SEM CONDUCTOR ELEMENT AND WAFER LEVEL CHI P SI ZE PACKAGE THEREFOR
BACKGROUND OF THE | NVENTION Field of the Invention This invention rel ates
to sem conductor elenents and wafer |evel chip size packages (W.CSP)
‘therefor. This application clains priority on Japanese Patent
Applications Nos. 2004-158984, 2004-72375, 2004-80837, 2004-175262,

2004- 173986, and 2004-351806, the contents of which are incorporated

herein by rekehAremNDUPEEH EREMINPIAND SVASERY S FY | P Ss?fﬁipﬁ@ié&@izor

devi ces such as LSI devices, Integrated circuits 'suc ransistors and
vari ous el ectroni c conponents are fq&ﬂﬁgﬂg?Rsurfaces of sem conduct or

chi ps, which thus generate heat when Operated. In order to avoid error
and nmalfunction due to excessive heat generated in sem conductor chips,
vari ous heatsink structures and heat dissipation structures for

effectively dissipating heat from m.conduct or devi ces have been
devel oped. For exanpl e, Jég%ﬁggﬁuﬁgiﬁ%p%%ﬁﬂ%mﬁygﬁﬁgﬁmbubIication No.
2002- 158310 teaches a sem conductor devi ce equi pped wth a heat
di ssi pat i ohiekd ofitbe ieenfipn whi ch heat di ssi pation el ectrodes, which are
connected with a board, dissipate heat generated by the surface of a
sem conduct or  chhig inventipn selathetopssarepndugton alemests aadiwafer lesél whiposizean
insulating layer). In this sem conductor device, the surface areas and
si de ar easpaskagdsd Véle@iBRotheiefaror chip are covered with the insulating
resin (or insulating layer). In addition, Japanese Patent Application
Publ i cation No. TPhi6hpplicaion chirahpsority aehipannedPateor ApslitadensNos. pped with
a heat dissipation structure in which a relatively 2
2004-158984, 2004-72375, 2004-80837, 2004-175262, 2004-173986, and
2004-351806, the contents of which are incorporated herein by reference.
Description of the Related Art
In semiconductor devices such as LSI devices, integrated circuits such as
transistors and various electronic components are formed on surfaces of semiconductor
chips, which thus generate heat when operated. In order to avoid error and
malfunction due to excessive heat generated in semiconductor chips, various heatsink
structures and heat dissipation structures for effectively dissipating heat from
semiconductor devices have been developed. For example, Japanese Patent
Application Publication No. 2002-158310 teaches a semiconductor device equipped
with a heat dissipation structure in which heat dissipation electrodes, which are
connected with a board, dissipate heat generated by the surface of a semiconductor
chip towards the board via an insulating resin (or an insulating layer). In this
semiconductor device, the surface areas and side areas of the semiconductor chip are
covered with the insulating resin (or insulating layer).

In addition, Japanese Patent Application Publication No. 2001-77236 teaches

a semiconductor device equipped with a heat dissipation structure in which a relatively



| ar ge anpbunt of heat generated by a pad serving as a power source is

di ssipated via wunder-fill materials formed on the surface of a

sem conductor el enment by neans of heat dissipation patterns
(corresponding to wiring portions) of a filmsubstrate, which 1is
arranged in the peripheral portion of thé surface of the semi conductor
elenment. In this sem conductor device, wiring portions are fornmed beside

t he surfac iconduct chip in. which integrated circujts are

f or med. V\a?ae‘%[" |"‘§3’§P" %fﬁf%f’%nfaa%ﬁmaai STVPESHP PAMET SUiTes BAiBiRaedizh t hat
before a maferfgs QUtliﬂ%ﬁ numer ous i ndi.vi dual sem conduct or chi ps,
wiring por t4P8rsTH mptenalytormed an fhs surface of a seraicpndhictosinlsrpent by dpgang of
connect i ong bt‘ee#ﬁween. sem conductor chips and boards are forned on
surfaces offUHFURAIGHPRBFINE KSPESSRANAING t© WisIgosidonshof @ §im substiate, whissP,

Wi ring portions, electrode portions, and insulating portions are forned
at desi r eds pEdeed dhtheqsripherel partign @bthssurfpecpiibe stmigondiictorddermersasinf a
sem conductor chip. This realizes downsizing of a sem conductor device.
Bot h of t héhissemicondusteraleviteyvrnagipativusard formedayeside tle: afaendf tapl i cati on
Publ i cati on No. 2002-158310, in which side areas of a sem conductor chip
are encl osendicondantor abépiirawhich integmted camedits awifoanstlict or devi ce di scl osed

i n Japanese Patent Application Publication No. 2001-77236 are not suited

to W.CSP. ConventWaferklal chipl SE5Ppdckagest(WNUSPREE ménbificiir&Palch $ha HeRAb hON
structure allowi ng efficient dissipation of heat generated by a

sem conductaiferdhti. intdafi@feroud indFidual EQRGbYARETFRAARIwrhRL po%&%P e
equi pped with an effective heat dissipation structurein order to

i nprove t heletfbdepirtibhs/foR bstaBIEnGR GO Lo ﬂi&%bet@\e’,\ﬁ %eﬁxi&ﬁﬁi‘ﬁ r 81%1][)?,

devel opnments regarding | C devices and LSI devi ces, are

advanced t gud Balrit? clTb@e B AP SHREOGERH0AARE: Dhl AL UL LON oL 6L roui
el ements, various types of structures regarding €hips and Packages
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desired positions so that they do not project beyond side areas of a semiconductor chip.
This realizes downsizing of a semiconductor device.

Both of the semiconductor device disclosed in Japanese Patent Application
Publication No. 2002-158310, in which side areas of a semiconductor chip are
enclosed in an insulating layer, and semiconductor device disclosed in Japanese Patent
Application Publication No. 2001-77236 are not suited to WLCSP.

Conventionally, WLCSP is not equipped with a heat dissipation structure
allowing efficient dissipation of heat generated by a semiconductor chip. Hence, it is
strongly demanded that WLCSP be equipped with an effective heat dissipation
structure in order to improve the reliability of semiconductor devices.

Due to recent developments regarding IC devices and LSI devices, which are
highly advanced to realize high-speed processing and high integration of circuit

elements, various types of structures regarding chips and packages realizing efficient

heat dissipation from semiconductor devices have been developed and put into



3 practical uses. Geat advances have been achi eved in reducing sizes,

t hi cknesses, and weights of electronic devices such as not ebook

conput ers and cel l ul ar phones equipped with digital cameras. As for chip
housi ngs for sem conductor el enents, cggp si ze packages (CSP) are
recently substituted for conventional dual in-line packages (D P). For
exanpl e, chip size packages (CSP) are designed such that sem conduct or

el ements apgacgiemnaes ed to carrier substrates via metal bunps, and netal
bunps used” for attaching sem conductor elenments onto printed-circuit

boards are forne r I s, .of the carrier substrates.
Recent devel opmg%rgﬁg??%ge%\/g&rbe%g\?éﬁggﬁ B recil]wﬂg PEEK TR:E88) to have
nmet al pads | o connect.ions With external devigces, which are forned
on prescri ’B”eegéhté)ér;\#%gcetrsonﬂco CViges SPEIL A ROt qngﬁofnpf"%? ?‘E‘g‘f lar phpwesces) of
sem conduct or. supstrates.on which el ectronic, circuits are fornmed. In

2ad 1 on. _ SaPEYovish ALl PalucThsy oD I kR g s sarlseigpeRBEDS,

di ssipation abilities f em conductor el ements in conventional chip

si ze pac ka@‘é‘?.ﬂzeﬁwk@@ézéﬁé), arg sersAlY substifwed fosspnyensionaupbistlineat i on No.
H O 321775 teaches_a heatsink structure in which a thermal conduction
sheet attaBFFé‘@g?so(DJPbl anar surface opposite to a prescribed surface of a
CPS is brought into contact with a nmetal heatsink having a plurality of
channel s, whi ch Boggxgephlchipmstepackegis<CHR) mealesignedsuthakitgaméconiaabr
generated by a sem conductor el enent. Japanese Patent Application

Publ i cat i oslemiots art ¢dnB7R8 80 t@aichabsaatheaiavheth] Minipss bnd Metal bddps Rsedn
irregularities filmhaving irregularities realizing height differences

is formed for agaghingsemsondirte edianans b®otpeineed-RIBohRRGrS friRE @nthe @ CSP

so as to dissipate heat generated by a sem conductor el enent.
lower surfaces of the carrier substrates. Recent developments bring wafer level chip
size packages (WLCSP) to have metal pads, allowing connections with external
devices, which are formed on prescribed surfaces (or electronic-circuit fabricated
surfaces) of semiconductor substrates on which electronic circuits are formed.

In addition, various structures have been developed to increase heat

dissipation abilities for semiconductor elements in conventional chip size packages.
For example, Japanese Patent Application Publication No. H10-321775 teaches a
heatsink structure in which a thermal conduction sheet attached to a planar surface
opposite to a prescribed surface of a CPS is brought into contact with a metal heatsink
having a plurality of channels, which engage with metal heatsink plates to dissipate
heat generated by a semiconductor element. Japanese Patent Application Publication
No. H11-67998 teaches a heatsink structure in which an irregularities film having
irregularities realizing height differences is formed on a planar surface opposite to a
prescribed surface of a CSP so as to dissipate heat generated by a semiconductor

element.

In the heatsink structure disclosed in Japanese Patent Application Publication



In the heatsink structure disclosed in Japanese Patent Application
Publication 4 No. H10-321775 in which nmetal heatsink plates are attached
to the planar surface opposite to the prescribed surface of the CSP,

heat dissipation effects nust be Iim'ted4 due to the limted area of the
pl anar surface. In the heatsink structure disclosed in Japanese Patent

Application Publication No. H11-67998, heat dissipation effects can be
i ncreased Recaysssnhes QVehih mdli8Ratsiik ﬂtlﬂgé ﬁ%%ﬁg?lfkﬂq?té}%aﬁylﬁéﬁ?ﬂf% ties

formed on the planar surface; however, ere sti probl em due
to the lim : | SSl: I f t epf . The vent i onal . W, CSP
has a ver;10 h@%}tg\?v@{shf g%gggar l?‘alg?ac\?\ﬁl&gﬁ (?i%lgérsﬂgé}to smpF?;],(lg{}ie%thg&:gég? ﬁplt\é\é
arrangi ng rki .space thereon. This causes difficulty for the human
oper at or tguécﬁ%st iﬁ%lﬁgtaéeat?ﬁﬁﬁ]’lﬁ%rﬁuﬁﬁqc%f the seniconductor el ement.
Conventional ly, sem conductor chips are.munted on boards in two steps,
that is, a fi rsrn%'f’%ﬁatf’ sprugtpreqisge gdﬁ”gm?ﬂiﬁs%‘%ﬂmtﬁgpﬂgww E'}rﬁw&%si ve
and a secopd p real i.zing fjxed bonding using the solder. This
makes it v&@%fﬁ?%#a@ﬁl%@n oflafis AR bainrehsed becauscthe paerstlagracsi on
cycle in manufacturing of sem conductor chips and to reduce the

manuf act ur nsgpaseskdue warregweritigsformaed en the planar purfacst however theretstitlo
downsi ze manufacturing nmachi nes, which causes bottl enecks in reducing the
manuf act ur femepigsos probiem dediosthe Hagisd hestadissipationefiectd shdrenfe been devel oped
to efficiently nmount sem conductor chips onto boards by use of magnetic

materials and afke partventidral BYIGCSP bad a v hiarrodvi subface sred) whkichdeek ndy t he
foll owi ng docunents, for exanple. Japanese Patent Application

Publ i cat i oproMale spAE2fob 2dading d apakiag spdtthertoo. Thls 628:9d8ficul8PRA R
Pat ent Application Publication No. HO4-113690; and
human operator to discriminate the direction of the semiconductor element.
Conventionally, semiconductor chips are mounted on boards in two steps, that
is, a first step for realizing temporary bonding using the adhesive and a second step for
realizing fixed bonding using the solder. This makes it very difficult for the
manufacturer to reduce the production cycle in manufacturing of semiconductor chips
and to reduce the manufacturing cost therefor. In addition, it is very difficult to
downsize manufacturing machines, which causes bottlenecks in reducing the
manufacturing cost.  For this reason, various methods have been developed to
efficiently mount semiconductor chips onto boards by use of magnetic materials and
are put into practical uses, which are disclosed in the following documents, for
example.
Japanese Patent Application Publication No. 2002-57433;
Japanese Patent No. 2,699,938;
Japanese Patent Application Publication No. H04-113690; and

Japanese Patent Application Publication No. H02-134894.

Conventional methods for mounting semiconductor chips onto boards by



Japanese Patent Application Publication No. HO02-134894. Conventi onal

nmet hods for nounting sem conductor chips onto boards by 5 using nmagnetic
materials will be described with reference to FIGS. 20 and 21. FIG 35 is
a cross sectional view showing a first egarrpl e of the nmounting mnethod,
wherein reference nuneral 201 designates’ a chip nodule, and reference
nunmer al 202 designates a wiring board on which the chip nenber 201 is

orminal s J07eSraReMp Rl ' (RSURASRT kel AAGRCH Al 2005 on

whi ch an electro i.rcuit is formed: .a_permanent n 205 i.s adhered
to the bottom of ﬂ(ﬁeﬁé gﬁrossﬁﬁeécturogfde“ﬁwg,ho‘g %ﬁfsgﬁ’éﬁ“fqﬂg"ﬁ@ﬁﬁ%?m%s i's
formed on th pper surface of th ip substrate 203. Th i ri ng board
202 is des Fbeslbog” EVE‘SWW W&?fe’é“reé&“?%%efdﬂacfeﬁ@ﬂ@s Qﬁglpefp%‘iﬂ%ﬂ?adeénfenﬁ? escri bed
positions on a trate 207 on ich wring, patterns (naot shown) are

f or med:; anaulgerairggigﬁl@laﬁeétaewr%g@ggp?g Wéiﬁhghﬁ elfppramlss 201 pemepeied ode
patterns 28_2 In pr qi‘gdur_es for mountjng the chip nodule 201 onto the

Wi ring boar§® Sip module2@hisslesighed auchghatiapaiy of-pherireda trsanaln204mnei ng boar d
202 so as to establish positioning between the electrode term nals 204
and the el attachgdito brthisiden of 2 0lip subsirate 2@hen whigh anodedteonROdrdust isrforextd;
downward so that the electrode termnals 204 are brought into contact
with the eb@emangat pagnet2is ivaBeredhie thxblyotiom dEthp abipi substrdte 20hmpldet e
nounting procedures. Herein, the permanent magnet 205 of the chip nodul e

201 att r astading lmeenhreg 266 isclomaedon die @Per afrfichef wierdhiygsiieantd 2082, Théer eby
it is possible to securely fix the chip nodule 201 to the wiring board

202 with pwidey bdued 20D & desightd guchi thet eéhigiode patterts 08 38 fbfmé AR&Rribed
sectional view showi ng a second exanple of the nounting nethod, wherein
reference pobitsmalondsubd@st Q0RbASVIAEh WirikdhaterdHof HoRnG AEEoRHEE 23l a
magnetic material 209 is arranged between the electrode patterns 208.
In procedures for mounting the chip module 201 onto the wiring board 202,
the chip module 201 is arranged above the wiring board 202 so as to establish
positioning between the electrode terminals 204 and the electrode patterns 208; then,
the chip module 201 is moved downward so that the electrode terminals 204 are
brought into contact with the electrode patterns 208, whereby it is possible to complete
mounting procedures. Herein, the permanent magnet 205 of the chip module 201
attracts the magnetic material 209 of the wiring board 202, whereby it is possible to
securely fix the chip module 201 to the wiring board 202 with prescribed positioning
therebetween.
FIG. 36 is a cross sectional view showing a second example of the mounting
method, wherein reference numeral 211 designates an IC chip, and reference numeral
212 designates a printed-circuit board. Herein, a plurality of electrode pads 213 are

formed on a prescribed surface 211a of the IC chip 211, and magnetic materials 214

are embedded in the prescribed surface 211a of the IC chip 211. Wiring patterns 215



212 designates a printed-circuit board. Herein, a plurality of electrode
pads 213 are fornmed on a prescribed surface 211a of the I1C chip 211, and
magnetic materials 214 are enbedded in the prescribed surface 21la of
the 1C chip 211. Wring patterns 215 6 %ée formed on the printed-circuit
board 212, and magnetic materials 216 are enbedded in the
printed-circuit board 212. In addition, solder balls 217 for establishing

ol et igge %‘3’?2ﬁ%ﬁ%@*‘?ﬁ*’#f‘%&@ﬁﬁﬁ&%ﬁ?z Pnfé‘hﬂfa;? F*%E“%#ﬁm?‘r&%f?@%ﬁe‘fefﬁﬁ%%;%EE
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posi ti oned_ahave the .print.ed-cifcui oard.21?2 so _as to establjsh

Post t1 ont ng DS dark el Sy PahaPr 21557 ARG S HiersHErsE ot 4o 215
thereafter, the solqﬁgrgglls 217 are Eelted so that the IC chip 211 is
securel y mount ed"gifoestieresdrr mouptng the JCichipyatlomiq the printed-pircyinkoardhghdt i ¢
materials 214 and é 6 are both magnetized, so that the |IC chip 211 is
fixed to tHe&s ﬁeﬁb -li7rase pitixgd gntp the glegirede pasis2d 8 of ted Goedp 21 hirthery

t her ebet ween. The af orenmentioned net hods require processes for

posi ti oni ntetlkechiie? Heis @asitionedyzhsrve 2gsprinted-cireuitrbeprd 2112 soras terdstbiisi209,
214, and 216 as well as processes for magnetizing the nmagnetic naterials
209, 214, posttianigg befvieen thecobies ballt HG andrthewinrig pareniss? 180 chetdadtenuhder  of
manuf acturing processes, which in turn increase the nmanufacturing cost.
Wien the psrdaials 2 hgrahelRdSoahat thEC okigrel iicseratety mdufited 289he 214, and
216 are changed in positioning, it is necessary to re-design products,

whi ch causprintedeireit beard Q32. | Hefb@if ithkninagnetiBehaesalt DE4 6hd P1eREWor 201 i s
mounted on the wiring board 202 as shown in FIG 35, it is necessary to

attach t hempgiefized b tHAIREIC 205 210 1§ Leddithe pReted Rird®i bodtd 218 Wvith
correspondi ngly attach the nagnetic nmaterial 209 to the wring board 202,
wherein  prescribed positioning therebetween.

The aforementioned methods require processes for positioning the permanent
magnet 205 and the magnetic materials 209, 214, and 216 as well as processes for
magnetizing the magnetic materials 209, 214, and 216. This increases the number of
parts and the number of manufacturing processes, which in turn increase the
manufacturing cost. When the permanent magnet 205 and the magnetic materials
209, 214, and 216 are changed in positioning, it is necessary to re-design products,
which causes excessive cost in designing.

Before the chip module 201 is mounted on the wiring board 202 as shown in
FIG. 35, it is necessary to attach the permanent magnet 205 to the chip module 201 and
to correspondingly attach the magnetic material 209 to the wiring board 202, wherein
due to the provision of the permanent magnet 205 and the magnetic material 209, the
product should be increased in the overall height and volume, which causes unwanted

limitations against the downsizing and thickness reduction of the product.

In order to mount the IC chip 211 incorporating the magnetic materials 214



due to the provision of the permanent magnet 205 and the magnetic

mat eri al 209, the product should be increased in the overall height and
vol une, which causes unwanted Ilimtations against the downsizing and

t hi ckness reduction of the product. In Q{der to nount the I1C chip 211

i ncorporating the magnetic materials 214’7 onto the printed-circuit board
212 incorporating the magnetic materials 216, the thickness of the IC

chi p 211 yto dhe phifEhEARGH gBtQﬁbﬁ2QB§c§¢R§Fatiﬁgfr[%trh§&5§i?L ORI fd'C

magnetic materials 214, e thi ess cifcuit board

212 nust beg.: 4 tQ. . than,the thickness, of .the etic
mater i al s Dot FEREHC B A 0GR o8 ingrk BB b B e MR 0 IR ARG  ng
and t hi ckn d e} f. th r,oduct . WLCSP, .integr circuits are
formed in ?a%%% @%ﬁeg? %Zgﬁ ﬂﬁ‘g‘hEHP? a8 8¢t%59r1§feﬂf%¥9ﬁ‘t39§f'&2€]( “%%e

sem conductor wafer), which is subjected to mrror surface processing,
in accordaHEéeW‘h?'%%rﬁ@tFﬁhﬂ?ﬁ?ﬁMPEﬁ% e mpgnstis materigly d}Gphhis causes
techni ques, and etching techni ques, wherein bunps and protective

i nsul at i ngURVpREd g%taflelﬂmlf@hthei@Pé’émge@dcthmfmsw?dmhen ehthearoduche

sem conductor wafer is cut into individual pieces along scribing |ines
by use of a di ci FyWddwhainiegraled cirreits arp formeddn emeaten tfommenl theeswofaec ofa i ng
process, it is necessary to identify sem conductor wafers in order to
manage W.CShcen walest(er 4 semindndsictor Wafers, wiielp irsabrecteRad enitroAppridaceat i on
Publ i cati on No. HO02-125412 teaches a sem conductor wafer having a bar
code, whi chrocesspg, in adcordanes tvithahintfien folrnaiortbchisiqaesp HthdReaphi Yehyiq@es,
showi ng an exanpl e of a sem conductor wafer having bar codes, wherein a

di cer bl adand3&Zhing techaifjub wiridinbumpsbhd Pebtafivp iBatdting fims AFLR$mEd on
proximty to an orientation flat 30la of a sem conductor wafer 301 or on

peri pher al intsgeasd ofrciibe s ABRISkHIE o R Wil is bitUstd IRANIdEI PRbed | ke
hol | ows 303a, 303b, ..., all of which collectively server as a bar code
303. along scribing lines by use of a dicing saw and the like.

In the aforementioned manufacturing process, it is necessary to identify
semiconductor wafers in order to manage WLCSP products in units of lots.  Japanese
Patent Application Publication No. H02-125412 teaches a semiconductor wafer having
a bar code, which is put into practical use.

FIG. 41 is a perspective view showing an example of a semiconductor wafer
having bar codes, wherein a dicer blade 302 is used to perform cutting on prescribed
areas in proximity to an orientation flat 301a of a semiconductor wafer 301 or on
peripheral areas of the semiconductor wafer 301, thus forming bar-like hollows 303a,
303b, ..., all of which collectively server as a bar code 303.

In order to manage individual WLCSP products, identification codes for
product management are formed on surfaces opposite to prescribed surfaces of
packages in which electronic circuits are formed.

FIG. 42 is a perspective view showing an example of a package (i.e., a

WLCSP 304) having identification codes, wherein an ink dot laser printer is used to



In order to manage individual W.CSP products, identification codes for
product managenent are fornmed on surfaces opposite to prescribed surfaces
of packages in which electronic circuits are formed. FIG 42 is a
perspective view show ng an exanpl e of %ipackage (i.e., a W.CSP 304)
havi ng identification codes, wherein an Tnk dot |aser printer is used to
8 print identification codes 306 representing a production code and

Curt aceof PRGNS RABUsRERE B SHch A Be 104 RARREIE ul LRI SRFES o

surface of 't 1 ch ar e

[ j | h I f ' , \W.CS
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used to f {urlqi p%g\%ﬁ“ tjes (i.e., identification codes 308)
representing 853 M¥Ye and characteristics on a backside surface
307a opposite to ﬁ%prescribed surface of the WOCSP 307_on which bunps
305 are forned. T IEPCEPRACHVS Wi shOWINg anpibst s¥ample phaPeckass (i30@ ar e
printed usi ink may suffer fromvarious problens in which due to
various f Mﬁ@ép SHorhaywnggrenification sodess whetieht 2 lageratro¢esiing dreghmdiingsedf

i nk, and power fluctuations of the ink dot |aser printer, the

i denti fi catq bamdgaglanis (aee idtatifisation dodes 3 aepresentiog agmoduse cademndnc| ear
in reading. This causes error, nmalfunction, and difficulty in reading

Wi t h r egar eharactemigics od @rbacksideasurtine 30TeepRBBe td aprddilcdanrfaédiel MECSP 304
requires a specially designed nachine, i.e., an ink dot |aser printer,
in order t&IESHBOT bee whitkdhrihuinhpscHSi aoe farodds 306, which is troubl esone.
The WLCSP 307 in which a | aser processing machine is used to formthe

identification cOleWIITSP Boy inswhitk thef ideri ficakibh ¢6ddar 08l L& Prihted Whing fnidue to
various factors such as dispersions of irregularities and power
fluctuati onfyQhffeorha&8bus problems in which due to various factors such as dispersions
of printing of ink, degrading of ink, and power fluctuations of the ink dot laser printer,
the identification codes 306 are deviated in concentration and become unclear in
reading. This causes error, malfunction, and difficulty in reading with regard to the
identification codes 306. In addition, the WLCSP 304 requires a specially designed
machine, i.e., an ink dot laser printer, in order to print the identification codes 306,
which is troublesome.

The WLCSP 307 in which a laser processing machine is used to form the
identification codes 308 may suffer from various problems in which due to various
factors such as dispersions of irregularities and power fluctuations of the laser
processing machine, the identification codes 308 are deviated in concentration and
become unclear in reading.  This causes error, malfunction, and difficulty in reading
with regard to the identification codes 308. In addition, the WLCSP 307 requires a
specially designed machine, i.e., a laser processing machine, in order to form the

identification codes 308 realized by irregularities.

Due to technological advances of cellular phones and information terminals,



processi ng machine, the identification codes 308 are deviated in
concentration and becone unclear in reading. This causes error,

mal function, and difficulty in reading with regard to the identification
codes 308. In addition, the W.CSP 307 reguires a specially designed
machine, i.e., a laser processing nmachinme, in order to formthe
identification codes 308 realized by irregularities. Due to technol ogi cal

advances of,neel L ulafcah e Welr R hnal.sq - 9 whi re.
reduced in shlﬁ?les angcm@;kﬁ%g%gﬁyﬂélggEf?%%rlgy%@g{/g%%agqlrlllpﬁerk[gl?nrr%hgels, it
is demand I i 1 duct.or devi ces he packaged wth
hi gh int eggrg%l?%tﬁ! dgﬁ&‘ sﬂ?ﬁ?ﬁ?@“@%@ (I%(;Hl# ? {ss)r §§‘Hc%somg?ﬁe§].wwﬁ35 | evel
chip size packages P).are.designed to regl,ize highly .integrated
seni conducfng?gr%g?ﬂ %@%“%%%Q?lwmwggo@?mnta& %élﬁleﬁ PIAG Parkages

i ntegrated,] ufacturing. FJ. G50 js a cross sectjonal view showi ng a
seni conducgwcgﬁiaﬁe es@‘?&%g&ﬁ’? Tehiehly igtegpatessemypendurior devigess wWhgraimyer s
477 are connected with ci)ad el ectrodes (not shown) formed on a

seni conduchater disptment and packaging g&g wtegsged Hrmaawgcturing.an encl osed resin
473 are fornmed on the re-wiring layers 477, and external termnals 481
such as sol der bEIG S04y & cepss seshiealivaew skowingfasemicopfiucthedemiteal posts 480.
This is disclosed in a magazine entitled "N kkei Mcro Device", p.p.
44-71, 199encapgiaied irss WELCHR hiesdie de-miridgfaxers 473 panesme®tad svith padpl i cat i on
Publ i cati on No. 2000-216184 teaches a first nodification adapted to the
sen conductlectraties (e showahforieden alseponductar ehip bk dded! postssdtoadndldsed er s
formed i nside of openings of resins. Japanese Patent Application

Publ i cat i oim ddcencR36d re2#i87B2art éarbdedonaths es-ondingReledsi47a] aexdetagitiegningls t he
sem conductor device in which netal posts have spherical shapes. However,

the af or emedit iirhad s5idsi KARGLEhtiche®wd ke sarTibek b tHel héthl pREY 4d0cath@ns t each
that external term nals whose dianeters are greater than those of netal
posts are disclosed in a magazine entitled “Nikkei Micro Device™, p.p. 44-71, 1998 August issue
published in Japan. Japanese Patent Application Publication No. 2000-216184
teaches a first modification adapted to the semiconductor device in which metal posts
are embedded in shield layers formed inside of openings of resins. Japanese Patent
Application Publication No. 2001-244372 teaches a second modification adapted to
the semiconductor device in which metal posts have spherical shapes.

However, the aforementioned semiconductor device and its first modification
teach that external terminals whose diameters are greater than those of metal posts are
attached onto the ‘columnar’ metal posts, wherein diameters of post bases (see 477b)
for re-wiring layers are substantially identical to those of metal posts. This indicates
a relatively great ratio of the area that the post bases occupy the re-wring layers, so
that the re-wiring layers are limited in areas used for re-drawing of wires. Due to
such a relatively small degree of freedom regarding re-wiring (or re-drawing of wires),

the aforementioned structure have difficulty in coping with complicated arrangement

of external terminals in LSI devices. In addition, this limits the total density of



attached onto the “columar' netal posts, wherein dianeters of post bases
(see 477b) for re-wiring layers are substantially identical to those of
netal posts. This indicates a relatively great ratio of the area that

t he post bases occupy the re-wing layers, so that the re-wiring |ayers
are linmted in areas used for re-draw ndlof wires. Due to such a
relatively snall degree of freedomregarding re-wring (or re-draw ng of

wires), neq, str ture have difficult oplng vvlth
conpl i cat eg%aerﬁb‘rag%g StP ?he?(‘f"é F@FW’?FFM%IW"L# Ces

addition, this | t al enst of , 10 externpal termn s(|. -
the nunber of ex;[g%tﬁrﬁFéqnéP ?\%F%re&@{d Ter Wigtngmay he,unprpgest W&Ptlﬁégree
regarding re-wiring may be inproved by adopting multi-layered structures
to re-wri mjﬂtv WRYEF SUHGWé%‘P reyriag W}‘Ffsgré'ﬁll"}’%)’%ﬁ@ﬁnlﬁﬂ areasly pushwpdle uri ng
cost, which is_inconvenient for manufacturers. The second nodification
my be adv aeraiebagicast whichhy inconvinient fenmanyfagurers.i n spheri cal shapes,
netal posts serving as term nal bases are reduced in areas of surfaces

|l ying cl ose to eXheperahd madifigasios mascdweadaantagdoas irethatby ormodig tieal pestsi nal
base causes a reduction of the joining strength of the external term nal,
wher eby t hin spherital shahess metatipastcserahgab trinénadl bgyca dsedredinceddh iasdak bfty. | n
addition, “spherical' metal posts may be easily destructed or easily

separ at ed sdrfacks byiing tlesswrextansgueintinalehi Howdegathe seduRabe Bt thdReinigatt | on
Publ i cati on No. 2001-94000 teaches an exanple of a sem conductor device

encl osed i Bas? catided agbdirtioa Of AeS oS trdnd th\bd 158 eﬁtenﬁ?t@rﬁﬁﬁﬂuﬁi&ébﬂ%p I's
connected with a base substrate via external termnals for establishing

el ectric ceummeshduRibrelite 3haMild BE Aaralic in reliRqBRd. 1) 3RAR es;ﬁ[%*l@{ﬂt me}
Application Publication No. 2003-124389 teaches an exanple war er

L oreL oo RS RapBe it (HESE) of el Sl SRR o
external term najaanese Patent Application Publication No. 2001-94000 teaches an example
of a semiconductor device enclosed in a chip size package (CPS) in which a
semiconductor chip is connected with a base substrate via external terminals for
establishing electric connection with a printed-circuit board.
Japanese Patent Application Publication No. 2003-124389 teaches an example
of a wafer level chip size package (WLCSP) realizing further downsizing of a
semiconductor device including a semiconductor substrate in which external terminals
are formed on a prescribed surface for fabricating electronic circuits.
FIG. 61 is a perspective view showing a chip size package (CSP) 501; and FIG.
62 is a cross sectional view of the CSP 501, wherein a semiconductor chip 503 is
electrically connected with circuits and wires formed on the surface of a base substrate
502; an insulating resin tape 504 is adhered to the backside of the base substrate 502;
metal bumps 505 for establishing electric connections with the semiconductor chip

503 are exposed on the resin tape 504; and V-shaped channel portions 506 are formed

and elongated two-dimensionally on the surface and backside of the base substrate



are formed on a prescribed surface for fabricating electronic circuits.
FIG 61 is a perspective view show ng a chip size package (CSP) 501; and
FIG 62 is a cross sectional view of the CSP 501, wherein a

sem conductor chip 503 is electrically connected with circuits and wires
formed on the surface of a base substr at 502; an insulating resin tape
504 is adhered to the backsi de of the base substrate 502; netal bunps
505 for estghlishing electric connections with the sem conductor chip 503
are exposed on the resin tape 504; and V-shaped channel portions 506 are

formed and el on -di.mensd.ponal Ly on .t he surfac nd packsi de of

t he base subst ra?)g]teﬁﬂ-&g@.“gﬁﬂoél (Esflotﬁff ﬁlésﬁ?ﬁ%%ﬁ p8f“%‘°f§°%—°§ﬁ§?)é‘ﬂ?@ﬁé‘ﬂ el
ortions 5Q6 .0on, t surface_ and cksl of phe base substrate 502, the
CSP 501§ & Darhoe A TbS e A5 AN shr BeeSbSabts difiugimaseousapitagthe bagint | y
reduced in r.igidi .and the end portions thereof may be easily deforned.
Wen t he c§¢1’5%6? % lﬁglﬂﬁhtG'degWegqbF'ing(”@(ﬂnéiﬂf‘féﬁnqP%éﬁlf‘dthBVOEWUibﬂgaSﬂY
reflow, en ortions of the base substrate 502 are easily deformed in

response t 8ioRBed-peWhen thedsSE pRL isrmennded en p printedisersnil boaldehydipptinge net al
bunps 505 may not be _destroyed and are not |ikely to be badly deforned

t owar ds adf £nq apdions af thebaspyubstratd SO2 rrakasily defodmed-rGesisise o thecr 0ss
sectional view showing a conventionally known exanple of a WCSP 511,
wher ei n anbémtiegjehihe griotadecircnitbogrd, swhimbyele matahbsmps s¢emag dat b a
silicon substrate 512; a resin enclosing |ayer 514 conposed of an
i nsul at i ngdestiyed asd arkeaoirBkiely do babadle dyformeé tovwdrés sdjadenc Binds d2ehel Ncl udi ng
the integrated circuit 513; and solder bunps (or el ectrodes) 515 for
est abl i shi panted-eotuit boardnnections with the integrated circuit 513 are
partially exposed on the surface 514a of the resin enclosed |ayer 514.
FIG. 63 is a cross sectional view showing a conventionally known example of
a WLCSP 511, wherein an integrated circuit 513 is formed on a surface 512a of a
silicon substrate 512; a resin enclosing layer 514 composed of an insulating resin is
formed to entirely cover the surface 512a including the integrated circuit 513; and
solder bumps (or electrodes) 515 for establishing electric connections with the
integrated circuit 513 are partially exposed on the surface 514a of the resin enclosed
layer 514.
The area occupied by the WLCSP 511 is substantially identical to the overall
surface area of the silicon substrate 512. Compared with the CSP 501, the WLCSP
511 1s reduced in the area for fabricating electronic circuits and is reduced in size.
The aforementioned CSP 501 in which the V-shaped channel portions 506 are
formed on the surface and backside of the base substrate 502 can reliably prevent
solder bridges and lines from being destroyed and broken due to the curvature of the
printed-circuit board. However, it is very difficult to avoid the occurrence of the

entire curvature of the CSP 501 including the semiconductor chip 503.

