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SPECI FI CATION TI TLE OF THE | NEVNTI ON SEM CONDUCTOR | NTEGRATED CI RCU T
BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention
Yelates to a semiconductor 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
device group on the surface of a sem conductor substrate and alternately

heapi ng an insulating | ayer and SPROIFIOATIYAN to be electrically
connected. Sone of the sem conductor integrated circuits have a nenory in

whi ch inportant confidenti alPITDRECOFETHEINEVNTIORed or a circuit including
an advanced intellectual property. Therefore, it nay be preferable to take

action so that infor @EMICONDIVCTOR ENTEGRATED ARG UM eover, there is a
probl em that el ectromagnetic noises are radiated to the outside of a

sem conduct or i nt egr at e SCKGROUNDOFSEHEN VENTIREN! conductor i ntegrat ed
circuit to mal function depending on the anplitude of a clock signal or the

like in t hepfdlioSPH MRttt €grated circuit and a hazard that the
sem conductor integrated circuit mal functions due to electronmagnetic

oL i Al AT o R sl 1
particularly to an art effectively applied to a semiconductor 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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74771/ 1993 (prior art) has been used so far. In the case of the structure 1
disclosed in the prior art, as shown in Figs. 18 and 19, a nultil ayer
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 terminal 2a for inputting or outputting signals. However, as
descri bed above, by formng the shielding film1l on alnbst the entire
surface of the sem conductor chip, a problemoccurs that a stress caused
by a difference between thermal expansion coefficients of the shielding

film1l andiselose@tiftheyeior 418Uasshéven fih [Fikd. 18 and d9f hahaRskyeewigieyy ther mal
expansi on coefficients of the shielding film1 and a sem conduct or

subst r at estdutfifredsdw@ed and 2 shidldingtfnags fohted Bb @lsdoRgvéi hithdstoghe

interlayer insulating film?7 increases or a warpage increases when the

sem condugh@fe seifhde bBa %Binﬂeorﬁﬁfct@f(ﬁﬁﬁéﬁateﬂ%_iﬂchﬁ% Wﬁ%ﬂfiné'& takphhaum film

used as a shielding film and a silicon nitride m used as an interl ayer

i nsul at i ngy £ Mpuittife ol dtp At Eisighdlsed as the shielding filmhas a |arger
t hermal expansi on coefficlient. Therefore, when passing through a heat

treating st epdlggwgveiea{g{ﬁ%ﬂqu{bofvgbﬁ*gm ﬂfeoéllﬁﬁﬁqijn%@mswoﬁl ding film

IS nore expan t han e I nterlayer sul at’l ng t I1s preferred that

the expangluasheqh ohfire ASRIGISY oMl Wdrdilin Fhoti YD, o hBbIEHIRNERS abRcguse the

aluminumfilm covers alnbst the entire sur ermal expansl on cannot

e 0" ety GONGE AERAE ey LAt IR EERE 7|
and i nt er j 3y ffing W5 Ah'dh AleflaydD tndBatnbAN ¥ ¢ £ IHEGRnIRbEWREL] ONS-
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
msulating film, and resultantly a device malfunctions.
Moreover, there are some thin semiconductor devices of an IC card or

the like, in which the thickness of a semiconductor chip to be mounted is
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Mor eover, there are sonme thin sem conductor devices of an IC card or the
like, in which the thickness of a sem conductor chip to be nounted is 2

| ess than 200 um 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 renmarkably. Furthernore, when formng a
pl ane not parallel with the surface of a semn conductor substrate on the
back of the substrate as a counterneasure to prevent analysis by applying

i nfrared Yeadithan @00frmmInhthidasdes fekcetimpli the ehemnalegparsienbstrate, a
war page occurs in which the central portion of the surface of the

sen condugdefficienbsf aataduhefanefiln Geyeing 442 shivdiierg filkn ié lergepthag surface
of the sem conductor substrate with a shielding film the warpage becones

nor e renaﬂiﬁbif&heléhsa%emﬁamﬁe bicdhfdfidCsirhicoAdus®risudstraite ahd ng film for
the entire surface RY OF THE I NVENTI ON The present invention is made

to solve gﬂ&eﬂﬁ@vgmakg@gc@gqnbﬁsmﬁmm is to provide a sem conduct or
integrated circuit and an IC card in which an analysis for an illegal

purpose is i "PPasihrfioRe, WREN fgfrﬁiﬂ§ﬂlﬂaﬂ@hbﬁﬁa.{'mférﬁthQﬁe%u§f£&§§ aue to

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

sem Condué“éxﬁfcohﬂﬁéﬂﬁ%h%gtﬁ‘té gﬂ'theqa‘ackhﬁ th@rsﬁﬁgf}%té ag%rtsdu% HAESs e

sem conductor int egr ated circuit having a shi ing fil m ornme

mat eri al rate and
the int erthhé/ e‘%fiﬂsu ating ﬁ??%ﬁhﬁ%éd?gg@r@%% (Ttl%l&%%taflﬁ% n whi ch
sai d shi el Renfhbtor RaDstratt) £53rPgd9Edurin 3MichThAReR L Rt oftlof

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
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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| east either of a plurality of independent openi ngs whose circunferences
are surrounded by said shielding portion and a plurality of the

i ndependent 3 shi el ding portions whose circunferences are surrounded by
said opening are present and distributed on the entire surface of a chip.
There are the first basic characteristics of the sem conductor integrated
circuit of the present invention. The sem conductor integrated circuit of
the present invention uses the sem conductor integrated circuit having a
shielding filmforned by a material different fromat |east either of the

seni condughieldiaghfirtiohe vivke diitenftefided)fe sudbsilitdéd By khidwpehihpereal
expansi on coefficient, in which said shielding filmhas the shielding

portion apfbseif andalibtithwied ¢h tHalbwlitd Yudhce b8 cRRENTHERe #FEIHY #8QNT on an
optional straight line parallel with the surface of the sem conductor

subst r at ep 248 ehAtadtBFieHEd 0PtV BN HAEtor SRt EPrdttBcidedit '0f thé présddte and a
circuit wiring in said shielding portion. There are the second basic

char act erjSlelh&on0f @ sem conductor integrated circuit of the present
i nvention. In the case of the sem conductor integrated circuit of the

present . | nventhgBenTah6E &tBphited AR ENUH PostRiitlll gbgPOr ti On

present on the straight lineis gmor lessin't above second basic

char act er gl ééinicbﬂdh%rfifl?ér'?%%e& Ei‘f-?nﬁ‘i aﬁ?ﬁ‘é’ H“s‘lﬂéldh@% g%htaﬁggﬁg&: Hglcgi t of the

present 1 nvention, sti re prefera the rat i ng

portion OogGYRMhgiffdrl tﬂo%?a@%ééﬂ%iﬁﬁ}r%f?ﬁéfséﬁﬁcé Wi &Ebét?%%uégp% any one

of the above&;biam C cﬁar acteristics. € case of a semco r

i nt egrat eﬂlecf.nrtgﬂiag'ef){nglﬁgtiﬁéqﬁﬁmn 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

charactenistics.




