
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electrods pads lc is maﬁe. to independently conduct to an insp'ection gystem which is
not shown, thereby carrying out a predetermined inspection.

However, ag is also apparent from the above deseription, the above-described
initial probing inspeﬁoh step is performed with the semiconductor wafer la over
which the multiplicity of LSI chips 1b are formed, as shown in Fig, 14(a). On the other
hand, in the subsequent inspection steps including the burn-in step, it is common
practice that these stepas are performed with the LSI chipa 1b obtained by cutting the
LSIs of the ;emiconductor wafer 1a into chips, as shown in Fig. 14(b). |

. More specifically, during each of the inspection steps executed after the LSI
chips Th ave cut out from the semiconiductor wafer 1a, the respective LEI chips 1b are
individually mounted on the sockets. 2, as shown in Fig. 14(c), and the snM 2 are
individually mounted via pins 2a .nn a board (not shown) which conforms to the

- specifications of an inspection step being executed, and.- then the hoard on vahich the

- LSI chips are installed is m;un;ted in an inspection system, whereby a predstai:mlnad 3
electrical connection is provided and a predetermined inqpection is carried out.

Incidentally, an example in which, unlike the ahove-described steps, the
plurality of chipa 1b separated by cutting are directly mounted on an ingpection board
without using the above-described type of socket 2 is described in, for example,
Ja.pa#eae Patent Laid-Open No. 181048/1981. Another example‘ in which a wafer
itself is subjected to burn-in without being cut into chips is described in, for example,

Japanese Patent Laid-Open No. 204621/1988.

SUMMARY OF THE INVENTION
H.owevér, the above-described prior art has the following problems,

First, in the semiconductor device manufacturing method according to the
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prior art described above with reference to Figs. 18 and 14, the respective chips 1b cut

‘ out from the semiconduetor we.fer 12 need to be mounted on the socksts 2, i.e., one chip
to be inspected needs to be mountad on one socket,

| For this reason, the number of time-consuming ateps for mounting and
removing eeparate chipsito be inspected in and from sockets increases, and. if elecmca.l
conduction is to be provided between the chips to be inspected and the sockets,
predetermined operations and costs will occur. If the inspection costs ,of
semiconductor devices are to be reduced by preventing the operationa and costs for
such electrical conduction from being caused by initial defective chips, it 55 necessary to
carry uut a probing inspection before the chips to be inepecte.d are mounted in the
sockets, as shown in the flowchart of Fig. 13, thereby eliminating the initial defective
chips before the cutting step. ﬂowever. this rasults in the problem that the number of
inspection stepa increasea and inspection costs also increase.

In addition, ag described in the above-cited Japanese Patent Laid-Open No.
181048/1881 as well, if an inspection is to be cazried out with:chips'to be inspected
being divectly mounted on the insneution board, it is necessary to prepare a microprobe
group in which a plurality of probes are disposed on the board itself in an arrangement
corresponding to the arrangement of fine electrode pads on the surfaces of small chip;
to be inspe&ea. However, the production of such micraprobe group ig expensive, and if
chips to be inspected ave various in kind (shape or dimension), a multiplicity of
expensive microprobe groups need to be prepared for auch various kinds of chips. This
will lead to great equipment costs and hencs increases in inspection costs,

Furthermore, as is known from the above-cited Japaness Pateni.: Laid-Open No.
204621/1888, in the method of subjscting manufactured LSI chips to burn-in in the

wafer state thereof, the number of electrodes to collectively electrically conduct to an
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inspection system is huge because recent laxge-diameter wafers have a multiplicity of

LSIs. For this reason, the microprobe group required to connect the LSI chips to an
inspeéﬁb.n boaxd to carry c:;ut burn-in in the wafer state is difficult to rea_lize, and aven if
such a microprobe group is.realized, the microprobe group becomes very expensive .and
requires huge equipment costs, and ingpection costs likéwiza-increase. In addition, if
a huge number of electrodes are connected, the number of the slectrodes may exceed
the processing capability of the inspection system. Furthermore, there is the problem
that the amount of deviation of the relative position between the probes and the
electrode” pads on a wafer due to thermal expansion increases in the outer
circuquiential portion of the waﬂe:, g0 that both the probes and the electrode pads may
become unable to physically c;nntact each other.

Thersfore, in view of the problems of the aﬁuve-desc:ibed prior art, the object
of the present invention is to p?.'avide a seﬁiconductor device manufacturing m.e.thod
ande aemiconducto.r device inspection method both of which san solve the pmbiems of -
thé abdve-desu:ibed;prior art and hence can be inexpensively: realized and can also
guarantee high reliability, and a semiconductor device manufactured by the
manufacturing method, as well as a jig for use in the manuﬁcturing method or ‘the
inspection misthod. )

| | To achieve the above abject, according to the present invention, thers
is provided. a semiconductor device ﬁanufacturing method cgmprising the stepé of:
forming a plurality of large-scale integrated cirouits (LSI) over a semiconductor wafer;
cutting the semiconductor wafer into individual LSI chips; rearranging and integrating
a predetermined number N of eut LSI eh.i.pa from among the aut LSI chips; inspecting
the cut LSI chips, and screening to selset LSI chips basis on an inapection result

cbtained in said inspecting step.
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In addition, to achieve the abave object, a.céord.i.ng to the present invention,
there ig provided & semiconductor device inspection m.ethdd of inspecting
semiconductor device chipa ohtained by forming & plurality of large-scale integra_ted
circuits over the semiconductor wafer and cutting the semiconductor wafer into
individual LSI chipa, which cumpz:iaing the ateps of: rearranging said cut LSI chips and
integrating a predetermined number N of L8] chipa; inspecting said number N of cut
LSI chips; and sareening to selsct LSI chips basis on an inspection result obtﬁ.;ﬁad in
said inspecting step.