That is, the formation of the V-shaped channel portions 506 on the surface and



The area occupied by the W.CSP 511 is substantially identical to the
overall surface area of the silicon substrate 512. Conpared with the CSP
501, the WL.CSP 511 is reduced in the area for fabricating electronic
circuits and is reduced in size. The afqrenmentioned CSP 501 in which the
V-shaped channel portions 506 are for d on the surface and backside of
the base substrate 502 can reliably prevent solder bridges and |ines

from bei ng HA@&I{&‘%&Z{IH% E%%@%?@S%‘ﬁﬁa% Qof %qﬁlﬁi{@ﬁagv%f thg%né%gquavthg of the

printed-circuit bo Very icu

occurrence e tire curvature of.t CSP 501 including the
P 401 BHi i it Bh el g

sem conduct or () tion of the V-shaped channel
portions 506 on the.,surfac 12. backgi de ,of the base substrate 502 may
not adegua{el y ?Mfz)ﬁ%ﬂéﬁ%ﬁﬁfsglf&ﬁﬁfmigﬁsﬁgwl _0; : OSW‘ing'_éfgﬁer?ﬁlfTe
sem conduct or chi i rr to, the : it is very difficu 0
avoi d the SB’E:"GF‘?%EE&'GE;WLEI?E Séit“ilcrl%dm%ﬁ}e\ﬁélﬂ‘iﬂnegubﬂfﬁtt%élx/\LCSP 511 i ncl udi ng

the silicon substrate 512. SUMVMARY OF THE INVENTION It is an object of
the invention to provide a sem conductor device that can be manufactured
in the formof the W.CSP and that can efficiently dissipate heat

gener ated by a seni conduct orSUMMARY QHEHEMREYENTIONer eof . It i s anot her
obj ect of the invention to provide a sem conductor elenent and a wafer

| evel chip size Pdskmgbicthafrthé orventidn whproeide anpminoadixaat daliicsthpadah de
characteristics without increasing the effective area of the

seni conduc tmanufcemehin, the frircdf the WeBGSP ted dias cani ¢tfiorhey Uheipaieteat i on of

t he sem conductor el enent, and which can be processed to present

i nf or mat i ogeispated by aabinjcordsdignetiptb thy ekhigios igregInduct or  elenent. It is

a further object of the invention to provide a sem conductor elenent and

It is another object of the invention to provide a semiconductor element and a
wafer level chip size package therefor, which can improve heat dissipation
characteristics without increasing the effective area of the semiconductor element,
which is easy to discriminate the direction of the semiconductor element, and which
can be processed to present information specifically designated by the semiconductor
element. |

It is a further object of the invention to provide a semiconductor element and
a board therefor, which can realize downsizing and thickness reduction of a product
without increasing the number of parts and manufacturing processes and without
increasing the overall height and volume of the product.

It is a further object of the invention to provide a semiconductor element and
a manufacturing method therefor, in which identification information can be easily
applied to the semiconductor element without causing any damage.

It is a further object of the invention to provide a semiconductor device

encapsulated in a WLCSP, in which a degree of freedom regarding re-wiring is

improved without using multi-layered structures for re-wiring layers, which copes with



a board therefor, which can realize downsizing and thickness reduction of
a product wthout increasing the nunber of parts and manufacturing
processes and wi thout increasing the overall height and vol unme of the
product. It is a further object of the inavention to provide a

sem conductor elenment and a manufacturing nethod therefor, in which
identification information can be easily applied to the sem conductor

el ement W th@plicfied siralGedRYt SaXRdRal thimihfls and ch?éﬁ@fng%hﬁg} of¥xtdrhfl

invention to provide a sem conductor device encapsulated in a WCSP, in

whi ch a deghfen ahaggggfgdaﬁaﬁ&q'm ;}%gsﬂgngtﬁofa tQPﬁﬁpte%}rﬁPUt usi ng

mul ti-layered struct re- vmr ers copes Wt

conpl i cat e@oﬂecﬂeﬁ%ﬁ?@b ?JI gyt er nal ter m nal s and increasi ng density of
external termnals, na Whi ch guar antees a hi gh joining strength of an

ext er nal ternlna g a ne ost further. object of
the invention to 6? gviur(r.f]|h %%egﬁg)ttt ﬁb‘hv(?fl%?n EGD Xlge a W%’ﬁ’dgé feNiteap y
avoid the o el rrenc t he curvature f a senic &Fuctor substr
ahich 1ot RISH FOTEOARY PP EhetrS oD P o GYaRa of AREHTcaneRp s HTA: 1 n
first aspec@Ii f, the .1 nventi.on, enj conduct or, devi ce jncludes a
seni conducPOICHAR TS impEsYsg l’ésﬁ"‘?ﬂﬂ%ﬂ'&lﬂn&-’frog [eat syPAtion- a plurality of
pad el ectrodes are forned on a surface thereof; a first insulating |ayer
that is fornmed t B &frsrsnaeof theinvsationia sericondustondenies weludhs p except
prescribed regions corresponding to the pad electrodes; a plurality of
connect i onsahisendustisshithhaviag @ restangwlarcghape, um'erhsahraflduehqyf oft ped electrodes
sem conductor chip so as to establish electric connections with an
ext ernal deteifosnedion a berfiace thereofh adirstdnsdatpegt layar tedtés formed té banteritise
arranged on the surface of the sem conductor chip and is connected with
t he ext er nadrfadewi the; seaniéomdattonthipregcqm prasoribed fegions sofrespording o theradf ace
of the first insulating |layer to establish electric connections
electrodes; a plurality of connection electrodes that are arranged on the surface of the
semiconductor chip so as to establish electric connections with an external device; at
least one heat-dissipation electrode that is arranged on the surface of the
semiconductor chip and is connected with the external device; a first wiring pottion
that is formed on a surface of the first insulating layer to establish electric connections
between the pad electrodes and the connection electrodes; a second wiring portion that
is formed on the surface of the first insulating layer and is connected with the
heat-dissipation electrode; and a second insulating layer for enclosing the first wiring
portion and the second wiring portion in such a way that the connection electrodes and
the heat-dissipation electrode are exposed on the surface of the semiconductor chip,
wherein the second wiring portion is arranged in proximity to a heating portion of the
semiconductor chip and is formed to cover the surface of the first insulating surface
except a prescribed area corresponding to the first wiring portion.

In the above, the first wiring portion is formed in the center area of the

surface of the first insulating layer, and the second wiring portion is formed in the



bet ween the pad el ectrodes and the connection el ectrodes; a second wiring
portion that is fornmed on the surface of the first insulating |ayer and
is connected with the heat-dissipation electrode; and a second
insulating |ayer for enclosing the firsjqywiring portion and the second
wiring portion in such a way that the connection electrodes and the

heat - di ssi pation el ectrode are exposed on the surface of the

seni conducperiphehdl @rea offiles Qirfact BEtRGUONdsVAInGRYAOT A ]RMdtiveB! @R N
proximty to a heating portion of the sem conductor chip and is forned

to cover taeri@gégséraseisoﬂormé@ﬁﬂheaémwﬁ% of 1heGuibiéd AGBe et GeRlatiRe iR Cr i bed
area corresponding to the first wiring portion. In the above, the first

Wi ring por iy é.lﬂiitiio%,fa%ﬂ%nhﬁbt&ﬂ%ﬂ?ﬁ_r&Bﬁititﬁt‘éS%siﬂg tﬁé‘ﬁ’h}-e?ﬁgnfti f& of the first
insulating layer, and the second wiring portion is forned In the 14

peri pheral ¢ i@@rtl ctdriBvink E{t%%d %L 1d Q%ozuidrlﬁﬁrir{g?% ?éﬁag%&rli.éﬂa.{lﬁx%ch % ebrrméghéa of

Al ternatively, e second WwWring portronis e cen

t he surfac&uﬂj?ﬁl}?cga‘gi{hré& hieé}ﬁdeﬁsﬁgtﬁg elle %’r%ﬁé. In addition, a sem conductor

unit is cons using orenenti oned sem conductor device
attached on to azboard haying at least,one .lan ich.is bro i.nto
Contact with ¢ neEraapouttbe dnone 3t gites Faliand b gt pks WLUs.
sem conduct or device_i s regléi zed in the fo(rig of a WL.CSP, it _is possible
to effici efitRoysiBleds eRiiently dissippts heat geReryd o) dhessermic of SRIPCHR Bieyi a t he
heat - di ssi pati on, el ectrode because the second wiring portion can be
i ncreased Pept-gssipation glectodsecapgedhs seepad wikngpertign icay by incseaseshth 44 ng
portions that are connected with a plurality of heat-dissipation
el ect r odeslt i§ possihig to form aemalibirolssepngemsing nostiensdhatiase connepted with a
establish a mitual engagement between the second wiring portion and the
first or spluldy phheat-dissipgtipmyleetrodes. | b gllitéors vdhenanpngagentent hertisedond
wiring portion from separating fromthe first or second insulating
| ayer. Thuformed to sstghdshiahetuslengagemmant betwean thl ssophwiring @irfioc amhthy and
reliability of the sem conductor device.
first or second insulating layer, it is possible to prevent the second wiring portion from
separating from the first or second insulating layer. Thus, it is possible to improve
heat-dissipation efficiency and reliability of the semiconductor device.

In a second aspect of the invention, a semiconductor element includes a
plurality of channels or hollows (e.g., holes) that are formed on a backside surface
opposite to a prescribed surface of a semiconductor substrate on which an electronic
circuit is formed. Herein, the channels or hollows can be formed different from each
other in terms of widths thereof or in terms of distances therebetween.

A wafer level chip size package includes the aforementioned semiconductor
element having a plurality of channels or hollows, which are appropriately changed in
widths thereof or in distances therebetween so as to increase the overall area used for
the purpose of heat dissipation. Thus, it is possible to improve heat dissipation

characteristics and to easily discriminate the direction of the package, wherein it is

also possible to realize identification information by appropriately changing shapes



In a second aspect of the invention, a sem conductor elenent includes a
plurality of channels or hollows (e.g., holes) that are forned on a
backsi de surface opposite to a prescribed surface of a sem conduct or
substrate on which an electronic circuyf is formed. Herein, the channels
or hollows can be formed different fromeach other in terns of w dths
thereof or in terns of distances therebetween. A wafer |evel chip size
package i nghdigies dfiBe SARERRRhoRGRS WIBFR FRARE R bleab QAR idBRyRdd a
plurality of channels or hollows, which are appropriately changed in

wi dt hs t hepRRfigdthe ipAcldlst ances therebetween so as to increase the overall
area used for the purpose of heat dissipation. Thus, it is possible to

| prove heat di Sp PakidUpEBE ARURIRIKCE sdfifloh ik Mdnter iRfldelianat @ the

direction of the package, wherein it I's “al so possi orealize

identifi I 0N . | l.v: ch I 15 d .si

e 2 B SRR Y SO SRR BB Ry Rl B 720
T N REGERTond oo P T IRE S BP0
eLectrie connsel) ohe. LA EroLan) 5K €S el e past, ng sccond

with a first magnetic material, which_is conposed of a ferromagnetic
mat eri al ofMaTigbala@ Waghweereticanalerial | Thedemrapagnetig matereal irpgasmposed pEat
conposed of at |east one el ement selected fromanong iron (Fe), cobalt
(Co), ni ckispst ongjelemenssrleqied frem qreeng irerthisduaebeltK0), nipkel NG b igadel{rbyn,
hol m um (Ho), erbium EQ}', and thulium (Tm. It is possible to

addi t i onal (§d)aterigm @b3.etysprosiuor (dnbolngum (Ploy.sireiam Gk and thuliont Cm).
anot her surface opposite to the prescribed surface of the sem conductor
el ement . Al igpessibioto alditeonaly aitachcosessort fot echsingiapghysivel @fantignemoi oned
sem conductor elenent that is attached onto a board, wherein a second
magnet i ¢ naicehdralirface @iposithwdhe prescribed surface of the semiconductor element.

An electronic device is constituted using the aforementioned semiconductor
element that is attached onto a board, wherein a second magnetic material is attached
onto a surface of the board directly opposite to the prescribed surface of the
semiconductor element in correspondence with the first magnetic material, whereby
the semiconductor element is fixed to the board with prescribed positioning
therebetween by magnetic attraction occurring between the first magnetic material and
the second magnetic material, thus improving the reliability and yield in
manufacturing.

In a fourth aspect of the invention, a semiconductor element includes a
semiconductor substrate having a prescribed surface for fabricating an electronic
circuit, wherein a surface opposite to the prescribed surface of the semiconductor
substrate is divided into a plurality areas, which differ from each other in surface
roughness so as to designate an identification mark. Alternatively, a photosensitive

layer having a prescribed pattern for designating an identification mark is formed on a



onto a surface of the board directly opposite to the prescribed surface
of the sem conductor elenent in correspondence with the first nmagnetic
material, whereby the sem conductor elenent is fixed to the board with
prescri bed positioning therebetween bylgagnetic attraction occurring
between the first magnetic material and "the second magnetic material,
thus inproving the reliability and yield in manufacturing. In a fourth

aspect of fiiadetpdiieqDd thePpreQiibe@RAMELQI the SFBRbnd R YAESrafe. The.
sem conductor substrate having a prescribed surface {or fabricating an

el ect N Cphéibiiiive 1APTLldybsaHEF GROBATHYE Sob SRR SRILReaRbl f ace

of the sem conductor ‘substrate 1s d ural’l ich

differ fromsgpagh arﬁé'h@i&sjixp or H{pfh\gl‘febsensﬁ Swherdinthe él%s%%sflé&%ﬁ%& i%g a

identification nma t érnati y, a photosensitrv
prescri bed f i gnati an identification mark is forned on a
16 surfac e"’%%%%@f‘é‘eg’ ?)1 ogﬁlg’o%rr@ilg B?%’é‘bql?u r 1&%8 é&eé’ﬁ%‘f:ﬂéons%ﬁ’i SRR DR
substrate. ,The hot osensitive.layer is conposed of a photosensitive
pol yi mi de F%?ﬂ?ﬁanB@F raestyﬁﬁ’r% a %@& 24 28Erylic resin, or a
phot osensi tive SFG = erein_the prescribed pattern is realized by the
phot ol i t hogr aphy "taeﬁﬁﬁ/'{r’lﬁﬂfét. Ofﬁﬁié IGVEBHOTLE SCHUFUMUREF Hevieherespylatediin a
character, a n&umeL&I:“,) a synbol, a code, or an inmage, In a fifth aspect of
the i nvent Wafer leye cBR package (WG indudgsaunatebpost thagis anstased Inevel chi p
si ze package (W.CSP) includes a netal post that is enclosed in a resin
and i s forfed avd iaformedioniarg-wiriag dayec comnscteddvivli 2 padielpetrodel ebtreama
wherein an external termnal joins a prescribed surface of the netal
post, whi ce¢xtermalierainegl joinsaaprescsibed purbarietad thamEtat podtywhigh ¢d greetet thah he
re-wiring |layer. For exanple, the metal post has a tapered shape whose
sectional epmeaité suracadyiag klosé nctheasedring ldyee dioregirple, fhe@ametiii®st has a
re-wiring layer to the external termnal.

tapered shape whose sectional area is gradually increased in the direction from the

re-wiring layer to the external terminal.

Since the prescribed surface of the metal post lying close to the external

terminal is made greater than the opposite surface of the metal post lying close to the

re-wiring layer, it is possible to reduce a ratio of the area that the post base occupies on

the re-wiring layer. Hence, without using multi-layered structures for the re-wiring

layer, it is possible to increase the degree of freedom regarding re-wiring, whereby the

semiconductor device can cope with complicated arrangement of external terminals

and increasing density of external terminals. In addition, the semiconductor device

can adequately secure the prescribed surface of the metal post lying close to the

external terminal. Compared with the conventional metal post having a spherical

shape, the aforementioned metal post is not likely destroyed and separated off from the

semiconductor chip due to stress. Therefore, the semiconductor device can be

improved in reliability. In preliminary testing performed before the external terminal

Joins the metal post, it is possible to easily establish alignment between the metal post



Since the prescribed surface of the netal post lying close to the
external termnal is nade greater than the opposite surface of the netal
post lying close to the re-wiring layer, it is possible to reduce a
ratio of the area that the post base ocg pies on the re-wiring |ayer.
Hence, without using multi-layered structures for the re-wiring |ayer,
it is possible to increase the degree of freedomregarding re-wring,
wher eby thgndgqaﬁﬁgﬁgggtor devi ce can cope with conplicated arrangenent
of external termnals and increasing density of external termnals. In

addi tion, the sef 9?&‘3*’5#9*# o‘ﬁl\{é @F’/entf n8%%&%%%'%%%‘%%‘%{%?lh?%aaf),r escri bed

surface of the netal pos yi'ng ose Conpar ed
with the c i onal tal . post ving. a rical shape, .the .

af or ement i g%}e{f?g}flr&rlsl?cé rsblgss‘tfﬁ? }slg‘ﬂgg 3 ’irﬂesf'l&a%?eég ?"’g?ﬁl@an%ﬁl g&%&?‘ﬂ? EGCBER from
the sem conductor chip due to . stress. Therefore, the senjconductor

devi ce Canr?;?é“e‘?“ﬁ‘fﬁf’g\y’é}érFW“P%%‘*P;&%PPFQSS‘}!&UPW%?%W i formedson Hig tH&Y £ or med
before the external termnal joins the netal post, it is possible to
easily esté‘ﬂ%ﬁ“?tﬁ’qg}?‘q FrHetRdustor frkstraten a phisality of sxterng} termdnads theketsr pr obe.
In a sixth aspect of the invention, a sem conductor device includes a
sem conduc£oRIesisESyithihe elegtronig cirenit ad that prepagtiallyrexpasad anathe mepimn

el ectronic circuit; a resin enclosed |ayer conposed of an insulating
resin, whi grclpssdlayareaiplyralityef ehangels o helieweiosmed be theresivomdlssedlayer;
substrate; a plurality of external termnals that are connected with the
el ect r oni cand a plirality o charerelsar dofaws ferhled cmepesent] nmfich eppesite o thenfirsps ed

| ayer; a plurality of channels or hollows formed on the resin encl osed

| ayer; ansurfacplofitial semjicafductoasutatrateor Thelchalsf ¢ sRigand & 5 prsabeslur f ace
opposite to the first surface of the sem conductor substrate. The

channel s adrestionngeathed atenfofm@d RSettabfdarlfletoeCedchbthe®dr Ihaddi@se teor ned to
rectangul arly cross each other. In addition, the channels or hollows can
be appr opr tlgingkly ot hangesl cambedjppesiaddly ShAReSd il tHdpBE6MNES.  Furthermore,
the hollows can be arranged in a limited area, so that no hollow is formed in the other
area.
Due to the formation of the channels or hollows, it is possible to increase the
overall area of the surface of the semiconductor device, which is thus improved in

heat-dissipation characteristics. In addition, it is possible to avoid the curvature of

the semiconductor device.

BRIEF DESCRIPTION OF THE DRAWINGS
These and other objects, aspects, and embodiments of the present invention
will be described in more detail with reference to the following drawings, in which:
FIG. 1 is a plan view showing a semiconductor device including a
semiconductor chip in accordance with a first embodiment of the invention;

FIG. 2 is a cross sectional view showing essential parts of the semiconductor

device:



the hollows can be arranged in a limted area, so that no hollowis
formed in the other area. Due to the formation of the channels or
hol lows, it is possible to increase the overall area of the surface of

t he sem conductor device, which is thus brrpr oved in heat-dissipation
characteristics. In addition, it is pos% ble to avoid the curvature of
t he sem conduct or device. BRI EF DESCRI PTI ON OF THE DRAW NGS These and

ot her objects, aﬁﬁgcjgza%gqtsﬁg%gl Wﬁwﬁogﬁné%gerﬁ{)afﬁgr%wltﬂ\ée@ci gn wll be

described in nore detail w erence to oW ng W ngs, in

whi ch:  FI I I show n .sem conduct or device including a
sem conduc??)?ﬂegh;g%satfeg%g%c%? Sxavlﬁlé;é'g#‘:tt% Cgul? Wrgswrg}go%odﬁ?r%snt of the
i nvention; FIG

LS, & Cross sectional yiew shaw n ssential parts of
t he seni conduct O%Id{ﬂe«ﬂ §&. 19 sprlgnagvicy %‘03"?%% 3?&6@?3%1&%@%5%90%9
essential parts with regard to. connecti ons between the sem conductor
chip and wPYTHFgROIs AT ‘%H%‘:’ Wheseipyen gsulating laxergs formed.an the syfagsShieng a
first step for n&muf acturing the sem conductor device, wherein an
i nsul at i ngS¥AFRRAYCEOrHiftred on the surface of a seniconductor chip; FIG
4B is a cross sectional view show ng a second step for manufacturing the
seni conduct or defl@dB indcressegtional wiewrshewing 4 sgeend step formeni: fartutigethe
surface of the insulating layer; FIG 4Cis a cross sectional view
showi ng a se¢micendyctqs dewicemahertimot first regist hger is doinpoinetutht surfakevifalle  wher ei n
the first resist layer is renoved; FIG 4D is a cross sectional view
showi ng a frsulating &tyep f or manuf acturing the

FIG. 4C is a cross sectional view showing a third step for manufacturing the
semiconductor device, wherein the first resist layer is removed;

FIG. 4D is a cross sectional view showing a fourth step for manufacturing the
semiconductor device, wherein a second resist layer is formed to form posts;

FIG. 4E is a cross sectional view showing a fifth step for manufacturing the
semiconductor device, wherein the second resist layer is removed;

FIG. 4F is a cross sectional view showing a sixth step for manufacturing the
semiconductor device, wherein a molded resin is formed, and solder balls are attached
onto the upper ends of the posts:

FIG. 5 is a cross sectional view showing the overall structure of a
semiconductor unit in which the semiconductor device is mounted on the board;

FIG. 6 is a cross sectional view showing a first modified example of the first
embodiment in which a heat-dissipation pad is formed above a gate electrode of a
transistor in a semiconductor chip;

FIG. 7 is a plan view showing a second modified example of the first

embodiment in which a plurality of second wiring layers are formed on the surface of

an insulating layer;



sem conduct or device, wherein a second resist layer is fornmed to form
posts; FIG4E is a cross sectional view showing a fifth step for

manuf acturing the sem conductor device, wherein the second resist |ayer
is renoved; FIG 4F is a cross secti onal1 vi ew showi ng a sixth step for
manuf acturing the sem conductor device,”wherein a nolded resinis
formed, and solder balls are attached onto the upper ends of the posts:

FIG 5 is a crossFRe®tik QRAss Lb@WnaNA¥RAoWIE RY 8ERhH niddifitcd éﬂatﬁlggﬁg offthe

sem conductor unit in which the sem conductor device IS npun on the

board; FI Gﬁ@stieﬁlbﬁdi?ﬁéﬁﬁho%ﬁﬁnﬁ@a . view showing a first nodified exanple

of the first enbodinent iIn ich” a heat-dissipation pad is forned above

a gate el ectrode i i i C chip:. FIG 7 is a
FRS s 2 pAAERSROwldd A MR ELRIME Bt R gl

pl an vi ew showi ng a sec I exanple o I'TS odi nment in
whi ch a pl i { nd . w ring |ayers .are f.or on the surface of

an insul at f’"ﬁg&?‘%%ﬁn "?S[Igg@?ée%’"ldsw 1§n§ |p§§§°n§§8??36]ﬁ‘5$§g?' &¥P<Hhowi ng t he
second nodi fied l.e of the, . first enbodi nent.sho in FIG 7; FIG 9
's a plan view shOMING &CTOR FtpBipT e e ihotbi moird pemple aboui ment
in which a.second wiring portion is constituted by a sheet; FIG10 is a
Cross sectﬁ?ﬁﬁﬁn%ﬁhé%né%mwfhﬁeg;t hird nodified exanple of the first
enbodi ment shown_in FIG 9; FIG_ 11 is a plan view showing a fourth

nodi fi ed exanpl eF 6+ 1 fiea plapafew shaysng adeerth modifiediexamplerafitheirst ng porti on

is formed in the center area of an insulating layer, and a second wiring
porti on i semhbedimgny in whieh péirstpricnalportionds &frmeddn theseenter iareg dfaper ;

insulating layer, and a second wiring portion is formed in the peripheral area of the
insulating layer;

FIG. 12 is a cross sectional view showing a fifth modified example of the first
embodiment, which is modified with regard to an engagement portion establishing
mutual engagement between a second wiring portion and a molded resin;

FIG. 13 is a cross sectional view showing a sixth modified example of the first
embodiment, which is modified with regard to an engagement portion establishing
mutual engagement between the second wiring portion and insulating layer;

FIG. 14 1s a cross sectional view showing a seventh modified example of the
first embodiment, in which adjacent lands are integrally connected together on the
board;

FIG. 15A is a cross sectional view showing a projection that is integrally
formed together with a post, which is used for the formation of an electrode;

FIG. 15B is a cross sectional view showing the projection that is vertically
extended;

FIG. 15C is a cross sectional view showing a projection that is formed on a

post, which is used for the formation of an electrode;



FIG 12 is a cross sectional view showing a fifth nodified exanple of the
first enbodinent, which is nodified with regard to an engagenent portion
establi shing mutual engagenent between a second wiring portion and a

nol ded resin; FIG 13 is a cross secti on% vi ew showi ng a sixth nodified
exanple of the first enbodinment, which™i's nodified wth regard to an
engagenent portion establishing nutual engagenent between the second

W ring portion apiG.iissyhetspecth@Weéw sidvidng e dderdor g&ﬁaﬁ%(ﬁfia%@fla I‘&zﬁw
f d in whi c

showi ng a seventh nodified exanple of the first e I ment,

adj acent | ShPSiRAkHAWECHY) HAROGALRL 4808 L8k BhbbifhenPORRE: FI G 154

is a cross sectional view showmng a projection Is integrally fornmed
t oget her WidAngop0st, which is used for the formation of an el ectrode;
FIG 15B is a crdss sectional view showing the projection that is

vertically extepgeds ifgﬁo%?s‘\ieiwsofqhgm$%ﬁ Eﬁj%%g%ég\éirrﬁ}\'gdshow ng a

projection that 1s forned on & pos R or mat i on of
an el ectrode; 20 .16 is a pe ' i.ew showi ng {he exterior
appear ance of a I’R@Sﬁ 1f 8\?‘5(53 Vlec"ﬁf’Eﬁ’gﬁgttégé‘xél&eseﬁﬂ[&@gﬁ%e%cor dance with
a second enbodi f. the invention; |G 17.is a front view of the
W.CSP of the seggﬂgi 13%6 OREKEW shepalg 3 Brsf @Oélflqdoeé‘ampmf&fhe MeCH:CSP of
t he second enbos\izg%;_ FIG 19 is_a front view showing a first nodified
exanpl e of the 0'is grfignt igw; showing pspcond mpdifies\axample efcbo NLGHRI fi ed
exanple of the WCSP,  FIG 21 is a front view showing a third nodified
exanpl e of the WISR! is gfronpyiewshgwingomthindi raodifpdekample of therWhOSBdi f i ed
exanpl e of the WCSP,
FIG. 22 is a front view showing a fourth modified example of the WLCSP;
FIG. 23 is a plan view showing a fifth modified example of the WLCSP;
FIG. 24 is a cross sectional view taken along line A-A in FIG. 23;
FIG. 25 is a plan view showing a sixth modified example of the WL.CSP;
FIG. 26 is a side view showing a wafer level chip size package (WLCSP) that
is mounted on a printed-circuit board in accordance with a third embodiment of the
invention,
FIG. 27 is a plan view showing a prescribed surface of the WLCSP;
FIG. 28 is a plan view showing a prescribed surface of the printed-circuit
board, which is arranged to directly face with the prescribed surface of the WLCSP;
FIG. 29 is a side view showing a WLCSP attached onto a board in accordance
with a first modified example of the third embodiment;
FIG 30 is a plan view showing the board used in the first modified example
of the third embodiment;
FIG. 31 is a side view showing a WLCSP attached onto a board in accordance

with a second modified example of the third embodiment;

FIG. 32 is a cross sectional view showing a solder ball used for a WLCSP in



FIG 23 is a plan view showng a fifth nodified exanple of the W.CSP,

FIG 24 is a cross sectional view taken along line AA-Ain FIG 23; FIG
25 is a plan view showing a sixth nodified exanple of the WCSP;, FIG 26
is a side view showing a wafer |evel ch'zg si ze package (W.CSP) that s
nmounted on a printed-circuit board in atCordance with a third enbodi nent
of the invention; FIG 27 is a plan view show ng a prescribed surface of

the W.CSP; afddmiant8 with thith dflodifieye:ciagb BEie tm@éﬁ%{ng&{lﬁurface of the

printed-circuit board, which is arranged to directly tdce with the s
prescribed surfagfsafh ik ReidLSSE showi LESPS ew, shawi ng a, W CSP
attached onto a boa?g 1|§ nglélccor dg}rl%elh%aﬁﬁ ggf ?@%}%ﬁﬁ)ﬁtq %{Vg?@){%g&o@d@ﬁet he
third enbodj: cLFLG 30 3 i showi.ng the board used in the
first nodi %eg e%grﬁrpnﬁg?ﬁ)%q‘a&agnﬁ% ﬁﬁ‘%“@ﬁ%’&?‘%ﬁ%m G 31 is a side view
showi ng a W.CSP hed onto a board in accordance ith_a _secon
nodi fi ed exanpl eﬁiﬁ.%ﬁ%apfﬁnrvde% %‘ﬁ’inﬁé‘rﬂr?scf—‘ﬁeﬁi 5‘§’%’”Fé’f\g'ecw&c§ sé’g?ﬂonalh_ ;
vi ew show sol der ball) used for. a W.CSP in 21 accordance with a thir
Todi 1 ed cARRPPEALS A MEHRE a“fgfr%‘dﬁitbﬁe?ﬂa% Ereyn BFIGs 3% si de vi ew showi ng
a WCSP att acheﬁ ISQ a board in accordance with a fourth nodified
exanpl e of the t K?g &Frd SEsHEsFLiong vigw shiowigg 4 methed {aravpustiogiaredim
prescribed surface of the WCSP, which directly faces a prescribed
surface of MOHBlERHLT ¥ wimpgpoard bruss oBpermagent3Bagnst andtmegieticanatealsl  vi ew
showi ng a nethod _for nounting a chip nodule onto a wWri ng board by use
of a permanent nklhéb inmdrovasastivnal wew ehdveing 2 méth@l BG mounding a0 g€ chip
sectional view showing a nethod for nounting an I C chip
onto a printed-circuit board by use of magnetic materials and solder balls;
FIG. 37 is a perspective view showing the exterior appearance of a wafer level
chip size package (WLCSP) in accordance with a fourth embodiment of the invention:
FIG. 38 is a perspective view in which light is incident on the backside
surface of a silicon substrate of the WLCSP, thus realizing recognition of an
identification mark consisting of prescribed characters;
FIG. 39A is a cross sectional view showing a first step for manufacturing the
WLCSP in which a mask layer is formed on the backside of the silicon substrate;
FIG. 39B is a cross sectional view showing a second step for manufacturing
the WLCSP in which the mask layer is subjected to exposure and development and is
then removed so as to leave mask layers matching shapes of prescribed characters
forming an identification mark;
FIG. 39C is a cross sectional view showing a third step for manufacturing the
WLCSP in which the backside surface is subjected to sandblasting by way of the mask
layers;

