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present invention relates to a sem conducCtor device conprising chip size

package using for high density nounting nodule, multichip nodule, and the

| i ke, a method 10 of nmanufacturing sanme, and to seniconducto g
for manufacturing the sem conductor device. Currently, in ac mm&mwm mmm
maki ng el ectronic devices small and high perfornmance, senlcon uct or eV|ce
used therein BIBLE cOli TRE INVERTHORh i ntegration, high 15 densitV¥*"“&nd fast
I n a processing velocity. Corresponding to the requirenent, inplenenting
met hods of sem CIEMICONDUGEIR CREVIGE e PEMNCCRRWGERR fWANER) n i nsertion type

to surface inplenmenting nethod for increasing inplenenting density, and, in
order to 20SEMICOINPIIT OFo MO Fas iANP tHhd1BiHaie O MANUIRACTREREges such

SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor
device comprising chip size package using for high density
mounting module, multichip module, and the like, a method

10 of manufacturing same, and to semiconductor wafer using
for manufacturing the semiconductor device.

Currently, in accordance with making electronic
devices small and high performance, semiconductor devices
used therein are required to be high integration, high

15 density, and fast in a processing velocity.

Corresponding to the requirement, implementing
methods of semiconductor devices have been changed from
pin insertion type to surface implementing method for
increasing implementing density, and, in order to

20 correspond to increasing the number of pins, packages such
as from DIP (Dual Inline Package) to QFP (Quad Flat Package),
PGA (Pin Grid Array), and the like have been developed.

However, implementation of the QFP is becoming

difficult in accordance with increasing the number of pins,
25 because connecting leads with implementing substrate are

concentrated at periphery of the package, and the lead

itself is thin and readily deformed. The PGA 1is

disadvantageous in high density implementation, because

I
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as fromDI P (Dual Inline Package) to QFP (Quad Fl at Package) , PGA (Pin
Gid Array), and the |ike have been devel oped. However, inplenent dtli R 1§03
the QFP is becoming difficult in accordapce with increasing the nunber of
pins, 25 because connecting |leads with inplenmenting substrate are
concentrated at periphery of the package, and the lead itself is thin and
readily defornmed. The PGA is di sadvantageous in high density

i npl enent ati on, because 21 APR 2003 2 increasing processing velocity is
difficult electrically, since termnals of the PGA for connecting with

i npl enent i ng.nsuiestsiaigep aoeess endere lacd tyoihs daffatedtedtectmsicaldach ot her,
and surface inplenentation is inpossible, since the 5 PGAis a pin

i nsertion tydaceReeeningls of thel@Atforsotnrechbngwotd mplsment iy to
realize a sem conductor device corresponding to increasing processing

vel ocity, BEAbSBHateGane Alendehand cORCERLLaHSed extire €3Fpri ses a
stress buffer |ayer 10 between sem conductor chips and a substrate whereon
circuits ar ®tenednd i fagepiapteneptRE1IONABHIRGES Wxk@r aNCedif nal s, at
i npl enentj ng substrate side of the substrate whereon circuits are forned
(US Pat et 5CMgS265PINTHESSINEA)e T¥RAng the BGA structure is 15 readily

i nmpl d f b def i f_.the | h P
oceurTed, i nce HHETEH Al STRF CORRATE ERCVISY 3 REPBISREAEPOT S ubs ral o
s bal | - shaped 5ol dor 3 and @ pidsh dekueen dhe dermnal goan be taken

e S di e

w de, since’t erm na spersed on all throu I npl ementi ng

pl ane. Furt :JP;_Ir " ae o ety Pﬁjﬂﬂ i t he
ext er nal t_e:l(r?nlr naa, ﬁ@%gﬁgégs%gﬁgpmarﬁ n \S/Bmafgh the g&ﬁgf‘ﬁgﬁ’é%é’rﬁ
conponent | %e%?ﬁhleveib&%@'. VeheChEN dompgratles andtkbskSp@ppest bl dr0
correspond to the requirenent to i ncrease processing velocity. 25 On the

ot her hafd, ptRwietr BehitohduckII6 ohifss @nds @s suPetilatad wheredinp) package,

whi ch conprises a cross sectional conposition of sealing
mat er i al / chicd/randitec tareg fordneds,eand unp eliealtrodiest,hevhdluhp apreovi ded wit h
the external terminals, at implementing substrate side of the
substrate whereon circuits are formed (US Patent
5,148,265). The package having the BGA structure is
15 readily implemented on surface, because deformation of the
leads such as QFP is not occurred, since the terminals for
connection with implementation substrate is ball-shaped
solders, and a pitch between the terminals can be taken
wide, since the terminals dispersed on all through the
20 implementing plane. Furthermore, because the length of
the bump electrode, i.e. the external terminal, is short
in comparison with the PGA, inductance component is small,
signal velocity is fast, and it is possible to correspond
to the requirement to increase processing velocity.
25 On the other hand, JP-A-8-172,159 (1996) discloses LOC
(Lead On Chip) package, which comprises a cross sectional

composition of sealing material/chip/protecting

film/sealing material, as the chip provided with the



21 APR 2003 3 protecting film The protecting filmincreases adhesi on of
the chip with the sealing material, and protects the chip from dairhg€R 28
pi ck up pin, concurrently. JP-A-7-135189,(1995) discloses an invention
relating 5 to wafer adhesion sheet for midnuf act ur i ng sem conduct or devices
of LOC structure. The wafer adhesion sheet is sued as a protecting film
until the chip is nounted in a package in a process for manufacturing the
sem conductor. Recently, in accordance with w despread used of 10 portable
information term nals, decreasing size and high density nounting of

sem conduct protedtcery #d.&mr.eqbhe ik otldrer i ifa 1 mCoRcf Ehbps Sadhes Rackage) ,

t he package size of which is alnost sane as chip, has been devel oped. The
CSP of vari ofs thgpedipr witthsthesedalanyNnakeridl ecr anepreeects 1I88- p64,
published by N kkei HP Co. (February, 1998). Those CSP are manufactured by
the steps ofchigdfardm glag@diesoddudticrk dti Ein wQieurEeeah cut to
respective pieces, onto a polyimde substrate or ceram c substrate, whereon
circuit |ayer i9Boknkdi3Tbthdddiong @ieelesenlan ipgenkdon ¥elatindayer with
t he sem conductor_ chip by . a nmethod such as wire bonding, single point

bondi ng, YaFb¥rdiergadberpopoRBERE, f%d“%@‘h%ﬁ‘%@%b%‘yi%}“w@“‘g%%ti ng
portion with resin;?gnd formng exter m nal s such as sol der bunps.

al ter
JP- A- 9- 232288 VALK A0F FEERCHRES 78 e(‘iég%i i BReeHetHRed of mass
production qf the o?P. ln ac ordaan i th the netho Sy f he sem conduct or
devi ce is miftufdth eecd:W ?ﬁgms?réﬁjs ore ?%%%1’7?9‘“889%? ot P SEN Tonduct or
wafer: connagl ingtdhed il hbAldAhang The Rl getrical ly via
t he bunps; seal’l ng the connectli ng por ions Wt K resin; tormng the external

electrodes on theceht eyl tiaURELo2hENCANILEH hiABspPEANALGEAl BT eSpect [ve
pi eces . The "N kkei cro Device" pl64-pl67, pubfished by 5 N kkei BP Co.

(April, 1P9bortdiE ¢aesrMaesBar t SRR SN T Hdd b S @A 2@f ahlen L. I n

accordance with the disclosed nethod, the sem conductor device is

manuf act ur edidus itdye molugRd nef off et BenluaR6 rodel hees eat 6 orskpei ved waf er by
sol dering; sealing portions other 10 than the bunps with resin; formng
ext ernal el dhteredesegt CSRe (Ohip Poale deskayw) cuthd pgckhgewaise aD
respective pieces. Anong the above CSP assenbl ed by adhering the

sem conduct ethisthi ps &imosth spirecas qloin hbagop§emidhveloped. The CSP

of various types are disclosed in “Nikkei Micro Device”
15 p38-p64, published by Nikkei BP Co. (February, 1998).
Those CSP are manufactured by the steps of: adhering
semiconductor chips, which has been cut to respective
pieces, onto a polyimide substrate or ceramic substrate,
whereon circuit layer is formed; connecting electrically
20 the circuit layer with the semiconductor chip by a method
such as wire bonding, single point bonding, gag bonding,
bump bonding, and others; sealing the connecting portion
with resin; and forming external terminals such as solder
bumps. JP-A-9-232256 (1997) and JP-A-10-27827 (1998)
26 disclose methods of mass production of the CSP. 1In
accordance with the methods, the semiconductor device is
manufactured by the steps of: forming bumps on the

semiconductor wafer; connecting the circuit substrate



15 substrate or the ceram c substrate, the CSP, wherein the ci rcu'ﬂ APRyzﬁ’Ua
is connected to the chip by wire bondi ng, becones |arger than the chip
size, naturally, because the bonding area of the circuit layer is |ocated
at exterior of the chip. In case of the CSP connected by bunp bondi ng, 20
the substrate beconmes larger than the chip in order to prevent resin from
fl ow ng down at potting, because the interval between the chip and the
substrate is sealed with resin after bonding. Accordingly, there was such a
probl em that the package size of these CSP becane |arger 25 than the chip.
The CSP usi rRfe®er E¢a by cuiiai Bhpi ReBRS hafP3LERd atbe oPPRAPE BRIt he CSP t ook
along tine in nmanufacturing the sem conductor device, because, after

di ci ng the dffsions MiWprrermiy fFHND N eFterngd EAPFTRASES R ocat ed

tl t he .substrat d dith I ically, d
Ceal od. The WEPCATEIG t RUOPEERS ARG FaF bl g eua BOF VichT REPBCRRECT he |1 ke
th [ ! h h. b .t hat b d.inth k
3 rostlow i SN T pRabRgE ECPETiE] RAThbheT R RS AT Ble
j . ' | i ff
Gener at ot BUEMSE TheShi ERLTREVEL S FRETAAE SARLPAE R T e oo,

whi ch s MRuUEACLUISH RYCHDE SEePfe Obsp ! OTHH Nk PMEI AN 118, S8 conduct or

waf er; conn i ng e sem conductor wafer wth the substrate; sealing the

i nterval betyegs §6eq SHEERHA! e RBUs éMEcSEAMEOHEUGEPicuaigr 15 with resin;
formng the external electrodes; and cutting off the sem conductor wafer to

respective ph&egfach@ade§UB) eher OBEBE @5: Wab PmOfigt bempendg obleict or waf er
and the sem conduct or device by curing shrinkage, because the resin |ayer
was forned osdyiomedseter ofafdre bwaselde?dndsldsda hived Ippricdonspobthée wire
bondi ng type CSP, many of the CSP have an exposed plane, which is in
reverse &6 ttiwampltdreebuhpseenth e cliraiageexoeneal edfectthodelsi at
Therefore, there was a problemto generate failures such as cracks at edge
of the chip,tkadouapepest 40ns heaR@a@uPBing afke byafar | Fagr ePRRCELNe ng
transportation of the package and handling such as picking up during
mount i ng opeRPEEFBH: SUMMARY OF THE | NVENTION 21 APR 2003 s

Among the above CSP assembled by adhering the
semiconductor chips cut in pieces to the polyimide
15 substrate or the ceramic substrate, the CSP, wherein the
circuit layer is connected to the chip by wire bonding,
becomes larger than the chip size, naturally, because the
bonding area of the circuit layer is located at exterior
of the chip. 1In case of the CSP connected by bump bonding,
20 the substrate becomes larger than the chip in order to
prevent resin from flowing down at potting, because the
interval between the chip and the substrate is sealed with
resin after bonding. Accordingly, there was such a
problem that the package size of these CSP became larger
25 than the chip.
The CSP using the chips cut in pieces had such a problem
that the CSP took a long time in manufacturing the

semiconductor device, because, after dicing the chips,



In consideration of the above circunstances, one of the objects of the
present invention is to provide sem conductor devices and sen condp¢tp®R 2003
waf er; wherein the package size is as sage as the chip size, and failures
in 5 appearance such as warp and damages are scarcely generated; and to
provi de a nethod of manufacturing the sane. Other one of the objects of the
present invention is to provide to provide sem conductor devices and

sem conductor wafer; the package size of which is as sanme 10 as the chip
size, superior in mounting reliability and mass producibility, and failures
i n appear anEagucf asspacpigedcdapagest dre 1searicel yogeretdyedn e to

provi de a nethod of manufacturing the sane. The gist of the present

i nventi on t cwshirate t lallehmd thereonecconnectedt aledtibycahéyseandonduct or
devi ce conprising a sem conductor chip, a stress relaxing | ayer provided on
the plane, Weal&sh- the circuit and el ectrodes are forned, of the

sem conductor chip, a circuit |ayer formed on the stress relaxing |ayer and
connected to t heTke &SR JHiNg de Z@sdy MRELradensHghsapreelitnida t he
circuit layer; further conprises an ,organi C grotecti ng film provided on the

e ,
pl ane comt r &0A the hekerredde Qigeuds fayer bedifieR&PEoRAGR: Brathi p.
O her feature of th resent, invention is in the sem canduct.or device
conpri si ng é”%te?ﬁ’co%?ﬁg%qﬁb?&(fm pohg R?&rqfﬁ%e r%e”s%'%i‘?‘ﬁ’ﬁ%d” R e'%r ovi ded on
t he pl ane, whereo e Ci I nd .el re for the
sem conduct &acc%a}d;e, t“;a]ascfprlcr:oﬁrjté‘?cgyoer}'t ?ﬁ{%grgog;f]ntf}]%g S l%l%r%grar% ’ax“llansg | ayer

21 APR 2003 g é-‘cpaﬁacjfz?ﬁdloe% Rl HEHUBBIS £RHa EXLR Y Pégiﬁé‘@al X

provi ded on the circuit Tayer; further conprises an organic pro ting film

provided ondfe plaeegeR¥BREEA! bddkusd &?@ch?k%&@g&d%d @i thhgn _
sem conductor chip, anhd respecflve 5 of side planes of the stress rel axing

layer, the sRIA<OEqEntchip, and the organic protecting filmis exposed
outside on a sanme plane. Oher feature of the present invention is in the
sem conduct or depheeCSPNPEh B¢ gwds St eHactittod b{i phe as€ppoddDUS Stress
rel axing | ayer provided on the plane, whereon the circuit and el ectrodes
are forned, fofrnitg bampsonduchersenhignndudtiarx miafdrgy eonhechedgobhé he stress
rel axing | ayer and connected to the el ectrodes, an ani sotropi c conductor
for el ectri GEMignRRGYN Wil deidkhdiheanhsteratectserlekng he t he

sem conductor chip and the circuit |ayer, external term nals provided at
desi gnat ed 1 gtREHsPBRWERB thie Eupstralg@nd the femicondartorpriennd an

i tecting fil vi d h to th . wh
R ol OSGi e o chErbied TSkt Bl ViR RRISS LantevEERs: hip
wher ei n, i . side pl f L axing. | h
Som conduct SRS S AL SRR ANGR 8L ¢ BPLERR D PELAS: 8L (e on &

same plane. it Gl Sfllp (O HHESEHIINAIION dedt ddlP e -

sem conduct or “wafer conprisi'ng plurality of chip areas, \
conpri ses Cigdeniiidoriift el e ddides by caarsitr{qi‘?sﬁhfﬁh@é%é‘,g peyAisdrd ded on the
c

pl ane, whereon the circuit and el éctrodes in the ip area are forned; a
circuit |ayafesir?laARR 23 formed only one side of the wafer.
20 Additionally, except the wire bonding type CSP, many
of the CSP have an exposed plane, which is in reverse of
the plane whereon the circuits are formed, of the chip.
Therefore, there was a problem to generate failures such
as cracks at edge of the chip, and damages at the rear

25 plane by falling down during transportation of the package

and handling such as picking up during mounting operation.

