.- basic cells and 1/0O (input/output

SPECI FI CATI ON Title of the Invention: SEM CONDUCTOR |NTEC%‘T‘€6"‘
CIRCU.F DEVICE 5 et plume) The present
invention relates to a sefy r‘i X{I:Eb ﬁiﬁﬂf %%m rcuit device, and
nore particularly to h: I§°§ Vel when applied to a
10 nmeasure to counter the ﬁ@ﬁ?%)danﬁﬁ% of aOWB C LSy - (Lar ge- Scal e
‘Integrated Circuit) adopt [ Dseviegltler paged ... dpiPAEEd et o Backgr ound
of the-lnvention: Abstergt ¢ L&gCG\hY‘eH"l%g%nuf’ tured by a master
15 slice nmethod, is a deVvDagpEM¥&Er RECEFPTesi.r.ed...|l.ogi.calk function is
realized in such a way that Sém conduct or el enments, e. g¢g., M SFETs
. (Metal Insulator Seniconduc%gkcg %Eﬂm% %pct Transi stors) constituting
a . celTs§aré tormed on 20 a sem conductor
Substrate beforehand, and that the sem conductor el enents are
thereafter interconnected by wiring in accordance wth | ogi cal

specificationgitle of the Middhtsik: asEddicoNDUCTOR tiNrHGRATHD Sl i ce net hod,
predet erm ned nunbers of bonding pads and underlying 25 |ayers

(sem conduct rrrderesEs)Idwr the 1/Ocells are

('T‘C

<

5
- Field of the invention:

The present invention relates to a semiconductor
integrated circuit device, and more particularly to
technology which is effective when applied to a

10 measure to counter the static damage of a logic LSI
(Lafge-Scale Integrated Circuit) adopting a master
" slice method. '
Background of the Invention:
A logic LSI which is manufactured by a master
. 15. “slice method, is a device wherein a desired logical
» function is realized in such a way that semiconductor
| elements, e. g., MISFETs (Metal Insulator
Semiconductor Field Effect Traﬁsistbrs) constituting
;-“basic ceils and I/0 (input/output) cells are formed 6n
20 -;a semiconductor substrate beforehand, and that the
| semiconductor elements are thereafter interconnected
by wiring in accordance with logical specifications.
| With such a logic LSI of the master slice method,
predetermined_numbers of bonding pads and underlying

25 layers (semiconductor elements) for the I/0 cells are
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manufactured on the sem conductor substrate beforehand I rrespective

of the-»nunber of pins which are to be actual ly used, and hence, pins

which are not to be used arise in sone |ogical specifications. In the

5 ' ensuing description, such unused pins as are not connected to the

internal circuits of the sem conductor substrate shall be called "NC

( Non- Connect ed) pins". 10 Summary of the Invention:

In general, in this type of logic LSI based on the master slice

met hod, a protective circuit is I nt er posed between each input pin and
.-a correspondi ng I nput circuit so as to absorb an overvoltage, as a

15 pounterﬂﬁﬁﬁggﬁtwghﬁhoﬂr%K§n§§m3E88hﬁ§¥b§I%&b@%ﬁ@ﬁ@'H%;orehand’ .

junction of any i Aternal Circurt from breaking down “due to static

di schar ge. IEr?g%bbbeﬂveaﬁfsEﬁ%eﬂumber otehiWs Whdlnb@rd R rd not to be
el ow, termed "NC pad”) wh

used (herein I ch corresponds to an NC pinis
20 construgkeda®fiyt G8ed3Manat heatdl, epinst Walichdf alrfee not to Bending pad of

an I/ Ocell. The inventors' study, however, has reveal ed the
follow ng: Sused aridsei ig kome legieall spechi€tivaeions. IhhehdC pad
corresponding to the NC pin and the 1/O 25 cell, the protective circuit

is not fbBrneensuing description, such unused pins as are not
connected to the internal circuits of the
semiconductor substrate shall be called "NC (Non-

Connected) pins”.

10 Summary of the Invention:

In general, in this type of logic LSI based on
the master slice method, & protective circuit is
interposed between each_input pin and a corresponding
input circuit so as to absdrb an overvoltage, as a

15 countermeasure which prevents the insulator film or p-
+ n junction of any internal circuit from breaking down
due to static diécharge. In addition, as stated
below, that bonding pad not to be used (hereinbelow,
termed "NC pad’) which cbrresponds to an NC pin is
20 constructed of the same structure as that of the
bonding pad of an I/0 cell.

The inventors’ study, however, has revealed the
following: Since a wiring line is not laid between
the NC pad corresponding to the NC pin'and the I/O

25 cell, the protective circuit is not formed
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t her ebetween. Therefore, the NC pin is lower in the strength of static
damage trhan the used pin which is connected to the protective circuit.
By way of exanpl e, when electric charges have been accunulated 5 in
the NC pin by any cause after the conpletion of the assenbl i ng
(packagi ng) step of a chip, the insul ator filmwhich isolates the

NC- pad from a sem conduct or substrate directly underlying it incurs
the static damage to short-circuit'the NC pad and the substrate. 10
As a counterneasure for preventing such static damage of the NC pin,
It is considered by way of exanple that a piece of wire is not bonded

bet ween t he N, and ad O Qe
package, there‘ztgflte(?%e{:\@}0| d‘ t hgh%%p'}‘?&%t [ &%teowr?%ﬁg overvo ta%!ek to the NC
pad. ﬁg% GRUY ARG End S ﬂ?é‘sﬁéjéaeﬁlﬂhﬁhftﬂ is

stated in the gazette of Japanese Pat ent Application

Lai d- open No. dg%kggaéﬁgﬁ,5%éwégéggdﬁ@be circéliede gy ey tof s al so formed
bet ween the NC pad 20 corresponding to the NC pin'and an I/O cell not to

be used,exdi@yIRhY wWHih WSt 8P| chavgsy hadgebapnl aedutolated the NC
pad i s absorbed. O the above neasures to counter the static

damage of 5t he iMC yHen, NG hein dantanyrszesuse afieeri the heomﬁBetmmrefl theot
bonded between the NC pin and the NC pad
-4- assembling (packaging) step of a chip, the insulator
film which isolates the NC pad from a semiconductor
substrate directly underlying it incurs the static
damage to short-circuit the NC pad and the sﬁbstrate.
10 As a countermeasure for preventing such static
damage of the NC pin, it is considered by way of
example that a pieee of wire is not bonded between the
NC pin and the NC pad at the step of assembling a
package, thereby to avoid the application of an
15 overvoltage to the NC pad.
' Besides, a countermeasure is considered whereln,
as stated in the official gazette of Japanese Patent
Application Laid-open No. 120426/1994, a protective
_ diode circuit is also formed between the NC pad
20 corresponding to the NC pin and an I/O cell not to be
used, whereby the undesirable overvoltage applied ﬁo
the NC pad is absorbed.
Of the above measures to counter the static

damage of the NC pin, the countermeasure wherein the

25 wire is not bonded between the NC pin and the NC pad
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at the step of assenbling the package results in that t he pieces of
wre are not bonded to the NC pads existing in those places of the
sem conductor chip which differ in accordance with | ogical 5
specifications. Therefore, the wire bonding step . beconmes very
conplicated to pose the problemthat the t hroughput of the
-manufacture of the logic LSI | owers. _ On the other hand, the
count ermeasure wherein the protective circuit is also fornmed between
the NC pad 10 and the unused I1/Ocell results in that the NC pins

whi ch ought not to be connected to the internal circuits of the

sem conduct or rate co to di.ode a si

Thereforfe @%N%%ﬁ r%:edi’e assen?b\ijfr}%rﬁl}%aarcqgg lf%ﬁ%lﬁ{éan(f{ qunso formthe
1

Fgufgsp?ow dgthréagluetrécetgh% ecaa&a né)to;‘%bencz%anm ng tﬁ&e static dalrrg\g;gn-t.l o

strength of N%x&éfﬁfxﬁ'eqer‘ﬁ él‘ﬁﬂecéali c‘fﬂ; o fonductd®PLeip Sl i ce

nmet hod. 20 ove an j ects and novel features of

the present i RSy &3 fédy l%%&m@mlﬁﬁ ABdial description of.
this specification when read in conjunction wth the acconpanying

drawi ngs. 5  specifichtdicial. agpeeeFork ,pehkowimec bonlinke siiegsent 25
i nvention are briefly outlined as folloms
becomes very complicated to pose the problem that the
throughput of the manufacture of the logic LSI lowers.
Oon the other hand, the countermeasure wherein the
protective circuit.is also formed between the NC pad
10 and the unused I/O cell results in that the NC pins
which ought not to be connected to the internal
circuits of the semiconductor substrate come to have
diode characteristics. Therefore, the NC pins depart
from their definition and also form the causes of
15 malfunctions.
' An object of the present invention is to provide.
- techniques capable of enhancing the static damage
strength of NC pins, in a logic LSI which adopts a
master slice methéd. |
20 The above and other objects and novel features of
the present invention will become apparent from the
description of this specification when read in
conjunction with the accompanying drawings.

Typical aspects of performance of the present

25 invention are briefly outlined as follows:
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(1) The sem conductor integrated circuit. device of the pr esent

I nventton conprises a logic integrated circuit of master slice method
i n which sem conductor elenents are fabricated on the principa
surface of ‘a 5 sem conduct or substrate beforehand and are thereafter

I nterconnected by at |least two layers of wiring in accordance with

| ogi cal specifications, thereby to realize a desired | ogi cal

function, and in which each of bondi ng pads corresponding to I/0O
cells other than 10 |/Ocells not to be used in accordance with the

| ogi cal specifications is forned of a plurality of conductor | ayers,

and each of prdtﬂg £8fl$con uctser;ﬁéegegtaa £9rklet! Geviek ofNehel 0 be

used is ormed o con uctor Tayers that 1nclude the sane

conduct or a%fés@ﬁttfﬁvéﬁ@f&ﬁnéémbEYQésoﬁ mb?heglﬁﬂégrated thabuame smal | er
I n nunber than the plurality of conduc | ayers of each of the

bondi ng padsof masté&fr&EseeNHetBod0ihN@hith semlisonthetorhalements/ O
cells not to be used. 20 (2) The semiconductor integrated circuit device
of the apecgabticavedtonnthe pothcipal asurifeaest ofhe input cel

for a supply voltage in the logic integrated circuit, and the bondi ng

pad corresposenhgondecton substrate beﬁerehgaﬂl9ndoﬁﬁ6cﬁéGr@ﬁ¢6Ggh t he

plurality of layers 25 of wiring.