Incidentally, according to the present invention, the jig.to be used in this
semiconductor device manufscturing method or semiconductar device inspection
method formed of a matexial whoee coefﬁeie;xt of thermal expansion is approximately
equal to the LSI chips, and an accummodat%ng portion for rearranging the

predetermined number N of cut LSI chips is formed in part of said jig.

BRIEF DESCRIPTION OF THE DRAWINGS

Fie.1 A ﬂowcha.rt snhema.tmally showing the process of a semiconductor
device manufa.cturmg method according to one embodiment of the present invention,

_Fig; 2 A perspective view showing the furm of semiconductor devices in the
proegés of ti:e semiconductor device manufacturing method according to the present
invention, i.e., the state of a wafer and the stats of a chip cut out from the wafer.

F1g 8 An exploded perspective view showing a specific conatruction of an
integration structure to be u_ae;i in the semiconductor device mannfacturing method
sccording to the present invention. |

Fig.4 A perspective view showing the structure of the integration structurs,

particularly, the structure of the reverse surface of a contactor.
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Fig. 5 Apetapeéﬁve view showing the state in which a plurality of chipa are
integrated by the integration structurs. |

Fig.6. A crogs-sectional view ghowing in exploded form the integration -
structure and. the plurality of chips rearra.ngéd in the interior of the integration
structure. |

Fig.7 A cross-sectional view showing the state of the pl_urality of chips
rearranged and intég:rated in the interior of the integration structure by the integration
structure. . '

Fig.8 A cross-sectional view showing the state in which the plurality of
chips integrated by the integration structure sre connected to a printed civeuit hoard in
a burn-in step. | .

Fig.9 A cross-sectional view showing another integration structure
according to the present invention, which is different from the aforesaid integration
structure, and a plﬁza]ity of chips rearranged by that integration atmctu.rg.

| Fxg 10 A cross-sectional view showing a state :lmmediataly beiiora ‘the
;;lurality of chips ars réananged and integrated and connected to a printed cirouit
board by the integrati'on- structure of Fig. 9. .

Fig: 11 A cross-sectional view showing the state after the plurality of chipa’
are r,éa:tran.ged and integrated and connected to the printed circuit board by the
integration strueture of Fig. 9.

Fig. 12 A cross-sectional view sh'awing yet another imtegration structure
according to the present invention and a plurelity of chips resrranged by the
~ integration structure.
| Fig. 13 A ﬂowchm schematically showing one example of the pmcesé of a

semiconductor device manufacturing method according to a prior art,
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Fig. 14 A perspective view showing a plurality of forma of a semiconductor

device in the procéss of the semiconductor device manufacturing method according to

the prior art.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present ilnvention will be. described below in detail with
reference to the accompanying drawings.

Fig. 1 of the accompanying drawings is & flowchart schematically showing the
praoess of a semiconductor device manufacturing method (inclusive of & semiconductor
device i:i_speoﬁon method) a.cc'ording to one embodimen_t of the present invention. Figs.
2(a) and 2(h) show forms of ssmiconductor devices in the manufacturing method, In
the semiconductor device mmufaME method of ﬁe present invention, the following
steps ave carried out in the fullovﬁng ssguence,

(1) Previous Step.

 (2) Cutting Step

(3) Intograﬁo:i Step

VI Burain Step

(5) - Bereening Inspection Step -

'H:a; details of each of the steps in the manufacturing msthod will be described
below.

(1) Pfevious Step

The previous step referred to hereinafter is the atep of forming a multiplicity of
LSI (large-scale integrated cireuit) .chipa 1b each of which {a formed by integrating a
- multiplicity of circ\'ﬁt elementa over a semiconductor wafer la (refer to Fig. 2(a)) in a

manner similar to the above-described one, and is comprised of a known wafer process
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system .provided with a d.iffuaion system, a photolithogxaph::n system; an epitaxial

growth system and the like,

The formation of the LSI chips 1b in the previous step is pérfomed by passing
the semiconductor wafer 1a, which is obtained by alicing a wafer off an ingot of single-
crystal silicon (8i) and performing surface-polishing of the wafer, through a x.nultiplicity
of unit steps acco;'ding to the specifications of LSIa (large-scale integrated cirouits) to
be manufactured, Although the details of the unit steps are not described herein
becanse none of them d.ir'ectly relates to the present invention, for example, general C-.
MOSs (Gémplementuy Metal Oxide Bemiconductors) are formed through major Iatep
such as a step (apparatus) ﬁor forming b and n-type portions in the subetra.te of the
semiconductor wafer la, an element mohﬁng step (apparatua), a gaﬁa forming step
(appearatus), a source/drain forming step (apparatus), a winng step (apparatus) and a
protective ﬁl.m forming step (appmtua)

The previous step wﬂl be described helow in more detail. In the step for -
forming p- and n:type portions in t'he substrate of the semiconductor wafar 1a, after
boron (B) or phoapharus CP) is ion-implanted into a surface of the semiconductor wafer

_ 1a, the implanted ions are spread over the surface by d:ﬂusxon.

In the element isolating step, an Si oxide film is formed over the surface of thé
semicbnduc‘l;or wafer la and is then subjected o nitride film patterning for region
selection, and the_oxide film of a portion which is not patt;med is made to selectively
grow, thereby isolating individual fine elements. .

In. the gla.te forming step, a gate oxide film of approximately several am
thickness is formed between the individual elements, and a polyailicon (poly-8i) layer is
deposited over the gate oxide film by a CVD (Chemical Vapor Deposition) method.

After that, the deposited layer is processed in accordance with predetermined
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- dimensions, thereby forming ao-oalled gate electrodes.