SUMMARY OF THE INVENTION



8 formed on the stress relaxing |layer and connected to the el ectrodqs];, ARRNM0I
externalterm nals provided on the circuit layer; further conprises an
organic protecting filmprovided on the plane reverse to the stress
relaxing layer 5 in the chip area. Oher feature of the present invention
is in the nethod for manufacturing sem conductor device conprising the
steps of : formng the stress relaxing |ayer on the plane, whereon the
circuit and electrodes are forned, of the 10 respective chip area of the
sem conductor wafer; formng an organic protecting filmon the plane
reverse to the planepnshéeranitheo£ltdd rbdee arigcumsiedcesf, the o€specti ve
chip area; formng via-holes in the stress relaxing |ayer on the chip area;
form ng conthet objechst pé ¢he- boeeentf onuengied déFr &ai provwidAe stress
relaxing layer; formng the external termnals on the circuit | ayer; and
cutting theSemipoadugtoriiewinns ppdseamigaudioryvaéare whareimeher ganic
protecting filmat the sane plane so as to be minimumunits for operating

t he seni conBAEKBPFCdBYFRelDRDIHMNAEE bYCtPRIR 7139y 206G LRR4UEER EBnduct or
waf er di sgl osed in _the present invegtd'[ on,qé)l urality of chiﬁ areas are
arranged ? e§BPERFFNCERHThAR WA 2PE 4aagAsRrEMGARGelsl 9eierated’ operati ng
the sem condugt r devi ca corrgq__'bsi ng sem cgnd ctor 2% circuits such as

| ogi c, nemofdS ggt BIQyrdE ag RE BENBARUIZREUFARICFBE: PBUSS for

i nput / out put of el ect i . SIORAlS WhLh, QUL 31 de, '}eesff"r}@ GR0dueign yafer. The

el ectrodes of thé sém conductor 8‘§b| ce are arré’nge n~a manner 1 ndi cated

21 APR 2003 &, i &} fie o bFoReaer Sapesomiidsheady geeptandgvention, the

substrate provided w Cl rcui ayer Is conposed of the porous stress

relaxi ng | aygemfdendb@ 6+ idtidr ] aNer padkiGerLoie brewRiekUid asasgméor med.
The porous body is conposed of a body conprising a structure of continuous

bubbl es mmvthmmil'{)aez@qrwpéﬁﬁdﬁen Wurit ity eeldapeNstprald mess
wor kstructure having breathing property. The porous body 1s forned by any

one of : a tr@wkdet i hjty P anet fatll unberia appbar arcdaudhsas waat ahéd by

neutrons and etched by a chem cal agent; a drawi ng nethod, wherein

crystal li ne gohyges axe remmrely gqemestateidzednd tte prplvadei si methodnd

subsequently, the crystalline polymer is drawn; a dissolution |ayer

separating reek HeaRnuikekering e ssanent having different solubility

dependi ng on ten]Ber ature i s used; an extractjon nmethod, wherein a polyner
n

is mxed with anTPREGEPE e PresentcinveRi R for §°Eg¢‘(%lxrhey?b%ﬁﬁ after

f i fil |y t i i | t. il t t ed; |

transt or 55 n et Lo AP REr af RV Pohar SRdngban o et omRR G S Boor
| t i ] f ] i | . d | t

"o ovapor ar éno it At RSP, N endsd ELixTnll tdhe P BrtydRadBhl SOV h

;isb: ngegt gtw:el?e RARGTe ,MABLBENUSAE S iRVMTPAAARS] JIBFIFES ard BoBbyeNt 10 a

of the semiconductor chip, a circuit layer formed on the
stress relaxing layer and connected to the electrodes, and

20 external terminals provided on the circuit layer; further
comprises an organic protecting film provided on the plane
contrary to the stress relaxing layer of the semiconductor
chip.

Other feature of the present invention is in the

25 semiconductor device comprising a semiconductor chip, a

porous stress relaxing layer provided on the plane, whereon

thecircuit and electrodes are formed, of the semiconductor

chip, a circuit layer formed on the stress relaxing layer



25 is included. The breathing property neans a phenonenon that a gaz 3@&9
as steam air, and others passes through the porous body via fine p J 003
exi sting inside the porous body. 21 APR 2003 In accordance with the
present invention, the |inear expansion coefficient of the protecting film
is preferably close to the |linear expansion coefficient of the adhesion

| ayer for adhering the stress relaxing |layer with the 5 sem conductor chip.
The warp of the sem conductor chip and the sem conductor wafer by thernal
stress can be prevented by naking the difference of the |inear expansion
coeffici ent apid lomnecdgad tcoptbeeeleagrodes f and ¢xoeenal téemisnabss

rel axing | ayer and the adhesion layer small. 10 Thickness of the protecting
filmis thi pkevideshon ihekmiossu of 1ppesi aritdrerf ¢comprusas an GX@ibe ned on
the plane, whereon the circuits are formed, and thinner than the thickness
of the chi pPIALEST iRgckl R Pr@VAgadnen tagrP R e & eyrrsgetodher stress
protecting fil.mcan be fornmed by adhering a sheet 15 of the protecting film
to the back I§AGFIRDLENELPL 1THRE S6M tOr Ghier, aBH ERPEFELYPe pl ane

with a varnis de of the qQtecting fil mmateriagl by spi.n coating nethod.
The prot ti°£5f31' emﬁ%?r%?c?né’l%d: S & FERE NG Y e PDtecting filmis

desirably col or.ed wth hlack for hielding light. |l.n accordance with the
present i nvgrﬁql&rﬁn\qq?g:oprorc r @@i% Ioﬁ%ﬁ’gbcar&t?et%t&é‘%f Jp]d‘f y’csar bonat e,
pol yester, a i .est er. t et rnaf | uor oet hyl ene, pol yet hyl ene,
polypropyle%@&gﬁhcgéﬁﬁéJ?%%ﬁgfffg%%Fﬂéﬂ%?§'celIulose acet ate, polysulfone,

pol yacrylonitril®,,pol yani de ¥ onpd ié%ﬁ?%ﬂ%aﬁ rq'_gein agpdatic

pol yi m de, and thelr conpounds. A par axi ng layer nay be forned

of a phot osgRryildotRIVRRIG iddhicENeomp2isARR £088micoRhaxtBy tRYE! 4S nore
porous than the protecting film The circuit |layer can be forned wth any

of gol d, 1copreaouss tre sy Melard nglesfepRrevLiea Hn the paunes, whefase of which
plated with gold. These circuit |layer can be the 5 insulating substrate,

wher eon t he thie cir¢sianadicaremd vddhapad oaimeidhesE thenskni oo sdudter
insulating substrate is desirably made of engineering plastics superior in
heat resi st @d® andciechihileagierx faraeticon stlie steesls zelpslipgniajeermnd t he

i ke.
and connected to the electrodes, an anisotropic conductor

for electrical connection provided between the electrodes
15 on the semiconductor chip and the circuit layer, external
terminals provided at designated locations on the circuit
layer in a grid array shape; and an organic protecting film
provided on the plane reverse to the plane, whereon the
circuit and the electrodes are mounted, of the
20 semiconductor chip; wherein, respective of side planes
of the stress relaxing layer, the semiconductor chip, and
the organic protecting film is exposed outside on a same
plane.
Other feature of the present invention is in the
25 semiconductor wafer comprising plurality of chip areas,
each of which comprises circuit and electrodes;, a stress
relaxing layer provided on the plane, whereon the circuit

and electrodes in the chip area are formed; a circuit layer



10 The circuit layer is manufactured by form ng the conductor |ayer
directly on the relaxing layer by vapor deposition or plating and {he\PRi2i3,
and subsequently, form ng the circuits by etching the conductor |ayer.

O herwi se, the circuit layer can be forned by adhering the 15 insul ating
substrate, whereon the circuit are formed with the conductor, onto the
stress relaxing |ayer. The adhering agent is conposed of any resin of
epoxy, mal ei m de, phenol, cyanate, polyam de, polyimde, polyam de-im de,
pol yester, polyol efin, polyurethane, 20 and the like, and a m xture of any
of these redioismesd bh thbbetressposibatisydlayesr ankd conaectukbbeto the

nitril ebutadi ene rubber, and the |ike. Additionally, any agent, which
exerts an adilesitowdes;cendexdteatmaigtednimnals progsisied en type circuit
photo-irradi ati on, and others, can be used 25 as the adhering agent. In
addi ti on t o layergbhde tdmp aontsy; igdse aadlvegargicagaratasdning: filgheet, which
is formed by inpregnating any of the above conpounds into a core materi al
such as por B¥OWERE og|ths pdladehreversddo the stress ApRaxang Yaveame
substrate, whereon the circuits are forned, is adhered to the sem conductor
waf er with e tAWo g 9er8arg agent. The circuit layer is fornmed by the

f:f i h i I he .el d id I f
stepe of 1 Tormag LG Rerous FFL g LVer o Lhe o eelioe s i ane o
I b t hod h adhesi ol ti , d J L , d oth
aver by 2 uhod Such a5 adheslan,  plauo daner deposillonand others
layer with %t%‘;)% gpat :\%Irl?{f?& e chQeEQeré’IQi?RIﬁeldaIygé{r%% I?ﬁ%‘éﬁfaﬂné,he circurt
or ~wa ure C

| ayer and the sem conduc er s mandtac y laser as He- Ne

|aser, Ar | 33RIreol\EHAE o Ry WI1REtIS@AS 135 lormil e drde.

Additionally, 1n sone cases, the portions of the relaxing |ayer

correspofdi R@sgeditreebdGh adea dndHd18ehcohtiGitbr! R¥EEr9f fdARing
sem conductor wafer are fornmed with a photosensitive material, and the

vi a-hol e i s alnos Hgsn by pexpesiticg fEMEbARHRIp1 &nd retveltisegt®thelid ane,

phot osensitive material. The conductor portion for connecting electrically
20 t he sem edretusinothead bectnodédhara foumed| ayerthesréspaet ivketdh ip
conductive resin made by m xi ng conductive fine powder such as carbon,
graphite powd®a; dorming mia-hod@spén, theckbressoppbaxphat bayertdnsi | ver,
glass plated with silver, and the like intg a resin group binder such 25 as
epoxy group Hh&sFRiP drepgd oHRr kA FOREYFROT HAINy e Uéag%@&ﬁsrie@ml%d t he

| i ke. Electri.cal .conduction can be achieved by for 'n%,a plated filmin the
via hol et CHTRYH oy ea§fcr€;§p9err633?xﬁ1n§ti St n6AXMARGi th6nal 1y, the

21 APR 2003external terminals on the circuit layer; and cutting the

chip area, the substrate having the circuit, and the

organic protecting film at the same plane so as to be

minimum units for operating the semiconductor device
20 obtained by the cutting.

On the semiconduétor wafer disclosed in the present
invention, plurality of chip areas are arranged regularly;
the chip area is the minimum unit circuit for operating
the semiconductor device, comprising semiconductor

25 circuits such as logic, memory, gate array, and the others,
and the electrodes for input/output of electric signals
with outside the semiconductor wafer. The electrodes of

the semiconductor device are arranged in amanner indicated



13 conductive portion can be manufactured by formng a deposition fjl mon
the inner wall of the via-hole wth netal such as gold, copper, and bakR?08)
by heating deposition or spattering deposition in vacuum Oher than the
above 5 nethod, in some case, the wafer i's connected electrically with the
circuit layer by arranging a material having anisotropic conduction in a
direction of thickness between the sem conductor wafer and the term nals of
the circuit layer. The material having anisotropic conduction is such 10 a
mat eri al manufactured by form ng through holes with 20 - 30 30(err)m pitch
in an insul atmoRIGilhisuch as polyinm de and the like, and filling the

t hrough holes with a conductive material such as copper and the |like. The
materi al is condlist RgeosArpcahwiathhéhel presedt arventian,18hehe sane
position in the thickness direction, and not conductive in the XY
direction. THebekIabadreyided sHdh ¢heecivrwtl biyehels goaposed, ofher eon
the circuit layer is fornmed, is a conductor connecting electrically the
seni conduct otPEERPERQUHS BELHR| T¢I ING Hayest pRg theasireaitylakay of a
soldering_alloy containing tin, zinc,_and lead, silver, copper, or gold, or
these net Al sWI?%’F?r‘éH TR aC HEF P LER apES aFor ekt e PG tﬂ?rgjﬁil%,cbcgfi’n e used for

connecting the se uct.or deV|cej%y heatlggﬁand or contacting

m con mel tin
and vibratin%oﬁgoﬁfﬁﬁ% t& R GPUREATERS Raf 8§§rﬁaPErF§PF13H9u8ne of
| ybd i , t] i i d_ ot [
ol Vb khe GROREE Rt LOUE AL QB BUACL Ry g1 o oL O

formed by atdhﬁ_ﬁgéiongﬂ.d@%%ggfz%t"r%c}t‘@ﬁfegﬁ?%?ﬁg%r%a%ﬁq{oiaﬁgﬁgﬁ?ﬁbused as

the term nal. nount i ng substrate use he sem ¢ dule is
conposed of the sORSWE tHody liay ¢oraRkd bhcanypBH&ldNd d *y@kbk dReningul ating
| ayer i s conposed of 5 resin such as epoxy, naleimde, phenol, cyanate,
pol yam dep pnéyhod favheund irardhae mefibee, 19l yiad iafed pyoalehtrons, aaad the

| i ke, a copolynmer of these resin, or a rubber conponent such as silicone
rubber, nitretehédtlyli @nehenbbal , agent § e drdeind meehod cuhiaerei® one of

t he above resin added with photosensitivity, which can be nmade patterning
by a processceygbahbiesppslymennis deeatepiony, plaspieizedbvith Far t her nore,
in addition to the above resin itself, the insulating |ayer can be forned
by inpregnai?¥@ﬁ%m®l@¢rtﬁ@daﬁ%bée@@ﬁﬁbhhd§hﬁh@6Y%t@bfénﬁﬂxﬂﬂmEﬂiaﬁ such as
por ous bodyagglass cloth and the |ike. The conductive |layer is conposed of
metal such &TYERd,2 DRIV UNLANRT S5BERE Yk RethRds oHEPYELRt Ron of

acteristics is.desirably a

| i h , '
Cubstrat 80 VIGTEENE oY bR AP SR A BT b0 SRR ¥or hre pr ovi ded.

In accordanc, b Pt lipe PLESGOLAL MYENLL O 16 Eedgy) TOndePagkage size as

sane as the chi’p size can be prov e porous stress relaxing |ayer is

gﬁted- The pPos@LymePdY hExédilvithBH 1aBEGHALY SMN& ERei88MLRNGLREPE Wafer is
- uniformly, and after forming a film, only the inorganic
salt, andsilica are extracted; a layer transferringmethod,
20 wherein a polymer, a good solvent, and a poor solvent are
mixed together, and after forming a film, only the good
solvent is evaporated; and others. Additionally, non-
woven fabric, a sheet of which is formed by a paper machine
using polymers polymerized in a solvent in a fibrous state,
26 1is included. The breathing property means a phenomenon
that a gas such as steam, air, and others passes through

the porous body via fine pores existing inside the porous

body.



25 Its end plane is inevitably exposed at side plane of the packagg.

Theref ore, absorbed noisture at reflowing in nounting is rel eased uk ARRGZ03
passi ng through the porous body. Accordiq ly, failures such as peeling off
by vapor 21 APR 2003 15 pressure of water can be prevented , and the CSP
having a high reliability can be provided. Because the wafer is cut

al together to pieces of respective unit after assenbling by wafer |evel,
the CSP having a preferable nass 5 producibility can be provided.
Furthernore, the CSP, wherein the warp generated by thernmal stress is nade
smal | by the prolrciacogrdahce furttedhenpresenpl ameertfidme tdenildoerduct or

waf er, and appearance failures such as cracks and damages of the

seni conduct caxpd i o cioesf fiE ieartdd £ ridpet preo peckioye fslohisprefenspdyt at i on
and others is scarcely generated, can be provi ded. BRI EF DESCRI PTI ON OF THE
DRAW NGS FI Glase $athet 1l pnearrunanssiay gostfdciennsof idieadhrgios

manuf acturing steps of the sem conductor device in one of the enbodi ment of
the present }3¥@ntfor, agheringj thg perepecrelexingwlayer heisBntkenduct or
waf er based on fhe present inpvention obtained by the manufacturing steps

i ndi cat ed® i PEMEONTUSHOE| ¢ 1R- | SBE WATPL LS LHENEENd CONFUSTOECFPdRS
i ndi cating nman fa.r(l:turin gt s, of tQ? S n‘icg ductor device in the other
enbodi ment i HERr SBAPSPABEROF HELRT CBY 2ERTAeL: SEESRS eRaRHPE of
251 nai cat eSS hEE i R Rrtile SEEEPHEREE obchE HGE, BireaP¥IEh, ou, ™
of the presemter rher ot ot ot BRNIRRPLRhaE: LAY SRl ldle e o o
Cross secti Ofhe adrdd RSk SRECdped UriVe e Ganfsiipn?189krObnAgisPeCt i Ve
views indicating a part of manufacturing steps of the sem conductor device
in the 10 Thickness of the protecting film is thicker than thickness
of passivation filmsuch as PIQ formed on the plane, whereon
the circuits are formed, and thinner than the thickness
of the chip. After back grinding the rear plane of the
wafer, the protecting filmcan be formed by adhering a sheet
15 of the protecting film to the back ground plane of the
semiconductor wafer, or coating the plane with a varnish
made of the protecting filmmaterial by spin coatingmethod.
The protecting film is adhered tightly to the wafer. The
protecting film is desirably colored with black for
20 shielding light.

In accordance with the present invention, the porous
relaxing layer can be made of polycarbonate, polyester,
aromatic polyester, polytetrafluoroethylene,
polyethylene, polypropylene, polyvinylidene fluoride,

25 cellulose acetate, polysulfone, polyacrylonitrile,
polyamide, aromatic polyamide polyimide, aromatic
polyimide, and their compounds. A part of the relaxing

layer may be formed of a photosensitive material. The



5 ot her enbodi nent of the present invention, FIG 7 indicates an exanpl e of
sem conduct or nodul e based on the present invention, and indicatesZId R 2003
schematic cross section, and (b) a perspgctive view, FIG 8 is a schematic
cross section indicating an 10 exanpl e of sem conductor device of a
conparative exanple, FIG 9 is a schematic cross section indicating an
exanpl e of sem conductor device of a conparative exanple, FIG 10 is a
schematic cross section indicating an exanpl e of sem conductor device of a
conparative exanple, 15 and FIG 11 is a schematic illustration indicating
t he arr angemeitaxgingellegtardes moret persusmi thadutherpxdtigetusmg £ihlmhe present
I nvention. 20 DETAI LED DESCRI PTI ON OF THE EMBODI MENTS Her ei nafter,

enbodi ments of tThee pizsoit Japencanbeferrspwithany of gotsl, I copperring to
drawi ngs. (Enbodinment 1) 25 FIG 1 indicates manufacturing steps of

senm conduct Gl iUl RRAAheSHEONAUALOES , tie prEssunfagsmofomichd a

sem conduct or. devi ce obtained by the nmanufacturing steps. |In accordance
with the Wamkq%gq”w4ﬁfsqug.o §p sircult layer can be the

5 insulating substrate, whereon the circuits are formed with
one of these conductors. The insulating substrate is
desirably made of engineering plastics superior in heat
resistance and mechanical characteristics such as
polyimide and the like.