-6- interconnected by at least two layers of wiring in
accordance with logical specifications, thereby to
realize a desired logical function, and in which each
of bonding pads corresponding to I/0 cells other than

10 I/0 cells not to be used in accordance with the
logical specifications is formed of a plurality of
conductor layers, and each of bonding pads
corresponding to the I/0 cells not to be used is
formed of conductor layers that include the same

15 conductor layer as the uppermost layer of wiring and

» that are smaller in number than the plurality of .
conductor layers of each of the bonding pads
corresponding to the I/0 cells other than the I/0O
cells not to be used. |

20 (2) The semiconductor integrated circuit device of the
present invention is such that at least the input cell
for a supply voltage in the logic integrated circuit,
and the bonding pad corresponding thereto are

electricélly connected through the plurality of layers

25 of wiring.
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(3) The sem conductor integrated circuit device of the pr esent

I nvention is such that an i nput protection circuit is forned at a
stage precedi ng each of the I/0 cells other than the I/Ocells not to
be used, and 5 that it is not formed at a stage precedi ng each of the
I/O cells not to be used. ~ (4) The sem conductor integrated circuit
devi ce of the present invention is such that each of the bonding

pads corresponding to the 1/Ocells not to be used is 10 formed only of
t he sane conductor |ayer as the upper nost |ayer of wring. (5)
The sem conductor integrated circuit device of the present invention

s such that (e | Q4RI SoRfydtot Nnteqrat@icchabdit! hevieach roknehe

bondi ng pads® correspondl ng /O cells not to be used is forned

only of the presenfafiRvERPIYR! 95 LAYRTtRat! AR ihpud baweecefiow ring, and
that each of” the bondi ng pads corresponding to the I/0 cells other

than the |/ QGeethstnpé formedustdai stage préoedidgokatheotththe IdPers of
conductor |ayers. 20 (6) The sem conductor integrated circuit device of
t he prestbs othentthani sheulfotballsheotopcbenusgdat aad circuit
I's constructed including either a gate array or a mcroconputer which
has a gale athay.it is ne¢%) fatmedeatcandtiager Pracedingegashs ofi th&evi ce of
the 25 present invention conprises a package in which a

sem conduct oF/@hFplisrnetl tPtheansedtegrated circuit

(4) The semiconductor integrated circuit device of the
present invention is such that each of the bonding
pads corresponding to the I/0 cells not to be used is
10 formed only of the same conductor layer as the
uppermost layer of wiring.
(5) The semiconductor ihtegrated circuit device of the
present invention is such that three layers of wiring
are laid, that each of the bonding pads corresponding
15 to the I/O cells not to be used is formed only of the
+ same conductor layer as the third layer of wiring, and
that each of tﬁe bonding pads corresponding fo the I/0
cells other than the I/0 cells not to be used is
formed of the three layers of conductor layers.
20 (6) The semiconductor integrated circuit device of ﬁhe
present invention is such that the logic integrated
_ circuit is constructed‘inclﬁding either a gate array
or a microcomputer which has a gate array.
(7) The semiconductor integrated circuit device of the

25 present invention comprises a package in which a
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including the logic integrated circuit are el ectrically connected
with | eads through pieces of wire, the pieces of wire being connected
to all of the 5 bondi ng pads whi ch include the bondi ng pads
corresponding to the 1/0O cells not to be used. (8) The sem conduct or
Integrated circuit device of the .present invention conprises a
package in which a sem conductor chip formed with an integrated
circuit 10 including the logic integrated circuit are electrically
connected with | eads through bunp el ectrodes, the | eads being
connected to all of the bondi ng pads whi ch include the bondi ng pads

Correspondlngeﬁgcégguéégkcghkﬁ EB%mEH Qﬁwﬁsﬁﬁ lnﬁégrated Biireilescription

of the Drawin ol e plan”view of a sem conduct or
chi p which '§?éfﬁ “tﬁ@ ﬁo&@gslﬁﬁbgrQEEQYCbﬂcQﬁQ are aspect of

performance o esent I hvention; 20 Fig. 2 is a plan view
show ng the Qﬁétﬁrﬁééilyfconnectéhewﬁhﬁslgaﬂs ahrayghn pilkeesspdct of
per formance of the present invention; Fig. 3is a plan

vi ew show ngwipeantrel pigeds of w1seabe;ngacbnnbcaedeg,poalﬁh@rfetthl¢e 1/ O
cells of the 25 CMOS gate array in the aspect of performance of the
- 8- 5 bepnéirgtpadsewhich anelfdenthe bonding padsig. 4 is a sectional
vi ew showi ng a regi on where

corresponding to the I/O cells not to be used.

(8) The semiconductor integrated circuit device of the

present invention comprises a package in which a

semiconductor chip formed with an integrated circuit

10 including the logic integrated circuit are
eléctrically connected with leads through bump
electrodes, the leads being connected to all of the

bonding pads which include the bonding pads

corresponding to the I/O cells not to be used.

15
» Brief Description of the Drawings:

Fig. 1 is a whole plan view of a semiconductor
chip which is formed with a CMOS gate array in one
aspect of performance of the present invention;

20 Fig. 2 is a plan view showing the basic cell of

the CMOS gate array in the aspect of performance of
the present invention;

Fig. 3 is a plan view showing on ah'enlarged
scale, part of a region where the I/O cells of the

25 CMOS gate array in the aspect of performance of the
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the signal input cell and the corresponding bonding pad of the CMOS
gate array in the aspect of 5 performance of the present invention are

formed;’ Fig. 5is a sectional view show ng a region where
the supply voltage input cell and the corresponding bondi ng pad of
the CMOS gate array in the aspect of performance of the present
invention are formed; 10 Fig. 6 is a sectional view showi ng a
regi on where t he non-connected 1/0O cell and the correspondi ng
bondi ng pad of the CMOS gate array in the aspect of per f or mance of
t he present invention are forned, Fig. 7is a flowhart of a

wring formatio 5. S | based on an automatic placenent and
routing syst%ﬁ?gﬁﬁﬁoﬁPﬁgﬁggﬁﬁ a¥@ fgrhéd gs. 8 thru 14 are sectional

views of the %8532“§535 QeéiiaﬂélOGLQWSQHbGQHeuateé sohshate; each
showi ng a net hod of “manutracturing the CMOS gate arfay 28 I n the aspect

of perfor”anﬁﬁeoﬁléﬂ§lpiﬁ§§ﬁtcéDYeahdoﬁhe correspondfkhg. bbadiiaga schematic
pl an view of a QFP (Quad Fl at Package) in which the sem conduct or

chip fornmed pad ofWthé ChesCyiBegateagnr inythe abpeaspeft of perfornmance

of the present invention is encapsul ated; 25 Fig. 16 is a plan view
showi ng ®n apeefibemgnde of the present invention are formed; .o9.

scale, part of a region where the bonding pads and /0 cells of the
seni conduct or chi BigncApéal at 8gctionad view ghpwiag at EGILANFWHSTes are .

f or med,
the supply voltage input cell and the corresponding

bonding pad of the CMOS.gate array in the aspect of
performance of the present invention are formed;

10 Fig. 6 is a sectional view showing a region where
the non-connected I/0 cell and the corresponding
bonding pad of the CMOS gate array in the aspect of
performance of the present invenfion are formed;

Fig. 7 is a flowchart of a wiring formation

15 process which is based on an automatic placement and

* routing system employing CAD;

Figs. 8 thru 14 are sectional views of the
essential portions of a semiconductor substrate, each
showing a method of manufacfuring the CMOS gate array

20 in the aspect of performance of the present invention;

Fig. 15 is a schematic plan view of a QFP (Quad
Flat Package) in which’'the semiconductor chip formed
with the CMOS gate array in the aspect of performance
of the present invention is encapsulated; '

25 Fig. 16 is a plan view showing on an enlarged
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Fig. 17 is a sectional view showing on an 5 enl arged scale, part of a

regi on where the bondi ng pad and 1/O cell of the sem conductor chip
encapsul ated in the QFP depicted in Fig. 15 are forned,

Fig. 18 is a plan view of the essential portions of a printed-wring
circuit board on which the QP 10 depicted in Fig. 15 is nounted;

Fig. 19 is a sectional view of the essenti al portions of the
printed-wiring circuit board on which the QFP depicted in Fig. 15 is
nmount ed; Fig. 20 is a schematic plan view of a TCP (Tape 15
Carrier Package) in which a sem conductor chip forned with a

m cr ocomput eécsﬂeang%gteregss aeeteg%np%%?rgew%gl%e,bondingofpatdse AicE e

i nvention is éncaps _ i's a plan view showi ng on an
enl arged cel35abe. tRar befificandaeiter WhALe dntageuldivegl padsmnd 1/ O 20,

cells of the sem conductor chip encapsulated in the TCP depicted in
Fig. 20 are PPPnﬁdpicted in FigFi 95 32e¢ Toxmeelti onal vi ew showi ng on an
enl arged scale, part of a region where the bondi ng pad and 1/ 0 cel

of the seni conducfFay.chi7pienaapecitibadli wielbs shavieadi©™ dgpicted in Filg. 20
are fornmed, . -10- . Fig.
23 is a Sect enhakgedeacehew pgritegifons regdon where HheyRRHRDRAL of a
CMOS gate array in another aspect of perfornmance of t eiperdesieﬂlt

i nventi on arand I/0fgeddgof the semiconductor chip encapsula
the QFP depicted in Fig. 15 are formed;

Fig. 18 is a plan view of the essential port;ons
of a printed-wiring circuit board on which the QFP

10 .depicted in Fig. 15 is mounted;.

Fig. 19 is a sectional view of the essential
portions of the printed-wiring circuit board on which
the QFP depicted in Figf 15 is mounted;

Fig. 20 is a schematic plan view of a TCP (Tape

15 Ccarrier Package) in which a semiconductor chip formed
+ with a microcomputer in another aspect of performance
of the present invention is encapsulated;

Fig. 21 is a plan view showing on an enlarged
scale, part of a region where the bonding pads and I/O

20 cells of the semiconductor chip encapsulated in the
TCP depicted in Fig. 20 are formed; |

Fig. 22 is a sectional view showing on an-
enlarged scale, part of a region where the bonding pad
and I/0 cell of the semiconductor chip encapsulated in

25 the TCP depicted in Fig. 20 are formed;
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5 Fig. 24 is a sectional view show ng regions where t he

bondi ng pads of a CMOS gate array in still another aspect of

per formance of the present invention are f or med; Fig. 25
is a sectional view show ng regions where 10 t he bondi ng pads of a CMOS
gate array in yet another aspect of performance of the present

I nvention are f or med; Fig. 26 is a sectional view show ng
regi ons where t he bondi ng pads of a CMOS gate array in a further 15
aspect of performance of the present invention are f or med;

Fig. 27 is a sectional view of a package in which a sem conduct or

chip formed with g;@QV :9%?§2%r§éﬁfiahal view ﬂiéﬁﬁi@%e@%tw@ére

per f ormance of the present I nvention Is encapsul ated; and

Fig. 28 is awRey d?i@ing\/';%’&ssfwﬁ/\ﬂang:ms et array iWeigo€h&pn- connect ed
/O cell and a bondi ng “pad : correspondi ng thereto In a conparative

exanpl e are aspectf @¥fgfbrfoimance of the preserlesimvettibonodrehe Preferred
Enbodi nent s: Now, the enmbodi nents of the present invention
will be descrficraed;n detail with reference to the drawi ngs. By the
way, throughout the drawings for 5 expl ai ning the aspects of
per formasce, the FHigs 24 is a sectional view showing regions where
| the bonding pads of a CMOS gate array in still another
aspect of performance of the present invention are
formed;
Fig. 25 is a sectional view showing regions where
10 the bonding pads of a CMOS gate array in yet another
aspect of performance of the present invention are
formed;
Fig. 26 is a sectional view showing regions where
the bonding pads of a CMOS gate array in a further
15 aspect of performance of the present inveniion are
+ formed;
Fig. 27 is a sectional view of a package in which
a semiconductor chip formed with a CMOS gate array in
a different aspect of performance of the present
-20 in#ention is encapsulated; and
Fig. 28 is a sectional view showing a region
where a non-connected I/O cell and a bonding pad
cérresponding thereto in a comparative example are

formed.

25
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synbol s are assigned to constituents having the sane functions, which

shall be omtted fromrepeated descri ption. ‘(Enbodi nent 1)
10 A sem conductor integrated circuit device in this : enbodi nment
is a CMOS (Conpl enmentary Metal Oxide Sem conductor) gate array. The
whol e plan view of a sem conductor chip formed with the CMOS gate
array is illustrated in Fig. 1. 15 An internal cell array CA
whi ch constructs the | ogic section of the gate array is forned.
centrally of the principal surface of the sem conductor chip 1A

made of single-crystal silicon. The internal cell array CA includes a

ar ge nunber  gle it 18l 16 Anere sl Hb frRiech i n the shape of a

matrix in an ateral) direction and a Y (vertical) direction. As

illustrated in Fi gy, @3 éifbddigndinsy s present imednitlbon a

pr edet er m nednunber of n-channel type M SFETs On and p-channel type
M SFETs Q@ thegrigat e Hescralrsd riodeieth i witilc referemtealit@cthenal |y
arrayed. -12- The M SFETs in
each basic celdrarimysd t By bhei wayel throughoRtt frdves slnaeringse fodhnect ed on
t he basis of |ogical specifications by the use of a first |ayer of
wiring, 5 expdcdmingydre dspidtinPhmpriamanreaydiefal@ring 5 to be
expl ai ned |l ater, whereby a desired | ogical functjon is rea&ézed.

symbols are assigned to constituents having the sa
functions, which shall be omitted from repeated
description.