I nvention, still nore preferably, the rate of the shielding portion
occupying the area on the chip surface is 40%or nore in any one of the
above basic characteristics. 4 According to each of the above

sem conductor integrated circuits of the present invention, because a
shielding film covers 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 conductor substrate,

vi sual observation of a circuit device or circuit wring fromthe outside

of a chip or cAterdinginbach 6f the gb@edittnistifu@dr aitegeh @ dishiits Ham
becones very difficult. Particularly, by decreasing the wdth of an

openi ng, tHypresaht Bivahitith, PecPhRCh ShivldinR Ailid lcbverdthii diireysiafacecdfost r oni c
beam becones very diffi cul't or | npossible. It is preferable that the width

of the opeiipnit 4 SerdR §heldiflgRAtO 'evieASE unbBaliid thé #88n cobedifigdl | oved that
the length of the opening is |arger than the width of it. As aresult, it

s pOSS'ﬁrﬁlcbﬁdﬁéﬁo@%téﬁb%d)éﬁ&ﬁ@tanﬁr&ﬂo@ﬁ% ﬁ&b'tﬁ@ s'u'?fa%e%ﬂ'rﬂ conduct or
integrated circuit from being taken out for an illegal purpose. Moreover,

when a Sme%ﬂbﬂﬂuéﬂok%% 1‘5%@'9\7191“1 I%E%E@étl&%f‘a ff’&éﬁl:‘é‘br eiedit or a

netallic wring |ayer, e above e IS remarka However, — warpage of

a wafer gﬁggﬂg;m%eﬁe%wgmat&u og'cilfcﬁite%}ﬁ% gﬁtqgﬁf&g %ﬂ@sﬂa& as @hpansi on

coeffici a sem conduct or substrate ayer 1 nsul ating

film Beg Hé&oﬂﬁ Skl 985y AFHLERD PARRLISy Ay E ea ﬁigei[lfﬁ ng film

that is, etvveen S |eI I'ng portions and openi ngs” o ng filmare
U0 O A, G Ay Ay A U 6,
electronic beam becomes very difficult or impossible. Itis preferable that
the width of the opening is approx. 10 pm 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
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




the fabrication process of a sem conductor integrated circuit, the
expansi on can be absorbed at the boundary portions between shiel ding
portions and openings over the entire surface of the chip. Therefore, it
Is possible to 5 restrain the warpage of the wafer fromoccurring and the
electrical characteristic of a device is not deteriorated. Particularly,
In the second basic characteristic, circuit devices and circuit wrings
are generally scattered over the entire surface of a chip except chip ends
when considering the effective use of a chip area. Therefore, optional

strai ght delsfiein #he Svaxp aigerofwbb wadet fioms ot@irrbly 8hdithe eldigrical rcuit devices
and circuit wirings are present over the entire surface of the chip and

the fact dhiahcferidtity6fld Byviet i9R6hHERTidaEedr esent on the straight [|ines
guarantees that openings are uniformy scattered on the entire surface of

the chip. MorepygioulRA§23i6 thé S&AdBAsié AMArdctalestic, RIRAGE d¥dkys Aade a
plurality of openings, shielding portions do not have a long |inear portion

as  a | Uniranewihifes e Genb Al BARTAE ck HRe Shtae Sudhfeld 4 ATl |
expansion absorption is securely guaranteed. Particularly, when the |inear

ti (P : t
porL 1 ons sef RSN RER S ORORIATr uitn chifpasliove SUress
e S el 4168 by QSPGB gt B CHRABIR 0 o
uni 1 0 i yiAeat HEVRMs AfdlciRuEDiliRgS Ul BEE A ovbPPhe Bhiire TUSFREQ Fhe! € 15
PoOSsSi ble to secure Yy enonstrate e above stress noderati on e ect.
Furth ' 0 { i.el: ok ti
orer g g BEHEL HaP i el ol 43 c0lnt 8 3 Bighi por i on

occupyin 0SSl

lines guarantees that openings are uniformly scattered 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 pm 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 is possible to secure 39% or
more of the area of the openings uniformly scattered on the entire surface of
the chip. Therefore, it 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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prevent the opening area from di sproportionately becom ng unnecessarily

| arge, restrain the circuit shielding effect frombeing | ost due to the
shielding portions, and restrain the mcro |oading effect (phenonenon in
which the etching rate of a fine pattern portion |lowers conpared to a | arge
6 pattern portion) when etching a shielding filmpattern, and noreover

I nprove the uniformty of a chip thickness after polishing the back of a
waf er (sem conductor substrate). In the case of a sem conductor integrated
circuit of the present invention, still nore preferably, the shielding

portions ﬁé&efxﬂbﬁﬁ@o@b’wﬁen@%lﬁh?td Yigieldihg!filnf paRtesh | Md Mistedled €St a part

of the shielding portions are electrically connected to a fixed potenti al

in any ongnpfovietheaBfGmPRF iof a dhigtRfckReks hites trjoh_ﬁhfﬂgetl_feaﬁﬁ‘ckofxf 4 he

sem conductor integrated circuit of the presen i nvention, still nore

preferablwﬁéﬂgemﬁ@c@&mgﬁ.mf of the shielding filns are forned by a
conductive netallic material, at |least two |ayers of the shielding

ortions are f: ' ate, at
p PLefREa flfahgexﬁiﬁo‘hﬂﬁ%td} ink, a%&ﬂhfr@ﬁﬂl!ﬁttﬁé prESSH

| east a part of the shielding portions of eac ayer areelectrically

connect edigkAnfioh! ¥ rﬂtgfétfﬂ%%%a%g,h@oes%lﬁ‘éi(ﬂhggmgﬁbﬁ s Fﬁr?gnéd]ﬁg at he

upper nost  one afe pat at o nor e ependent shi el di ng

portions comﬁv%irﬁgﬁ{q.]i@ h?@%?ﬁﬂ 3hnd %%é@t‘?gy‘rﬂt By tﬁé‘%iggﬁiclk C%ﬁ%@ g?é esent.

According to each o e above sem conduc I nt egr urts t he

present | GUEHIIR, colHeRiRErd QME:@!@}&& ﬂPéﬁ%BHeib? tfib ﬁgb{ré Bakicy | : ?ait gd’

nore effective electromagnetic s ng 1's possi bl e and noreover
possi bl e ém&q.{ﬁcg el ectromagneti c radi ati on noi ses di scharged from a

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
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
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sem conductor integrated circuit and the influence of electromagnetic

noi ses fromthe outside. Furthernore, 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 sem conductor integrated
circuit, there are advantages that the power supply line can be omtted
froma netallic 7 wiring layer for circuit wring and the area of a

sem conductor chip can be decreased. Furthernore, because the power supply
| ine can be extended over the entire surface of a chip w thout being
restrict esitbiyg ddyearfoe icireuitt winihg iand, thietarea of asstnbicenfoctor ehip yan dduce t he

W ring resistance conponent and induction conponent of the power supply

l'ine, retdeirBaddie Fhrthiewiore betauisbehe power supply linpeharid &ttendad expect
t he i nprovement of electrical characteristics. Particularly, when a

shi el di ngpverlthel ntire’steadeYofen Elipdvithiout beRigatdstiictedEbebillr @nshint | east
two layers of shielding filnms are present on the surface of the

sen Conduﬁiﬂﬁg,silﬂ9§P6§§'_Ble t%t%ﬂeﬁ_ﬁl%treﬂ‘ﬂ% Ry SFiridg fdiestahitebethpenéhd aRdcan be
used as power supply lines having potentials different fromeach other and

the cont rigdcfitntohffonedk of 1Be PBAICP stbbly Bheardigsianae RéRatRPsi4hal ©.
Mor eover, when using two or nore |layers of shielding filns as power supply

lines, itpdwer @551y PolehQal YHAOSRE th DEpPA ARG Qbctrft@l uPper pover

supply Iline toa imetallic wring |ayer |ower than the | ower-nost shielding
film HQEEY&E erfdcdsi Ng the independent shiel ding portions of shielding
films other trhan the upper-nost one as relay points of the potential, it

L B0 e, P WISH FSRERAR BuSks gl L Tyt

shi el di ng,RELAAPARA at ledst 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
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
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possible to freely supply fixed potentials to all circuit devices.