FIG. 39D is a cross sectional view showing a fourth step for manufacturing

the WLCSP in which the mask layers are removed so as to expose planar surface areas



onto a printed-circuit board by use of magnetic materials and sol der
balls; FIG 37 is a perspective view showi ng the exterior appearance of a
waf er | evel chip size package (WL.CSP) in accordance with a fourth

enbodi nent of the invention; FIG 38 ia a perspective view in which
light is incident on the backside surfac% of a silicon substrate of the
WLCSP, thus realizing recognition of an identification mark consisting

of prescri bgfleselifin@tHeqirsscribbdha3fiers Bf theGlORTIAR64 hpal Vview showing a
first step for manufacturing the W.CSP in which a mask |ayer is forned

on the backside gfgt ik : me alWeC l.S; I gectional
Vi ew showi ng a sec%r@qgtﬁglf)fsﬁggnﬁaq?u g@‘%‘ﬁlﬁgﬁg thgﬁﬁ(&@@r}gvﬁ?%ﬂﬁﬁe mask
|l ayer is sy QS LG g devel opnment and is then renoved so as

to | eave nag%{ﬁ]?lgég%eofﬁgﬁ@hl ng shapes of prescribed characters formng an
identificati 111Fl 39C.i . tional, vie howi.ng.a third
A e e R e E e G

subj ected to,sandbl asting by way of the mask layers; FIG 39D is a cross

sectional 9P showing a fourth step for manufacturing the W.CSP in
.are renopved . so as to expose planar surface areas 22

whi ch the mask IE rz

representing the é;’eé d? P BEIPRYIYF ¥aqve phovgng pp axamplsof @ WRESBhawimgk: FI G

40 is a per peét ive view showing a W.CSP according to a nodified exanple

of the fouldeRUEFSIOBIER:; FIG 41 is a perspective view showing a

sem conductor wafer having bar codes; FIG 42 is a perspective view

showi ng an exanpFE: df isa peEsretivaviayy shawiag ahstheraxampleoie W LCSP having
identification codes;

FIG. 44A is a plan view showing a semiconductor device encapsulated in a
wafer level chip size package (WLCSP) in accordance with a fifth embodiment of the
invention;

FIG. 44B is a cross sectional view taken along line A1-Al in FIG. 44A;

FIG. 45 is a cross sectional view taken along line B1-B1 in FIG. 44A;

FIG. 46A is a cross sectional view showing a first example of a metal post, on
which an external terminal is mounted;

FIG. 46B is a cross sectional view showing a second example of the metal
post;

FIG. 46C is a cross sectional view showing a third example of the metal post;

FIG. 46D is a cross sectional view showing a fourth example of the metal
post;

FIG. 46E is a cross sectional view showing a fifth example of the metal post;

FIG. 46F is a cross sectional view showing a sixth example of the metal post;

FIG. 46G is a cross sectional view showing a seventh example of the metal

post;



FI G 43-is a perspective view show ng anot her exanple of a W.CSP havi ng
identification codes; FIG 44A is a plan view show ng a sem conduct or

devi ce encapsulated in a wafer |evel chip size package (W.CSP) in
accordance with a fifth enbodi nent of tﬁg invention; FIG 44B is a cross
sectional view taken along line Al-Al if’FIG 44A; FIG 45 is a cross
sectional view taken along line B 1-B1in FIG 44A; FIG 46A is a cross

tional v n al ong 1 G 44A; s
Sxtornal tormnal et o e P Bt Pk BBl oM o ng

a second e?gggpl e of the nmetal post; FIG 46C is a cross sectional view
showing a thifd exanple of the netal post; FIG 46D is a cross sectional
view showing a f th exanple of.the nmetal post: FIG 46E is a cross

secti onal vigew sﬁ%ﬁﬁ&lgaﬁ?ﬁsﬁeg YEW OYVﬁ'ég Hifsh ptep sy manyfpctiieg-thes o
cross sectional yiew show a.s'f h .exanpl e of the netal post; FIG 46G
is a crosss?ggPP%Wi?r WMSQ&WI&E 4eventh exanple of the metal post: 23
FIG 46H is a crgf(z ? ctional view showi ng an eighth exanple of the netal
post: FIG 47A | BJs @ ceessspeiapl vipw\shewag aescand steg forgnamffcturing

manuf acturing the sem conductor device shown in FIG 45; FIG47Bis a
cross sect HSEMIGANEUCORdRYieR a second step for manufacturing the

sem conduct or device; _ _
FIG. 47C is a cross sectional view showing a third step for manufacturing the

semiconductor device;

FIG. 47D is a cross sectional view showing a fourth step for manufacturing
the semiconductor device;

FIG. 47E is a cross sectional view showing a fifth step for manufacturing the
semiconductor device;

FIG. 48A is a cross sectional view showing a sixth step for manufacturing the
semiconductor device;

FIG. 48B is a cross sectional view showing a seventh step for manufacturing
the semiconductor device;

FIG. 48C is a cross sectional view showing an eighth step for manufacturing
the semiconductor device;

FIG. 48D is a cross sectional view showing a ninth step for manufacturing the
semiconductor device;

FIG. 48E is a cross sectional view showing a tenth step for manufacturing the
semiconductor device;

FIG:. 48F is a cross sectional view showing an eleventh step for manufacturing
the semiconductor device;

FIG. 48G is a cross sectional view showing a twelfth step for manufacturing



FIG 47C is a cross sectional view showing a third step for manufacturing
the sem conductor device; FIG 47D is a cross sectional view show ng a
fourth step for manufacturing the sem conductor device; FIG47E is a
cross sectional view showng a fifth step for manufacturing the

sem conductor device; FIG 48A is a crossS sectional view showing a sixth
step for manufacturing the sem conductor device; FIG 48B is a cross

secti onal \fﬁ@ggg.ﬁgmu@g)ﬁqgﬁggenth step for manufacturing the
e I

sem conduct or Vi Ce; 48C is a cross sectional view show ng an
ei ghth step for cturin the sem conductor .device; FIG 48D js a
cross sectional \ﬁgvué%fgv?ﬁcﬁ ggeﬁfq%][aﬁv‘gfve%o?qug ﬁﬁﬁ?ﬁ%@gﬁfﬁ@f{tﬁlgoﬂ n
sem conduct or ge ice, FIGASE s %Cr 0oss sectional view showing a tenth
step for mENUFESHUIMSTe sepicondirdleditet or device; FIG 48F is a cross
sectional view sﬁ@wn el eventh step for manufacturing the _
seni conduct or devide @ G spdiopal yigWsshewing the sormatien of Hwnetgl postiwel f t h
step for manufacturing 24 the sem conductor device; FIG 49A is a cross
sectional asaShEINEEe sqpaicoriustaridgricef a netal post in manufacturing
the sem conductor _device; FIG 49B is a cross sectional view showi ng the
formation of theFHet38) is perass isectionalié e chowinggintexemphenifeosethicémiucdevi ce;
device encapsulated in a WLCSP;
FIG. 51 is a plan view showing a wafer level chip size package (WLCSP) in
accordance with a sixth embodiment of the invention;
FIG. 52 is a rear view of the WLCSP;
FIG. 53 is a cross sectional view taken along line A2-A2 in FIG. 51;

FIG. 54A is a cross sectional view showing a first step for manufacturing the

WLCSP;

FIG:. 54B is cross sectional view showing a second step for manufacturing the

WLCSP;

FIG. 54C is a cross sectional view showing a third step for manufacturing the
WLCSP;

FIG. 54D is cross sectional view showing a fourth step for manufacturing the
WLCSP;

FIG. 55 is a plan view showing a WLCSP according to a first modified
example of the sixth embodiment;

FIG. 56 1s a rear view of the WLCSP;

FIG. 57 is a cross sectional view taken along line B2-B2 in FIG. 55;

FIG. 58 is a cross sectional view showing a metal mold used for the formation

of dimples;



FIG 50 is a cross sectional view showing an exanple of a sem conductor
device encapsulated in a WCSP, FIG 51 is a plan view showi ng a wafer

| evel chip size package (WCSP) in accordance with a sixth enbodi ment of
the invention; FIG 52 is a rear view of the W.CSP; FIG 53 is a cross
sectional view taken along line A2-A2 i B5FIG 51; FIG 54A is a cross
sectional'view showing a first step for manufacturing the W.CSP;, FIG

54B is cross secti . view showi ng. a seco step,.for manufacturing the
W.CSP; FIG 54C FIGTYs SoBin GetibRdiea %ﬁ&asa@n@gmwm wpdifisd
manuf act uri ng the V\LCSEE; FI 54D is cross sectional view showing a
fourth stef*¥BPleRiMstdhsmbodinets W.CSP, FIG 55 is a plan vi ew showi ng a
WLCSP accordi ng a first nodified exanple of the sixth enbodinent;
FIG 5615 areaf i Bfcrash seafonsiyicw sk wBiE 4 G5B acqonding see thihmbdified w
taken along line B2-132 in FI G55 FIG 58 is a cross sectional view
showi ng a R¥amplepbthe sigb@ntbodinens; f or mation of dinples; 25 FIG59 is a
pl an vi ew show ng a W.CSP according to a second nodified exanple of the
si xth enbodi nent FIGI6d.is 6 Pefspedive viss slmeing anakamplew! ahhiy $ige facksl:
according to a third nodified exanple of the sixth enbodi nent;
(CSP) including a semiconductor chip mounted on a base substrate having V-shaped
channel portions;
FIG. 62 is a cross sectional view of the CPS shown in FIG. 61; and
FIG. 63 is a cross sectional view showing an example of a wafer level chip

size package (WLCSP) that is conventionally known.,

DESCRIPTION OF THE PREFERRED EMBODIMENTS

This invention will be described in further detail by way of examples with
reference to the accompanying drawings.
1. First Embodiment

A semiconductor device according to a first embodiment of the invention will
be described with reference to FIGS. 1, 2, 3, 4A-4F, and 5. As shown in FIGS. 1 and
2, a sericonductor device 1 includes a semiconductor chip 3 having a rectangular
plate-like shape in plan view, an insulating layer 5 (serving as a first insulating layer)
formed on a surface 3a of the semiconductor chip 3, a plurality of connection
electrodes 7 and heat-dissipation electrodes 9 arranged on the surface 3a of the
semiconductor chip 3, a plurality of wiring portions 11, 13, and 15 that are formed on a
surface 5a of the insulating layer 5 50 as to establish mutual connections between the
semiconductor chip 3 and the connection electrodes 7 or the heat-dissipation

electrodes 9, and a molded resin 17 (serving as a second insulating layer), which



FIG 61 is a perspective view showing an exanple of a chip size package
(CSP) including a sem conductor chip nmounted on a base substrate having
V-shaped channel portions; FIG 62 is a cross sectional view of the CPS
shown in FIG 61; and FIG 63 is a cross _sectional view show ng an exanple
of a wafer level chip size package (V\Lé@P) that is conventionally known.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS This invention will be described

i ' | : f .to . th i

i avi ngs. 20 v s O ESRTBAR ek do SR G RD cxtoartie AGeeta 1 o
[ j [ ' be.d .ibed with ref ce to FIGS. 1,

23, aa 4250 SR SIOEN BT stiace ap SR TR pRIzotok sl ek Rcloeyi co 1

i ncludes a,seniconductor chip 3 having.a rectangular plate-like shape in
eneq%cﬁ?afe%?iaﬁ 9and ‘Slr{“gé?"gﬁ‘?f& s 13 aod/1otthergi) ati ng | ayer)

plan view & f th i conductor chip 3 lurality of
formed on a surfage .3a of the sem conductor chi ,.aplurality
connection el ec?ﬁ@d%stheiseéﬁ'ﬂo ar glexice 4 has ¢V bE@Btlr@mcthGnlr\ahgbdleon
the surface 3a of the_ sem conductor chip 3, a plurality of wring
portions 14psulping layer 4 gmeldad resie] 7, slevirgdem’ and Suanflavieng porfont g, 13, and
insulating |layer 5 so as to establish nutual connections between the

seni conduct daredarmednetrig horieontahnproidcbfrom the surfates3aofake eaticonductor

heat - di ssi pation el ectrodes 9, and a nolded resin 17 (serving as a second
i nsul at i ngchipyer), which 26 covers the surface 5a of the insulating |ayer
5 in such a condition that the electrodes 7 and 9 are exposed to the

surface 3a of thin thesemionodict@rchind, migha pad oL €dteeRE) MRS paliRRcRbESE M 0des
7 and 9 and the wiring portions 11, 13, and IS therein. That is, the
sem conduciirgreied mad elech@des? s, W hPatl dikeepation Yaliid? BadeFotd £6h 2% urface
of a substrate 19, which has a rectangular shape in plan view. Electronic circuits
including transistors and other electronic components are formed on the surface of the
substrate 19, which is composed of silicon (Si).
The signal pad electrodes 21, power pad electrodes 23, ground pad electrodes
25, and heat-dissipation pads 27 are each composed of aluminum (Al) and are
arranged in the periphery of the surface 3a of the semiconductor ¢chip 3. The
semiconductor chip 3 is constituted similar to conventional semiconductor chips used
for QFP-type semiconductor devices.
The signal pad electrodes 21 input and output electric signals with regard to
various components formed on the substrate 19. The power pad electrodes 23 supply
power to electronic circuits incorporated in the semiconductor chip 3.
The ground pad electrodes 5 are used to ground electronic circuits of the
semiconductor chip 3. The signal pad electrodes 21, power pad electrodes 23, and
ground pad electrodes 25 collectively serve as pad electrodes for establishing electric

connections between electronic circuits of the semiconductor chip 3 and other

electronic circuits (or external circuits) on a printed-circuit board (not shown) for



insulating layer 5, nolded resin 17, electrodes 7 and 9, and wiring
portions 11, 13, and 15 are formed not to horizontally project fromthe
surface 3a of the sem conductor chip 3. In the sem conductor chip 3,
signal pad el ectrodes 2 1, power pad elgﬁtrodes 23, ground pad

el ectrodes 25, and heat-dissipation pads’27 are fornmed on the surface of
a substrate 19, which has a rectangul ar shape in plan view. Electronic

circuits igilnddb gk dehalS nd other electronic conponents are
formed on the su?f ace o?ﬁ%oﬁg%?&%strate 19, which is conmposed of silicon

Si). The signal | ect: wer .pad el ectrodes. 23, ground pad
fal ez:t r odes gS, gﬁgqtﬁ@a‘?g{’é@&ﬁégﬁ f %}]] d%glggteigatagege@%%{iycmb‘f88‘%82“3““f
al um num r r d ip the peripher) the surface 3 a o
he sem condhstih B S alsRERSuhe koRabubishorehin so s sbsics aanessd
simlar to_gonventional sem.conductor chips used for QFP-type

semi conducf‘gﬂacﬂﬁ\'?‘? Egge}tmﬂi@@?fbﬂgﬁlﬁeﬁawt’@#‘eﬁ%rodes 21 input dand oEt put
electric signals wth regard to various conponents forned on the
substrate 18. Thép%a&ﬂ‘“-"’g%ﬂ@l‘“@dﬂfé@e% amurgsiffysioprsgéon }la andecdraioni c
circuits ig,c rporated in the seniconductor chip 3. The ground pad

el ect rodes ‘Efﬁéf‘@ 15898 318, whishaee iachded e trardistond t Hrwed phe susfecd tansfuct or
chip 3. The signal pad electrodes 21, power pad el ectrodes 23, and
ground padthe|substrasels, 226 raspedtivety aoshgctedmith chtipdel 33 ak 350deEhekor
establishing electric connections between electronic circuits of the

seni conductleetredes333nd 33 ant bemeeted by mumaing of wiresifdrme o1 a @¥$sevatioh fibin4qui t s)
on a printed-circuit board (not shown) for 27 nmounting the sem conduct or

chip 1. Thandwatcothesidoaith dre ads padd elcesddzd srnddalgrdfdPadehdiBie Y9 ia0US
conponents formed on the substrate 19 fromthe sem conductor chip 3, so
that they elkeratic an@dtt and wires (not shown). A heat-dissipation diffusion region 37
connected with the heat-dissipation pad 27 is formed adjacent to the drain diffusion
region 31b of the transistor 31 on the surface 19a of the substrate 19. Insulating
regions 39, which are each composed of a field oxidation film (SiO,) or shallow trench
(5103), are formed to encompass the heat-dissipation diffusion region 37, whereby the
drain diffusion region 31b is electrically insulated from the heat-dissipation diffusion
region 37. In this structure, heat generated by a lower channel of a gate electrode 31c¢
of the transistor 31 is transmitted to the heat-dissipation pad 27 via the heat-dissipation
diffusion region 37, which is formed adjacent to the drain diffusion region 13b.
It is possible to modify the aforementioned structure in such a way that the
heat-dissipation diffusion region 37 is formed adjacent to the source diffusion region
31a of the transistor 31 via the insulating regions 39. In addition, it is possible to
appropriately adjust the potential of the heat-dissipation pad 27 and the polarity of
impurities of the heat-dissipation diffusion region 37, which thus serves as an
electrode for supplying power to electronic circuits of the semiconductor chip 3 or an

clectrode for ground the semiconductor chip 3.



adj acent to a heating portion of the substrate 19. Specifically, as shown
in FIG 3, a source diffusion region 31 a and a drain diffusion region 31
b, which are included in a transistor 31 forned on a surface 19a of the
substrate 19, are respectively connected,wi th el ectrodes 33 and 35. These
el ectrodes 33 and 35 are connected by gns of wires forned in a
passivation film41l and are connected wth the power pad el ectrode 23

and the ground pathe8b@oh@EQorchiy B ancl@dRhd PREG a6 filth 43 éﬁE\[/E\nqst t‘#n{hﬁg td not

shown). A heat-dissipation diffusion region 37 connecte

heat - di si aldrafe Bilthed 19h S (I BUrAL] AR 1 HeEa Al Qfit 45! Q0 T egi on

31b of the transistor 31 on the surface ate '19.
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(Si02) or shallow trench are forned
heat - di ssi ' j i regi on 37,. wher eby t rain dj.ffusion region
31 b 1 ol Sl ettt ot Y MR pEPRESRen B 431  bhedifioni s
region 3 7 t hi tructure eat, gener at ed_b | gwer channel of a
gate el ect it SQQW%!D(?? S%?W%H"ée h"glﬁgilg %}l’fﬂ’aé?ﬂv"i‘tg’ntﬁlﬁﬁéﬂfct &@chﬁd’oﬂﬁ’épad
heat - di ssi patjo d via the heat-dissipation, diffusion region 37,
which is f g&ﬁt@%ﬁf@l‘ﬁ%ﬁ greyindipad & %&Ffﬁg‘aS? ARFSESSCHER)Y 61Posgd externally of
possi bl e t n%g%f% ihe forenentigned structure in such a way that the
heat-dissi8§ﬁ caf @@ﬁ%ﬁa$é@ﬂaﬁﬁ@¥4ﬂs formed adj acent to the source
diffusion region__ 31 a of the transistor 31 via the insulating regions
39. In addition, The passivaties fiin&1tipconstipitehbby tedamiratipusf thimmsphtiegt i al  of
the heat-di ssipation pad 27 and the polarity of inpurities of the
heat - di ssi fhns.camgl¥ A dsstansulasgigdilnBd] b aud csecomlimssletivg filmg larbotiebect r ode
for supplying power to electronic circuits of the sem conductor chip 3 or
an el ect r sliechfage composed of kidicer dicxodedS6DOr archd third. inAAdatiHpefilgei £ onduct or
chip 3 includes the passivation film41l that is formed to cover the
surface 19eomposetief siliost hiatide (INEX CERS pdshi®atigafilng4s hhPahighheRbd sidthncd

and a high electric insulation. The surface 41a of the passivation film 41 serves as

the surface 3a of the semiconductor chip 3.

The insulating layer 5 is formed by use of an insulating resin composed of
polyimide (PI), which is an electrically insulating material. The insulating layer § is
formed to cover the surface 3a of the semiconductor chip 3 and interior walls of the
hollow 43, which is defined by the heat-dissipation pad 27 and the passivation film 41.

In addition, the insulating film 5 covers interior walls of other hollows (not shown),
which are defined by the signal pad electrode 21, power pad electrode 23, ground pad
electrode 25, and passivation film 41 respectively.

As shown in FIG. 2, the connection electrodes 7 and heat-dissipation
electrodes 9 are used to establish electric connections between the semiconductor chip
3 and electronic circuits of the board (not shown) for mounting the semiconductor

device 1. These electrodes 7 and 9 are each constituted by posts 45 and solder balls

47, wherein the posts 45 having cylindrical shapes are elongated from prescribed



hollow 43 is forned in the passivation film41l so that the

heat - di ssi pation pad 27 is exposed externally of a surface 4l1la of the
passivation film4l. In addition, other hollows (not shown) are forned
in the passivation film41l so that the pgwer pad electrode 23 and the
ground pad el ectrode 25 are respectivel y exposed externally of the
surface 41 a of the passivation film41l. The passivation film4l is

const i t ut edutfyces Iice.| airfaded i 1@mnAf1 36 B Firdt REHh&PbABNs 11 LAF 1 ”St
insulating film41l b and a second insulati n%bfl %541 C, %E&Eiélc%éd H
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conposed of silicon nitride . The paSSI vatl on
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passivation film4l serves as chip
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(not shown h a ef i ned he signal pad el ectrode 21, power pad
el ectrode é@“e ﬂ‘r‘?&l *gdg g@f’rlgﬂ@% %ﬁd Fsds| § at Thersolder hallsi47 are
respectively. As shomn in FIG 2, the connectlon el ectrodes 7 and
heat - di ssi i foFMedPRshapiEeseldsr materipberueblydntosphersh el ectric connecti ons
bet ween the sem conductor chip 3 and electronic circuits of the board
(not shown) for Apskewmin ke 1 stbaiconmmstion electradasi Tcepnhectdhesta the fist r odes 7
and 9 are each constituted by posts 45 and solder balls 47, wherein the
posts 45 hmn@wwmﬂr argial 3 arh dpresedan ehepariphatad drehrod mhem'ueﬁeé bHefthd9
surfaces (i.e., surfaces 1 la and 13a of first wiring portions 11 and 13
connect ed msullatlng layer 5 and are arranged adjacent to the pad electrodes 21, 23, and 25 of the

semiconductor chip 3. The heat-dissipation electrodes 9 connected with the second

wiring portion 15 are not arranged in the peripheral area but are arranged in the center

area of the surface 5a of the insulating layer 5, wherein the heat-dissipation electrode 9

is also arranged in an intermediate area between the heat-dissipation pad 27 and the

center area.

The connection electrodes 7 and the heat-dissipation electrodes 9 are arranged
adjacent to each other with equal distances therebetween, which do not cause
short-circuits of electronic circuits of the semiconductor chip 3.

As shown in FIG. 2, the second wiring portion 15 connected with the
heat-dissipation pad 27 is partially embedded in a hollow 49 defined between the
heat-dissipation pad 27 and the insulating layer 5, wherein it is formed between the
insulating layer 5 and the molded resin 17 and is elongated from the opening of the

hollow 49 to reach the lower ends of the posts 45 of the heat-dissipation electrodes 9.

As shown in FIG. 3, the second wiring portion 15 is constituted by an under barrier



t he pad el ectrodes 21, 23, and 25, and a surface 15a of a second w ring
portion 15 connected with the heat-dissipation pad 27) to a surface 17a
of the nolded resin 17, and the solder balls 47 are attached onto upper
ends 45a of the posts 45 so as to projegh fromthe surface 17a of the
nol ded resin 17. The posts 45 are each nposed of copper (Cu), wherein
t he upper ends 45a thereof are adjusted in height to forma planar plane
toget her widalt1eundu(#ng 1% 50 whidg afPLdGehl ifeﬁ.IJrJ- \ s 47
are each fornmed by shap?néyso?agr natefﬁaﬁgzgﬁug ;i?% §S§§%%$%§thé
shown in FhfG leinbh nn L 7 i th the first
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area of the,surface .5a of the insulating.layer 5, wherein_the
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bet ween the heat-di ssi pation pad 27 and the center area. The connection

el ectrodes 7 and!hp8rshedriogpegiopad | and &} seanesigd avith the signel padgriertrodes acent
to each other with equal distances therebetween, which do not cause

shor t - ci r cél tEoWsT pad eleeiredfis3cancdgrovnd pad elaetraderdScave dorotedrin striguds  As
shown in FIG 2, the second wiring portion 15 connected with the

heat - di ssi patilapte thadtragtuiesofghe s¢canfl wisng poidieds il §, whdreinlthay 49 etbeizated do

bet ween the heat-dissipation pad 27 and the insulating |ayer 5, wherein
it is forneuchégtedewnr ¢rus of ithesednatition dleyedes7 aredardhe sigall @hur/estpat, 17 and
is elongated fromthe opening of the hollow 49 to reach the | ower ends

of the pospswéSsupplyt hiel greand)divhihpad hvingel es tHeqeiphral arls obhRWarfhe: § G
3, the second wiring portion 15 is constituted by an under barrier 30
of the insulating layer 5.

As shown in FIG. 1, the second wiring portion 15 is constituted by a sheet 15b
having a rectangular shape in plan view, which is formed in the center area of the
surface 5a of the insulating layer 5, and a connection wiring portion 15c¢ that is formed
in the peripheral area of the semiconductor chip 3 and is connected with the
heat-dissipation pad 27. As shown in FIGS. 1 and 2, a plurality of holes 54 are
formed to penetrate through the second wiring portion 15 in its thickness direction,
wherein they are each formed at prescribed positions between the heat-dissipation
electrodes 9 in plan view. The connection wiring portion 15c is formed adjacent to
the heating portion 29 in the semiconductor chip 3.

The first wiring portions 11 and 13 electrically connect the connection
electrodes 7 with the signal pad electrodes 21, power pad electrodes 23, and ground
pad electrodes 25. Herein, the connection electrodes 7 are arranged adjacent to the

signal pad electrodes 21, power pad electrodes 23, and ground pad electrodes 25, the

first wiring portions 11 and 13 are each decreased in length compared with the length



metal 51 and a wiring |layer 52, which are sequentially formed on the
surface 5a of the insulating layer 5. The wiring |layer 52 is conposed of
copper (Cu). In order to inprove the adhesi on between the

heat - di ssi pation pad 27 and the wiring |layer 52, the under barrier netal
51 is conposed of titanium (Ti) or chr odilum (Cr), whereinit is
adequately reduced in thickness conpared with the thickness of the wiring

| ayer 52. fl nar rti and 13 connect.ed with the signal
pad el ect r-gggnse dor??;&ﬂggv\‘gl?l g‘ﬁgjgnéqng@t%roﬁlé%sefg?ggﬁﬂf‘gg?%%lgfadjilgﬁsé’&%]ﬁeééfe 25
are formed_in.structures. .simjar to the ructure of the second wring
portions 1% ?Eg\}\ﬁé F%feﬁﬂ%%ﬁvhgﬁ’sﬂieﬁrﬂﬁaai%‘al ?%eﬁecﬁ%%ﬁﬂn%lﬁ BetWsp thecgpmaegfont he
connection gl ectrades regardi ng signal input/output, ower supply,
and gr oundf&cﬁﬂé?&d%&ﬁgﬁgg]é@g ‘ET??HPH%S PePrpsepad elﬁfftéule@)%g,tm gsorf 5a
of the insujati | ayer 5. As shown in FIG 1, the second wiring portion
15 is consFleFiPdF By a sheet 15b having a rectangul ar shape in plan
view, which is formed in the center area of the surface 5a of the

i nsul ati ng | ayer Itds negessagy snflow @trelatively lange amonnt afitufrdt thivasghitise fise med
in the peripheral area of the sem conductor chip 3 and is connected with
the heat - #iisag pertiond 1 paticR s cormesthd withi the po¥aS: pall cddevtrodes 23 phdig@ubd y of
holes 54 are formed to penetrate through the second wiring portion 15 in

its thicknpabeldetrades26n, Thud)ehicefinst tviring pordoeat i ihorea®d iathipkRser | bed
positions between the heat-dissipation electrodes 9 in plan view The

connect i oncamparad withrthé thickiess dfthé orhRE traadiiAgepértibA 13 cBandteat W tHRor tion
29 in the sem conductor chip 3. The first wiring portions 11 and 13

el ectri cal higndlgadetdctrbie2tonnection electrodes 7 with the signal pad
el ectrodes 21, power pad el ectrodes 23, and ground pad el ectrodes 25.

Herein, th ' | RETe ath tgnal
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pad el ectrodes 21, power pad el ectrodes 23, grou et¢trodes 25,
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electrodes 7 and 9 and the wiring portions 11, 13, and 15. The molded resin 17 is
composed of resin materials whose hardness is lower than the hardness of the wiring
portions 11, 13, and 15. The molded resin 17 is formed in a rectangular shape
substantially identical to that of the semiconductor chip 3 in plan view.

The molded resin 17 has projections 51 embedded in the holes 54 of the
second wiring portion 15. A pair of the hole 54 and the projection 51 form an
engagement portion 53 for establishing mutual engagement between the second wiring
portion 15 and the molded resin 17.

Next, the manufacturing method of the semiconductor device 1 will be
described below.

First, as shown in FIG. 4A, the insulating layer 5 is formed on the surface 3a
of the semiconductor chip 3 so as to form an opening 5b just above each of the pad

electrodes 21, 23, and 25 and the heat-dissipation pad 27. As shown in FIG. 4B, a

first resist layer 25 is formed on the surface 5a of the insulating layer 5 except at



31 of the connection wiring portion 15c of the second wiring portion 15.
This makes it possible to realize high-speed transm ssion of electric
signal s between the connection electrodes 7 and the signal pad

el ectrodes 21, power pad el ectrodes 23, and ground pad electrodes 25. It
is necessary to flow a relatively Iarge33nnunt of current through the
first wring portion 11, which is connected with the power pad

borti on 13 AroschBd BEAMN usBf o e BRLRRGH 06 Pich B il norfionenids 656t ne
i i ki i 13 ted w t i gnal pad el ectrode
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wherein it _covers the surface 5a of the insulating layer 5 and al so
encl oses tﬁgxﬁg§?§nﬂgogﬁnkﬁg el ectrodes 7 and 9 and the wiring portions
11, 13, and 15. The nolded resin 17 is conposed of resin materials whose
har dness i s | owel~OPR&EMEREAlS aFcdplaced igto praseried pagionp or whishgh first te3ist and
15. The nolded resin 17 is formed in a rectangul ar shape substantially
i dentical t@yef Aads wit formeds impthendords ovxposidp@tions gfl thainsisiaving Fyer fnthded
resin 17 has projections 51 enbedded in the holes 54 of the second
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engagenent portion 53 for establishing mutual engagement between the
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manuf acturing nethod of the sem conductor device 1 will be described

bel ow. Fi r stith the tia¢iowss ofu fdrface 48a of the firtiatlang ssay @lfie? tHeSconPloRAh &N
the surface 3a of the sem conductor chip 3 so as to form an openi ng 5b

j ust abovetieaformation dfah@ Aekinep@GbALHERT 324nd B3 thfildt fedisP el §€is removed
heat - di ssi pation pad 27. As shown in FIG 4B, a

as shown in FIG. 4C.

As shown in FIG. 4D, a second resist layer 57 is formed on each of the
surfaces 11a, 13a, and 15a of the wiring portions 11, 13, and 15 except at prescribed
positions used for the formation of the posts 45. In this state, each of the surfaces 11a,
13a, and 15a of the wiring portions 11, 13, and 15 is partially exposed. Copper
materials are placed into prescribed portions in which the second resist layer 57 is not
formed, in other words, prescribed portions in which the wiring portions 27 are
exposed, thus forming the posts 45.  After the completion of the formation of the
posts 43, the second resist layer 57 is removed as shown in FIG. 4E.

Lastly, as shown in FIG. 4F, the molded resin 17 is formed to cover the
surface 5a of the insulating layer 5 and to enclose the wiring portions 11, 13, and 15 as
well as the posts 45 in such a way that the upper ends 45a of the posts 45 are exposed.
Then, the solder balls 47 are attached onto the upper ends 45a of the posts 45. Thus,
the manufacturing of the semiconductor device 1 is completed.

The aforementioned semiconductor device 1 is mounted on a board 59 so as

to produce a semiconductor unit 61 as shown in FIG. 5. A plurality of lands 63 are



first resist layer 25 is forned on the surface 5a of the insulating |ayer
5 except at 32 prescribed positions used for the formation of each of the
wiring portions 11, 13, and 15, wherein it includes a prescribed region
used for the formation of the hole 54 of the second wiring portion 15.
Copper materials are placed into prescrﬁ@ed portions in which the first
resist layer 55 is not forned, in other words, exposed portions of the

15 vr ef o, LG orta stepie® 30h BE MeBRptPSTat s ot i deBict o g b
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4D, a second resi,st %ﬁ er. 57 is formed on each of the surfaces | |a,
13a, and 1§5ngated %@t aﬁ%‘i&g Beriongisofthe semicopdigtorshind isgranamitedde ¢hé bed
positions used for the formation of the posts 45. In this state, each of
the surfac EeatrdWSl%{i,UODPsﬁ?7aﬁwlmaatwet9h@awh1¢hq@e beattis urthet fransi@iftedns 15
is partially exposed. Copper materials are placed into prescribed
portions i Helandsd3 efehe beasd d9rtesvast of thy eecobd wising portiohdrsramd, thé n ot her
words, prescribed portions in which the wiring portions 27 are exposed,
t hus form hepttdigssination sledBodeafd erThulgit esoposkible torliRfpatd e hestamichon of the
posts 45, the second resist layer 57 is renoved as shown in FIG A4E
Lastly, assamoumictoriehip 3 tilfhe ekteeiorof the demsndudtdr des/ideor. med to cover the
surface 5a of the insulating layer 5 and to enclose the wiring portions

11, 13, and 15 ah themémicafdidier deasdes], #e deBomdaltim pdod DolisddBr HEREr ends
45a of the posts 45 are exposed. Then, the solder balls 47 are attached

onto the upigsipattsitis afangddl intREcdidlaseoF thd Biface shlbE HBRMIAGIdal 8% Of the
sem conductor device | Is conpleted.

except the peripheral area in which the first wiring portions 11 and 13 connected with

the pad electrodes 21, 23, and 25 are arranged, whereby it is possible to increase the

area for the formation of the sheet 15b of the second wiring portion 15. In addition,

the connection wiring portion 15c¢ of the second wiring portion 15 and the

heat-dissipation pad 27 are formed adjacent to the heating portion 29 of the

semiconductor chip 3.