In the source/drain forming step, after the formeation of the gate electrodes,
impurities such as P and B are .ion-implanted and s source/drain diffusion layer is
formed by activation annealing. ' _ ‘

In the wiring ste'p, aluminum (Al) intercormect lines and intexrlayer isolation
filma are stacked to eleotrically connect the above-described isolated elements, |

In the protective film forming step, a protective film for preventing external
impurities or water from entering the fine elements formed over the semiconductor
wafer la'in the above.described manner and, in addition, protecting the 18Is from
mechamcal stress during a suhsequent step for packaging the cireuits of the chips is
formed over the surfaces of the circuits, _

Incidentally, the dimensions of one wafer 1a used in the above-described ai;eps
are approXimately several hundred um in thickness and approximately 6-12 inches in
diameter, and in the case of, for example, a DRAM (Dynamic Random Access Memory), .
approximately 4001800 LSI chips are formed over the surface of the one wafer:la
through the above-described manufacturing steps. '

Dﬁri.ng t:his state, the'above-deau'ibed wafer la exhibits the form shown in Fxg
2(a). EBachof the formed LSI chipa 1b has sides of, for example, approximately several
to seﬁerd te-ns of mm length, and is provided with several tena of to several hundred
electrode pads 1lc. The eur.fa,ce of each of the slectrode pads 1c is formed as & square
having sides of several tens of un length. '.

It is to be n;otgd here that subsequently to the previous step (1) deacribed
previous in detail, the step of cutting the semiconductor wafer la aver which tl;e LSIs

are formed is performed without performing the conventional initial probing inspection
krefer to Fig. 13).

10
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The cutting step is the step of cutting the LSIa formed in the ahove-described

(@) Cutting Step

step (1) into the individual LSI chii:s 1b. Consequently, each of the: LSI chips 1b cut
into individual chips exhibits the form shown in Fig. 2(b). Then, according to the
present invenﬁo:l,_an integration atep which will be described below is performed
subsequently to the cutting step (2). | |

(3) Integration Step |

The integration step is a atep which makes it poseible to integrally handle only
a predetermined number N of LSI chipa 1b from among the plurality of L8I éhips 1b
separated by cutting in the above-described step (2), in each of subsequent buyn-in and
screening inspect'ion steps q; if the predetermined number N of LSI chips 1b were a
giicon wafer. That is to say, the integration step -serves to rearrange the
predetermined number N of LSI chips 1b with high precision and confine the relative
~ position thersbetwyeen. Innidentlaﬂy, the .predetumined number N is a natural
number not lsss than two and is less than the number of LSI chipe b to be cut out from
one silicon wafer la.

A gpecifie form of the integration step will be described below with refarence to
Figs. 3 to 8. Fig. 8 is an exploded persp.ecti'vé view of one example of an integratiofi
structure wluch is the above-described integration means (a. jig for integration), and Fig.
4 shows the reverse surface of a contactor of the imtegration structure, as will be
described later. o

First, as ghown in Fig. 3, the predetermined number (in this example, 8) of LSI
chips 1b are installed on a plate-shaped base $ so that they are rearranged with high
precision. Incidentally, the base S on which these LSI chips 1b are installed i formed

of 81 which is the same material ag the LSI chipe 1b, or a metal or a ceramic (for

1l
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example, aluminum nitride) whose coefficient of thermal expansion appzlo:dmates that
of the base 3.

_A tray 4 in which the aforesaid predetermined number (9) of openings 4a are
formed is dispoaed on the top surface of the base 3. This tray 4 is also formed of éi
which is the same material as the LSI chips 1b, or a metal or a ceramie (for example,
aluminum nitride) whose coefficient of thermal expansion approximates that of the
tray 4. The apem.nga 4a are formed at positions af which to arrange the aforesaid
predetermined numbar ®) of LSI chips 1b, and with a size commensurate with the
dimensions of each of the LSI chips 1b. With this constitution, by inserting the LSI
chips lb: separated by cutting into the respective openings 4a of the tray 4, it is possible '
to rearrange the aforesaid .pxedetermined number (9) of LSI chipe 1b with high
precision after the cutting and separaﬁng step.

In this case, it ia particulazly preferable that the tray 4 be formed of Si which

| is the same material as the LSI chips 1b, ag described.above, because the following
merits are obtained.
. (1) By using a._'nisotropic etching tolpracess the openings 4a, the side faces of
each of the openinéa 4a are naturally obliquely formed to have predetermined angles,
as shown in Fig. 8 (further, Figs. 6 and 7), thereby facilitating the operation of fitting or
remoiring tl;e LSI chips 1b int;: or from uhe openings 4a.

(2) In addition, by using a known etching art as a micromachining method, it
is poagible to process the shapes of the openings 4a and the like with very high
precision, whereby it is possible to.realize high-pracigion rearrangement of the LSI
chips 1b after the cutting and separating step.

(3) Furthermore, since both the tray 4 and the LSI chips 1b ar; fnnde the

same in coefficient of thermal expansion, particularly, since both are formed of the

12
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same material (Si), the coefficient of thermal ;axpansion becomes a very small value of
apprdximately 3 x 10-4/°C, whereby even if the temperatures of both vary, the difference
in dimension between the openings 4a and the LSI chips 1b hardly varies and a
variation in the relative pcsitioﬁs between the rearranged LSI chips 1b _is kept vary
small, . _

Referring back to Fig. 3, afver the L3I chips 1b separated by cutting have been
rearranged with high precision by being inserted into the vespective openings 4a.of the
tray 4, a j:late-shs.ped contactor B is arranged to cover the top of the iray 4., Fig. 4
showsa the state in which the contactor 5 is turned upside down (or the state of the -
bottam of the contactar § as viewed from the reverse eide thereof).

