SPECI FI CATION TI TLE OF THE | NEVNTI ON SEM CONDUCTOR | NTEGRATED Cl RCUI T

. BACKGROUND OF THE I NVENTION 1. Field of the Invention The present invention
relates to a sem conductor integrated circuit, particularly to an art
effectively applied to a sem conductor integrated circuit having a
multilayer wiring structure. 2. Description of the Related Art In the case
of a sem conductor integrated circuit, a product is born which has a

mul tilayer wiring structure constituted by formng a |arge-scale circuit

devi ce group on the surface of 1 r substrate and alternately
heapi ng an insul ating | ayer andgm%mr to be electrically
connected. Sone of the sem t integrated circuits have a nenory in
whi ch i nportant confidenti ﬁ%g}ﬂﬁﬁﬁmﬁqﬂg%ed or a circuit including
an advanced intell ectual 51ﬁ)ro erty. Therefore, it may be preferable to take
action so that infor PEMEONDHSTQRINEEGBATR GHGUITbr eover, there is a
probl em that el ectromagnetic noises are radiated to the outside of a

sem conduct or i nt egr at eBAGKGRQUND OFUTHERSMIENTIGRN conduct or i nt egr at ed
circuit to mal function depending on the anplitude of a clock signal or the
li ke in th&iskhofcthedmyentionnt egrated circuit and a hazard that the

sem conductor integrated circuit mal functions due to electronagnetic noises
from anot her UFhd preSenV émvertic relatdsotops esmidoniduetomindbgensd cireait, echni que

di scl osed in Japanese Unexam ned Publication No. 74771/1993 (prior art) has
been usegaeichbdrly ko ahhart effeetioélytdydliidrtecd béicbnductor integrated
( circuit having a multilayer wiring structure.
2. Description of the Related Art

In the case of a semiconductor integrated circuit, a product is born
which has a multilayer wiring structure constituted by forming a large-scale
circuit device group on the surface of a semiconductor substrate and
alternately heaping an insulating layer and a wiring layer to be electrically
connected. Some of the semiconductor integrated circuits have a memory in
which important confidential information is included or a circuit including
an advanced intellectual property. Therefore, it may be preferable to take

{_' ‘ action so that information is not altered or analyzed.

Moreover, there is a problem that electromagnetic noises are radiated
to the outside of a semiconductor integrated circuit to cause another
semiconductor integrated circuit to malfunction depending on the amplitude
of a clock signal or the like in the semiconductor integrated circuit and a
hazard that the semiconductor integrated circuit malfunctions due to
electromagnetic noises from another unit. Conventionally, to prevent the

problems, the technique disclosed in Japanese Unexamined Publication No.

74771/1993 (prior art) has been used so far. In the case of the structure
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disclosed in the prior art, as shown in Figs. 18 and 19, a nultilayer wiring
structure is used and a shielding film1 is forned so as to cover al nost the
entire surface of a sem conductor integrated circuit by avoiding a term na
2a for inputting or outputting signals. However, as described above, by
formng the shielding film1l on alnost the entire surface of the

sem conduct or chip, a problemoccurs that a stress caused by a difference
bet ween thermal expansion coefficients of the shielding film1l and an

interlayer insylating film?7 or,a differen bet ween her mal .expansi on

coef fi ci g‘?‘ﬁCLOSSH 1{%@93%%‘% Htnd® Fh??ﬁlfnaﬁﬁsafgéﬁﬁc]\gﬁm% ay?ﬁﬁ‘?ﬂ‘% e 4

i ncreases. and a shift befween.the I el di fi.lm1 and interlayer

i nsul at i BFugHIe Ispsed a@&%‘%ﬁﬁ'@é ’isrfgg@&é@ AROFAVRE @ﬁﬁ%ﬁ'}ﬁjuct or

chip is thin. For exanple, in_the case of an alumnumi{filmused as a

shi el di n§nfire gurizagg OE agemiseingtor nteerated areat by ayeidinge teapunal nsul at i ng
film the alumnumfilmused as the shielding filmhas a |arger thermnal
expansi oda fepiirutsinger, ountpatEngrsegnalien passing through a heat treating step
of a sem conductor fabrication process, the shielding filmis nore expanded
than the int Edveaumer, andascxibathalovenbyiformmgptld shieddingfam dhm expansi on can
be absorbed with the alum numfilm However, because the alum numfilm
covers albmest thecerstmtd sverfacs éfathe, semmepndiictex phiysi opraddamotccoes thaton bed, a

convex war page occurs which is forned when the central portion of a wafer

pr ot r udestreas sddd og audiffebaicadmtwicen thermht ergahsibmcasfhidieritardfalier
insulating film and resultantly a device nal functions. Myreover, there are

TR Cknoss o B oam condct of ehp Lo be aunt e (G o e bemwoBaeh (he
p to be nmounted is 2

thermal expansion coefficients of the shielding film 1 and a semiconductor

substrate 4 increases and a shift between the shielding film 1 and interlayer

insulating film 7 increases or a warpage increases when the semiconductor

chip is thin.

For example, in the case of an aluminum film used as a shielding film
and a silicon nitride film used as an interlayer insulating film, the
aluminum film used as the shielding film has a larger thermal expansion

coefficient. Therefore, when passing through a heat treating step of a

semiconductor fabrication process, the shielding film is more expanded than

——

the interlayer insulating film. It is preferred that the expansion can be
absorbed with the aluminum film. However, because the aluminum film
covers almost the entire surface, thermal expansion cannot be absorbed, a
convex warpage occurs which is formed when the central portion of a wafer
protrudes, a shift occurs between the shielding film and interlayer
insulating film, and resultantly a device malfunctions.

Moreover, there are some thin semiconductor devices of an 1C card or

the like, in which the thickness of a semiconductor chip to be mounted is
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| ess than 200 pm In this case, for exanple, the thermal expansion
coefficient of an alumnumfilmserving as a shielding filmis larger than
that of the single-crystalline silicon of a sem conductor substrate and
therefore, a warpage occurs nore remarkably. Furthernore, when formng a
pl ane not parallel with the surface of a sem conductor substrate on the
back of the substrate as a counterneasure to prevent analysis by applying
infrared radiation fromthe backside of the sem conductor substrate, a

war page occyrs i ichrtRe central portion,af, the,surface of the

sem condgecslszk aguéx;bsqﬂﬁ%'t Q%@S%ﬁe’éﬁwgw ghectg\%l?’ia%ﬁ"p%%w’énti re surface of

the sem conduct or .substrate wi.th a shielding.film.the .war e becones nore

r enar kabPREOFRILEE SPCANFTOND G SETHHE 02 JOICOHE S I LaRERS thAPm f or ¢ he

entire surfac SUMVARY OF .THE | NVENT| ON The present .invention is nmade to

sol ve t hgﬁ%tb‘éfj@ep?lgm%é%s%nﬁt@c%? pemiCon GRS ERtE A onduct or

integrated circuit and an I1C card in V\ﬂi ch an analysis for an illegal

pur pose fﬁhelifﬁf%sﬁivbﬁ“@%ﬁe QEERYS HHOKE reppay b e  noder at | ng a stress due to

t hermal expansion of a shielding |ayer. To achieve the above object, a

seni conduct or Fustheymated whenciorming atplene pos penallphwith thersurface of a

sem conductor integrated circuit having a shielding filmformed by a

mat eri al seinfi¢cavdastorf sulatratelcatite badkhef thef sulisér e rmisconalutteomeasuixst r at e and

the interlayer insulating filmin thermal expansion coefficient, in which

sai d shi éb grexprftidmalpsis by aypleing) indr xedtradnataom Him che baoksidadf #he | east

either of a plurality of independent openi ngs whose circunferences are

syrroun dedmisorshicthrsdi st el teg a podpiage cecarsainpwhic tHeyceaftralhsovtivsegfendent 3

shi el ding portions whose circunferences are surrounded by said opening are
the surface of the semiconductor substrate becomes convex. When covering

the entire surface of the semiconductor substrate with a shielding film, the
warpage becomes more remarkable. Therefore, it is difficult to use the

shielding film for the entire surface.

SUMMARY OF THE INVENTION
The present invention is made to solve the above problems and its
object is to provide a semiconductor integrated circuit and an IC card in

which an analysis for an illegal purpose is impossible or very difficult while

o~

moderating a stress due to thermal expansion of a shielding layer.

To achieve the above object, a semiconductor integrated circuit of the
present invention uses a semiconductor integrated circuit having a shielding
film formed by a material different from at least either of the semiconductor
substrate and the interlayer insulating film in thermal expansion coefficient,
in which said shielding film has a shielding portion and an opening and at
least either of a plurality of independent openings whose circumferences are

surrounded by said shielding portion and a plurality of the independent
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present and distributed on the entire surface of a chip. There are the first
basi c characteristics of the sem conductor integrated circuit of the present
i nvention. The sem conductor integrated circuit of the present invention
uses the sem conductor integrated circuit having a shielding filmformed by
a material different fromat |east either of the sem conductor substrate
and the interlayer insulating filmin thermal expansion coefficient, in
which said shielding filmhas the shielding portion and the opening and a
plurality of the openings are present on an optional straight |ine parallel
with the 1. ,Ng: ortion
s}aﬁ%i%?gcaﬁ%ﬁo&sﬂt@hggé\j&ﬁ&ﬂﬂﬁegfeﬂEeéHlbesél{&@m&zrlﬁgg %ik/’]a%l& Bé&s‘)‘ﬁnqﬁ%e% p

for shie cul ice a a Clrcui n sail I ng
portion. # . e L teristicsnof a_sem eonduct or
ot eqr at Byt fisHBpRErae nBRRbiE SURERE LT b It B3 N
sem conduyct or ;i ntegrated ciycuit.of the present .invention, nore preferably,
the I engthotehateCeRia ok ihs srminditlebintabited ciCEhof Braessrl | < 200 pm
or less i.n the above second basic characteristic. In the case of the
senmi conddYIht egrated circuit of the present invention, still nore
preferably, the rate of .the shieldi Jporti gn occupying the area on the
chip surface idegemispniuctor integnatesheirgnt ohtheyprrren ARyentiomuratt eri sti cs.
In the case of a sem conductor _integrated circuit of the present invention,
still noithe gewieqngicjor itegvated cyruithbasngs shigllipsfilooforaedbyang the area
on the chip surface is 40%or nore in any one of the above basic
char act emiateiripd diffeyenddremray leasteithensf theseapooedyetor suhatretoanint egr at ed
circuits of
{ the interlayer insulating film in thermal expansion coefficient, in which said

shielding film has the shielding portion and the opening and a plurality of

the openings are present on an optional straight line parallel with the

surface of the semiconductor substrate passing through a portion for

shielding a circuit device and a circuit wiring in said shielding portion.

There are the second basic characteristics of a semiconductor integrated

circuit of the present invention.

In the case of the semiconductor integrated circuit of the present
invention, more preferably, the length of the shielding portion present on

the straight line is 200 pm or less in the above second basic characteristic.

—

In the case of the semiconductor integrated circuit of the present
invention, still more preferably, the rate of the shielding portion occupying
the area on the chip surface is 61% or less in any one of the above basic
characteristics.