(Embodiment 1)

10 | A semiconductor integrated circuit device in this
embodiment is a CMOS (Complementary Metal Oxide
Semiconductor) gate array. The whole plan view of a
semiconductor chip formed with the CMOS gate array is
illustrated in Fig. 1.

15 An internal cell array CA which constructs the

. logic.section of the gate array is formed centrally of
the principal surface of‘the semicondﬁctor chip 1A
made of single-crystal silicon. The internal cell
array CA includes a large number of basic cells 2

20 which are arrayed in the shape of é matrix in an X
(lateral) direction and a.Y (vertical) direction. As
illustrated in Fig. 2, 'each of.the basic cells 2
includes a predeterminéd number of n-channel type
MISFETs Qn and p-channel type MISFETs Qp the gate

25 electrodes 9 of which are unidirectionally arrayed.
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A plurality of I/Ocells 3 are arranged around the internal cell array

CA so as to surround this internal cell array CA Likewise to the
basic cell 2, 10 each of the I/Ocells 3 is constructed by conbi ni ng n-
channel type M SFETs and p-channel type M SFETs in pr edet er mi ned
nunbers. The connection patterns anong the first to third | ayers of
W ring are changed on the basis of the |ogical specifications,
thereby to 15 realize various input/output circuit functions such as

of input cells, output cells, bidirectional cells, 1/O cells not to
be used in accordance with the | ogical specifications, and 1/O cells

for supply vgfﬁ%g@fsg%Trs in each Bossli f - Ppflsy ( eXARTHRE BRPDECELDLs

termnals) B establishing el ectrical connections with external

devices are aj rangfse P4 Ngré NeohA&e €6l | 6n thé NBasis, of logidhlthe
peri pheral part of the sem conductor chip 1A The bondi ng pads BP are

situated at pesédiPiGations Bpreieepeseiof 4 of ihet atapgrobftwiring, cells 3,
and are 25 el ectrically connected with the corresponding 1/0

-13- gz esécoid t bapeghof eailr imd awnd i agthirdelaxpt abfiediringr .

Al t hough not especially restricted, the CMOS gate array in this

aspect of5 pertorbanexphatnediclater, wherebndacdesiredplagiederiaid with the

three l-ayers 5 of wiring lines (nmetal wiring |lines) which are nade of

al um num (Al ) fencbion issreakbs@dt hese wiring |ines, the first |ayer

‘of wiring lines (ég)p an Egysggogfo cells 3 are arranged around
the internal cell array CA so as to surround this
internal cell array CA. Likewise to the basic cell 2,

10 each of the I/0 cells 3 is constructed by combining n-
channel type MISFETs and p-channel type MISFETs in
predetermined numbers. The connection patterns among
the first to third laye;s of wiring are changed on the
basis of the logical specifications, thereby to

15 realize various input/output circuit functions such as

» 'of input cells, output cells, bidirectional cells, I/O
cells not to be used in accordance with the logical
specifications, and I/0 cells for supply voltages.

Bonding pads (external connection terminals) BP
20 for establishing electrical connections with external
" devices are arranged around the I/O cells 3, that is,

at the peripheral part of the semiconductor chip 1A.

- The bonding pads BP are situated at positions

corresponding to the array of the I/O cells 3, and are

25 electrically connected with the corresponding I/0

-
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| ayer of wiring lines (60) chiefly formsignal wring i nes, and the
third layer of wiring lines (70) 10 chiefly formsupply voltage w ring

lines (Vcc and G\D). The connection patterns of these wiring |lines
are generated by, for exanple, an automatic pl acenent and routing
system enpl oyi ng CAD ( Conput er Al ded Design). The first |ayer of
wiring lines, the second 15 | ayer of wiring lines and the third | ayer of
W ring lines are laid out so as to extend in the X direction

inthe Y direction and in the X direction, respectively.

Fig. 3 is a plan view show ng on an enlarged 20 scale, part of a region

where the |/ Qé:ﬁ% 3 ‘?t g%h lea(i %&‘Fdw WOt o 3Be! QmeSLBEQUEQtQQnOt es an

i nput cell an i nput celT for a supply

vol tage (Vcc or G‘:E)th %Yd@oésé@cﬁélljéthﬁﬁfl@ﬁé&h the cMDS gatened as

non- connected in accordance with | ogi cal specifications.

-14- ~array iheniypuispedt Sf perféheancgnhbsi theudes, for

exanple, two stages of CMOS inverters, and it is preceded by an input
prot ection cisemidondudtiaxh chip 1Arm#edba;dfthhxahplEhraepl@yer5|ve
resistor PRand a 5 clanmp MSFET Qor. The signal inputted fromthe
bondi ng [Sad BFf iwiningshinesd(netahevinpug binesptwbach are madeupf 4

through the lead-out wiring line 70a, and is subseguent|{y transmtted
to the inter rEURENR Al adaloy films. Among these wiring lines,

the first layer of wiring lines (50) and the second
layer of wiring lines (60) chiefly form signal wiring
lines, and the third layer of wiring lines (70)

10 chiefly form supply voltage wiring lines (Vcc and
GND). The connectioh patterns of these wiring lines
are generated by, for example, an automatic placement
and routing system employing CAD (Computer Aided
Design). The first layér of wiring lines, the second

15 layer of wiring lines ahd the third 1§yef of wiring

. lines are laid out so as to extend in the X direction,
in the Y direction and in the X direction, |
respectively.

Fig. 3 is a plan-view showing on an enlarged

20 scale, part of a region where the I/0O cells 3 are
formed. Symbol 3a in the figure denotes an input'cell
for a signal, symbdl 3b an input cell for a supply
voltage (Vcc or GND), and symbol 3c an I/0 cell which
is defined as non-connected in accordance with the

25 logical specifications.
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via the input cell 3a. Onving to the provision of the 10 | nput protection

circuit 4 at the stage preceding the I nput cell 3a, the breakdown of
an insulator filmand that of a p-n junction in the input cell 3a and
t he internal cell array CA are preventable even in a case wher e
el ectric charges have been accunulated in a 15 signal pin, not shown,
connected ‘to the bondi ng pad BP, by sone cause. Apart fromthe
construction i ncluding the protective resistor PR and the clanp

M SFET Qpr, the input protection circuit 4 may well i ncl ude, for

exanple, a diode with or without a 20 protective resistor.
Fig. 4 is a sectional vyiew of e_semi conduct or 9] how ng a
regi on where the inp&t 1BBRFE Qﬁ&Eo?a for tgﬁeséﬁaﬁéllgﬁgupﬁg gﬁﬁlng pad BP

correspondi ng

o he t npoEXAPBLEC, FBR SEAURF: OF FHPR.APYEEERRs,) aalde! st ration o
e the ngggggag hSn'ERBEtcgkbtéétlénoE&EE% tf 4Ol figure.

Besi des, npat celT*3a has~only Its p- channel type M SFETs

Q) '||UStratfﬂcludes, for ERafit i!pea“@kbt@chiv%OEQEQSkBrt@R Rhidnai pal 5
surface of a sem conduct or subsPrate 1 "which is nmade of single-crystal

silicon of p- éiaﬁp R16Feirdop¥i.derhe sidhadIn inpsttednedo@nthée surface of
the n-type wel in an el enent isolation region, and the p-channe
type NISEEKdlﬂp padsBpt lisi agahbmiicnpdt toelthe3dnpue paoedtion
| circuit 4 through the lead-out wiring line 70a, and is
subsequently transmitted to the internal cell array CA
via the input cell 3a.. Owing to the provision of the
10 input protection circuit 4 at the stage preceding the
input cell 3a, the breakdown of an insulator film and
that of a p-n junction in the input cell 3a and the
internal cell array CA are preventable even in a case
where electric charges have been accumulated in a
15 signal pin, not shown, connécfed to thé bonding pad
* BP, by some cause. Apart from the construction
including the protective resistor PR and the clamp
MISFET Qpr, the input protection circuit 4 may well
include, for example, a diode with or without a
20 protective resistor.

Fig. 4 is a sectional view of the semiconductor
chip 1A showing a regi&n where the input cell 3a for
the signal and the bonding pad BP corresponding
thereto are formed. Incidentally,.the illustration of

25  the input protection circuit 4 formed at the stage
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10 in the n-type well 6 in an active region. Each of the p- channel

type M SFETs @ is chiefly configured of a gate oxide film(gate
insulator filn) 8, a gate el ectrode 9, a source (p-type sem conductor
regi on 10) and a drain (p-type sem conductor region 10). The 15

gate electrode 9 is nade of, for exanple, a pol ycrystalline silicon
film a poly-cide filmin which a filmof refractory netal silicide
such as tungsten silicide (Wsi) is stacked on a pol ycrystal line
silicon film or a silicide filmwhich 20 is obtained by silicidizing a
silicon film In addi tion, the surface of each of the source and the

drain is forned w,th

: TLS Oa whi ch
obt ai ned by EFF?E?ﬁpgl 6 tﬁgpggbég}ﬁ?aa 1s bﬁéhgﬁgcg o & |a(tiL;niLﬁ) or

the ke Zygure,, BUEIASEI NS e T BadsoRlg b totith @
first |ayer géaggébH%%gQYPgnﬁlgFﬁTgsb ZOE§$GEEEated | ayer 50b constituting

t he bondi ng rst wWiring 50 is electrically

connected With thgn B tyfet %8€1S6Nig0oRduHEA" ihe@henpk@nefipale p- channel
type M SFET Cp t hrough a contact hole 12 which is provided in the

silicon gxi dguteheeldf a semicondibeofi sabskagee &f whiichnd.sbmade overl ai d
with a first interlayer insulator film 13 nmade of a silicon 10
oxi de film ooftséngleecryhtah silicohhef pveybei.d Ai fheld oxide
film 7 is formed on the surface of the n-type well 6
in an element isolation region, and the p-channel type
MISFETs Qp constituting the input cell 3a are formed
10 in the n-type well 6 in an active region. Each of the
p-channel tyﬁe MISFETs Qp is chiefly configured of a
gate oxide film (gate insulator film) 8, a gate
electrode 9, a source (p-type semiconductor region 10)
and a drain (p-type semiconductor region 10). The
15 gate electrode 9 is madé_of, for example, a
* polycrystalline silicon film, a poly-cide film in
which a film of refractory metal silicide such as
tungsten silicide (WSi) is stacked on a
polycrystalline silicon film, or a silicide film which
20 is obtained by silicidizing a silicon film. In
addition, the surface of each of the source and the
drain is formed with a silicide (e. g., TiSi) layer
10a which is obtained by silicidizing the substrate
surface with Ti (titanium) or the like.