10 The circuit layer is manufactured by forming the
conductor layer directly on the relaxing layer by vapor
deposition or plating and the like, and subsequently,
forming the circuits by etching the conductor layer.
Otherwise, the circuit layer can be formed by adhering the

15 insulating substrate, whereon the circuit are formed with
the conductor, onto the stress relaxing layer. The
adhering agent is composed of any resin of epoxy,
maleimide, phenol, cyanate, polyamide, polyimide,
polyamide-imide, polyester, polyolefin, polyurethane,

20 and the like, and a mixture of any of these resins with
rubber component such as silicone rubber, nitrile-
butadiene rubber, and the like. Additionally, any agent,
which exerts an adhesion force by heating, drying,
pressurizing, photo-irradiation, and others, can be used

25 as the adhering agent. Inaddition to the above compounds,
the adhering agent can be a sheet, which is formed by
impregnating any of the above compounds into a core

material such as porous body, glass cloth and the like.



21 APR 2003 1~ (i), the sem conductor wafer and the sem conductor ?ivﬂé’ﬁ?ﬂﬁf
the present invention were prepared. ( a ) As the insulating substrfat
polyimde film( UB rex S: nade by Ube Kgsan Co. ) of 50 (err) mthick,
whereon an 5 epoxy group adhesive agent was applied, was used. Device hol es
were formed by punching the insulating substrate 1. Electrol ytic copper
foil of 18 ,u mthick was adhered to the polyimde filmby heating and
pressurizing with a roller at 150 C. After applying photosensitive resi st
10 (P-RS300S: made by Tokyo Onhka Co.) onto the electrolytic copper foil,
baked at 90TBefsubS0rateaytwisreandthbe istahitegamrasionmesd priepadlesirdsy exposi ng
and devel oping the pattern. Then, the copper was etched with ferric

chl ori de aqtieotbe stEmi¢andyd oy wafehl withelwabeomer adhening agerts. Baurne:
specific gravity; approximately 1 .38 ) at 40 C, and copper circuit was
prepared by peelﬂlhﬁgcdﬂfcutﬁellaefgrsits fpremed Muthezsmgsp@épaﬁ@@“bw pl ati ng
the circuit portion with electrolytic gold. As explained above, the circuit
2 corresponGB RgPPEOREspetarBgotayeurdll the flarEasdenside pbaseREonduct or
waf er was prepared., (b). An adhesive var n| sh cont SI ni ng _non-vol atil e

conponent® 3616, ?e’BELE HQHSItoﬁ V3R e ARG Toading E dPGHRT biAX&MKka Shel |
ool a5 A AR R B et P A SO L , o
added, and g,63t33hsltiidNANd RGRRIY. ”esO{{%%‘im% Veke olydgygky Co - )
layer is formed by pattern-etching the conductor layer with
a designated process.

10 The via-hole formed between the circuit layer and the
semiconductor wafer is manufactured by laser such as He-Ne
laser, Ar laser, YAG laser, carbon dioxide gas laser, and
the like. Additionally, in some cases, the portions of
the relaxing layer corresponding to the electrodes and the

15 circuit layer of the semiconductor wafer are formed with
a photosensitive material, and the via-hole is formed by
exposing, developing, and etching of the photosensitive
material.

The conductor portion for connecting electrically

20 the semiconductor wafer and the circuit layer is formed
with a conductive resin made by mixing conductive fine
powder such as carbon, graphite powder, gold, silver,
copper, nickel, copper plated with silver, glass plated
with silver, and the like into a resin group binder such

25 as epoxy group resin, silicone group resin, polyimide group
resin, and the like. Electrical conduction can be
achieved by forming a plated £ilm in the via hole with metal

such as copper by plating method. Additionally, the



was m xed) was applied onto one of surfaces of the porous body 3;2¢quqgﬁd
of polyi m de non-woven cl oth having three 21 APR 2003 is dinensiona
network structure of 150 ,u m and dried.the varnish. Hy adhering the
circuit layer 2 prepared by the manufacturing step ( a ) to the porous body
3 via the adhesive agent by heating and pressurizing at 120 C for 5
seconds, 5 the substrate conprising the circuit |ayer was prepared. (c) The
substrate, whereon the circuit layer was formed, the adhesive agent 4, the
sem conductor wafer 6, and the wafer protecting film?7 were arranged as

i ndi cat ed i roRdGctiveT pordilest rcatre B mamarfeorturied byr formihgyer was 10
formed, and the electrode 5 on the wafer were adjusted their position to
mat ch each depositdon hitlsom thadnoeswaldf of the wiadidloowdtbmetadaf er of 4

i nches and 525 ,u mthick was used. The adhesi ve agent 4 and the wafer
protecting Buch s 190 Ir € quRgrar éddpytheps dyhhephgng epemitsior oxar ni sh
cont ai ni ng non-vol atil e conponent 35 ~ ( bi phenyl type epoxy resin
(YX-4000: nE@etHEOHNg dspasitden iayagusdoel véLhen dhansdiheembove e,

met hyl et hyl ket one, ortho-cresol novol ak type phenol hardener, (H.1. nmade by
20 Mei wa 5Ka§\§t?‘€61.' RN FRSE SR8 YRATS0AF FPRRERESA fd STtRedt ar ticl e

[ f 12 4: de .hy .Ni A |, _Co. d. l.
(t11 phenyl pROSBTHE. Tade-y VERS BuRyariaess 7 MBFe irtedroriRo t he

pol yim de_nan;WaeR ol .okl 8o P00t AL 208cAt G LAHALEL Hley R O) Al ter
back grindi ng-the F&ar prane o ?he S &M conduct or “War &r t0 expose the

si|icon, th%h%bQ}éﬁiEBHHgE%o‘ﬁ‘e%fggh&ﬁ&%rlteottng\ihﬁi‘é 2@%2{}% g:fd&?@tv"af er by

heati ng and pressurizing at 1 for seconds. S

Fur t her nor e ol ae .msmqernﬁaﬁ/&rfa1CH_59@ngxnfi%@ttirggiatcohm&if&{ 18Qyaputes. (e)
The via-holes™8 of 50 ,ct min diamefer were forned by YAG | aser (made by

E.Sl]I Eo , Inawehaterhal3Rendfhcbeald P Ptaimind kWro8gRI8Y1e20RitH 2g , pul se
wathe 50 n??éo s m pitch in an insulation film such as polyimide
and the like, and filling the through holes with a
conductive material such as copper and the like. The
material is conductive only when the electrode exists at
15 the same position in the thickness direction, and not
conductive in the XY direction.

The external electrode to be formed on the substrate,
whereon the circuit layer is formed, is a conductor
connecting electrically the semiconductor device by

20 melting with heating. Practically, any of a soldering
alloy containing tin, zinc, and lead, silver, copper, or
gold, or these metals formed in a ball shape and coated
with gold, can be used for connecting the semiconductor
device by heating and melting, or contacting and vibrating

26 without melting. Other than these material, any one of
molybdenum, nickel, copper, platinum, titanium, and

others, or an alloy composed of at least two of these

elements, or a double film structure formed by at least



(f) The conductor portion 9 was formed by injecting conductive paste
(GP913: made by Asahi Kasei Co. ) into the via-holes 8 by a printinﬂ APR 7003
nmet hod, and heating and curing at 17 0 for 4 0 mnutes . 10 (g) T é
external electrode 10 was fornmed by applying flux at sol der ball connecting
portions of the substrate 1, whereon the circuit layer was fornmed, placing
eutectic solder ball (Pb 63: Sn 37) of 0.6 mmin dianeter thereon, and
heating the solder ball by infrared re-flow heating 15 at 240 C for 5
seconds. Finally, marking was perforned on the wafer protecting film7 with
an ink jet patefr theseactlemtamoe, wah heaisby esnmvhef &etrminag .st eps, the
sem conduct or wafer 6, whereon plural chip areas were forned as indicated
in FIG 2, was (fhpaeaht e swbshrate wsedafer othe rerwieondueter or wafer 6
was evaluated by filmthickness measuring profilonmeter (dectac: nade by
ULVAC Co.). modiile |ip srammosesl cff the enudnidg tlaysmfand ghe dicing tape
(UE-111AJ: nmade by Nitto Denko Co. ) was adhered onto 25 the rear pl ane of
the wafer pridt8dEtidd ilavex - THER, 1@s&ﬂé¢ﬁ@95&ﬂY@F 280COMPRSEHi O was
attached to a dicer (DAD520 rmade by _Di scg and the substrate 1,

wher eon ﬁheqﬁﬁﬂﬂuﬁqunﬁﬁ %&RﬁﬁorH@&Elﬂﬁgeadﬁ§§P9é'a§¥ﬁpaﬁe'the

sem conduct %r lya%nlde, poZ_LylmJ.de, polyamide~imide,

polytetrafluoroethylene, and the like, a copolymer of
these resin, or a rubber component such as silicone rubber,
nitrile-butadiene rubber, and the like. 1In particular,
10 one of the above resin added with photosensitivity, which
can be made patterning by a process such as exposing and
developing, is preferable. Furthermore, in addition to
the above resin itself, the insulating layer can be formed
by impregnating any of the above compounds into a core
15 material such as porous body, glass cloth and the like.
The conductive layer is composed of metal such as gold,
copper, aluminum, and the like. In consideration of
electrical characteristics, the mounting substrate is
desirably a substrate, whereon a ground layer and a power
20 supply layer are provided.
In accordance with the present invention, the CSP having
a package size as same as the chip size can be provided.
The porous stress relaxing layer is used. The porous body
is cut simultaneously when the semiconductor wafer is cut.
25 Its end plane is inevitably exposed at side plane of the
package. Therefore, absorbed moisture at reflowing in
mounting is released outside passing through the porous

body. Accordingly, failures such as peeling off by vapor



20 wafer 6, and the wafer protecting film7 were cut simultaneously f ﬁ
sane plane so that the sem conductor device 17, obtained by cuttingZ ABR 2003
sem conductor wafer 6, would be an operapl e snallest unit, i.e. the chip
64. 5 After cutting, the dicing tape was peeled off fromthe wafer
protecting film (i) The sem conductor device 17 of the present invention
was prepared as expl ai ned above. The sem conduct or device 17 was nounted on
a nounting substrate, 10 and a tenperature cycle test in the range from-55
Cto -125 C was perfornmed. As the nmounting substrate, a copper clad gl ass
cl ot h base gnessuramofawate® ¢apMbeEptiévenmted hyahilt tbhai C&Rsleaviily ) was
used. Furthernore, a reflowtest at 240 C for 5 seconds was performed after
15 absorbi ng@ hgbtuekiabidhtproan denpnovade8s Begahse tdleawaferhisr dity of
85 ~ for 48 hours. An appearance test such as generation of chip crack and
the |ike wasyereflgogathen &o driggen@h espeattomivnidy afddxe at a hei ght
of 1 neter on a glass plate of 5 mnmthick. 20 Furthernore, the package area
versus chi p agsea %£§Wﬁé¥§aleTﬁé émﬁﬁ§P6@VW@@di@¢etﬁéabé@mﬂﬁﬁwas al so

eval uated. The results are indicated in following Table 1, 25 21 APR 2003
21 Table51 roglupgbid ity can be provided. Furthermore, the Csp,

wherein the warp generated by thermal stress is made small
by the protecting film formed on rear plane of the
semiconductor wafer, and appearance failures such as
cracks and damages of the semiconductor chip during

10 handling the package such as transportation and others 1is

scarcely generated, can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a set of schematic cross sections indicating

15 manufacturing steps of the semiconductor device in one of
the embodiment of the present invention,

FIG. 2 is a perspective view of the semiconductor wafer
based on the present invention obtained by the
manufacturing steps indicated in FIG. 1,

20 ~FIG. 3 is a set of schematic cross sections indicating
manufacturing steps of the semiconductor device in the
other embodiment of the present invention,

FIG. 4 indicates an example of semiconductor device
in the other embodiment of the present invention, and

25 indicates (a) a schematic cross section, and (b) a
perspective view,

FIG. 5 indicates an example of semiconductor device

in the other embodiment of the present invention, and



Amount of warp of wafer( /.c m Anount of warp of package(,u n)FaiIu(r;elt BR 2003
generation rate after 1000 cycl es*' (Nunmber of failures/nunber of teés é@@
~ 5, um~ |, und/ 100E- 2~ 5, un~ I,unO/lOOE—SE 5,um~ |, unD/ 100E-4~ 5, (. Cm~
|, un0/ 100E- 5~ 5, um~ |, un0/ 100E- 6~ 5, um~ H,unﬂ/lOOE—7~ 5,um~ 1, (. Lm0/ 100E- 8<
5 um,~ |,un0/100E-9~ 5,¢,Gn ~~ |, unD/100E- 10~ 5, um~ |, und/100E- 11~ 5 ~m~
|, CLmD/ 100C-1-5 ,u nB5/100C-2-~ 1 ,u nR0/100*' G320 ,u nb ,u n20/100 ~k 1
Nunber of breakage failure after 1000 cycles in the range from-55 Cto
-125 C. *2: Nunber of failures such as peeling, bubbling etc. 25 during
i nfrared refinddchess, (af)t er sohawatdc @roglsatsiece ouyi adinidy (85 % at 85 C for
166 hours. *3: Breakage failures between chip/circuit substrate. 21 APR
2003 22 ~ 4per@peetawieoviefw,br eakage or cracks in chip when dropping from1
meter high to glass substrate of 5 cmthick was determined as failure. 5 to
15 FIG. 6 is a set of perspective views indicating a part
of manufacturing steps of the semiconductor device in the
5 other embodiment of the present invention,
FIG. 7 indicates an example of semiconductor module
based on the present invention, and indicates (a) a
schematic cross section, and (b) a perspective view,
FIG. 8 is a schematic cross section indicating an
10 example of semiconductor device of a comparative example,
FIG. 9 is a schematic cross section indicating an
example of semiconductor device of a comparative example,
FIG. 10 is a schematic cross section indicating an
example of semiconductor device of a comparative example,
15 and
FIG. 11 is a schematic illustration indicating the

arrangement of electrodes on the semiconductor chip used

in the present invention.

20 DETAILED DESCRIPTION OF THE EMBODIMENTS
Hereinafter, embodiments of the present invention are

explained in detail referring to drawings.

(Embodiment 1)
25 FIG. 1 indicates manufacturing steps of semiconductor
device in an embodiment of the present invention, and a
semiconductor device obtained by the manufacturing steps.

In accordance with the manufacturing steps of (a) ~



20 25 Table 1 (continued) Failure generation rate i reflow test*' 1 NAPROM))
of failures/nunber of testsFailure generation rate in dropping test*'
(Nunber of failures/nunber o tests)Ratio gf area (package areal/chip
area)E—10/1000/201E-20/1000/201E—30/1000} O1E- 40/ 1000/ 201E- 50/ 1000/ 201E- 60/
1000/ 201E- 70/ 1000/ 201E- 80/ 1000/ 201E- 90/ 1000/ 201E- 100/ 1000/ 201E- 110/ 1000/ 201
C- 190/ 1000/ 201. 44C- 20/ 100*' 8/ 201. 2C- 350/ 10012/ 201 * 1: Nunmber of breakage
failure after 1000 cycles in the 21 APR 2003 23 range from-55 Cto -125
C. ~k2: Nunber of failures such as peeling, bubbling etc. during infrared
refl ow test,(iaft ethlecsamirondudedAvaferhand dheysabigpmiudorGlévicd 66 hours.
5 ~k3: Breakage failures between chip/circuit substrate. ~ 4 . Ceneration
of breakage aff tdreagksesentc himprerierond nompe erépamed. neter high to gl ass
substrate of 5 cmthick was determned as failure.
(a) As the insulating substrate 1, polyimide film (UB
rex S: made by Ube Kosan Co.) of 50 4 m thick, whereon an
5 epoxy group adhesive agent was applied, was used. Device
holes were formed by punching the insulating substrate 1.
Electrolytic copper foil of 18 4 m thick was adhered to
the polyimide film by heating and pressurizing with a
roller at 150 °C. After applying photosensitive resist
10 (P-RS300S: made by Tokyo Ohka Co.)onto the electrolytic
copper foil, baked at 90 °C for 30 minutes, and the etching
mask was prepared by exposing and developing the pattern.
Then, the copper was etched with ferric chloride
agueous solution (ferric chloride concentration is 40°
15 Baume: specific gravity; approximately 1.38) at 40 °C, and
copper circuit was prepared by peeling off the resist. The
circuit 2 was prepared by plating the circuit portion with
electrolytic gold. As explained above, the circuit 2
corresponding to respective of plural chip areas on the
20 semiconductor wafer was prepared.
(b) An adhesive varnish containing non-volatile
component 30 % ( bisphenol A type epoxy resin (EP1010:
made by Yuka Shell Co.) was dissolved into a solvent, i.e.
methylethylketone, ortho-cresol novolak type phenol
25 hardener (H-1: made by Meiwa Kasel Co.) was added, and a
catalyst (triphenylphosphine: made by Wako Jyunyaku Co.)