Moreover, the degree of freedom of the |ayout design of the circuit device
portion is inproved and inprovenent of electrical characteristics of a
circuit can be resultantly expected. In the case of a sem conductor
integrated circuit of the present invention, still nore preferably, two

| ayers of the shielding filns are present 8 on the surface of the

sem conductor substrate and the upper shielding film is pattern-formed so
that the shielding portion shields the opening of the Ilower shielding film

i n any ongn ¢lie 5Grfasd of thd semicodldactnt fibissidte andthd hpp@r shiehliagdilabl y, the
upper shielding filmis pattern-fornmed into a periodic pattern in which at

| east ei tigratedrn--foemdiiapsidahe shelding pohase shidlds vhé epemeg éftheur r ounded
by the shielding portion and the independent shielding portion whose

ci rcunf erlied shieldisig Glimded ally ontefaBenibede Hatic diirabtbristidsy Still aidiat el y
arranged 'in tw directions orthogonal to each other and the | ower

shi el di ngpyeferably, thaiw _éi'sfl:ﬁél&ﬂgMﬁpié?ﬁﬁéiﬂd‘bﬁn_@&%ﬁfﬂpbﬁomi ch the
periodic patterns are displaced in the two directions by the half of each

[ epet i ti gattidrbth WAGEP Y1 dHbt I PHRATT tRE ihEpaRINE SpRRISORNISEOr | Nt egr at ed

circuits of the present invention, it is possible to prevent an anal ysis

for an illifGahferBHEP RS RBLNABT bYNBe IS pBFo dntll th@ iRdbp S dentOVeVer,
it is possible to shield alnost the entire surface of a sem conduct or

| nt egrat eﬁn@id&ﬁgipbr%fﬁrﬁgse%wlﬁhférxn@é isSfirgbehAed by tHE opefinly §Fd apped each

other, the analysis o circuit device portion under "the shielding

films becusditRng allerhhtely arr@bbd 'ws QiYecHBAS bHdghnhPtd ERAPYGEEr | N thi's
case, it 1s not necessary that pattern

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
circuit device portion under the shielding films becomes more difficult, and
the confidentiality 1s 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.




shapes of shielding filnms of various |layers are the sanme. Moreover, by
pattern-formng two |layers of shielding filns, it is possible not only to
shield alnost the entire surface of a sem conductor integrated circuit but
also to omt the tinme for individually designing the pattern shape of a
shielding filmand shorten the time required for the pattern design of a
shielding film 9 In the case of a sem conductor integrated circuit of the
present invention, still nore preferably, a circuit portion is fornmed at
the surface of the sem conductor substrate and a rough face for

irregularly reld tied cag dfhesemitdondietbr iadegiated ciroaitfrtbetpresssk t he surface
of the sem conductor substrate is formed on the back of the sem conduct or

subst r at ejnventioy, 8tiHl bre preerdbily ca kG ult FditionCisdoimbl &E theduriiecdse of a
sem conductor integrated circuit of the present invention, still nore

pref er abl the dificeidattdr ubbirate aadf PeoWch fivelfbe iGghbaty réfldttinethef the
sem conduct or substrate at | east one each in any one of the above basic

char act erjnfkared. radiati O iSRS todv HATheRAesdedf thilReieékdusorcui t of the
present invention, still nore preferably, the treatnent for increasing a

crystal dafittatedSTSirh¥d b thRMdckbfith eldatibatdudbr 50Bst¥ad fPAAY Ghelof
substrate in any one of the above basic characteristics. According to each

of the abgy nggﬁﬁﬁctéﬁ%ﬁ&[at ed circuits of the present invention,

it is possible to prevent analysis of a circuit device portion formed on

]E ?gmstjL‘;aggcf(’fIéf‘tl?cﬁ@gs‘éodﬂ'Eérﬁicoﬁﬁgéﬁdﬁh%e&ét@d[’Eirléﬁﬁ%f thefgras&st radi ation
e sem conductor substrate.
imvention, still more preferably, the shielding film is formed on the surface
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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Particularly, in the case of a configuration in which a rough face for
irregularly reflecting infrared radiation is forned on the back of a

sem conductor substrate, it is possible to prevent observation fromthe
back of a circuit device on the surface of the sem conductor substrate.
Moreover, when formng a face not parallel with the surface of a

sem conduct or substrate on the back of the sem conductor substrate and
using the face as the above rough face, a stress is applied to the

sem conductor substrate and 10 a convex war page occurs on the sem conductor

subst r at ea cofivepwarpagdedturs onrthegemisbn dheton gubsirat@nMdreoest, iwlgersur f ace
of a chip as ever, a convex warpage becones nore renarkabl e. However, by

pat t er n- fformiing atditelding Gloh fiv thé bAtias sdefes obadhipakaved, $to®esx due to a
di fference between thermal expansion coefficients of a shielding film and

an interlgiffage bétorledimose féhirksbleDIP6wECh, bytpdtsePfointihg the form a
rough face for irregularly reflecting i nfrared radi ati on on the back of

the sem céhieldihg HilmSababickilied uvel Bteddsaie {08 dPEENDRE Hagwebger vat i on
fromthe back can be received. Mreover, when a shielding filmis also

formed onlebmadlakhafbion coafRiERAWE ThieddiRnsifilth @ndtth fREBlagert he surface of
the sem conductor™ substrate, 1t is possible to prevent obServation from

the back j@kupatiig filhlis ﬂ@déx% d)ritwso@iyfe%efo%ﬂ&@m&%guctor substrate

by accelerating ~irregular l'ect1on infrared radiation incomng from

the back jefechi) ErIg%H‘eEﬁﬁgL}ﬁfr%e& YR RICon Ehé BH&E fffe sé u@rer tain

degree of a convéex warpage occurs on the sem con uctor substrate due to

the shi el giagedth! fhd tRE URdcORbr'g1evEHtiRgohsBlvdith ROH BROBHGE RinBebSt rate, a

certain degree
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

11




concave warpage occurs due to the shielding filmfornmed on the back of the
sem conduct or substrate. Therefore, bending stresses of the shielding filns
present on the both sides of the sem conductor substrate are offset and the
war page of the sem conductor substrate is noderated Furthernore, when a
treatnment for increasing a crystal defect density is applied to the back
of a sem conductor substrate, the defect density on the back of the

sem conduct or substrate becones |arger than the crystal defect density of
a normal non-defective wafer. Therefore, the infrared radiation 11 incom ng

from the heeing fidia thehaekndthe semicoifdicBbesulistrafecigul-fghilarlyef | ected by
crystal defects in the sem conductor substrate and it is possible to

prevent ordRicvdd bprystalisfeetiactheoderticohfifctior stbsirate andiibes pusdiblee of the
sem conductor substrate. To achi eve the above object, an I C card of the

present i RvgRiveRR obSEVABNTrERNHeBHHICHY cirflit Wediceor thé Yifagé of fige Pr esent
I nvention. According to an IC card of the present invention, a

sem condugdmicoh@he@r3uddt:@técuit to be mounted denonstrates an effect by
the sem conductor integrated circuit of the present invention. Therefore,

resul tantly, afio behiobedhbHold ohitt SATECKAG the pebictitRdehtlotthi o

analysis for an illegal purpose is i rrp055| l'e or very difficult. BRIEF
DESCRI PTI {uR¥s & lgerbehil e ﬁmgrate Tifeuif he AP Myveritfon Schemat i cal ly
showi ng a sectlonal structure first e I ment of a sem conduct or

integrated ci rﬁéﬂdrdﬁ;q fd"'&n 10r &SR thé‘x)g@%é&rlnvghﬂonza IsenAcdithtof OP Vi ew

showi ng a shieldin m pattern of t I rst
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. 1is 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;




enbodi nent of the sem conductor integrated circuit of the present

I nvention; Fig. 3is a local top view show ng another shielding film
pattern of the first enbodi nent of the sem conductor integrated circuit of
the present invention; Fig. 4 is a sectional view schematically show ng
anot her sectional structure of the first enbodi nent of the sem conductor
integrated circuit of the present invention; 12 Fig. 5is a local top view
showing a shielding filmpattern and a top- viewed structure of a second
enbodi nent of a sem conductor integrated circuit of the present invention;
Fig. 6 is a | oEg. 5tiem localtspcvieneshoaingya shielding ffln patteravied a sbpuct ure of
a conventional sem conductor integrated circuit; Fig. 7 is a |ocal

secti onal viewed stetietiiRe iof al deyorsd emibvdimen € 6f hGealicorsduidter Witegbhted
sem conductor integrated circuit of the present invention; Fig. 8 is a

| ocal topcivhtos ChepRédendihversthiéy ng a top viewed structure of the second
enbodi nent of the sem conductor integrated circuit of the present

i nvention; Fi gFigd 6/i§ sAlocQFfp vieet s atyé AW Sledieimt 4 6P -MiewwddPW ng a
jsectlonal structure of the second _errbodl nment of the sem conduct or _
| Nt egr at eﬂmﬁ{:tﬁ&@'o&‘a&hvbﬁﬁoﬁhﬁ&ﬂicoh’d‘ﬁ@fﬁrliﬂ'ﬂé aitéd ciyPuits a | ocal sectional