25, The p-channel type MISFET Qp is overlaid with a

S T



the second | ayer of wring 60, and a second conduct or | ayer 60b .
constituting the bonding pad BP. The second conductor |ayer 60b is
electrically connected with the first conductor |ayer 50b through a
t hrough hole 14 15 which is provided in the first interlayer insulator
film213. The second | ayer of wiring 60 is overlaid wth a
second interlayer insulator film15 made of a silicon oxide filmor
the like, which is further overlaid with 20 the third |ayer of wiring
70, a third conductor |ayer 70b constituting the bonding pad BP, and
t he | ead- out wiring line 70a for the electrical connection between

706 s o cotPLERTY EHMECERRRAEf PhATH,1S PuEEhRl exexlafflUED (O

70b is elect second conductor [ayer 60b

through a thypugp; POt e; 1fer of wiring 50, an¥NhCRjikstPEBUIEREON the second
i nterl ayer i isul ator fi n]ig. : The uppernost part of the

Sen1ConductOia?éﬁSSGBIeonstituéiﬁ§0€ﬁé bbRdasHET paa sb.t hendopdisy pad BP is
f ormed 5 th a passivation film (surface protection filnm 17

which is madeapér $orwexanyl 0 fssedekeditally conneoteddirghataiel i con
oxide filmand a silicon nitride - film In this manner, wth

t he CMOS gat p-eypaysémitbnductOr ragpent 10f ofether paabennefletypedi ng pad BP
corresponding to the input cell 3a for the signal is

MISFET Qp through a contact hole 12 which is provided

in the silicon oxide film 11. | |

The first layer of wiring 50 is overlaid with a
first interlayer insulator film 13 made of a silicon

10 oxide film or the like, which is further overlaid with
the second layer of wiring 60, and a secbnd conductor
layer 60b constituting the bonding pad BP. The second
conductor layer 60b is electrically connected with the
first conductor layer 50b through a through hole 14

15 which is provided in the first interlayer insulator

¢ £ilm 13.

The second layer of.wiring 60 is overlaid with a
second interlayer insulator film 15 made of a silicon
oxide film or the like, which is further overlaid with

20 the third layer of wiring 70, a thi:d conductor layer
70b constituting the bonding pad BP, and the lead-out
wiring line 70a for the electrical connection between
the bonding pad BP and the input cell 3a. The third

conductor layer 70b is electrically connected with the

25 second conductor layer 60b through a through hole 16
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constituted by the three conductor |ayers (50b, 60b, 70b), and the

bondi ng pad BP and the input cell 3a are el ectrically connected
through the lead-out wiring 15 I'ine 70a which is of the same |ayer as
the third | ayer of wiring 70. As illustrated in Fig. 3,

| i kewi se to the input cell 3a for the signal, the input cell 3b for
t he supply voltage includes CMOSFETs, and it is preceded 20 by an
i nput protection circuit 4. The supply voltage (Vcc or GND) inputted

fromthe bonding pad BP is
circuit 4 through

transmtted to the input protection
a lead-out wiring I'ine 70a, and is subsequently fed

O o ovi TS IR Rl pthaBar8Y FAVLACLNA. §RRULISHY Fhsu1dlor O DO 1O

n-Crrcui at the
st age precedfﬂgmtpg i nput cell 3b t he breakdown of an insulator film
and that of @& junction in the input cell 3b and the internal cel

array CA are prevwéa@bﬁeﬁmsstlPaﬁtcaﬁetnfeegemgk:eﬁaubeorSsub@tmages have

been accunulated in a supply vo

tage pin, - not shown, connected to the

bondi ng pad BPexb¥p€OfiBe surf§88S6f the bondingFp@d BPi isafeemedonal view

of the sem conductor

chip 1A showing a region where the input cell 3b

for 105 theishpal yassivagtoanfilie(burfang padtBBtion fidav)r dIpondi ng
thereto are forned. Incidentally, the illustration of the input
protecti on cvhichtis madeedf, for example, a stacked film

10

15

20

25

including a silicon ox1de film and a silicon nitride
£ilm. |

In this manner, with the CMOS gate array in this
aspect of performance, the bonding pad BP
corresponding to the input cell 3a for the signal is
constituted by the three conductor layers (50b,_60b,
70b), and the bonding pad Bf and the input cell 3a are
electrically connected through the lead-out wiring
line 70a which is of the same layer as the third layer
of wiring 70.

As illustrated in Fig. 3, likewise to the input
cell 3a for the signal, the input cell 3b for the
supply voltage includes CMOSFETs, and it is preceded
by an input protection circuit 4. The supply voltage
(Vec or GND) inputted from the bonding pad BP is
transmitted to the input protection circuit 4 through
a lead-out wiring line 70a, and is subsequently fed to
the internal cell array CA via the input cell 3b.

Oowing to the provision of the input protection circuit

i -



at the stage preceding the input cell 3bis omtted “fromthe figure.
Besi des, the input cell 3b has only 15 its part (p-channel type M SFETs
Qo) illustrated. The p-channel type M SFET @ constituting the
input cell 3b is overlaid with a silicon oxide film 11, which is
further overlaid with the first |ayer of - wring 50, a first conductor
| ayer 50b constituting 20 t he bonding pad BP, and a |ead-out wiring |line
50a for the el ectrical connection between the bondi ng pad BP

and the input cell 3b. The first layer of wiring 50 is overlaid
with a first interlayer insulator film 13, which is further 25

overlaid wt PN ERE £ 88tPNep, the

-19- Dc%ﬁﬁ%@? ?%éagf%%%&%ﬂgs¥?tu§9%% t he bondlng pad BP, - and
a | ead-out %féé‘ﬂdéﬂ:ﬂi‘eoﬁoénfﬁsﬁh@t@ke'éilmcahd thatCeBN&cpinn between the
bondi ng pad BP and the input cell 3b. The second conductor |ayer -60b

is 5 elecjinceidy TONEREL mtdaelnesﬁlasa thadinternahyeell 50b

t hrough a through hole 14 which is provided in the . first interlayer

i nsul ator fiaprdy.CA are prevéhﬁahbeoedehaynraoéaaﬁrwhgreoelgcbve¢Ia|d with
a second interlayer insulator film215, which is further 10

overl ai 56 wi téhahges hhave| bgen @¢cumu1aged01naatﬁupﬁly voltagadBéRer | ayer

70b constituting the bonding gad BP, t he .| ead- out mnrlng |l ine 70a
for the el echetcahown, coppegkedi b BBFMB@Hd%HE Ba8fdPRg B¥dSBBSand t he

third -
cause.

Fig. 5 is a sectional view of the semiconductor
chip 1A showing a :egion where the input cell 3b for
.10 the supply voltage and the bonding pad BP |
correspénding thereto are formed. Incidentally, the
illustration of the input protection circuit 4 formed
at the stage preceding the input cell 3b is omitted
from the figure. Besides, the input cell 3b has only
15 its part (p-channel type MISFETs Qp) illustrated.
' The p-channel type MISFET Qp constituting the
input cell 3b is overlaid with a silicon oxide film
11, which is further overlaid with the first layer of
wiring 50, a first conductor layer 50b constituting
20 the bonding pad BP, and a lead-out wiring line 50a for
the electrical connection between the bonding pad BP
énd the input cell 3b.:
The first layer of wiring 50 is overlaid with a
first interlayer insulator film 13, which is further

25 .overlaid with the second layer of wiring 60, a second

o "G




| ayer of wiring 70. The third conductor |ayer 70b is 15 electrically

connected with the second conductor |ayer 60b through a through hole
16 which is provided in the second interlayer insulator film 15.

In this manner, with the CMOS gate array in this enbodi ment, the
bondi ng pad BP corresponding to the 20 : input cell 3b for the supply

vol tage is constituted by the three conductor | ayers (50b, 60b, 70Db).
Besi des, . the bonding pad BP and the input cell 3b which are

used for the supply voltage are electrically connected t hrough t he

three | ayers of lead-out wiring (50a, 60a, 25. 70a), thereby to enhance

th | t i ti . . . -20=

regigt:ﬁcéog%gé%@éggﬁdl%%?rv???rﬁf??ﬁégufﬁﬁﬁ,t%ﬁaPondlng7Bg? ?ﬁ(ough whi ch
| ts,fl . . i i i i th .
sggggoﬁngfg?gd aOfé%$ﬁ%951¥%ﬂ%ﬂ§hgi%érég?gﬁégﬁgbgnghg¥%gﬁ?ggnnegted_I/O 5

cell 3c and L, oo 00, 0adedNC-padlofe: 607 pEaPERIARE the inplereto are

f or med. / ustrated int rgure, the bonding pad (NC
pad) BP corrggppnshng dn tdiedddO cotlducdor S dpsresbp is only of a third
conductor |ayer 70b which is the same 10 l'ayer as the third | ayer of
wiring 7. Abséctib€ally cohgéctéedtwithi thel fnestoooaduetotrolalyerbondi ng
pad (NC pad) BP is forned only of the lead-out wiring line 70a

which is of Sbl shreughyartheotygk hbledléaybichf is providedngn7ghe
Therefore, only the insulator films (field : -
first interlayer insulator film 13.
The second layer of wiring 60 is overlaid with a
second interlayer insulator film 15, which is further
10 o&erlaid with the third layer of wiiing 70, a third
conduétor layer 70b constituting the bonding pad BP,
and the lead-out wiring line 70a for the electrical
connection between the bonding pad BP and the third
layer of wiring 70. The third conductor layer 70b is
15 electrically connected ﬁith the second conductor layer
* 60b through a through hole 16 which is provided in the
 second interlayer insulator film 15.
In this manner, with the CMOS gate array in this
embodiment, the bonding pad BP corresponding to the
20 input cell 3b for the supply voltage is constituted by
the three conductor layers (50b, 60b, 70b). Besides,
the bonding pad BP and .the input cell 3b which are
used for the supply voltage are electrically connected
through the three layers 6f lead-out wiring (50a, 60a,

25 70a), thereby to enhance the electromigration
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15 oxide film?7, silicon oxide film1l, first interlayer . insulator
film 13, and second interlayer insulator film15) are existent

bet ween the third conduct or | ayer 70b which fornms the bondi ng pad (NC
pad) BP and that part of a sem conductor substrate 1 which 20
underlies the | ayer 70b, and any conductor |ayer is not exi stent

t her ebet ween. In this manner, with the CMOS gate array in this
enbodi ment, each of the bonding pad BP correspondi ng to the input

cell 3a for the signal and the bonding 25 pad BP corresponding to the

i nput cell 3b for the . -21-

supply voltage i.s.,constitut 1€ ' th conduct or

| ayers (50D, ,Stfdﬁe, ovj\#letﬁ{ejeatsiy %‘#{]e o'ﬂl’ lwf%jb&r%i]%n%%d(??\% Bé;g?) BP :
correspondin tﬁﬁiaﬁﬁk . ¥%Fm§ 3c is forned only of the
upper nost S%déln1uct I%%kﬁh . (%é¥kédégq$%dg, t he bondi ng pad (NC
pad) BP correspondiig, 6 is (P S itHuELoReiee thé Samlicotdustgreater in

t he conbi ned thickness (I[err]) of the underlying insulator filns
and |onger i i 19Paftidwing andipi e ttarsl ugi®nodconsedséd ar 01 in
conpari son with each of the bonding pads BP for the signal and for

t he supplsy vadldgesSmsand the dandionptpadit (NC hyad heBR heexresponding | ayers
(50D, - 60b, 70b). Therefore, even in the case where electric

char ges have thssretx @nrilfamekedn t he unshown NC pin 15 connected to the
bondi ng pad (NC pad) BP, by sone . )

As illustrated in the figure, the bonding pad (NC
pad) BP corresponding to the I/0 cell 3c is formed
only of a third conductor layer 70b which is the same

10 layer as the third layer of wiring 70. Also, the
lead-out wiring 1ine connected to the bonding pad (NC
pad) BP is formed only of the lead-out wiring line 70a
which is of the same layer as the third layer of
wiring 70. Therefore, only the insulator films (field

i5 oxide film 7, silicon oxide film 11, first interlayer
» insulator film 13, and second interlayer insulator
film 15) are existent between the thirdﬁconductor
layer 70b which forms the bonding pad (NC pad) BP and
that part of a semiconductor substrate 1 which

20 underlies the layer 70b, and any conductor layer is
not existent therebetween.