In the case of a semiconductor integrated circuit of the present
invention, still more preferably, the rate of the shielding portion occupying
the area on the chip surface is 40% or more in any one of the above basic

characteristics.



t he present invention, because a shielding filmcovers the entire surface of
a chip at a certain shielding rate, even if unsealing the resin covering a
sem conductor integrated circuit and exposing it to the surface of a

sem conduct or substrate, visual observation of a circuit device or circuit
wiring fromthe outside of a chip or circuit analysis by a probe such as an
el ectroni c beam becones very difficult. Particularly, by decreasing the

wi dt h of an openi ng, physical probing or electronagnetically probing by an

el ectroni c begm bgcones vear ifficult or igpossible. Jt,i.s prefgrable that
the w dth of SHEGHRFQEATLIEHS 3 9"61%"“2;‘&?’6&8?"8%%9{%??3{% drahisol| ) o

al lowed that the.length of the openi is.larger than the wi.dth of it. As a
Fesul't, fhe pesepdinyeaition, decryse f Pl B GOV etsihe ftTeaItERcs of 2

sem conductor, integrated .circuit fram being taﬁen qut for an illegal

pur pose. SINBr &R eprtayhehieldingirate, eygny Pﬁﬁs?gjl’iar&@ e §es1p GO¥EHNERuch as al umi num
used for a netallic wiring |ayer, the above effect is remarkable. However,
war page @ﬂmﬁioﬂéﬂéﬁfort}é&%ﬁ?ége%%ﬁ%lm nosing ¥ 19 theayuwaface & ween t her mal
expansi on coefficients of a sem conductor substrate and an interlayer

i nsul at i sepfdopducBacabstraseuvidual observaos obatciemnit dpwne nysirehitt he

shielding film that is, between shielding portions and openi ngs of the

shi el di ngifingdfremahemutsideiof asduptarreartudtyanalyhis ksnaiprebe snélnes anf a chip,
even if the shielding filmis expanded due to thermal treatnment in the

m ddl e oélectromid bdorn detomes yeoy dsificalt. aPadidudarigyby decreasery theed circuit,

t he expansi on can be absorbed at the boundary portions between shiel di ng
pgrti onswaikh ofoe opagsgopaysichbpestiihg er eledtraraghetitidlycprgbingbgraf ore, it is
possible to 5 restrain the warpage of the wafer fromoccurring and the

el ectri calectiofdd B&dHegbmes dlerp difficubicor snpe¥silsle! €t iopaifechble that

the width of the opening is approx. 10 pym or less. In this case, it is allowed
that the length of the opening is larger than the width of it. As a result, it is
possible to effectively prevent the information in a semiconductor integrated
circuit from being taken out for an illegal purpose.

Moreover, when a shielding film is made of a metal such as aluminum
used for a metallic wiring layer, the above effect is remarkable. However,
warpage of a wafer becomes a problem due to a difference between thermal

expansion coefficients of a semiconductor substrate and an interlayer

N

insulating film. Because boundary portions between openings of the
shielding film, that is, between shielding portions and openings of the
shielding film are uniformly scattered over the entire surface of a chip, even
if the shielding film is expanded due to thermal treatment in the middle of
the fabrication process of a semiconductor integrated circuit, the expansion
can be absorbed at the boundary portions between shielding portions and

openings over the entire surface of the chip. Therefore, it is possible to



Particularly, in the second basic characteristic, circuit devices and
circuit wirings are generally scattered over the entire surface of a chip
except chip ends when considering the effective use of a chip area.
Therefore, optional straight |ines passing through portions for shielding
the circuit devices and circuit wirings are present over the entire surface
of the <chip and the fact that a plurality of openings are present on the
straight |ines guarantees that openings are uniforny scattered on the

entire surface , of the chip. Mreoyer, because these straight |ines

respect irﬁﬁqrwlha}%%wé‘rpﬂg%r‘)fi&? yaker éﬁ%??%?“@ﬁ@?@?%ﬁfeﬁmﬁ%ons do not have a
long linear portion as. a lunp and the effect for noderating the stress due
to t her FhRIastEEStECHE a deyaes wnofndeteriozatadel y guaranteed. Particul arly, when
the linear portions are securely restricted to 200 pmor |ess, the above
stress noder atgrsicuddtlgcin thﬁe‘tﬁt)‘ﬁﬂé hasitaehanacterisiiy, ebreuit, ddyjcgseandi cti ng t he
rate of the shielding portions occupying the area on the chip surface to
61% or Icawsit wirings pos gebémliyoscawtared c3evthe entive sunface o€ aaxhem of t he
openings uniformy scattered on the entire surface of the chip. Therefore,
it is pessepl éhipersiscwheh youlsdensnty tteceffdrtivenmeanfst clepsareamder ati on ef f ect .
Furt hernore, by securing 40%or nore of the rate of the shielding portions

occupyi rithdrbforal egtiomal steaighit hirsisrfaaemg throughrasiobk €oi shiepliayahe t he
opening area from di sproportionately becom ng unnecessarily large, restrain

the cir guichisféated aAad efdcast wi AEd PedeBlovekithd entifesuffabebdti portions,
and restrain the mcro | oading effect (phenonenon in which the etching rate

ot chi ng D by G e e ity of &
chip thiigless ahtéds MRl pRhi%kd iR RAFEAly &attered on the entire surface

of the chip. Moreover, because these straight lines respectively have a

plurality of openings, shielding portions do not have a long linear portion as

a lump and the effect for moderating the stress due to thermal expansion

absorption is securely guaranteed. Particularly, when the linear portions

are securely restricted to 200 pum or less, the above stress moderation effect

becomes remarkable.

Moreover, by restricting the rate of the shielding portions occupying

the area on the chip surface to 61% or less, it 1s possible to secure 39% or

——

more of the area of the openings uniformly scattered on the entire surface of
the chip. Therefore, 1t is possible to securely demonstrate the above stress
moderation effect. Furthermore, by securing 40% or more of the rate of the
shielding portions occupying the area on the chip surface, it is possible to
prevent the opening area from disproportionately becoming unnecessarily
large, restrain the circuit shielding effect from being lost due to the
shielding portions, and restrain the micro loading effect (phenomenon in

which the etching rate of a fine pattern portion lowers compared to a large
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waf er (sem conductor substrate). In the case of a sem conductor integrated
circuit of the present invention, still nore preferably, the shielding
portions are forned by a conductive netallic material and at | east a part
of the shielding portions are electrically connected to a fixed potenti al
in any one of the above basic characteristics. In the case of the

sem conductor integrated circuit of the present invention, still nore
preferably, the shielding portions of the shielding filns are forned by a

conductive netal li.c erial,.at |least.t | ayers of the shielding portions
are presBAtteER PPH@EE%&]&B&%‘?I%%SE@@J&&%&%P@&%@P JPYEOVEE | east a part
of the shielding portions of, each |ayer are electrically onpected to a

fi xed polBRETHA alet%@f%ﬂpgﬂ’d%fﬁgcafpplth&ﬁﬁé Wé}?%@iiéﬂ&b}b%bﬁééﬂpaone are
pattern-fornmed sq that one or nore independent shielding portions whose

ci r cunf eféier emléo%‘iﬁqt%ﬁﬂbﬁim&ﬁ)t he openings are present. According to each
of the above sem conductor integrated circuits of the present invention,
because the shigheicage pba spaicindusterintegedted cicoit efthe presentef f ecti ve

el ectromagnetic shielding is possible and noreover it is possible to

noder at elrbesdiony stidhiore prefiérablyo the shieddingi jmotiang edte ffoomedibyseni conduct or
Integrated circuit and the influence of el ectromagnetic noises fromthe

out si de. céhndudibremeesllicheatarsalngndashiast dipwat pbihé shiddding ypavens aseppl y |ine
for supplying ground potential or power supply potential to be connected to

the cir culdetrdenliyceomiecied edraddiedusdtentiabireghfton@ ofithewbove basice are
advant ages that the power supply line can be omtted froma netallic 7

Wi, ri ng | aygFack@isteéd. cuit wiring and the area of a sem conductor chip can be
decreased. Furthernore, because the power supply line can be extended

In the case of the semiconductor integrated circuit of the present
invention, still more preferably, the shielding portions of the shielding films
are formed by a conductive metallic material, at least two layers of the
shielding portions are present on the surface of the semiconductor substrate,
at least a part of the shielding portions of each layer are electrically
connected to a fixed potential, the shielding films other than the uppermost
one are pattern-formed so that one or more independent shielding portions
whose circumferences are surrounded by the openings are present.

According to each of the above semiconductor integrated circuits of

p—

the present invention, because the shielding portion is electrically floated,
more effective electromagnetic shielding is possible and moreover it is
possible to moderate electromagnetic radiation noises discharged from a
semiconductor integrated circuit and the influence of electromagnetic noises
from the outside. Furthermore, when using a shielding portion as a power
supply line for supplying ground potential or power supply potential to be
connected to the circuit device of a semiconductor integrated circuit, there

are advantages that the power supply line can be omitted from a metallic

7



over the entire surface of a chip without being restricted by other circuit
wiring, it is possible to greatly reduce the wiring resistance conponent and
i nducti on conponent of the power supply line, retrain the fluctuation of the
power supply potential, and expect the inprovenent of electrical
characteristics. Particularly, when a shielding filmis fornmed by a
conductive netallic material and at |east two |layers of shielding filns are
present on the surface of the sem conductor substrate, at |east tow | ayer

of the shi ' ' GAP wi e | v 4 i nes . havin otentials
differ enp}lﬂrnglr%agg%wro hev W%tﬁ%g?%kf%:}ge:\?f%\g@%ggﬁ?% ucg t (fbﬁﬁ CABRfe chi p area
becones re re abl e. Moyeover,..when using,t or re_ | ayer,s of
ohi el d ngBrePRETal RSty BroA R eSO h i B BB cate «he
potential of .the upper Jpowey s I line.to a netallic wring |ayer |ower
than t he V&ukte Qf)g%‘ﬁﬁg?‘ﬂp{@ Chﬁ? ??gth § Feqﬁm&]%ck Liﬁ OEW%T e Sendent
shi el ding portions of _shielding filns _other than the upper-nost qne as
rel ay poMifdiBoft @Wsﬁﬁﬁ‘éﬁ? g’é?%t%f Fe‘iilécep@ses‘i‘”é]“ég regsANeHIcPMNOReRt 38ent i al s of
all shielding films to the circuit device, Particularly, by uniformy
scatteri mdp eeranomenteidhe pryveropunRIKding, refrain phe dusiwation pf 8 y suppl y
fixed potentials to all circuit devices. Mreover, the degree of freedom of
t he | ayopowgesugnlopotensiadi aed expephthes mumovement of elegpriealed and i npr ovenent
of electrical characteristics of a circuit can be resultantly expected. In
t he casecharactessticonductor integrated circuit of the present invention,
still nore preferably, two layers of the shielding filnms are present 8 on
the surface ofParheukady,cohehatshielslibg filmtis fanded by aipmatucthicahdtabjcfilm is
pattern-formed so that the shielding portion shields the opening of the

material and at least two layers of shielding films are present on the surface

of the semiconductor substrate, at least tow layer of the shielding films can

be used as power supply lines having potentials different from each other

and the contraction effect of the above chip area becomes more remarkable.

Moreover, when using two or more layers of shielding films as power supply

lines, it is necessary to communicate the potential of the upper power supply

line to a metallic wiring layer lower than the lower-most shielding film.

However, by using the independent shielding portions of shielding films

f other than the upper-most one as relay points of the potential, it is possible

to supply fixed potentials of all shielding films to the circuit device.

Particularly, by uniformly scattering independent shielding portions, it is

possible to freely supply fixed potentials to all circuit devices. Moreover, the

degree of freedom of the layout design of the circuit device portion is

improved and improvement of electrical characteristics of a circuit can be

resultantly expected.

In the case of a semiconductor integrated circuit of the present

invention, still more preferably, two layers of the shielding films are present

8



| ower shielding filmin any one of the above basic characteristics. Stil
nore preferably, the upper shielding filmis pattern-forned into a periodic
pattern in which at |east either of the independent opening whose
circunference is surrounded by the shielding portion and the independent
shi el ding portion whose circunference is surrounded by the opening are
periodically alternately arranged in two directions orthogonal to each other
and the lower shielding filmis pattern-forned into a periodic pattern in
whi ch the periodic patterns are displaced in the two directions by the half

of eachq;qRgtdbfare df'the@enﬁe&m@teﬂsﬁpsﬁé@aﬁa twﬁgﬁgpgﬁieggmgfmguct or

i nt egrated circults of the present 1 nvention, PpoOsSsSi revent an

anal ysi s f grg bl 0L (RHE BESSANN AR Rl BRI BALR i Pt tern

However I'ST poSsI e en i're’s
over | appii Bt HEAEE G 4RLphe PLOG P HAS: FhtreloneL “SBRaPB tinder
| npr ovedPT T EHYs Thegaper 1@%&%f isgiet) n?ﬁameb&‘?%é‘%?pfé tlpes of
Fwo. | ay oSSR IR IERFE LA of the i eg?ﬁ{féntn%béﬁﬁéﬁhw%ihf’if 0”5 st the
O ol SeConohater St oo ool Bu oo Lo, omt the
shorten the time required for the pattern design of a shielding film 9 In
t he case sbieldingeperdongwhose cxrﬁmé@ma 13 ppeoundefl byndheoraydng arénvent i on,
still nmore preferably, a circuit portion is forned at the surface of t he
semi cond @@ﬂ@dl@dﬁysali@nr@talydaﬁaneag in twoelitentiansrarglwgonal te eateothery t he

and the lower shielding film is pattern-formed into a periodic pattern in

which the periodic patterns are displaced in the two directions by the half of

each repetitive pitch.