Vi ew schematically show ng a sectional structure of a third enbodi nent of
a sem conduct opig Ati8Q R8Hséctiondl Vi sthémnaticgR$3howiygaideetional
structure of a semiconductor integrated 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;

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;




Fig. 11 is a local top view showng a shielding filmpattern of a | ower
shielding filmof the third enbodi nent of the sem conductor integrated
circuit of the present invention; Fig. 12 is a local top view show ng
anot her shielding filmpattern of the |lower shielding filmof the third
enbodi nent of the sem conductor integrated circuit of the present

I nvention; Fig. 13 is a |ocal sectional view schematically show ng a
sectional structure of a fourth enbodi ment of a sem conductor integrated
circuit of the present invention; 13 Fig. 14 is a |local sectional view

schemati cal | y Eigpwdng slogalédctivnlal vidw wehaehatiohllp showile arseedonaht of a
sem conductor integrated circuit of the present invention; Fig. 15is a

| ocal sectiraofire\ofevfthanbédiatdntiof Shsvthitgndusipetih tipghtedtirtgit wf ¢hef a
si xt h enbodi nent of a sem conductor integrated circuit of the present

i nvent i onprdsefit id¥eritford | ocal sectional view schenatically show ng a
sectional structure of a seventh enbodi nent of a sem conductor integrated

circuit of thRighn@sign localssttionnl vidvd scHeimhically Shewin@R set@vhal
schematically showi ng a top-viewed configuration of an enbodi nent of an IC

card of t{PubhfAeefta diRMeRhRAimefit 8f a 58mlicorAluc@Or MitePtHBAWIRGhifof tHr Vi eved
structure of the conventional sem conductor integrated circuit; and Fig. 19

i s a sectpright W@MtRWM Ng a sectional structure of the conventional
sem conductor integrated circuit.

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.

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>




DETAI LED DESCRI PTI ON OF THE | NVENTI ON ( PREFERRED ENMBCDI MENTS) Enbodi nment s
of a sem conductor integrated circuit of the present invention hereafter
referred to as "present invention circuit") are described below by
referring to the acconpanying drawings. In the case of synbols in

drawi ngs, the sanme portion of a structure disclosed in the prior art is
provided with the sanme synbol. <First enbodi nents> 14 Fig. 1 schematically
shows a sectional structure of a present invention circuit 100 of the
first enbodinment. As shown in Fig. 1, the present invention circuit 100 is
formed by a ciFigliltschewiatically shoved bisuétioh dlystracte®oES prdkeste, and

resi stance on the surface 4a of a sem conductor substrate 4 such as a

si ngl e- critfifealtion grdiit 100 f $hid Hirséabbiirh &6, NAS BRbwnSAMFIRO N Hed or
fabrication process and noreover formng a signal wiring between circuit

devi ces 2grexeflt tnvedrtivt cirti® 100s foRibéd bHa Svéiyidevitd 21 sditruted ppm or to
the outside of the present invention circuit 100 by a netallic wring 16.

The net al  MOSFETAidfe, shd PEsIRANCE ohtBeWRRBicePR! bf 2 Bedni@hduld€or Ci rCui t
device 21 on the surface 4a of the sem conductor substrate 4 and noreover,

the shi el difidratel dbdcinas ' dhil-rgstdlBne afiRcoihliskl fteltAVic ASmhie  metal i c

wiring 16 is fornmed on the upper |ayer of a circuit structural portion 20

forned bkéﬂi‘i%;)ﬂﬁﬁlﬁﬁﬂr"faﬁﬁ%ﬁﬁ% PR6éese %@m@?@oﬁtﬁm& Wigkdflf) Wing The

shielding fi as a shielding portion 9 and an opéening 12 as ~ descri bed

T R oLV 2T e Pt

the shielding portion the shi ng I ng a
from or to the outside of the present invention circuit 100 by a metallic

wiring 16. The metallic wiring 16 is formed on the upper 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 is 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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three-layer netallic wiring process. However, the nunber of |ayers of
netallic wirings is not restricted to 3 layers. Each netallic wiring 16 and
shielding portion 9 are nutually electrically insulated by the interlayer
insulating film7. Each netallic wiring 16 is vertically electrically
connected wth the shielding portion 9 through a connection |ayer 14.
Moreover, a protective film19 is formed above the shielding film1 and
the opening 12 of the shielding film1l to be described later is filled
with the protective film19. In the case of this enbodinent, the netallic
Wi ring 16mieedllivirgatdrialsiof fivg laperst ¢feTidN IR dilGg, TON| and Tidtorhthealiipdrdi ng
filml are fornmed by 15 netallic materials of five layers of TiN, Ti, Al Cu,

Ti N, and gidef flninebslli¢ppiaing 36 ders 4 fillmThliciindss of05350pdbatidshe film
t hi ckness of 0.535 pmand the shielding portion 9 has a filmthickness of

0.76 fil nhiékEngPortibAaYrhas aifllaitlitknesd of 0176 et MRNnABHAaYéd C W rings 16
and between the netallic wrings 16 and shielding film1l i1s fornmed by a

P- TECS/ HO shill tih £ &lin"D batwééi alelgBE Wirid@P16’andlbdtRechthefetadlie of this
enbodi ment, the shielding film1l does not cover 100% of the entire surface

of a chi pwﬁjiﬁ?s 1B anabshieldiBE Hlkd ¢ iSRhkddby ?@-TEE]@SIHDPGEHHW a2

uniformy scatftered on the éntire surface of a chip and an action is taken

to noder afifckn&ds'dSppibg. 1 got di fference between thernal expansion
coefficients of the sem conductor substrate 4 and the interlayer

insul ating il theaaeest this Bﬂx%fodhﬁﬁﬁi,rfﬁﬁtshiiéldix%eﬁl%dﬁhﬁe of ffyeabrication

process (wafer stage) of the present I nvention rcuit. That 1s, the

2011197 G tgentie RIRLBITR S sty s ichatl L oer v

(1) form the opening 12 uniformly scattered on the entire surface of a chip and
an action is taken to moderate a stress due to a difference between thermal
expansion coefficients of the semiconductor substrate 4 and the interlayer
msulating 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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scattering at |east either of a plurality of independent openings 12a whose
circunference is surrounded by the shielding portion 9 and a plurality of

i ndependent shielding portion | | whose circunference is surrounded 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 (tenporarily referred to as "determ nation
straight |line") parallel Wth the surface of the sem conductor substrate 4
passing through a portion for shielding the circuit device portion 21 and
t he cir curdalized byngssumingenctha etrdigly lixoe trozsir only 4 thip @waser poormienot es
that a plurality of openings 12 uniformy distributed on the entire

surface Obupachtdight inéGréssahg tled coytrabportisig ofitiie ¢hiptliseaghé the ne crossing
only a chip corner portion but a straight line crossing the central

portion ofpddifgsN2mregrasset dche dpfsrniiaatibd sArdight timentMoredvee, in
determ nation straight |line. Mreover, in the case of this enbodi nent, the

openi ngs the @se dfehieembedifiaht, ithe openitids 1Phrd REnRA §d tHatwherlenttle

determination straight line in the above (2) is superinposed on the
shi el di ngofadiel pofion WhEPe Y deteeRRAaRBA stidikRPAnkhR theabovei(2pi area on the

entire surface of the chip occupied by the shielding portion 9 (shielding

9 d 60%
rat e) rzagﬁgfeghﬁkw@@dloﬂ%@%nﬂel@ﬁa@ pORRich 91dREERBDLXCodAA0P A AARRE

Fi gs. show specific patterns (portions) of the shielding film 1.

I'n the casgef anereahfiill B8titd Sifaal betie Sipvichpidd By tie shizbdinli el di ng

portion 9 and opening 12 are alternately repeated on straight lines in X

R o R GG i A ot e e sttt

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
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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contacts, opening 12, independent shielding portion 11 whose circunference
I s surrounded by the opening 12, and opening 12. In the case of the pattern
in Fig. 2, all the openings 12 are independent openings 12a whose

ci rcunferences are surrounded by the shielding portions 9 (continuous
shi el ding portion 10 and independent shielding portion 11). In the case of
the shielding filmpattern shown '"in Fig. 2, the opening 12 is alternately
repeated in X direction and Y direction at a repetitive pitch L (e.g. 40
Jim. The rhonbic opening 12 and the independent shielding portion 11 have

t he sanetls sparntipobed perigérn befweerdilag determihation stidightlinehedthecul ar
opening 12 is fornmed around the independent shielding portion 11.