This allows the second wiring portion 15 to efficiently absorb the heat
generated by the semiconductor chip 3 by way of the insulating layer 5 and the
heat-dissipation pad 27. Thus, even though the semiconductor device 1 is constituted
in the form of the WLCSP, it is possible to efficiently dissipate the heat of the
semiconductor chip 3 towards the heat-dissipation electrodes 9.

The second wiring portion 15 and the molded resin 17 are mutually engaged
with each other by means of the engagement portions 53. Therefore, even through

the second wiring portion 15 and the molded resin 17 are composed of different

materials having different coefficients of thermal expansion, the second wiring portion



The aforenenti oned sem conductor device | is mounted on a board 59 so as
to produce a sem conductor unit 61 as shown in FIG 5. A plurality of

| ands 63 are 33 formed on a surface 59a of the board 59 and are brought
into contact with the solder balls 47 g tached to the el ectrodes 7 and
9. When the sem conductor device 1 operates in the sem conductor unit 61,
heat generated by the heating portion 29 of the sem conductor chip 3 is

he heat | o Fs e Bt e At b A AL R T S ol By
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connected with _t hﬁwgad_ el ec] LeOdeS 21, 23, and 25 are arranged, whereby
it is possfMelto Terikisrestivle todmpsovedhe reliebrlisy phthespmisondwiondryige hsh
of the second wirjing portion 15. In addition, the connection wring
portion 15c of t hbe Besgn@mbofiment san be mglizel vsing theeonyrmsionalisswicwae i on pad
27 are forned adjacent to the heating portion 29 of the sem conductor
chi p 3. Thhdapid tewke semicerdistnd chiprinrvghiphy theipad elestrodesel i, 23] andt35yardbbor b
the heat generated by the sem conductor chip 3 by way of the insulating
| ayer 5 anbeat{déssifaton pad 23 apafoimed pettic peripiEnalsireasafahe sinfacg B atolfiche
sem conductor device | is constituted in the formof the WCSP, it is
possi bl e t sengiténduicentchip ivdsirgiatie fikewhdat pafionhH aslers aeadditiballychi p 3
towards the heat-dissipation electrodes 9. The second wiring portion 15
and the nofamkd ietiepetiphatbaroubiitielsurfRei0Rgthe insulating layer 5.  This makes it

possible to easily form the second wiring portion 15 on the surface 5a of the insulating

layer 5 without changing the arrangement of the pad electrodes 21, 23, and 25 and the

heat-dissipation pad 27 in the semiconductor chip 3. Thus, it is possible to reduce the

manufacturing cost of the semiconductor device 1.

In the semiconductor device 1 and the semiconductor unit 61, it is possible to

dissipate heat from the heat-dissipation electrodes 9, which are connected with the

second wiring portion 15, to electronic circuits formed on the board 59. This allows

the second wiring portion 15 to efficiently dissipate heat, absorbed from the

semiconductor chip 3, to the exterior of the semiconductor device 1. That is, it is

possible to improve the heat-dissipation efficiency with regard to the semiconductor

device 1.

The present embodiment can be modified in a variety of ways, which will be
described below.

In the present embodiment, the heat-dissipation pads 27 are electrically

connected with the substrate 19 via wires. Of course, the heat-dissipation pads 27 are



wi th each other by means of the engagenent portions 53. Therefore, even
through the second wiring portion 15 and the nolded resin 17 are
conposed of different nmaterials having different coefficients of thermal
expansion, the second wiring portion 34,45 is deforned to suit the
thermal deformation of the nolded resin™17. That is, even though the
second wiring portion 15 is fornmed in a relatively large area on the

surface Sgotafeckdigrilytouhédidd @ith WeefubStratk 1191 SFEOSGHYIE ak ShWEUERIG. 6hE
second wiring portion 15 from separating fromthe nolded resin 17 due to
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the heat-dissipation pad 27 in the sem conductor chip 3. Thus, it is
possi bl e t Besemfeadudiar cupAuf act uri ng cost of the sem conductor device 1
In the sem conductor device | and the sem conductor unit 6 1, it is
possi bl e to di sEilppeseibietermedifinibe peesetambidinepsuih thag thedieabdissip@jonihi ch
are connected with the second wiring portion 15, to electronic circuits
formed on pak2bsdpungbabovhithe kxal-dissipati¢rediffusiondegion BAgf frersubstratd 59t o
efficiently dissipate heat, absorbed fromthe sem conductor chip 3, to
t he ext eri whemin thhdestelisgpatongad 27 devotedectricallyabnhated with she possi bl e to
i nprove the heat-dissipation efficiency with regard to the sem conduct or
device 1. heat-dissipation diffusion region 37. Alternatively, it is possible to form the

heat-dissipation pads 27 above the gate electrode 31c¢ and the heat-dissipation

diffusion region 37 respectively.

In the present embodiment, a single second wiring portion 15 is formed on the

surface 5a of the insulating layer 5.  When the semiconductor chip 3 includes a

plurality of heating portions, it is possible to modify the present embodiment such that

as shown in FIGS. 7 and 8, a plurality of second wiring portions (i.e., second wiring

portions 14 and 16) are formed on the surface 5a of the insulating layer 5. In this

case, the second wiring portions 14 and 16 are individually arranged in proximity to

different heating portions 26 and 28; that is, they can efficiently absorb heat

respectively generated by the heating portions 26 and 28.

In the above, the heat-dissipation pads 27 are arranged adjacent to the heating
portions 26 and 28 and are respectively connected with the second wiring portions 14

and 16. The second wiring portions 14 and 16 are mutually insulated from each

other; hence, it is possible to avoid occurrence of short-circuits between the



The present enbodi ment can be nodified in a variety of ways, which wll
be described below. In the present enbodi nent, the heat-dissipation pads
27 are electrically connected with the substrate 19 via wires. O
course, the heat-dissipation pads 27 arg 35 not necessarily connected
with the substrate 19. For exanple, as ﬂown in FIG 6, it is possible
to nodify the present enbodi nent such that the heat-dissipation pad 27 is

formed aboygaldiqabe padELt {v%{ﬁges’é_eét t§ eﬁ:fctrf)ﬁg cﬁ]&ﬁ’i&séalSIBQ Cerficonddctridils.

case, it is possible to fur rinmprove t eat -di ssipation efficiency
bad 27 1o SPPALE: RSNG00 BPN R R Bd SRASAOTIRES arount
cerm conducERCgR T ey EETEREER 7 iog Bbibait AR coent  enbodi ment
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formthe heat-dissipatio pads 27 above the gate electrode 3 1 ¢ and the
heat - di ssi giﬁt%tﬁr argp of the; ssRiGEERYAr Sup Sell prpessibds tp. medify the pressaient
enmbodi nent, a single second wiring portion 15 is formed on the surface
5a of the fHBedimenhyichaiasas showahinFIGe 9s0dil@omskeond withg porBiondglisides a
plurality of heating portions, it is possible to nodify the present
enbodi nent canstutedbit a shest thabisrariangdd G ovar andy ti: ceatep lareaalfitheyineflatigg ond
Wi ring portions (i.e., second wiring portions 14 and 16) are forned on
t he surfacky&ed.of Thihellowstheatéong Wiaingpoftion 18 tohibsorbdraegenthedsctrd
Wi ring portions 14 and 16 are individually arranged in proximty to
di ff erent haangpgrtperi0 dashedasdlmingZ@yerthat is, they can efficiently
absorb heat
In the present embodiment, the second wiring portion 15 is formed in the

center area of the surface 5a of the insulating layer 5. Herein, the second wiring layer

15 is not necessarily formed in the center area but is formed to cover prescribed areas

of the surface Sa of the insulating layer 5 except areas corresponding to the first wiring

layers 11 and 13.  When the pad electrodes 21, 23, and 25 and the heat-dissipation

pads 27 are arranged in the center area of the semiconductor chip 3, it is possible to

modify the present embodiment such that as shown in FIG. 11, first wiring portions 12

are formed in the center area of the insulating layer 5 inside of the pad electrodes 21,

23, and 25 and the heat-dissipation pads 27, and a second wiring layer 20 having a

sheet-like shape is formed in the peripheral area of the insulating layer S outside of the

pad electrodes 21, 23, and 25 and the heat-dissipation pads 27.

According to a semiconductor device 2 shown in FIG. 11, even though the
insulating layer 5 and the molded resin 17 are each subjected to thermal deformation,

amounts of thermal deformation occurring in the center areas of the insulating layer 5

and the molded resin 17 are smaller than amounts of thermal deformation occurring in



respectively generated by the heating portions 26 and 28. In the above,
the heat-dissipation pads 27 are arranged adj acent to the heating
portions 26 and 28 and are respectively connected with the second wiring
portions 14 and 16. The second wring §9rtions 14 and 16 are nutually
insul ated fromeach other; hence, it is’possible to avoid occurrence of
short-circuits between the 36 heat-dissipation pads 27 with respect to

el ectroni cyei .Cui i i Eefor if..0s
possi bl ot SeEPhe Sead dins BILERRYUSPS SR dolded REPFLR Froryisdason
sem conductor_devi 1 ich is thus i oved.in reliability. In. the
oresent  onBamanet Soemal kG ae et gn R i pdro A brecis et be
sheet 15b gnd the conngection wirin ortion 15c. ;\Wen heat i ortion
30 exi sts i ARBRPERemRl 161 M TRE AT DR RS MIERE VST 20+ T Bossi bl o
to nodify the esent. enbodi nent such that.as.shown in FIGS. 9 and 10, a
second wi r FYR} \g{mtﬁs ATt gvIFIge PEBINgY k%latr%cfycs@lratisﬁféﬁs, ithupossiblestorayaiiliet o
cover only the center area of the insulatin | ayer 5. This allows the
second wi r PeRYITSBEE pldhreals af sheafissb miring yergbhdyedodbe hermalstresseat i ng porti on
30 via the insulating layer 5. In the present enbodi nent, the second
wiring portion 1%h¢ second mering portine 20sean be foraredan eflargprarsa ph Hessusfacofa t he
insulating |ayer 5. Herein, the second wiring layer 15 is not

necessar i | 9f theimsuthting layes Seentparedawithn theufirst wiringrpoetion &2.c olies allowsthei bed
areas of the surface 5a of the insulating |layer 5 except areas

cor r espondsevgnd evitilielayer 30 tordetogelyl sbyarbsa iklatiaely 14rge afornt dihdemnd stress,
el ectrodes 21, 23, and 25 and the heat-dissipation pads 27 are arranged

in the cenwaichan®abofreateethaatha ofithecfist wirltighpotion 12.i STRAERK)liis possitTedi fy
t he present enbodi mrent such that as shown in FIG 11, first wiring

portions 1@ aaidthe@ct@eencd of BRakResE BE sedodd vafing PErtioASW dfeitd Shd R¥@Hald
inside of the pad electrodes 21, 23, and 25 and the heat-di ssi pation
pads 27, agbsd SERENH ivbédsiile 10ANSIrovOthB3MidMitR of the semiconductor device 2.
In the present embodiment, the engagement portion 53 is constituted by the
hole 54 formed in the second wiring portion 15 and the projection 51 formed in the
molded resin 17. Herein, the engagement portion 53 is not necessarily constituted as
described above but is necessarily constituted in the shape guaranteeing the mutual
engagement between the second wiring portion 15 and the molded resin 17.  That is,
it 1s possible to modify the present embodiment such that as shown in FIG. 12, an
engagement portion 60 is constituted by a hole 56, which is formed to penetrate
through the second wiring portion 15 and the insulating layer 5, and a projection 58 of
the molded resin 17, which engages with the hole 56. Alternatively, a projection is
formed by the second wiring portion 15 and is directed towards the molded resin 17,
which in turn provides a hollow engaging with the projection, thus forming an
engagement portion.
The engagement is not necessarily realized by the engagement portions 53

and 60, which establish engagement between the second wiring portion 15 and the



sheet-1ike shape is forned in the peripheral area of the insulating |ayer
5 outside of the pad electrodes 21, 23, and 25 and the heat-di ssi pation
pads 27. According to a sem conductor device 2 shown in FIG 11, even

t hough the insulating layer 5 and the Sg;ded resin 17 are each subjected
to thermal deformation, anmounts of the | deformation occurring in the
center areas of the insulating layer 5 and the nolded resin 17 are

pori pher al R SRaeaR7pe 1RGSR SRR B b d e ot oy
por b1 on- 1> REeaS e Rt SHRRIRrBE RERRP BrLF BaPRobBut S2CE g on
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| arge anount of thermal stress, which may be greater than that of the
first wri ReU9Brldisgrms 1pengage mathghe holet62 s possible to avoid the
occurrence of breaks of the second wiring portion 20 due to the thernmal
stress. Thus, itlInthepgbewd. sien thoughihesoeondhwiring|postiin 1% andahe irsalating

sem conductor device 2. In the present enbodi nent, the engagenent portion
53 i s conslayeut ext doynpoed ofdifferesti matariatschaivingt differsatoredficients ofitheansli on 15
and the projection 51 forned in the nolded resin 17. Herein, the
engagenent expensionsthd Sedomd iwiting eostmalsi ik Yefoamnsd id sifitetle dsrmdedfoinpribnajiove
but is necessarily constituted in the shape guaranteei ng the nutual

engagenent thedhsdaingtlagersec aids wliably pro@hts thd sébondRErihd) fortleh dsdrdmesi n 17.
That is, it is possible to nodify the present enbodi nent such that as

\SAE.O\Q'E : 2 ]f&éer@;re%iatg gﬁgzé g%{lrﬁgflﬁt@byé}@t I8t isposEibRith iktpRAe e R1iRBHIE 56,
of the semiconductor device 1.

FIG. 5 shows that a plurality of lands 63 are formed on the board 59 within
the semiconductor unit 61. It is possibie to modify the present embodiment such that
as shown in FIG. 14, lands 64 and 65 mutually adjoining each other are integrally
connected together on the surface of the board 59.

The aforementioned modification allows heat, which is absorbed by the
heat-dissipation electrode 9, to efficiently transmit from the land 64 to the other land
65. This realizes efficient heat dissipation in which heat generated by the
semiconductor chip 3 is efficiently transmitted from the heat-dissipation electrode 9 to
the board 59.

In the present embodiment, the electrodes 7 and 9 are each equipped with the
posts 45 having cylindrical shapes, which are elongated from the surfaces 11a, 13a,

and 15a of the wiring portions 11, 13, and 15 to the surface 17a of the molded resin 17.

It is possible to modify the present embodiment such that without forming the posts 43,



t hrough the second wiring portion 15 and the insulating layer 5, and a
projection 58 of the nolded resin 17, which engages with the hol e 56.
Alternatively, a projectionis forned by the second wiring portion 15
and is directed towards the nolded resig,17, which in turn provides a
hol | ow engaging with the projection, thuS form ng an engagenent portion.
The engagenent is not necessarily realized by the engagenent portions 53

and 60, whitefsoltet Bhlld $Nare ARG BRAchBEbHBARe WitnSERABRS Wi, 1BNghdPOY. t i8R 15
and the 38 nolded resin 17. It" is possible to provide an engagenent

portion reglddzfdadolWdieLs the RIERITHE hP HNEET vl g\znsfs:r‘%&g?eg}g if,gguigggi“son 15

and the insulating layer 5. For exanple, as s

the insulatit examl RNk o
i o 1o 1 PR G TOTORERR (RTRIRE e KOTAE by hithedh g

t hi ckness djr.ect i projection 64, which is forned in the second
W ring po%@lgﬁﬁql@pdsr(ﬁg@e?b engage wiwth the hole 62. In the above, even

t hough the secong, wirin rti,on 15 and the insul atin | ayer 5 ar
conposed of dif fgp%ﬂfcwg%eggia&fi aﬁ‘é?)f"rfb“ﬁ?sﬁﬂére&‘ﬂppéeéﬁ”?’\ @Féé@gr B‘?ﬂast‘ﬁer nal
expansion, the second 'rin& Sétijn 15 is . deforned to suit the thernal
def or mat | oREGHS® ¥ FRemeErgE{ fegy ?fg b3tdraskpresritedmarts ghthe shectipdns € apdi asecond
wiring portion 15 from se arati&g fromthe insulating |layer 5. Hence, it
i s possi bl Brojsstedahoys the welape | T the mpldegiresind 7 e fipr e¥pmpie.cs shewnée 1.
FIGS5 shows that a plurality of lands 63 are formed on the board 59
within thEKseiiSdonduoten prgipeticend? projecting Gesi the enaldednssinflyy cahdepr esent
enbodi ment _such that as shown in FIG 14, lands 64 and 65 nutually
adj oi ni ng farkd dntpgrallamathiapasyfal | 1 is pessibbctosde sagen prcessiprintieg sealzed e of
t he board 59. The aforenentioned nodification allows heat, which is
absor bed bYy giteavth of plating and application of copper paste, for the formation of the

projection 67.  Alternatively, as shown in FIG. 15C, after the formation of the post 45

and the molded resin 17, resist patterning is performed so as to form a projection 68,

having a rectangular shape in plan view, by growth of plating.

The electrodes 7 and 9 are not necessarily constituted by the posts 45 and 46,

the solder balls 47, and the projections 67 and 68. That is, the electrodes 7 and 9 can

be formed by use of the posts 45 and 46 only. In this case, when the semiconductor

device 1 is mounted on the board 59, soldering is performed to establish electric

connections between the posts 45 and 46 and electronic circuits of the board 59.

2. Second Embodiment

FIG. 16 1s a perspective view showing the exterior appearance of a wafer level

chip size package (WLCSP) in accordance with a second embodiment of the invention.

FIG. 17 is a front view of the WLSCP; and FIG. 18 is a side view of the WLCSP.

Reference numeral 101 designates a silicon substrate (or a semiconductor substrate)

having a rectangular shape in plan view, on which integrated circuits (or electronic

circuits, not shown) are formed. Reference numerals 102 designate metal pads



heat - di ssi pation electrode 9, to efficiently transmt fromthe land 64 to
the other land 65. This realizes efficient heat dissipation in which
heat generated by the sem conductor chip 3 is efficiently transmtted
fromthe heat-dissipation electrode 9 tg the board 59. In the present
enbodi nment, the electrodes 7 and 9 are gch equi pped with the posts 45

havi ng cylindrical shapes, which are elongated fromthe surfaces |I | a,
13a, and 18aizfls dodiRetonl MGthRRAdrh AR vike éya%ﬁéﬁ int e 17a of
t he nol ded resi r% 17.e It is possibl evt os’rrvg)lgﬂy t he %ér&e)‘gearr}?c%ﬁ%%%frrent

h th 1 i - y I 47.
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nerely requi,red that. at | east escribed parts Qf the_electrodes 7 and 9
are gr 0j g8ihé’80585’%k53 “§€?F‘F é@ QPRYSile ""c‘ﬁépﬁﬁ%@ﬂi yustars 19ka andgack ehnpl e,

as shown in,  FIGS. 15A and 15B, a projection 67 projecting fromthe
mol ded r esihicthas ddegiangylay,shape Infrewssrrsn. widvshewsgat1Gel 7, the ¢hanpelssi bl e
to use screen process printing realized by growh of plating and
appl i cat i oA0dArecaph defingsin dimensionsisinggientit idoandvidthéw’ g wilbes distanes .
Alternatively, as showmn in FIG 15C, after the formation of the post 45
and the nofdéerehetweenl7, resist patterning is perforned so as to forma
projection 68, having a rectangular shape in plan view, by growh of
pl ati ng. The el edstlxddmnielant3 drezmaeh natle deepes adétly dcio isspdssiblectd igredsae
posts 45 and 46, the solder balls 47, and the projections 67 and 68.
That is, tte elemsiiaredetth? bacidid? suaface b@l b, howetkrbwheisthe depthhPispastaed5 and
46 only. In this case, when the sem conductor
so much, the rigidity of the silicon substrate 101 should be degraded. Therefore, it is
preferable that the depth d ranges from 20% to 50% the thickness t of the silicon
substrate 101.
For example, when the silicon substrate 101 has a square shape whose length
is 5 mm and whose thickness t is 500 pm, the depth d of the channel 103 ranges from
100 pm to 250 pm, preferably, it is set into the range of 150 pum + 30 um. The width
w ranges from 200 pum to 500 pm, and preferably, it is set into the range of 250 um +
25 pm. The distance s between adjacent channels 103 ranges from 200 pum to 500
um, preferably, it is set into the range of 250 pm + 25 um.
According to the aforementioned dimensions, it is possible to form five to ten
channels 103 on the silicon substrate 101.
In the manufacture of the WLCSP, integrated circuits (and other components
such as sensors as necessary) are formed on the prescribed surface 101a of the silicon

substrate 101, and bumps (not shown) used for the formation of the metal pads 102 are

formed in the peripheral portion of the prescribed surface 101a. A passivation film is



device 1 is nounted on the board 59, soldering is performed to establish
el ectric connections between the posts 45 and 46 and electronic circuits
of the board 59. 2. Second Enbodinent FIG 16 is a perspective view
showi ng the exterior appearance of a wafier Ievel chip size package
(WLCSP) in accordance with a second enbodi nent of the invention. FIG 17
is afront view of the WSCP;, and FIG 18 is a side view of the WCSP.

Ref er ence fotfRiiain the predasbanatfase 205 dicGRMSHRRES & & t()%?(\),\tﬁ?tziﬁﬂgkﬁwum or

substrate) having a rectangul ar shape in plan Vview, o nt egr at ed

circuits (efrcllsemtotdrcompbh&itéts, not shown) are forned. Reference
nunmeral s 102 designate netal pads 40 realizing connections wth external
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wi th each ?%t‘gggggn a backside surface 101 b opposite to the prescribed
a a

surface 10 each of which has a rectangul ar shape in cross

[ [ h hanpel.s 03 are each defined in
di mensi one. usi ngHBBARLERP %ﬁn@tﬁﬁﬁhemﬁ?&@gn@w@aaugelmchaxg»gls 103
t her ebetween.. As the ¢ nels 103 are each made deeper in depth d, it is
possi bl e tﬁeifﬂw%@mgﬁg‘”&b&% pthsy ey therbackudpmufase dellsgpmgetqm b;
however, when the depth d is increased so much, the rigidity of the
si licon suP$ssrihed sufacesHHalof thresilieqpr swbstgate 1A bribfsaoessibietto imcregse ¢eer abl e
that the depth d ranges from 20%to 50%the thickness t of the silicon
substrat e averall pga of ksidevagface HO 1 mithouninstebsing HieceffeOfivdarea af thguar e
shape whose length is 5 nmand whose thickness t is 500 tm the depth d
of the chasemakordy@tor anbstratef Fidm This improves heat dissipation characteristics of the

WLCSP.

In addition, the WLCSP of the present embodiment is manufactured such that
a cutting machine such as a grinder is used to form the channels 103 on the backside
surface 101b of the silicon substrate 101. That is, the channels 103 are formed using
a simple and inexpensive machine, which does not increase the manufacturing cost.

The present embodiment can be modified in a variety of ways, which will be
described below.

(a) First modified example

FIG. 19 is a front view showing a wafer level chip size package (WLCSP) in
accordance with a first modified example of the present embodiment. Compared
with the aforementioned WLCSP shown in FIG. 17 in which the channels 103 are
formed using a cutting machine such as a grinder so that they have rectangular shapes
in cross section, the WLCSP shown in FIG. 19 is characterized in that anisotropic
etching is performed along crystal planes of the silicon substrate 101, whereby

channels 111 each having a triangular shape in cross section are formed on the



100 mto 250 m preferably, it is set into the range of 150 p.m 30 m
The width wranges from200 mto 500 p.m and preferably, it is set into
the range of 250 m 25 m The distance s between adjacent channels 103
ranges from200 mto 500 m preferably,.it is set into the range of 250
pm 25 m According to the af orerrentionéa di mensions, it is possible to
formfive to ten channels 103 on the silicon substrate 101. In the

manuf act ur @aadsidena-MECER L. i Nntegrated circuits (and ot her conponents such
as sensors as necessary) are forned on the prescribed surface 10 1 a of
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silicon substrate 10 é 'I{Qu , It is possible to produce the WLCSP. 1In
e"pAaddepth o

the W.CSP °%f*! odiment in which a plurality of channels 103
are fornmed in parrgl I e(it w th, each other on the backside surface 10 1 b
Aivhaed i

opposite to the ‘Pf&3 d can bpadjusted by ppprogriptebothasgisgithat e 10 1,
it is possible to increase the overall area of the backside surface 101b
wi t hout i nEPrERRsitep ofan etehipg solyon prdicasitians of grigpteenicatching. subst r at e
101. This inproves heat dissipation characteristics of the WOCSR In
addi ti on, the W.ESIrexapiple, heilpopsionidefibnd feemed tospartially emveu thedbaskside t hat
a cutting machine such as a grinder is used to formthe channels 103 on
t he backsi sisfacgdfiboppdsitttto tfe preseribed swrbave d0bs bf tht @ilikdd subduate 161, t he
channel s 103 are forned using
wherein prescribed parts of the silicon substrate 101, which are not covered with the
silicon dioxide, are subjected to etching at 90 °C.
As a result, the WLCSP of the first modified example can demonstrate
prescribed effects substantially identical to those of the aforementioned WLCSP.
(b) Second modified example
FIG 20 is a front view showing a wafer level chip size package (WLCSP) in
accordance with a second modified example of the present embodiment. Compared
with the aforementioned WLCSP shown in FIG. 17 in which the same distance is
arranged with respect to the outermost channels 103 that are formed in proximity to
both ends of the silicon substrate 101, the WLCSP shown in FIG. 20 is characterized in
that a distance D) measured between the rightmost channel 103 and the right end of
the silicon substrate 101 differs from a distance D, measured between the leftmost
channel 103 and the left end of the silicon substrate 101.
The WLCSP of the second modified example can demonstrate prescribed

effects substantially identical to those of the aforementioned WLCSP.

The structural feature of the WLCSP, in which the distance D between the



a sinple and i nexpensive machi ne, which does not increase the

manuf acturing cost. The present enbodi nent can be nodified in a variety
of ways, which will be described below. (a) First nodified exanple FIG
19 is a front view show ng a wafer Ievel3chip si ze package (W.CSP) in
accordance with a first nodified exanplé of the present enbodi nment.
Conpared wth the aforenenti oned W.CSP e such as a grinder so that they

have rect aﬁgﬂﬁﬁfst SRARES103 dhdGhORghSER k. s&bQGat\é\ﬁrﬁf'HifférE'%ﬁlihg didtdRcel9 1S

characterized in that anisotroprfc etching 1's performed along crystal

planes of PGefldehiAARY (el D nd TR Bha FRANIELSak 1h1) mBREH NaVI NG
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a triangu ape I n Cross section are t1orne n g surface
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depth V. Th i dt h d, depth d b dj usted by appropriately

cﬁgngi ng thg("%ﬁﬂéi{‘vldﬂaﬁ‘?ﬁinee iy etcgﬂi ng 201 ution and conditions of

ani sotropic etchpng. For exanple, a silicon dioxide filmis forned to
partially cover F Kg 2 dz Siopeview phowing a prist daysbehip size packnge (ISR ad
surface 101 a of the silicon substrate 101, wherein prescribed parts of
the silicoaccondasce with atthird mydiked examploof hepegsent anmbadimert.  Siobipacd
di oxi de, are subjected to etching at 90 C. As a result, the W.CSP of the
first nodi Mitbdhexammentioaed BHOTR shostnein FGebT i whith eflftee timnselsd03hbial | y
identical to those of the aforenentioned W.CSP. (b) Second nodified
exanpl e the same width w, the WLCSP shown in FIG. 21 is characterized in that a leftmost
channel 121, which is formed in proximity to the left end of the substrate 101, has a
width w,, which differs from the width w of the other channels 103.
The WLCSP of the third modified example can demonstrate prescribed effects
substantially identical to those of the aforementioned WLCSP.
The structural feature of the WLCSP, in which the leftmost channel 121 has
the width w; that differs from the width w of the other channels 103, makes it possible
to easily discriminate the direction of the backside surface 101b by use of a
semiconductor laser for detecting the difference between the widths w and ws.
(d) Fourth modified example
FIG. 22 is a front view showing a wafer level chip size package (WLCSP) in
accordance with a fourth modified example of the present embodiment. Compared
with the aforementioned WLCSP shown in FIG. 17 in which all the channels 103 have
the same width w, the WLCSP shown in FIG. 22 is characterized in that plural types of
channels 131-133 having different widths are formed with prescribed distances

therebetween. That is, the arrangement of the channels 131-133 may serve as a bar

code realizing an information identification function.



FIG 20 is a front view showing a wafer |evel chip size package (W.CSP)
in accordance with a second nodi fied exanple of the present enbodi nent.
Conpared with the aforenmenti oned W.CSP shown in FIG 17 in which the sane
distance is arranged with respect to t g out ernost channels 103 that are
formed in proximty to both ends of thé'silicon substrate 101, the WCSP
shown in FIG 20 is characterized in that a distance D neasured between
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i denti cal hos t he ;af or enenti o . structural feature of
t he W.CSP, tsé)rvé i %’?‘1%‘8 e g AN E?fmr?g?%(}éé%??fﬁ@m UPEHHY nost  channel 103
and the rlght eng., o strate 1 dlffesfromthe di stance D2
bet ween t he Ieftiﬁ%&’iﬁ@ﬁﬂﬂ&‘e ﬁ‘gﬂ'éﬂ’(?glﬁl?g qX@'FIP €578 dsponpiEate prrser 10 1,

makes it pQssible to gag gm g%e the direction of the backside
surface 10°HeHs SH’é‘é‘a totthsaforgmentignsd WEECSEL i ng t he
di fference bet ween t he d| stances DI and D2 (c). Third nodified exanple

FIG 21 is a frohhe M@hﬁ%ﬂﬁ@%ﬂw&@?ﬁv&h%ﬂ@e@m@s ferbiraepds ( WL.CSP)

In accordance with a third nodified exanple of the present enbodi nent.
Compared WA 133 haviag dittsvenitwidhe aranrcared ghasmardancewith alpresenibedhingdes al |
the channels 103 have the same width w, the WCSP shown in FIG 21 is
char act er i malies a ppsshle &o ¢asily Mﬂmiwaﬁteeiiremonpf thieibatkside funfane d01nby
proximty to the left end of the substrate 10 1, has a w dth w2, which
di f fers fr osa d¢ffeesemicdriluetootastihfer deteeting tha i@ renckd Betvidea thM €iths wf tot e
third nodified exanple can denonstrate prescribed effects substantially
i dentical Thattihdss poksibleao ahglyaeRdinddvidehl iddnGERations applied to WLCSPs by
use of a semiconductor laser for detecting the overall shape of the WLCSP including
the channels 131-133. In addition, it is possible to easily identify and manage
WLCSPs, and it is possible to easily identify and manage chips installed in WLCSPs.
It is possible to further modify the WLCSP shown in FIG. 22, in which three
types of channels 131-133 having different widths are arranged in accordance with a
prescribed rule, in such a way that all the channels 131-133 have the same width but
they are formed with different distances therebetween, wherein it is also possible to
realize 1dentification information by use of the channels 131-133.
In the further modification described above, it is possible to read the
identification information realized by the channels 131-133 by use of a semiconductor
laser for detecting differences of distances between the channels 131-133.
(e) Fifth modified example
F I‘G. 23 is a plan view showing a wafer level chip size package (WLCSP) in

accordance with a fifth modified example of the present embodiment; and FIG. 24 is a

cross sectional view taken along line A-A in FIG. 23, Compared with the



The structural feature of the WCSP, in which the | eftnost channel 121

has the width w2 that differs fromthe width w of the other channels

103, makes it possible to easily discrimnate the direction of the

backsi de surface 10 1 b by use of a seniconductor |aser for detecting

the difference between the widths w and*H2. (d) Fourth nodified exanple

FIG 22 is a front view show ng a wafer |evel chip size package ( W.CSP)
|

in accord | f i L e of rresent. e { ment .
Corpar od - GopfmetloRed wQCER Hh FRAY Y il IR, o 550 R

t he channel s, 1 have he. .S wi dt h t CSP sho {,nFl S
characteri 2 Ztc}f elgi%‘ ?ﬁlgf O%Fhffba?f: Estqgep%"gga(% lwé%gﬁﬁlglsﬁ\&fg fylisg??élqlad}i’ s @r[“%%g r ent
wi dt hs are forne it Q. pr ri bed distances therebetween . That is, the
ar r angementl9m ngel\gushgﬁﬁgﬁ?zgfﬁc t%dé‘bﬁ’%a 8@“@“%8 oled ddl F¥8 i zi ng an
informatiop identification function. 44 Specifically, the channels 131,
132, and 1831pg Smnatqﬁggwd, al%@z*&lﬁéﬁﬂ@@lu% dspedermad ip a mpfex dprn pridyther e
arranged in accordance with a prescribed rule so as to serve as a bar
code real i FmRydigianehisotheesabebreendarthe packside shrfpemtlibe theryilicony uEtrage t he
fourth nodified exanpl e can denonstrate prescribed effects substantially
i dentical 10l,tWheseinop holeds dénednin atrresseibed e @8er argh &4 % twhidlt isrthis eddt ur e of
the WLCSP, in which three types of channels 131-133 having different

wi dt hs ar eplanaranged in accordance with a prescribed rule, makes it
possible to easily discrimnate the direction of the backside surface 10
1 b by wuse of altsepietavalsiactianthd depedr d bbthedeletli aggdshieorm i2Dferneiice she
between the widths wt to w3. That is, it is possible to easily read

i ndi vi dual thickeeis tfofchd sitiosn apetrated0to W.CSPs by use of a seni conductor
| aser for detecting the overall shape of the WLCSP including the

ﬁg ﬁg ngl s 131- 133For éxan@th, b4Hef thd diliéch B6EAEN101 hes £3qiaky/stape Whbbey/leApd
’ is 5 mm and whose thickness t is 500 pm, the depth d of the hole 141 ranges from 100
pm to 250 pm, preferably, it is set into the range of 180 um + 30 um. The radius r
ranges from 200 um to 300 um, preferably, it is set into the range of 250 um + 25 pm.
The distance between the adjacent holes 141 ranges from 100 pm to 200 pum,
preferably, it is set into the range of 250 um + 25 pm.