was mixed) was applied onto one of surfaces of the porous

body 3; composed of polyimide non-woven cloth having three



10 The sem conductor wafer 6 prepared in the present enbodi nent hadzpf @
as small as equal to or less than 5 ,u m The sem conductor device éﬂg %
in the present enbodinment 17 had a small ghar p. The conduct or portion can be
made of a | ow coefficient of elasticity f)y connecting 15 the chip 64 to the
circuit layer 2 with a conductive resin, and thesem conductor device is
made superior particularly in thermal cycle resistance, in addition to the
effect of the stress relaxing layer. In accordance with the porous stress
relaxing layer, reflow failure in mounting is not 20 generated. The failure
such as damatjerfs itdma Ic migkviox nett rypetars ed 160t pemgr apdi dgieaésthe The
package size can be made as sane as the size of chip. In accordance with
the process writish pr 8yeadhenbogitienicircud tphakaeye? gaedeerathtly e y by
dicing, and it is superior in mass producibility. 25 (Enbodi ment 2) FIG 3

i ndi cat es maEAfEiAUIHNSSERB (@) sekhepriirubody\d ¢baitha adhes ike

enbodi nent of the_ present invention, 21 APR 2003,24 and a sem conduct or
devi ce obt aidRRM Pt hea iy rac BF?ﬁ@uﬁ—ébgg ath 120cr detic & seePndshe

manuf acturl nq] steps of (a) (h), the sem conductqor wafer 6 and the

seni condut %Sd‘é\ﬁtéétf?CBPPFhﬁlﬁﬁe%%tCJirrﬁ}b‘rﬁ i1GY ShelVasS pPERRAERA: (a) The
por ous body 3 ? % tetr quoroeth qg havi n aihree di nensi onal

net wor k structuKE Th %\hl"é}he’?/% ‘f)a?’e’EF‘gJy Wi YRF et hod, the

adhesi ve ag conduct or fer gr ot6ect| ng 10

festve 29 %éndge'éc%sie?haﬁémag%wﬁ'Gth;— Sfﬁ&cegﬁﬁus%%&m 2 Ere S of 4

inches in di
4 and the wilst E&%o‘?%‘@ﬁ%i*icm@ 911*“"?*3%%‘?2 s AT e e
adhesive var %"iGCOf‘t aig EuBQEr 68\%1 hﬁle%.%%oﬂﬁgtcﬂ%& Ghybepyd type

epoxy resin (YX-4000: nmade by Yu was di ssolved'into a sol vent,
i.e. nethyl etdpmdeet QH&tHEéi’éb@f@&@'S mﬁﬁé%ﬂé@@eﬁé@aﬁhs&@ddﬁ@ir (H1:

made by Meiwa Kaseli Co.) was added, and mcro-filler having primry
particle sizsiftilch i 1&dOTH eatth emderby A ppan séatieosducCor)watelr a

catal yst (triphenyl phosphi ne: nmade by Wako Jyunyaku Co.) were m xed) into

t he pol yt et réaf ausenicdydecieos hadierhati hd nehesr epddi Hengintalicktwagt ure of
30 ,c.Lm and drying the varnish. After back grinding the rear plane of the
25 semi condutgest- wafer 6 so as to renove Si02 and to expose silicon, the
above nenbers were adhered by heating and pressurizing at 120 C for 5
seconds. FurtheThSradhenivasddns Hhaindl deeabernBEPERGARI1IFHIT T or 60

m nut es.
15 were prepared by impregnating the adhesive varnish

containing non-volatile component 35 % ( biphenyl type.
epoxy resin (Y¥X-4000: made by Yuka Shell Co.) was
dissolved into a solvent, i.e. methylethylketone,
ortho-cresol novolak type phenol hardener (H-1: made by

20 Meiwa Kaseil Co.) was added, andmicro-filler having primary
particle size of 12 nm (R974: made by Nippon Aero sol Co.)
and a catalyst (triphenylphosphine: made by Wako Jyunyaku
Co.) were mixed) into the polyimide non-woven cloth of 30
M m; and drying the varnish.

25 (d) After back grinding the rear plane of the
semiconductor wafer 6 to expose the silicon, the above
members were adhered to the rear plane of the wafer by

heating and pressurizing at 120 °C for 5 seconds.



21 APR 2003 25 ( b ) The via-holes 8 of 50 ,u min dianeter were fozmﬁRﬁm
YAG | aser (made by ESI Co., wavel ength: 355 nm peak power: 4 kw, ehergy.
200 ,u j, pulse width: 50 ns). (c) The pfgated 12 was formed by i mrersing
the 5 sem conductor wafer, wherein the vi‘a-holes were fornmed in the porous
body, backed by the wafer protecting filminto a plating solution at 70 C
to performan el ectrol ess copper plating. Before plating, the sem conductor
waf er was imrersed into an acidic solution of sensitizer (HS101B: 10 nade
by Hitachi Kasei Co.)for treating catalyst of catalytic el ectrol ess copper
pl ating. Th&upthermgrsol thieomembedshwere cungddiyt iheatding espp@d ¥l fat e
hept ahydrate; 0,04 nole/liter, ethyl enediam ne tetraacetic acid dihydrate;
0.1 nol e/l i ffer, 6@I waoyities .15 aci d; 0.03 nole/ liter, sodium hydroxide; 0. 1
nole/liter, 2, 2 pyridyl; 0.0002 nnle/llter and polyethylene glycol; 0.03
mole/liter. (d)(%h él'hﬁ\i"hg hﬁél@s\/\ﬁéﬁpﬁ@péﬁr’édllb?lép‘ﬁrtﬁrnije}éﬁcﬁ%‘@dsl tive
resi st (P-RS300S: nade by Tokyo Ohka Co. ) 20 onto the copper plated film
baki ng at 9®YCYRGr 13geki hlinds, bAnBSExPOsi NdR BRHEREVRE 0P 1 hePgRR t er n.
etched with ferric chlo i de aqueous sol utlon ( ferric

Iﬂlegri ;2 cgg?g’g’ \Q@SWH ETRF WgurRd0 spedi f PE §?aw‘a§?h *apPrBRimately 1.38)

ireuit 2 was pr bglﬁ%ﬁc‘;‘*éﬁ*’?ﬁé&ﬁﬁ@?%m Srineh bl A i o
gglt gr nfatle) Tlgﬁl ﬁglcs %ré I?g n(fedddﬂég)mﬁgiggb g‘aalhalr}g%s%or o%gﬁpﬁqzsgg)sg?der
Fesi ot agent’ Seroiss) B P CE LA methatd é“gn?é?ﬁéﬁa,a% 'Y Coatir

resi st agent was app n coati ng

5 net hod, dikedat ‘GO0dx TAF mbhiisd!t es, and exposi ng and devel oping to form
the |ands. Further, it was cured at 150 C for 60 mnutes . (f) The external

el ectrodg 10 f@ﬁ@@:@éﬁm Hirgtidode ab Hs reRde@ By idpplyRIi@ci ng
eutectic solder ball 10 (Pb 63: Sn 37) of 0.6 mmin diameter thereon and

heati ng the fdakdat $aldebyball rcvmrbotarld poritdahnisngsfath@4uKs ot seconds
. Finally, marking was perfornmed on the wafer protecting film?7 formed on
the rear pl dnewbéreoe tdericdmedidt bayenfeas fotrimedn phacipy quedtdce. 15 In
accordance with the above manufacturing steps, the sem conductor wafer 6,
wher eon pl us@lLdepi baéleé%baﬁmérnewar%cp-aﬁsmnnélnc@l@detﬁr RIgrepn was
prepared. The anount of warp of the seniconductor wafer. 6 was eval uated by

filmthi ckn@®d heasdrenghpr 69?116%?6;1(}3%0%%’?31?%@%]{9_%&@ "D. ).

15 at 240 °C for 5 seconds. Finally, marking was performed
on the wafer protecting film 7 with an ink jet printer.
In accordance with the above manufacturing steps, the
semiconductor wafer 6, whereon plural chip areas were
formed as indicated in FIG. 2, was prepared. The amount
20 of warp of the semiconductor wafer 6 was evaluated by film
thickness measuring profilometer (dectac: made by ULVAC
Co.).
(h) In order to cut the semiconductor wafer 6, dicing
tape (UE-111AJ: made by Nitto Denko Co.) was adhered onto
25 the rear plane of the wafer protecting film 7. Then, a
dicing sawof 200 4 mthickwas attached to adicer (DAD520:
made by Disco Co.), and the substrate 1, whereon the circuit

layer was formed, the adhesive agent 4, the semiconductor



(g) In order to cut, dicing tape 120 was adhered onto the wafer
protecting film7. A dicing saw 11 of 200 ,u mthick was attached td TaAPR 2003
di cer (DAD520: made by Disco Co. ) , and,the substrate 1, whereon the
circuit layer was formed, 25 the adhesivé agent 4, the sem conductor wafer
6, and the wafer protecting film?7 were cut sinultaneously at a sane pl ane
so that the sem conductor device 17, obtained by cutting the sem conductor
waf er 6, woul d be an operable 21 APR 2003 27 snallest unit, i. e. the
chip 64 . After cutting, the dicing tape was peeled off fromthe wafer
protecting fadfar (6h)) ahte tdeemveaofw @drortabddinee flilnof7 tweererasent i nventi on
was prepared as expl ai ned above. The 5 sem conductor device 17 was nount ed
on a nount i sgmsulbstenuslyprd a sanpalang eocpbhe thstsemicdmductnge from - 55
Cto -125 C was perforned. As the nmounting substrate, a copper clad gl ass
cloth base aswiyrd aii relpeamed QWVCUELSRY Hirl & epyiaandasioKwederd®, ) was
used. Furthernmore, a 10 reflow test at 240 C for, 5 seconds was perforned
after absor MY Srdies Ay ORGF FN @ ERa1G RN T 85 ¢ arfdie Feimtbde humi dity
of 85 ~ for 48 hours., An appearance test such as generation of chip crack

and the 13 k@ikEE Patt bRaed Rer 417109 SppPips Reeserhiaddnbiter fhedeate®e at a 15
hei ght of 1 neter .an a glass plate of 5 mmthick. Furthernore, the package
area ver sus PERESSHEY Mval uated. The ampunt of warp of the package was

al so eval uat ed. Tpe r Seu| ts are ing:i cated i.n él’agée O1 P&e sem con_éiuct or
wafer 6 prepareb™in tHE pPERTPPIHCERBo LTS hdd L TarfCasPEifit as equal

to or less t; Q’%gii@% m a@mégﬁlﬁ%gucéé)r %?%io% u%)(ggfgéggei.n phﬂlé)resent

enbodi nment a sna t he se evice i s superior

par ti cul arl % ¢dnfi doiRiERlo ICHEY $cE QT wd AREBnt BEGRHS fiouh® i3y $8Ss £ L4 @i Ng | ayer
is made of 25 porous pol ytetrafl uoroethylene having a | ow coefficient of

el asticitoy. ahdeascampenduarercgeye arestnds 6ht penge at fori eflsenC agd ure at
nounting operation, because it is a low hum dity absorber. Because the chip
can be connedizéd °C ZdasA\PRe2fi02m2d.el ast riloal hguntihgt Babsitrate, layer by
form ng the conductors at the via portions and the circuit |ayer

si mul t aneoudoppeyr pladigigssheldetvhdommeieporydean ioemtof FRe 4p(eGeiH 61 nvent i on
is superior in mass producibility. 5 The failure such as damage of the chip
is not genemaded ivh Hijeaclhbphragit €9t ) THWespasiesge dFlurdhegmdre netle as sane
as the size of__chip. In accordance wth the process of the (Eresent

enbodi nent , tefd Fadiesde atart 4P et oI SPIRPH AR REELUEReE bR or waf er
of the p{ sentsol .enbodi magtr and the rocessmi S SU erégrocihnagﬁts)s
prvduci b i & Fr 28 APUBRCR i o 1He PPELEIETBP 1 A present *Fhddi ment,
adj usting I(}Ceq.tal(ij:(%{]v% Rlimid tg'orfCHbt% kY es AOELLNe Apd %erkﬁgecél‘ becomes
unnecessary, an Re manutacturrng process can be si Ifred.
such as generation of chip crack and the like was
performed after dropping the semiconductor device at a
height of 1 meter on a glass plate of 5 mm thick.
20 Furthermore, the package area versus chip area was
evaluated. The amount of warp of the package was also
evaluated. The results are indicated in following Table

1.

25



(Embodinent 3) FIG 4(a) and FIG 4(b)
a perspective view of the sem conductor device in the other enbod

t he present 20 respectively. The sem conductor devi ce was

i nvention,

indicate a cross sectional

oL ik 3BF

obt ai ned by the foll ow ng nmanufacturing é%eps. After formng the via-holes

by the sane process as the enbodi nent 2 ,

i nner wal l

sem conductor device 17 .
21 APR 2003 29 substrate,
range from-55 Cto -125 C was perfornmed. As the nounting substrate,

nount i ng

copper filmwas forned on the

of the via-holes and the surface of the porous body by a vacuum
25 deposition nethod. The subsequent processes were perforned as sane as
t he previous enbodi nent to manufacture the sem conductor wafer 6 and the
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20 U m

54um

20/100

*1: Number of breakage failure after 1000 cycles in the

range from

-55 °C to -125 °C.

*2: Number of failures such as peeling, bubbling etc.

%*3:

during infrared reflow test, after leaving in

relative humidity 85 % at 85 °C for 166 hours.

Breakage failures between chip/circuit substrate.



FIG 5(a) and FIG 5(b) indicate a cross sectional view and a perspective
vi ew of the sem conductor device in the other enbodi ment of the pr&seppR 2003
invention, 10 respectively. The sem conductor device 17 was obtai ned by the
fol | owi ng manufacturing steps. As the pobus body 3 , porous polyinide of
120 ,u mthick having a three dinensional network structure, which was
prepared by a layer transfer nethod, was used. As the 15 adhesive agent and
the wafer protecting film thernoplastic polyimde (TP-D. nmade by Kaneka
Co. ) of 30 ,u mthick was used, and the sem conductor wafer and the

sem conduct orkdew &fe vt Lo bER &tkdye bhe s IRthag wsen Aeopphagi nent 1.
However, heating and pressurization for 20 adhering | ayers was perforned at

260 C for one secopsin TheeteRi IcofUE @l 8y istdskiat@s oBntad taicg nmounting
substrate, and a tenperature cycle test in the range from-55 Cto -125 C
was performed. Aswddedaoeihingd sabstiblerea copper clad glass cloth base
epoxy lamnate 25 FR- 4 (MC-E-67: nmade by Hitachi Kasei C0.) was used.
Furthernore, a reflow test at 240 C for 5 seconds was perfornmed after
absorbin% nmoi sture in an environment at 85 C and a relative humdity of 85

$ for 48>hours. An 21 APR 200Fable 1 (continued)
Failure Failure generation Ratio of area
generation rate in rate in dropping | (package area/chip
reflow test™’ test®* (Number of |area)
10 (Number of failures/number of]
failures/number |tests)
of tests)
E-1 0/100 0/20 1
E-2 0/100 0/20 1
15 | E-3 0/100 0/20 1
E-4 0/100 0/20 1
E-5 0/100 0/20 1
E-6 0/100 0/20 1
E-7 0/100 0/20 1
20
E-8 0/100 0/20 1
E-9 0/100 0/20 1
E-10 0/100 0/20 1
E-11 0/100 0/20 1
o5 C-1 90/100 0/20 1.44
c-2 0/100%* 8/20 1.2
C-3 50/100 12/20 1

*1: Number of breakage failure after 1000 cycles in the



31 appearance test such as generation of chip crack and the |ike wa
performed after dropping the sem conductor device at a height of 1 kt@PrR lgpﬂ
a glass plate of 5 mmthick. Furthernore,, the package area versus chip area
was 5 eval uated. The anount of warp of t%e package was al so eval uated. The
results are indicated in Table 1. The sem conductor wafer 6 prepared in the
present enbodi nent had a warp as snmall as equal to or less than 5 ,u m The
sem conductor device 17 prepared in the present 10 enbodi nent had a snall
war p. The sem conductor device is_superior é)arti cularly in thermal cycle
resi stance, becaws@geh&rswndudbi \ke tortliZénsCeoul d have a | ow coeffici ent of
elasticity by connecting the chip to the circuit |ayer with conductive
resin, in addi?i ofunkerhef 15abinees suchhes speeking ol kublbingyetc. The

sem conduct or device does not generate reflow failure at nmounting

gper ation, becauS¥rdna HOIGAS rafless teftaxiafdaray@avinge ifai | ure such as
f th hi i S .not .at i th i t. Furth , th

nggggeosi zeec;nllpféla%élr‘]’oﬁa(g\g&gg@é’ﬁ%%g% e B P I8 dewtEand the

di ci th i duct f f th

Prbodimert | Tt arseakadrotarhibed hefudREl FOMSYEL e Findtrars, I} *°55.

Enbodi t T 1 d i [

(EntoulTont 5) The ASSRMEL DL e Sl Nas e apEc g o5

1 APR 2003 32 As 3 L mi 20, hi ck

having a three dif%ﬁlsﬁggl%%%ﬁg?’%rhktsolto%ggérggbé}%%ﬂgv\gé %r%%a#%gé%ylg | ayer

transfer nethod, uas : he adhesie agent and the wafer protecting
film 5 thernoplastic po ﬁllr%l%éie ((JSTP- D:EaL made by Kaneka Co. ) of 30 ,u m

thi ck was used, and the sem conductor wafer 6 and the sem conductor device
17 were prepared by the sane nethod as the enbodi nent 2. The sem conduct or
devi ce 110 was norhé egemicandieitdr nga idr seibstt eépd eed andl thé eppesaitir e cycl e
test in the range from-55 Cto -125 C was performed. As the nounting
substrat e, amdugharerd ddadylaasmany etsh shadd eporyubantoate Fesg (MR E-67:
made by Hi tachi Kasei C0.) was used. Furthernore, a reflow test at 240 C
for 5 seconds Mds 1Bhpesepigpadafter @D iRKERAFies dnetha BFERERT r onment
at 85 Cand a relative humdity of 85 ~ for 48 hours. An appearance test

such as gen&adbimedrt ¢fipad BatRabhdadfe | TRe GRROPBITHPAEG 18Pt @R dr oppi ng

t he sem conductor. device. at a height of 1 meter .on a glass plate of 5 mm
t hi ck. be made of a low coeffigcient of elasticity gy con ectfng

15 the chip 64 to the circuit layer 2 with a conductive resin,
and the semiconductor device is made superior particularly
in thermal cycle resistance, in addition to the effect of
the stress relaxing layer. In accordance with the porous
stress relaxing layer, reflow failure in mounting is not

20 generated. The failure such as damage of the chip 1is not
generated in the dropping test. The package size can be
made as same as the size of chip. In accordance with the
process of the present embodiment, the package can be made
only by dicing, and it is superior in mass producibility.