Ther ef or eshieldihgeortiead f 200gnsb Risdia Gippirbxn 48fiheand showhidldirg gate2, t he
maxi mum | ength of 17 the superinposed portion between the determ nation
straight isi5%&28%d the shielding portion 9 is 200 pmor |ess at approx. 43
gm and the shielding rate is 56.25% The pattern shown in Fig. 3 is a

nodi fi cation ofhépatidhtdows ioPig.idis £uibdificatidnt 6hthSpattengeHowy ihor m ng a
rectangle or octagon into a circle. The repetitive pitch L is the sane in

Fi g. 2 anﬂié.:i29wlﬁeh'f§1€§an§éd B?Eﬁﬂﬁé@@ecthh@%r 6@9{;@1& i@ioéhﬁ‘cléPeI‘lhélg 12
into a curved line, stress concentration at the corner portion where a

strai ght jdgagitRidpidcls Ui thitsa i FiE ThRG Fegl $aThhg, byesiehalgetheand a crack
does not easily occur on the shielding filml. In the case of the

shi el di nqihbarTaRes 6F ﬂhé&iﬂéﬁﬁng N2fhdo a%url 6@ LiReX5H8R t&it@hlrdtion hbthe _
superi nposed portion between the determ nation straight |ine and shielding

P e S R s S 11
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
is 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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shielding portion 9 is electrically floating. However, it is nore
preferable to electrically connect the continuous shielding portion 10 of
the shielding portion 9 to a fixed potential such as the ground potenti al
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 el ectronmagnetic
noi ses and noi ses sent fromothers is nore shown. Mreover, as shown in
Fig. 4, by using the shielding portion 9 of the shielding film1l as a
power supmductancengf therpeu@psypply wirmgyand deécretserd ¢lap size. bovkee caseppl y
potential, extension of the power supply wiring by the netallic wiring 16
becones uoihBigeds the graldid poterttial s phvedyi siphily poediitealt isandcessivealg possi bl e
to reduce power supply noises by decreasing the resistance and 18

i nduct anceamli¢chfroppies shiebding purtiond snlbwiacanetdlicaiehig16ithmugh t he case
of Fig. 4, the ground potential or power supply potential is successively

suppl i ed theororineetiohilayei 14 apd fohaldy Suppliédoe thereirahiti devidd pargickb2 1.nr ough
the connection layer 14 and finally supplied to the circuit device portion

2 1. TheThewrbhtinavas shicliliighgoivi 10dof@spoidLEP Ppdstibe udefistthen used as
the power supply wiring of the shielding portion 9 in the shielding film

pattern p&w&msﬁj)spllﬁi Wirirg of the shiebdingJRA0IE IO Skildinkifilm pasfeens a
pattern (portion) and a top viewed structure of the shielding film1 of
the presesiowRVRMRiE0R ogiMmgudt 100 of the second embodiment. The sectional
structure of the present rnvention circuit 100 is the sane as the first

enbodi mren{Secdhg ethifdBnmge fromthe first enbodi nent
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
1solating 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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Is the pattern shape of the shielding film1l. In the case of the shielding
film pattern of the first enbodi nent, the opening 12 and i ndependent
shielding portion 11 are formed in one |arge continuous shielding portion
10. In the case of the second enbodi nent, 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
possi ble to use the continuous shielding portions 10a and 10b as power

suppl y wi eledponhptietis ngisécand ahfthened of fbikéefwm ofHa@toahb shidl@ing I n this
case, by connecting the continuous shielding portions 10a and 10b with

power suppbiticadE0Bandnidb. 4 ivallo@ddihfat ehe poweiseipplypads 8gnant 8yel y, it
IS possible to use themas a plurality of power supply wirings while

provi di nghh$é tké semdi putestibb . g f %ifounﬂr;ﬁ)téﬂtiial)g Ia A EARCtheRoAHAUbAs t he

shiel ding effect and radiation of 19 el ectromagnetic noises and influence
of noi sesghjeRImetgtRtionsa0aeE 10K kgé Bonn &6 t8BSAIAPpaR tidlRo shbw thea! | owed
that the power supply pads 33 and 34 have the same potential (e.g. ground
potenti al ypovdsliRldifigefect.ne continuous shielding portions 10a and 10b are
connected to a fixed potential to show the above shielding effect.

Convent i onal | YCoaverGHRAMY,| £84dnentReMIyPYh §WE byWhetoB Wit ® ikl 18 oﬁ éﬂ;o the

sectional viewin Fig. 7,”first power supp‘?y 'ine 43 and a se wer

supply |ifife sttdn@al VEAFES FiY. T Hrst poiwedt ¥ ik 4 20K a4Rcard

| cond
circuit block 41 and MArln%'spaceg of fﬁ@bpomer supﬁ#yﬁglnespgg%and 44 are
necessar t I | f e ' gt d second
s %?%ﬁ(}f(ly e $4%050 &i@@éé&%ﬁ?fgxz«% @lrst Ei‘?ﬂfél't fbft«?cskt%g r?%'d a E’éc%gl‘él c‘iPaﬁPt
bl ocks.

41 or a space ween t secon
block 41 and wiring spaces of the power supply lines 43 and 44 are

Cl rcul

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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However, when using the shielding portion 9 as a power supply line |like
this enbodinent, 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 viewin Fig 9. Mreover, the
second conti nuous shielding portion 10b is connected to the first circuit

bl ock 40 and second circuit block 41 through a second connection |ayer 46.
Thereby, it is possible to omit extension of the first and second power
supply wrings respectively using a netallic wiring on the sane |ayer as a
signal wnultiplespiwert supydys Ut ioposkibly tarese die sheldinpggior@on@uas abl ock 40
and second circuit block 41 and nake a space 47 between the first circuit

bl ock 40 power sgeplpdine éveri whieghquiwddisswpplied firbmntheeutsphcthrédghhet ween
the conventional ~circuit blocks as shown in Figs. 8 and 9. As a result, it

I S possi byewéwsupisyrraber flom ahiiptanad cituitiénpeeasple, rdyEatéosutputd.ui t .
The content is particularly effective for a sem conductor integrated

circuit r@hitd efboddmenkti pl e power supply. It is possible to use the
shielding portion 9 as a power supply line even when power is supplied

from the out sigg 10rLughARicalRVeiowd ARbitiARAl RFudth@8ofld prakainal circuit
(for exanple, regulator output). (Third enbodinment) Fig. 10 schematically

shows a sigcehfidalcifduit! 20 Vo tRirdeRhSdiaitnt. 'Theprdsent shvéitién &éultl third
enbodi nent. The present invention circuit 101 1s different fromthe present

i nventi on g i{sdifferd®Pfrot %@Pr@é@h@ i aoidh Liuitli U & GRASHiEMIRE st WO

| ayers and have a upper shielding filmla and a |ower shielding film 1b.
How to fof Br&chhdistvitbd B \twcflayaks hRll lﬁv%,a\;pgﬁfgégiemmgrmm 3hiklghng films

| a and 1b, and interlayér insulating film

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 observation 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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material used and filmthickness are the same as the case of the first
enbodi nent. However, the |ower shielding filmlb has the sane thickness as
the netallic wiring 16. In the case of the third enbodinment, it is possible
to conpletely shield a circuit structure portion 20 by using two |ayers of
the shielding filml of the upper shielding filmla and the | ower
shielding filmlb and prevent the <circuit structure portion 20 from
optical observation by an optical mcroscope or observation by an

el ectronic beamtester. Each of two |layers of the shielding filns 1 is
provi ded uppdr sipehlingfiliP1anif or algwed 86 use ¢hle patterhersathie stdeklingace of a
chip in order to apply a stress noderation neasure simlarly to the case

of the fifikh patterdiofthe lawdr shizldiefgefilbnad doothataheichauit fteuetaei ngs 12 is
basically the sane as that described for the first enbodinent. It is

al l oned tgortiom 200eapndt s obsdrvbehshigh twodafdrsiofithefupple shidlding filhodi nent
shown in Figs. 2 and 3 as the shielding filmpattern of the 21 upper

shi el di ng14 ahihtha lower hiedingln 1B, USer dhmpl! wiich asingtheshidldihgpg film
pattern of the lower shielding filmlb so that the circuit structure

portion 2@ine paBeimlaa Pigs grasathe hisldihg fil pahs oPfhd tigpewssieldheel di ng

film la and the | ower shielding film 1lb. For exanple, when using the

shi el di ngfilgh ilaMiPRtAIRIWed tb Eé@the’-smldjhg b gheters shoWwh Retiernn & the

upper shielding film1l a, it is allowed to use the shielding filmpattern

shown i n (HeOshidlHiAs filh'FaftbiebftkWldwdrBaldiRE FlRl 15N ThleMgeldig @lsi ng film
1b. The shielding film pattern showmn in Fig. 11 is a reverse pattern of

g Eieelsgg ¢! htigrd éﬁé‘&rﬁ%tﬁgﬂli s aFelerse pakbétn ofSthel {ieRRAP filth P4ttlin e UPPET
gfilml ais |oCated on