According to the aforementioned dimensions set to the holes 141, it is
possible to form five to ten holes on the backside surface 101b.

In the manufacture of the WLCSP, integrated circuits (and other components
such as sensors as necessary) are formed on the prescribed surface 101a of the silicon
substrate 101, and bumps (not shown) used for the formation of metal pads 102 are
formed in the peripheral portion of the prescribed surface 101a. A passivation film is
formed on the prescribed surface 101a except the bumps so as to protect integrated
circuits and other components.

Then, the backside surface 101b of the silicon substrate 101 is subjected to the

known photolithography, wherein it is coated with a photosensitive resin and is then



W.CSPs, and it is possible to easily identify and nanage chips installed
in W.CSPs. It is possible to further nodify the W.CSP shown in FIG 22,
in which three types of channels 131-133 having different widths are
arranged in accordance with a prescribﬁg rule, in such a way that al

t he channel s 131-133 have the sane widtA”but they are formed with
different distances therebetween, wherein it is also possible to realize

moai 1 cat | Ca aaEe b apBy e 1P BaS RINRE St bndeRensiltfec ar i on

nodi fication descri possI |

informatio ] -he n 1-133 b S .a_sem conduct or

| aser for 1éltE %@?‘ﬁg’g&? ¥Ifsé$eesnu§%§e gﬁ%?é@ﬁﬁfﬁhﬁn B%I?Syﬁgenﬁilﬁé S‘E@Sﬂﬁ‘&c’s
131-133. ( Fifth nodified example FIG 23 . is a plan view showi ng a

waf er |eve?5)°&rﬁP‘p3’ elshyng %%%1%%9&81’(“{%6%&% S %JBEBF%EJE‘H%S ihh a fifth
nodi fi ed exanpl e, of the present  enbodi nent; a FIG, 24 is a cross
sectional view t Sk agf’%"g& If PRESIAS O 113¢ @D’@neﬁg.ﬂ%ﬁlaas@aw tishinge As

af orenent i o.ne%xv\L&S?P in which a Ellg’ural ity of channels 103 are forned in
paral | el WK &g adesmentienedn W LESEIsErWR 1% HIGSiclé- 1) itiis possible e fagm the on
substrate 10 1, the WC S P shown in FIGS. 23 and 24 are characterized
in that a PPlgr afl by ues ofimewsting machine withauipenforming efehing.dept h V and t he
same radius Y are formed in a matrix formwith the sane distance 's'

t her ebet wee n onTha ¥ Iga%kef e fdirmediSied example oan démonstiatacpmscibes effatte
101, wherein no hole is fornmed in a prescribed coner area 142, which is
t hus made sylistamtially identical po those abihe afdrementivned¥LESH of the hole 141
ranges from 20%to 50% the thickness t of the silicon substrate 10 1.
For exanpl e, whefih¢ steucsirhi fearrsofxhe VELESE,Gn Whidn@hslg iefoemed aPdie WS e
length is 5 mn and whose thickness t is 500 gm the depth d of the hole

141 rangescdrhemard®042 corresponding to one corner of the backside surface 101b of the silicon
substrate 101, makes it possible to discriminate the direction of the backside surface
101b by use of a semiconductor laser for detecting the location of the planar corner
area 142.

It is possible to further modify the WLCSP, in which a plurality of holes 141
each having the same radius are formed in a matrix form, in such a way that a plurality
of holes having different radiuses are formed in a matrix form.

In the above, identification information can be applied to the arrangement of
holes having different radiuses. That is, the identification information applied to the
WLCSP can be read by use of a semiconductor laser for detecting differences of
radiuses between holes.

(f) Sixth modified example

FIG. 25 is a plan view showing a wafer level chip size package (WLCSP) in

accordance with a sixth modified example of the present embodiment. Compared

with the WLCSP of the fifth modified example in which no hole is formed in the

planar corner area 142 corresponding to one corner of the backside surface 101b of the



~im to 250 ~Lrn, preferably, it is set into the range of 180 pin 30 ~
Lm The radius r ranges from200 ~tm to 300 pm preferably, it is set
into the range of 250 4m 25 ~Lm The di stance between the adjacent
hole s 141 range s from 100 ~ Lmto 2 Og ~lrn, preferably, it is set
into the range of 250 ~tm 25 Vin. Accordlng to the aforenentioned

di mensions set to the holes 14 1, it is possible to formfive to ten

hol es on t BRichbAGitsidR ﬁ}lr{lﬁ(WLé@Pjsthn Ilﬂ‘Ff(E'QSWﬁM@&&Meﬁ iRkhdt RGP

integrated circuits (and other conmponents such as sensors as necessary)
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conposed of the ive resin Thereafter, the backside surface
101 b of the sil Sﬁsféﬁséﬁfs%‘teeﬂww@%kﬂ ericnd ts m%ﬁ%ﬁlr%nré@%hﬁ\ﬁg or
ani sotropic etching so as to formthe holes 141. In the above,
possi bl e t6Sﬁ%téeawtbweno\fhl@:hWWrﬁua@awewé@n@s:mhgl1A@l mdnﬂlam,o t he
af orenmenti oned W.CSP shown in FIGS. 16-18, it is possible to formthe
hol es 141 Byd thedwolss 141 @re anpneprisaaiiforsncdi foh thetpupse of heatglissipatiomgn thkhe
WLCSP of the fifth nodified exanple can denonstrate prescribed effects
subst ant i abacksiddentfacsal 0lbwpphgitecodlic priescribed serfacet 1ned thy GiSFn sTibstrate
structural feature of the W.CSP, in which no hole is formed in the planar
corner ar eh0ll d4Pwhich iresgratedicirguitare ferneml NSuchh sirhgle baaktaredtanberappliel 101b
of the silicon

to any types of packages other than WLCSP, such as CSP and BGA (i.e., ball grid

array), and to any other type of semiconductor chip as well.
3. Third Embodiment

FIG. 26 is a side view showing a wafer level chip size package (WLCSP) that
is mounted on a printed-circuit board in accordance with a third embodiment of the
invention; FIG. 27 is a plan view showing a prescribed surface of the WLCSP; and FIG.
28 is a plan view showing a prescribed surface of the printed-circuit board.

A WLCSP 221 includes a silicon substrate (or a semiconductor substrate) 222
having a rectangular shape in plan view, in which integrated circuits (or electronic
circuits, not shown) are formed. Connection pins (serving as first terminals) 223,
which are composed of conductive materials such as copper (Cu) and aluminum (Al)
so as to establish electric connections with external devices, are arranged at selected
points of the grid on a prescribed surface 222a of the silicon substrate 222.
Non-connection pins (serving as second terminals) 224, which are not electrically

connected with external devices, are arranged at other selected positions of the grid not



substrate 101, nmakes it possible to discrimnate the direction of the
backsi de surface 101b by use of a sem conductor |aser for detecting the
| ocation of the planar corner area 142. It is possible to further nodify
the W.CSP, in which a plurality of holeﬁ 141 each having the sane radius
are formed in a matrix form in such a mgy that a plurality of holes
havi ng different radiuses are forned in a matrix form In the above,

i denti fi cabieMagpit b4iBBnLHNhE BoRRlibEPink 228 Nes AREANG! I es
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detecting differences I uses bet ween hol es.

exanp © Fl & bémded 3n B Alh-LbGCAGP MIGIR WRIRELEVSIy chip size package

(WL.CSP) in accordance w a six i fied éXxanpl'e of the present
enbodi nent. Conp | he WLCSP of the fifth nodified.exanple.in
which no hole i sﬂ' ggvnléeé\éf' zzt ﬂgtheﬁr?ﬁgtre lZﬂ"ﬁlantdF 5551@51 56181? fhag gﬁrﬂﬂlﬁ‘?&“t 0
one corner,of .t he bactksi de 1sar f a]ge. 101 b of the 47 siljcon substrate 101,
the wesp SRHRE fmierefsls applied 1o All pifisicnyths preseribadisirface Pidacvhemmoyed o
radius differs, framthe ra%iug OE the other holes 141 is formed in one
corner of OPiedheRRRHFIrcU, bpardeWhere the nopcorRgeHien Ring 234¢ Whick dpampt atThe
W.CSP of the sixth nodjfied exanpl e can denonstrate prescribed effects
subst ant i aplyelpigdp electic qopneqtivga with theprigledspewt beard, are prrangeddn kildigdon
exanpl e. As described above, the second enbodinent and its nodified
exanpl es hin/he canngchph pinsiZ2dcwhereby i inhesiblhtsl ¢stabdisk ax Appreptiste bekhaemel s
103, 111, 121, and 131-133, and the holes 141 are appropriately formed
for the purqeeshingtherhoadingiistengtyt inhectmc ¢dnmecties kvaitoessact fathe ovebllfarea
opposite to the prescribed surface 101 a of the silicon substrate

of the prescribed surface 222a.

In order to realize the substantially same magnetic force by the magnetic
materials 226, the non-connection pins 224 joining the magnetic materials 226 are
arranged at five positions, that is, four corners of the prescribed surface 222a and
approximately the center of the prescribed surface 222a.  That is, the magnetic
materials 226 are arranged symmetrical to each other with respect to the center axis of
the prescribed surface 222a.

A printed-circuit board (simply referred to as a board) 231 has a prescribed
surface 231a, which is arranged to directly face the prescribed surface 222a of the
WLCSP 221.  Herein, electrode patterns 232 are arranged at selected positions of the
prescribed surface 231a of the board 231 in correspondence with the connection pins
223 of the WLCSP 221, and magnetic materials 233 are arranged at other selected
positions of the prescribed surface 231a of the board 231 in correspondence with the
non-connection pins 224 of the WLCSP 221.

As the magnetic materials 226 and 233, it is possible to use one of

ferromagnetic materials and weak or soft magnetic materials.



101 in which integrated circuits are forned. Such a sinple structure can
be applied to any types of packages other than W.CSP, such as CSP and
BGA (i.e., ball grid array), and to any other type of sem conductor chip
as well. 3. Third Enbodinment FIG 26 is g si de view showi ng a wafer |evel
chip size package (W.CSP) that is mounf&d on a printed-circuit board in
accordance with a third enbodi nent of the invention; FIG 27 is a plan

view show ng 2 PAS D AU AGRIOk i BRrlabRy W80 d ilnendlickfadddl 20

vi ew showi ng a prescri surface o printed-circu oar
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copper (Cuﬁ z%md a#u i.num (Al) .- so as t tabl i sh e{ ectric, connections

wi th ext or Pl FURRGTERAS 1yss aallaR semparedal twe s moty slepealsselected M d on a

prescri bed surface 222a of the silicon substrate 222. Non-connecti on
pi ns (serviRgi& esl’é%“&ﬁge‘f%[fs%eﬁtéi s) 224, which are not electrically
connected with external devices, are arranged at other selected positions
of the grid not 48Ws¢kmagpelicigaieralspibss prefmabloto wsedrandfabsobanirpa ns 223.
Sol der balls 225 are affixed onto the connection pins 223. Mgnetic

mat eri al s &zeCeaboyhnigkelgran (@ied¥i-dlioxd avd apjisoniironiiberde allayit for ekample.

non- connection pins 224 via adhesives 227. The WL.CSP 221 of the present
enbodi ment i s deds gasuiaduion theralder bellu?? T, drisprdfenablierig usenéraectictspldes
applied to all pins on the prescribed surface 222a when nounted onto the
pri nt ed- ci canpdsed ofSal of 6B erceghn petzentrumd-RbosfidFowtight prircemt, 33Wer whhpdsed @f not
at all relate to electric connections with the printed circuit board,
are arrangsdof 60 adibht perdenttadd PhefRIONREgliti pefcept, high idmhperit@e 8bet t 1S

possi ble to establish an appropriate bal ance

composed of Pb of 95 weight percent and Sn of 5 weight percent, and high

temperature solder composed of Sn of 95 weight percent and Sb of 5 weight percent,
for example. Other than the aforementioned solder materials, it is possible to use
Pb-free solders mainly composed of Ag, Sb, and In.

Thus, magnetic forces are applied between the WLCSP 221 and the board 231
so that the magnetic materials 226, which are arranged at five positions corresponding
to four comers and the center of the prescribed surface 222a, attract the magnetic
materials 233, which are arranged on the prescribed surface 231a in correspondence
with the magnetic materials 226, whereby it is possible to fix the WLCSP 221 onto the
prescribed surface 231a of the board 231 with prescribed positioning.

Next, the method how to precisely mount the WLCSP 221 onto the board 231
will be described.

First, the solder balls 225 are arranged on the connection pins 223 of the
WLCSP 221 respectively and are then subjected to heating, so that the solder balls 225

are fixedly adhered to the connection pins 223 respectively. In addition, the magnetic



regarding the bonding intensity in electric connections with respect to
the overall area of the prescribed surface 222a. In order to realize the
substantially sane magnetic force by the magnetic naterials 226, the
non- connection pins 224 joining the nagngtic materials 226 are arranged
at five positions, that is, four cornerslof the prescri bed surface 222a
and approximately the center of the prescribed surface 222a. That is, )
t he magnet i i . mretrical to e other wt
res pec%J tolrrfdrt%mége%{deak 2& éab‘%if?%hgar]g@grtﬁ%%%'g% gtéoen &‘Eﬁg.ﬂ])&‘a thé
printed-cig f%h,gaagd (sinply referred to as a board) 231 has a
prescri bed Surtace’ 231 a, which is arranged to directly fgce t he 230
rescri bed surfa 222a of the CSP 221. Herein,. electrode patterns )
gr e arranged at i-g? 8@? ‘Ef?ep‘?f’ﬁefl?s 25§ atrgpged gf éé%‘?t?cb%ﬁlté‘lﬂsfo&d@e E@iefﬁbe@f
the board 231 i orrespondence with the connection pins 223 of the
W.CSP 221: 8 %@e%égﬂéfﬁ'@%?éfdeﬁ1&P§°2"§§’°&ﬁ@°&r‘1"§h@é&°ﬁ@°°@?ﬁé‘#nss?@ﬁélftﬂéfd
positions of the prescribed surface 231la of the board 231 in
corres pondéwe‘éSBv?Eh t Hee magnetigamedals 890 prermsrangerl gothdrselprtedposifions ¢ t he
magnetic materials 226 and 233, it is possible to use one of
f er r omagnethecreseribed sirfacg?d 1o hthedoasbid] inmgrespondemseavithaths. 49 As
ferromagnetic materials, it is preferable to use one el enent sel ected
from anongoprewseciioeding28dehtle WLEBPaR 1i r fvhanrather thehedgneiCmpateriaisckel
(Ni), gadolinium (&), terbium (Tb), dysprosium (Dy), holm um (Ho),
er bi um ( Er 226 antie magnetienm@ainials 236rare tompoged @f G¢redrhapnktic umesrhls, ik oy
conposed of two or nore elenents selected from anong the prescribed
el ements. Asnesedkry@GPELy wagirtie febdsSrom the etdi@f eMalhotiPofihe ndpasid Fe) ,

cobalt iron (Fe-Co alloy), nickel iron (Fe-Ni alloy), and silicon iron
(Fe-Si al | pjerialso26ea0dRE Magnetic materials 233 are composed of weak magnetic
materials, it is necessary to magnetize either the magnetic materials 226 or the
magnetic materials 233.
Next, the WLCSP 221 is arranged above the board 231 in such a way that the
prescribed surface 222a directly faces the prescribed surface 231a. When the
WLCSP 221 is brought into close contact with the board 231, the magnetic materials
226 and the magnetic materials 233 mutually attract each other due to magnetic forces
thereof, so that the magnetic materials 226 come in close contact with the magnetic
materials 233, whereby the magnetic materials 226 and the magnetic materials 233 are
tixed together in positioning.
The aforementioned assembly constituted by the WLCSP 221 and the board
231 is put into a solder reflow furnace or a heat treatment furnace, in which it is heated
at a prescribed temperature for a prescribed time, so that the solder balls 225 are
melted so as to establish electric connections between the connection pins 223 and the

clectrode patterns 232. During the heating and melting, the magnetic materials 226

and the magnetic materials 233 are fixed together in positioning due to magnetic



As materials for the solder balls 225, it is preferable to use eutectic

sol der conposed of Sn of 63 wei ght percent and Pb of 37 weight percent,

sol der composed of Sn of 60 wei ght percent and Pb of 40 wei ght percent,
hi gh tenperature sol der conposed of Pb.of 95 wei ght percent and Sn of 5
wei ght percent, and hi gh tenperature soﬁger conposed of Sn of 95 wei ght

percent and Sb of 5 weight percent, for exanple. OQher than the

af or enent i @506k heledpheAR, %@%ﬁﬁ?nnéhk%bﬁiepeaﬁi Plseyd RiehSg it Rt g8 %ﬁtger S
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and the ceg%g_r of the prescribed surface 222a, attract the magnetic

materi al s whi ch are arranged on the prescribed surface 231 a in
correspondence 1th the netic nmaterja 226, re it Js, possible
to fix the \/\LCSsz'%'E afifpegiined Sﬁﬁ%tlflfei @@B‘!eaﬁ? ﬁ%?c‘éf\ﬁg'%f Qgﬁﬁdtt beRd PaL231
wi th prescribed positioning.. Next, the. nethod to precisely nount the
VeGSR 251 B e 8spii e S, e imagB i Bl alscE o sis Rt goia Sher | bal | <
225 are arranged on the ﬁgnnection pins 223 of the WCSP 221
respect i vePYP-EPRICEHAN PIRS 424 oBjthscnresrribed sudage g 2a €6 thetWL GSRS2d oanikthe bal | s
225 are fixedly adhered to the connection pins 223 respectively. In
addi tion, PRENSHEGREETIRIS 33 A asranged atselecipdaosisiope on thegpryscaibed strdateont o
the non-connection pins 224 via the adhesives 227. The el ectrode
patterns 22Yagfdhepeardddd imeorsaspendeade pitbithd norscamettien pine824,isbehht the
surface 231 a of the board 231 in correspondence with the connection pins
223 of t hemagysosmnagnals 2he ofithgELCSPRAM dixedlygoid3Be aragnetic magadisaB3@fher
sel ected positions on the prescribed surface 231 a of the board 231 in
cor r espondmdeand 231 inlpesitioning due to magnetic forces. Hence, it is possible to easily

establish fixed positioning between the WLCSP 221 and the board 231.  Compared

with the conventional method in which packages join boards by use of sockets, the

present embodiment is advantageous in that the WLCSP 221 can be easily attach to

and detach from the board 231.

As described above, the magnetic materials 226 and 233 have positioning
functions; therefore, it is possible to easily establish positioning and fixation between
the WLCSP 221 and the board 231 by use of the magnetic materials 226 and 233.
This eliminates the necessity of adjusting positioning between the WLCSP 221 and the
board 231.

The present embodiment can be modified in a variety of ways, which will be
described below.

(a) First modified example

FIG. 29 15 a side view showing a wafer level chip size package (WLCSP) that

is attached onto a printed-circuit board in accordance with a first modified example of

the present embodiment; and FIG. 30 is a plan view showing a prescribed surface of



non- connection pins 224 of the W.CSP 221. \Wen either the nmagnetic
materials 226 or the nagnetic materials 233 are conposed of ferromagnetic
materials, it is unnecessary to apply magnetic fields fromthe exterior.
When both of the magnetic materials 223 and t he magnetic materials 233
are conposed of weak magnetic materi al 2 IS necessary to magnetize

ei ther the magnetic materials 226 or the nagnetic materials 233. hbxt,

the W.CSP fedbirdl

prescribed s I?aec(gE ZZEE%I?%HE%HP&@)%:% azér}'seésfg)f:l %ﬁ%‘a \rﬁgc a When
the W.CSP t l.0s cont t wth t
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moral's, $80 ‘%HH 1 B 008 e fited o et Raptalovio! Pebdienbimensts,
whereby th terlals 226 and t etlc terials 233 are
fixed toge?ﬁga ﬁ&’sﬁ f%ﬁhﬁé"ag?ﬁ‘éc E‘PW@EI?T#H"&H %P"}m@d}ﬁ'éﬁcrlbﬁﬁ ed by
the WL.CSP 22 r}g the board 231 is put into a solder reflow furnace or a
heat treat A¥fcSitlface, in which it is heated at a prescribed
tenperature for a prescribed tinme, so that the solder balls 225 are

mel ted so as to 4Bt REMayANtanagnets 242cn ATargedrs five paritions drerespomiag foon
pins 223 and the electrode patterns 232. During the heating and nelting,
t he magnet faireamers andghe penterofdhe preserihpdetifaca?d lardfahesbRB3 24t ewlidreiad
together in positioning due to magnetic 51 forces thereof; hence, even
when the sticgtattrashtiesn@Btiamaterild 226 atidchédstorthé pleiséritbed sﬁlﬁate 23masdftthonal

devi ati ons occur between the connection pins 223 and the el ectrode
patterns 3E2CSP D21,ke tladt cicomagidtienesesils 026 vorte atapishntt W@ thW\L.CSP 221

and the board 23 1, which are assenbl ed together, the nmagnetic materials
226 r especperpingnt Baghetd T2 so as to establish fixed positioning therebetween.

The method how to precisely mount the WLCSP 221 onto the board 241 is
identical to the aforementioned method that is described in conjunction with the
present embodiment.

The first modified example can demonstrate prescribed effects and operations
identical to those of the present embodiment.

Since the permanent magnets 242 are substituted for the magnetic materials
233, it is unnecessary to magnetize the board 241 in an external magnetic field.

(b) Second modified example

FIG. 31 is a side view showing a wafer level chip size package (WLCSP) that
is attached onto a printed-circuit board in accordance with a second modified example
of the present embodiment. Compared with the WLCSP 221 shown in FIG 26 in
which the magnetic materials 226 join only the non-connection pins 224 via the
adhesives 227, a WLCSP 251 shown in FIG. 31 is characterized in that solder balls 252

are attached onto all of the connection pins 223 and the non-connection pins 224,

wherein each of the solder balls 252 is formed as a complex member in which



non- connection pins 224 on the prescribed surface 222a of the W.CSP 22 1,
and the magnetic materials 233 are arranged at sel ected positions on the
prescri bed surface 23 1 a of the board 231 in correspondence with the
non- connection pins 224, so that the magnetic materials 226 of the WCSP
221 fixedly join the nagnetic material s?233 of the board 231 in
positioning due to nagnetic forces. Hence, it is possible to easily

establish f] . i ti.oni.ng between the W.CSP 22 nd the board 23 1.
Conpar ed \%Mﬁf{éﬁafﬁg&é%éﬁ%%?ﬁ%ﬁ%‘%l\ﬁﬁﬁ ﬁ%geri(ﬂr %?‘E‘ﬁ“c%’égkages join boards by
use of sockets, e resen nbodi pent i s advant ageo i.n that the W.CSP
221 can be easi | ﬁgf?lﬁﬁﬁbaﬁlﬁasgﬁﬁe ?Péggﬁ’ﬂlpf)?@rﬁ tCH@Pg“g‘aﬁo &g whichs descri bed
above, thefma neti g mat&ri.al s 226, and %33 have, pgsitioning functions;

t her ef or e, [§TTOMABNGHE RPWPE if dispersrd it sqlden | <1 the faromasnec powder; ik i i on
between the W.CSP 221 and the board 231 by use of the nmagnetic materials
226 and 23Brefamble te psgonesglegentseleqted Srom ayiong preasrikndi ademends suchaaiireg

bet ween the W.CSP 221 and the board 23 1. The present enbodi ment can be
nodi fi ed i fFed: sebaltéEy), aickab(Ny). gadpliniumi (Gd)HerbidreEb), desbrbgsimDyj.a) Fi r st
modi fied exanple FIG 29 is a side view showing a wafer |evel chip size
package (\cigrym: (i, erbiwmatbracnd dndivno (Bmpror itie greferablgitd ukoar alldyn
accordance with a first nodified exanple of the present enbodi nment; and

FI G 30 i scempédsad of heovosinovd elgmantsrselected fioth snohgte ppéschBed Elements.
printed-circuit board, which directly faces a prescribed surface of the

W.CSP.  Coffhafetbmignbtic pewdads dispaked bitdglidreorpobal bISAEt 6 waieht 233
shown in FIG 28, a board 241 shown in FIG 30 is characterizeg in that a

Prla ;J; ?: |a It 381 g%-gﬁg?g&g?gif étrr%%g?eﬁ?g sgrd@r &3Rdsed Bt SH of 80 Welltht PRIRRTN
prescri bed
Pb of 40 weight percent, solder composed of Sn of 50 weight percent and Pb of 50
weight percent, solder composed of Pb of 95 weight percent and Sn of 5 weight
percent, and solder composed of Sn of 95 weight percent and Sb of 5 weight percent,
for example.

It is preferable that the content of the ferromagnetic powder ranges from 10
weight percent to 50 weight percent within the total weight of the complex solder;
more preferably, it is set to 35 weight percent.

When the content of the ferromagnetic powder is less than 10 weight percent,
the magnetic force should be reduced so much so that the WLCSP 251 may be difficult
to be fixed to the board 231.  When the content of the ferromagnetic powder exceeds
50 weight percent, it becomes likely that the solder is degraded in adhesion, melting
ability, and strength.

Instead of the ferromagnetic powder, it is possible to use weak magnetic
powder, which is composed of iron (Fe), cobalt iron (Fe-Co alloy), nickel iron (Fe-Ni

alloy), and silicon iron (Fe-Si alloy), for example.

The second modified example can demonstrate prescribed effects and



surface 241 a. The permanent magnets 242 are arranged at five positions
corresponding to four corners and the center of the prescribed surface
241 a of the board 241, wherein they attract the magnetic materials 226
attached to the prescribed surface 222a of the WCSP 221, so that the
magnetic materials 226 cone in close coAtact with the permanent nagnets
242 so as to establish fixed positioning therebetween. The nethod how to

precisely nt the W 21 o_the board. 241 is identical to the

af or enent i gﬁeaﬁ(ﬁ%stlﬁ%%w%ﬁgttﬁ?%e @@%Pﬁesf‘éﬁe Oglé?ﬁ“&ncti on with the present
enbodi ment. The first, nodified. ex I an d nstrate prescribed effects
and operations PHShEfESAMRlEX f‘ﬂ%’srgggF Séﬁéﬂ’bﬁﬁggﬁ{e CORBRFAIORPIS, 223 anddhe he
permanent magnets 242 are _substituted for the magnetic materials 233, it
i's unnecesg%'gyowcw%ﬁ@ﬁiz% the seqesd mpdified ¢xample eant bsrncalizeddyrretimple i el d.
(b) Second nodified exanple FIG 31 is a side view showing a wafer |eve
chip size PR kIFEaRINEIhg cemplex spldenballs @58 @ndhe prescrfhedsufdeac?auiftthdoar d
in accordance with a second nodified exanple of the present enbodi nent.
Conpar ed WWIHC3]2S W (Bps eliminates\arstémfoF aBaRging the mégnetic imuterimbg?4 drto
materials 226 join only the non-connection pins 224 via the adhesives
227, a W.OSR peéstribédbsurface 28150f the bosrdA3dr duk gt iszedsible tb heducs dheder bal | s
252 are attached onto all of the connection pins 223 and the

non- connecmanufapturiag pestess. wher ei n each of the solder balls 252 is forned
as a conpl ex nenber in which 53 magnetic powder is dispersed into a

sol der (or gcrORiddisiodified ckampiol der balls 252 are each conposed of

conpl ex solder in which ferromagnetic powder is dispersed into sol der.

As the ferronmagnelq. 32 RO¥EREs sdctiohdl view a solder ball used in a wafer level chip size
package (WLCSP) in accordance with a third modified example of the present
embodiment. Compared with the complex solder ball 252 shown in FIG. 31 in which
magnetic powder is dispersed into solder, a solder ball 261 shown in FIG. 32 has a
two-layered structure in which a spherical magnetic member 262 is encompassed by a
solder layer (or a conductive layer) 263.

As the magnetic member 262, it is preferable to use ferromagnetic powder
composed of one element selected from among prescribed elements such as iron (Fe),
cobalt (Co), nickel (Ni), gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium
(Ho), erbium (Er), and thulium (Tm}); or it is preferable to use an alloy composed of
two or more elements selected from among the prescribed elements.  As the solder
layer 163, it is preferable to use solder composed of Sn of 63 weight percent and Pb of
37 weight percent, solder composed of Sn of 60 weight percent and Pb of 40 weight
percent, solder composed of Sn of 50 weight percent and Pb of 50 weight percent,
solder composed of Pb of 95 weight percent and Sn of 5 weight percent, and solder

composed of Sn of 95 weight percent and Sb of 5 weight percent, for example.

The size and shape of the solder ball 261 are appropriately determined to suit



preferable to use one el enent selected from anong prescribed el enents
such as iron (Fe), cobalt (Co), nickel (N), gadolinium(Gd), terbium
(Tb), dysprosium (Dy), holmum (Ho), erbium (Er), and thulium (Tm; or

it is preferable to use an alloy conposed of two or nore el enents

sel ected from anong the prescribed el em®dts. The ferromagnetic powder is
di spersed into sol der conposed of Sn of 63 weight percent and Pb of 37
wei ght percent, sol der, ¢ 0S of Sn of 60 wei ght percent and Pb of 40
wei gnt per S8t ponnEarching SAGEE e Son-SAntian P gt SHORIBRY S8 8t P of | 50
wei ght percent ol der conposed of Pb of 95 weight percent and Sri of 5
wei ght pelsB‘é‘hﬁ‘fﬁlé(rggteé’@Fflfé{rméW- ofn ths case afghqsolden baedtddwvingral Shb of
5 wei ght percent for exanple, It is preferable that the content of the
f er r omagnespherisalghepe anshosa indde 33 thediamster o theanagnetic BEmbst 362 ravges ent
within the total weight of the conplex solder; nore preferably, it is
set to 35 Wenyhl ppetec¥ftum;\andrihe thickness afithe efldetaydr@68 oammgs étonc 7P ourter | s
| ess than 10 wei ght percent, the magnetic force should be reduced so
much so thdf0uhme W.CSP 251 may be difficult to be fixed to the board
231. \Wen the content of the ferromagnetic powder exceeds 50 weight
percent, it becoiths ptaférebly coheht dfithe aeigtetic pevadgr addd thdmagheisintdmber
nmelting ability, and strength. Instead of the ferromagnetic powder, it

i s possi bl 262 evithrethesakdenBIN2A 1 i§ sipdaS the ¥biepkbntisnsPeRASRArRfe i ron (Fe),
cobalt iron (Fe-Co alloy), nickel iron (Fe-Ni alloy), and silicon iron
(Fe-Si al |l @pomdetieyewidre. The second nodified exanple can denonstrate
prescri bed effects and 54 operations identical to those of the present

embodi ment . Si ncghé frdABRIERY c2Bh IR caR@bindndRte prRbNiRM lerilis LAG LFRRRGK! T ON
pins 223 and the
identical to those of the present embodiment.
(d) Fourth modified example
FIG. 33 is a side view showing a wafer level chip size package (WLCSP) that
is attached onto a board; and FIG. 34 is a plan view showing a prescribed surface of
the WLCSP. Compared with the present embodiment shown in FIG. 26 in which the
WLCSP 221 is mounted on the board 231, the fourth modified example is
characterized in that a WLCSP 272 corresponding to the WLCSP 221 equipped with a
giant mggnetoresistive element (i.e., a GMR element for detecting physical quantity)
271 is mounted on the board 231.
As shown in FIG. 34, a plurality of non-connection balls 273 composed of
weak magnetic materials are regularly arranged on the prescribed surface 222a of the
WLCSP 221 except at a prescribed area, which is vertically opposite to the position of
GMR element 271 through the thickness of the WLCSP 221. This increases the
sensitivity of the GMR element 271 in response to an external magnetic field.
It is possible to replace the GMR element 271 with other components such as

hall-effect transducers, tunnel magnetoresistive elements (i.e., TMR elements),



non=connection pins 224, the second nodified exanple can be realized by a
sinple step for arranging the conplex solder balls 252 on the prescribed
surface 222a of the W.CSP 251. This elimnates a step for arranging the
magnetic materials 226 onto the prescribed surface 231 a of the board
231; thus, it is possible to reduce the3fmnufacturing process. (c¢) Third
nodi fi ed exanple FIG 32 is a cross sectional view a solder ball used in a

waf er | evel i.p_.Size kage (W.CSP) in.accordance with a third

ot 1 e PSS b, aRE SR Frbrean e SodNBHRE Hiohe L SBRR] ex
sol der ball 25? shogn in FIG 31 in which magnetic powder is dispersed
into sol def® 2&BIYLRNg9YFly dsteet Rinysiga! dvantities suph a5 hall gffeetoomagnetie &iglds,
structure in which a spherical magnetic nmenber 262 is enconpassed by a
sol der | ay 8FSPYE: adlemaeiatirge | ayer) 263. As the magnetic nenber 262, it
is preferable to_use ferromagneti c powder conposed of one el enent

sel ected from anBAGEkMMEEe whsad hl transduberder a THR eRajent) thathal t  ( Co) ,
nickel (Ni), gadolinium (Gd), terbium (Th), dysprosium (Dy), holm um
(Ho), er bi seAs(te)to magdetisnuin aimertitaldireotion is substputed dsraht GMR elisgenan7a)l | oy
conposed of two or nore elenents selected fromanong the prescribed

el enent's. Asnayhlee savkstary tol aampe 4 G8n-cohndctiop bell 273 bh the srestsBes St
conposed of Sn of 63 weight percent and Pb of 37 weight percent, solder

conposed oR22ZrataGheseeibed pogitss; evtiiclaizdreRicalll, of@oéi\&itg e pdRATmEStithe SO! der
conposed of Sn of 50 wei ght percent and Pb of 50 wei ght percent, solder

conposed ohalRbffedt tnsdrtOive TMER CRMten® trobi3h Fhe BicMaEST tREWGRNP 2 AN
sol der conposed of Sn of 95 wei ght percent and Sb of 5 wei ght percent,

o ool Termianians haanict A st MR AL 2
pins 224, fRghdRtplil @¥mBbsdYipermalloy (i.c., iron-nickel alloy) onto the prescribed
surface 222a of the WLCSP 221.
The fourth modified example can demonstrate prescribed effects and
operations identical to those of the present embodiment.
Since the WLCSP 272 corresponding to the WLCSP 221 equipped with the
GMR element 271 is mounted on the board 231, it is possible to realize a sophisticated
device having both the functions of the WLCSP 221 and the GMR element 271, which
can be integrated together.
As described above, the present embodiment and its modified examples have
a simple structure in which the magnetic materials 226 join the non-connection pins
224 that are arranged at selected positions of the grid on the prescribed surface 222a of
the silicon substrate 222 on which integrated circuits are formed. Such a simple
structure can be applied to any types of packages other than WLCSP, such as CSP and
BGA, and to any types of semiconductor chips as well.