As is als:; spparent from Fig, 4, the contactor 6 has projection-like probe
portions 5a on ita reverse surface at positions which correép‘ond to (cai‘ncide with)
electrode pads 1c of the respective chips inserted and inst#lled in the openings 4a of the
tray 4 (for more details, refer to the cross-sectional views shown in Figs. 6 and 7). The
reverse surface of the contactor 5 having=the' probe portions Sa is forced: agaiﬁst the
obverse surfaces of the LSI clupa 1b while a predetermi.ned load is being a.pplied to the
LSI-cirouit-formed surfaces of the above-dasonbed installed LSI chips 1b. Incidentally,
in this case, particularly when there is a d:ﬂerence (nonuniformity) in tluclmess or the
like bétween the chips 1b inserted in the apenings 4a of the tray 4, the difference in
thickneas is eff.ectively absorbed by disposing elastic elements such as coil springs or
elastomers at positions of the bas_e 8 at which to install the chips 1b.

Becondary electrodes 5o which electrically conduet to each of the probe
portions 5a via fine 'interconneet lines 5b formed to ex%:end through the interior of ti:e
contactor 5 are chsposed on the surface of the contactor 5 oppoaite to the au:-f&ce on

wh.ich the probe portions 5a are formed (i.e., the top surface of the contactor 5: refer to

13
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- the contactor 5 shown in Fig, 8). Accordingly, in this stage in which the contactor 3 i is
~ placed over the chipa 1b, each of the electrode pads lc on the LSI chips 1b conducts to '
the cdrresponding secondary electrodss Sec on the top surface of the contactor 5 placed,
and at the same time, the relative positions of the plurality of chipa 1b installed on the
same base 3 aye confined with high precision,

Incidentally, in the above-described structure of the contactor 5, in order to
electrically connect the probe portions Ga (the reverse .surfane) and. the secondary
electrodes 5c (the obverse surface) which are 'located on the mutually opposite surfaces,
the shove-described {nterconnect lines 5b need to extend through the interior of the
'contacto:lz 5. In the preseni} embodiment, this constitution is achieved by opening
through-holes in the contactor § and metallizing the interiors of the through-hales to
connect the interconnect lines on both surfases (through-holes). However, such
structure is not Hmiting, and it is also paa'aibla to dispose interconnect lines acroas both
~ surfaces of the contactor § and. electrically connect the prahe-po;:tiona Ba. (the reverse’
surface) and the secondary electrodes Sc (the obverse surface).

Similarly to the' tray 4 or the like, this contactor 6 is desiraialy formed of Si
which is the same material as the LSI chipa 1b, or a metsl or a ceramic (for example,
aluminum nitride) whose coéﬂcient of thermal expansion approximates that of the
contaétor 5. Inparticular, if the Si material is used, the following merits are. obtained.

(1) By using a known wiring art ss a wafer process which is an LSI
manufacturing techniqgue, it is possibls to apply very fine and highly precise wiring and
electrode processing to the sontactor 5,

(2) In partioular, according to a micromachining method, extremely highly
precise projectians. or the like can be formed on either suxface of the contactor 5, 'and

such projections can be used as the cares of the probe portions 5a. Furthermore,

14
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although not.'shawn, various procesges can rea._.dily.be applied to the contactor 5; for

example, the thickness of the base material of the contactor 5 is locally reduced in the
vicinity of each portion in which the pr'obe portions 5a are formed, or through-slits are
formed between adjacent ones of the probe portions 5a. Incidentally, such a process
applied to the contactor 5 provides useful effects such as enabling the individual probe
portions 53 to be- independently displaceable, particularly when the contactor 5 is
forced against the base 3 from' above the LSI chips 1b which are inserted in ths
openings 4a of the tray 4 and remang;d with bigh precision. For example, even ifa
plurality (multiplicity) of probe ;:ortinna Ba are formed to different (nonuniform)
heights on the .revetse: surface of the cdntactur B, the process can provide the efﬁeci; of
| aBsorbing the difference in height between the probe portions 5a.

(8) Since th.e chips 1b and the tray 4 are made the same in coefficient of
thermal expansion, even if a temperature variation accurs between the chips 1b and
the tray 4, it is possible to prevent movement (deviat'ion).df the relative in-plane

. position between the chips 1b and the probe portions 5a, -

However, if none of the probe portions 5a, the secondary electrodes 5c and the
interconnect lines 5b is required .to have particularly high precision, it may also be
poseible to form the contactor 5 by ue_ing, for example, a glass epoxy, a caramie or az;
o:.;gam;c thin film such as polyimide, instead of the above-desoribed materials. In
addition, in the structure of the above-described integration structure, it is also
possible to use a structure in which the base 3 and the tray 4 are integrated in advance,

'ie., spot faces (recesses) which coincide with ' the arrangement position.a and
dimensions of the pluraﬁtj of chips 1b to be rearranged are formed a.;: predetermined

positions on the suxfacs of the bage 3,

Fig. 6 is a perspective view showing the state in which the predetermined

15
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number N (in this example, 9) of LSI chips 1b are integrated in a highly precisely
rearranged state in the above-dsscribed integration structure after the cutting and
separating step, Fig. 6 is an exz;loded crosp-gectional view showing the integration
structure, and Fig. 7 is a cross-sectional view showing the integrated state of the
integration structurs,

 Specifically, in the integration structure according to the present invention in
which the abt_:ve-described p:edeterminec‘l. number N of LSI chips 1b are rearranged
and integrated,

() the relative positions between the chips Ib are confined with high
precision by the base 3, the tray 4 and the contactor 5 of the integration structure (it is
& matter of courge that, alt.hough not ghown, for example, securing means using a
mechanical load such as screwing or ancther pressing mechanism using force such as
magneti& forecs or 'atmo_spherif: pressure ia disposed for that purpose, particularly, to
- secure the base 3 and th; contactor 5 to edch other).