25

(Embodiment 2)
FIG. 3 indicates manufacturing steps of semiconductor

device in the other embodiment of the present invention,



20 Furthernore, the package area versus chip area was eval uated. The fﬂﬁﬁ?%
of warp of the package was al so evaluated. The results are indicated 003
Tabl e 1. The sem conductor wafer 6 prepazpd in the present enbodi nent has a
warp as small as equal to or less than 25 5 ,u m The sem conductor device
17 prepared in the present enbodi nent has a small warp and superior thernal
cycle resistance, and does not generate reflow failure at nounting

operation. Because the chip can be connected 21 APR 2003 33 electrically
with the circuit layer by form ng the conductors at the via portions and

the circuit and @& semigondnesad depjcpl ebtained fhysthecoanutactudingce of the
present invention is superior in mass producibility. 5 The failure such as
damage of tHEL&PEp is not generated in the dropping test. The package size
can be made as sane as the size of chip. In accordance with the process of
the present enbd@i AERPrIgREepYekRgENE AR PRE 3R T S ERPHIT g )t Re

sem conduct or. wafer of the present enbodi nent, 10 and the process is

superior in ks MGdESFAONARCT ENREiSTeft 3B° Fhe §éﬁP€8ﬁ@G€§8§ dexice 17
, whi ch he, t indicated in FIG 4 t

f ol lowi ng® 1SIHEHTT abt 7 ng S RRSSHE PRESHHH T P B S bus pol yi ni de of
120 , t hi ck i i | | I

orepared by a | agdr Te Bt EAR A A o BA PSP MO SIS 15 e
the vaf er_prigheotd B0t hirbE o Afed DS ARPLASLIGLIPSL KhEL dec (P13 R, DY Kaneka

Co. ) of 30 ,u mT was used, and the sem conductor wafer and the
sem conduct gf, ey ie@ JrepREEd BB SL DYy @Q%héam}cﬂ@taﬁ‘ﬁ@s?&/et #grbodi ment

3. The sem conductor ‘device 17°was nounted on a nounting 25 substrate, and
a tenperat urg, d &drfidoddudtyr WA f9 QMan85Stiet Wafd25prot@st Peg f or med.

As' the nounting substrate, a copper clad glass cloth base epoxy Tanm nate
FR-4 ( MCiE- 671 lned ewdaye Hitedigedasei itdidaved irseriic. 2.1 AR 2003 34
semiconductor wafer 8 of 4 inches in diameter and 525
A m in thickness was used. The adhesive agent 4 and the
wafer protecting film 7 were prepared by impregnating the
adhesive varnish containing non-volatile component 35 %
15 (biphenyl type epoxy resin (YX-4000: made by Yuka Shell
Co.) was dissolved into a solvent, i.e.
methylethylketone, ortho-cresol novolak type phenol
hardener (H-1: made by Meiwa Kasel Co.) was added, and
micro-filler having primary particle size of 12 nm (R974:
20 made by Nippon Aero sol Co.) and a catalyst
(triphenylphosphine: made by Wako Jyunyaku Co.) were
mixed) into the polytetrafluoroethylene sheet having a
three dimensional structure of 30 4 m; and drying the
varnish. After back grinding the rear plane of the
25 semiconductor wafer 6 so as to remove SiO, and to expose
silicon, the above members were adhered by heating and

pressurizing at 120 °C for 5 seconds. Furthermore, the

members were cured by heating at 170 °C for 60 minutes.



Furthernore, a reflow test at 240 C for 5 seconds was perfornmed aftkEt APR 2003
absorbing noisture in an environnent at 85 C and a relative humdity of 85
~ for 48 hours. An appearance test such as generation of chip crack and the
5 like was perfornmed after dropping thesem conductor device at a hei ght of
1 neter on a glass plate of 5 mmthick. Furthernore, the package area
versus chip area was eval uated. The anount of warp of the package was al so
eval uated. The results are indicated in Table 1. 10 The sem conductor wafer
6 prepared in the present, enbodi nent _has a warp_as snmall as equal to or
less than 5 ,u fP) THENG ahia-divdiRe §rofiéf dé M inpHianetRrr Werenéopredent
enbodi nent has a small warp and superior thermal cycle resistance, and does
not gener at €% AW} ISAY (MRdg bis B8JufOi-ng WaNELENP6R: BacalBe PRRK

conductive portions are fornmed by the vapor depositjaon, the conductive
| ayer havi n@°YEF ni%gHKursSE Tan B0 f o merd P é‘iléit,tt?}'i o4 O%si stance is

decreased. Therefore, the sem ¢cqonductqr ca orrespond to_ increasing
velocity of el eff)i CAPsP ﬁﬁﬁgiﬁghyaﬁaiPEW@QZgYs&FWe£§1H§n§b€ of the chipis

di. h i . F h k i b
made as shne arsraneg U Bt Ehepsth i REs aekas Peks BEmrienon!y by
o oeags e S PRRAHS BoaVelitdo o i tRESIEEE: HIMHAE cLIRT LS, the
seni conduct ¢f e 6fy o1 S 4@S76 he §8MBel¥Bemasni BIEEaL8delB FI G 5,

was prepared by the Toll ow ng 21 APR Z003 35 manufacturing steps. The

sem conduct %pﬁ@éxeg,lm%me Befbeengdust Phg det< 8 B nRueRdredabyrt he same
nmet hod as the enbodi nent "1 using alam de non-woven cloth ( thernmount : nade

by Du Pont Gas ihmé&roédlitfto an @Ecikiicks But fen porsaiss nidhe3(nano1B: sheet
made of rubber nodified epoxy resin of 30 ,u mthick as the adhesive agent
and the waf etade ddyediterii [Kasdhecadndst viersditehig wast gl eparefl by appl yi ng
a varnish ( bi phenyl type epoxy resin (YX-4000: rmade by Yuka Shell Co.) was
10 di ssol vedtdtalytticadlamtroliess cappst eplyt keg on&heomllad-isrgesol novol ak
type phenol hardener (H 1: nade by Meiwa Kasei Co. ) was added, and

m cro-fill eSHALIRP proethriadat tFANROSI FonfoAD ¢epReOmulaER by Ni ppon
Aero sol Co. ), nitrile butadiene rubpber (XER-91: nade by N hon CGosei 15
Rubber Co . NEBtaliyiinates 4 yi4 TOte{ by FHOSPHETRATANEAR by Viako Jyunyaku

Co . ) were trcr-gtxread::lJetoinct Oacbfcg_cﬂlll%ra ne(ej; d(S yi nrgole} fte\e/fa,r néf}bdxylic

15 acid; 0.03 mole/ liter, sodium hydroxide; 0.1 mole/liter,
2, 2'pyridyl; 0.0002 mole/liter, and polyethylene glycol;
0.03 mole/liter.

(d) An etching mask was prepared by applying

photosensitive resist (P-RS300S: made by Tokyo Ohka Co.)

20 onto the copper plated film, baking at 90 °C for 30 minutes,
and exposing and developing the pattern. Then, the copper
was etched with ferric chloride aqueous solution (ferric
chloride concentration is 40° Baume: specific gravity;
approximately 1.38) at 40 °C, and copper circuit was

25 prepared by peeling off the resist. The circuit 2 was
prepared by plating the circuit portion with electrolytic
gold.

(e) The solder resist film 13, whereon lands for



The sem conductor device 17 was nounted on a nounting substrate, anmaAPR 2003
tenperature cycle test in the range from20 -55 Cto -125 C was perforned.
As the nmounting substrate, a copper cladesgl ass cloth base epoxy | am nate
FR-4 (MC-E-67: nmade by Hitachi Kasei CO. ) was used. Furthernore, a reflow
test at 240 C for 5 seconds was performed after absorbing noisture in an
environnment at 25 85 C and a relative humdity of 85 % for 48 hours. An
appear ance test such as generation of chip crack and the |ike was perfornmed

after dropping thesem conductor device at, a_hei ght of met.er on a gl ass
plate of 5 rﬁﬁq"t%"@a‘ teryyl N&FE rﬁ\ﬁdt'héﬁ%g’éep[al@ Y8 Fe %ar ea ver sus

hi I .ed. Th .Of k .al

cval uat od. PR PREIAE Wi S hATEded S gty 4 2P AR BRARIS e er 6
di t [ h |t

ect than 5 T - nER SR ERTGES: 2aovs I8 E0eeliy Rin s o, ™

erbodi et 13913 1Bk oY o (TR RepL gNAUENRTy HeN 8 LpsguReRGly

particularly®rn ermal cycl e resistance, because th uctiv

coul d have #dt9Mdl0aeqeld a¢i e8d Tf rekashi gihdtbY, CORNCStpdi dh @i p to the
circuit layer with conductive resin, in addition to the effect of the

stress rel adei@lopifly thheoramthenduatar deyierefpest npds aaitdpta refl ow
failure at nounting operation, because of the porous stress relaxing |ayer.

15 The fail us® SCictomrsetlanhgetes.t he chip is not generated in the dropping
test. Furthernore, the package size can be nade as sane as the size of the
chi p, and the pafkarjee cextdynabdel eartinodey 10i waagfdhmed doy appdydiney waf er of
the present enbodi nent. Therefore, the process is superior 20 in nass
produci bi | i thlLux Brbsdengéand8poTheoseni pbading ceutievtte siyldemtkiadid was t he
sanme type as indicated in FIG 4, was prepared by the follow ng 25

manuf act U i AFbs68psSn The) sfrile nBiliciddigdederatlierrens cand Meafdnst devi ce

Ve D SR S Lo e SEP, TR o o L epbodi e 2, lende
100 1 MMk 3t POLOE GO PLR, SRl oBL RIS bR 1100
oy e SR SIS BRSO A (B phery! e
semiconductor wafer with an ink jet printer.
15 In accordance with the above manufacturing steps, the
semiconductor wafer 6, whereon plural chip areas 62 were
formed as indicated in FIG. 2, was prepared. The amount
of warp of the semiconductor wafer 6 was evaluated by film
thickness measuring profilometer (dectac: made by ULVAC
20 Co.).
(g) In order to cut, dicing tape 120 was adhered onto
the wafer protecting film 7. A dicing saw 11 of 200 u
m thick was attached to a dicer (DAD520: made by Disco Co.),
and the substrate 1, whereon the circuit layer was formed,
26 the adhesive agent 4, the semiconductor wafer 6, and the
wafer protecting film 7 were cut simultaneously at a same

plane so that the semiconductor device 17, obtained by

cutting the semiconductor wafer 6, would be an operable



asol vent, i.e. nethyl ethyl ket one, ort ho-cresol novol ak type phenol ha{ﬁgf’ﬂﬂfﬂ
(H1: made by Meiwa Kasei Co.) was added, and micro-filler having pr y
particle size of 12 nm ( R974 : made by Bbf ppon Aero sol Co. ) , nitrile
but adi ene 10 rubber (XER-91: nade by N hon Gosei Rubber Co.), and a

catal yst (triphenyl phosphi ne: made by Wako Jyunyaku Co.) were m xed) onto
bed-film and drying the varnish. The sem conduct or device 17 was nounted
on a nounting substrate, and a tenperature cycle test in the range from 15
-55 Cto -125 C was perforpmed. As the nounting substrate, a copper clad

gl ass cl ot h BiakleFoRPitant rfat Eherehiy ME. E- B eHEHE tAPIMH kR ALCKAYei CO.)
was used. Furthernore, reflow test at 240 _C for 5 seconds, was perforned
after absor B3R ﬁ’fﬁ%tRﬁ%“?i %ﬁf ehbPR orite nfa £eT Jpr ¥Eeet 159 gq"%i ative

hum dity of 85 ~ for 48 hours. An appearance test,  such as generatjon of
chip crack and CRe | FBS WEEHGAEIERP o S6Y LaPopdh ng Tt HeBenPESRAUEL or

device at a height.of 1 neter_on_a glass plate_of g t hi ck. Fuyythernore,
t he package Jeﬂve%l TR us"i ppﬁ?gﬁrﬁgs 38 e%PE&léa. _ %Ogﬁpunt ﬁ'evvarp of
the package é’@ﬁizfér?&t@é’é’% H@bﬁgei :ﬁ‘%ﬁé%‘&nttsecf&g%xﬂc}g}&n@rf&’ﬁhﬂs@% 1. The

semni conduct or  waf er prepare € preésen as a warp as

smal | as_equalg 0 tepe®SturRaByc181t APR 204338 angelPbm Thes seql ggnduct or
device 17 prepared in the present enbodi nent has a small warp, superior

thernmal cyclel7®si(st Rase pedFdriees Nos gener alotintainOVve fise 4 titee At anount i ng
operation. The failure such as damage of the chip 5 1s not generated in the

droppi ng t esdopgelt thadngl £ss dloHIAEK8g@pUxACl eRlnkEeFla] aBCSBABTAS the
size of the chip, and the package can be made only by dicing the

sem conduct amadeafley BfithbhipReseil cobodiwentusdder eforehethergy oaess is
superior in mass producibility. 10 (Enbodi ment 9) The sem conductor device
17, whi ch0 waseflnw stest tatpe24® CndptabedecangsGrag, paafopmegaaftieby t he
foll owi ng manufacturing steps. 15 The sem conductor wafer and the

seni conduct GPSRER g WBPESBREFardd B) SR iSeREeRtt vk &8 t‘ae atbodi ment 3
using , alam de non-woven cloth thermpunt : made by Du Pont Co . ) of 100
,u mthick FLiHeHRPYNLAEENYOL §g® oIt hopgde of-nr"‘{/l?ti’df'é’rrarﬁf(ﬁ FFEH epoxy

resin of 30 ,u n1thick(§s t he adhesi.ve 20 ag nt d hhe fer protecting
fiim The adifisdtyveSsidEteRaion aBlr R SERFGi Mk BAFnilshs(bi BRBny| type
epoxy resi neéY 48? : pﬁgfg b élé % : doNRScgLeS i pfo_asol vent,
i.e, nethyl ?%%%e‘%%e,or 6¥€$ g?éggééla.m%%%e gﬁg%§|8 g? %nQ% ?Fkl: made
by Mei wa g(astf\é'-&g:g) as 2§e@g§eﬁ?n agd a(gspg (L:l{é%r VENgPr _particle
size of 12 nm]( 78" nmade by N ppon ﬁero S F : , nltrlﬁgé%utadi ene
rubber (XERp@:tH@dfoky, Nichen V\ggéﬁthUtHFéa ReksudNdeRi§aldldsst was
(triphenyl phosphi ne: nmade by ko Jyunyaku Co.)
evaluated. The amount of warp of the package was also
evaluated. The results are indicated in Table 1.
The semiconductor wafer 6 prepared in the present
20 embodiment had a warp as small as equal to or less than
5 #m. The semiconductor device prepared in the present
embodiment 17 had a small warp, and the semiconductor
device is superior particularly in thermal cycle
resistance, because the stress relaxing layer is made of
25 porous polytetrafluoroethylene having a low coefficient
of elasticity. The semiconductor device does not generate

reflow failure at mounting operation, because it is a low

humidity absorber. Because the chip can be connected



21 APR 2003 39 were mixed) onto bed-film and drying the varnish. ThtAPR 2003
sem conduct or device 17 was nounted on a nounting substrate, and a
tenperature cycle test in the range froms55 Cto -125 C was perfornmed. As
the nounting 5 substrate, a copper clad glass cloth base epoxy | am nate
FR-4 (MC-E-67: made by Hitachi Kasei CO ) was used. Furthernore, a reflow
test at 240 C for 5 seconds was perforned after absorbing noisture in an
environnment at 85 C and a relative humdity of 85 ~ for 48 hours. An 10

FCor ar oppie e b Gt G e T LA g ERARCSRe on gl acs
plate of 5 nmm.thigk. Furthernore, the package,area versus i p.area was
tdicne o W e o RS g g ae e LB e

eval uat ed. S anount” oaft s also Hted. The

results are j.ndj i I . The ) C . I ed in the
przgentS enboédlirﬁﬁrien rﬁ%sdga:l)agpﬁﬁaa;tlsnriﬂ Fﬁgggegra&t%c{\%gtodr@ ggég?%an&gé, u m The
sem conduct [4C €& r i r [Pﬁ%jd-l{@ﬂﬁ'f?&r a snal |

war p, superi(i{)rr t eér:(rarla ecrg){cﬁe}{i r%@%@%eﬁgﬁ%’q% €S not glenera'te refl ow

failure aj mountdpg Pgﬂl@féoguc@eggu%%ﬂe{bgeygp% Mg Paord igys are forned

by the vapor deposition, the conductive havi ng hi gh purity can be

formed, and gdictdiddlin Qﬁbﬂi%ﬁ?ﬂ@ dest easpte pHKRfOESzel BEn be
sem conductor can correspond 25 to increasing velocity of electrical

signal s . Theadeidsusameuss tise ddFrgefothipe cin pdcdrdaincgenetatelei n the
dropping test. Furthernore, the package size can be nade as sanme as the s
i ze of the gdugnesmdfttize paclsagpt emhoimente tdrd packdgeARih be(Bad® by

di ci ng the sem conductor wafer of the present enbodi nent . Therefore, the
process is super iy dicinesthe cRcidgndugtox Ftel mohttho)presknt

sem conductor device 17, which was the same type as indicated in FIG 4,

was prepégeupmgp44ﬂgqqﬂ|qﬁq,ﬁpe process 1s superior in mass

producibility. In accordance with the process of the
present embodiment, adjusting locations of the circuit
layer and the pads on the chip becomes unnecessary, and
the manufacturing process can be simplified.