Fig. 2. That is, the opening 12 of the upper shielding film 1a is located on
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 same 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 is approx. 29 pm and the shielding rate is 43.75%. A percentage of 100%
is 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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the shielding portion 9 of the |ower shielding film 1b, the shielding
portion 9 of the upper shielding filmla is |ocated on the opening 12 of
the lower shielding film1lb, the relation between the both is
conplenmentary, and a repetitive pitch L is the sanme for the upper
shielding filmla and the lower shielding filmlb in X direction and Y
direction. In the case of the shielding filmpattern showmn in Fig. 11, the
maxi mum | ength of the superinposed portion between a determ nation
straight Iine and the lower shielding film Ib is approx. 29 Rmand the

shi el di ngndependentidpethfigs A2pdueahengee afiaihlp Yonfinuohs aparthgsyl 2ddi ng t he
shielding rate of the upper shielding filml a with that of the | ower

shi el di ngwhidhmhdoopdiangs 18 aaklcontiaushsl! éim@ctdd. nThakdfere)st shown in Fig. 11
are constituted by an i ndependent shielding portion 11 whose circunference

i's  surropd&thbdy té fame fedldvger shieldifig MM intd Aehidldbly Rl edittearat, it is
not possible to connect the shielding portion 9 of the | ower shielding

filmlb t@natithtedby BRé o tintoss skitddingep di€ichl MsBowa ia Higvez. Iupbey
W ring. Moreover, not all the openings 12 of the shielding filmpattern

sown in Rigge ofthaRicddingHRRPMGTh v MOFid 2m2, lk rhAvim@mclefgtin by

conti nuous openings 12b 1n which the openings 12 are continuously

connect edeh o IRGIRIMPBsed bortion BE PR IRt inAtiBn! ftRalghtdinesgltHeng film b
into a shielding filmpattern constituted by the continuous shiel ding

portion l&iémiil‘g portibh @ oflihe lbfbei- RBjel@ASEARL 1HNG Hprek J50¢nt bhintpat tern

shown in Fig. the maxi mum | ength of = the superinposed portion between a

5o AT s el bR R o W |
the case pfe 45e11pdligh Aot Afstt4PeR2b} SigtaS 1R ebfing continuous shielding
portions 10 at ends, it is 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 1a 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,




Fig. 12, though not illustrated, by zigzag connecting continuous shielding
portions 10 at ends, it is possible to formone or nore conti nuous
shielding portions 10 which are preferably used as a power supply wring
or power supply wirings. Moreover, it is allowed to use the shielding film
pattern of the upper shielding filmlain Fig. 2 or 3 shifted by L/2 in X
direction and Y direction respectively as a shielding filmpattern of the
| ower shielding film1lb. In the case of the exanple in Fig. 2, the rhonbic
I ndependent opening 12a on the shielding filmpattern of the upper

shi el di ngthfei timel xequirstd for alesigsof hvew sturbling filnepatidenis shnetasisany porti on
11 of the shielding filmpattern of the Iower shielding film 1lb, the

annul ar i maié pencent degignitnge taa endédreaseshi el ding fil m pattern of the upper
shielding filmla overlaps the continuous shielding portion 10 of the

shi el di ng(Haurth eatbosliment) t he | ower shielding film 1b, and a shiel ding
rate of 100%is realized by the upper shielding filmla and the | ower

shi el di ng fil nFilgh.13Eechemdifadlysshovwiea sectborsdli stilitnge pAttpaesentcan be used by
t he upper shielding filmla and the | ower shielding film2lb, 23 the tine

requi red indentidai dicudt 102 R fouith @nthoinfént MR pessent nvehigaesisaily and a
circuit design tine can be decreased. (Fourth enbodinent) Fig. 13

schemat i cpd2 yf tHwofsureh eatioddmaht $¢ diffdreh e i the pesemit invaNEsh ichiRudt r cui t
102 of fourth enbodi nent. The present invention circuit 102 of the fourth

enbodi neni(1 sf thd fiHr@ eimbdd@mehd &n Bh &6 ShieldiR¥§itrtioRs Gf tBeuppe2 01 of the
third enbodi nent in that shielding portions of the upper shielding filmla
and a | ovwefieFdthgfilivh 9a fanldna 1dweér shitledg #3mPPake 548® kLY power supply
wirings. Continuous shielding portions 10 of the 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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wi rings. Continuous shielding portions 10 of the upper shielding filmi a
and the lower shielding filmlb are electrically connected with the
nmetallic wring 16 of a circuit structure portion 20 through a connection
| ayer 14. To connect the continuous shielding portion 10 of the upper
shielding filmla to the netallic wiring 16, the portion 10 is tenporarily
electrically connected wth the independent shielding portion 11 of the

| ower shielding film1lb through the connection |ayer 14 and the

i ndependent shielding portion 11 of the lower shielding filmlb is

connect edtlieoshiehlingtfdi i d¢s formewbit fwolurangie ldyiees.c Thedifth embaalirrent4.
Therefore, tw types of shielding portions such as the continuous

shi el di ngispdifferent fiOmugrdfias ta fperdy erabpdintentsrinrthadackoulgh facedependent
shielding portion 11 for relay are necessary for the shielding film

pattern ofrrégadarigvweflestingliffraged rhiidtlonasighplied fowadedrasurfadala bha bot h

shielding portions 10 and 11 are electrically isolated fromeach other.

(Fi fth engqdicondtiptorisibsirats afeomt thedldck 4hofthes@hitohdaatorsubdeidtee of a
present invention circuit 103 of the fifth enbodinment. Fig. 14 illustrates

a case in4 igfyrededors théebaeRabldflthe betficdhutesr Sybapste £Y TherdforEMple, it is
allowed that 24 the shielding film2l is forned by two or nore Iayers The

fifth embegdifmitationmfthblsRifite 4 SN Rriichiludidr 6aHSLAETIOhERAES I 0 t hat

a rough face tor irregularly reflecting infrared radiation supplied toward

the surfageticpie tﬁarﬁﬁ@ﬂ&@ﬂﬂi@ﬁﬁ{t oUbsithedAbddimanst he back 4b of the
sem conductor substrate 4 is fornmed on the back 4b of the sem conductor

substrate 4. TAARSLAKONE HAheGRBEMINAehBINQhirdlits 150{5 tae62 d tRé fikSe

sem conductor substrate 4 is the sane as the case any one of the first

to fourthemaeth BRMoRiments 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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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

t hi ckness of the chip-state present invention circuits 100 to 102 becones
|l ess than 200 Vm At the tinme of the polishing, a rough face constituted
by a face non- parallel with the surface 4a of the sem conductor substrate
4 is formed as shown in Fig 14. The rough face is forned by any one of

gri ndi ng shitkhing filsut lis fanegerd bylitwg drimorglaydisi The sixthnetnbgdihewtigh sand

bl ast, grinding through sand paper, and grinding through | aser beam

Ther eby, different froastle firstotodfoav@némbbdianeats innthalt 4 beck shieldingdilhuct ur e
portion 20 on the surface 4a of the sem conductor substrate 4 for an

i11egal plypdeemedrdnothiebackoyh bf aseridgndwitonsebistrath 4t Thieréfos) thke back 4b
of the sem conductor substrate 4. (Sixth enbodinent) Fig. 15 schematically

shows a semifigiiratioftdfuhbbuefaek 4 dfrbeaRimicond@itbl abstratd it tis 1R4 s@inesi Xt h
enbodi ment. Though Fig. 15 shows a case in which a shielding filml is

formed byadiife ¢au6edf any oné oftH it thTatrthn@nBodimhéisdi ng film1 is forned

by two or nore layers. The sixth enbodinent is different fromthe first to

fourth enbodi NRAL Gllored@luse PEWA shh€hditRe patteth oFtheShiddigeibn 1 he back
4b of a sem conductor substrate 4. Thereforée, the configuration of the

surface 4gF thk i€ t6 SOLTRANEINES A B 3 theShdeldtn g AnSRiTRerPSf tth£ase of any
one of the first to fourth enbodinents. It is allowed to use a filmsanme as
the patt eghjeRfing Hins ¢ ehfieR PolishiAd the back 4b of the semiconductor

substrate 4, the back shielding film Ic 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 1s moderated.