' (2) The:glectrode pada lc of the: predetermined number N of LSI chips 1b -
which are dispoaeti in the interior of the integration structure are respectively exposed
an the secondary eléutrodes 5c on the surface of the intsgration atructure (particularly,
the surface of the contactor 5). . ' -

In 'other words, the abave (:!.) and (2) indicate that the present integration
structure does nof differ from the above-described semiconductor wafer 1a in terms of
the function of an object to be inspected in a burn-in or screan.in.g inspection step which
will be carried out later,

Contrgrf]y, the above-deseribed integration structure and the semicondustor

wafer 1a differ from each other in the following points.

(1) The chips 1b separated by cutting are rearranged in the integration

16
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'st:uctu:_.'e at éertai_.n space intervals. _

(2) The number of the LSI chips 1b rearranged in the integration structure is
small compared to the semiconductor wafer la (.2 < predetermined number N < total
nuﬁber of L8I chips of wafer la). _ .

(3) The.dimensions and pitch of the secondary electrodes 5c which appear on
the outside of the integration astructure (on t'h_e surface of the contactor 5) become large
(can be made large) compared to the dimensions and pitch of the electrode pads lc on
the surface of the wafsr 1a. | i

By utilizing such an integration structure, the following effects are obtained in
each of the subssquent burn-in and screening inspection steps.

(1)- In particular, the openings 4a (l.e., the above-described predetermined
number N of openings) which accommodate in their interiora the respective LSI chips
1b to be rearranged in the integration structure and the contactor 5 through which to

~ take out the electrode pads lc of the accommodated chips 1b can be set to cofzespand to.
an adequate number (for example, iii the range of about 10 to about 100), as required.
With  this constitution, it is possible to amelect a number which conforms to the
procesging capabiliﬁy of an ingpection system tc be used in the inspection step to be
_ carried out later, whereby it is lioasible to exscuts optimum inspection procéssing. Aa’
an example, if inapection boatds or the pracessing capabilities of inspentioﬁ systems in
.ins;.:ection steps which" have currently been conducted are considered, it wi]i be
appropriate to get the predetermined number N to, for example, 82 or 64.

(2) In particular, by utilizing the secondary electrodes 5¢ which appear on
the outside of the integration structure (on the surface of the contactor 5) (i.e., whose
dimensions and pitch are far larger than those of the electrode pads 1c), it is possible to

readily and reliably carry out an operation such as the operation of providing elestrical

17



DU TR LY PSS T XA

This Sheet HasB

i

canduction between the inspection system and each LSII chipa 1b which are objgcta to '.
be inspected. Incidentally, it is desirable thst the secu'ndary electrodes 6c which
appear on the surface of the contactor & be formed at & piteh of, particularly, 0.5 mm to
L5 mm. This is intended to make it possible to readily and reliably cope with contact
‘probes which have pitches which excel in human opexability and relability and axe
previously established in evaluation (for example, narrow pitch: approximately 0.5 mm.
wide pitch: approximately 1.5 mm), because such contact grobea are widely used as
contact probes for inspection boards which are generally used for inspeotion.

I the formation pitch. of the secondary electrodes Bc is sslected to be,
particularly, 0.5 mm to 1.5 mem, the following effacts are also obtained. First of all,
consideration will be given to the process of most densely inaorporating LSI chipe in the
éresent integration structure. This-ia nothing else but incorporating LSI chips at as
small space intervala as possible. That is to say, the process img.»liea th'at the regmn of
secondary elsctrodes for one chip becomes not greater thay the region (= axsa) of one |
chip. For example; since the actual areas of current DRAMSs are on the crder of 100
mzm? and the number of.electro&e pads per DRAM is on the order of 100, an allowable
pitch of tl;e secondary electrodes becomes (100 mm?/100)42 = ] mm in ferms of the
above purpose. In other words, the fact that the formation pitch of the secondary
electrodes éc ia selected to be 0.5 mm to 1.5 mm leads to the sffect of making the _
present integration structure most efficient.

Furthermore, according to th; feature of increasiné the pitch and dimensions
of the sscondary electrodes &c in this manner, even in a cags where, for example, a glass
epoxy substrate which greatly differs in coefficient of thermal expansion from the
material (i.e., Si) of the chips 1b which are objects to be inspected (as well as the abave-

described integration structure) is used in the inspection system (particularly, a
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portién which prdvides electrical connection to the secﬁndary electrodes 5¢), eVen. xf a
positional deviation between both the glass epoxy substrate and the chips 1b occurs due
to a temperature difference therebetween, the problem that this positional deviation
cuts off a conducting state does not occur, whereby it is possible to re]iably carry out
in.spaction of aemi_nonductor devices.

(8) In addition, according to the feature of leaving predetermined margins for
the number and the an-ansement' layout of the secondary electrodes 5¢ disposed on the
surface of the contactor 5 of the integration structure, merely by altering the
dimensionsl specifications of the integration strueture, it i possible to use the same
board ofthe inspection syatem in cther inspections of different kinds of L8I chips 1b, so
that inspection coats can alao be reduced.

(4 BURN-IN STEP

The burn-in step is ';u'.'a.e reliability inspection step of accelerating and soresning

. out potential defects of the chips 1b by leaving the chipa 1b for a predetermined period

of time while heating (imparting thermal stress to) the LS chips 1b at approximately - -

100 to 180°C and, at the same time, imparting electrical stress to the formed L8Ia via
the electrode pads 1¢;. Alt_hough ths followiné description referg to a specific example
in which the burn-in step ssxves as the reliability inapelction step, it is apparent thaf
the burn-in ﬁep may serve as another atep for inspecting manufactured semisonductor
devices,
Fig. 8 is a cross-sectional view showing the state in which the integrated
plurality’ (predstermined number N) of LSI chips 1b in the integration structure
- according to the preaent invention are counected to a printed circuit board 8 (a hoard
which is used for carrymg out the burn-m step) in the burn-in step.