15
(Embodiment 3)

FIG. 4(a) and FIG. 4(b) indicate a cross sectional
view and a perspective view of the semiconductor device
in the other embodiment of the present invention,

20 respectively. The semiconductor device was obtained by
the following manufacturing steps.

After forming the via-holes by the same process as the
embodiment 2, copper film was formed on the inner wall of
the via-holes and the surface of the porous body by a vacuum

25 deposition method. The subsequent processes were
performed as same as the previous embodiment to manufacture
the semiconductor wafer 6 and the semiconductor device 17.

The semiconductor device 17 was mounted on a mounting



manuf acturi ng steps. The porous body portions 15 made of porous

pol yt et raf | uoroet hyl ene were adhered to the portions, 10 where thel1 APR 2003
el ectrodes were not existing on the wafegy of the sem conductor wafer 6 by
heating and pressurizing at 120 C for 5 seconds. Sinultaneously, the wafer
protecting film7, which was as sane as the protecting filmin the

enbodi nent 1, was adhered to the rear plane of the 15 wafer. Subsequently,
t he sem conduct or wafer was prepared by screen-printing the photosensitive
material portions 14 using the photosensitive resin (BL-9500: pmade by

Hitachi KasélURS:Tatemedc: A MRt g’ CyCde tRECvAR dhe ZRAIG 1AM at 80 C
the photoseraiide HottroAS, Curig ErErEtnod 48 186 @qge S ours

were. o epar SBREAE o a EORPER.sL B 1ane Hlstlr RERE 8808 TARLARNR Conduct or
n'the rangd ¥ronieeEtor 8 HRHR KR EHENE RasB B n e RE e et rat o,

a copper £l a3l Asdr! b DASE KPOXYs A NRLE °C ?ﬂolﬁ‘Rﬁ LOBh A s 4

(MC-E-67: made by Hitachi Kasel C0.) was used. Furthermore, a reflow test
at 240 C f oy £ Mast RYSIHIRY ﬂiBtiS'tu%Q?@gbhﬁg?HPiféHrﬂént pan

environnment ‘at 85 C and a relative humdity o 5 ~ for 48 hours. An

85 °C and a relative humidity of 85 % for 48 hours. An
appearance test such as generation of chip crack and the
like was performed after dropping the semiconductor

10 device at a height of 1 meter on a glass plate of 5mm thick.
Furthermore, the package area versus chip area was
evaluated. The amount of warp of the package was also
evaluated. The results are indicated in Table 1.

The semiconductor wafer 6 prepared in the present

15 embodiment had a warp as small as equal to or less than
5 £#m. The semiconductor device 17 prepared in the present
embodiment had a small warp, and the semiconductor device
is superior particularly in thermal cycle resistance,
because the stress relaxing layer is made of porous

20 polytetrafluorcethylene having a low coefficient of
elasticity. The semiconductor device does not generate
reflow failure at mounting operation, because it is a low
humidity absorber. Because the conductive portions are
formed by the vapor deposition, the conductive layer having

26 a high purity can be formed, and electrical resistance is
decreased. Therefore, the semiconductor can correspond
to increasing velocity of electrical signals. The failure

such as damage of the chip is not generated in the dropping



5 appearance test such as generation of chip crack and the Iike wag1 APR 2003
performed after dropping thesem conductor device at a height of 1 neter on
a glass plate of 5 mmthick. Furthernoreg the package area versus chip area
was eval uated. The anmount of warp of the package was al so 10 eval uated. The
results are indicated in Table 1. The sem conductor wafer 6 prepared in the
present enbodi nent has a warp as snmall as equal to or less than 5 ,u m The
sem conductor device 17 prepared in the present enbodi nent has a smal |

war p. The sem conductor 15 device is superior particularly in thermal cycle
resi st ance, UsetausBUrhBEENPEEs FRERF ?%y%&zél$anFﬁbHaSF PO rRe

pol ytetrafl uor nt of el and does

Pl . I ¢ R
not genelr)at &5 gﬁ%o%lﬁg?‘?f ?tléfegghﬁ&uﬁ\éﬁg&b%é% a]lcﬂle :@éb%%y@g%‘%qu humi di té
20 i T il ip.isS,.

"0 the dropBYiiHag the R RTTe R e n R Rs s e PRt BRI cane as
e oToc O SR B 18, EROR G0P B TPASG WA 10,

sem conduct or Wa present e ore, priocess 25 is
superior ¢ n mass produci bility. (Enbodinment 11) The sem conduct or device
17, which was the sane type 21 APR 2003 92 as indicated in FIG 4, was
prepared by {Bgpbghiewtng)manufacturing steps. The sem conductor wafer was
prepared by the steps of arrangi ng porous body portions made of porous

polyi mide 5 havi pBu@ Hage adidensil.08ab ) NehWREKL 8t AUSEEES Sdctdidha 1. m
wher eon thernopl astic polyi m de adhesive | ayer for adhering to the
sem conduct eriewalaed wapetopeedivenvibe porthensemicdhdusent amdiwd or waf er
6, where the el ectrodes on the wafer were not existing; arranging the
ani sot r opi ¢ i0 thendddter emportimems: ¥ drhe lpereslesdt riodesntaion,he waf er usi ng
10 respectively. The semiconductor device 17 was obtained
by the following manufacturing steps.

As the porous body 3, porous polyimide of 120 g mthick
having a three dimensional network structure, which was
prepared by a layer transfer method, was used. As the

15 adhesive agent and the wafer protecting film,
thermoplastic polyimide (TP-D: made by Kaneka Co.) of 30
M m thick was used, and the semiconductor wafer and the
semiconductor device were prepared by the same method as
the embodiment 1. However, heating and pressurization for

20 adhering layers was performed at 260 °C for one second.

The semiconductor device 17 was mounted on a mounting
substrate, and a temperature cycle test in the range from
-55 °C to ~125 °C was performed. As the mounting
substrate, a copper clad glass cloth base epoxy laminate

25 FR-4 (MC-E-67: made by Hitachi Kasei CO.) was used.
Furthermore, a reflow test at 240 °C for 5 seconds was

performed after absorbing moisture in an environment at

85 °C and a relative humidity of 85 % for 48 hours. An



ani sotropi c conductive film (ASVMAT: made by Nitto Denko CO.); and heating
and pressurizing. Sinultaneously, the wafer protecting film 7 nade pfipR 2009
t her nopl astic polyimde was adhered to the rear plane of the wafer.
Subsequently, 15 the sem conductor wafer 6 and the sem conductor device 17
were prepared by the same process as the enbodi nent 2. The sem conduct or
device 17 was nounted on a nounting substrate, and a tenperature cycle test
in the range from-55 Cto -125 C was perforned. As the nmounting 20
substrate, a copper clad glass cloth base epox mnate FR-4_ (NC-E-67:
rade by H t SERCAARGE GOSF ARST RS HETRRA it e AR GFREh GES(TIR 240 C

ol ati ve iy 8¢ oBPaE AR ot - A EpERARn “e?e'%%‘m%?,og%}%# S

generation of  chi rack | ik f g t he

sem conduct c()iI leeveloég ﬁeégﬁg ﬂ? “befte% et eB%fsg O'k:aé;lg p "&‘ mm t hi ck.

Furt her nore, H.‘?ﬁh%ge a ar gl%@ Igg anmount

93 of warp o#hgﬁb pac dge%&gs vaFEgﬁeds eérggﬁl s are indlcated in

Table 1. gThesaNAQFUCR ‘é(ﬂ’{o%‘htG o G q)f 6 4 drent has a
r

war p as smal as equal to o ess than 5 5,um ‘el% se conduct or deV| ce

17 prepared dyh i & LSk %EQQQ'tHEHE‘ehQﬁd@Lcﬁ'EEH ifemap1&he ;sem conduct or
device is superior particularly in thermal cycle resistance by a

synergistic effege Ebhﬂcbh@u@ﬁ&?cﬁaﬁértGepﬁéﬁ§§édrEhaﬁhég?kéyéﬁt_b?CGUSE
maki ng the conductive 10 portion have a | ow coefficient of elasticity

becomes possnbmlimerftomadia taepcasdenbhlieapoetnab betveehesdeclcdi p and t he
circuit layer with an ani sotropic conductive nmaterial. The reflow failure
at nounti ng Sopémat i ’Bhe|S§mpng@@§pa“twl%éélm@nﬁrqmenrt@ce(m%e%anfess

rel axing layer. 15 The failure such as damage of the chip is not generated
in the dibpgmhpdiswnt hadt aamaddevarne ek sgdisiondustivrbdenade & sane as
the size of the chip, and the package can he nade only by dicing the

seni conduct GURRHIAT FREHE Wagddhtine HhGEHMeEn CY Cfe F&ran9fe process i s

superior 20 in mass produci nmhodi nent 1 A cro s sectional view
and a per spRaAEE | ‘ﬁ’é:?é)/ ch)H" Wé‘a& € the'Pt esent i nventi on
are 25 Indlceué¥¥lé}éﬂé30f7e %t%QQth%y éSﬁHSCE&¥8'¥he Elp to the
circuit layer with conductive resin, in addition to the
15 effect of the stress relaxing layer. The semiconductor
device does not generate reflow failure at mounting
operation, because of the porous stress relaxing layer.
The failure such as damage of the chip is not generated
in the dropping test. Furthermore, the package size can
20 be made as same as the size of the chip, and the package
can be made only by dicing the semiconductor wafer of the
present embodiment. Therefore, the process is superior

in mass producibility.

25 (Embodiment 5)
The semiconductor device 17, which was the same type
as indicated in FIG. 4, was prepared by the following

manufacturing steps.



sem conduct or nodul e of the present invention was manufactured by 2hapfR 2003
follow ng process. 21 APR 20D3 The sem conductor devices 17 prepared in the
Z 1 APR Z003 44 enbodi ment 1 and the entwdi nent 2 were nounted on

desi gnated portions of a build-up nounting substrate having four |ayered
circuits via flux, and treated for reflow at 240 C for 3 seconds. 5 The

sem conduct or nodul e prepared in the present enbodi nent does not generate
any failure at the reflow process in a nmounting operation. No failure is

ted in the t t le test. 10.(Co ' l.e,1) Th
e conduct or  doi EREIBRHCR Bad /PR OUS RALYBRUNA GH 1LY IhE PHGKo ng.

, al uat ed. Af form h ' it b hod
22°§ﬁ25erﬁgﬂa§éﬁe:%,gﬁﬁseséﬁ%eaﬁéﬁbgﬁrﬁ Fror b e Bl Al ¥ e
circuit i_th die hondi t 19. Then, .t ' |
Connoct ed CPREEATR B Bo IAVEToALa REER BEEAoR dur ety AF) Fheon .

Fesi n- seal e g e en PRl PRaD bk g et [P RgekR Rl Lt oup seal 1 n
g nmethod uSing an epoxy group sealing 20
agent. Fighal b8 a3¢TC pBIYGhQHIEY¥E OF: Wod & PP kaheRka co.) of 30
M m thick was used, and the semiconductor wafer 6 and the
semiconductor device 17 were prepared by the same method
as the embodiment 2.

The semiconductor device 17 was mounted on a mounting
10 substrate, and a temperature cycle test in the range from
-55 °C to -125 °C was performed. As the mounting
substrate, a copper clad glass cloth base epoxy laminate
FR-4 (MC-E-67: made by Hitachi Kasei Co.) was used.
Furthermore, a reflow test at 240 °C for 5 seconds was
15 performed after absorbing moisture in an environment at
85 °C and a relative humidity of 85 % for 48 hours. An
appearance test such as generation of chip crack and the
like was performed after dropping the semiconductor device
at a height of 1 meter on a glass plate of 5 mm thick.
20 Furthermore, the package area versus chip area was
evaluated. The amount of warp of the package was also

evaluated. The results are indicated in Table 1.

The semiconductor wafer 6 prepared in the present

embodiment has a warp as small as equal to or less than
25 5 #m. Thesemiconductor device 17 prepared in the present
embodiment has a small warp and superior thermal cycle

resistance, and does not generate reflow failure at

mounting operation. Because the chip can be connected



by formng the external termnals. The sem conductor device was an tﬂggﬁ@
a nounting substrate, and a tenperature cycle test in the range from

to -125 C was perfornmed. As the nounting3®5 substrate, a copper clad gl ass
cloth base epoxy lam nate FR-4 (MC-E-67: nmade by Hitachi Kasei CO ) was
used. Furthernore, a reflow test at 240 C for 5 seconds was performed after
absorbi ng noi sture in an environnent at 21 APR 2003 45 85 C and a
relative humdity of 85 ~ for 48 hours An appearance test such as

t f t th
dem conduct S%l%W%ééﬁfy S e B RSl P Bt Bl S i k.
5 Furth tad - Th t
of :/J\Ar pe(r)][m[ pac Cglg%ka\?\'!/agt ¢) e&gqa'ﬂc;]t g'g IOall:ff{e re%\ﬁ?sjtxgé/lgiféjea% icat Zdalm;un
Table 1. 1n £a56 Pz{) é&?slgf Bﬁgﬂts A Q{I};aﬁﬁ%' S IRE ot {i&v%@é%f’é

package is large, becaus g portion is 10 only on one S|de of the

substrate. Brealage {Rit fod S SNMALRE 1 ifsd PRI AL OUE] © Lest,

because no ress rel axing | ayer I sts | ow f e s gererated,

because np por oush&tfaUdtiHEs N alsed SRSd & B FSERAPNAY 8 hotl§endpgkage size
becormes | arger than the size of the chip, 15 because the Chip is connected

to the circuid the atéspbogdiess. (thepacKd (?\ees@xamﬁrebé)mérdi@ase@ax@@nductor
device indicated in FIG 9 was 20 prepared by the foll owi ng process, and

eval uat ed. Afd ethd idengfi lhig.r chnt ataygedahyget Weéthathenprbodsasof he

enbodi nent 1, a relaxing |ayer was fornmed thereon by a printing nethod
usi ng sili cdiee grmeentulsEmodinent,i ¢hee pgrbageadhssbeemageneonipsbyppl i ed
onto the relaxing |ayer 25 23, and the sem conductor chip was adhered. The
numeri cal meHiC B thE; %9‘!‘@%0%@‘@%13@1’ wafeadof ddte pAREen theRardineRe, chi p and
the circuit er by ultrasoni c waves, the bondin ortlon was sealed with
a silicoke gar'l% he BEORESR) et spperiox Jralﬂﬁ‘sfo&a‘g ucibility.

(Embodiment 6)

The semiconductor device 17, which was the same type
as indicated in FIG. 4, was prepared by the following

15 manufacturing steps.

As the porous body 3, porous polyimide of 120 g mthick
having a three dimensional network structure, which was
prepared by a layer transfer method, was used. As the
adhesive agent and the wafer protecting film,

20 thermoplastic polyimide (TP-D: made by Kaneka Co.) of 30
L mthick was used, and the semiconductor wafer 6 and the
semiconductor device 17 were prepared by the same method
as the embodiment 3.

The semiconductor device 17 was mounted on a mounting

25 substrate, and a temperature cycle test in the range from
-55 °C to -125 °C was performed. As the mounting
substrate, a copper clad glass cloth base epoxy laminate

FR-4 (MC-E-67: made by Hitachi Xasei CO.) was used.