According to each of the above semiconductor integrated circuits of

the present invention, it is possible to prevent an analysis for an illegal

purpose only by one-layer shielding film pattern. However, it is possible to

shield almost the entire surface of a semiconductor integrated circuit when

a plurality of shielding films are overlapped each other, the analysis of the

{'h circuit device portion under the shielding films becomes more difficult, and
the confidentiality is improved. In this case, it is not necessary that pattern
shapes of shielding films of various layers are the same.
Moreover, by pattern-forming two layers of shielding films, it is

possible not only to shield almost the entire surface of a semiconductor

integrated circuit but also to omit the time for individually designing the

pattern shape of a shielding film and shorten the time required for the

pattern design of a shielding film.



Infrared radiation incomng toward the surface of the sem conductor
substrate is fornmed on the back of the sem conductor substrate in any one of
t he above basic characteristics. In the case of a sem conductor integrated
circuit of the present invention, still nore preferably, the shielding film
Is formed on the surface and back of the sem conductor substrate at |east
one each in any one of the above basic characteristics. In the case of a
sem conductor integrated circuit of the present invention, still nore

preferably, t fOL I NEr ] a.crystal hect depsity is
applied to thke]l?ﬁfééEg%%@{%seﬁéﬁ%%ﬁgﬁﬁﬁg%% PGt ¢ tha?rR/regﬁ’épof t he above
basi c charactteri s%].'glcs. Accgtrdilgg to.each of.the abov setiH conduct

i nt egr at S HHELSFL BeTe pRaterallye g CLIGIN LROEGAR 15 rwﬁxﬁfs TS Pr event
analysis of a circuit device portion forned,on the syrfage of

seni condthé ggm H“tres"’g&“‘t Bl %@roﬁlﬁhff%eeﬁ?rﬂ%ﬁﬂ’ig&i@ redefhahNdack of the
sem conduqc;%or d[subs_t rate. Parti cul arlé&i n the case of a configuration in
whi ch a HHugred rrdiatign incompuy towand the swdeeamef ther semisendugionti on is for med
on the back of a sem conductor substrate, it is possible to prevent

obser vat Pabstratsmstihemgdon thetbackeof the sendiconducion substrate imesyonetdfe

sem conductor substrate. Mreover, when formng a face not parallel wth

t he surf teeabéveabasnicbananieristics.substrate on the back of the sem conductor
substrate and using the face as the above rough face, a stress is applied
to the seni colmthé oasesabs semiermhatdOintegrated ciroai pafih eqmesest on t he

sem conduct or substrate. Moreover, when formng a shielding filmon the
entire suifatiomfstidl moire pacfeexldy, the shivtding filat pafirnixet omeke surface emar kabl e.

However, by pattern-form ng the
and back of the semiconductor substrate at least one each in any one of the
above basic characteristics.

In the case of a semiconductor integrated circuit of the present
invention, still more preferably, the treatment for increasing a crystal defect
density is applied to the back of the semiconductor substrate in any one of
the above basic characteristics.

According to each of the above semiconductor integrated circuits of
the present invention, it is possible to prevent analysis of a circuit device

{ portion formed on the surface of a semiconductor substrate by applying
infrared radiation from the back of the semiconductor substrate.

Particularly, in the case of a configuration in which a rough face for
irregularly reflecting infrared radiation is formed on the back of a
semiconductor substrate, it is possible to prevent observation from the back
of a circuit device on the surface of the semiconductor substrate. Moreover,
when forming a face not parallel with the surface of a semiconductor

substrate on the back of the semiconductor substrate and using the face as

the above rough face, a stress is applied to the semiconductor substrate and
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shielding filmas described above, a stress due to a difference between

t hermal expansion coefficients of a shielding filmand an interlayer
insulating filmis noderated, it is possible to forma rough face for
irregularly reflecting infrared radiation on the back of the sem conductor
substrate, and the effect for preventing observation fromthe back can be
recei ved. Moreover, when a shielding filmis also formed on the back of a
sem conduct or substrate the sanme as the surface of the sem conductor

substrat it J i vent. ervation fro he back.,of a circuit
dovi ce- o PRk TAPERE Bictieh BoBLR ERaOR TR E fhBRal e Mo et st ng
irregul ay reflecti.on.of Jynfrared radiation incogi.ng fromthe back of the
sem cond{%%}lgéu%’é? %.ﬁllﬁu?]i‘ﬁﬁ? ﬁﬂﬁg? SPﬁ%ﬁﬁﬁ?é“g}éP iGYCHeYFEVSt a convex
war page occurs on the sem cond ctlgl(r9 bstrat ﬁ:mdue to %he shielding film
formed oWarPasesheoomRes pere ﬁ%m§§]ﬁ? nddeVEYeks PER A1 O&’Irélé‘gttgien degree of a
concave rpage occurs due to the shieldipng filmformed on the back of the
seni cond%ﬁ@ﬁﬁng@m% ascripfist ahBiee 2 HEensi e ta a diferense hefweeni el ding il ns
present on the both sides of the sem conductor substrate are offset and the
war page dfermad expansiondieetiovientiefta shieldingrlae aadean imterkayer nore, when a
treatment for increasing a crystal defect density is applied to the back of
a sen comgudating filipsismaoderated ities possiblentmi foymon rowgh famclorof t he

sem conductor substrate becones |arger than the crystal defect density of a
nor mal nomegidhekytiefleciagaenfratbé rafation oinehé bhckoéthe aeinatonoiwmctdrl i nconi ng

fromthe back of the sem conductor substrate is irregularly reflected by
crystal siebstedte, andtthe effent fonshesbatingubstralteornfidm the baglogan bee  to

prevent observation fromthe back of a circuit device on the surface of the
received.

Moreover, when a shielding film is also formed on the back of a
semiconductor substrate the same as the surface of the semiconductor
substrate, it is possible to prevent observation from the back of a circuit
device on the surface of the semiconductor substrate by accelerating
irregular reflection of infrared radiation incoming from the back of the
semiconductor substrate. Furthermore, though a certain degree of a convex
warpage occurs on the semiconductor substrate due to the shielding film

{ formed on the surface of the semiconductor substrate, a certain degree of a
concave warpage occurs due to the shielding film formed on the back of the
semiconductor substrate. Therefore, bending stresses of the shielding films
present on the both sides of the semiconductor substrate are offset and the
warpage of the semiconductor substrate is moderated.

Furthermore, when a treatment for increasing a crystal defect density
is applied to the back of a semiconductor substrate, the defect density on the

back of the semiconductor substrate becomes larger than the crystal defect

density of a normal non-defective wafer. Therefore, the infrared radiation
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sem conductor substrate. To achieve the above object, an I C card of the
present invention nounts a sem conductor integrated circuit of the present
invention. According to an IC card of the present invention, a

sem conductor integrated circuit to be nounted denonstrates an effect by the
sem conductor integrated circuit of the present invention. Therefore,
resultantly, an I C card having the sane effect is obtained in which anal ysis
for an illegal purpose is inpossible or very difficult. BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a local sectional view schematically show ng a

sectional structure,of a.fi.rst enbodi pent of. a sem conductqr integrated
circuit WOWBg%ﬁ%gbﬁtchh@éﬁﬁ? Semigqnylucsoy substratess 1¥¥ﬁ§“iﬂj§{/ show ng a
shi el di n%gqi{i I r’a:gatter n af the first enbqdi nent of the sem conduct or
i nt egr at Edlestet by criyial fefegtsenethe samirentneter smbgtrate paddt ipspassiblep vi ew
showi ng anot her shielding filmpattern of the first enbodi nent of the
seni condigckravenhpbsgrvasigndrem e keck ofea pirewidrdevidenarethe swrfape gf the i s a
sectional view schematically show ng anot her sectional structure of the
first ensodicopductl substraded conductor integrated circuit of the present
invention; 12 Fig. 5is a local top view showing a shielding filmpattern
and a top- vi'Esadhsveuhewbevefobjecscanidd eriadithe presfntansenticnnduct or
integrated circuit of the present invention; Fig. 6 is a |local top view
schemat i g@nys ahemiogndudtopinvtiegyeidd circuit of the present invention.
According to an IC card of the present invention, a semiconductor
( integrated circuit to be mounted demonstrates an effect by the
semiconductor integrated circuit of the present invention. Therefore,
resultantly, an IC card having the same effect is obtained in which analysis

for an illegal purpose is impossible or very difficult.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 11s a local sectional view schematically showing a sectional
structure of a first embodiment of a semiconductor integrated circuit of the
present invention;

( Fig. 2 is a local top view showing a shielding film pattern of the first
embodiment of the semiconductor integrated circuit of the present
invention;

Fig. 3 is a local top view showing another shielding film pattern of the
first embodiment of the semiconductor integrated circuit of the present
invention;

Fig. 4 is a sectional view schematically showing another sectional
structure of the first embodiment of the semiconductor integrated circuit of

the present invention;

12



structure of a conventional sem conductor integrated circuit; Fig. 7 is a

| ocal sectional view schematically showi ng a sectional structure of a

sem conductor integrated circuit of the present invention; Fig. 8 is a | ocal
top view schematically showing a top viewed structure of the second

enbodi nent of the sem conductor integrated circuit of the present
invention; Fig. 9 is a local sectional view schematically show ng a
sectional structure of the second enbodi nent of the sem conduct or
integrated circuit of the present invention; Fig. 10 is a | ocal sectional

vi ew schenat i Egl. byis shloeahpavisecsliomak a shieidingrfdnopatterhiand £odpdi nent of a
sem conductor integrated circuit of the present invention; Fig. 11 is a

| ocal t opiewiedvtsiawireof a sebired dim@dimbnt pha tsefmicaidwctbomegrafadel di ng film
of the third enbodi ment of the sem conductor integrated circuit of the

present ¢#ipmaRbLf e pFas@nt I8vérsign; ocal top view show ng anot her shiel di ng
filmpattern of tﬂe | ower shielding filmof the third enbodi nent of the

sem conduct Or gl BFi@%rl%EEPtcﬁ)iﬁ%%: %C)I/l%inét m&hé&@pﬁ%a Fig. 13 is a

| ocal sectional” view schenati ca show ng a section structure of a

our 1, EREEED sty LGRS AN LRSI AL O 11 preoent
sectionel, SUREICE Rhafe bl PRl g FEMFOALUER B "2
schemat | gt%u:%r%% Ve\lli stthidon &(t:tiog ri]g{egrated circuit of the present invention;
Fig. 8 is a local top view schematically showing a top viewed structure
of the second embodiment of the semiconductor integrated circuit of the
present invention;
Fig. 9 is a local sectional view schematically showing a sectional
structure of the second embodiment of the semiconductor integrated circuit
of the present invention;
Fig. 10 is a local sectional view schematically showing a sectional
structure of a third embodiment of a semiconductor integrated circuit of the
present invention;
L L Fig. 11is a local top view showing a shielding film pattern of a lower
shielding film of the third embodiment of the semiconductor integrated
circuit of the present invention;
Fig. 12 is a local top view showing another shielding film pattern of
the lower shielding film of the third embodiment of the semiconductor
integrated circuit of the present invention;
Fig. 13 is a local sectional view schematically showing a sectional

structure of a fourth embodiment of a semiconductor integrated circuit of

the present invention;
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structure of a sixth enbodi nent of a sem conductor integrated circuit of the
present invention; Fig. 16 is a |local sectional view schematically showi ng a
sectional structure of a seventh enbodi ment of a sem conductor integrated
circuit of the present invention; Fig. 17 is a |local top view schematically
showi ng a top-viewed configuration of an enbodi nent of an I C card of the
present invention; Fig. 18 is a top view show ng a top-viewed structure of
t he conventional sem conduct or integrated circuit and Fig. 19 is a

sectional vi e ectlo .stru ture o .convent.i onal

seni conduct or ﬁ%‘ﬁagé%aiﬁ?@m VBEY AC E@a@E IS we@eﬁﬂen ENTI ON

( PREFERRED EI\/B flrﬁngﬁft odi nents of ,a sem conductor _integrated circuit
of the pFBIEHYre ¢ it eled semjcondugtargniegraged seauitiofbat i on

circuit") are descri bed beI ow by referring to the acconpanying drawi ngs. In
t he casepaesegstnnae@tww drawi ngs, the sanme portion of a structure disclosed
inthe prior art is provided with the sane synbol. <First enbodi nent> 14
Fig. 1 schemaffligald s &hwab sectbmrtlivoesischematically s&limangramnbnal nventi on
circuit 100 of the first enbodinment. As shown in Fig. 1, the present

i nvent i ostraictwxd of 4 8xth endlwrdirdnityf a winticon ductey integ2dtedorisduit of €tk by a
MOSFET, di ode, and resistance on the surface 4a of a sem conduct or

substr at grésenitdivastiénsi ngl e-crystal line silicon substrate by the nornal

sem conductor fabrication process and noreover formng a signal wring

Fig. 16 is a local sectional view schematically showing a sectional
structure of a seventh embodiment of a semiconductor integrated circuit of
the present invention;

Fig. 17 is a local top view schematically showing a top-viewed
configuration of an embodiment of an IC card of the present invention;

Fig. 18 is a top view showing a top-viewed structure of the
conventional semiconductor integrated circuit; and

Fig. 19 is a sectional view showing a sectional structure of the

conventional semiconductor integrated circuit.

f DETAILED DESCRIPTION OF THE INVENTION (PREFERRED
EMBODIMENTS)

Embodiments of a semiconductor integrated circuit of the present
invention (hereafter referred to as “present invention circuit”) are described
below by referring to the accompanying drawings. In the case of symbols in
drawings, the same portion of a structure disclosed in the prior art is
provided with the same symbol.