Referring to F;g 8, the prmted. cireuit board 8 is provided with contact probes
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8a which have, for example, a wide pitch (for example, a 1.5-mm pitch), while the

secondary electrodes 5o dispd:ed on the surface of the contactor § of the integration
structure are also formed at a stmilar pitch., With this constitution, by positioning the
integration structura so that the contact probes 8a of the printed cireuit board 6 are
located at positione which ccincide with the corresponding secondary eleatrodes Ec; itis
. posgible to pr&vide electrical connection between the contact probes 6a and the
secondary electroa.es Sc. Incidentally, the contact probes 6a are connacted to a cirpuit
ineids the printed cireuit board 6, and finally conducts to an inspection system which is
not shown. Thus, in the above-deseribed burn-in step, the integration structure and
the printed circuit board 6 for inspection are secuzed to each other in this state, and the
above-described’ thermal and electrical stresses are .impa'.rted ‘to the. integration
structure, Incidentally, according to the feature of integrating the predstermined
‘number N of chips in tll:e integration structure, a4 compared with the conventional
method of installing one ehip.in_ one socket, it ia possible to make the volume per chip
.far emaller because of the structure of the integration structure, whereby in the burn-in
step the numbe.r of chips insertable into a heating furnsce which is heating means
increases, so that iﬁapection efficiency can be enhanced to a further extent.
(5) - SCREENING INSPECTION STEP

The sereening inspection step is & final performance inspection step which is
pexformed at a temperaturs of, for example, 25 to 75°C, and is normally performed by
using an inspection system which is called & handler, on the basia of the result obtained
in the above-described inspection step which is the burn-in s{:ep. Incidentally, in the
screening inspection step, although not shown, the apecifications of the printed cirenit
board and inspection system used differ from those used in the burn-in step described

in the above (4), but the manser of inspection is similar to the manner of the inspection
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'of the burn-in step: that is to say, the acreening inspection step is performeé | by
;-nsuring alectrical conduction between the electrade padg' of the iSI chips which are
objects to be i‘nspected and the inspection system. Accordingly, in this screening
ingpection step as well, in a manzner similar to that shown in Fig. 8, screening
inspection is performed on the predetermined number N of L8I chipe rearranged and
integrated in the integration structure,

In this manner, according to the semconductor device manufacturing method
described al_:ove in detail, after the above-described integration step oﬁn‘aa'grating only
the predetermined number N of LSI chips from among & multiplicity of L8I chips
separated by bt.aing cut out from a semiconductor wafer, the LSI chips are maintained
in the integrated state until the above-deacribed screening h@e%n ;tep is completed.
Accordingly, the result of inepection of each of the LSI chips can be managed on the

basis of their arrangement positions (address) in the integration structurs, and the LSI

_ chips can be conveyed along a line between each ingpection step by a conveying system -

mechanically similar to a conventional wafer conveying aystem because of the plate-
like ehape of the integration structure (particularly remarkably, if the integration
structure has a‘cireﬁlu shape).

Then, in the screening inspection step, only the LSI chips 1b which are finally
deterniined. as non-defective articles are picked up after they ave released from the
state of being integrated by.the integration structurs, and are d:elivered as, for example,
reliability-guaranteed chips (KGi): Known Good Dis) without being packaged.

In tlus manner, the sbhove.described semiconductor device manufacturing
method does not need any of the steps described previously in the description of the
prior art, such as the step of mounting chips on individual sockets or the step of

packaging chips with sockets, and further, no accompanying costs occur. Accordingly,
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it is not mecessary $o execute the previous atep in tﬁe conventional manufacturing
pracess (vefer to Fig. 13), i.e, the prelixqinary probing inspection step performed after
the step of forming cireuit elementa for LSIs over a semiconductor wafer, whereby it is
possible to reduce the .number of stepa' in the manufacture of semiconductors.
Hoivever, the execution of this probing inspection step need not always be precluded,
for example, if the manufacture yield of semiconductor devices is low and the
manufacture efficiency thereof can be improved by executing the probing inspe.ction
dtop. .

As described above, according to the integration structure of the present
invention, after the.amiconductor wafer la over which a multiplicity of 1SIs are
‘formed by the previous stei: is cut into the LSI chips 1b, only the predetermined
number N of L8] chips 1b are rearranged and jutegrated, and are then subjected to the
procesaing of each éub_sequent step. Accordingly, as compared with the prior art .

. inapection methad,gphtinularly, the' method of parforming inspection with one LSI chip-
being mounted on one sockst, the integration structurs makes it possible to -
systematically and collectively perform inspection processing ou an adequate number
of LI chips which conform to the number of processing steps of an inspection system,
as if a preprocessed sénﬁcondgctur wafer itself were inspected (although the
integration ;tzucture differs from the semiconductor wafer in shape and the ‘aumber of
LST chips). Accordingly, it is p-oss_ible to provide a superior inspection system which
can efficlently inspect a multiplicity of LSI chips and which, even if existing equipment
is used, can efficieritly carry out inspection of semisonductor devices according to the
capability of the e:d.'sﬂng'equipment.