In this manner, with the CMOS gate array in this
embodiment, each of the bonding pad BP corresponding

to the input cell 3a for the signal and the bonding

25 pad BP correSponding to the input cell 3b for the
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cause, the static danage Is less liable to occur in t he insul ator

films which intervene between the bondi ng pad (NC pad) BP and the

sem conduct or . Substrate 1. On the other hand, in a case where, as 20
illustrated in Fig. 28, the bonding pad (NC pad) BP corresponding to
t he non-connected 1/Ocell 3c is constituted by the three conductor

| ayers (50b, 60b, 70b) likew se to each of the bonding pads BP for

t he signal and for the supply voltage, the thickness (12) 25 of
the underlying insulator filmis smaller (lI[err] < lI[err]),

-22- and hence, the static damage is nore liable to occur I n

the insulator fil I nt ervenes,_bet n,_th bondi ng pad (NC pad)
BP and the setiR u%?ﬁpage 1ssﬁ%§?FéP5geg by Ehe plugg l£ 2 a flowchart

e o P el il P 0 R s e
el oying CAQyq Jhen SULLANPNET pLAP 850662 5elbbhalRg to thE gt,hx expl ai ned.

First, alogic CircC utirng a gate rray 1s designed and then

subj ect ed to SohRELEEN PYOULALI0BC! 95 FOEn¥AT bhL§AbEORhe uppedhobbe

operation of ogical function until the final | ogi cal function is
determ nesl (788dductor layer Pobsequently, wiring |lines, connection holes,
and 15 conductor | ayers for bondi ng pads are autonatlcally pl aced

on X-Y lattice coorhusattlseobohdtnypapad ¢RCtpad) BP corresponding
.to the non-connected I/0 cell 3c is greater in the
combined thickness (1,) of the underlying insulator
films and longer in its spacing from the semiconductor
10 substrate 1 in comparisbn with each of the bonding
pads BP for the signal and for the supply voltage as
are constituted by the three conducﬁor layers (50b,
60b, 70b). Therefore, even in the case where electric
charges have been accumulated in the unshown NC pin
15 connected to the bonding pad (NC pad) BP, by some -

' cause, the static damage is less liable to occur in
the insulator films which intervene between the
bonding pad (NC pad) BP and the semiconductor
substrate 1. On the other hand, in a case where, as

20 illustrated in Fig. 28, the bonding pad (NC pad) BP
corresponding to the non-connected I/0 cell 3c is
constituted by the three conductor layeré (50b, 60b,
70b) likewise to each of the bonding pads BP for the
signal and for the supply voltage, the thickness (1;)

25 of the underlying insulator film is smaller (1, < 1;),
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above | ogi cal function by the use of the CAD. At this time, NC pins

are decided (704) on the basis of the I nformation (702) of the NC

pi ns, supply voltage pins 20 and signal pins, and the conductor |ayers-
ot her than t he uppernost one are renoved (706) from NC pads.
Subsequently, the wiring |ines and connection hol es (708)
automatically placed on the X-Y lattice coordinates are classified in’
t hree di nensions. That 25 is, the first to third layers of wring (50,

60, 70), - 23- t he

connection hol es (contact hol es 12 and t hrough hol es 14, 16) and the-

conduct or Iayer@ £5 ce, Og% ﬁgﬁ%l%n%ﬁ?%%%eléqﬁg£ fifgbiélgg QQCEPG program

of the aut oma®} I g sys
Subsequent | y, @n%hgege§%%%€o£r?flﬁawﬂféhrfﬁ€ér@énes bet%@eﬁ ESCt'On

patterns for omat | acement step Is c ed (712). The
check of the ndlngeﬁﬁ& Q&PeﬁfSaM@eﬁﬂérs@ﬁléaﬁdﬁéeoﬁﬂr'ng lines can
be laid accordlng t e onn ctlon patterns without 10 any problem -
mainly in a wgsstpse6€ees. | n a case - where the connection patterns
have been deci ded - defective by the check of ‘the departure, they are
altered, mnd the chegk dfishs fitpachart o5 aawirkngofibormationagain. 15
Subsequently, mask patterns are generated (714) on the basis of the

i nformati on oprotessuwbiebi s basedpbncaneavtanadtioupiagesgsteandThus far,
described i routing system (design automation abbreviated to “DA")
employing CAD. The outline of the process will be
briefly explained. First, a logic circuit '

10 constituting a gate array is deéigned and then
subjected to a logical simulation for the verification
of the operation of a logical function until the final
logical function is determined (700).

Subsequently, wiring lines, connection holes, and

15 conductor layers for bonding pads are automatically

* placed on X-Y lattice coordinates on the basis of the
above logical function by the use of the CAD. At this
time, NC pins are decided (704) on the basis of the
information (702) of the NC pins, supply voltage pins

20 and signal pins, and the conductor layers other than
the uppermost one are removed (706) from NC pads.
Subsequently, the wiring lines and connection
holes (708) automatiéally placed on the X-Y lattice

- coordinates are classified in three_dimensions. That

25 is, the first to third layers of wiring (50, 60, 70),

- 22 - AN
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the outline of the wiring formation process based on fhe automati c
pl acement and routing system (DA). 20 Thereafter, a photo nask which is

formed with the patterns of the first to third |ayers of wiring (50,
60, 70) and conductor |ayers (50b, 60b, 70b), and a phot o mask whi ch
is formed with the patterns of the connection hol es (contact hol es
12, and through holes 25 14, 16), are fabricated (716) on the basis of
t he ' - 24- i nformati on of the
above mask patterns and by the use of an el ectron-beam |ithographic
apparatus or the | i ke. Using these photo nmasks, the first to third

by ough. hol c&hd dednasebion Bo1eECTRERERRE) BAEE 1d0naPBORREEEEI o for mad.
(718) on n'b#%% ffoefé’gdgﬁéo{’:héuéé}x&é&%oﬁ layers. (5DB%! 608 PHRgSS fof

manuf act ur i arra I'y ‘descri bed ‘wi t h

reference to,, J0; r balataked in Fig.
-8, a sen1cond5%t%$e£{gfle& &?1égtgnltgﬁ Rﬁogﬁgh gkaﬁﬁg hbypghN?SFETs Q@ and

n- chagpetehoRe ShorEdatingt sgheum. have been forned in
accordance wth a knowmn CMOS process beforehand is 15 provi ded, and a

- silicon mxide filsuddeqGeftDpsi &g departaver firbm Vagbhts rinye€VAs(chemni cal
vapor deposition). Subsequently, as illustrated in Fig. 9,
cont act to hodtesedRianepabterdsi fiornedebpathe efitomatdicl i con
placement step is checked (712). The check of the
departure inspects whether or not the wiring lines can
be laid according to the connection patterns without
10 any problem mainly in a wafer process. In a case
where the connection patterns have been decided
defective by the check of the departure, they are
altered, and the check of the departure is carried out
again.
15 Subsequently, mask patterns are generated (714)
* on the basis of the inforﬁation of the automatic
placement and routing system. Thus far described is
the outline of the.wiring formation process based on
the automatic placement aﬁd'routing system (DA).
20 Thereafter, a photo mask which is formed with the
patterns of the first to third layers of wiring (50,
60, 70) and conductor layers (50b,  60b, 70b), and a
photo mask which is formed with the patterns of the

connection holes (contact holes 12, and through holes

25 14, 16), are fabricated (716) on the basis of the
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oxide film 11 which overlie each input cell 3b for a 20 supply vol t age,

by etching which uses a photoresist as - a mask. Thereafter, an Al
(aluminum alloy filmis deposited on the silicon oxide film 11l by
sputtering ~ and is patterned. Thus, there are fornmed the first

| ayer of wiring lines 50 of the input cell 3b, a first 25 conductor
| ayer 50b whi ch constitutes each bondi ng pad -

- 25- BP, and a |l ead-out wiring |ine 50a which connects t hem
On this occasion, each input cell 3a for a signal, - not shown, is
overlaid with the first |ayer of wiring lines 50 of the input cell 3a,

and the first, st%lmauq}%qlu%tfortﬂeaé%}gg&a%%g ei (‘)f ;[r{%gatr{aeb@orgﬂéqg]s(@d BP.

In contrast,ﬁg Strated 1n first layer of

W ring | ines g30.ad 4 ddtirtn BRAM Alithograph i Wiipaalita ARt e | ead: out

wiring line connecting tthemare formed in a regi on where each

170 10 -celljie nQEih? EﬁeHéePhbﬁotﬁabkstotﬁadfirst to thir8ubsequently,
a-first interlayer insulfator film 13 made of a silicon oxide filmis

deposi ted on idiers of wiaiimpnA&UGt &0 ,s TSt atonnkdhicd/holEwwreafter, as
illustrated in Fig. 11, a through hole 14 is fornmed in 15 that part of
the firsts i nt(@dmset ididsatl®, fandnti@ough hodlgscH4,i d$)i rand r egi on where
the bonding pad BP is to be formed, by etching which uses a

phot or esi st awrductor layscs THdboaf6dy, 74P)Aaxg |f8rmad hil8 débsited on

the first interlayer insulator film 13 by sputtering
the semiconductor substrate.

‘Next, a process for manufacturing the CMOS gate
array will be briefly described with reference to
10 Figs. 8 to 14.
First, as illustrated in Fig. 8, a semiconductor
substrate 1 on which p-chénnel type MISFETs Qp and n-
channel type MISFETs, not shown, have been formed in
accordance with a known CMOS process beforehand is
15 provided, and a silicon oxide film 11 is deposited
+ over the MISFETs by CVD (chemical vapor deposition).
Subsequently, as illustrated in Fig. 9, contact
holes 12 are formed in those parts of the silicon
oxide film 11 which overlie each input cell 3b for a
20 supply voltaée, by etching which uses a photoresist as
a mask. Thereafter, an Al (aluminum) alloy £film is
deposited on the silicon oxide film 11 by sputtering
and is patterned. Thus, there.are formed the first
layer of wiring lines 50 of the input cell 35, a first

25 conductor layer 50b which constitutes each bonding pad - -
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20 and is
wring line

conductor | ayer 60b which

| ead-out wir
25 | nput ¢
-26-

3a, and the
BP. In contr
of 5 wring
wring line
I/Ocell 3c
second inter
deposited on
i |l ustrated
t he second i

where the bogdiriagPadnBB 59 o¥Sthe inpm-f @emd,3dyy aid il Sivsth uses a

phot or esi st
the secopd i

patterned. Thus, there are fornmed the second | ayer of
60 of the input cell 3b for the supply voltage, a second

constitutes the bondi ng pad BP, and a

i ng |l i ne 60a which connects them On this occasion, the
ell 3a for the signal, not shown, is overlaid

with the second |layer of wiring line 60 of the input cel |
second conductor |ayer 60b - constituting the bondi ng pad
ast, as illustrated in Fig. 12, none of the second | ayer

| ine 60, the second conduct or Iayer 60b, and t he | ead- out

ﬁg? fﬁgabgo ne(c‘it—ﬁgigdql?]{n? e.\LJ.nfe 50 OQJ?B.Q:H Q:chnf'eéfgl on where-the

ubsequently, a

'tpﬁﬁ‘\f 'ﬁ%ﬁigroéé%gioﬁo eadh EﬁpﬁtOEemsbhl ¢gr axide filmis

seni conduct of substra CVD. Thereafter,

as

h@.gﬁh@. hot dnb¥nQudls *&ﬁ'éilja@d Svifed H‘ﬁﬂa ifirst layé}ﬁtoﬂart of

ayer insulator film which lies in the region

as a mask. Thereafter, an Al alloy filmis deposited on

ebaduayer layerabob bunstmtdngngmﬂneybqnﬁlng paduBPd s

patterned. Thus, .there are formed the third - layer of wiring line 70
of the input Ioekbnsast, alse illastraygs o dliggd,0 a nang e ditRict or | ayer