46 Finally, the sem conductor device wasconpleted by formng the externa
termnals. The sem conductor device was nounted on a nounting subsé €& 2003
and a tenperature cycle test in the rangg from5 -55 Cto -125 C was
perfornmed. As the nounting substrate, a copper clad glass cloth base epoxy
| am nate FR-4 (MC-E-67: nmade by Hitachi Kasei C0.) was used. Furthernore, a
reflow test at 240 C for 5 seconds was perforned after absorbing noisture
in an environnment at 10 85 C and a relative humdity of 85 a for 48 hours.
An appearance test such as generation of chjp &rack and the |ike was
performed aftért Wengqtfgns@rﬁ%oﬁﬁﬁ}ctao‘? %‘L@l @e%é’tr FEGHS e met er on
a glass plate of 5 thick. Furthernore, the package area versus chip area
was 15 eval @&ré{?rmﬁg]aﬁfﬁ&ntabgpr g B?l?ﬁgrﬁagﬂaﬁ% %‘é“é?%e’&/eﬁ%at ed. The
resul ts are Jndhogtech | DoTaDL e Lnuh o £8P Plad e PLESER! nGQIDAr i Ve
exanpl e, breakage faiTuré was generaied in the tenpérature cycle test,
because str yfsﬁ[ e t J 1.0 C i ng the
chip and thg%}leefdcw ceei g%gri E%Egﬁgr%ﬁﬁ%ﬁclocg?g)lfgg?lghe?r%QIQe?ﬁ%ﬁéng t he

t enper at uf e 16y fﬁ}& g:r%trfb‘é‘n{& 4P idgaggagﬁséﬂé Sensconayr LRy e far the

stress rel axing Fai |l ures suc ip cracks and others were

gener at ed byt ke QR RE tieHlet HEAHIE IASY P1eadd E 25 ofnk [tAM@S. provi ded
to the rear plane of the chip. The package size becones |arger than the

size of the mfiithediRGRysethBe pahgeabireg peets @ ichilpar geeat Rads t he chip.
21 APR 2003 47 (Conparative exanple 3) The sem conductor device indicated
in FIG 10 wasalwaapar.cdThy theuhal lodwagppodcahe pmukasjasalwst edlsdl ati ng
bunps 24 are forned at the electrode portions 5 5 of the sem conductor
waf er. Posi teévaiwftadie $bei resditsoareafinditstad] int 8dbie Amtch with an
epoxy group circuit substrate 25 having the same size as the sem conductor
waf er, aHd the &g celiRAuGRERWaLer dhiarared et riapsesent he circuit
substrate via the 10 plating bunp 24. A_liquid epox grOUf seal i ng agent 22
is filled i RUPOSHMEN MRS ahuakPeAsSt ﬁ@a&iré'-ai?q‘églas%/9a%, YA

el ectr.odes 10 on

' d f d .\ form h I
The cirou t edbler ané 2enERBRugRot aniN Gl T bebar St FPegR Py i ci ng

the 15 sem condugct or fer. The.sem_conductor device unted on a
et s SRR 4 BB RC A A Fapdioie oIt on 2

to -125 C "‘@%s‘i%ﬁ{a‘?{ég%giaéés ddis THNYRR SRS ettt &0ARRY o4 ad 9l ass

cl oth base epoxy lamn
15 mounting operation. Because the conductive portions are

formed by the vapor deposition, the conductive layer having

a high purity can be formed, and electrical resistance is

decreased. Therefore, the semiconductor can correspond

to increasing velocity of electrical signals. The failure
20 such as damage of the chip is not generated in the dropping

test. Furthermore, the package size can be made as same

as the size of the chip, and the package can be made only

by dicing the semiconductor wafer of the present embodiment.

Therefore, the process is superior in mass producibility.
25

(Embodiment 7)
The semiconductor device 17, which was the same type

as indicated in FIG. 5, was prepared by the following



20 FR-4 (MC-E-67: nmade by Hitachi Kasei CO.) was used. Furthernore,_ a
reflow test at 240 C for 5 seconds was perforned after absorbing mot 5ARR &03
in an environnment at 85 C and a relativeghumdity of 85 ~ for 48 hours. An
appear ance test such as generation of chip crack and the 25 |i ke was
perfornmed after dropping the sem conductor device at a height of 1 neter on
a glass plate of 5 mmthick. Furthernore, the package area versus chip area
was eval uated. The anount of warp of the package was al so 21 APR 2003 48
eval uated. The results, are indicated in Table 1. In case of the present
conpar at i ve“@?’a‘}‘%cé':u”cw Wir§PSHf the wafer and the package were | arge,

b th tecti fil t i to.th f 5th
ohipand far | urBLe SR Carditon paBE S Shenar S i GaRaU B RE IR By the
droppi ng test. Breakage .failures were qgenerated in.the te rature cycle
_tesItOI,OI bgcaug"ee%eopgfapégsdr%i’a ené%?l%%sfﬁ?o&%@b%ﬁﬂelﬂ@;g ‘\lﬁéfrég ge%er at ed
in the ref'%t"_‘(a %{eah'o?lflwo@%%a%!%thh@tt?eeﬁ:lqd}& PRLEORy dREP AR chave 10 the
porous structure tor releasing pressure. In AcCordante W th tﬁe

seni conduct ¢ deM G2 @hildke aRf @3@NbokBUSNLEQP §XPhRGNEL K&t qafteet i ve of
the previous enbodinents, the failure generation rate at 1000 cycles is | ow

i n conpari S@¥ WidbdhencEint LN Bisd6f Mirc@F fo thean tnickRar ahleve exanpl es
1, and 3, because the stress generated in the external termnals is small

by the presemifesiivd eyt efsd releddier atrtedEGRSE Inhe paeous body is
used as the stress relaxing layer, failure at the nmounting reflow is not
gener ated. Qdlaetimensheét Was Ppresanedbofapl viiiey pratradishngoiplenyt the rear
pl ane of the sem conductor chip, the warp of the package is small in
conpari son wiype tepoxyomesriat | (¥Xehafpk esadeapyl Buk&FuShekl ndw e) was
conparison wth the conparative exanples 1 and 3, the failure generating
rate by Hamsg@solpestkintaml afeantve i2®.i n nabhyieppyhlyetene,is small. The
package area tqQ the chijp area iis small _in conparison with the conparative

exanpl es 1 &FFEP-P&sAls@aved adetivbsnahenst hardenerneist i g8ade divaxi ng
he e pl MKaEehsor vt ARAE, sddTLGRT CEnateE DAVABERAT he
the same p ] ' T i e

t i t i | i t t t |
Permnal s apl T e 1E PREE T 13 Y (B2 4 nde B M REBOn MR BB B the rear

plane of the;GhiRe AR U M¥PMNP (KER-91: made by Nihon Gosei

15 Rubber Co.), and a catalyst (triphenylphosphine: made by
Wako Jyunyaku Co.) were mixed) onto bed-film, and drying
the varnish.

The semiconductor device 17 was mounted on a mounting
substrate, and a temperature cycle test in thé range from

20 -55 °C to -125 °C was performed. As the mounting
substrate, a copper clad glass cloth base epoxy laminate
FR-4 (MC-E-67: made by Hitachi Kasei CO.) was used.
Furthermore, a reflow test at 240 °C for 5 seconds was
performed after absorbing moisture in an environment at

25 85 °C and a relative humidity of 85 % for 48 hours. An
appearance test such as generation of chip crack and the
like was performed after dropping the semiconductor device

at a height of 1 meter on a glass plate of 5 mm thick.



of the sem conductor device is small, and danmages at edge portionzc'fM;Rhlﬁ[]3
chip and cracks are scarcely generated in the dropping test. The
sem conduct or device of the present invetti on 10 conprises the porous
stress relaxing | ayer between the external term nals and the chip.
Therefore, breakage at the external termnals by tenperature cycle test
after nounting is scarcely generated. Because the stress rel axing |ayer
conprises a three 15 di nensional network structure, steam generated at the
mounting refl] Qw,can he rel eased_ outside_the sem conductor _device_ through
7 R o

the core la élf,thfﬁﬁloﬁ/%ll 8 M ?%%kgﬁsaofv?ﬁ%ugub _erat 8 €jhefdon t he
circuit are QI%rlrﬁ%cE cﬁr eﬁl%l %%fuglecn%r@%(}&atof %}%@;ﬁgﬁ r‘&u ogis%)er ation.

20 In accordance W t heé "manuf act uri ng eps conductor device

of the preS%%lhﬁvceaH.i ggpet Q%sm%ag%esaﬁaigét@a 13184 Sl Re size of the
i e per

chi p, because the asse ng operation can or med"si mil t aneously for

the wafer unit. ﬁ@r@élﬁ){@on&@@t@w;%tﬁ %@g@diﬁftggogpgs&g@sent

invention is advantageous I n nass pr I n accordance wth the

seni conduct @mpsfigler® Hde PrRIP LS BYENLI 88, e§l815€81 6PNHESE OFngleVi ce
havi ng a hi gh 21 APR 2003 50 reliability can"be manufactured by nass

producti on. 5ThemsenThkesdndicondunddredefidde 7 preganied b ehid pred@st a hi gh
reliability, because the sem conductor device of the present invention is
nmount ed. 5 enbodixieRtzta3 &lsMlbl warml gheedemdcohduAtsendeondaci®r devi ce
conprising: sem conductor chips, 5 a porous stress relaxing |ayer provided
on a pl ane, swiperder giamhiicwlamly einedthreguiesl. aryes Ifeo rrasi, s winassi d

sem conductor chip, a circuit layer provided on said stress relaxing |ayer
and connect &¢cayseaithe|candustay e fartiensxasmtddl hastarignalay provi ded on

said circuit |ayer, wherein L . .
100 coefficient of elasticity by connecting the chip to the

circuit layer with conductive resin, in addition to the
effect of the stress relaxing layer. The semiconductor
device does not generate reflow failure at mounting
operation, because of the porous stress relaxing layer.
15 The failure such as damage of the chip is not generated

in the dropping test. Furthermore, the package size can
be made as same as the size of the chip, and the package
can be made only by dicing the semiconductor wafer of the
present embodiment. Therefore, the process is superior

20 in mass producibility.

(Embodiment 8)
The semiconductor device 17, which was the same type
as indicated in FIG. 4, was prepared by the following
25 manufacturing steps.
The semiconductor wafer and the semiconductor device
were prepared by the same method as the embodiment 2 using

alamide non-woven cloth (thermount: made by Du Pont Co. )



an organic protecting filmis provided on the plane opposite to saig stress
rel axi ng |l ayer of said semconductor chip. 15 2. A sem conductor de¥il ¥R 2003
conpri sing: sem conductor chips, a poroug stress relaxing |ayer provided on
a plane, whereon circuits and el ectrodes are fornmed, of said 20

sem conductor chip, a circuit |layer provided on said stress relaxing |ayer
and connected to said el ectrodes, and external term nals provided on said
circuit layer, wherein 25 an organic protecting filmis provided on the

pl ane opposite to said stress relaxing |layer_ of said seniconggctor chi p,

and respect i9% 4Gt B &RdSKoASShE RATRLS t?cé“é?xiaﬁ’gl Pa?_@?,et mage At ApR 2003
out si do on FUEHRE PR Led SpSELRPRON AU O AIBHUE KRGS S8
wher con i r AR R SHECHAGEgRTS CS Uk toibuc fBP RRRREAVE FBreed, of
sai d sem conduct or chi a circui.t layer provided on said stress relaxing
| ayer, 10 vi“éﬁ%(ﬁre?a}ﬁ%%ibé'e&p@g‘tyvb@gnat nggllggt ?gﬁggeg}ﬁfsgyaes%?ﬁ’%nduct or
chip andf?mf£§§ﬂC%§&Jf@6ﬁfmadebyYukaShellCo.)wasdissolvedinto
asolvent, i.e. methylethylketone, ortho-cresol novolak
type phenol hardener (H-1: made by Meiwa Kasei Co.) was
added, and micro-filler having primary particle size of
12 nm (R974 : made by Nippon Aero sol Co.), nitrile butadiene
10 rubber (XER-91: made by Nihon Gosei Rubber Co.), and a
catalyst (triphenylphosphine: made by Wako Jyunyaku Co.)
were mixed) onto bed-film, and drying the varnish.
The semiconductor device 17 was mounted on a mounting
substrate, and a temperature cycle test in the range from
15 -55 °C to -125 °C was performed. As the mounting
substrate, a copper clad glass cloth base epoxy laminate
FR-4 (MC-E-67: made by Hitachi Kasei CO.) was used.
Furthermore, a reflow test at 240 °C for 5 seconds was
performed after absorbing moisture in an environment at
20 85 °C and a relative humidity of 85 % for 48 hours. An
appearance test such as generation of chip crack and the
like was performed after dropping the semiconductor device
at a height of 1 meter on a glass plate of 5 mm thick.
Furthermore, the package area versus chip area was
256 evaluated. The amount of warp of the package was also
evaluated. The results are indicated in Table 1.
The semiconductor wafer 6 prepared in the present

embodiment has a warp as small as equal to or less than



conductive portions for connecting electrically said circuit
el ectrodes in said via-holes, external term nals provided at designat
portions 15 on said circuits in a grid agray pattern,

| ayer an

1,98k %003

an organi c protecting

filmprovided on the plane opposite to the plane, where the circuits and
el ectrodes of said sem conductor chip are forned, wherein respective side

pl anes of said stress relaxing | ayer,

organic protecting filmare exposed outside on a sane plane. 4 .
|

sem conduct

20 said sem conductor chip, and said

A
[ .ali ' f clai f I | ai
S8 BRSPSl 0 1o

3, wherein
coefficient equival ent to the |inear expansion coefficient of said stress
rel axi ng | afBPCdimeitABas, 5o WaxPye RUESTIOE %‘t}‘e&g\ﬂicé:y%'ecl ai med in

claim3,

wh

polytetrafl%%%ggﬁ%yE%HZ%%@Pép%%l éﬁ?gﬁﬁ%%%% L% g@%@g%égloE |%@8u?n claim 3,

wher ei n

10

15

20

25

mounting operation. The failure such as damage of the chip
is not generated in the dropping test. Furthermore, the
package size can be made as same as the size of the chip,
and the package can bemade only by dicing the semiconductor
wafer of the present embodiment. Therefore, the process

is superior in mass producibility.

(Embodiment 9)
The semiconductor device 17, which was the same type
as indicated in FIG. 4, was prepared by the following
manufacturing steps.

The semiconductor wafer and the semiconductor device

were prepared by the same method as the embodiment 3 using

alamide non-woven cloth (thermount: made by Du Pont Co. )
of 100 #m thick as the porous body; and a sheet made of
rubber modified epoxy resin of 30 4 mthick as the adhesive
agent and the wafer protecting film. The adhesive sheet
was prepared by applying a varnish (biphenyl type epoxy
resin (YX-4000: made by Yuka Shell Co.) was dissolved into
a solvent, i.e. methylethylketone, ortho-cresol novolak
type phenol hardener (H-1: made by Meiwa Kasei Co.) was
added, and micro-filler having primary particle size of
12 nm (R974: made by Nippon Aero sol Co.), nitrile butadiene
rubber (XER~91: made by Nihon Gosei Rubber Co.), and a

catalyst (triphenylphosphine: made by Wako Jyunyaku Co.)



sai d conductive portion in said via-hole is conposed of conductive resin.
7. A seniconductor device as clained in claim3, wherein 10 said coddulPRi2is
portion in said via-hole is conposed of gonductor fornmed by plating. 8. A
sem conductor device as clainmed in claim3, wherein said conductive portion
In said via-hole is conposed 15 of conductor fornmed by vapor deposition. 9.
A sem conductor device conprising: sem conductor chips, a porous stress
rel axi ng | ayer provided on a plane, 20 whereon circuits and el ectrodes of
sai d sem conductor, chip are formed,. of sajd sem conductor chip, a circuit
| ayer provi d&FOMISERY e Pedrhidhg and drying ddig @ Bhduct i ve
material for congecting elﬁctricgiki,saEg circuit I%%er and sai d el ectrodes
on said 25 seni CBARERETORARPEOEARIEE 1t eVAT AW EHDA BN HRY gnat ed
portions on said circuits in a grid array patiern,.an.organic protecting
i1 m provi AU THEE prtee t9uaar Sih o1 LEED 1 i 9848 A
-55 °C to =125 °C was performed. As the mounting
5 substrate, a copper clad glass cloth base epoxy laminate
FR-4 (MC-E-67: made by Hitachi Kasei CO.) was used.
Furthermore, a reflow test at 240 °C for 5 seconds was
performed after absorbing moisture in an environment at
85 °C and a relative humidity of 85 % for 48 hours. An
10 appearance test such as generation of chip crack and the
like was performed after dropping the semiconductor device
at a height of 1 meter on a glass plate of 5 mm thick.
Furthermore, the package area versus chip area was
evaluated. The amount of warp of the package was also
15 evaluated. The results are indicated in Table 1.
The semiconductor wafer 6 prepared in the present
embodiment has a warp as small as equal to or less than
5 #m. Thesemiconductor device 17 prepared in the present
embodiment has a small warp, superior thermal cycle
20 resistance, and does not generate reflow failure at
mounting operation. Because the conductive portions are
formed by the vapor deposition, the conductive layer having
a high purity can be formed, and electrical resistance is
decreased. Therefore, the semiconductor can correspond
25 to increasing velocityof electrical signals. The failure
such as damage of the chip is not generated in the dropping

test. Furthermore, the package size can be made as same

as the size of the chip, and the package can be made only



54 opposite to the plane, where the circuits and el ectrodes of salg1Amqmm

sem conduct or chip are forned, wherein respective side planes of said

stress relaxing |ayer, said sen1conductoﬂ°ch|p, and said organic protecting

film5 are exposed outside on a sane plane. 10. A sem conductor wafer
conprising: plurality of chip areas conprising circuits and el ectrodes,
respectively, 10 a stress relaxing |ayer provided on a plane, whereon the
circuits and the el ectrodes of said chip area are forned, a circuit |ayer

provided on g3iql St PERe SPHJHHY ofAHEEELeh P aHHifletl. " odes,
RIS ar S provi ded on & PEF

and 15 extern ter S pro circul ayer, wherein an
organi ¢ prot @gbirBgolbl, ”Ehé ﬁd&@é&e%%géﬁd@ ARMPPP PpHdddid il yRl ane,

wher eon said stress rel axing layer is provided, of said chip areas. 20 11.

A sem conduct or wafer conprising: plurality of chip areas conprising
circuits and el ectrodes, respectively,
(Embodiment 10)

5 The semiconductor device 17, which was the same type
as indicated in FIG. 4, was prepared by the following
manufacturing steps.

The porous body portions 15 made of porous
polytetrafluoroethylene were adhered to the portions,

10 where the electrodes were not existing on the wafer, of
the semiconductor wafer 6 by heating and pressurizing at
120 °C for 5 seconds. Simultaneously, the wafer
protecting £film 7, which was as same as the protecting film
in the embodiment 1, was adhered to the rear plane of the

15 wafer. Subsequently, the semiconductor wafer was
prepared by screen-printing the photosensitive material
portions 14 using the photosensitive resin (BL-9500: made
by Hitachi Kaseil Co.) onto the electrodes 5 on the wafer,
and drying at 80 °C for 10 minutes.