According to the integration struclmre of the present invention, as compared

with the prior art inspection niethod,, particularly, the method of directly mounting LSI
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chips on a.;x' inspection board or the methci of carrying out inspection of LSI chipa in a
w§fer state, it is possible to integrally handle a plurality‘ of LSI chips during ingpection
of semiconductor devices, and it is also passible to easily a.nd. reliably realize electrical
conduction to an iﬁepection systez.n by making uss of the secondary electrodes Se (which
are large compaved to the electrode pads of LSI chips in the wafer state or the
respective LSI chips), Accordiugly, it is possible to comparatively inexpensively
realize inspection of semicond\_:.mr devices without usiné expensive microprobes or the
It is to be noted that according to the integration structure of the present
in&eni_:ic_n. by meking it possi_ble to inspect large quanﬁtie's of LSI chips efficiently and
_comparatively inexpensively, as shown also in Fig. 1, i s possible to omit, partienlarly,
an initial probing step which is the initial screening step after preproceasing which has
been required in the cdnvenﬁonal inspection method of performing inspection with one

| LSI chip- Bei.ng mounted in one socket.- This iz because as is also epparent from the-
ebove description,-according to the semiconductor device inspection mer.hod of the
. preaent invention, it is possible to inspect large quantities of LSI chip's efficiently and
comparatively inexéensive_ly and, even if defec;tive MB are not eliminated in such

initial screening step after preprocessing and are screened out in a subsaquent,
screening step, the inspection cost thereof does not grea.t_lv increase. Furthermore,
according to the ssmiconductor device inspection-method: of the present invention, as
desoribed abovs, it is possible to realize a far lower-cost inspection method by omitting
the probing step which is the initial acreening step after préproeessing which has heen

required in the conventional method. |

The above-described integration structﬁre {s hot limited to any of the

embodiments described above in detail, and is intended to provide the above-describad
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various effecta and merits. Accordingly, the number, spacing and the like of the chips

1b to be rearvanged over the base 3 are determined on condition that the above- '
described effects and merita can be ;aﬁsﬁed, in terms of the dimensions, pitch, numher
and the like of the-secondary electrodes 5c on the surface of the contactor 5.

The number of the LSI chips 1b to be rearranged over the base 3 of the
integration structure is desirably determined on condition that the external
dimensions or constraint conditions of the integration structure ingluding the base 8
and/or the processing capability of the inspection system can be utilized to the
maximum extent. Accordingly, the present integration structure is intended to
provide a pesudo-wafer-like constitution having specifications changed to make
subsequent inspections sasy and efficient, and thersfore, in each of the above-described
._embodixnentﬂ, the external shape of the integration structuve is square; However,
according to the present invention, the external shape of the integration structure need
_' noﬁ be limited to.only such square shape, and as described above, can also be made
 cireular similarly t3, for example, wafers.

In the above description, reference has heen made to only the example in
which the aecondaﬁy eléct_rodes Be formed on the reverse surface of the contactor 5 in
the integration structure are brought into contact with the electrode pads 1c on the LS
chips 1b which are arranged in the interior of the integration structure. However,
~such a structure is intended to provide electrical conduction between the LSI chips 1b
which are objecta to be inspected ahd the inmpection gystem. Accordingly, the
structurs need not necessarily be limited to the abbve-described conatitution and the
secondary electrodes 5c may be brought into contact with, for example, solder balls or

the like provided an the LSI chipa 1b.

Fig.9isa cross-aectional view showing the state in which ths LSI chips 1b are
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' mtegrated by an mtegratmn gtructurse d1f£erent from the above-desoribed one. In an

| example using this mtegrmon structure, its basic structure which includes the base 3,
the tray 4 and the LSI chips 1b inserted and rearranged in the openings 4a formed in
the tray 4 is similar to the example shown in Figs. 6, 7 and the hke However, the
structure of this. example is such that the contactor 5 to be placed over the fray 4 is
omitted. A method of elecfrically connecting electrodea to chips in a subsequent burn-
in step or soreening inspection step will be described below.

Figs. 10 and 11 are cross-sectional views showing the manner in which the
in.tegratién eiructure shown in Fig. 9 is connected to the printed circuit-board @ for the
above-desenbed burn-in step, part:cululy. in the bum-in step (Fig. 10 shows the
manner before connsction, and Flg 11 showa the manner after connection),

Ag ig also apparent from Figs. 10 and 11, i.n this oase, a board.side adntact &
which corresponds to the contactor 5 of the above-desoribed integration sh_-ucturs is
* secured to the printed circuit hoard 6. The board-side contact: 5' is constructed .
similarly to the contactor 5 shown in ﬁgs. 3 and 4. . Specifically, a plurality of probe
portims 5'a are disposed on the surface (bottom eurface) of the board-side contact 5'
opposed to the cbipé 1b, at pt;aitions corresponding to the respective electrode pads lc of
the nhi_ps 1b, and secondary electrodes 5'c are diaposed on the side (top surface) of the
board-side v.';antact 5' opposed to the printed cir;'cuit board 6, at positions corresponding
to the respective contact probes 6a which are projected downwerd from the printed
circuit board 8. The board-side contact 5' may also be formed of the same material as
the contactor 5. ‘

An ingpection system (not shc;wn) is electrically connected and conducts to the
predetermined number N of LSI chips 1b which are rearranged in the above-described

integration structure, via the secondary electrodes 5'c, interconnect lines 5'b, the probe
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portions 5'a of the board-side contact 5' by means of the contaat probes 6a of the printed

cirvcuit board 8, whereby predetermined inspection processing is performed.
Spacifieally, the relative position between the integration structure and the printed
.circuit board 6 is fixed with the probe portions 5 and the electrode pads 1lc of the LSI
chips 1b heiﬁg in; contact with each other, and the burn-in step is carried out by
imperting t_emperatuie or electrical stress to the LS] chips 1b,

. Pig. 12 is a cross-gectional view of the state in which the LSI chipa 1b which
are objects to be inspected are integrated 'By yet anoth:ar integration structure, In this
exawpls, its bagic structure which includes the base 3, the tray 4 and the contactor 5,
for rearianging and integrating the L8I chips 1b in its interior is similar'to that shown
in Figs, 6 and .7. In this integration structure, as is also apparent from Fig. 13, in
addition to the basic structure of the above-described integration structure, the
periphery of the integi:aﬂon structure is ;ceinforced by & relnforcer 7. The material of
| the reinforcer 7 may be 8i or various other metals, or a ceramic or the ke,