<First embodiment>
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between circuit devices 21 and a signal line for inputting/outputting a
signal fromor to the outside of the present invention circuit 100 by a
nmetallic wring 16. The netallic wiring 16 is forned on the upper portion
than the <circuit device 21 on the surface 4a of the sem conductor substrate
4 and noreover, the shielding film1l according to the sane netallic |ayer
as the netallic wiring 16 is fornmed on the upper |layer of a circuit
structural portion 20 formed by the circuit device portion 21 and netallic

wiring 16. The shielding film 1l has a.shi.eldin ontion 9 and an opening 12
as descri bedi} fgatsle C%eﬁag@yci%w%? SFﬁ'%méﬁla%P‘ég\rE OfAPTesEnt he netal | i c
wiring 16 and the shiel di.n ortio .of the shielding film1l are realized
by usi ngl%ventt’rﬂne%m‘&?éﬁor?étt P irgt WBP%“%PBC&SS.EO% - 1 nunber of

| ayers of netallic wirings is not restricted to 3 layers. Each netallic

Wi ring 1Breseat 1ayendien sgcpdri0os formed byia ciarnij devicst 1 eenstituted byat ed by
the interlayer insulating film7. Each nmetallic wiring 16 is vertically

el ect ri calN{Sddshetiods, an\ﬁ?wvslsmcgwmh@i swyfaner 42 ofia Sempeandyieter connecti on

| ayer 14. Moreover, a protective film19 is fornmed above the shielding film
1 and t heubgeaie such of a sihglestrystalling silit¢on dubsirive lethor ntadal ater i s
filled wwth the protective film19. In the case of this enbodi nent, the

met al | i csemidonguttorffabrehagoalprovessiangl andedvea fHinehgiangspadtwomn® of the
shielding film1 are fornmed by 15 netallic materials of five layers of TiN,

Ti, AJCubefhrdén @nchitidelicem2ihen dippiinaldirtiefortingubih goutiputting 88i has a
filmthickness of 0.535 pmand the shielding portion 9 has a filmthickness

of 0. 76 Piom &P €o thd entsAI€6f thdpidsht Mvertidh Arbeit VOB Hy B H@dtallgc Wi ri ngs 16
and between the nmetallic wrings 16 and shielding film1l is fornmed by a
P- TECS/ HRRrihis| 19, MalE Rfetallid WisKEa8S s FormeR 08%helugPBr portion than the
circuit device 21 on the surface 4a of the semiconductor substrate 4 and
moreover, the shielding film 1 according to the same metallic layer as the
metallic wiring 16 is formed on the upper layer of a circuit structural
portion 20 formed by the circuit device portion 21 and metallic wiring 16.
The shielding film 1 has a shielding portion 9 and an opening 12 as
described later. In the case of the example in Fig. 1, the metallic wiring 16
and the shielding portion 9 of the shielding film 1 are realized by using a
( three-layer metallic wiring process. However, the number of layers of
metallic wirings is not restricted to 3 layers. Each metallic wiring 16 and
shielding portion 9 are mutually electrically insulated by the interlayer
insulating film 7. Each metallic wiring 16 1s vertically electrically connected
with the shielding portion 9 through a connection layer 14. Moreover, a
protective film 19 is formed above the shielding film 1 and the opening 12 of
the shielding film 1 to be described later is filled with the protective film 19.
In the case of this embodiment, the metallic wiring 16 for signal

wiring and the shielding potion 9 of the shielding film 1 are formed by
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In the case of this enbodinent, the shielding film1 does not cover 100% of
the entire surface of a chip with the above netallic material but formthe
opening 12 uniformy scattered on the entire surface of a chip and an
action is taken to noderate a stress due to a difference between thernal
expansi on coefficients of the sem conductor substrate 4 and the interlayer
insulating film?7 caused by heat treatnent in the mddle of the fabrication
process (wafer stage) of the present invention circuit. That is, the portion

open ng TSt iipledt 4 O ARRILV AR o Bl B ACh T G T o B BT 1)
e Bl S e 6 T e PR IR 100 5, e
T R T D SRS BT et 572
on an - omeRGRIRE BLRLT bt o mete iy iaRes J6 rarharpeepghagneiaie: m nat | on

straight line") parallel with the surface of the sem conductor substrate 4

passi ng wimpsudh andethieldngfdm &ps &ranayby ad dBQBHDEfne haying on 21 and

the circuit wring in the shielding portion 9. In this case, (2) denotes
that a pthickhessyofdppropehitigs 12 uniformy distributed on the entire surface
of a chip are 16 realized by assumng not a straight line crossing only a
chip corner phythooasdnftthas sbadihent,ithe shiaddsmgfiimhedoenhotatovenr ti on of the
chi p because the openings 12 are present on the determ nation straight

| ine. Moi@d%er theentirbeuctse offa ¢hip sviehithdialené mdéthliopenerigbbd? are formed
so that the length of the portion where the determ nation straight line in

t he abovfyroPihd spersuperd wipidonalyoscatteared pnefhd digtirosiiface & slokip Med exceed

200 pm and the
an action is taken to moderate a stress due to a difference between thermal
expansion coefficients of the semiconductor substrate 4 and the interlayer
insulating film 7 caused by heat treatment in the middle of the fabrication
process (wafer stage) of the present invention circuit. That is, the portion
other than the shielding portion 9 of the shielding film 1 serves as the
opening 12. In this case, the opening 12 is formed on the basis of (1)
scattering at least either of a plurality of independent openings 12a whose

{ circumference is surrounded by the shielding portion 9 and a plurality of

independent shielding portion 11 whose circumference is surroﬁnded by the
opening 12 in the shielding portion 9 on the entire surface of a chip or on the
basis of (2) on the basis that a plurality of openings 12 are present on an
optional straight line (temporarily referred to as “determination straight
line”) parallel with the surface of the semiconductor substrate 4 passing
through a portion for shielding the circuit device portion 21 and the circuit

wiring in the shielding portion 9. In this case, (2) denotes that a plurality of

openings 12 uniformly distributed on the entire surface of a chip are
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rate of an area on the entire surface of the chip occupied by the shielding
portion 9 (shielding rate) ranges between 40% and 61% nore preferably

bet ween 50% and 60% Figs. 2 and 3 show specific patterns (portions) of the
shielding film1. 1In the case of the shielding filmpattern shown in Fig.
2, the shielding portion 9 and opening 12 are alternately repeated on
straight lines in X direction, Y direction, and diagonal direction in order
of the continuous shielding portion 10 with which the shielding portion 9

EEPE'EEFZ?%AA%%W%&%?%&%E@Q% I%gfaﬁ%ht lipd ﬁf’??%f’r‘igzim a’n%‘g%‘ﬁ)éﬂﬁﬁgg’ PR e case
1q. 2, - 12
whose. oprbapenieht Budprbesfe htitaBRTporEn of g‘i“ﬁ}%?pen #e 3" Coont’ nuous

shieldin orti 10 and inde ent shi d|n In the case of
the shi ePRSWD %%rﬁaﬂeémt %gﬁﬁ%ﬁwrﬁl&a 0 2B dineng e %eq‘@raant or nat ol y
repeated jin X d| i on rection at_a repeti |v p| ch e.g. 40
gm. Theh ?ﬁ%ﬁ%‘?ﬁr&iﬁ) bﬁglmzn& etqp@na%‘eb%ﬁa%gn p 11 have
the sane size and the length of a diagonal line is 10 The circul ar

openi ng ofithg postmwhese &l@mdethmmﬁa@peeﬁmght bmeencﬁhﬁgpb@@m(?bw

Therefore, in the case of the shielding filmpattern shown in Flg 2, the
maxi mum Sepeimposed antthe shigldingrporaen Paloes oot lbacewsk?0Q ho deddhai nat i on
straight Iine and the shielding portion 9 is 200 pmor |ess at approx. 43
pm and t hatesifial drezgon dhe entise S611266wf The chigt eeenpishbywhé shielding3 1 s a

nodi fication of the pattern shown in Fig. 2, which is changed by formng a
r ect angl portiow Ot(alyiebdingtiate) wingeksdetwhen me@ehdtﬂl\?/a mbtecpreferably he same in

Fig. 2 and Fig. 3. Thus, by formng the
between 50% and 60%.
Figs. 2 and 3 show specific patterns (portions) of the shielding film 1.
In the case of the shielding film pattern shown in Fig. 2, the shielding
portion 9 and opening 12 are alternately repeated on straight lines in X
direction, Y direction, and diagonal direction in order of the continuous
shielding portion 10 with which the shielding portion 9 continuously
contacts, opening 12, independent shielding portion 11 whose circumference
is surrounded by the opening 12, and opening 12. In the case of the pattern
i in Fig. 2, all the openings 12 are independent openings 12a whose
circumferences are surrounded by the shielding portions 9 (continuous
shielding portion 10 and independent shielding portion 11). In the case of
the shielding film pattern shown in Fig. 2, the opening 12 is alternately
repeated in X direction and Y direction at a repetitive pitch L (e.g. 40 pm).
The rhombic opening 12 and the independent shielding portion 11 have the
same size and the length of a diagonal line is 10 pm. The circular opening

12 is formed around the independent shielding portion 11. Therefore, in the

case of the shielding film pattern shown in Fig. 2, the maximum length of
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| i near factor of the opening 12 into a curved line, stress concentration at
the corner portion where a straight line and a straight |line are crossed
can be noderated and a crack does not easily occur on the shielding film1.
In the case of the shielding filmpattern showm in Fig. 3, the maxi num

| ength of the superinposed portion between the determ nation straight |ine
and shielding portion 9 is approx. 57 pmand the shielding rate is 60.76%
The shielding film1l shows the original shielding effect while the

shielding portion 9 is electrically floating. However, it is nore preferable

Lo ol eckid SRl RnpEhr e LeaR U AeRhahiind BRLERPRAbdaRl alhe

shielding p xed potential suc e~groun otential or a

brocent PRANPRITEE T i 70 pbP Gy JE afidstithh £bb nRghb Rt Sy ent i ng

a mal f“”“%é’? %ue to influences of radiation of electromagnetic noi ses and
noi ses sent>: P m others is nore shown. Moreover, as shown in Fig. 4, by

usi ng the shi bdin ortion 9 of the shiglding fi.lim1l as a power. supply
W riag for - SulBERALER Ry i ot B Fnciich O obioe iafey BouAinal
extensiopn. of the powey supply wiring by the, netallic wiring 16 bhecones
unnecessﬁ%@ Qad‘gi‘]?ﬁdﬁ cfEkang%(fEMWW agedpnsgls onpdagon into peuslethe o reduce
power supply.noises by decreasing_the resistance and 18 inductance of the
pover sulgnefitiye piteh dng thesamem YigH pndifis. 3.| dhuseby demningithe g, 4, the
ground potential or power supply potential is successively supplied from
t he shi elideayfasder phthegonamingigrinte aaturived hinei atressconpentivption Abthonnect i on
|l ayer 14 and finally supplied to the circuit device portion 21. The
cont i nuocernehipertibngvipereta straightdone esdenstsaightdinroatd aossembcembet he  power
supply wiring of the shielding portion 9 in the shielding filmpattern

moderated and a crack does not easily occur on the shielding film 1. In the

case of the shielding film pattern shown in Fig. 3, the maximum length of

the superimposed portion between the determination straight line and

shielding portion 9 is approx. 57 pm and the shielding rate is 60.76%.