70b whi ch

first layer of wiring lines 50, the first conductor

" layer 50b, and the lead-out wiring line 50a for

10

15

20

25

connecting them are formed in a region where each I/O
cell 3c not to be used is to be formed.
'Subéequentiy, a first interlayer insulator film
13 made of a silicon oxide film is deposited on the
semiconductor substrate 1 by ¢cvD. Thereafter, as
illustrated in Fig. 11, a through -hole 14 is formed in
that part of the first interlayer insulator film 13
which lies in a regioh where the bonding pad BP is to
be formed, by etching which uses a photoresist as a
mask. Thereafter, an Al alloy film is deposited on
the first interlayer insulator film 13 by sputtering
and is patterned. Thus, there are formed the second
layer of wiring line 60 of the input ce11'3b for the
supply voltage, a second conductor layer 60b which
constitutes the bonding pad BP, and a lead-oﬁt wiring
line 60a which connects them. On this occasion, the

input cell 3a for the signal, not shown, is overlaid

——.—/_————_———
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constitutes the bonding pad BP, and a | ead-out wiring line 70a which
connects them On this occasion, the I nput cell 3a for the signal,
not shown, is overlaid with the third |ayer of wiring line 70 of the
input 25 cell 3a, and the third conductor |ayer 70b

-27- constituting the bonding pad BP. Besides, as

illustrated in Fig. 14, the third conductor |ayer 70b constituting

t he bondi ng pad BP, and the | ead-out
thereto are forned in the 5 region where the 1/O cell 3c not to be used
.forned. Fig. 15 is a schematic plan view of a QFP

is to be

(Quad F
with the CMOS
showi ng on an
BP and 1/ 0O ce
QFP are

sem conduct or

wiring line 70a connected

farb ERRaEtruRaniagen  gEcHLERAY T8l B0 Be freuRBle

?ghgrg$9 éﬁa'ﬁpﬁpéééénafc nductb29h39er"gebe the bonding pads

1A encapsul ated in the

e sem conductor chip

ad . Fi i t gpnal 1| e efash
B g e Bdnlng e P Ty Rnetast? ae o s

formed. Numer ah1@289tikatbheihi 88§€S12, nondedifgBakesecant lageérwbifch

constructs the external

each pieces

20 and. t he sem conductor chip 1A, and nuneral 22 that 20 package body of

the QFP which

10

15

20

25

connection term nal of the Q-P, nuneral

21

wirohgAuifgobd) vheesebonl ebaduciozl Lpyean6@btsande | ead

thenhdadebut wininhgtildine 60a fogj gonnecting them are
formed in the region where the I/0 cell 3c not to be
used is to be formed. _

Subsequently, a second interlayer insulator film
15 made of a silicon oxide film is deposited on the
semiconductor substrate 1 by CVD. Thereafter, as
illustrated in Fig. 13, a through hole 16 is formed in
that part of the second.interlayer insulator film 15
which lies in the regioﬁ where the bonding pad BP is
to be formed, by etching which uses a photoresist as a
mask. Thereafter, an Al alloy film is deposited on
the second interlayef insulator film 15 by sputtering
and is patterned.' Thus, there are formed the third
layer of wiring line 70 of the input cell 3b for_the
supply voltage, a third conductor layer 70b which
constitutes the bonding pad BP, and a lead-out wiring
line 70a which connects them. On this occasion, the
input cell 3a for the signal, not shown, is overlaid
with the third layer of wiring line 70 of the input

cell 3a, and the third conductor layer 70b
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As illustrated in the figures, the QFP is such that the pieces of Au

wire 21 are bonded to all the bondi ng pads BP of the sem conduct or
chip 1A including 25 t he bondi ng pads (NC pads) BP correspondent to the
/0O - 28- cells 3c not to be
used. That is, the wire bonding is carrled out without considering the
positions of the bondi ng pads (NC pads) BP correspondent to the 1/0
cells 3a not-to-be-used which are arranged on the 5 di fferent places of
t he sem conductor chip 1A in accordance with | ogical specifications.
In this way, t he mﬁre bondi ng steps of aII the sem conduct or chi ps

1A of different |ogjcal, eC|f|cat pns ca connnn and hence,

t he thgoughputc‘b‘?s h‘é‘lw %?,Oll’: ing pa t%% caﬁ?sdéiee?ﬁh
Fig. 1 it
0 Lo AR W B oo B BASATIOR

secti onal vi evy t S ol 20c in
the 15 flguréi cégpﬁlngt$ﬁ?5§§§%£#gg§5§ t}%ﬁd Qﬁ fggd éﬂebconnected
to an upper |Q¥Eflﬁ§]¥lﬁérﬁhé”céﬁnéb{éﬁw%hereto $§¥efofﬁe&‘ihnﬁh§2 synbol

20a denotes the si pin t hereof, and synbol 20b denotes the supply
vol tage pisn reglcs:h&we@fe tR® 1/0 cell 3¢hgotace Bé adeat ivgtdhee FP on
t he printed- wiring circuit board 30, the upper |ayer of wiring 31

and | ower | ayefoxthedd ring 32 of the printed-wring
Fig. 15 is a schematic plan view of a QFP (Quad
Flat Package) in which a semiconductor chip 1A formed
with the CMOS gate array is encapsulated, Fig. 16 is a |
10 plan view showing on aﬁ enlarged scale, parts of
regions where the bonding pads BP and I/0 cells 3 of
the semiconductor chip 1A encapsulated in the QFP are
formed, and Fig. 17 is a sectional vieﬁ of the
semiconductor chip 1A showing the region where the NC
15 pad BPlis formed. Numeral 20 in the figures
» designates each lead which constructs the external
connection terminal of the QFP, numeral 21 each piece
of Au (gold) wire which_electrically connects the lead
20 and the semiconductor chip 1A, and numeral 22 that
20 package body of the QFP which is made of a synthetic
resin. |
As illustrated in: the figures, the QFP is such
that the'pieces of Au wire 21 are bonded to all the
bonding pads BP of the semiconductor chip 1A including
25 the bonding pads (NC pads) BP correspondent to the I/0
I —
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circuit board 30 are sonetines electrically connected via the NC pin

20c of the QFP as illustrated in the 25 figures, in accordance with the
speC|f|cat|ons of the - 29-
printed-wiring circuit board 30. By way of exanple, peripheral circuit
devices PHl, PH2 and a nenory MC1l such as RAM or ROM are connected via
the NC pin 20c, whereby the versatility of wiring design can be 5
enhanced. On this occasion, an overvoltage is sonetines

applied to the bonding pad. (NC pad) BP of the sem conductor chip 1A
through the NC pin 20c. However, according to the CMOS gate array in

bondi ng pad FR&Bads BBY 0t ReckaRda  Thacaiar bhe Uife koRSihdrip,,

nsul ator fil BP d
Lhzusen1conhﬁg%5ﬁe g%%'gugggpgfgafgggﬁrln %’ gk€%1 pfé&gat . Bes?ges
15 when the B' ﬁsﬁgﬁghgﬁcdgﬁﬁg)cﬁy %%'r‘%@s%in‘a%dﬂ" ttth:he /0 case of such

connecti on, aus | functions of the periphera
circuit deV'E@ilEHﬁa not-toEH%-ﬁgédtﬂﬁlﬁﬁﬁﬁﬁb Mrkajed enae it cannot be

furnished with a protective circuit. (Enbodi ment 2) A
sem condyct ogiifFeeendt pdacesCoift tﬂevs@mncbnrdwator chigerizodiment is a
m croconputer which includes the CMOS gate array in the enbodi ment 1.

Fig. 20 is aagchedahce plizh loencail spéeaf@amwaons. In this way,
the wire bonding steps of all thé semiconductor chips
1A of different logical specifications can be made
common, and hence, the throughput of the wire bonding

10 step can be enhanced.

Fig. 18 is a plan view of the essential portions
of a printed-wiring circuit board 30 on which the QFP
is mounted, while Fig. 19 is a sectional view of the
essential portions of the same. Symbol 20c in the

15 figures denotes that NC pin of the QFP which is

+ connected to an upper layer of wiring 31 or a lower
layer of-wiring 32, symbol 20a denotes the signal pin
thereof, and symbol 20b denotes the supply voltage pin
thereof.

20 In the case of mounting the QFP on the printed-
wiring circuit board 30, the upper layer of wiring 31
and lower layer of wiring 32 of the printed-wiring
circuit board 30 are sometimes electrically connected
via fhe NC pin 20c of the QFP as illustrated in the

25 figures, in accordance with the specifications of the
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25 Carrier Package) in which a sem conductor chip 1B

-30- formed with the mcroconputer is encapsul ated, Fig. 21

is a plan view showi ng on an enl arged scale, parts of regi ons where

t he bondi ng pads BP and 1/O cells 3 of t he sem conductor chip 1B
encapsulated in the TCP are 5 formed, and Fig. 22 is a sectional view of
t he sane. Nunmeral 23 in the figures designates the insulating

tape (polyimde tape) of the TCP, nuneral 24 each | ead formed on one
surface of the insulating tape 23, and nuneral 25 each bunp el ectrode
of Au (gold) formed on t he bondi ng pad BP of the sem conductor chip

1B. rfﬁtédil-ﬁﬁi'iﬂélgedlrauh‘-’ﬁebfahﬁblr 89, tBp W&P bF exahple, that the
| eads 24 are bonded to all the bondi ng pads BP of the sem conductor

chi p 1B i ncl peiiphéhal bondeagt devicpsdPH(NCPH2dandBRE memoeypoitdent to the
I/Ocells 3c 15 not to be used. That is, the |eads 24 are bonded

wi t hout conssdehi ag RAM pnsROMoaseotonhecbeddNng phes NC pin @QC,pads) BP
correspondent to the I/Ocells 3a not-to- be-used which are arranged
on the diffewkarebyatbe wersatilitWeofewiizdngudesigshic@ni®e n accor dance
with logical 20 specifications. |In this way, the |abor of fabricating
the insudati®ghanpged-23 of |ead patterns which differ - in the

i ndi vi dual sen1conduc

chi s 1B of differe al_specifications
can be saved, and®3 Pﬁﬁﬁ B@F gdon, an BYEEHBE%agﬁ nggoﬁé% Sgnd the
ggg?er of stgDS1iQ8 +6°tne BBRATRY' Pda! Ritct 3BA)CHR B3 Lgesened, so that the
o semiconductor chip 1A through the NC pin 20c.
However, according to the CMOS gate array in this
10 embodiment in which the insulator film underlying the
-bonding pad (NC pad) BP is thickened, the static
damage of the insulator film intervening between the
bonding pad (NC pad) BP and the semiconductor
substrate 1 can be effeétively prevented. Besides,
15 when the NC pin 20c has diode characteristics in the
, case of such connection, it forms the cause of the
malfunctions of the peripheral circuit devicés PH1,
PH2 and the memory MCl, and hence, it cannot be
furnished with a protective circuit.
20 (Embodiment 2)
A semiconductor integrated circuit device in this
embodiment is a microcomputer which includes the CMOS
gate array in the embodiment 1.

Fig. 20 is a schematic plan view of a TCP (Tape

25 Carrier Package) in which a semiconductor chip 1B
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-31- of manufacture of the TCP can be curtail ed.