4. Fourth Embodiment

FIG. 37 is a perspective view showing the exterior appearance of a wafer level



specifically determned in dinmensions. In the case of the solder ball 261
havi ng a spherical shape as shown in FIG 32, the dianeter of the
magneti ¢ nenber 262 ranges from50 ~Lrn to 300 ~ Lrn; and the

thi ckness of the solder layer 263 ranges from70 pmto 200 ~im The
preferabl e content of the magnetic powed7for use in the magnetic nenber
262 within the solder ball 261 is simlar to the aforenenti oned content

of the ferfomagnetijc The third mpdi fied exanpl e can denonstrate
prescri bed “8¥% %%a"k?&fp@*ég%ﬁ %coﬁg@é‘iﬁ‘f“’é}éf‘ fquth ¢1p) lﬁznﬁﬁéhi)ﬂ’éfﬁ'étﬁﬁna
enbodi ment. (d). Fourth nodifjed exanple FIG 33 is a side view show ng a
waf er | eveIWl'gFf%’br FEBCHBURE 3](1\/&@@%%3? Ratlicop subgtuatecies a semicondudieorar d:  and
FIG 34 is a plan view showing a prescribed surface of the WCSP .
Conpar ed V\AS‘?‘PFW&F?@ hayiag érTFCté‘PBi’ngi shapr inghgwnewninfyvigeh dgegratedivirchitt e W.CSP
221 is nounted on the board 23 1, the fourth nodified exanple is

char act er i giEgtrpmiccitgritsa novghosm) arXoooed; asformde ngmenls 3 dadlsask @aal

equi pped with a giant nmagnetoresistive elenment (i.e., a GWRR el enent
for detect pads hpivyng kemisphesicli shupes i8 Zioss seatiountvhithare tdvd fboestablidBing. As
shown in FICGE 34, a plurality of non-connection balls 273 conposed of
vweak nmagnetomentiony with sxtarmal degedsaint wich e gedngsd fnhike pargsierdl nd ofur f ace
222a of the W.CSP 221 except at a prescribed area, ich is vertically

opposi t e t prestrébgdasitfateoB! [afof kdMBRlicel Qbemite 371 rehiaies hubddeal 3B ekaigsscof
the W.CSP 22 1. This increases the sensitivity of the G elenent 271 in

Exponse | SrayRd R st maseng bnisil it f gy e LT,
tunnel  MagRetBedsiahid A iR Tofnéd ofa backbMB s8lEEESpokite RPthe prescribed
surface 311a by sandblasting; reference numerals 314 designate planar surface areas,
which are not subjected to surface roughness on the backside surface other than the
rough surface area 313 and which are therefore secured in the original planarity of the
silicon substrate 311.
The planar surface areas 314 designate two characters 314a and 314b
(representing ‘A’ and ‘B’), which form an identification mark (or an identifier) 315 for
the WLCSP.
It is preferable that the surface roughness degree Ra adapted to the rough
surface area 313 ranges from 10 pm to 100 um; and more preferably, it ranges from 10
pm to 50 um; and further preferably, it is set to 20 um. It is preferable that the
surface roughness Ra adapted to the planar surface areas 314 ranges from 0.05 pm to 5
pm; and more preferably, it ranges from 1 um to 3 um; and further preferably, it is set
to 2 um.
As shown in FIG. 38, when light L is incident on the backside surface of the

WLCSP, irregular reflection of light occurs on the rough surface area 313, while

regular reflection of light occurs on the planar surface areas 314 (on which light is



pressure sensors, and tenperature sensors, which are integrated into the
WLCSP 221 so as to simultaneously detect physical quantities such as
hal | effects, magnetic fields, pressure, and tenperature. For exanple,
when a hall-effect transducer (or a TVR elenment) that is sensitive to
magnetismin a vertical direction is suB$tituted for the GWR el enent 271,
it may be necessary to arrange a non-connection ball 273 on the

prescri bed ace  222a.at a pr 1 bed sition, whjch is vertically
opposi te t(gé’?%gedglgsai ﬁl?%ﬁdg?dﬂqg eﬁg‘fs Cases g@)[ss tflﬁf%ﬁ%l}fﬁ%éﬁ‘t‘”@%‘? thewpugl enent )

t hrough the thickness of the W.CSP_221. In addition, it is possible to
further i nﬁp{;%(if azieasiﬁss%hﬁﬁﬁnﬂ sprfage st Pl hg Inchelessetifferepsescan bonposed
of permal Icgé.éi e, | r&n- ni ckel alloy) onto the prescribed surface 222a
of the W.CYB1BI3ecogrized by himapsyes andgnakeafprwsitle forddimsran apstatoroessity bed
effects and, qgperations identical to those of the present enbodi nent.

Si nce the Viscaminatobetwieer fisorugingurfase arra ABESP thoplangrsupbedareat H4 he GWR
el ement 271 is nounted on the board 231, it is possible to realize a
sophi st i catl@grefereyit isepdssiblenfgr bamhn operaton i visibhsreobgribethli@SRifRadomnd t he
GW\R el enent 271, which can be integrated together. As described above,

t he presenmagkBblconsmting o thet charmtir b bth andaitgbeecalizad by tig Slafgdlsarfaéd uct ur e
in which the magnetic materials 226 join the non-connection pins 224
that are anreasndbtlwith ecasd.ected positions of the grid on the prescribed
surface 222a of the silicon substrate 222 on which integrated circuits

are formed. SuchNexs bR fackiriiiGheth6d ERhOWRODP bEGe (pPes@ierh B eRiwill
packages ot her than WLCSP, such as CSP and BGA, andtp?t::oS aney typees ov}n

e Cor oo S SRCHR a RM MERSROATR S ) g e g

As shown in FIG. 39A, there is provided a silicon substrate 311 having a
plurality of metal pads 312 on a prescribed surface 311a thereof. In accordance with
the spin-coat method, photosensitive materials (which differ from materials used for
the formation of the silicon substrate 311) having high sandblasting resistance such as
photosensitive polyimide resin, polyurethane resin, acrylic resin, and photosensitive
SOG (Silicon On Glass) are applied to a backside surface 311b of the silicon substrate
311, which is then dried so as to form a mask layer (or a photosensitive layer) 321.

As shown in FIG. 39B, a mask 323 having openings 322 realizing an
identification mark is arranged on the mask layer 321, which is then subjected to
exposure and development, whereby prescribed portions of the mask layer 321 are
selectively left while other portions are removed. Thus, it is possible to form mask
layers 321a corresponding to the identification mark.

As shown in FIG. 39C, the backside surface 311b of the silicon substrate 311
is subjected to rough surface treatment according to sandblasting by way of the mask
layers 321a. Specifically, inorganic particulates 324 such as silicon oxide particulates

and soda-glass particulates are sprayed onto the mask layer 321a and the exposed



57 chip size package ( WL.CSP) in accordance with a fourth enbodi nent of
the invention, wherein reference nuneral 311 designates a silicon
substrate (or a sem conductor substrate) having a rectangul ar shape in
plan view, in which integrated circuits %or el ectronic circuits, not
shown) are formed; reference nunerals 3P designate netal pads having
hem spheri cal shapes in cross section, which are used for establishing

tion i : ' L: re;arranged in th
ber i pher al Parisn SFHAASLRAE KRS 1B UL R 1 b AR B st s s o
311; refer |, 3 signates.__..a rou sur.face ar.ea whose degree
of surface%ﬁé%ﬁ%ﬁaﬁ%@ﬁ@g& B¢ PyRgyla ng‘i}é‘%g}ai B@&C@%ﬂ%f'&?ﬁ c&/ni cr111
is forned acksi de rface opposite to the prescribe surface 3
;s by sandbl es?%"%é‘;%e P@%@?ﬂ&é%ﬂgﬁ% %feél"iﬁafaﬁgi tjﬁﬁff e <RAzEd Pé)t‘j‘ilifbié’g the

., which are npt jected to syrface roughness on the backside
2{1?? Zc e ot Itl?@{’ksf#aﬁﬁml%ﬁ%i HBJ It}i‘a'é'ﬂg ﬁ@l‘ﬂ’la&ﬁ@& IeSSEANGR AT fASHN Sﬁ?d@l%SWérl%ﬁ:b? e
ecured in.the qgriginal planarity of the silicon substrate 311. The
;I anar sur fi2Rr8aHs Bg@cg]f@géééiS%&%‘éﬂ‘an@Hﬁlaa?c&Oéghﬁ@Ma and 314b
(representing "Mand 'B"), which forman identification mark (or an
identifier) 3 15A8dresylhshayxpgred partiprs qfith¢ backside sutfate 1Hb issutfeta to
roughness degree Ra adapted to the rough surface area 313 ranges from 10
Am to 100 Agrdblastinghes tormingrthe rqughisurfacnares 313 eilmgOsurfaoe taughfesdRa and

further preferably, it is set to 20 Am It is preferable that the

surface rowyigeesonRA0 poelpt1l tne. t Tke prlesoritted portfone of teaRskAdd surbRga83 16 r om
0.05 Amto 5 Am and nore preferably, it ranges froml Amto 3 Am and

further preberebivith the mask lngérs 32da Zre-rotsubhecteh@vvanilbladting, th38 formligR e ght
L is incident on the backside surface of the WOCSP , irregular
refl ecti onphinal sughice afayB B4 afiodd Wurfa0! Buphitksh RaGads@drodd 8,05 t&10 um.
As shown in FIG. 39D, the mask layers 321a are separated off from the
backside surface 313, so that the planar surface areas 314 are exposed.
As described above, the rough surface area 313 and the planar surface areas
314 are formed on the backside surface 311b of the silicon substrate 311. By shaping
the planar surface areas 314 to form the aforementioned characters 314a and 314b, it is
possible to realize the identification mark 315 consisting of the characters 314a and
314b.
According to the WLCSP of the present embodiment, the rough surface area
313, which is subjected to sandblasting, and the planar surface areas 314 are formed on
the backside surface 311b opposite to the prescribed surface 311a of the silicon
substrate 311, wherein the planar surface areas 314 are shaped to form the
identification mark 315 consisting of the characters 314a and 314b. Due to
differences of surface roughness, it is possible for a human operator to visually
recognize the identification mark 315 with ease. This eliminates difficulty and error

regarding recognition of the identification mark 315.



regul ar reflection of Iight occurs on the planar surface areas 314 (on
which light is 58 reflected in a single direction). This causes gl oss

di fferences between the rough surface area 313 and the planar surface
areas 314. Such gloss differences can be_ visibly recognized by hunman

eyes and nmeke it possible for a human oggrator to easily discrimnate
bet ween the rough surface area 313 and the planar surface areas 314.

dent 1 11 cation  Fack reenBol e AR RRls dfa | Sl S Ero AR SRnA®
ranut act ur U1 PO e PAtiE Grels™ Gy hoBTR Binnt hefora pytacse
area 315, SR URHERPh b ta RO LSyt Bt BBoRmubprieal 1 tbhince 311
thereor | Hdmpilen P iiion SRt hod, phot osensi L1 ve.
2 0 L R Dkl o

phot osensi tive polyimde resin, polyurethane resin, acrylic resin, and
phot osensi fyrfase raxghness, whidhcagbemasibsiecogrizedom husan eyea. bhcadsiitim, she f ace
311b of the silicon substrate 311, which is then dried so as to forma
mask | ayer presentgmbiedingers dees hatalegrye the Satcondsctohelemenninfir@Ger3d Beale mask
323 havi ng openings 322 realizing an identification mark is arranged on
t he mask | alestifi@ibp. which is then subjected to exposure and devel opnent,
wher eby prescribed portions of the nask |layer 321 are selectively |left
whi | e ot her por t Aocredimgao tienmumdactifing methodi of tIROBIIAREoft the briseatmask

| ayers 321a corresponding to the identification mark. As shown in FIG

39C, the baaksdifens uid mask Bidr 32 1df férhiRdvnl the backside stiFfadess 1I3bbf theSsilicon
subj ected to rough surface treatnent according to sandbl asting by way of
the mask substrate 311 and is then subjected to exposure and development so as to form the
mask layers 321a, by which the backside surface 311b is subjected to surface
roughness treatment and which are then separated off from the backside surface 311b.
Thus, it is possible to easily form the rough surface area 313 and the planar surface
areas 314 on the backside surface 311b of the silicon substrate 311 by use of a simple
machine.
The present embodiment can be modified in a variety of ways, which will be
described below.
FIG. 40 is a perspective view showing a WLCSP in accordance with a
modified example of the present embodiment. Compared with the WLCSP shown in
FIGS. 37 and 38 in which the mask layers 321a are separated off from the backside
surface 311b of the silicon substrate 311, the WLCSP shown in FIG. 40 is
characterized in that mask layers (or photosensitive layers) 331 composed of

photosensitive materials (which differ from materials used for the formation of the

silicon substrate 311) having high sandblasting resistance and thermal conductivity



| ayers 321 a. Specifically, inorganic particulates 324 such as silicon
oxi de particulates and soda-glass particulates are sprayed onto the mask
| ayer 321a and the exposed 59 portions of the backside surface 3 1 1b,
wherein due to high sandbl asting resistance, the mask layers 32 1 a
reject the inorganic particul ates 324 s&lt hat prescribed portions of the
backsi de surface 3 11 b thereunder are not harned, while the exposed

ortions of i f .11 n havi.ng .sandbl.ast |
Pesistancestill'%ﬂewS asi gﬁ%gﬁ%@#ggﬁggr %éPR@““5&%?58%P3ﬂ$ﬁ¥¥P%gY%$@gi324 f
sprayed t heg: re _roughened. As a result, the exposed portions o
tﬁe %ac ksi ggel(ﬁgg? @rall‘(é‘(}eﬁ?%ﬂe %gqugcﬁ]&%c]v&{t@dylw S‘é%"f‘?&lﬁ‘m“?i’étﬁﬁ@?‘iﬁﬁ}?tf orm ng
t he rough surface.are 1 ose. su ce roughness Ra
rangedf?ongﬁﬁﬁﬁgfEfpuﬁﬁgw%ﬁggﬁwg@%?$t@ﬂﬁﬂ ?ﬂ@%§m$¥“ﬂﬁélbackside surf ace
311b covered w the. mask layers 3 21 a are not subjected to

sandbl asting, th ge mﬂh@g@w € Fngemonsigate prascrbaskeffegtvandinpeemtions f ace
roughness ,ra}nges from0.05 ~tmto 10 Pm As shown in FIG 3 9D, the
mask IayergﬁgETié°§F§e§EH§ﬂﬁ@@Ht@nbmﬂﬁﬁnhthe backsi de surface 313, so
that the planar surface areas 314 are exposed. As described above, the
rough surface ar8imegB magk laycss BB harercompobetef EotmsnsiBdeimatesialsdtavig on

t he backside surface 311b of the silicon substrate 311. Byshaping the
pl anar sur highsandtdesting tesistanceandhthdrmabémrdacevityi, e fositag acinereasdihda and

314b, it is possible to realize the identification mark 315 consisting

of the chacavtléserfftiacastdhe Backbide Aagtaded NG of the SiBcoA LBRrat0B 11 RenigK gsent
enbodi ment, the rough surface area 3 13, which is subjected to

sandbl ast i thys irapbved én Pdabdasipatiod degacé@ars3 14 are forned on the
backsi de surface 3 1 | b opposite to the prescribed surface 31 |a of the

tsi licon substrarke @eddficldamedrk 31 Hes R HO&ssHHY dﬁJgﬂnﬁE gﬁ‘“%fl“ﬂfa%gi Qgped

o formthe identification nmark 315 consisting of t characters

and 314b. &M@ 314 That is, an identification mark consisting of prescribed characters can be
formed by appropriately shaping the rough surface area 313.

The rough surface area 313 is not necessarily formed by sandblasting. For
example, irregularities representing stripes, islands, and dots can be formed on the
rough surface area 313 by the dicer blade method and the like, whereby it is possible
to improve heat-dissipation characteristics. Of course, sandblasting can be
additionally performed on irregularities of the rough surface area 313.

When a silicon wafer is subjected to dicing and cut into individual packages
(each corresponding to the WLCSP), scribing regions of the silicon wafer are
subjected to half cutting using a dicer blade so as to form an identification mark,
which is then subjected to sandblasting. In this case, round edges are formed on
prescribed portions of the silicon wafer subjected to half cutting. This makes it very
difficult for packages derived from the silicon wafer to be partially cut and broken;

thus, it is possible to improve the reliability of the semiconductor element.

The surface roughness treatment is not necessarily realized by sandblasting.



di fferences of surface roughness, it is possible for a human operator to
visually recognize the identification mark 315 with ease. This
elimnates difficulty and error regarding recognition of the
identification mark 315. 60 Due to the fgrnation of the rough surface
area 313 that partially occupies the oférall area of the backside
surface 31 |Ib, it is possible to increase the overall surface area wth

respect Lo etk i kessaik] o b LRSI R, v O

is thus inproved i'n heat-dissipa errstics

identifi i P di ff f f
roughness. "Shrk Sey L L RS, MDA, kL GRERT R eslit on 1 ne

pr esent eng_pe(a%&?nt does not degrade the semi conductor elenment in order to
realize identification. According to the manufacturing nethod of the

WLCSP of the presgnt. enbodinent, the mask |ayer 321 is forned on the
backsi de surfac e%ﬁ’ﬁg &%??%n@lr PPighing g‘&[?é‘fllsgf‘@ 1t pecgseprily linHied te ths ect ed
to exposure and, devel opmen& so_as.to formthe mask |ayers 321a, by which
the backsi P& Barticaates 324 SThjtdy iidg Ppssiblg te nesaminesl grateridls sucbasnent
and which are then separated off fromthe backside surface 311b. Thus,
it is possBBINEL CerapuGmalerialisyck pbzireanihand glasscheady, exetdlie matatialheichlaanar
surface areas 314 on the backside surface 311 b of the silicon substrate
311 by useirgn pawdempieel beads IstairdessFiasl peasisesite] avitesdamisisinkanstbe wiedi f i ed
in a variety of ways, which will be described below FIG 40 is a
per spect i vend/fesin mitorials guch AW GESM amd pdpgaarblanee with a nodified exanpl e
of the present enbodi nent. Conpared with the W.CSP shown in FIGS. 37 and
38 in which the hethk prayeranidimeny the baplasids adfaoé B 11y OMtht bgicbasisige

311 is subjected to surface roughness treatment using the mask layers 321a. Without

using the mask layers 321a, the overall area of the backside surface 311 is subjected to

blasting and is made rough; then, an identification mark is directly drawn on such

‘rough’ backside surface 311b by micro-blasting, or the other area is subjected to

micro-blasting.

Incidentally, the identification mark can be appropriately shaped to represent
any types of characters, numerals, symbols, codes, and images.
As described above, the present embodiment, in which sandblasting is

performed on the backside surface 311b opposite to the prescribed surface 311a of the

silicon substrate 311 so as to form the rough surface area 313 and the planar surface

areas 314 realizing the identification mark 315 consisting of the characters 314a and

314b, can be applied to any types of packages other than WLCSP, such as CSP and

BGA.

5. Fifth Embodiment

FIG. 44A is a plan view showing a semiconductor device encapsulated in a

wafer level chip size package (WLCSP) connected with external terminals viewed



surface 31 I b of the silicon substrate 311, the WL.CSP shown in FIG 40 is
characterized in that mask |l ayers (or photosensitive |ayers) 331 conposed
of photosensitive materials (which differ frommterials used for the
formation of the silicon substrate 311§ havi ng hi gh sandbl asti ng

resi stance and thermal conductivity 61 ach as photosensitive polyimde
resin, poiyurethane resin, photosensitive SOG (Silicon On d ass) are

formed to FRYifte- @vﬁﬁlgqh?é}gfrb%ﬁ(ﬁﬁee MR AL m%ﬁ@oiﬁ.@%mv%ﬁ %géd from

t he backsi de surface 3 e silicon su trate I'fied

exanpl e Caﬂ4ﬂ€§9@§o§£ géc‘ﬁ Rﬁdl &L#Q(%gaﬁ]‘ngqﬁq%ﬁﬁq 18@?@%4;@” iF‘I& ' Cal to

those of the present mask I'ayers osed

Cherml Cconfepge tﬁ%ﬁ%kgn%o“n‘g BeBt-Bh R G AR ﬂ%s%ﬁﬁﬂsﬁ%ﬁ%fgﬂ?g%
area of th back5|d A face the silicon sub trate 11, which
Tl AS e St g :h

is thus i “8\/}38 115 inORaonNs F%eﬂri @gta PRs P'i?éﬁftif‘\“iycatl on
mar k 315 | rily formed by the pla surface areas 314. That
is, an idea?f E‘gf ‘"g Wc?iﬁ%ﬁ%‘f%éhws rl bed characters can be

formed by appr opr i at eiﬁi; shapi ng the rough surface area 313. The rough
surface area 313Fg 43showeasemipopdyctonghip dA0hncememingst padgleatepde 4¢&anpl e,
irregularities representing stripes, islands, and dots can be formed on
the roughwherimee-yinee BYS 437 is enmtictedrwith thidearetdotddahld, aheethi hosst
whereby it is possible to inprove heat-dissipation characteristics. O
course, saAdb{sstinggs aueletteodeadd) s connédtgd pehitior reediroig layard@d) @ard 4ni es of
the rough surface area 313. Wen a silicon wafer is subjected to dicing
and cut i nextermabtievmthabl3 padtiadges onfedehmeal paspdhdi ng to the W.CSP),
scribing regions of the silicon wafer are subjected to half cutting
using a dicer bl 8peiffallgstht Geivofi@ior chep 803 ineide B siRbK substrate 413 on
which integrated circuits are formed and a plurality of pad electrodes 415, which are
formed on the silicon substrate 413. A passivation film 419 is formed on the surface
of the semiconductor chip 403 in such a way that the upper surface of the pad
electrode 415 is opened. The passivation film 419 is formed by the lamination of
layers composed of Si0, and SiN, which possesses high heat resistance and electric
insulation.
An insulating portion 411 is realized by the sequential formation of a
protection film 421 and an enclosed resin 423, which are formed on the passivation
film 419.
The protection film 421 is composed of polyimide, wherein it is formed to
cover a surface 419a of the passivation film 419 and interior walls of an opening 422,
which is defined by the pad electrode 415 and the passivation film 419.
The enclosed resin 423 is formed to cover a surface 421a of the protection

film 421 and a surface 403a of the semiconductor chip 403 as well as the metal post

430 and a wiring portion 409, which will be described later.



which is then subjected to sandblasting. In this case, round edges are
formed on prescribed portions of the silicon wafer subjected to half
cutting. This makes it very difficult for packages derived fromthe
silicon wafer to be partially cut and brgken; thus, it is possible to
inprove the reliability of the seni cond@@t or el ement. The surface
roughness treatnent is not necessarily realized by sandbl asting. 62 That

i's, it is possibimgetyariHg %ﬁﬁiOYﬁfOb% g aBnP LABLAded glg?}u gﬁ%ﬁr}%%ét Pgﬁne%iur face

roughness treatnent, such as air st1ng neth l'asti ng met hod,

and m cro- blanlh gk ypef?f‘él@{l%geallgﬁhg ek ﬁm{eg{lbr?hﬁn (49!,\91? LLshi 1@%‘3&1‘%%&1{%? )s

are not necessari l m to I‘norgani ¢ particurates
it is possi j .. W] s ch as ar.ne cer.am c
mat eri al s ?ﬁéﬁg}gEEtgvi‘%fg% E)Hr? iq)g&gﬁtdlmg#lgé AS@L%%% cc a]f’ﬁﬁ 'eﬁmr?gp é’?ﬂﬁ'ﬁﬁl ?’es uch as
i ron powder eel| heads, stainles eel . beads, steel. wires, an
stai nl ess él%sélealtngglipp ggo,n &Ar?c?dr%glloﬂg%ﬁ Lor"faéﬁisst?‘g g?:‘ﬁer 8r‘i’§; IﬂEﬁfnﬁﬁhl’OSt%o-
polycarbonﬁ%e..Ln the.gg@ enh)eng%dhge t, the backside surface 3 11 b of
the siliconEJBERs gpre 15 tormgf) O¥ thelgminption of p ainderpbpriesmetal d4BMant
usi ng the mask ﬁﬁa%/fg{% 321la., Wthout_ using the mask | ayers 321a, the
overal | ar &¥°bf 5 AR HIHBE QYFT 4 which 4rg sequspiialeformed opthgssurfage and i s
made rough; then, an identification mark is directly drawn on such
"rough' bacH3lasef the prategtiondilm 4 . nyTheivaderbrrrist maig! layer 42feis Gotvend tartbe i s
subjected to mcro-blasting. Incidentally, the identification mark can
be appr opr lamiadjorseidppats compessded ¢itaniumafyr chypresinof andivappert emdsthenuner al s,
synbol s, codes, and inages. As described above, the present enbodi nent,
in which sandiimskyeagd7ss cpmpbsedrofdoppert hAs bheks idBIGU Ui AcRd AU B, the
opposite to the prescribed surface 311 a of the silicon substrate 311 so
as to fornrd-wiringlagér 427rik acsstiauted b i3 wanesl 42 g vilidn@e dsawd £66 the pad
electrode 415, and post bases 427b attached to prescribed ends of the re-wires 427a,
wherein the post bases 427b are increased in widths compared with the re-wires 427a
and are each formed in circular shape in plan view. The under-barrier metal layer
425 is adequately reduced in thickness compared with the re-wiring layer 427. For
example, the under-barrier metal layer 425 is formed by the lamination of a lower
layer 0f 0.18 um and an upper layer of 0.6 um; and the thickness of the re-wiring layer
427 ranges from 4 um to 5 pm.

The electrode 407 is formed on the post base 427b of the re-wiring layer 427,
wherein it is constituted by the metal post 430, which is composed of copper and is
formed in circular shape in plan view, and the external terminal 431 such as a solder
ball, which is attached to the upper end of the metal post 430. The metal post 430 is
enclosed in the enclosed resin 423 in the periphery thereof, wherein its surface 430b
lying close to the external terminal 431 substantially matches a surface 423a of the

enclosed resin 423 in the same plane. The external terminal 431 projects from the

surface 423a of the enclosed resin 423.



areas 314 realizing the identification mark 315 consisting of the
characters 314a and 314b, can be applied to any types of packages ot her
than WL.CSP, such as CSP and BGA 5. Fifth Enbodinment FIG 44A is a plan
vi ew showi ng a sem conduct or device encggsulated ina wafer |level chip
si ze package (W.CSP ) connected with external termnals viewed 63 from
re-wiring layers in accordance with a fifth enbodi nent of the invention;

FIG 44Bis a crqus ns@ftjoedo st%vi’ﬁéfgﬂhaégg&gﬁldeh%%ﬁv@ehéhrf&&é%%ertﬂ |AG

and FIG 45 is a cross sectional ew ta ong l'ine

44A These gshb IR BRYARG Bbreo S LANARY GEL-SELY, b ke pagh geal o and

di nensi ons, wherein net posts “are“par ?Iy show
out st andi n f .G sho m_conduct or .chip 40
i ncor por at ??1gnlgﬁ%gaﬁggfie@t%r%%gmﬁ%f%n&ﬁﬁ%ﬁ a eé"ch&ﬁ ﬁ}?gsef’té?f@# g‘f?‘)ﬁf}?
connected w t he, pad el ect.rode 415 .a net st 430 (serving as an
el ectrode EE%] Pogt %@rﬁ%@f@é IRgIEFSes et ﬁ’é?%OPﬁjf@?&&y%‘ffaatz?ﬁ,ﬂaamw se to
external term nal. 4ﬁ1 i 'S tt&ghed onjazo t he nmetal post 430. Specifically,
the semi cofffUETEYIDEHRST 463 19 theisurace 43Ubilying sloss i theraxtemal termynal 43 ch
integrated circuits are forned and a plurality of pad el ectrodes 415,
whi ch are % $hatk dheoniriape 430 iseeadeanenter thithe 53rfage 4$¥asi vation film 419 is
formed on the surface of the sem conductor chip 403 in such a way that
t he upper surfact #idition themasimsat diagwteraf thd exterpaltermninghis Ipia gsdavextthamn
film419 is formed by the |amnation of Iayers conposed of Si(O2 and SiN,
whi ch posséwsseaximagdiametar of gwimg¢tahpost 430I(iel,¢be¢ diametdr g theadurfaoe 470b
insulating portion 411 is realized by the sequential formation of a
pr ot ect i onhfing chod2h the dxtamabrerinomed3 e s iTherkZde, thbingdxiaalsebosmitdreaft he
passi vation

the external terminal 431 is made greater than the surface 430b of the metal post 430

lying close to the external terminal 431.

Incidentally, the term “diameter” used in the present embodiment designates
the length in plan view, which lies in a direction traversing re-wires (i.e., lines and
spaces) arranged adjacent to metal posts, i.e., a direction along the line A1-Al in FIG.
44A.

The present embodiment is characterized in that the metal post 430 has a
tapered shape in which the surface 430a lying close to the re-wiring layer 427 is
smaller than the surface 430b lying close to the external terminal 431. This reduces a
ratio of the area that the post base 427b occupies the re-wiring layer 427, which in turn
increases a degree of freedom regarding drawing of re-wires 427a without using
multi-layered structures for the re-wiring layer 427. Thus, even when pitches
between external terminals substantially match widths and pitches of re-wires, it is
possible to increase the total number of re-wires 427a existing between the adjacent
external terminals 431, which is clearly shown by the comparison between FIG. 44B

and F1G. 50.



filma419. The protection film 421 is conposed of polyimde, whereinit is
formed to cover a surface 419a of the passivation film419 and interior
wal I s of an opening 422, which is defined by the pad el ectrode 415 and

t he passivation film419. The enclosed resin 423 is fornmed to cover a
surface 421 a of the protection filma®® and a surface 403a of the

sem conductor chip 403 as well as the netal post 430 and a wiring

ortion 409, whi kidb ' : NAN) t1.0n.409 is
Barti ally errbeddgslcﬁﬁlé C}@ﬁérar?g ?Bgﬁ???l%é &%%%%?ﬁ%lﬁ %ﬁé—%}ﬁm%%gﬁ{ateﬁ% rg@h"@?’é‘é}} oﬂe
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insul atin ' is el ated towards the | ower end of the
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under-barrier..netal, ((UB | ayer, A25.and the re-wiring |ayer 427, whic
are sequentteinanllﬁs?lbdr%(ﬂc CQPHX“EWLB nggrﬂﬁﬂ%aﬁdﬁﬁéy prekegtgiiaavhach Im 421.
The under-barrier nmetal |layer 425 is fornmed by the |amnation of |ayers
conposed opﬁfli‘ets TRFR ESterad tgmIaly 2rsiadecsg se s taringreasrithe tetaldansingof ayer
427 is conposed of copper. As shown in FIGS. 44A and 44B, the re-wring
| ayer 427 FYeEGhirmingsed Ippartisulr.ithe sepipandugtirsleviee 08 ofithe fresemt t he pad
el ectrode 415, and post bases 427b attached to prescribed ends of the
re-wires 4gmhodimgnbean sscuisanmdsquately dargd aieh far the smfacealSoH off thewhetahsost _
conpared with the re-wires 427a and are each formed in circular shape in
pl an vi ew. 43hlyingelese todhe exeernabteahinaby2l, Widch istuadegurs ah ydég@ciethihg

thi ckness conpared with the re-wiring |layer 427. For exanple, the
under - bar r steengtiebativetrathermet@pass4 3 Dariettie bytetriat tdrifad 38 1 ONComparel QABY

| ayer of 0.18 mand an upper layer of 0.6 m and the thickness of the
re-wring theyepherié27 micai gos, the ametdirpos043D fsnlikely to be damaged or separated
due to stress.  That is, the semiconductor device 401 has a superior reliability.

In preliminary testing performed before the external terminal 431 is attached
onto the metal post 430, the present embodiment secures alignment between a tester
probe and the metal post 430 with ease.

In the present embodiment, the maximal sectional area of the external
terminal 431 is made greater than the surface 430b of the metal post 430 lying close to
the external terminal 431.  This makes it easy for a human operator to mount the
external terminal 431 on the metal post 430; hence, it is possible to increase the
joining strength between the metal post 430 and the external terminal 431. In the
preliminary testing performed before the external terminal 431 is attached onto the
metal post 430, the present embodiment easily establish alignment between the tester
probe and the metal post 430.