The shielding film 1 shows the original shielding effect while the

shielding portion 9 is electrically floating. However, it is more preferable to

electrically connect the continuous shielding portion 10 of the shielding

portion 9 to a fixed potential such as the ground potential or a power supply

( potential used for the circuit device portion 21 of the present invention

circuit. As a result, the shielding effect for preventing a malfunction due to

influences of radiation of electromagnetic noises and noises sent from others

1s more shown.

Moreover, as shown in Fig. 4, by using the shielding portion 9 of the
shielding film 1 as a power supply wiring for supplying the ground potential
or power supply potential, extension of the power supply wiring by the

metallic wiring 16 becomes unnecessary addition to said shielding effect and

it is possible to reduce power supply noises by decreasing the resistance and
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shown in Fig. 2 or Fig. 3. (Second enbodinent) Fig. 5 shows a pattern
(portion) and a top viewed structure of the shielding film1 of the present
invention circuit 100 of the second enbodinent. The sectional structure of
the present invention circuit 100 is the sanme as the first enbodi nent. The
difference fromthe first enbodinent is the pattern shape of the shielding
filml. In the case of the shielding film pattern of the first enbodi nent,

t he opening 12 and i ndependent shielding portion 11 are formed in one |arge

continuo i i i 10, In.the .case of the secon nbodi nment ,
however , ﬂ?%é&égégpnﬁlo%&‘gﬁfgl%&ﬁgm&ég PR detgedse eipRize ﬂ‘? gh? @t ont i nuous
shieldin ortions 10a and 10b by an isolating s e 35. Thusg, when a
pluralit gf gfg'cioﬁﬁ? ﬁﬁ%‘ﬁ%gyﬂpeé}t&?ln‘é ot aal %f@ﬁy f@%%?tgg%s@é’é?ﬁ?ssb‘ﬂaﬁei ng
electrically.isolated, jt.i.s possjble to use the.  continuous shi el ding
portions SEBéh%‘i gr%gg%§hﬁé@@gp%‘ﬁ’ﬁﬂwgm ?9‘4"1%“‘1% G GVITHY éﬁttﬁﬁﬂughavel S
different, fromeach other. In this case, by connectggg the continuous
shi el di n§hoerrResHONIaxeRd nelly sppnkied S0 she pisuitsdeyzcapertiau2 havi ng
different potentials respectively, it is possible to use themas a
pl ur al i t Fhefcopsimarous shpelding porigen Whicherespondsitmg nortionhisefldisridreef f ect f or
preventing a nmal function due to the shielding effect and radiation of 19
el ect r onpgwet isupply wesnanf theshisddiog pirtioni 3 os the sheddingrfilm patteenshi el di ng
portions 10a and 10b. It is allowed that the power supply pads 33 and 34
have t hesbaws ipdfigniozlFige3g. ground potential). In any case, the continuous
shiel ding portions | 0a and 10b are connected to a fixed potential to show
the abo{Sewhidedmbodinediftect. Conventionally, as schematically shown by the
top viewin Fig. 6 or
Fig. 5 shows a pattern (portion) and a top viewed structure of the

shielding film 1 of the present invention circuit 100 of the second

embodiment. The sectional structure of the present invention circuit 100 is

the same as the first embodiment. The difference from the first embodiment

is the pattern shape of the shielding film 1. In the case of the shielding film

pattern of the first embodiment, the opening 12 and independent shielding

portion 11 are formed in one large continuous shielding portion 10. In the

case of the second embodiment, however, the continuous shielding portion

10 is divided into two continuous shielding portions 10a and 10b by an

isolating space 35. Thus, when a plurality of continuous shielding portions

10 are present by being electrically isolated, it is possible to use the

continuous shielding portions 10a and 10b as power supply wirings having

potential levels different from each other. In this case, by connecting the

continuous shielding portions 10a and 10b with power supply pads 33 and

34 having different potentials respectively, it is possible to use them as a

plurality of power supply wirings while providing the shielding effect for

preventing a malfunction due to the shielding effect and radiation of
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the sectional viewin Fig. 7, first power supply line 43 and a second power
supply line 44 are necessary for a first circuit block 40 and a second
circuit block 41 and wiring spaces of the power supply lines 43 and 44 are
necessary for the surrounding area of the first circuit block 40 and second
circuit block 41 or a space 47a between the first and second circuit bl ocks.
However, when using the shielding portion 9 as a power supply line like this
enbodi ment, the first continuous shielding portion |0Oa is connected to the

first cirecuit block. 40 .and GORd circuit. bl eck 41 throygh a.first

connect i 8%&%%% lca%mg'ﬁsoaﬁﬁ Wﬂflﬁ%ces 8@??18?1%&05‘? 86&“?’“& tF—’i%ge @?‘IWB%V er, the
second conti nuo shi,el di .portio Ob ,is connected to.t fi circuit

bl ock 40p%b‘)r£se€@?1anéﬁng)uirﬁlgﬁial@ﬁ’ealt}’ﬁ%rtbﬁ@‘?v@rsgé@’@%ﬂp@éﬁEgcﬁW{)g‘iI ayer 46.
Thereby,,it is possible to, omt extension of the first a,Bd second power
supply” Wave @%sawm}él BTy 04 BrtenPpde In anngash thasorERBORAYer as a
signal wring set at the surrounding area of the first circuit block 40 and

second shielding nparbers4Paanl ARk are capneeted to peivgdbnotandialite showitheui t bl ock

40 and second circuit block 41 smaller than the space 47a between the
convent | ahave skieldingtefficbcks as shown in Figs. 8 and 9. As a result, it is
possible to decrease the chip size of the present invention circuit. The
content is p&onventiondlly eds suhtenvati¢adly sheenmbhyobeuopodewnndiigated circuit
requiring 20 multiple power supply. It is possible to use the shielding
portion thasedionzdweew snfiky7 | firse powesr spphy howet3 asd awsebnégofseom t he
outside through a power supply pad or froman internal circuit (for

exanpl e, supglyl 1t @14 Qut pletgssary Tht a diretrbieduitdlbdk ) endldsewhd@tddal |y shows

a ‘sectional structure of a present invention circuit 101 of third
enbodi neBlock ieakd Gy spacesof e pbiveristipply lines 43 and 44 are
necessary for the surrounding area of the first circuit block 40 and second
circuit block 41 or a space 47a between the first and second circuit blocks.
However, when using the shielding portion 9 as a power supply line
like this embodiment, the first continuous shielding portion 10a is connected
to the first circuit block 40 and second circuit block 41 through a first
connection layer 45 as shown by the sectional view in Fig 9. Moreover, the
second continuous shielding portion 10b is connected to the first circuit
( block 40 and second circuit block 41 through a second connection layer 46.
Thereby, it is possible to omit extension of the first and second power supply
wirings respectively using a metallic wiring on the same layer as a signal
wiring set at the surrounding area of the first circuit block 40 and second
circuit block 41 and make a space 47 between the first circuit block 40 and
second circuit block 41 smaller than the space 47a between the conventional
circuit blocks as shown in Figs. 8 and 9. As a result, it is possible to

decrease the chip size of the present invention circuit. The content is

particularly effective for a semiconductor integrated circuit requiring
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101 is different fromthe present invention circuit 100 in that shielding
filme 1 are constituted by two | ayers and have a upper shielding filmla
and a |lower shielding filmlb. Howto forma circuit device portion 21,
signal wring, shielding filnms la and 1b, and interlayer insulating film?7
and a material used and filmthickness are the sane as the case of the
first enbodinent. However, the |ower shielding filmlb has the sane
thickness as the netallic wiring 16. In the case of the third enbodi nent,

it isp ' Qﬂi}lpe-' INANT[IE rti.on 20 by using
two | aygﬁgltglgg:f?&%m I gfngy}ﬁ%rﬁ% %ﬂgfta “t%'ﬁéﬁgp?%é‘?m@#@#@?%‘ggfafsﬁﬁn | a and the
| ower shj i i hm | . I i r 2y ortion 20 from
opti cal oog‘léegré\?/lg)tplfl %%y&ée?iﬂg}pl% ?\a()%%]l% Egggggé%gé&ggégméﬁﬁlegkg%%%ﬁ el ectronic
beam tester. Each of .t | ayers ., of {he shigl ding filns IS provided with
openi ng?oﬁrﬂpﬁ)@? Wgo\ggﬁ??le?%glt@ﬁnai HECHh OFt?X?%PHlﬁc’éega’#a‘!é’r tgu h order to
apply a [ ess eratjon neasure simlarly to the case of the first
enbodi ne(ﬁ'i"lﬁﬂmgﬁgu}l%?grence for formng the openings 12 is basically the
sanme as that esi{)ibﬁg fo‘r?ilhe first enpodinent. It is allowed to use the
pattern of tHa8sh?sremgticallinshows a sretionad strugiprriphapressidwn in Figs. 2
and 3 as the shieldi nqufi | mpattern of the 21 upper_ shielding filmla. It is
al | owned 1nyeREen cHeUHat behthizd eptboshimenti e niesenbinveationofirewis | ower
shielding filmlb so that the circuit structure portion 20 _cannot be
obser vedOlhisglifferentdrory dhespresenhinvemitom ein¢wit ditgnfthiatnshieldingifithe | over
shielding film1b. For exanple, when using the shielding filmpattern in
Fig. 2 dsarcheonshitated hy twollaype awd havé atwpparpgseldng &l hganflid mla, it is
allowed to use the shielding filmpattern shown in Fig. 11 as

lower shielding film 1b. How to form a circuit device portion 21, signal

wiring, shielding films 1a and 1b, and interlayer insulating film 7 and a

material used and film thickness are the same as the case of the first

embodiment. However, the lower shielding film 1b has the same thickness

as the metallic wiring 16.

In the case of the third embodiment, it is possible to completely shield

a circuit structure portion 20 by using two layers of the shielding film 1 of

the upper shielding film 1a and the lower shielding film 1b and prevent the
( circuit structure portion 20 from optical observation by an optical

microscope or cbservation by an electronic beam tester. Each of two layers

of the shielding films 1 is provided with openings 12 uniformly scattered on

the entire surface of a chip in order to apply a stress moderation measure

similarly to the case of the first embodiment and the reference for forming

the openings 12 is basically the same as that described for the first

embodiment.