Al t hqugh, in the above, the invention nmade by the I nvent ors has been
concretely described on the basis of the enbodinents, it is a matter
of course that the 5 - present invention is not restricted to the

f oregoi ng enbodi nents, but that it is variously alterable within

a scope not departing fromthe purport thereof. - In the foregoing
enbodi mrents, the CMOS gate array . having the three layers of wiring
has been referred 10 to. The present invention, however, is also
applicable to a gate array having four or nore |ayers of wiring, a
m cr oconput ef, u S : f; 4€X l e, as
illustrated ﬁkﬂ%d Qwﬁtrtme mQEEQF?@ %eﬁ'ls e3§5§58§§2@ﬁy gIJ'gCl\/%gpgate
array which Eaﬁ ga R¥GEAg Oanahl aala%aeh Hga@ad EE&NQ) of
corresponden g / not o be used i s forned only of the

upper nost COE@BEBHE Wakee éhéfbbnaaﬁgyghaé BP and ayer c8@hk, 3wbereby the
static damage Strength of pin can be enhanced. In this case,

each bondi ngthd0sempadnBiceorr eappndenentapsalht@dcdht theh@Cpt hae the 1/ 0O

cell not to be used is forned of, for exanple, the five conductor
| ayers (6irstformedycand Fager 220lst @ sectiohiaflt Fiewnddctbe saper 90b) (in
the left part of Fig. 23) or three conductor |ayers _(third conductor

| ayer 25  FWomerslf 2Bt Anctheudgnresydesdgpptesn thige inspdagdng of
tape (polyimide tape) of the TCP, numeral 24 each lead

formed on one surface of the insulating tape 23, and
numeral 25 each bump electrode of Au (gold) formed on
10 the bonding pad BP of the semiconductor chip 1B.
As illustrated in the figures, the TCP is such
that the leads.24 are bonded to ali the bonding pads
BP of the semiconductor_chip 1B including the bonding
pads (NC pads) BP correspondent to the I/O cells 3c
15 not to be used. That is, the leads 24 are bonded
+ without considering the positions of the bonding pads
(NC pads) BP correspondent to the I/O cells 3a not-to-
be-used which are arranged on the different places of
the semiconductor chip 1B in accordance with logical
20 specifications. In this way, the labor of fabricating
the insulating tapes 23 of lead patterns which differ
in the individual semiéonductor chips 1B of different
logical specifications can be saved, and a time period
expended on tape design and the number of steps for

25 fabricating the tape can be lessened, so that the cost
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-32- Fig. 24). Al ternatively, each NC pad BP
correspondent to an /O cell not to be used can be f.ornmed havi ng
conduct or | ayers which include the same conductor |ayer as the 5
uppernost |layer of wiring, and the nunber of which is smal | er than
that of conductor l|ayers of each bondi ng pad correspondent to an 1/0
cell different fromthe /O cell not to be used. Fig. 25 illustrates
an exanple in which the NC pad BP(NC) is formed of two 10

conductor layers (fourth conductor |ayer 80b, and fifth conduct or

| ayer 90b), whereas the other bonding pad BP is formed of five

conduct or Iay(;f ﬁnda(d{\ifasétuﬁ:e of C%{p%é)[?éar?y@é SPPedifr %afth conductor | ayer

90b). In I on es an exanple in which the 15

NC pad BP(NC) is fr r{f?&h@{ tﬂ{ Sh& BB Ortﬁ@y_ﬁﬁ\%ntlon madér By Cepguct or
| ayer 70b, fourth conductor [ayer b, and fifth conductor |ayer

90b), wher easj duht¥erhas beeerf&idageﬁ@py Bibdsr{wedesn ofhéi bes £onduct or

| ayers (first conductor layer 50b to fifth conductor layer 20
90b). . In a cEsechhamb®Biiens pait B NOmdtstéorofdcofrse that pherality of

conductor |ayers as in these exanpl es, the strength of the NC pad
BP(NC) i $ heippesemsd, imrehtion imm,remmm¢itlyetmrmth h Au
(gold) wire is enhanced. 25 . The package in which the
senlconductcwethQimentSr but that it is variously alterable within
a scope not departing from the purport thereof.
In the foregoing embodiments, the CMOS gate array
having the three layers of wiring has been referred
10 to. The present invention, however, is also
applicable to a gate array having four or more layers
of wiring, a microcomputer including this gate array,
etc. By way of example, as illustrated in the right
parts of Figs. 23 and 24, in a CMOS gate array which
15 has five layers of wiring, each NC pad BP(NC)

. correspondent to an I/0 cell not to be used is formed
only of the uppermost conductor layer (fifth conductor
layer 90b), whereby the static damage strenéth of an
'NC pin can be enhanced. In.this case, each bonding

20 pad BP correspondent to an I1/0 cell other than the I/O
cell not to be used is formed of, for example, the
five conductor layers {(first conductor laYer 50b to
fifth conductor layer 90b) (in the left part of Fig.

23) or three conductdf layers (third conductor layer

25 70b to fifth conductor layer 90b) (in the left part of
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- 33- formed wth the logic LSI of the present invention is
encapsul ated, is not restricted to the wire bonding schene

(Enbodi nrent 1) or the TCP (Enbodi nent 2). By way of exanple, the
present invention is also 5 applicable to a package in which, as
illustrated in Fig. 27, a sem conductor chip 1A is nmounted as a flip
chip on a printed-wiring circuit board 33 through sol der bunps 26
formed on the bondi ng pads BP of the sem conductor chip 1A. In this
case, all the bonding 10 pads BP of the sem conductor chip 1A including
NC pads are formed wth the solder bunps 26. In this way, the

| abor of form g gg sol der bunps 26 at positions which differ in the
i ndi vi dual eﬁ+ o] Ltor chi ps 1A of different |ogical specifications

can be saved, so &fteﬁégﬁ%Végﬁfcggéhoﬁc gaf EtHF% gpgpggg%p{gggncan be

curtail ed. hé“sem co circuit

devi ce includ¥ﬂg %?esgﬁée €68 Qéédbeﬁﬁ B@fEBEﬁthgaVLng condgaelof the

enbodi nent s i nvention I s I cable t0 sem conduct or

integrated cifgyblsdBNi€RSinclude! eﬁéugama &aﬁaae%oepmhy@at hentaeeci fic
| Cs, such as an enbedded array and a cell base IC The present

inventionsis gppenaosel Yapepl ocabieing, senticenduatmber of whithgist ed
circuit devices of master slice nethod each 25 having nultilayer wiring
of at |east tsmalhgershabhthat of conductor layers of each bonding
pad correspondent to an I/0 cell different from the
I/0 cell not to be used. Fig..25 illustrates an
example in which the NC pad BP(NC) is formed of two
10 conductor layers (fourth conductor layer 80b, and
fifth conductor layer 90b), whereas the other bonding
pad BP is formed of five conductor layers (first
conductor layer 50b to fifth conductor layer 90b). In
addition, Fig. 26 illustrates an example in which the
15 NC pad BP(NC) is formed of three conductor layers
* (third conductor layer 70b, fourth conductor layer
80b, and fifth conductor layer 90b), whereas the other
bonding pad BP is formed of five conductor layers
(first conductor layer 50b to fifth conductor layer
20 90b). In a case where each NC pad BP(NC) is formed of
a plurality of conductor layers as in these examples,
the strength of the NC.pad BP(NC) is heightened, and
hence, the bondability thereof with Au (gold) wire is
enhanced.
25 The package in which the semiconductor chip
-
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- 34- wiring of each of which is laid by an automatic
pl acenment and routing system : Effects which are attained by the
pr esent i nvention are briefly explained below 5 According to
t he present invention, "an insul ator filmwhich underlies each NC pad
correspondent to an /O cell not to be used is thickened, whereby the
static damage strength of the NC pin can be hei ght ened. Moreover, the
connections of bonding pads 10 wth the external connection term nals of
a package can be made conmon anong seni conductor chips of

different |ogical specifications, so that the cost of fabrication of
t he package can be curtai

ghat i s cl ai fegmed; with tLgdlogig RSLcRfcbhEUPESS Pt dpvsnsdon Afuit
1 < na bondi .

\tIE”béeyse]g  #aCeEBRaked wiennPBoPRRRrEE, B8 RENWIYS BoddeF 0y

ch cor r opuliat o(EAbSAEREHY £ or, tner R, CEbJuINRRT AT BNUTY PRCS

whi ch corres e‘used I n accordance with the

B R e A
yer 10 as the uppernost |ayer
of wiring angppg1ibgbpbutal bt package in which, as illustrated in
Fig. 27, a semiconductor chip 1A is mounted as a fiip
chip on a printed-wiring circuit board 33 through
solder bumps 26 formed on the bonding pads BP of the
semiconductor chip 1A. In this case, all the bonding
10 pads BP of the semiconductor chip 1A including NC pads
are formed with the solder.bumps 26. In this way, the -
labor of forming the Solder bumps 26 at positions
which differ in the individual semiconductor chips 1A
of different logical specifications can be saved, so
15 that the cost of manufacture of the package can be
* curtailed.

Although the semiconductor integrated circuit
device including the gate array has been reférréd to
in each of the embodiments, the present invention is

20 applicable to semiconductor integrated circuit devices
including various application-specific ICs, such as an
embedded array and a cell base IC. The present
invention is extensively applicable to semiconductor

integrated circuit devices of master slice method each

25 having multilayer wiring of at least two layers, the
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of conductor layers and that are smaller in nunber than said
plurality of conductor |ayers of each of the first-nmentioned bondi ng
pads. 2. A semconductor integrated circuit device 15
according to.claim1, wherein at |east the input cell for a supply
voltage in a logic integrated circuit, and t he bondi ng pad .
correspondi ng thereto are el ectrically connected through the
plurality of |ayers of wiring. 20 3. A sem conduct or
integrated circuit device according to claim1l1, wherein an input
"protection circuit is fornmed at a stage preceding each of the 1/0

cells to be usa@ﬁm?@(bftea&rtpf &ﬁaf?dléttléll&t@;@ean automa€gedi ng each of
the 1/Ocells not t0 be used . A seni conductor integrated

circuit deviceplacement and routlng system. - -36- _
according to claim1, wherein each of the second- ment i oned bondi ng

pads is fornmed onl yEffectss dvisicie are attaimedtlny thgepresesti d upper nost

| ayer of wiring. 5. A sem conductor integrated circuit device

5 according invedtion areviersefily hexpla byed sbelows ri ng are laid,
each of the second-nentioned bonding pads is formed only_of the sanme
conductor 3 ayer as AGrROXding to the|present %@V?%@l%ﬁnnﬁnthﬁsﬁﬁﬁﬁﬁrlayers

of wiring, and each of sajd first- nentl ned bondi n ds is forned of
10 " the three ﬁ%&@w@?%ﬁhcﬂﬁﬁﬁﬁﬁ¥ﬁsI%@Eﬁ \ corresgon eggniﬁoﬁﬂuctor

| nt egrat ed Clrf}gtce \”ﬁ§% to be used is thlckened, whereby the

static damage strength of the NC pin can be
heightened. Mofeover, the connections of bonding pads
10 with the external connection terminals of a package
can be made common.among semiconductor chips of
different logical specifications, so that the cost of

fabrication of the package can be curtailed.

Sheet Has Been Reilaced
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according.to claim1, conprising either of a gate array and a

m croconputer which has a gate array. 7. In a package wherein a
sem conductor 15 integrated circuit device accordi-ng—toe—clalml and_

| eads are electrically connected through pieces of .. . wre and are
encapsul ated, a package wherein the pi eces of Vs Shest to
all of said bonding pads whi ch include the’seco1 I ﬁ? ndi ng
pads. 20 8. In a package wherein a sem conduct rat ed
circuit device according to claim1 and | eads are electrically
connected through bunmp el ectrodes and are encapsul ated, a package
wherein the | eads, are conpected to all of said bonding pads which 25
i ncl ude the sé@%ﬁﬁ-h%n?%%ﬁ%%&bbﬁﬁing_pads.