(Seventh embodiment)
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of the first to fourth enbodi ments as the shielding filmpattern of the
back shielding film1lc. 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

i1l egal purpose performed 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
t he sem conduFiprl6sschematially, skowma pagidomalstenctupavaf d presents at t he
central portion of a wafer to a certain extent due to a difference between
thermal pExpatnonrontfldbof satenthf ethhedininéret. dfigg 16 iillustrates aeds®in t he
surface 4a of the sem conductor substrate 4 and the sem conduct or

subst r at ewhiclHawhveldingdfilmf bisnforgetlis eckayehi Haelvengerf itliallowed thw back 4b
of the sem conductor substrate 4, a concave warpage occurs on the

sem condugieoshieldiag fiire 14s €diened by awdirfiaoanksebet Pheevbethial expansi on
coefficients of the back shielding filmlc and the sem conductor substrate

4. Ther ebymbbliineenid diffesbiehdm Wy fitGodBusthehbbdinse®sfinethadnd t he
war page of the sem conductor substrate 4 is noderated. (Seventh

enbodi mentrbaifefit for iia@r&éﬁﬂ%ﬂ%r?@ﬂdl)ﬂeﬁé&‘@ﬁan@it?%Tabﬁﬂéli total keplioH BoPf a
present invention circuit 105 of seventh enbodinent. Fig. 16 illustrates a

case in Mcﬁm%a%ﬁcﬁﬁﬁﬂéﬁcé 'P_bﬁbh 2150d HBACIOYL @@ JedViebndtigver, it is
allowed that the shielding film1 is forned by two or nore |ayers. The

seve n; h aRe4REN hnd theicky&aPbfdct 48hsiRe id 1agkr tRah eHE ChyaPaeegENtSs i N
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 1013/cm?) 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.




treatment for increasing a crystal defect density is applied to a region
not reaching a circuit device potion 21 on the back 4b of a sem conduct or
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 same as the case of any one of the configurations of the first to
fourth enbodinments. 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 i s made toAsdestrbed above,dor the hredeat invéntidn cireuite H00d0dil2 afr
substrate 4. In this case, by perform ng a high-tenperature heat treatnent
(e.g. heathe fiestttodoarth embodinteiits; ithisllowed ta indsvidoadlytdpply angrdned i ci al |y
generate a crystal defect 55 (e.g. defect having a defect density higher

t han 1013dfumByareddaidiatéan imronyingahkasdresionf ther keatksath off hen | nconmi ng from
the back 4b by the generated crystal defect 55. As a result, it is

possi bl e sempoadactorcbetrates anf the &ifth te sévenshrembodimenisyitioalsd0 on the
surface 4a of the sem conductor substrate 4 for an illegal purpose

per f or medalbywedpd vorbine hndrpply diéstt neasdreroptivndiack 4b of the

sem conduct or substrate 4 in addition to the shielding effect on the
surface @ighth ehfbodiymenenduct or substrate 4. 27 As described above, for
the present invention circuits 100 to 102 of the first to fourth

enbodi ment's, iFid 97adHowses té vidwbd eshfehdnatRppdfard Y car@ 50af eighithar ed

radi ati on i ncom ng neasures on the backs 4b of the sem conductor substrates

4 of the dmbbichonsefidivt preaoRoivedition. The [6 cakrd 30 islfbaved biyGsealinigi ne and

apply these neasures optionally.
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-
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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(Eighth enbodinent) Fig. 17 shows a top viewed configuration of an IC card
50 of eighth enbodi nent of the present invention. The IC card 50 is forned
by sealing an IC card nodule 52 including the present invention devices
100 to 105 of the above first to seventh enbodinents in the housing of the
IC card 50. In the case of the ICcard illustrated in Fig. 17, an antenna
51 is also sealed in the housing because a non-contact interface is

i ncluded. According to this configuration, by using the present invention
devices 100 to 105 of the first to seventh enbodinments, circuit analyses
for il egdlustratedder the abpee pmbodimentsEhey oan beviroperlytodifiedds thee
prevented and decrease in thickness is realized wthout deterioration of
an el ect rrange oftthedetbnical thougitrofi themyesént invenpiage of a wafer. Therefore,
it is possible to provide the thin high- performance I C card 50 from which
it is very difAlthoughttheraedent inventioni hdsoberat desvrib®dninctencisadfer i nt egr at ed
circuits of the present invention are described above in detail. The

shi el di ngpféferredambodiment] itswilhbe dppoecittesl thettoxaimnmddifivzitionarand

exanpl es. Therefore, a pattern is not restricted to the pattern shapes of
t he enbodalterdtions\iglovle made hhehasesskilléd an she uet withoutfdepastngdaneuct or
integrated circuit, dinensions of various portions including a film

t hi cknessthanspirittaerd edopeafehsdhvertson.i ThednventibeshodBl tHdrefdredteed for the
above enbodi nents. They can be properly nodified in the range of the

t echni cal mehsuwssd irnfernhieofrhrsdaims middh feltow Al t hough the present invention
has been described in terns of a preferred enbodinent, it wll be

appreci ated that various nodifications and




alterations mght be nmade by those skilled in the art w thout departing
from the spirit and scope of the invention. The invention should therefore
be measured in terns of the clains which follow 29 WHAT IS CLAIMED |IS: 1.
A sem conductor integrated circuit conprising: a shielding filmfornmed by a
material different fromat |east either of a sem conductor substrate and
an interlayer insulating filmin thermal expansion coefficient, wherein
said shielding filmhas shielding portions and openi ngs and at | east

either of a plurality of independent openings whose circunferences are

sur roundeWBATSES CLLdMEDI IS portions and a plurality of independent

shi el di ng portions whose circunferences are surrounded by said openings is
present and scat Acesdcandudter emteigrateslnif@ne cahpaisihgp. 2. The semn conduct or
integrated circuit according to claim1, wherein the rate of an area on

t he surface of atshéeldingfihmdonned byya asitdriad Riffédind drqimrdtileast dithdrleh or

| ess. 3. The sem conductor integrated circuit according to claim2, wherein

the rate afkemicardirctonsibstraty iied andhtéfieyahingubatng b iytheenthl shi el di ng
portions is 40% or nore. 4. The sem conductor integrated circuit according

to cl ai m dxpame6e coeffieiind, Gihie@bighi Ng portions are respectively forned by a
conductive netallic material, and at |east a part of said shielding
portions is el efidrdhieldiyg €bmriesd Ssielding pdrtivad apdt 8pbnidlgs and at least
either of a plurality of independent openings whose circumferences are
surrounded by said shielding portions and a plurality of independent
shielding portions whose circumferences are surrounded by said openings is
present and scattered on the entire surface of a chip.
2. The semiconductor integrated circuit according to claim 1, wherein
the rate of an area on the surface of the chip occupied by said
shielding portions is 61% or less.
3. The semiconductor integrated circuit according to claim 2, wherein
the rate of an area on the surface of the chip 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,
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5. The sem conductor integrated circuit according to claim1, wherein said
shi el ding portions of said shielding filmare respectively forned by a
conductive netallic material and at | east two |l ayers of said shielding
filmare present on the surface of said sem conductor substrate, 30 at