It is allowed to use the pattern of the shielding film 1 of the first

embodiment shown in Figs. 2 and 3 as the shielding film pattern of the
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the shielding filmpattern of the lower shielding film 1b. The shi el ding
film pattern shown in Fig. 11 is a reverse pattern of the shielding film
pattern in Fig. 2. That is, the opening 12 of the upper shielding filmla
is located on the shielding portion 9 of the |ower shielding filmlb, the
shielding portion 9 of the upper shielding filmla is |ocated on the
opening 12 of the lower shielding filmlb, the relation between the both is
conplenmentary, and a repetitive pitch L is the same for the upper shielding

filmla and the. lower.. shielding-filmlb in, X difection and Y..direction. In
the case"BP¢t f ei‘ﬁi“&%‘?‘hga- fI?F g‘fvf’g]rtﬂ USh plarii{quge.‘s ‘?glilﬁgjlﬂﬁxi nmum | engt h
of the suyperinposed. .partion. betweep a determ natiqon straight [ine and the

| ower sh#‘gm&? Le | q)f;ﬁheﬁgwleg Sgﬁ%ﬁ{ﬁg B%‘Q ﬂ%ﬁ%ﬂbﬁtﬂ%@ ¥t gHNGTE st e i s 43. 75%

A percentage of 100% |s obtai etgﬁby addi ng the shielding_ rate of the upper

shi el di n§o¥em2P £apneh be pRgery augh @i laners ofithe ypnen shieldmeg flme al | the
shielding filmpatterns shown in Fig. 11 are, constituted by an independent

Shi e di ngand ihsrlowerhiglding fbmritor Batexasples orhounsa the shielbpgni ngs 12,

as shown in the first enbodinment, it is not possible to connect the

shi el di n§lparattem o Big. tZwes thanshiekhnglfiimpattermof bhe upaer shieddingot enti al or

use the portion 9 as a power supply wiring. Mreover, not all the openings

12 of thélmhlzlitingléwveditpase ¢ha shoeldidgnfil gattetnalevd?in Hdepdngdent openi ngs
12a but they are mainly continuous openings 12b in which the openings 12

are cont ke shis] gingdilne phétdrn Dfichelower shielding fiineflbr AHeshieldiagfilirhe | ower
shielding filmlb into a shielding filmpattern constituted by the

Ri el dinh P I mepat rorn Chown in B g a8, the. et mum T ongrhror o the

superi npEsed pPPhht &) thelpesi Al Zief eiduppti Mickding AR 1hiistocaned bhe
the shielding portion 9 of the lower shielding film 1b, the shielding portion 9
of the upper shielding film 1a is located on the opening 12 of the lower
shielding film 1b, the relation between the both is complementary, and a
repetitive pitch L is the éame for the upper shielding film 1a and the lower
shielding film 1b in X direction and Y direction. In the case of the shielding
film pattern shown in Fig. 11, the maximum length of the superimposed
portion between a determination straight line and the lower shielding film

("_ 1b 1s approx. 29 pm and the shielding rate is 43.75%. A percentage of 100%

1s obtained by adding the shielding rate of the upper shielding film 1a with
that of the lower shielding film 1b.

Because all the shielding film patterns shown in Fig. 11 are
constituted by an independent shielding portion 11 whose circumference is
surrounded by the openings 12, as shown in the first embodiment, it is not
possible to connect the shielding portion 9 of the lower shielding film 1b to a

fixed potential or use the portion 9 as a power supply wiring. Moreover, not

all the openings 12 of the shielding film pattern sown in Fig. 11 are
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shielding portion 9 of the lower shielding filmlb is approx. 50 pmand the
shielding rate is 53.12% In the case of the shielding filmpattern shown in
Fig. 12, though not illustrated, by zigzag connecting continuous shielding
portions 10 at ends, it is possible to formone or nore continuous shiel ding
portions 10 which are preferably used as a power supply wiring or power
supply wirings. Mreover, it is allowed to use the shielding filmpattern of
the upper shielding filmla in Fig. 2 or 3 shifted by L/2 in X direction
and Y ditectio respectively as.a shielding filmpattern of the. |ower

shi el di nif ?H%%FB? op 1%‘%@ Hreyi ane Ty Ontmyoug openinge 12 b ¢

I ndependent, opening 12a on the shielding filmpattern of the upper

shi el di ngFhich the spenmes dzegregontimousiy somnectedddbhenatone, 68 el di ng porti on
11 of the shielding filmpattern of the |ower shielding filmlb, the

annul ar Prefepeblgdationpdhedewer shiphdingdlilng Hbente aghielding Simearattexn t he upper
shielding filmla overlaps the continuous shielding portion 10 of the

shi el di ngotistitmtpdibydha cohtinveul shéelditg poxtiony 10ishownl im Frgnd 2a Ishihed di ng rate
of 100%is realized by the upper shielding filmla and the |ower shielding
filmlb. c3saef theedrekkng fidmspatteshsledwinng Rigt 12y the manithemubadthyoft he upper
shielding filmla and the | ower shielding filmlb, 23 the tinme required for

desi gn othesuperisiposedipogtibn betweén ardetemminutnestaight land addahecui t desi gn
time can be decreased. (Fourth enbodinent) Fig. 13 schematically shows a

sect i onakhfdl Al pureiodl9 af fehardr shisldens G0R 1 {Lalbprok0309fm fald He
enbodi nent. The present invention circuit 102 o?m% he fog{th enbodi nent is

di.f f er enghidl@impt fiRe B¢ S3120%.1 Ity €Ré £AE 6f thelHicldiRg M HARENEhEwRNROdI Ment in
t hat shiel ding portions of the upper

Fig. 12, though not illustrated, by zigzag connecting continuous shielding
portions 10 at ends, it 1s possible to form one or more continuous shielding
portions 10 which are preferably used as a power supply wiring or power
supply wirings.

Moreover, it is allowed to use the shielding film pattern of the upper
shielding film 1a in Fig. 2 or 3 shifted by L/2 in X direction and Y direction
respectively as a shielding film pattern of the lower shielding film 1b. In the
case of the example in Fig. 2, the rhombic independent opening 12a on the

‘ shielding film pattern of the upper shielding film 1a just overlaps the
rhombic independent shielding portion 11 of the shielding film pattern of
the lower shielding film 1b, the annular independent opening 12a on the
shielding film pattern of the upper shielding film la overlaps the continuous
shielding portion 10 of the shielding film pattern of the lower shielding film
1b, and a shielding rate of 100% is realized by the upper shielding film 1a
and the lower shielding film 1b. Thus, because the same shielding pattern

can be used by the upper shielding film 1a and the lower shielding film 1b,
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shielding filmla and a |ower shielding filmlb are used as power supply

w rings. Continuous shielding portions 10 of the upper shielding filmla

and the lower shielding filmlb are electrically connected with the netallic
wiring 16 of a circuit structure portion 20 through a connection |ayer 14.
To connect the continuous shielding portion 10 of the upper shielding film
la to the netallic wring 16, the portion 10 is tenporarily electrically
connected w th the independent shielding portion 11 of the | ower shielding

filmlb through the nnection,l ayer 14 _and {he independent shiel ding

por tion ¢ e Feireddr dnie af Agie sheAGng Sl Rabierh as taneRes e al | | ¢
wiring 16 through the connection |ayer 14. Therefore, two types of

shi el di ngfcr eirems degiem @me qanchbe dneveaseds shi el ding portion 10 used as a
power su lgl y wiring and the independent shielding portion 11 for relay are
necessarg gwithtamebedimamd) ng fil m pattern of the lower shielding filmlib and
it is necessary that the both shielding portions 10 and 11 are electrically
i sol at ed frombfegcld stheemati¢ally shoesrbedctrenal) stFucturé4f sopwesant cal |y shows a
sectional structure of a present invention circuit 103 of the fifth

enbodi memvexfFign citduit|10@siffaash embadienémt. Té phesens ineéwlio cirichit 1 i s
formed by one |ayer. However, it is allowed that 24 the shielding film1lis

formed by02wf the fowrth dndlyetimentlie difféidnt rdiodhapitsentsindiehtionaitcuit om t he
first to fourth enbodinments in that a rough face for irregularly reflecting

i nfrar ed 10adfahé eRirduppbodich dravartih at Rhid g ertitmsaif the wfyErconduct or
substrate 4 fromthe back 4b of the sem conductor substrate 4 is forned on

the back shfx]l@ingt filen JQNEFPAUEELEhRIBSERALE 18- ard WReETR owdihgpApnf i gur ati on
of- the surface 4a of the sem conductor substrate 4 is the sane "as the case
of any ORgrijgst Murftinwdus shibRAE BofIBREIRPERe upper shielding film 1a

and the lower shielding film 1b are electrically connected with the metallic

wiring 16 of a circuit structure portion 20 through a connection layer 14. To

connect the continuous shielding portion 10 of the upper shielding film 1a to

the metallic wiring 16, the portion 10 is temporarily electrically connected

with the independent shielding portion 11 of the lower shielding film 1b

through the connection layer 14 and the independent shielding portion 11 of

the lower shielding film 1b is connected to the metallic wiring 16 through

(‘_'___ the connection layer 14. Therefore, two types of shielding portions such as

the continuous shielding portion 10 used as a power supply wiring and the

independent shielding portion 11 for relay are necessary for the shielding

film pattern of the lower shielding film 1b and it is necessary that the both

shielding portions 10 and 11 are electrically isolated from each other.

(Fifth embodiment)

Fig. 14 schematically shows a sectional structure of a present

invention circuit 103 of the fifth embodiment. Fig. 14 illustrates a case In

which a shielding film 1 is formed by one layer. However, it is allowed that
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After any one of the present invention circuits 100 to 102 of the first to
fourth enbodinents is fornmed at the wafer stage, the wafer-state present

i nvention circuits 100 to 102 are cut into chips. Thereafter, the

sem conductor substrate 4 is polished fromthe back 4b so that the thickness
of the chip-state present invention circuits 100 to 102 becones | ess than
200 gm At the time of the polishing, a rough face constituted by a face
non- parallel with the surface 4a of the sem conductor substrate 4 is forned

as sho in:Rhg 14:  Th f s forqed by .an e of grinding nmethods
such as\%/g1 isﬁﬁ‘gﬁ%g rncl)ulgﬁ fé?@lgﬁgbyaéﬁ ﬂ%f‘h"jet ﬂy%rﬁghﬁé%ﬁ%%b?lﬁb?&lrﬁ?[%di ng

t hr ough .san aper d.grindipng,thrqu | aser beam Thereby,. it is

possi bl ésgbgﬁ%gsgmmgﬁgﬁf?t?q W&lf‘ %‘ﬁﬁgwﬁ% n ?@&%Fﬁ?&l%ﬁ%n 20 on the
surface 4a o he geni conduct substrate 4 for an.i|legal purpose perforned
by receiliﬁii‘i’%é}3 ¥ %W%&%@?%F%‘#{BHPPWEPBQ@Q tawagd ti'lﬁéu&é’ﬁ? (et or
substrate 4. Igﬁ'%i xth enbodi nent) Fig, 15 sco}ematica_l |y, shows a secti onal

st r uct ursénBEo wé%éﬂbstramgmr%ﬁh@ba@hi% chesemicoiidpatan substeate Though
Fig. 15 shows a case in which a shielding film1l is formed by one layer, it

i s al | ovel fornmedionethrsbank 4h af the seminondustorsuhstraty 4 wWohexeforsy he ayers. The

sixth enbodinent is different fromthe first to fourth enbodi nents in that
a back gsinéiguiratgon of bhe berfage floofithie semttmm dyatir sibstfate Sisntheosaduet or
substrate 4. Therefore, the configuration of the surface 4a of the

seni condascthercaselo$ angtomedfithetthst safmirthentbelioesds.of any one of the first
to fourth enbodinents. It is allowed to use a filmsane as the pattern of
t he shi el di ngAftéd amjyt onefof the présesit ihoethdom chreaithddOnent(R afsthehf@rsthi el di ng
filmpattern of the back

to fourth embodiments is formed at the wafer stage, the wafer-state present

invention circuits 100 to 102 are cut into chips. Thereafter, the

semiconductor substrate 4 is polished from the back 4b so that the thickness

of the chip-state present invention circuits 100 to 102 becomes less than 200

pm. At the time of the polishing, a rough face constituted by a face non-

parallel with the surface 4a of the semicohductor substrate 4 is formed as

shown in Fig 14. The rough face is formed by any one of grinding methods

such as grinding through dicing, grinding through sand blast, grinding

( through sand paper, and grinding through laser beam. Thereby, it is

possible to prevent observation of the circuit structure portion 20 on the

surface 4a of the semiconductor substrate 4 for an illegal purpose performed

by receiving infrared radiation from the back 4b of the semiconductor

substrate 4.