20 After forming the via~holes by exposing and developing
the photosensitive portions, curing was performed at
180 °C for 2 hours. Subsequently, the semiconductor
wafer 6 and the semiconductor device 17 were prepared by
the same process as the embodiment 2.

25 The semiconductor device 17 was mounted on a mounting
substrate, and a temperature cycle test in the range from
-55 °C to -125 °C was performed. As the mounting

substrate, a copper clad glass cloth base epoxy laminate



a porous stress relaxing |ayer provided on a plane, 25 whereon the ciq,c 't@
and the electrodes of said chip area are forned, a circuit |ayer pro Hd&@ 03
on said stress relaxing |ayer, via-hol es4provi ded between said el ectrodes
and said 21 APR 2003 55 circuit layer, conductive portions for connecting
electrically said circuit layer and said el ectrodes in said via-holes,
external term nals provided at designated portions 5 on said circuits in a
grid array pattern, and an organic protecting filmprovided on the plane

e conduct (T LICaE-E74; H0S PhrdiERoRt akageio B andras, S56dr ei n sai d
the 1 near Eipbradnder T sBehploPest BECRRBL RS S0 ¥86°T (A
sem conduct %ef’%ﬁﬁedﬂsaftl_& rgetgsérrbﬁ@/ m%fis%lu%jenﬁ.nlgnaggvH'OnW@ﬁ{:ecjﬂg
85 °C and a relative humidity of 85 % for 48 hours. An
5 appearance test such as generation of chip crack and the
like was performed after dropping the semiconductor device
at a height of 1 meter on a glass plate of 5 mm thick.
Furthermore, the package area versus chip area was
evaluated. The amount of warp of the package was also
10 evaluated. The results are indicated in Table 1.
The semiconductor wafer 6 prepared in the present
embodiment has a warp as small as equal to or less than
5 #m. The semiconductor device 17 prepared in the
present embodiment has a small warp. The semiconductor
15 device is superior particularly in thermal cycle
resistance, because the stress relaxing layer is formed
of porous polytetrafluoroethylene having a low
coefficient of elasticity, and does not generate reflow
failure at mounting operation, because of low humidity
20 absorbing rate. The failure such as damage of the chip
is not generated in the dropping test. Furthermore, the
package size can be made as same as the size of the chip,
and the package can be made only by dicing the semiconductor

wafer of the present embodiment. Therefore, the process

25 1is superior in mass producibility.

(Embodiment 11)

The semiconductor device 17, which was the same type



said stress relaxing | ayer is conposed of porous polytetrafluoroethyl ene.
20 14. A semiconductor wafer as claimed in claim11, wherein said 21 APR 2009
conductive portion in said via-hole is o@nposed of conductive resin. 15. A
sem conductor wafer as clained in claim1l, wherein 25 said conductive
portion in said via-hole is conposed of conductor forned by plating. 16. A
sem conductor wafer as clainmed in claim1ll, wherein 21 APR 2003 56 said
conductive portion in said via-hole is conposed of conductor formed by
vapor depositiqn. 17. A sem_conductor wafer conprisin lurality of chip

f : .5
ar eas conpr?§iﬁ@dépﬁ5ﬁ4n§naﬁgcéléatﬁ@&e§FGP§§SQCPVV§P§,f81E8W699 stress

rel axi ng | ayer &ro I ded on_a plane, whereon the circuits and the el ectrodes
of said chiéagp CAPEING FEEPST0 a circuit |ayer provided on said stress

relaxing layer, ;20 SOt { Qb SUUG Yo IB S d P by CPROSH i o £ «
arranging porous body portions made of porous polyimide
5 having a three dimensional network structure of 150 u
m, whereon thermoplastic polyimide adhesive layer for
adhering to the semiconductor wafer was formed, on the
portions of the semiconductor wafer 6, where the electrodes
on the wafer were not existing; arranging the anisotropic
10 conductive portions 16 on the electrodes on thewafer using
anisotropic conductive film (ASMAT: made by Nitto Denko
C0.); and heating and pressurizing. Simultaneously, the
wafer protecting film 7 made of thermoplastic polyimide
was adhered to the rear plane of the wafer. Subsequently,
15 the semiconductor wafer 6 and the semiconductor device 17
were prepared by the same process as the embodiment 2.
The semiconductor device 17 was mounted on a mounting
substrate, and a temperature cycle test in the range from
-55 °C to -125 °C was performed. As the mounting
20 substrate, a copper clad glass cloth base epoxy laminate
FR-4 (MC-E-67: made by Hitachi Kasei CO.) was used.
Furthermore, a reflow test at 240 °C for 5 seconds was
performed after absorbing moisture in an environment at
relative humidity 85 % for 48 hours. An appearance test
25 such as generation of chip crack and the like was performed
after dropping the semiconductor device at a height of 1
meter on a glass plate of 5 mm thick. Furthermore, the

package area versus chip area was evaluated. The amount



electrically said electrodes on said chip area and said circuit |ayer
external termnals provided at designated portions 15 on said circqift R )R
grid array pattern, and an organic protecting filmprovided on the plane
opposite to the plane, wherein said circuits and el ectrodes are forned, of
said chip area. 20 18. A nethod for manufacturing sem conductor device
conprising the steps of: formng a stress rel axing |ayer on a pl ane,
whereon circuits and el ectrodes of respective chip areas are fornmed, of a

sem conduct ofy MRt 5 HLAYaE0 §LEAALoPLALAGH 09, finhiD Qasiiepl ane

opposite to the plane, r e”el ectrodes of said respective chip areas,

form ng via- hglees ddiSaldh sty aspileeliaxi ng layer on said 21 APR 2D03 5'7
chip areas, form ng conductive portions in said via-holes, formng circuits

on said stress reppXid@inl @fductor wafer 6 prepared in the present

embodiment has a warp as small as equal to or less than

5 5 um. The semiconductor device 17 prepared in the
present embodiment has a small warp. The semiconductor
device is superior particularly in thermal cycle
resistance by a synergistic effect with the effect of the
stress relaxing layer, because making the conductive

10 portion have a low coefficient of elasticity becomes
possible by forming the conductive portion between the chip
and the circuit layer with an anisotropic conductive
material. The reflow failure at mounting operation is not
generated, because of the porous stress relaxing layer.

15 The failure such as damage of the chip is not generated
in the dropping test. Furthermore, the package size can_
be made as same as the size of the chip, and the package
can be made only by dicing the semiconductor wafer of the
present embodiment. Therefore, the process is superior

20 in mass producibility.

(Embodiment 12)
A cross sectional view and a perspective view of the
semiconductor module of the present invention are
25 indicated in FIG. 7 (a) and (b), respectively. The
semiconductor module of the present invention was
manufactured by the following process.

The semiconductor devices 17 prepared in the



formng external termnals on said circuit layer, and 5 cutting sai? gw
areas, the substrate conprising said circuits, and said organic pro é Rﬁ@m
filmalong a sane plane so that the sem#onductor device obtained by the
cutting becones a mninmumoperation unit. 10 19. A nethod for nmanufacturing
sem conductor device conprising the steps of: formng circuit layer on a
porous stress relaxing |layer, adhering said stress relaxing |ayer
conprising the 15 circuit layer to a plane, whereon el ectrodes are forned,

of a chip area, f.orm.ng an orqganic,.pratecting filmto | ane opposite to
the plane c ﬂd&"}?d"ts% @néﬁi‘%‘earegﬁ’?’dﬁﬂ\%tn% \yieg_eh&oggx%ieﬁi EB d stress

rel axi ng | ayer,. formng.a.co Cti orti ,n.sai d.vi.a-hole, formng
ext er nal te)rér(ﬁsnlﬁ%s toen spénllg:%nrscw a|6113¥§r1, g&)d%c%altntthr? §’gl|b5t%k?it%§ areas, the

substrate C%Wii'ﬁ]arf?"?ﬁiel%g?fe%ict&%ﬁ% s,a_'_iad ﬂ%bg{a}n!a%dpﬁ:bq;e%fthégnggflj | m al ong

a sane pl ané so m conduct or devi ce obt'ai ned cutting

beconmes a mAuaTYN QREMAT @D £Y-t13 L8of$eM conduct or nodul e nounted with
plurality of sem conductor devices as clained in any one of clains from

5 The semiconductor module prepared in the present
embodiment does not generate any failure at the reflow
process in a mounting operation. No failure is generated

in the temperature cycle test.

10 (Comparative example 1)

The semiconductor device indicated in FIG. 8 was
prepared by the following process, and evaluated.

After forming the circuit layer by the same method as
the embodiment 1, the semiconductor chip 20 was adhered

15 to the circuit layer with die bonding agent 19. Then, the
circuit layer was connected electrically to the chip with
gold wire 21 using ultrasonic waves. The connecting
portion of the chip and the circuit layer was resin-sealed
by transfer molding method using an epoxy group sealing

20 agent. Finally, the semiconductor device was completed
by forming the external terminals.

The semiconductor device was mounted on a mounting
substrate, and a temperature cycle test in the range from
-55 °C to -125 °C was performed. As the mounting

256 substrate, a copper clad glass cloth base epoxy laminate
FR-4 (MC-E-67: made by Hitachi Kasei CO.) was used.
Furthermore, a reflow test at 240 °C for 5 seconds was

performed after absorbing moisture in an environment at
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FR-4 (MC-E-67: made by Hitachi Kasei CO.) was used.
Furthermore, a reflow test at 240 °C for 5 seconds was
performed after absorbing moisture in an environment at
10 85 °C and a relative humidity of 85 % for 48 hours. An
appearance test such as generation of chip crack and the
like was performed after dropping the semiconductor device
at a height of 1 meter on a glass plate of 5 mm thick.
Furthermore, the package area versus chip area was
15 evaluated. The amount of warp of the package was also
evaluated. The results are indicated in Table 1.

In case of the present comparative example, breakage
failure was generated in the temperature cycle test,
because stresses were concentrated to the lead portion

20 connecting the chip and the circuit layer by deformation
of elastomer layer during the temperature cycle test owing
to using the silicone group material for the stress
relaxing layer. Failures such as chip cracks and others
were generated by the dropping test, because no protecting

26 filmwas provided to the rear plane of the chip. The package
size becomes larger than the size of the chip, because the

lead sealing portion is larger than the chip.
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semiconductor wafer is adjusted to match with an epoxy
group circuit substrate 25 having the same size as the
semiconductor wafer, and the semiconductor wafer is

connected electrically to the circuit substrate via the

plating bump 24. A liquid epoxy group sealing agent 22

is filled into an interval between the circuit substrate,

and the semiconductor wafer, and cured. After forming the
external electrodes 10 on the circuit substrate 25, the
semiconductor device was prepared by dicing the

semiconductor wafer.

The semiconductor device was mounted on a mounting

substrate, and a temperature cycle test in the range from
-55 °C to -125 °C was performed. As the mounting
substrate, a copper clad glass cloth base epoxy laminate
FR-4 (MC-E-67: made by Hitachi Kasei CO.) was used.
Furthermore, a reflow test at 240 °C for 5 seconds was
performed after absorbing moisture in an environment at
85 °C and a relative humidity of 85 % for 48 hours. An
appearance test such as generation of chip crack and the
like was performed after dropping the semiconductor device
at a height of 1 meter on a glass plate of 5 mm thick.
Furthermore, the package area versus chip area was

evaluated. The amount of warp of the package was also
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generated by the dropping test. Breakage failures were
generated in the temperature cycle test, because no stress
relaxing film was provided. Failures were generated in the
reflowoperation, because the sealing portion does not have
10 the porous structure for releasing pressure.

In accordance with the semiconductor devices of the
present invention explained in respective of the previous
embodiments, the failure generation rate at 1000 cycles
is low in comparison with the semiconductor devices of the

15 comparative examples 1, and 3, because the stress generated
in the external terminals is small by the presence of the
stress relaxing layer. Because the porous body is used
as the stress relaxing layer, failure at the mounting
reflow is not generated. On account of the presence of

20 the protecting film at the rear plane of the semiconductor
chip, the warp of the package is small in comparison with
the comparative examples 1 and 3. Furthermore, in
comparison with the comparative examples 1 and 3, the
failure generating rate by damages, cracks, and the like

25 in thé dropping test is small. The package area to the
chip area is small in comparison with the comparative
examples 1 and 2, because the semiconductor wafer, the

stress relaxing layer, and the circuit layer are cut
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terminals and the chip, and an organic protecting film

5 formed on the rear plane of the chip. Therefore, the warp
of the semiconductor device is small, and damages at edge
portion of the chip and cracks are scarcely generated in
the dropping test.

The semiconductor device of the present invention

10 comprises the porous stress relaxing layer between the
external terminals and the chip. Therefore, breakage at
the external terminals by temperature cycle test after
mounting is scarcely generated.

Because the stress relaxing layer comprises a three

15 dimensional network structure, steam generated at the
mounting reflow can be released outside the semiconductor
device through the core layer, and swelling and breakage
of the substrate, whereon the circuit are formed, are
seldom generated at the mounting reflow operation.

20 In accordance with the manufacturing steps of the
semiconductor device of the present invention, the package
size is as same as the size of the chip, because the
assembling operation can be performed simultaneously for
the wafer unit. Therefore, the manufacturing method of

25 the present invention is advantageous in mass
producibility.

In accordance with the semiconductor wafer of the

present invention, the semiconductor device having a high
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opposite to said stress relaxing layer of said
semiconductor chip.
15
2. A semiconductor device comprising:
semiconductor chips,
a porous stress relaxing layer provided on a plane,
whereon circuits and electrodes are formed, of said
20 semiconductor chip,
a circuit layer provided on said stress relaxing layer
and connected to said electrodes, and
external terminals provided on said circuit layer,
wherein
25 an organic protecting film is provided on the plane
opposite to said stress relaxing layer of said
semiconductor chip, and

respective side planes of said stress relaxing layer,
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15 of conductor formed by vapor deposition.

9. A semiconductor device comprising:
semiconductor chips,
a porous stress relaxing layer provided on a plane,
20 whereon circuits and electrodes of said semiconductor chip
are formed, of said semiconductor chip,
acircuit layer provided on said stress relaxing layer,
anisotropic conductive material for connecting
electrically said circuit layer and said electrodes on said
25 semiconductor chip,
external terminals provided at designated portions
on said circuits in a grid array pattern,

an organic protecting film provided on the plane
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electrodes, respectively,
10 a stress relaxing layer provided on a plane, whereon
the circuits and the electrodes of said chip area are
formed,
a circuit layer provided on said stress relaxing layer,
and connected to said electrodes, and
15 external terminals provided on said circuit layer,
wherein
an organic protecting film is provided on the plane
opposite to the plane, whereon said stress relaxing layer
is provided, of said chip areas.
20
11. A semiconductor wafer comprising:
plurality of chip areas comprising circuits and
electrodes, respectively,
a porous stress relaxing layer provided on a plane,
25 whereon the circuits and the electrodes of said chip area
are formed,

a circuit layer provided on said stress relaxing layer,

via-holes provided between said electrodes and said
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5 on saild circuits in a grid array pattern, and
an organic protecting film provided on the plane

opposite to the stress relaxing layer of said chip area.

12. A semiconductor wafer as claimed in any of claims 10
10 and 11, wherein
said organic protecting film has a linear expansion
coefficient equivalent to the linear expansion

coefficient of said stress relaxing layer.

15 13. A semiconductor wafer as claimed in any of claims 10
and 11, wherein
said stress relaxing layer is composed of porous

polytetrafluoroethylene.

20 14. A semiconductor wafer as claimed in claim 11, wherein
said conductive portion in said via-hole is composed

of conductive resin.
15. A semiconductor wafer as claimed in claim 11, wherein
25 said conductive portion in said via-hole is composed

of conductor formed by plating.

16. A semiconductor wafer as claimed in claim 11, wherein
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I @0% W& (7 - al semiconductor wafer comprising:
5 plurality of chip areas comprising circuits and
electrodes, respectively,

a porous stress relaxing layer provided on a plane,
whereon the circuits and the electrodes of said chip area
are formed,

10 acircuit layer provided on said stress relaxing layer,
anisotropic conductive material for connecting
electrically said electrodes on said chip area and said
circuit layer,
external terminals provided at designated portions
15 on said circuits in a grid array pattern, and

an organic protecting film provided on the plane

opposite to the plane, wherein said circuits and electrodes

are formed, of said chip area.

20 18. A method for manufacturing semiconductor device

comprising the steps of:
forming a stress relaxing layer on a plane, whereon

circuits and electrodes of respective chip areas are formed,
of a semiconductor wafer,

25 forming an organic protecting film on the plane
opposite to the plane, where the electrodes of said
respective chip areas,

forming via-holes in said stress relaxing layer on said
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{{I151 3] af {| | -DapWE I £ i BN PIHE6 the substrate comprising said
circuits, and said organic protecting film along a same

plane so that the semiconductor device obtained by the

cutting becomes a minimum operation unit.

10 19. A method for manufacturing semiconductor device
comprising the steps of:
fdrming circuit layer on a porous stress relaxing
layer,
adhering said stress relaxing layer comprising the
15 circuit layer to a plane, whereon electrodes are formed,
of a chip area,
forming an organic protecting £ilm to a plane opposite
to the plane comprising said chip area,
forming via-holes in said stress relaxing layer,

20 forming a conductive portions in said via-hole,
forming external terminals on said circuit layer, and
cutting said chip areas, the substrate comprising said

circuits, and said organic protecting film along a same
plane so that the semiconductor device obtained by the

25 cutting becomes a minimum operation unit.

20. A semiconductor module mounted with plurality of

semiconductor devices as claimed in any one of claims from
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