-37- - Sseé}ﬂ%}ﬂﬁ?:%[ H 5y e AR Kle,
according to clain1€f ?%ereﬂh a |crhé§s_ an % I nsulator filmwhich
i ntervenes bet rifEn§ 5ONEing pads WRiERNESrPESELAS £808/6Ndedls

sem conductor substrate™ 5 | s"greater than that of an insulator film

which | NESTHENESed el NegbcsPdanée IGitHEDS G D08T bpeditgcatdens, and
t he sem conduct or substrate. 10. A sem conductor integrated

circuit dewi ceand eachcofipwhi¢hois fibrmed of a planalistylafor filmwhich is
formed on a princi pal surface of a sem conductor substrate;
first bondi ng ponduebtorhlayers; easdibonding pads which correspond to
I/0 cells not to be used in accordance with the
logical specifications, and each of which is formed of
conductor layers that include the same conductor layer
10 as the uppermost layer of wiring among the plurality
of conductor layers and that are smaller in number
than said plurality of condﬁcfor layers of each of the
first-mentioned bonding_pads.
2. A semiconductor integrated circuit device
15 according to claim 1, wherein at least the input cell
» for a supply voltage in a logic integrated circuit,
and the bonding pad corresponding thereto are
electrically connected through the plurality of layers
of wiring.
20 | 3. A semiconductor integrated circuit device
according to claim 1, wherein an input protection
circuit is formed at a’stage preceding each of the I/O
cells to be used, and it is not formed at a stage

preceding each of the I/0 cells not to be used.

25 4. A semiconductor integrated circuit device
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insulator film and which correspond to input/output - cells not to be
used, respectively; and 15 second bondi ng pads which overlie
sai d- insulator film and which dSFFEEBBHH“to I nput / out put cells
ot her than the input/output ceTHlSsSheﬁoHasthe.heeﬂ used, respectively,

the insulator filmbetween the surface and said first
bondi ng pads being thicker than

ulator film between said
princi pal surface and sai d seco ng pads. 11. A
sem conductor integrated circuit device according to claim10,
wherein each of said first 25 bondi ng pads is formed of conductor Iayers
t he nunber of which is
smal | er than t?ﬁﬁofﬁngnﬁﬁuﬁ%ﬁlma&érgh%feln eagh cﬂf ?he F§egad

Sar'd second bondi ng
pads.

t t
accordi ng tC)cW%ﬁgé?q%? %ﬂ%ﬁﬁgdﬁéﬁéligsgggﬂ%g ﬁi§CHE g% :%g pads and
| eads are el ecidpfptdar Pﬁi!@ftég $2id %;a%éfﬁéy&%&yaenceowﬁ&had pi ns,

respectively. sem con tor integrated circuift devi ce
according to clai nms5 10 parémlidontiRitdih Sitdhrated Seitc@Eugéeicént egrat ed
circuit device is constructed 10 by adopting a gate schene.

14. An el et r cieclend ey copeisimol o Yheséin threeelagenduotfowipdalgage in

whi ch sai d sem conduct or integrated circuit device according to claim
10 and a amé Uukald i yeadh | efidshar secondpmentiededabesding pads is

formed only of the same conductor layer as the third

layer of wiring among the three layers of wiring, and

each of said first-mentioned bonding pads is formed of
10 the three layers of conductor 1ayers.'

6. A semiconductor integrated circuit device
according to claim 1, comprising either of a gate
array and a microcomputer which has a gate array.

7. In a package wherein.a semiconduétor

15 integrated circuit device according to claim 1 and

' leads are electrically connected through pieces of

wire and are encapsulated, a package wherein the
pieces of wire are connected to all of said bonding
pads which include the second-mentioned bonding pads.

20 8. In a package wherein a semiconductor
integrated circuit device according to claim 1 and
leads are electrically?connected'through bump
electrodes and are encapsulated, a package wherein the
leads are connected to ail of said bonding pads which

25 include the second-mentioned bonding pads.
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15 senjconductor package, and a printed-wiring circuit boar d;

said first bonding pads and said | eads are electrically connected to

construct non-connect ed pi ns, Th@S ak Bexn mﬁo t he
non- connect ed pins and si gnal plns of cond seni conduct or
package being electrically con g lines of said

printed-wiring circuit board A sem conduct or

integrated circuit device, conpri si ng:
- 39- an insulator filmwhich is forned on a ~principal
surface of a sem conductor substrate; first bondi ng pads

which overlie said o A deifidotdtictdd Inttik i s A RORIVEGS

i nput/output 5 cells not to be used, respectively; and
second bondingaé@ﬁ@ﬂﬂﬁﬁcﬁbO&EithISGWHereln alﬂﬁﬂénﬁéésfofnhnand to which

supply vol tages are - applied; : the insulator film

bet ween the primsaletor 10ilm swiifel cinversenes f besweénnthagseadadbei ng

t hi cker than the insulator film between said principal surface and
sai d second bameltipmpedisbonding pads did A semiconductor swbshrated circuit
devi ce according to claim15, wherein each of said first 15 bonding

pads i s fdinedl%fgtﬁﬁﬁﬁﬁt%hamaybaﬁ efheamuipenlator film which

intervenes. between sald first-mentioned bonding pads
and the semiconductor substrate.
10. A semiconductor integrated circuit device,
comprising:
10 an insulator film which is formed on a
principal surface of a semiconductor substrate;
first bondihg pads which overlie said
insulator film, and which correspond to input/output
cells not to be used, réspectively; and
15 second bonding pads which overlie said
, insulator film, and which correspond to input/output
cells other than the input/output cells not to be
used, respectively,
the iﬁsulator film between the principal
- 20 surface and said first bonding pads being thicker than
the insulator film between said principal surface and
said second bonding pads.
11. A semiconductdr integrated circuit device
according to claim 10, wherein each of said first

25 bonding pads is formed of conductor layers the number
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of which is smaller than that of conductor |ayers of each of said
second bondi ng pads. 17. A sem conductor integrated circuit

devi ce according to claim16, wherein said first B0 SO PRER Rertbted

and |l eads are electrically connected to construct non-
pi ns, respectively. 18. A sem conductor int egrﬂlﬂﬂ]ﬂl‘,@lﬂm
device, conpri si ng: an insulator fil med
on a 25 princi pal surface of a seniconductor substrate;

- 40- first bonding pads which overlie said I nsul at or
film and which correspond to input/output _ cells not to be used, .
respectivel yofagflich is smaller th@@oORhaRodH @bd@ﬁkthNBHYéxsﬂdﬂEESald 5
insulator film and which correspond to input/output cells for
signals, respaehi o€l gaid second bondinigh@adssul ator fil m between the

pri nci pal surface and said first bondi ng pads being thicker than
the insul ator fil dkbethesemicondpctori pategunataedecanduitOodevdgied second
bondi ng pads. 19. A semi conductor integrated circuit device
accor di ng t oacrarding, tahclainseddhasd ddi.dwhiersin said gdwsitng pads is
formed of conductor |ayers the nunber: of, which is smaller than that
of condut or bragdpg ppds;snd é&éﬁso?r§mQ}Q§&§$9§h%ﬁuﬁQﬂ? to

20. A semconduci:Ir inte rated C|r%p|t devi ce t qecordlng to claim19,
wher ei n sai dSPRF uSBnBP CB&&§Ct pins, respectively.

13. A semiconductor integrated circuit device

according to claims 10 and 12, wherein said
semiconductor integrated circuit device is constructed

10 by adopting a gate scheme.

14. An electron device comprising a first
semiconductor package-in which said semiconductor
integrated circuit device according to claim 10 and a
plurality of leads are enCapsulated, a second

15 semiconductor package, and a printed-wiring circuit

» board; '
said first bonding pads and said leads are
electrically connected to construct nonéconnected
?ins, respectively;

20 the non-connected pins and signal pins of
said second semiconductor package being electrically
connected to wiring lines of said printed-wiring
circuit board.

15. A semiconductor integrated circuit device,

25 comprising:
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and |l eads are electrically connected to construct non- connect ed
pi ns, respectively. -41-

21. A sem conduct or device TR% iﬂ%bamkslmxd an insulating filmforned
over a principal surface of first bondi ng pads forned
over said insulating film and ﬁ i\M‘\ second bondi ng
pads for signal or supply voI said i nsulating film

wherein a thickness of said insulating f|In1betmeen said first bonding pad
and said principal surface is greater than a thickness of said i nsul ati ng
filmbetween said second bondi ng pad and said principal surface.

22. A semiconductor daw dasadedod Filid whlidhmidl fodaesdeion said first
bondi ng pad i.s conprised of wiring |layers the nunber of which is snaller
than that of pmincipallagarface odfi d semdcdndacdiorg sphdtrate; 23. A

sem conductor device according to claim21 or claim?22, wherein bunp

el ectrodes or wire bofdinsgs bending padsowhssihd averstien®aishi d second
bondi ng pads. 24. A packa i ncluding a resin encapsul ating said
seni conduct oingBdpEETa&ddmdi ARGt ¥ %épglﬁPerépoﬁﬂatﬁlzﬂgﬁt<94§Bﬁ 3, and

| eads electrlcilly connected to said first and S%I% second bondi ng pads.

-42- nak &Pe rHﬁe&evFﬁépéﬁﬁﬁyﬁéVng a W ring board

havi fig wi ri ng [;ggfat 0ona ponaihd gadls WHIHOWHEHYe daige comprising a

insulator film, and to which supply voltages are
applied}
the insulator film between the principal
10 surface and said first bonding pads being thicker than
the insulator f£ilm between said principal surface and
said second bonding pads.
16. A semiconductor integrated circuit device
according to claim 15, Qherein each of said first
15 bonding pads is formed bf_conductor layers.the number
, of which is smaller than that of conductor layers of
each of said second bonding pads.
17. A semiconductor integrated circuit device
according to claim 16, wherein said first bonding pads
20 and leads are electrically connected to construct non-
connected pins, respectively.
18. A semiconductor integrated circuit device,
comprising:
an insulator film which is formed on a

25 principal surface of a semiconductor substrate;

i



film tirst bondi ng pads, _and second bondi ng pads, wherein said
insutating filmis forned over a principal surface of said substrate,
wherein said first bonding mmsseeamm gee@ver said insulating film and
are not to be used, econd bondi ng pads for signal or
supply voltage are forned o ating film wherein a

t hi ckness of said |nsulat|ng said first bonding pad and said
princi pal surface is greater than a thlckness of said insulating film

bet ween sai d second bondi ng pad and said principal surface, wherein
said first and said second bonding pads are electrically connected to.said
wiring lines through eitrefidoddiny lds which oveéiielghﬁaectron devi ce

. according to claim 25, wherein sald bondi ng pad is conprised of wiring

| ayers the ninbalagbrwfidth,i andwhieh doraesipeaid ajo iinmputy dwegymrts of said
second bondi ng pad. 27. An electron device according to claim25 or
clai m 26, fucehds nolptbsbegusesycmespeetiiveiyyctamd device and a third

sem conduct or devi ce, wherein an external termnal, of said second

sem conduct or devi ce, skegonsi dending padsewisich @averkie sgidaid third

sem conductor device, for signal, .and said flrst bondi n ad are
electrlcﬁlIyléﬁﬁﬁéEPEdfﬂémeaéﬁdoﬁhéFh FﬁFE@@W dFaniim qﬁput

- 43- i electrog device a QO ing to claim25 or claim 26 or
claim 28, whE é?n 8%i §1eRA FnaFngﬁﬁ Vg conprlsed of a bunp el ectrode

or a |ead. 2@ n M 2§ e 25 or claim
26 or claim 28, mhergPﬁ Qg? erﬁ%ﬁ$tgFﬁ$%5 I'S eI éﬁéﬂy connect ed
to said wiriggrehbBeahlr QHQE %l%%pb%'n‘a%bo%%d%r b iYd ecrﬁ%&éxngl:han

the insulator film between said principal surface and

10 said second bonding pads.

19. A semiconductor integrated circuit device
according to claim 18, wherein each of said first
bonding pads is formed of conductor lafers the number
of which is smaller thaﬁ fhat of conductor layers'of

15 each of said second bonding pads.
' 20. A semiconductor integrated circuit device
according to claim 19, wherein said first boﬁding pads
and leads are electrically connected to construct non-

connected pins, respectively.
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