(Sixth embodiment)

Fig. 15 schematically shows a sectional structure of a present

invention circuit 104 of sixth embodiment. Though Fig. 15 shows a case in

which a shielding film 1 is formed by one layer, it is allowed that the
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shielding filmlc. After polishing the back 4b of the sem conductor
substrate 4, the back shielding filmlc is deposited and pattern-forned.
Thereby, it is possible to prevent observation of a circuit structure
portion 20 on the surface 4a of the sem conductor substrate 4 for an
illegal purpose perfornmed by supplying infrared radiation fromthe back 4b
of the sem conductor substrate 4 in addition to the shielding effect on the
surface 4a of the sem conductor substrate 4. Mreover, in the case of the

sem conge¢ tyat V&Y u . QfC t the centra
porti On%%ﬂ?élginvéﬁ%rﬁ I[gsfgrxgi’ggf}) in (gg?g}]@%gégé%soptﬁ%g%@greﬁtz%ﬁ% &n t her nal
expansi oef.fd ci ent s of .the i el di filmil,formed,on.the surface 4a of
t he seﬁi@%ﬁﬁf o t@lgﬁ@qs} & zoy%gnednﬁ%@%éw ¢B %83@?&?“&?2@?]:&%% T However ,
by formingthe back,shieldjng.filmic on the _back 4 t he sem conduct or
subst r at lg,fmane e ht(ﬁéi‘p‘iabg‘gf %é‘é’ﬁi‘r‘%"“&ﬁ‘q%@%%n‘guﬁ‘ﬂe Qfhihfate 4 due
to a difference betyween thermal expansi on coefficients of the back shiel ding
film 1c QRHBPKRICR aw&a ? 43 gbahe apruondpcioLsbstrate bindiansaner ess
wor king on_a wafer, is offset and the warpage of the sem conductor substrate
4 is nodsrikedase ofapgmne dibedingtte foushmmpodimendenat i cal |y shows a
sectional structure of a present invention circuit 105 of seventh
enbodi ment . Hf s allgweefl |tosise b saveesas the pakteth of theshickding filimkh 1 i s
formed by one |ayer. However, it is allowed that the shielding film1is
formed Wf thediret tofmeth aydrodimengs seveashicl émeoimpattears dithedwaekt from t he
first to fourth enbodinents in that a treatnent for increasing a crystal
def ect démalidityg fidmalepl Aftelr polishinggherbavkt 4b ofdehsergicandiciowi t devi ce potion
21 on the back 4b of a sem conduct or

substrate 4, the back shielding film 1c is deposited and pattern-formed.

Thereby, it is possible to prevent observation of a circuit structure portion

20 on the surface 4a of the semiconductor substrate 4 for an illegal purpose

performed by supplying infrared radiation from the back 4b of the

semiconductor substrate 4 in addition to the shielding effect on the surface

4a of the semiconductor substrate 4. Moreover, in the case of the

semiconductor substrate 4, a warpage convex upward occurs at the central

portion of a wafer to a certain extent due to a difference between thermal

expansion coefficients of the shielding film 1 formed on the surface 4a of the

semiconductor substrate 4 and the semiconductor substrate 4. However, by

forming the back shielding film 1c on the back 4b of the semiconductor

substrate 4, a concave warpage occurs on the semiconductor substrate 4 due

to a difference between thermal expansion coefficients of the back shielding

film 1c and the semiconductor substrate 4. Thereby, the bending stress

working on a wafer is offset and the warpage of the semiconductor substrate

4 is moderated.

(Seventh embodiment)
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substrate 4 and the crystal defect density is larger than the crystal defect
density of a normal non-defect sem conductor substrate. Therefore, the
configuration on the surface 4a of the sem conductor substrate 4 is the sane
as the case of any one of the configurations of the first to fourth

enbodi nents. After any one of the present invention circuits 100 to 102 of
the first to fourth enbodinents is forned at the wafer stage, argon gas is
made to contact with only the back 4b of the sem conductor substrate 4. In

this case, . f 1 NQ. ayhi gh-temperatune heat treatnent (e.g. heat
treatnent at bylﬁggésgggh]%gg%ﬁy)gmﬂs z?ge%og)sa\l@faéu 'drean‘ilPir?ﬁ%tl y generate a
crystal defect 55 (e, ef ect, havi ng a defect sity, higher than
1013/ anl)nvﬁﬂﬁwflrcrué:éftﬁ'f g%)‘? F"e‘fqnébtem]i"ﬁﬁpkﬁ‘gd ﬁgd?‘gﬁ'ﬂ]‘bﬂr WSFHEEE ¥r om t he back
4b by the, generated. crystal. defec 55. aresult, it is possible to
prevent ¥ %é&%&‘%ﬁ“i?%ﬁ?@eébﬂ&ﬁﬁ;er-p W EFRT 2 l%ﬁﬁf’W@dst@laﬁace 4a of
the sem conductor substrate 4 for an illegal purpose performed by applying
i nf r ar edtheadhigtding Blmohis Hemesdhy fwo or more layers. cbheseventhsubstrate 4 in
addition to the shielding effect on the surface 4a of the sem conductor
subst r at @mhodiprensisdifereridaombibedirst dp fomdhmmbedimdntiséntthetaci rcuits 100
to 102 of the first to fourth enbodinents, it is allowed to individually
appl y antreatieentforiintresaseng aatystal defdch density isrepplied $o aregton betcks 4b of
t he sem conductor substrates 4 of the fifth to seventh enbodi nents, it is
al so alteavhihg a cirendti dweviespotampy dohdechankadhioa septicandbidtyr ( Ei ght h
enbodi nent) Fig. 17 shows a top viewed configuration of an IC card 50 of
eiéglh_t h  atieiteenandthe beypabdefact davaty ivnrgdhthdiCtleaes sbdl defeétor med by
seal i ng

density of a normal non-defect semiconductor substrate. Therefore, the

configuration on the surface 4a of the semiconductor substrate 4 is the same
as the case of any one of the configurations of the first to fourth
embodiments.

After any one of the present invention circuits 100 to 102 of the first
to fourth embodiments is formed at the wafer stage, argon gas is made to
contact with only the back 4b of the semiconductor substrate 4. In this case,
by performing a high-temperature heat treatment (e.g. heat treatment at

- 750°C for 168 hr), it is possible to artificially generate a crystal defect 55 (e.g.
defect having a defect density higher than 10'3/cm3) and irregularly reflect
infrared radiation incoming from the back 4b by the generated crystal defect
55. As a result, it is possible to prevent observation of a circuit structure
portion 20 on the surface 4a of the semiconductor substrate 4 for an illegal
purpose performed by applying infrared radiation from the back 4b of the
semiconductor substrate 4 in addition to the shielding effect on the surface

4a of the semiconductor substrate 4.
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an | C card nodul e 52 including the present invention devices 100 to 105 of
the above first to seventh enbodi nents in the housing of the I1C card 50. In
the case of the ICcard illustrated in Fig. 17, an antenna 51 is al so seal ed
in the housing because a non-contact interface is included. According to
this configuration, by using the present invention devices 100 to 105 of
the first to seventh enbodinents, circuit analyses for illegal purposes of
the present invention devices 100 to 105 are prevented and decrease in

thickness is Aseiﬁalsbﬁﬁgd%g)og%r?ﬁéfﬁ er ebggnﬁfmt%ﬁcﬁh%cfdd t%ﬁOZfEPr acteristic

retraining the warpage o ore, | 0SSl provi de the

thin hi g'fhe gg{&rm%egnm congﬁg 6{{50 %‘fp ‘%‘lﬂﬁ’y I?)Elflf H{@u't to read

circuit rrratl on %sent

i nventiongar scy.i bed.above in det ai I he i el d| f| | m patterns

i |1 ust raPEH’fe%’ie%fWéﬁa%‘a&‘écomﬁ%e %a?e f'raf%%b fefore, a patternis
not restricted to, th atter f the nts. I\/Dre ver, in the
case of §° @W‘GF‘E S‘Jgjfs tgéﬁi‘lféﬂﬂ OﬁﬁY‘g&?’a‘? g &E enfisy 1t 1giakshsi ons of
various pgrti ¢l udi a.filmthickness and naterials are not

restrict 84°V§ ttﬁd’é’g‘ Belapﬂu'ﬁlpr&tt 859 BleaspEes i@ @tbodi ments. They can be
properly nodified in the, range of the technical thought of the present

i nvent i ofRiighth fﬂ%@?ﬁlmﬁéltbresent i nvention has been described in terns of a
preferred enbodinent, it will be appreciated that various nodifications and
alterations niihtlbehomsie toy viewed condignratiamof s IGraardifOefieighipar ti ng fr om

the spirit and scope of the invention. The invention should therefore be
mgasur edembodement of thepraseat isvention TbellOward$0 is formed by sealing

an IC card module 52 including the present invention devices 100 to 105 of
the above first to seventh embodiments in the housing of the IC card 50. In
the case of the IC card illustrated in Fig. 17, an antenna 51 is also sealed in
the housing because a non-contact interface is included. According to this
configuration, by using the present invention devices 100 to 105 of the first
to seventh embodiments, circuit analyses for illegal purposes of the present
invention devices 100 to 105 are prevented and decrease in thickness is
realized without deterioration of an electrical characteristic retraining the

warpage of a wafer. Therefore, it is possible to provide the thin high-

e

performance IC card 50 from which it is very difficult to read circuit
information.

Semiconductor integrated circuits of the present invention are
described above in detail. The shielding film patterns illustrated for the
above embodiments are examples. Therefore, a pattern is not restricted to
the pattern shapes of the embodiments. Moreover, in the case of a structure
of a semiconductor integrated circuit, dimensions of various portions

including a film thickness and materials are not restricted to those
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WHAT IS CLAIMED IS: 1. A sem conductor integrated circuit conprising: a
shielding film substantially shielding passage of light to the

sem conductor integrated circuit or substantially preventing

el ectromagnetic radiation frombeing emtted fromthe sem conductor
integrated circuit, forned by a material different fromat |east either of a
sem conduct or substrate and an interlayer insulating filmin thermal
expansion coefficient, wherein said shielding film has shielding portions

and Openh&%%mﬁ%ﬁﬁb%?ﬁ%aBBVéSRﬁEdﬁh%HE{ @ﬁﬁgaa%%ﬂgﬁ%@é%ﬁﬁﬁ?%@%gQEQ%%nt

openi ngs Se ci'rcunf erencés are surroun e portions and
a plurality of.hndepende hi,el di aortions whose circunferences are
surround%?fygeogf@aqﬁ?eﬁggﬁ? hléiug@}}ete&ld&%é%ﬁfe%%]awgggtopered on the entire surface
of said semc uct or ;substrate. . _The sem condyct.or jntegrated circuit
according to 'g\(’ %,tbﬁ%qﬂé?lﬁtwg o0 hag, eea”n8 eélﬁntti‘?énk"’tﬂf?aace of the

sem conduct or subsirate occupi by sai.d ielding portions.is 61% or |ess.
3. The serﬁfem@w&lﬁ?&w@gMaia"elﬁgew@aﬁ@lagfdﬁﬂmﬁ\f?@l@lbs POSHEAHONHAIE n t he
ratio of an area on the surface of the._sem conductor substrate occupied by
said shrHpmERBYER bR Mmadey, /JBQS%@H?EAF thp art sathandepeshingdreyr at ed
circuit according to claim1, wherein said shLeIding(fortions are

respect i (e spirtrarediseppeofdbadnventien ndthe inventian shionld therefore be east a part
of said shielding portions is electrically connected to a fixed potential.
5. The sersasunellm termsobtheatietmeiwhightfoBewording to claim 1, wherein said
shiel ding portions of said shielding filmare respectively forned by a
conductive netallic material and at |least two |ayers of said shielding film
are present on the surface of said sem conductor substrate, at |east a part
of said shielding portions of each layer is electrically connected to a
fixed potential,
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said shielding filnms other than the uppernost |ayer one are a pattern forned
so that one or nore independent shielding portions whose circunferences are
surrounded by said openings are present. 30 6. The sem conductor integrated
circuit according to claim1l, wherein at |east two |ayers of said shielding
films are present on the surface of said sem conductor substrate and said
shielding filmof the upper-layer is a pattern forned so that said

shi el di noyparts enangkpgkd sai d openings of said shielding filmof the

| ower -l ayer. 7. The sem conductor integrated circuit according to claim®6,
wherein the shielding filmof the upper-layer is a pattern fornmed into an

al ternately reR%@tHchQiuctBﬁﬁﬁe%Fa&d'cf}cd‘m!o ?nﬁﬁ .l east either of the independent
openi ngs whose circunferences are surfounded by the shielding portions and

t he i ndependent shitiiag ﬁlnhguhﬁmﬂtlﬁlb!ﬁhwmwsagﬂOtftbgiﬁff@ﬂlemsordwéorsuiﬁngded by
the openi ngsydSuils ganﬁgﬁ Mirfs SREM L2 rm@mq'ﬁroﬁl%s R énegrfionﬂggna' to each

ot her, e shie ower -l ayer attern forned into
said al tersﬁalcelld}wtp@péa!takdgerlptafomeMbyshh#t@r@ddltfﬁqres%frdn atvlcﬁsthmhemf Baons by the

hal f of e%%lcgﬁgﬁp&bﬁﬁle@nhgp1n§err8§1érﬁrﬂgla tfﬂ@qg‘ih% nfal e{p?igsqg}} d)gﬂic%ﬁlt tern of the

upper -1 ayer e sem conductor- i nt egr circult "according to claiml,
wherein avdierepuit portion is fornmed on a surface of said seni conductor

substrat e, andsa&f‘ Jh? F%ﬁﬂ}cl%’s sl“@ll 1%h !)r%ort a%ﬁrgge{uﬁnés %u@ﬁ thtgi?(\th agt eltgéar

sem conduct or su uI arl Fared radiation
i ncom ng tpdmﬂrtﬁoitlh@pslmeﬂtamanngs vémsecbusanfemmcﬂdumtscrrour@sxbw agk shiefdigm t he back

of said sem cond ubfstrate 9 The sletm conduct or . nt egrat ed c r,cui t
portion ap Urali shield 10NS W

inde enc{entl ing port O5€ cqrrcumfer cgs arg sufrouy e]d
accordi ng P58 erei eas ayer sal ilmis
present orbylat bpetnlngs mtarpfeaem amhadattelnegl dnalpdendfe sszfmd of wdmmmmddmtcmsulsmh«st rate.
10. The sem conductor integrated circuit according to claim1l1, wherein

2. The semiconductor integrated circuit according to claim 1, wherein

the ratio of an area on the surface of the semiconductor substrate occupied by said

shielding portions is 61% or less.