Incidentally, it is ensursd that the integration structure provided with the
reinforcer 7 can have a far higher mechanical strength than the integration structure
which consists of the base 3, the tray 4 and the contactor 6 as shown in Fig. 7 and
others. The integration structure having the far higher mechanical strength egsured
by the reinforcer 7 may be adopted, as r;quired, in the case where, for example, the
predetermine;i number N of L8I chips 1b to be reanaﬁged in the interior of the
integration structure is comparatively large so that if the LSI chip 1b are pressed in
the burn-in step or the like after the integration step, 2 large bend or deformation
easily occurs in the integration structure by a load applied at that time, or in the case
where the mechanical strength of an integration structure has a problem in terms of

the handling of the x;ntegration structure in a subsequent inspection step. Incidentally,
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it will be desirable that the reinforcer 7 he formed as thinly as possible in view of the

case in which the reinforcer 7 may become-an obstacle to a subsequent inspection step,
in terms of the external dimensions of the integration st.ructu.re or the thermal capacity
of the entire integration structure or the like,

As degcrihed above in detail, according ta the present inveantion, by utilizipv
the integration structure, it is possible to rearrange, integrate and collectively
systematically process an adequs;r.e predetermined number of LSI chips from among a
multiplicity of LSI chips separated by being cut out from a wafer, whereby it is poasibls
to callectively process only a predetermined number of LS8I chipe without using
conventional sockets in handli_.ng ina subseqtlxent inspection step, particularly, in the
ptocéss of ensuring electrical connection to the inspection system. Acr-:ordingly, the
steps of semiconductor device manufacturing methods, particularly, inspection steps
can be made simple and highly efficient, wherseby it is posaible to achieve practically
e:itre;nely superior: effects which reduce the coata of the inspection steps and lower the

manufacturing coats of semiconductor devices to a further extent.
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1. A semiconductor device manufacturing method comprising the stepa of:

forming a plurality of large-acale integrated circuits (LSI) overa
~ semiconductor wafer;

cutting the semiconductor wafer into individual LSI chips;

rearranging and integr#ﬁng a predetermined number N of cut LSI chips from
among the cut LSI chips;

) inspecting the out LSI chips, and

sereening to select LSI chipa basis on an inspection result obtained in said
inspecting stap, _

2. A semicondyctor device manufacturing method accordiug to claim 1,
wherein sa.ni reai.n'anging and integrating step is performed immediately after said
cu;kting gtep.

3. A semiconductor device manufacturing method according to claim 1,
wherein said number N of LSI chips are not fewer than two andareféwer then the
.-' total number of LST chips cut out from the semiconductor wafer,

" 4, A semiconductor device manufacturing method according to claim 1,
wherein éaid inspecting step inéludes 8 bus-in step.

8. A semicondusctor devics manufacturing method according to olaim 1,
wherein said rearranging and integrating step is performed by using a jig for -
mtegrahun

6. A semiconductor device manufactured by a semiconductor devica
manufacturing method according to cla:.ms L

7. A sémiconductor device inspection method of inspecting semisonductor
device chips obtained by forming a plurality of large-scale integrated circuits over the

semiconductor wafer and cutting the semicanductor wafer into individual LS] chips,

which comprising the steps of:
' 28 This Sheet Has Been Replaced
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- rearranging said cut LI chips and integrating a predetermined numbex; N.of |
LSI chipa; - -
inspecting said number N of eut LSI chipas; and
screening to select LSI chips basis on an inspection result obtained in said
inspecting step.
8. A semiconductor device inspection method according to claim 7, whexein

said number N of LSI chips are not fewer than two and are fower than the total number

of LSI chips sut out from ths semiconductor wafer,

9. A semiconductor device inspection methad according to claim 7, whersin

the inspecting atep includes a burn-in step. |
10. A semiconductor devics inspection method acsording to.claim 7, wherein
said rearranging and integrating step is pezformed by using a jig for integration.

11. A jigto be used in a semiconductor device inspection method according to
claim 10, wherein said fig is farmed of a material whose cosfSicient qfthenﬁa;
expansion is appraximately equal to the LST chips, and en assommodating porticn e
rearrangmg the predetermined number N ofcutISIc:h:lpa is ma in part ufsaidsz.

12, A jig to be useiin & semicondudtor device inspection method accarding to
claim 11, wherein mludmg a plate-shaped base formed of a material whose cosfficient
of thermal expansion is approximately equal fo the LSI chipe, and a fray which is
dmposed above ssid baae and is formed of mtenal whose coefficient of thermal
expansionis appro:dmately equal to the LSI chips, openings for rearranging the
predetermined number N of cut LB8I chips being formed in said tray by the -

predetermined number N.

13, Ajigtobe used in a semiconductor device inapection method according to

claim 12, wherein at least either one of said base and said tray is formed of silicon.
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14, Ajigtobeusedina 'uemicondunto-r device inspection method .aeeordiﬁz to
claim 12, whersin ﬁt least either one of said base and said tray is formsd of aluminum
nitride,

15. A jigto be used in a semiconductor device inspection method acsording to
claim 12, wherein including a plate-shaped contactor to be dispoaeci abave said tray,
one gurface of said contactor bsing provided with probe portmna ta be respectively
eleatrically connected ta electrode partions of the predetermined number N of LST chips
rearranged in said jig, while the other surface of said contactor is provided mth
secondary electrodes to be raspﬁctivalv electrically connected to said probe portiona,

18. A jigtobe used in a semiconductor davice inspection method according to
claim 15,wherein said contactor is formed of silicon.

17. Ajigtobensedina seminondu@r device inapection method according to
claim 15, wherein said contactor is formed. of sluminum nitride,

18. A jigto be used in a semiconductor device inspection method according to

; claim 15, wherein said number N of secondary electrodes which are disycued: aver the
other suzface of said contacter are formed at & pitch of 0.5 mum to 1.5 mm.
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