Due to a relatively high degree of freedom regarding drawing of re-wires

427a, the present embodiment may enlarge the usage of WLCSP-type semiconductor

devices. For example, it is possible to design a semiconductor device having a



The el ectrode 407 is formed on the post base 427b of the re-wiring |ayer
427, wherein it is constituted by the netal post 430, which is conposed
‘of copper and is formed in circular shape in plan view, and the external
term nal 431 such as a solder ball, which is attached to the upper end
of the nmetal post 430. The netal post 4? is enclosed in the encl osed
resin 423 in the periphery thereof, wherein its surface 430b |Iying close

to the ext ' i th
o the ext gglagbely Smail ﬁﬁbbéﬁéft%@fté@dﬁ?‘a%hﬁéh@ﬁﬁs@ﬁﬁ%ﬂ? n?d‘féﬁe@lcfl?edfré%&%r%ff e

encl osed resin 423 in the sane plane. The external term na rojects

fromthe syt ZiRe Q_I)n@éﬁﬁoﬁﬂ%lﬁﬁ)% de &&dﬁ@b d&3cd %fg%b)%el R85 430

has a tapered shape (defined between surtaces a and i AT Ch
t he di anmet gh74 hergod ' j direction fromthe.
re-wiring |layer 427 r{_) g&%gg%e%%}rl% gflﬁ'?gfﬁ?ﬁw{r’l gﬁlﬁh‘%k f eearné(f'g’rlse%’? f'tl“r‘f’z“c
sectional | . post . 430 .gradual ly, i ncreases in a direction
fromthe sgplﬁ'%gg{%g%g t]ilé;?ttrl]]gou b‘éV}é‘ertegy ﬂ%rpé'esfﬁéli #P?cﬁﬁle@éﬁp& ezf‘g‘?ptF ¢ he
surface 430 e“é&ﬁ%.cL se to. the exHernaI terniza 431. In short, the
surface 4305°% H&“‘S% IEGREIRERIAHVE R dATET PRRR of SIRSUriq GUTEEER £ on, t he
maxi mal di ameter._of the exterpal termnal 431 is greater than the
maxi mal di amet er 18 PEasent ftbodiment can be madified inaarigiypfeyas, whichmelider f ace
430b Iying CLgéf to the external terminal 431). Therefore, the maxi nal
sectional &4F¥EHP8I beloWe external terminal 431 is made greater than the
surface 430b of the nmetal post 430 |lying close to the external term nal
431. |ncident al | in the peesertembadimant he'metalamwst #3Q isdommeskiart taparbd shapent
designates the length in plan view, which lies in a direction traversing
re-wires (whichis nphegstrigied.  Jhatciessimalar effiepetcandjeadeaited oy nmetedy rqdosing,
i.e., adirection along the line Al -Al in FIG 44A The present
enbodi ment thesucher 4iladyingadoseno theake-winag ietead2 pashe #daller g the surface

430a lying close to the external terminal 431.  The metal post 430 may be easily

formed with satisfying the aforementioned condition. Herein, it is preferable to form

the metal post 430 such that the sectional area thereof is increased in a direction from

the re-wiring layer 427 to the external terminal 431.

Various shapes can be preferably adopted for the metal post 430. For

example, FIG. 46A shows a first example of the metal post 430 having a dimple-like

shape in which the inclination angle of the wall is gradually increased in the direction

from the lower portion to the upper portion. FIG. 46B shows a second example of the

metal post 430 in which the lower portion has a tapered shape, and the upper portion

has a columnar shape. FIG. 46C shows a third example of the metal post 430 in

which the lower portion has a columnar shape, and the upper portion has a dimple-like

shape. FIG. 46D shows a fourth example of the metal post 430 in which the upper

portion and the lower portion are respectively formed in columnar shapes having

different diameters. FIG. 46E shows a fifth example of the metal post 430 in which

the lower portion has a columnar shape, and the upper portion has a tapered shape.



tapered shape in which the surface 430a lying close to the re-wiring

| ayer 427 is snmaller than the surface 430b Iying close to the external
termnal 431. This reduces a ratio of the area that the post base 427b
occupies the re-wiring | ayer 427, whi chf'?n turn increases a degree of
freedomregarding drawing of re-wires 427a without using nulti-Ilayered
structures for the re-wiring |ayer 427. Thus, even when pitches between

external t GG 460 showshssiahlex@hplk dTaEEMedt Gb0%381hith tChSDsRE td B WeiflS: 11

is possible to increase the total nunber of re-wres 7a existing
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ackagi ng iin_whi ch i tches.between externgl .term nals_ are reduced so as
Dot nor oas Syidcrlin e rERERIVTH IO Ed Th ARaTebinmonay OF HIRBay DF bR t he
sem conduct or, devy] 1 of the present  epbodi nent can secure an
adequat el y &fye g&iﬁéﬁépo‘f"ﬂé“ 3 fha‘?f‘é“m%ﬁgf: meta pesk 430 igydtich deeipps ng
close to the external termnal 431, which in turn secures an adequate
j 0i ni ng sPPEW@t%dBE% {nvesh PeRiOnAsE ERsPesbivelyAoomedhin tapesed shapen bavingr ni nal
431. Conpared with the “spherical' netal post, the netal post 430 is
unl i kely télf&éelﬁahﬁwoﬁﬁﬂﬁé?aar ated due to stress. That is, the
sem conduct or device 401 has a superior reliability. In prelimnary
testing perfor nedieseasnanufdvsureng wethadl forghesemicoddictirsiesice dohedl] bent o t he
metal post 430, the present enbodi nent secures alignnment between a tester
probe and dbssritred sMithpeferent8@o WG 4As47E hind FIGS. pi8as48G, cachofliviRAtis t he
maxi mal sectional area of the external

iltustrated in correspondence with FIG. 45.

First, as shown in FIGS. 47A-47C, on the surface of a semiconductor chip
403, a passivation film 419 is formed to provide opening above a pad electrode 415; a
protection film 421 is formed to cover a surface 419a of the passivation film 419 as
well as interior walls of an opening 422; and an under-barrier metal (UBM) layer 425
is formed to cover a surface 421a of the protection film 421 as well as interior walls
and bottom of an opening 424.

As shown in FIG. 47D, a photoresist is applied and is subjected to exposure
and development so as to form a first resist film 441 on a surface 425a of the
under-barrier metal layer 425 except a prescribed area used for the formation of a
re-wiring layer 427. By using the first resist film 441 as a mask, an electric current is
forced to flow through the under-barrier metal layer 425 so as to perform selective
electric-field plating using copper, thus forming the re-wiring layer 427 (i.e., re-wires
427a and post bases 427b). Thereafter, as shown in FIG. 47E, the first resist film 441

is separated off from the under-barrier metal layer 425.



termnal 431 is made greater than the surface 430b of the nmetal post 430
lying close to the external termnal 431. This nakes it easy for a human
"operator to nount the external termnal 431 on the netal post 430;

hence, it is possible to increase the %ﬁining strength between the netal
post 430 and the external termnal 431. “fn the prelimnary testing
performed before the external termnal 431 is attached onto the netal

post 430, the pr apgnias SRRAMERYS. 98I 488! QBB&%E?S%&W? [EloPfieheen t he

tester probe and the netal post 430. Due to ative h| gh degree of
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| ar ge armunt of electric currents. The Br esent enbodi nent can be nodified
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embodi ment, the netal post 430 is formed in a tapered shape, whichis
not rest ri 8piémitechigrspreific gnaienialy; ieismefermbledn useaobrelakessiby ner el y
reducing the surface 430a lying close to the re-wiring |ayer 427 to be
smal | er than theAssghéwmrén FUBGEC] gxypgn plasse ashing hepeafireredatitt espicnal thd31.
The netal post 430 maybe easily formed with satisfying the
af or ement i opedng 63 iwthicnis thier fermed irt a iapened sharediy enldrginahéruppcd portRinal
post 430 such that the sectional area thereof is increased in a direction
from the theranifr i Agshayein BIZY 48D, the@peninguolis subfdttaiab atids reflow at a
temperature ranging from 90 °C to 200 °C, preferably at a temperature ranging from
130 °C to 170 °C, further preferably at 160 °C, whereby ashed surfaces are made
smooth.
Instead of the oxygen plasma ashing, the opening 432 can be formed in a
tapered shape by dry etching using CF+/CHF3/He (or using Ar or N»).  Of course, it is
possible to simultaneously use the oxygen plasma ashing and dry etching.
It is possible to use prescribed measures other than dry treatment. For
example, as shown in FIG. 48B, the photoresist 443 is subjected to patterning and is
then subjected to heating reflow at edges thereof, whereby it is possible to apply a
gentle tapered shape to the surfaces of the opening 432.
Alternatively, the photoresist 443 is formed in a two-layered structure
including two layers having different characteristic, wherein only the upper portion of
the photoresist 443 is subjected to treatment so as to increase the solubility thereof

compared with the lower portion. Herein, both the upper portion and lower portion

are subjected to development under the same condition, whereby it is possible to



Vari ous shapes can be preferably adopted for the netal post 430. For

exanple, FIG 46A shows a first exanple of the netal post 430 having a

di nple-1ike shape in which the inclination angle of the wall is

gradually increased in the direction frgmthe |ower portion to the upper

portion. FIG 46B shows a second exanpl € "of the netal post 430 in which

the lower portion has a tapered shape, and the upper portion has a

col umar  shapglitankbialy -6 ReRRr& sthﬁgéqrhgﬁ(mp@ni(ﬁ igﬁﬁ:mg&t al post 430 in

whi ch the | ower portion has a colunhar shape, and the upper portion has a

di mpl e-1i ke shapgy,sH L4868 S : of the net.al post 430
us, $ac e§ﬂgm?1hgs i{oﬁﬁé& AN S| 5 Dhnali Ffwlbeﬁlp\?% W, ned

in which the upper “portion an ower portron are resp
[ I - ' I, f: t, di t . FI G _46E sho a fifth
exanpl o of D, PAKRR cj8i-HeRhiadhe VRS Tdiner s BerERBR HAL farPes! Brmar

shape, and_t he uppef.-partiaon has,a taper shape. 6 | G 46F shows a

si xth exa ee0p§1’]Pngn@2|’r§'{“5IaﬂB‘5’§{g tﬂ%@fo"\gﬁi"?&q @egﬁmlﬁ%&%wﬁé PRIET post
shown in F 46A. in.whjich the inclination angle of the wall is

gradual | y E’raéafg‘%‘ﬁnilwekqi 48&’ ﬁ@é??%‘rﬁi FHEIN HThie SeRAtated gHrsoiasio fesve the upper
portion. FIG 46G ows.a seventh exanple of the metal post 430 in which
t he upper Wéiﬂ?ﬂt%&d’aﬁ’ﬁga%ﬁﬂ shafet i on are respectively forned in

t apered shapes having different inclination angles. FIG 46H shows an

ei ght h exanpl e oNekhas v ingdéi 48B0on milkngcwet dichingwedry giohingan and t he
| ower portion are respectively forned in tapered shapes having different
i ncl i nat i opcHemasicusingsthe re-aviriag laac4 it dsragmaskt $voak t6 oemo veeurseamitabardascdfor
device 401 will be described with reference to FIGS. 47A-47E and FI GS.
48A- 48G, eduhumier-birrichmieal laylet 423, rvelteeebyi the cowirdagplaneteidTes ditidedinfe 45.
First, as shown in FIGS. 47A-47C, on the surface of a sem conductor chip
403, a passola¢d piacdsi | m 419 is fornmed to provi de openi ng above a pad

el ectrode 415; a

Lastly, as shown in FIG. 48G, an enclosed resin 423 is formed to cover the

surface of the protection film 421 and to enclose the wiring portion 409 and the metal
post 43¢ in such a way that the surface 430b of the metal post 430 lying close to the
external terminal 431 is exposed. Furthermore, the external terminal 431 such as a
solder ball is attached onto the metal post 430. This, it is possible to complete the
production of the semiconductor device 401.

The metal pose 430 having a tapered shape can be easily formed by
appropriately modifying the second resist film formation step, which is described in
conjunction with FIGS. 48A to 48D. Similarly, the metal posts 430 shown in FIGS.
46A and 46F can be easily formed. In short, the present embodiment is designed
such that the sectional area of the metal post 430 is gradually increased in the direction
from the re-wiring layer 427 to the external terminal 431.  This contributes to simple
formation of the metal post 430 while preferably satisfying the prescribed condition in
which the surface 430b lying close to the external terminal 431 is greater than the

surface 430a lying close to the re-wiring layer 427.



protection film421 is formed to cover a surface 419a of the passivation
film419 as well as interior walls of an opening 422; and an
under-barrier netal (UBM |layer 425 is formed to cover a surface 421 a
of the protection film421 as well as ir)711erior wal s and bottom of an
opening 424. As shown in FIG 47D, a photoresist is applied and is

subj ected to exposure and devel opnent so as to forma first resist film

441 on a surface HRfarlQfthd HBer ﬂﬁé‘ﬁéfthé‘ﬁi’e}uﬁrgoﬁ?u% slllcﬁ%‘?fq ﬁ%ﬁs.%ﬁgg h

prescri bed area used for the formation o re-wring |ayer

using the f4eGs46H @k B edsith ToAtel BStofm B Kvo- I current is forced
to flow through the un?jesr 5,barri e r(r)et a%stlgvgysg%e%gg{s%lng&s to perform

sel eotive: el ect 1h il sl Ahhel b SOURSL i PIES (601 1 09,1 i

re-wiring layer 427 (i.e., re-wres

Ther eaft er 40aS;Sh [0 & hrst resist,film441 |s separated
off fromt ﬁggﬂ%@g%{ggﬁ;f{h&fe?‘gﬁ M}%ﬁ’i‘?ﬁlp%gr@t ?peé’én%f?% IR0t GS.
48A and 48 hot opesi st 443 used for the formation is a netal post is
appl i ed an?iq@et rﬁﬁfee%)f“é"agf"‘%d gﬁﬁ%@lﬂ“@“&f’?& taa¢'artbsRlentriciidsplating, thusg a
“straight' ﬁ‘geni 432 gn t.he rref al ggée 427b of the re-wiring |ayer 427,
wher ei n t h"3V & Broyyth of, thegpesal prst is identical to the dianmeter of a
surface 430a of_ a netal ,post 430 lying close to the re-wiring |ayer 427.
Then, ul travi ol & theinraatipn regarding thganeiakepstii3® shawnpih HFIGS 46114644 36E,
which is thus hardened. The photoresist 443 is not limted to specific
mat eri al s; 46 angd 4bwestage resist ddms 44pwasl 443 brsbeivn.in BiG.st9oware ifornfddGnd48C,
oxygen plasnma_asking is perfornmed with respect to the opening 432, which
i s thus fopredlen spbectedtorayzehplpemivgshéng air driy regrehitpeusimp €F / OO1R; iHas
thereof. As shown in FIG 48D, the opening 432 is subjected to heating
reflow at showreinddCa# B sc thean gt legstionenf 8Rn(steala?2QA i€ opphiaf oWk théy e
tenperature ranging from 130 Cto 170 C, further preferably at 160 C,
wher eby ashdgesed foxekstior elecmideield plating, thus allowing the metal post 430.  FIG

49B is related to the formation of the metal post 430 shown in FIG. 46C.

The formation regarding the metal posts 430 shown in FIGS. 46B-46E and
FIGS. 46G-46H requires complicated manufacturing steps for forming two-stage resist
films compared with metal posts having tapered shapes and dimple-like shapes.
However, each of the aforementioned metal posts 430 is advantageous in that the
diameter of the surface 430b lying close to the external terminal 431 can be made
larger than the diameter of the post base 427b.  This is preferable in terms of a degree
of freedom regarding re-wiring, which secures adequately widths of re-wires in the
re-wiring layer 427; and this is also preferable in terms of the joining strength between
the metal post 430 and the external terminal 431.
6. Sixth Embodiment

FIG. 51 is a plan view showing a wafer level chip size package (WLCSP) in
accordance with a sixth embodiment of the invention; FIG. 52 is a rear view of the

WLCSP; and FIG. 53 is a cross sectional view taken along line A2-A2 in FIG, 51.



snmoot h. I nstead of the oxygen plasma aching, the opening 432 can be
formed in a tapered shape by dry etching using CF4l1 CHF3I He (or using Ar
or N2). O course, it is possible to sinultaneously use the oxygen

pl asma aching and dry etching. It is poggible to use prescribed neasures
other than dry treatnment. For exanple, ‘&8s shown in FIG 48B, the

phot oresi st 443 is subjected to patterning and is then subjected to

heating refRcphedle RAGLS §2hqe§g£1?te¥\£'§ﬁi‘3 ts.l;stxjal% 8Pz §é1ﬁa§§p&%tcﬁ'%%§{{a?§)el y

gentle tapered shape to the s aces o e openi ng erna

| ayer s having Benr ool PR e R Rl 72 e bor U on o
ol ubi 11 ¢ TrEpiedt el (NG RR i i) RBET opantrton: 2lebis Stigeh ¢ he
Same condi CRON AT BUGFeRee Punpak e TS s es 67 SnoiaIiTioB (DI raiicpahe

For med. and SMEgqa 4T e I GRBH TR SROTETeres TS50 doTigets v

electric-field plating using copper is performed with respect to the
openi ng 438xte &eﬂamagwhﬁbe Ahlisky elegirie copneqiienssith|theintegragd cisenip®ded of
copper. Then, as shown in FIG 48E, the second resist filmis separated
of f so as aed thehsie parallyreepesedpnst sutfoe Aald eithe rasipenciated heype 52Next , as
shown in FIG 48F, ion mlling, wet etching, or dry etching is perforned
usi ng the re-w r Amduialityerf chaiineds 527 (easkeigt chantads el 6 1 Laredoted iameas of
the under-barrier nmetal |ayer 425, whereby the re-wiring |ayer 427 is
di vi ded i ntmatrix fwinadrealbgikede surfacesiA1y oppssithtoulie surfakt & 1 A8Qhasiliess! osed
resin 423 is fornmed to cover the
substrate 521.  The number of the channels 527 can be changed as necessarily.
As the depth of the channel 527 becomes deeper, it is possible to increase the
overall surface area of the backside surface 521b of the silicon substrate 521.
However, when the depth of the channel 527 becomes too deep, the silicon substrate
521 is reduced in mechanical strength. Hence, it is preferable that the depth of the
channel 527 ranges from 5% to 20% the thickness of the silicon substrate 521.
Dimensions regarding the width and depth of the channel 527 can be
determined with respect to prescribed dimensions of the silicon substrate 521 whose
side is 5 mm and whose thickness is 500 um, for example, wherein the width of the
channel 527 ranges from 20 pm to 150 um, preferably from 50 um to 100 um; and the
depth of the channel 527 ranges from 25 pm to 100 pm, preferably from 40 um to 70
pm.
A plurality of external terminals 524 are formed in a matrix form on the
surface 523a of the resin enclosed layer 523; and a plurality of channels 528 (e.g.,

eight channels in FIG. 52) are formed in a grid-like manner so as to partition individual

square sections for the external terminals 524. Herein, intersecting points between



surface of the protection film421 and to enclose the wiring portion 409
and the netal post 430 in such a way that the surface 430b of the netal
post 430 lying close to the external termnal 431 is exposed.
Furthernore, the external term nal 431 ch as a solder ball is attached
onto the nmetal post 430. This, it is possible to conplete the production
of the sem conductor device 401. The netal pose 430 having a tapered
shape can i I I pfving t ond resi st
BR &arhdly Siaﬁﬁﬁnﬁgﬂ%ﬂﬁﬂﬁ gi&i%l}l% 34 télog%q{eﬁ%atl itc!érqum%m'aq% %E‘Ic:?‘é%‘e

filmformtion step, escri nju 48A to

48D. Sim | tal . t.S 0. s n Fl GS. A and 46E_can, be
easily for %ygéfc’elst%@g gﬁe,re?ﬁgggp%eégﬁ}'ermgd:rﬁ%H‘tlmGF? Qég‘? @lﬁ’é’f}elsggg 2R R&t
the sectional area of the netal post 430 is gradually increased in the
direction cﬁqn(gﬁgﬁgeciegs_awﬁi ng | ayer 427 to the external terninal 431.
This contributes tog sinple. . formti f the netal, post 430 while
preferably sati sfsﬁiﬂF‘F‘gé"tr;ﬁéo theg ?W‘ng%gquéﬁen% 1t {grrossiblerie ingregsadhe 430b
lying close to_the external termnal 431 is greater than the surface
430a | yi ngO¥ral suiiaseiarea ofghesyrfacg 3249 ef thezgsin pnclazedilpyar|sg3. + Méheotther
types of the nmetal posts 430 shown in FIGS. 46B-46E and 46G 46H can be
easi |y for Aerthef theghpnned 528beeamegetop desps thef fepirncloped laperf @B riatddupedin t he
nmetal post 430 shown in FIG 46D, as shown in FIG 49A two-stage resist
films 443amspkhnicrdbtréngih.ngHencer wiigpreferape than e debtidefithe cleannel $28xampey s
are formed and are then subjected to selective electric-field plating,
t hus al | ofmomgs % e 26%ahe thickneshef the resin pradésed 3er 523.t he formati on
regardi ng the netal posts 430 shown in FIGS. 46B, 46C, 46E, 46G and
46H, two-stage rBahatsidnslregardihgahawilitd dabdghhvntherthimdel 539 farebe f or med
and are then subjected to oxygen plasma ashing or dry etching using
CF4/ CHF3/ HeetagniabdwithiréspetiGo pérised diadnsidhs bES redh endbselihgyerisgs enl ar ged
i n opening, wherein they are

whose thickness is 100 um, wherein the width of the channel 528 ranges from 20 pum

to 150 um, preferably from 50 um to 100 um; and the depth of the channel 528 ranges
from 5 pm to 20 um, preferably from 10 pm to 15 pm.

Next, a manufacturing method of the WLCSP will be described.

First, as shown in FIG. 54A an integrated circuit 522 (including electronic
circuits and various sensors as necessarily) is formed on a surface 521a of a silicon
substrate 521; connection pads (not shown) for establishing electric connections with
external terminals 524 are formed in the peripheral area of the integrated circuit 522;
and an insulating film (not shown) is formed to cover the integrated circuit 522 except
prescribed areas corresponding to the connection pads, thus protecting circuits and
components.

As shown in FIG. 54B, a re-wiring layer (not shown) and a resin enclosed
layer 523 are formed on the surface 521a of the silicon substrate 521. A cutting
machine such as a grinder I used to form channels 527 on a backside surface 521b of

the silicon substrate 521 and to form channels 528 on a surface 523a of the resin



subjected to selective electric-field plating, thus allow ng the netal
post 430. FIG 49B is related to the formation of the netal post 430
shown in FIG 46C. The formation regarding the netal posts 430 shown in
FI GS. 46B-46E and FIGS. 46G 46H requir conpl i cated manuf acturing steps
for formng two-stage resist filns con‘z red wwth netal posts having
t apered shapes and di npl e-1i ke shapes. However, each of the
af orement i gnaskedBiR sp9sts 430 is advantageous in that the dianmeter of
the surface 430b I'ying close to the external term nal 431 can be nade
larger than the dianahin Pic e, AR%RRA Ferfitlls sl SholeicRiGRED! € 11

0 reedom regarding re-wring, RS res

terns of a degree secu

adequatel y_w i.1.8S. i resW king lLayer 427: ang,this is
al so pref e?e\g%rﬂ{er[élslﬁ?%rea:rﬁgﬂg%ﬁtoﬁetﬂ? %‘Pﬁﬁcﬁéﬁé‘% ?é 5?%51%@%%%%%59}@ al post
430 and the external .termnal 431. 6. .Sixth Enbodinment EIG 51 s pl an
vi ew showi ng a WI:a gef'd nggflgg}ﬁcﬁt&%aﬂ'%?%g ag\ﬂ@@gggr, P?]Sh%b’&rjl:dgnég:)w th
a sixth enbodi nent he inventiqp, FI.G 52 is a rear yiew of the
W.CSP; and? Biceal Ty 352 bk DURhen 53 iy pbprbike @l TP A s ROItASE 30241
FIG 51. 72 Reference nuneral 521 designates a silicon substrate (or a
seni condu C%WC%CG%EQ patiagns apdyrhnge shanse asrigmpiemenianydo shanss g4 the channels
reference nuneral 522 designates an integrated circuit (or electronic
circuits) &% re@ovef dowuwardse iz thepwichehds pressctbe surfagsS2P a o tieagsin
reference nunmeral 523 designates an enclosed resin |ayer forned on the
surface 52dnciosedddygd Pl thiscformingghathahnels528i t ThaY it is phssitda teprodoes the s
524 designate external termnals that establish electric connections
with the | Wldiifaofetic prasentiemts@dinerand t hat are partially exposed on a
surface 523a of the resin enclosed |ayer 523. A plurality of channels 527
(e.g., eight chasosirdingno He@reseni¢mbodimknar, apturalityaf cHaxdrel X5 I704raféred
backsi de surface 521 b opposite to the surface 521 a of the silicon

on the backside surface 521b of the silicon substrate 521, and a plurality of channels

528 are formed on the surface 523a of the resin enclosed layer 523, whereby it is
possible to reduce the entire curvature of the WLCSP including the silicon substrate
521 and the resin enclosed layer 523, or it may be possible to avoid the occurrence of
the overall curvature of the WLCSP.

Due to the formation of the channels 527 and 528, it is possible to increase the
effective surface areas with regard to the backside surface 521b of the silicon substrate
521 and the surface 523a of the resin enclosed layer 523. This makes it possible to
improve the joining strength of the WLCSP joining the printed-circuit board.

Since the effective surface areas are increased with regard to the backside
surface 521b of the silicon substrate 521 and the surface 523a of the resin enclosed
layer 523, it is possible to improve heat-dissipation characteristics with regard to the
WLCSP, which is thus stabilized in performance and is improved in reliability.

The prevent embodiment can be modified in a variety of ways, which wiil be

described below.



substrat e521. The nunber of the channels 527 can be changed as
necessarily. As the depth of the channel 527 becones deeper, it is
possible to increase the overall surface area of the backside surface
521b of the silicon substrate 521. However, when the depth of the
channel 527 becones too deep, the silic A substrate 521 is reduced in
mechani cal strength. Hence, it is preferable that the depth of the

channel 527 rang f t thickn aof t i ) rate
521. Di nmensi ons ?ggg?ﬁ?hgﬁ%ﬂﬁeﬁgggﬁggﬁgﬂﬁﬁﬁ?ﬁﬁ%ﬁe§ﬁgpgﬁ§ﬁﬁ5ﬁﬂgg§ggiﬁ be
det er m ned I cletoO T ditfensions of the siljcon substrate
591 whose. St TRR 0L e WP CoR G PR3 SRt VieS aksrEglpRe ine
wherein th Yol he,. channel. 527 s .from20 gra to 150 gm

pr ef er abl yﬁg%r‘%‘?‘{' £t t SOTﬁﬁre?W é‘ﬁa{/ ﬁﬁgs of thstresspt %‘H&O%W&HH@IW olya
ranges from 25 ~Lrn to 10Q_Vi preferably from40 ~tmto 70 Jim A
plurality g?F‘r yef E}?r“n?érs%i ﬁﬁ%@?& ipf @afrgh fam qrrthg bagksidesurfaped kb efhe
surface 523a of the resin enclosed |ayer 523; and a plurality of channels
528 (e.g., thesiligen subsiratepl, jand piptyrality)of shanrely Ya8carg formegrin d-gridklékemanner

so as to partition individual square sections for the external termnals
524. Her ei Manpgitse@s & partijop suare sdstioneelthy extermal tomaimadyd $246@7the surface
substantially match positions of the external termnals 524 on the
surface 5232agi théeesmegictosed tHyes 228, Itlay Wil G8P3of thd first unddéfiedoéxanipde shannel s
528 can be changed as necessarily. As the depth of the channel 528
becones deemeacteriediis thao a plurhktytod hemisphaseal dhmpleoiehatlbwssflage fahed of

the surface 523a of the resin enclosed | ayer 523. Wen the depth of the

channel 52f deeeEbrmen tHebicksidesurfes 32 16nghRsglcdoydEtrite 321 Sa plagikeed in
mechani cal strength. Hence, it is preferable that the depth of the

rg;gpegzg?ﬁf sn2d1D@isnplés (@SR hollAPIP I dal e GkRASEdiRkestdTR uFRRIR afRkAsEd
at prescribed positions between the external terminals 524 on the surface 523a of the
resin enclosed layer 523; and a plurality of large dimples (or large hollows) having
large radiuses of curvature are formed at center positions each encompassed by four
external terminals 524.

As the maximal depth of the dimple 541 becomes deeper, it is possible to
increase the overall surface area of the backside surface 521b of the silicon substrate
521. However, when the depth of the dimple 541 becomes too deep, the silicon
substrate 521 is reduced in mechanical strength. Hence, it is preferable that the depth
of the dimple 541 ranges from 5% to 20% the thickness of the silicon substrate 521.
The number of the dimples 541 can be changed as necessarily.

Dimensions regarding the opening diameter and maximal depth of the dimple
541 can be determined with respect to prescribed dimensions of the silicon substrate
521 whose length is 5 mm and whose thickness is 500 pm, wherein the opening

diameter of the dimple 541 ranges from 30 pm to 300 um, preferably from 100 pm to

200 pum; and the maximal depth of the dimple 541 ranges from 25 um to 100 um,



D nensions regarding the width and depth of the channel 528 can be
determ ned with respect to prescribed di nensions of the resin encl osed

| ayer 523 whose thickness is 100 m wherein the width of the channel 528
ranges from20 m to 150 m preferably %gon150 mto 100 m and the depth
of the channel 528 ranges from5mto 20°m preferably from10 pmto 15
m Next, a manufacturing nmethod of the W.CSP w Il be described. First, as

shown in Fb@feéﬂ@fﬁﬂnhn%‘(ﬁg{@f@gm(}i rcuit 522 (including electronic

circuits and various sensors aS necessarily) is forned on a surface 52la

R e i SR O TR

el ectric connections w rerndl term nal
peri pher al t i rated circuit . and an jnsulating film
(not s homnf)glms%a?’o P ﬁ%gﬁaoor}itg%&?slq %?cisﬁ‘g ga@ F%? %ﬁéa@i Beg Pg%fzﬂz negessply-
prescri bed areas correﬁgondigg.to t he,connection_pads, thus protecting
circuits and colfJBRRSAIS regeding dhsopsning damaisr and maxigal idapth oyl larasot
shown) and.a re§i$ encl&;ed, %ﬂyer 523 are fornmed on the surface 52l1a of
the silicofimRipats siebadetermined with sespectde mroseribestdimessiangef thdeesin  used t o
form channel s 527 on _a backside surface 521 b of the silicon substrate
521 and t oeHesidl daven Adl whesglengthds § anhand vépsathicknesreis 166 jum, Iheesic iesed
|l ayer 523, As shown in FIG 54C, the external termnals 524 connected
with the erenig diageteapéthedarge donpled4dmangee four fetpm3a 3480 pin, tpheferabli n
encl osed | ayer 523. Instead of using the cutting machine such as a
grinder, afowhidmm mo B0@uEY Bnd thempasdinahddpdh 68Me hage dignjle 5B egngeSFomnhi ch
are projected froma |l ower surface 532a at prescribed positions and
whose shap2Suarte 100mmh,qrefetabiy from Ahapas 70funi.he channels 528, is noved
downward so that the punches 533 press the surface 523a of the resin
It is preferable that the opening diameter and maximal depth of the smail
dimple 542 be smaller than the opening diameter and maximal depth of the large
dimple 543.  For example, the opening diameter of the small dimple 542 ranges from
30 pm to 160 um, preferably from 50 um to 80 pum; and the maximal depth of the
small dimple 542 ranges from 10 pm to 50 pm, preferably from 20 pm to 40 pm.
Next, a manufacturing method of the first modified example of the WLCSP
will be described, wherein the following description will be given with respect to only
the differences compared with the manufacturing method of the WLCSP of the present
embodiment.
The integrated circuit 522 and insulating film are formed on the surface 521a
of the silicon substrate 521, which is then subjected to dry etching, wet etching,
sandblasting, and laser processing, thus forming the dimples 541.
The resin enclosed layer 523 is formed on the surface 521a of the silicon
substrate 521. Then, a metal mold 551 shown in FIG. 58 is used to form the small
dimples 542 and the large dimples 543 on the surface 523a of the resin enclosed layer

523.



encl osed | ayer 523, thus form ng the-channels 528. Thus, it is possible
to produce the W.CSP of the present enbodi nent. According to the present
enbodi ment, a plurality of channels 527 are forned on the backside
surface 521 b of the silicon substrate 1, and a plurality of channels
528 are formed on the surface 523a of t resin enclosed | ayer 523,
whereby it is possible to reduce the entire curvature of the WCSP

including the si *Th@ﬁﬁta?'ﬁﬁﬁ%@ﬁ?}@rov@@c% Qrallgﬁ?ﬁﬁhﬁ'es%ﬁlﬁﬁ%g &3%523 or

it my be possible to avol occur ence e overa re of

the W.CSP. Qﬂﬁlg%r%gfsag}? %ﬁ{aﬁ@%#t‘(ﬁ Ohafl AftnRA8NEL S ;15 Al iﬁlﬂ)(’j?gg'éﬂ &ee %éfhe

possible to | i VE surface areas

backsi de sygfac 1b of the lico subs a ce 523a
of the res%1 %ngllg e*’defs?Br“?é'? %%i[’}'sapﬁia?( F'Egeéis %‘3532313316015%%9@ t he
joining strength of t P joining the, pr ted rcurt b Si nce
the effect f%’géfﬁ P%?é%‘%ﬂé’é’él 051 ﬁé‘?‘g%&&faaﬁ’f' dmt@ I?Wga%idkm de
surface 521b o 8‘; the sili cg ubstratg 521 ? d the surface 523a of the
resin encl B9¥E dpyhwardse thatt eP'én%"S% 1D PrpriBy suntResto2d 96 thsaesipn
characteristics with regard to th W.CSP, which is thus stabilized in

per f or manc@Aeigdilayer fgd ovlarebmit rSemqsalrbiq totfgrm teesmadimplesciiB e thmlargsan be
nodified in a variety of ways, which will be described below 75 FIG 55

is a plan dimplestBwi ng a first nodified exanple of the WCSP;, FIG 56 is
a rear view of the W.CSP; and FIG 57 is a cross sectional view taken
along line 132-TB2fiish nﬁldﬁietﬁﬁanﬁdamwr@mmmte phescribidCSRcofidédteaproesent
enbodi ment in which a plurality of channels 527 are formed in a matrix
form on t hthobackthe geessntrdmainelithez. 1 b of the silicon substrate 52 1, and a
plurality of channels 5 2 8 are forned in a gri d-1 ike nmanner so as to
partition squar eFKREDIi98plagfvidwi ehenihg aratoddansdifiad sxhwfle 0N tHeWLEYPf ace
Compared with the WLCSP of the first modified example in which the hemispherical
dimples 541 are formed on the backside surface 521b of the silicon substrate 521, the
WLCSP of the second modified example is characterized in that a plurality of
hemispherical dimples 561 are formed on four corners of the backside surface 521b of
the silicon substrate 521, and a plurality of hemispherical dimples 562 are formed in
the center area of the backside surface 521b of the silicon substrate 521.
Shapes and sizes of the dimples 561 and 562 are substantially identical to
those of the dimples 541 used in the WLCSP of the first modified example.
The second modified example can demonstrate prescribed effects
substantially identical to those of the first modified example.
Due to the formation of the hemispherical dimples 561 on the four corners of
the backside surface 521b of the silicon substrate 521 that may be easily curved, it is
possible to reliably avoid the occurrence of the curvature of the silicon substrate 521.