3. The semiconductor integrated circuit according to claim 2, wherein
the ratio of an area on the surface of the semiconductor substrate occupied by said

shielding portions is 40% or more.

4. The semiconductor integrated circuit according to claim 1, wherein
said shielding portions are respectively formed by a conductive metallic material, and at

least a part of said shielding portions is electrically connected to a fixed potential.

5. The semiconductor integrated circuit according to claim 1, wherein
said shielding portions of said shielding film are respectively formed by a conductive
metallic material and at least two layers of said shielding film are present on the surface of said

semiconductor substrate,

at least a part of said shielding portions of each layer is electrically connected to a fixed

potential,

said shielding films other than the uppermost layer one are a pattern formed so that one

or more independent shielding portions whose circumferences are surrounded by said openings

are present.
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t he back of said sem conductor substrate has a crystal defect density which
is greater than the front of the sem conductor substrate. 11. A

sem conductor integrated circuit conprising: a shielding film substantially
shi el di ng passage of light to the sem conductor integrated circuit or
substantially preventing el ectromagnetic radiation frombeing emtted from
the sem conductor integrated circuit, forned by a material different from
at |east either of a 31 sem conductor substrate and an interlayer insulating

filmin th&er mall“heegéﬁlmaht%%rgﬂ%ra{tétf;(!u%ﬁ& (ﬁor g +l£§m Iwgler%hl elding film has

shi el di ng portions and openi rngs suc ural’ of the openi ngs are
present on an aﬁtastm'aIla}stsmésagcﬂmhidldiingﬁmm ﬂrabnt\mnuﬂe sarfwrof sike of said

sem Condu gﬂ[cond%%féu%%a?e a?1§§§|d nlgelEhag %HﬁQf tﬁ‘ d pﬁ)er- On 1sf aorattgr?llfgrlmdlcf.n CI reuit

devi ces an OF 1

sen conducshldrshlehdmggymammhmﬂdscam dpedicgsaif slamghletldm@ﬁm ofitiellowadlayeei N t he | ength
of said shielding portions present on the straight line is 200 mmor |ess.

13. The sem conductor integrated circuit according to claim 11, wherein the
rati o of am ar@&hk ﬁﬂnidoh@cmnﬁﬂt@:&ccbcﬁrcait e oidihg malelaitnof, wheresit r at e occupi ed by

said shieldin RE. riio 15,61%o0r |less. 14. The.sem conductor i.ntegrated
circuit accordﬁﬁ lgmgr%@'f’r??ﬁ'%“p%gy% ’ﬁaPﬂtngfgﬁeg injp an pite Ei"r(?ﬂeaf% surface
of the serﬁaaaﬂdmmafatsdab&ﬁthatoetmmﬁhpdne&t bp(mfh@t dhosﬁhlrﬁinﬁhﬂ@epﬂétl ons is 40%
or less. 15. The onductor, int rated accqr di to claim 11,
Sher et s SPHORHRLPAI G IHHE Pl ahE Subafont SN ERaBI o conduct | ve
nmetal i c rat@hferthcesaRGuRbundeE@iSthe SpeRMES ar®hltediiatell BPda@lddh R PIRERINONS | S

el ectrically connect gd to the fixed potential. 16. The sem conduct or
i nt egr at edTBPFEE;tP SHBCHEHAMY to claim 11, wherein said shiel ding portions of

said shi el di ngt}feishi@]dﬁngihﬁ%$@1@¢dvie\/-ﬂy¥r if EHidTMetlﬂ)fm%e@ @6l bH5d Aléfhately repeating
pattern shifted in said two directions by the half of each respective pitch from the alternately

repeating pattern of the upper-layer.

8. The semiconductor integrated circuit according to claim 1, wherein

a circuit portion is formed on a surface of said semiconductor substrate, and

a rough face, which is formed on the back of said semiconductor substrate, for
irregularly reflecting infrared radiation incoming toward the surface of said semiconductor

substrate from the back of said semiconductor substrate.

9. The semiconductor integrated circuit according to claim 1, wherein
at least one layer of said shielding film is present on both the surface and the back of said

semiconductor substrate.

10.  The semiconductor integrated circuit according to claim 1, wherein
the back of said semiconductor substrate has a crystal defect density which is greater

than the front of the semiconductor substrate.

11. A semiconductor integrated circuit comprising:
a shielding film, substantially shielding passage of light to the semiconductor integrated
circuit or substantially preventing electromagnetic radiation from being emitted from the

semiconductor integrated circuit, formed by a material different from at least either of a
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metallic material and at |east two |ayers of the shielding filmare present
on the surface of said sem conductor substrate, at |least a part of said
shi el ding portions of each layer is electrically connected to a fixed
potential, and said shielding filns other than the uppernost |ayer one are a
pattern formed so that one or nore independent shielding portions whose
circunferences are surrounded by said openings are present. 17. The

seni conducdevicondyeionsubsteat andag intérlapeg donkiimgfilnon deahahedpansivhedeicient, 32 at | east
two | ayer s,pfeisai d shielding filmare present on the surface of said

sem conductor substrate and said shielding filmof the upper-layer is a
pattern for medsaidshididing Gl lhs shiclding ipogionszmd bpanings sueh elladla plaalispemengs of sai d

shi el ding f.Ll. I r-| . 18. Th emjconductor. integrated circuit
accor di ng %%Alﬁgsger# %gnt O&h\ggP %Jllo%X]gSgr?]é&@WF &t |le§§’ R PWEASE O'fta ﬁ%’l sﬁ‘BBg?‘f“f"Qﬁ/er is a
pattern forbstdteipasimg smowghtagrorimh dbryshicHp@airtuigievioat dn@ cicuitivivbgsGisad | east

ei ther of Sﬂgldi&dggl%ggent openi ng whose circunference is surrounded by said
shi el di ng porfl ons cand an i ndependent shi el ding portion whose circunference

is surrounded by said openings is alternately repeated in two directions
ort hogonal,,to each other. and sajd shielding filmof the |lower-layer is said
pattern folrz'med?Fl%stegmé)ﬂs'ﬁtoélnﬁigrﬂﬂjtcérlck}‘tact"%r BT Hympde VB§Finshifted in said two
directions by thageneldf sl sificlding patdis \peesétt bE the kirQgAt liheis 200 el Hradsel Y repeati ng
pattern of the upper-layer. 19. The sem conductor integrated circuit

according to claim11l, wherein a circuit portion is fornmed on the surface of

sai d sem agnduthédemsdoRdictoirRegraditircait AR kPQ8m Whivkdteins fornmed on the back
of said sem cog}?uct or. substrate, for_ irregqul arl%%fref | ecting infrared

radi ation i ncoferjiordamirer ehilie stiferaefe semiceaiugtoswinstiatireaeriehby saidbst rat e from
sai d back spkidsaipdrtReik ePRdWELOr substrate. 20. The sem conductor integrated
circuit according to claim1l, wherein

14, The semiconductor integrated circuit according to claim 13, wherein

the ratio of an area on the surface of the semiconductor substrate occupied by said

shielding portions is 40% or less.

15.  The semiconductor integrated circuit according to claim 11, wherein
said shielding portions are respectively formed by a conductive metallic material, and at

least a part of said shielding portions is electrically connected to the fixed potential.

16.  The semiconductor integrated circuit according to claim 11, wherein

said shielding portions of said shielding film are respectively formed by a conductive
metallic material and at least two layers of the shielding film are present on the surface of said
semiconductor substrate,

at least a part of said shielding portions of each layer is electrically connected to a fixed
potential, and

said shielding films other than the uppermost layer one are a pattern formed so that one
or more independent shielding portions whose circumferences are surrounded by said openings

are present.

17. The semiconductor integrated circuit according to claim 11, wherein
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at | east one layer of said shielding filmis present on both the surface and
the back of said sem conductor substrate. 21. The sem conductor integrated
circuit according to claim1l, wherein the back of said sem conductor
substrate has a crystal defect density which is greater than the front of

t he sem conductor substrate. 22. An IC card on which the sem conduct or
integrated circuit of claiml is nounted. 23. An IC card on which the

seni conduct or #trdeasigwataydrsof saidishieldifig Glmedrerpresent an thosunfaedof said demigonductor

sem conduglhef Qﬁfﬁ[ﬁ%ﬁ?ﬁéﬁfgﬁbﬂf‘ihﬁuﬁg@ﬂé} Ffsgﬁ% @@oﬁﬂéa“% H’E{ &)ghieﬁgtggsgaat e at

| east one wrin ayer

i nsul at i ng)oftmhmhwdmﬂie apepimgebihaidghildiny ffloof e divecddysrg t he at | east one wiring
| ayer frominfrared radiation and preventing | eakage of el ectronagnetic

radi ati on fromthe sem conductor integrated circuit, wherein said

I nsul ating8fi | hd s‘gmﬁuonalmd)rhﬂaetgmmimhiea@hﬂﬁgmb ¢igimf i7| whaeid t he sem conduct or

substrate, o2 ek A bW koL RoPRH e SRS apeRReE 10 (e
pattern in whlch at least either of an mdependent opening whose circumference is surrounded by
said shielding portions and an independent shielding portion whose circumference is surrounded
by said openings is alternately repeated in two directions orthogonal to each other, and
said shielding film of the lower-layer is said pattern formed into said alternately
repeating pattern shifted in said two directions by the half of a respective pitch from the

alternately repeating pattern of the upper-layer.

19.  The semiconductor integrated circuit according to claim 11, wherein

a circuit portion is formed on the surface of said semiconductor substrate, and

a rough face, which is formed on the back of said semiconductor substrate, for
irregularly reflecting infrared radiation incoming toward the surface of said semiconductor

substrate from said back of said semiconductor substrate.
20.  The semiconductor integrated circuit according to claim 11, wherein

at least one layer of said shielding film is present on both the surface and the back of said
semiconductor subsirate.
21.  The semiconductor integrated circuit according to claim 11, wherein

the back of said semiconductor substrate has a crystal defect density which is greater
than the front of the semiconductor substrate.
22, AnIC card on which the semiconductor integrated circuit of claim 1 is mounted.

23, AnIC card on which the semiconductor integrated circuit of claim 11 is mounted.

24. A semiconductor integrated circuit, comprising:
a semiconductor substrate;

at least one wiring layer formed on the semiconductor substrate;
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an insulating film; and

a shielding film for protecting the at least one wiring layer from infrared radiation and
preventing leakage of electromagnetic radiation from the semiconductor integrated circuit,
wherein

said insulating film is formed between the shielding film and the semiconductor
substrate,

said shielding film has shielding portions and openings, and

the ratio of shielding portions to said shielding film is 40% or more.
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