| east a part of said shielding portions of each layer is electrically
connected to the fixed potential, said shielding filns other than the
uppernost |ayer one are pattern- forned so that one or nore independent
shi el ding portions whose circunferences are surrounded by said openi ngs
are present. o6atlBast agrart ofidaidk shneldhnggmoatiods of each 1layerdsetectricallycl ai m 1,
wherein at |east two |layers of said shielding filns are present on the
surface ofonmestel tethehredpbtontialbstrate and said shielding filmof the
upper-layer is pattern-forned so that said shielding portions shield said

openi ngs of sasald shiieldimi fiimbiothenthamehé appermayickaye¥ onéhgegritteanduct or
integrated circuit according to claim6, wherein the shielding filmof the

upper - | ayfamed spathiatronef oy miede independeat ishibldingopdrition® whosdhi ch at | east
ei ther of the independent openings whose circunferences are surrounded by

the shi el drdigmfirehcesresdrronaded baped dpphirddi lediragenr t i ons whose

circunferences are surrounded by the openings are periodically repeatedly

arranged I n twe Thé eemlicitluetsniegesaited brcaaCiccotdielg toadldirh e witdrelifli ng
filmof the lower-layer is pattern-formed into a periodic pattern shifted
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said semiconductor substrate and said shielding film of the upper-layer is
pattern-formed so that said shielding portions shield said openings of said
shielding film of the lower-layer.

7. The semiconductor integrated circuit according to claim 6, wherein

the shielding film of the upper-layer is pattern-formed into a periodic
pattern in which at least either of the independent openings whose
circamferences are surrounded by the shielding portions and the
independent shielding portions whose circumferences are surrounded by the
openings are periodically repeatedly arranged in two directions orthogonal
to each other, and

the shielding film of the lower-layer is pattern-formed into a periodic
pattern shifted in said two directions respectively by the half of each
repetitive pitch from the periodic 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 for irregularly reflecting infrared radiation incoming

toward the surface of said semiconductor substrate from the back of said
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8. The sem conductor integrated circuit according to claim1, wherein a
circuit portion is formed on a surface of said sem conductor substrate,
and a rough face for irregularly reflecting infrared radiation incon ng
toward the surface of said sem conductor substrate fromthe back of said 31
sem conductor substrate is fornmed on the back of said sem conductor
substrate. 9. The sem conductor integrated circuit according to claiml1,
wherein at |east one |layer of said shielding filmis present on both the
surface and the back of said sem conductor substrate. 10. The

sem condussmpiconduetpr subdtuste caifarnmerton dhedath of saidiserticondbetori n a
treatnent for increasing a crystal defect density is applied to the back
of sai d ssmubstoatéuct or substrate. 11. A seniconductor integrated circuit
conprising: a shielding filmforned by a material different fromat |east
ei ther of a s@ffkhesemidcorduethsintegmtaddi@nit adcordimgeto dlasw|latwhegein | min
thermal expansion coefficient, wherein said shielding film has shiel ding
portions and opeleiastsnabayer ofdaid ahidl ingf fikoh és ppeseint@mn leoth theesatfidceon an
optional straight line parallel wth a surface of said sem conductor
subst r at eapdighe bgck bf saidhsemigontductor fsabstigé.cl ding circuit devices and

circuit wirings in said shielding portions. 12. The sem conduct or
i ntegrated cirpiThaseichndacter wtégratdd circuitedcebfding to claim 1,
wherein
a treatment for increasing a crystal defect density is applied to the
back of said semiconductor substrate.
11. A semiconductor integrated circuit comprising:
a shielding film formed by a material different from at least either of
a semiconductor substrate and an interlayer insulating film in thermal
expansion coefficient, wherein
said shielding film has shielding portions and openings and a
plurality of the openings are present on an optional straight line parallel
with a surface of said semiconductor substrate passing through a portion for
shielding circuit devices and circuit wirings in said shielding portions.
12. The semiconductor integrated circuit according to claim 11,
wherein
the length of said shielding portions present on the straight line is
200 pm or less.
13. The semiconductor integrated circuit according to claim 11,
wherein

the rate of an area on the surface of a chip occupied by said shielding

portions is 61% or less.




the length of said shielding portions present on the straight line is 200
umor less. 13. The sem conductor integrated circuit according to claim 11,
wherein the rate of an area on the surface of a chip occupied by said
shielding portions is 6 1 %or less. 32 14. The sem conductor 'integrated
circuit according to claim113, wherein the rate of an area on the surface
of the chip occupied by said shielding portions is 40%or |ess. 15. The
sem conductor integrated circuit according to claim1ll, wherein said
shielding portions are respectively formed by a conductive netallic

mat eri al, and M. Thasemicopdurtmfinsegmatedcoicditrapcpodingdoslaign dBectrical |y
connected to the fixed potential. 16. The sem conductor integrated circuit
accor di ngwheraihai m 11, wherein said shielding portions of said shielding
filmare respectively formed by a conductive netallic material and at

| east two | ayethe wte ofiansdvieal i thye svrifhee of thepelapantupiedibhessidr f ace of said
sem conduct or substrate, at least a part of said shielding portions of each
| ayer is sHiekling @aktiyns toddadrddsé.o t he fixed potential, and said shielding

films other than the uppernost |ayer one are pattern-

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 the fixed potential, and

said shielding films other than the uppermost layer one are 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

at least two layers of said shielding film are present on the surface of

said semiconductor substrate and said shielding film of the upper-layer is




formed so that one or nore independent shielding portions whose
circunferences are surrounded by said openings are present. 17. The
sem conductor integrated circuit according to claim1l, wherein at |east
two | ayers of said shielding filmare present on the surface of said
sem conductor substrate and said shielding filmof the upper-layer is 33
pattern-fornmed so that said shielding portions shield the openings of said
shielding filmof the | ower-layer. 18. The sem conductor integrated circuit
according to claim17, wherein_said shieldi n%};i | m of the upper-]ayer is
pat t er n- f Rattexn-formedisg thatoemid shielding portionghshigldthe epeningsohspidf ~ an
i ndependent o(ggni ng whose circunference is surrounded by said shielding
portions ghiglding fdoeplthedewerdnyet.di ng porti on whose circunference is
surrounded by said openings is periodically repeatedly arranged in two
di rections orthbgOmasemiconduntatintegrated ciranit anevredivgrtg clainmlGf t he
| oner -l ayer is pattern-forned into a periodic pattern shifted in said two
di recti orwheesipectively by the half of a repetitive pitch fromthe
periodic pattern of the upper-layer. 19. The sem conductor integrated
circuit accor dsaid shoeldireg filrh Iof thelgperdapexisrmatit¢ermpbormeshinte o penedicon t he
surface of said sem conductor substrate, and a rough face for irregularly
refl ecti npatteln ar edhicladi ddsoeither ofiangndependent opening whose
circumference is surrounded by said shielding portions and an independent
shielding portion whose circumference is surrounded by said openings is
periodically repeatedly arranged in two directions orthogonal to each other,
and
said shielding film of the lower-layer is pattern-formed into a periodic
pattern shifted in said two directions respectively by the half of a repetitive
pitch from the periodic 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 for irregularly reflecting infrared radiation incoming
toward the surface of said semiconductor substrate from said back of said
semiconductor substrate is formed on 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 substrate.
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toward the surface of said sem conductor substrate from said back of said
sem conduct or substrate is fornmed on said back of said sem conductor
substrate. 20. The sem conductor integrated circuit according to claim 11,
wherein at | east one layer of said shielding filmis present on both the
surface and the back of said sem conductor substrate. 34 21. The
sem conductor integrated circuit according to claim1ll, wherein a
treatment for increasing a crystal defect density is applied to the back
of said sem conductor substrate. 22. An IC card on which the sem conduct or
i ntegrated cir2liThesemiconductor integrated dircai. aceordi@gdarddiaiom 1uhi ch t he
sem conductor integrated circuit of claim 11 is nounted. 35

wherein

a treatment for increasing a crystal defect density is applied to the
back of said semiconductor substrate.

22. An IC card on which the semiconductor integrated circuit of claim
1 is mounted.

23. An IC card on which the semiconductor integrated circuit of claim

11 is mounted.