Due to the formation of the hemispherical dimples 562 on the center area of

the backside surface 521b of the silicon substrate 521 that may be difficult to dissipate



523a of the resin enclosed | ayer 523, the WL.CSP of the first nodified
exanple is characterized in that a plurality of hem spherical dinples
(or hollows) 541 are formed in a matrix formon the backside surface 52
1 b of the silicon substrate 52 1; a pl gality of small dinples (or
smal | hol Il ows) 542 having small radiuses®of curvature are fornmed at
prescribed positions between the external term nals 524 on the surface

523a of thﬁoa[trtﬁe% Olﬁn 1%&9 ea%qﬁ‘ltp?g\l% hegpglsgpﬂ ofl aracéens 165 nge o QP | es

(or large | ows adi'uses of fcurvatur

center pos ] $]r’rpassed by four external termnals 524. As the
maxi mal deg} S(Pl ¢ons§8£}5a‘?%§ 541 becones deeper, it is possible to

i ncrease the ove surface area of the backside surf h of the
silicon substrat g%ﬁf aﬁﬁﬁé%qmn%"éﬁwtsﬁ% ‘&gﬁtqli‘%?‘z‘fﬁ i&%ﬁ%ﬁ%ﬂ )5R1 becones
too deep, the silico e, 521 duced i n mechani cal strength.
Hence, it P<OpTaFeMA I"’etﬁirﬁ d?ﬁ@g@g}meo csidh gnpplimeny 1 Refareee from 5%
to 20% the thicknpness of the sjlicon substrate 521. The nunber of the

di npl es 543uBgRl BEl Eerigngias acilicoacubueate 1rywh19hﬁ@mstﬁgm@drce@amﬂw@eqtmc
openi ng di ameter and maxi nel depth of the di 541 can be determ ned
wi t h r espeeifcuis, prtsbewnbis domnadeanss @ﬁﬁﬂcef”ﬂﬁéngrﬂnceanms[ﬂbétn desdgna®&la whose
length is 5 mm and whose thickness is 500 ~ tm wherein the opening

di amet er obasetsabstiatgp(os aS4dondambsisaté rlaningt surfane 572n deé@ricallyngonpeaéd withl y
from100 ~Lmto 200 Vm; and the maxi mal depth of the dinple 541 ranges
from 25 ~t aserhicodd@tqrichjp T8 ; pnétede@htendimanisBT3ndetignat® epterndl rainteads al | vy,
shapes, sizes, and nunbers of the dinples 542 and 543 fornmed on the

surface 528t ek foliged @b BackBidk Qaakd FRBIof HRk3baza Bulkerat BI0ed A6
necessarily. Dinensions regarding the opening dianmeter and maxi mal depth

of the | ar gecticalp} eorrdered MithBe RéQaRHRAGuINM t h respect to prescribed
di mensi ons of the resin

On the semiconductor chip 571, it is possible to form various thin-film
components other than the integrated circuit, such as thin-film temperature sensors and
thin-film magnetic sensors.

A plurality of channels 527 are formed in a grid-like manner on the backside
surface 571b of the semiconductor chip 571; and a plurality of channels 528 are
formed in a grid-like manner on the backside surface 572b of the base substrate 572.

The CSP according to the third modified example can demonstrate prescribed
effects identical to those of the WLCSP of the present embodiment.

As described above, the present embodiment contributes to improvements
regarding avoidance of curvature, joining strength, and heat-dissipation characteristics,
wherein plural channels and plural dimples having desired shapes and sizes are
appropriately formed at prescribed positions offering satisfactory effects.

The number and arrangement of channels and shapes of channels can be

changed as necessarily. For example, channels can be arranged in a blind-like

manner and a net-like manner other than the grid-like manner.



encl osed | ayer 523 whose length is 5 mm and whose thickness is 100 pm
wherein the opening dianeter of the large dinple 543 ranges from 100 gm
to 300 m preferably from 150 mto 200 p.m and the maxi mal depth of the
| arge di nple 543 ranges from 25 mto 12%Epn1 preferably from40 pmto 70
m It is preferable that the opening di ter and maxi mal depth of the
smal |l dinple 542 be snmaller than the opening di aneter and nmaxi mal depth

of the large di pphke j i geli |
i npl e 5421 angen it reamig AHRPISSYATR, Srrbiife AR ERutiath S8 Bld Blagls inan

t he maxi ma ] : ' . es fr O, mto. 5

pr ef er abl ylﬂ}ag%m&% %1“%%%2@%%% hﬁ%ﬁ%mﬁg ‘%%%ed g@%ﬁ%ﬁ?& %%%dolg cog lctﬁ%‘%pn%si rst
nodified e f P will be described, wherein the follow ng
descriptioﬁagﬁ%?mggagﬁégﬁ%éﬁpﬁ¥gggﬁ%??r?%mgw?y the differences conpared
wi th the manufactyrin t hod. of the W.CSP. of the present nbodi nent .
The integrat ed C?H%B{egf’fg%?bgﬁ‘&l?“ﬁéﬁﬁ?gfm? 1fi5q %aﬁlrpéégf B’r‘i”r@ﬁhﬁﬁm’c“ﬁ ©urface
521 a Ofv\bhﬁ Sili ﬁon substrate, 521, whi %h IS theg@subj ected to dg‘y

et chi ng, wetlQYL3Figme B SSRICPATHCI Y PFUIRLE PT o Bredsdn gaclosadayer dpmi ng
the dinples 541. The_resin enclosed |ayer 523 is forned on the surface
521 a of t Hi& RPqsenef the ayeidangecofwpmvaturpand the impreyemeptspigsiningswngtin FI G
58 is used to formthe small dinples 542 and the | arge dinples 543 on

t he surf acandhxrdissipatien ekaspdiersyich.can deapplied tospg tyrrp of peckegendthemthan 551
provi des a pluralitg of punches 552 whose shapes are conplenentary to
shapes of €HAE agddYLCAP,sptleas BGA.and a plurality of punches 5 5 3 whose
shapes are conplenmentary to shapes o the large dinples 543, all of which
are forned at pAedos itvedtipomiay boembodied ih eaveral Sommisawithdut defarting fTlom net al

mld 55 1is
the spirit or essential characteristics thereof, the present embodiments are therefore

illustrative and not restrictive, since the scope of the invention is defined by the
appended claims rather than by the description preceding them, and all changes that
fall within metes and bounds of the claims, or equivalents of such metes and bounds

are therefore intended to be embraced by the claims.



noved downward so that the punches 552 and 553 press the surface 523a of
the resin enclosed | ayer 523, whereby it is possible to formthe snal

di npl es 542 and the large dinples 543. The first nodified exanple can
denonstrate prescribed effects identical to those of the present
enbodinment. FIG 59 is a plan vieM/shomﬁﬁg a second nodi fied exanpl e of
the W.CSP. Conpared with the W.CS of the first nodified exanple in
whi ch the hem spherical dinples 541 are formed on the backside surface
521b of th&het s daedibstrate 521, the WCSP of the second nodified
exanple is characterized in that a plurality of hem spherical dinples
561 are formed on four coners of the backside surface 521b of the
silicon substrate 52 1, and a plurality of hem spherical dinples 562 are
formed in 1t he cémemicendaatopievie comphinge surface 52 1 b of the silicon
substrate 52 1. Shapes and sizes of the dinples 561 and 562 are
substantial | y i destmizehdedor thipsevarig 4 festadignisk slars4in whish & plukehyy ofedp
of the first nodified exanple. The second nodified exanpl e can

denonst r at glepir6&arArd dhrelifonct syfasuldstreoft i al |y i dentical to those of the
first nodified exanple. Due to the formation of the hem spherical dinples
561 on the four ganRansulfing laher thack Soedsuichbaaeht 2dtfaaf oftithe sehicondurtor
substrate 521 that may be easily curved, it is possible to reliably

avoi d the opauLy Qfibbd e SNV M5 Sording fd&hs bhd eRBrsahst rate 521. Due
to the for%@ﬁigﬁagﬁﬁ%hé henﬁgpherica di npl es EGZ on the center area of

the backside sur fa%‘flﬁ'agg%\g c%ég{:atﬁ)ﬁsélé‘ﬂ;ch%ggs SbalkrAla8 8P dn tHadurfFBY obdhe

difficult to dissi‘pat erefrom it is possible to inprove heat-

di ssi pat I oq Cﬂ:ar Gh rré %]ig 583 Yéﬂ éstfb’tﬁﬁﬁ@fcgtrkoconhgﬁi(ﬁfns!\iri‘ﬂpﬁh SHbsal aé8cd21.
FIG 60 is 3“0?8@5 §eg} Shal View s ow ng a chip size package (CSP) in
at least one heat-dissipation electrode that is arranged on the surface of the
semiconductor chip and is connected with the external device,

a first wiring portion that is formed on a surface of the first insulating layer to
establish electric connections between the pad electrodes and the connection
electrodes;

a second wiring portion that is formed on the surface of the first insulating
layer and is connected with the heat-dissipaticn electrode; and

a second insulating layer for enclosing the first wiring portion and the second
wiring portion in such a way that the connection electrodes and the heat-dissipation
electrode are exposed on the surface of the semiconductor chip,

wherein the second wiring portion is arranged in proximity to a heating
portion of the semiconductor chip and is formed to cover the surface of the first

insulating layer except a prescribed area corresponding to the first wiring portion.

2 A semiconductor device according to claim 1, wherein the heat-dissipation

pad connected with the second wiring portion is arranged in proximity to the heating



accordance with a third nodified exanple of the sixth enbodi nent.

Ref erence nuneral 571 designates a silicon substrate in which an
integrated circuit (or electronic circuits, not shown) is fornmed on a
surface 571a; reference nuneral 572 designates a base substrate (or a
second substrate) having a surface 572a88IectricaIIy connected with a
sem conduct or chip 571; and reference nunerals 573 desi ghate externa
termnals _that agg foEned ﬁ%_a bacbside surface 572b of the base

subst rat e BYPORRY He iriack of e seaieQpdRREiPed with the i nt egrat ed
circuit. On the sem conductor chip 571, it is possible to formvarious
thin-film conponents other than the integrated circuit, such as
thin-filmjtenperature sensors and thin-filmnagnetic sensors. A
plurality &f chafyiemicogductay devigsragaerding tg opimgl, wheeeipapharlity pfispeond
backsi de surface 57 Ib of the sem conductor chip 571 - and a plurality
of channel Wirsmgpestiens gre forepd; an the gurfape|of ke firshinsulabing dyer. backsi de surface
572b of the base substrate 572. The CSP according to the third nodified
exanpl e can denonstrate prescribed effects identical to those of the
WLCSP of the present enbodi nent. As described above, the present

enbodi nment 4.cont r Abemésntactongviceeneotling toeddmd, whesain tldaploaliof oftdstaad ur e,
joining strength, and heat-di ssipation characteristics, wherein plural
channel s awitiny poribngirspbasectedwiifiga ghrsallte df hbapkSipatdn siceesdayr e
appropriately formed at prescribed positions offering satisfactory

ef fects. The nunber and arrangenent of channels and shapes of channels
can be changed as necessarily. For exanple, channels can be arranged in
a blind-like neAREHiRAGuAON®Ividel d68orIRING cIRLNE erelFlﬁH ah BRodPehidnt pdtfion

manner. 79 Furthernore, dinples can be appropriately changed in sizes and

shapes ot hﬁrfonﬁc{)ﬂ?tg S BliSPALEd 2Bt mENHRATeRAThOEELERE Hitihy portOfiafill he fRSY C€an

be formed In cu apes
insulating layer or the second insulating layer.

6. A semiconductor device according to claim 1, wherein the first wiring portion
is formed in a center area of the surface of the first insulating layer, and the second

wiring portion is formed in a peripheral area of the surface of the first insulating layer.

7. A semiconductor device according to claim 1, wherein the second wiring

portion is formed in a center area of the surface of the first insulating layer.

8. A semiconductor unit comprising:

a semiconductor device including

a semiconductor chip, having a rectangular shape, in which a plurality of pad
electrodes are formed on a surface thereof,

a first insulating layer that is formed to cover the surface of the semiconductor

chip except prescribed regions corresponding to the pad electrodes,



and rectangul ar parall el epi ped shapes, for exanple. The present

enbodi nent and its nodified exanples, in which channels or hollows are
formed on the sem conductor substrate or on the resin enclosed | ayer for
t he purposes of the avoi dance of curvat@%e and the inprovenents of
joining strength and heat-di ssipation aracteristics, can be applied to
any types of packages other than CSP and WLCSP, such as BGA. As this

invention may be, g{;ﬁ)@ﬁy Sﬁc&ﬁleﬁt‘?&%l@&rc{]&%ﬁ %]I metgﬁgﬂ%e@&pa{etgg%cg beme the

spirit or essentl aracteristics thereo resent odinments are
t herefore _jl.l rati and not restrictive, since the scope of the
i nvention ?%‘J“ae cfurc]g% cﬁ@’t he appended clains rather than by the

description preceding t and all changes t.hat fall wthin es and
bounds of “the or Gisrops el aRiehn oROPRETRA' i Blrandedion BhoHAR T
therefore intiended to, be enbraced by the clains. 80 Wat is clained is:
1. A senmi cHRUGINFd&YPee conprising: a senmi conductor chip, having a
rectangul ar shape,. in which a plurality of pad electrodes are forned on
a surface t her eo? firsh WifiRg porting (ratis 1HgordgRe S}lgfa?e atshe GrstarpulRingd9EF 1@ he
surface of the sem conductor chip except prescribed regions
cor r espondésiaplish elegicrennegtioas belavesn the pad gletiodys yid de sparaction el ect r odes
that are arranged on the surface of the semnmi conductor chip so as to
est abl i sh dketeades.c connections with an external device;, at |east one
heat - di ssi pation el ectrode that is arranged on the surface of the
sem conduct or cha gecand wisng pomen tled isdorined he tlextuetana bt thefirstanswatirigr st
wiring portion that is forned on a surface of the first insulating |ayer
to establ jagér #idas tonmecredwigcthe bost-diedipaion dduerodacndl ect rodes and t he
connecti on
a second insulating layer for enclosing the first wiring portion and the second
wiring portion in such a way that the connection electrodes and the heat-dissipation
electrode are exposed on the surface of the semiconductor chip,
wherein the second wiring portion is arranged in proximity to a heating
portion of the semiconductor chip and is formed to cover the surface of the first
insulating surface except a prescribed area corresponding to the first wiring portion;
and
a board having at least one land, which is brought into contact with the

heat-dissipation electrode.

9. A semiconductor unit comprising:

a semiconductor device including

a semiconductor chip, having a rectangular shape, in which a plurality of pad
electrodes are formed on a surface thereof,

a first insulating layer that is formed to cover the surface of the semiconductor

chip except prescribed regions corresponding to the pad electrodes,



el ectrodes; a second wiring portion that is forned on the surface of the
first insulating layer and is connected with the heat-dissipation

el ectrode; and a second insulating layer for enclosing the first wiring
portion and the second wring portion in such a way that the connection
el ectrodes and the heat-dissipation el®ctrode are exposed on the surface
of the sem conductor chip, wherein the second wiring portion is arranged

in proximty to a heatin Qrtio i RPN S.
formed to cover %%lé“@w ?g%oégg?mfnhée]eﬁord é?ﬁ}aﬁgﬁag{%ﬁ%iﬁ%ng@g%%@%ept %
prescri bed ar.ea corresponding tqg . .the first wrin rtion, .

sem conducﬁegfm?fé\?fn@é°§§c§8taait(?1§“$bélsgIegicmcl‘fo%cét}oé’g ﬁﬁﬁhaé‘l %é%rf@ i*Y4®pat i on
pad connected with the second.wiri.ng portion is arranged in proxin.ty to
the heating 81 popiraliy shisHdisiprteR elegrodendhal ars wramad cB e fce 8t A
sem conduct or device according to claim1, wherein a plurality of second
W ring porﬂlﬁé%w&ﬂ@“ﬁ@rm on the surface of the first insulating |ayer.
4. A sem conductor device according to claim3, wherein the plurality of
second wiring poz fifsbmiriag portion Hiat ii@rmpd pn 8 spriageanfithe figt insalatingilayer ghat i on
el ectrodes. 5. A sem conductor device according to claim11, wherein an
engagenent espablish electricsconoeatiods berwesn disl padrelentrodesrigethe nentgstioken t he
second wiring portion and the first insulating |layer or the second

i nsul ati ngelk@yeles, 6. A sem conduct or device according to claim1, wherein
the first wiring portion is formed in a center area of the surface of
the first insul ad édtgnd aytiig partidn the isfecmad on vier sunfycpof the dirstiissulaiimged in a
peri pheral area of the surface of the first insulating layer. 7. A

sem CondUCFa?ér ARV eenRecarditdie heatcdigdipatibn aidreiodes) ahdie second wiri ng

portion is formed in a center area of the surface of the first insulating
layer. a second insulating layer for enclosing the first wiring portion and the second
wiring portion in such a way that the connection electrodes and the heat-dissipation
electrode are exposed on the surface of the semiconductor chip,
wherein the second wiring portion is arranged in proximity to a heating
portion of the semiconductor chip and is formed to cover the surface of the first
insulating surface except a prescribed area corresponding to the first wiring portion;
and
a board having a plurality of lands, which are brought into contact with the

plurality of heat-dissipation electrodes, wherein mutually adjoining lands are integrally

connected together.
10. A semiconductor element including a plurality of channels or hollows that are
formed on a backside surface opposite to a prescribed surface of a semiconductor

substrate on which an electronic circuit is formed.

11. A semiconductor element according to claim 10, wherein a heat dissipation



8. A sem conductor unit conprising: a sem conductor device including a
sem conduct or chip, having a rectangul ar shape, in which a plurality of
pad electrodes are forned on a surface thereof, a first insulating |ayer
that is formed to cover the surface of the sem conductor chip except
prescribed regi ons corresponding to thé%ad el ectrodes, 82 a plurality of
connection el ectrodes that are arranged on the surface of the

sem conduct or, chi at |east one. heat-dissipation electrode that .i.s
T anged dReThE T radied ity paccidatar b S S i Pt fia
portion that is fornmed on a, surface of the first .ipsulating |ayer to
bst abl | sh Br@l cPRCHARGASTIN S bgSt BRalqeadyciy )t higherioan 4 el
connection electrodes, a second wri ng portion that is formed on the
surface ofconductivityaf thesepigendygtorsubstiateand i s connected with the
heat - di ssi pation el ectrode, and a second insulating |ayer for enclosing
the first wring portion and the second wring portion in such a way
that the connection el ectrodes and the heat-dissipation electrode are
exposed onl2 he sisémicendicteripdersentiacarrdumgttoclaghilf, whirsimetha pluralityedond
wiring portion is arranged in proximty to a heating portion of the
sem conducihanneifiage farmed s gapalhab dvithaacl veher ichesingle fdireetiaf ort the backssde
i nsul ating surface except a prescribed area corresponding to the first
W ring pordurfats ofuhd semboadactbesobagatat | east one | and, which is brought
into contact with the heat-dissipation el ectrode.
13. A semiconductor element according to claim 12, wherein a first distance
between a first outermost channel and a first end of the semiconductor substrate differs
from a second distance between a second outermost channel and a second end of the

semiconductor substrate.

14. A semiconductor element according to claim 12, wherein a first outermost
channel, which is formed in proximity to a first end of the semiconductor substrate,
differs from a second outermost channel, which is formed in proximity to a second end

of the semiconductor substrate, in terms of width.

15. A semiconductor element according to claim 12, wherein the plurality of
channels are formed different from each other in terms of widths thereof or in terms of

distances therebetween.

16. A semiconductor element according to claim 10, wherein the plurality of
hollows are regularly arranged on the backside surface of the semiconductor substrate,

or the plurality of hollows are irregularly arranged on the backside surface of the



9. A sem conductor unit conprising: a sem conductor device including a
sem conduct or chip, having a rectangul ar shape, in which a plurality of
pad electrodes are forned on a surface thereof, a first insulating |ayer
that is formed to cover the surface oféfhe sem conductor chip except
prescri bed regions corresponding to th 5pad el ectrodes, 83 a plurality of
connection el ectrodes that are arranged on the surface of the
senicondug&gﬁuﬁmh&0§gﬂﬁﬁ.&o establish electric connections wth an
external device, a p uraﬁlty of heat-di ssipation electrodes that are
arranged on the surface of the sem conductor chip, a first wiring
portion that is forned on a surface of the first insulating |ayer to

est abli sh ectrjc connections between. t he pad,el ectrodes d

connect i onle)'el ec“%F%’@g?‘?‘éftt%re%%ﬂﬁ\?ﬁqrﬂl&gﬁ%F?’f’gr]i%t Wg?refnsn %@Pr%%}sgﬁn?%de
surface of the first insulating .]ayer and is connected wth the

heat - di ssi b &W‘@Fe@rﬁr?%@{e‘g? lbé‘ﬂﬁ“if %‘Etr@%ﬁptihﬁéﬂ}]’ﬁ)?ﬁﬁ;t‘?rag\}‘&”qt%r encl osi ng
the first wiring portion and the second wring portion in such a way
that the connection el ectrodes and the heat-dissipation electrode are
exposed on the surface of the sem conductor chip, wherein the second

Wi ring port8.on i4 semicapdustor alemens ereardipgtte ckiimd 4t whgreinleashangholiave
sem conductor chip and is forned to cover the surface of the first

i nsul at i ngssharfgad én ehapepr size sompared vath the ethes bpl@¥pondi ng to the first
wiring portion; and a board having a plurality of |ands, which are
brought into contact with the plurality of heat-dissipation electrodes,

wherein nmutual ly adjoining lands are integrally
19. A semiconductor element according to claim 17, wherein at least one hollow

is changed in shape or size compared with the other hollows.

20. A semiconductor element according to claim 18, wherein the plurality of

hollows are changed in opening widths thereof or in distances therebetween.

21. A semiconductor element according to claim 17, wherein the plurality of

hollows are changed in opening widths thereof or in distances therebetween.

22. A wafer level chip size package including a semiconductor element having a
plurality of channels or hollows that are formed on a backside surface opposite to a
prescribed surface of a semiconductor substrate on which an electronic circuit is

formed.

23. A wafer level chip size package according to claim 22, wherein the plurality

of channels or hollows are changed in widths thereof or in distances therebetween.



connected together. 10. A sem conductor elenent including a plurality of
channels or hollows that are forned on a backsi de surface opposite to a
prescri bed surface of a sem conductor substrate on which an electronic
circuit is formed. 11. A sem conduct or géenent according to claim10,
wherein a heat dissipation 84 nenber is arranged on the backsi de surface
of the sem conductor substrate via a high thermal conduction materi al

whose thermal condiaditotidudtor SlefieBREIUNAN ﬁuH‘fye Hﬂermﬁlgﬁdd'f% ard Fdnhe@font N€

sem conduct or substrate. 12. A sem conductor ment accor ng to clalm

10, wher ei B pi&ieriBdd Sfakct ¥t Qfsemﬁgﬂﬂu}%r%u tféﬂé QUHEdn af1eRE' ?ﬁ o8} h HhRACh

other in a S|ngle direction on t backsi surface o e se conduct or

substrate. a?seig‘egl‘ﬁﬂg&f&% aehllf P E;e%%;]dl ng to claim12, wherein a

first dlstance et we I'rst ernDs lannel and a first end of the

sem conduct or substrate differs fron1a second di stance between a second

out er nost channel and a second end of the sem conductor substrate. 14. A

sem condu\(,:\% rrent acgcardi.ng to cJl lm 1 a:{\/ner na first outernost
ch | aplpgajl §f°€'ﬁ

channel , uFHTﬂF PHW?V Hoigelsitha asetarshenct or
substrat e, dlfter f on1P second, out er nrost channel, which is fornmed in
proxinity ?8 el agh At 2 sgmicerAuciarsubyiatr Miecrein BElensioac of Fhetpburalityof
wi dth. 15. sem caonductor_ el ement according to claim 12, wherein the
plurality ef terminglirie PQuipPes Witk Adwodayered wrnclure inaluding 2 magoetic matesiahs of
wi dths thereof or in terns of distances therebetween. 16. A
seni conduc st 2 epnsystive membed ng to claim10, wherein the plurality of
hol l ows are regularly arranged on the backsi de surface of the
sem conduct or substrate,

26. A semiconductor element including a plurality of terminals that are formed on

a prescribed surface of a semiconductor substrate, wherein at least one of the plurality

of terminals is equipped with a pair of a magnetic material and a conduction member.

27. A semiconductor element including a plurality of first terminals for
establishing electric connections with an external device and at least one second
terminal that is not connected with the external device and that is equipped with a

magnetic material.

28. A semiconductor element according to claim 24, wherein a sensor for sensing
a physical quantity is attached onto a surface opposite to the prescribed surface of the

semiconductor substrate.

29, A semiconductor element according to claim 25, wherein a sensor for sensing
a physical quantity is attached onto a surface opposite to the prescribed surface of the

semiconductor substrate,



or the plurality of hollows are irregularly arranged on the backside
surface of the 85 sem conductor substrate. 17. A sem conductor el enent
according to claim 16, wherein no hollowis forned on a designated area
of the backside surface of the sem conductor substrate. 18. A

sem conductor el enment according to clai§V16, wherein at | east one holl ow
is changed in shape or size conpared with the other hollows. 19. A

sem conductor el enment according to claim17, wherein at | east one holl ow
is changed in shape or size conpared with the other hollows. 20. A

sem conductgr el gnent. accor di to claj.m 18, wherein the plurality of

hol | ows ar 38'(: han S&’W%""@B‘é‘ﬁf ﬁféﬁ\ﬁFg?%Sfdﬂﬂ%Pe%?mbf&i‘ﬂlea?lg@a?%%%?Of sensing

t her ebet ween 21Eil A sem'.condlﬂc%or el errﬁnt according to claim 17, wherein
the pl ural PEVYYFAERRIENLS attached apfgAsuriace peRasky taharescribed wisface of the

di stances therebetween 22. A wafer |evel chip size package including a
seni conductdgpicap tsuh%ltW‘hg a plurality of channels or hollows that are
formed on a backsi de surface opposite to a prescribed surface of a

sem conduct or substrate on which an electronic circuit is forned. 23. A
waf er |evel chip size package according to claim 22, wherein the
plurality 3bf chérmsaiepndpcthntlemant accerditgtogdalm 27, witdrdis atshsoe 6dr sonsing)

di stances therebetween. 86 24. A sem conductor elenent including a
plurality efphysealiquattgy tihattachedoritorarsedacnoppmsite asthe ipbadrisad furfaee of the

sem conductor substrate, wherein at |east one of the plurality of

term nal s semeondyppedubdtidte.a nagnetic material. 25. A sem conduct or

el enent including a plurality of terminals that are formed on a

prescri bed surface of a sem conductor substrate, wherein at |east one of
the plurality

32. A semiconductor element according to claim 24, wherein the magnetic

material is composed of a ferromagnetic material or a weak magnetic material.

33. A semiconductor element according to claim 25, wherein the magnetic

material is composed of a ferromagnetic material or a weak magnetic material.

34. A semiconductor element according to claim 26, wherein the magnetic

material is composed of a ferromagnetic material or a weak magnetic material.

35. A semiconductor element according to claim 27, wherein the magnetic

material is composed of a ferromagnetic material or a weak magnetic material.

36. A semiconductor element according to claim 32, wherein the ferromagnetic
material is composed of at least one element selected from among iron (Fe), cobalt
(Co), nickel (Ni), gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho),

erbium (Er), and thulium (Tm).



of termnals is equipped with a two-layered structure including a
magnetic material and a conductive nenber. 26. A sem conductor el enent
including a plurality of termnals that are forned on a prescribed
surface of a sem conductor substrate, grein at | east one of the
plurality of termnals is equipped with a pair of a nmagnetic materi al
and a conduction nenber. 27. A sem conductor elenent including a
plurality of first termnals for establishing electric connections with
an external device and at |east one second termnal that is not

connected whth t | . t il ioped w kh netic
mat eri al . \% A g‘gs%ﬁfé%ﬁ{g&g%%rggﬁegﬁ%%tg Phé‘i%g)rc&%llﬁbg?’g’b %F%ﬁﬁ?ez%,no\%ﬁaglg% h a
sensor for i Lcal quantity is,attached onto a rfac

opposi t ¢ 1t SRRl StborbRBL G &k Rl B mtpL S SR ar B BE PR 20, A
sem conductgor, el ., accordi n claimz25, wherein nsor for sensing
a physi cal t(gﬂ)aﬁ{‘%ﬁi’% gg&&%w@gég&%ﬁé"‘%&ﬁaé&s%%%i@@iﬁ@ﬁf‘ﬂ@ gﬂ‘é)scri bed
surface of the m condyct o ubstrate. 87 30. A sem conductor el ement
accor di ng anwpééﬁrﬁﬁfmﬁﬁﬁméﬁﬁsa sensor for sensing a physical quantity
is attached onto a surface opposite to the prescribed surface of the

sem conduct or substrate. 31. A sem conductor elenent according to claim
27, wherein a sensor for sensing a g%si cal quantity is attached onto a
surface oppdsi t eAtssmi¢pndpetes elemisatacsordingte dgim b whereih denfdrromegnetic
substrate. 32. A sem conductor el enment according to claim24, wherein the
magnetic materal i composeshphbatdersbdneelementowiegtedtfiran aumbeg itah (Be), eohabtak
magnetic material. 33. A sem conductor elenent according to claim 25,

wher ei n t hé€Compagickeli (Ni), gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho),

erbium (Er), and thulium (Tm).

39. A semiconductor element according to claim 35, wherein the ferromagnetic
material is composed of at least one element selected from among iron (Fe), cobalt
(Co), nickel (Ni}, gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho),

erbium (Er), and thulium (Tm).

40. A board for mounting a semiconductor element including a plurality of
terminals, at least one of which is equipped with a first magnetic material on a
prescribed surface, wherein a second magnetic material is formed on a surface directly
opposite to the prescribed surface of the semiconductor element in correspondence

with the first magnetic material.

41. The board for mounting a semiconductor element according to claim 40,
wherein the second magnetic material is composed of a ferromagnetic material or a

weak magnetic material.



material is conposed of a ferromagnetic material or a weak nmagnetic
material. 34. A sem conductor elenent according to claim26, wherein the
magnetic material is conposed of a ferromagnetic material or a weak
magnetic material. 35. A sem conductor géenent according to claim 27,
wherein the magnetic material is conpoSéd of a ferromagnetic material or
a weak magnetic material. 36. A sem conductor elenent according to claim
32, wherein the ferromagnetic material is conposed of at |east one

el ement selected fromanong iron (Fe), cobalt (Co), nickel (N),

gadol i niu ™), i Th) ... dysprasi um hol m u . bi um
(Er), andn%lléﬁ'ul i U%LﬁlgréI H 'P%x(smg%nn& f’lsfgenn%L @%’i}a&ﬁtg’%iemeepg%ﬂf‘méé [Ag%lmg{’t o claim
33, wherein,the ferromagnetic material is.c osed of, at | east one
ol ement - SeP e BHEAGRILRBIRGC P FoSOTRISEAPL At IgRBopne FiegieR) Sty from
gadol i nium (& t?ég;u Th), dysprosium ( , I m uym ( .. erhium
(Er), and BP% fin 90'93%.@&)@%6@@%3&?518@%&%%#58% GYERSORINEY m
34, wherein_ the ferromagnetic material is conposed of at |east one
el enent seﬂ%l‘)& g?ﬁmll‘“@#’é’gﬁﬁb‘uﬂ &), @pd fhulwgbem).* (co), nickel (N),
gadol i nium (Gd), terbium (Tb), dysprosium (Dy), holmum (Ho), erbium
(Er), and thulium (Tm. 39. A sem conductor elenent according to claim
35, wherein the ferromagnetic material is conposed of at |east one
el enent sefbct edAnretariramsrigvice sampHsing acomidandudtoglementoktakhddNbte a
gadol i nium (Gd), terbium (Tb), dysprosium (Dy), holmum (Ho), erbium
(Er), and bdartl wher¢ifithe setficordustaretenicon imobades iampiuralitarfiteraridalstavieasi enent
including a plurality of termnals, at |east one of which is equipped
wth a firete ofghieh icequiviped iviith ©firsa magheticmatedidl aus prsaibedsarfatd) add second
magnetic material is formed on a surface directly

wherein a second magnetic material is formed on a surface of the board directly

opposite to the prescribed surface of the semiconductor element in correspondence

with the first magnetic material, whereby the semiconductor element is fixed to the

board with prescribed positioning therebetween by magnetic attraction occurring

between the first magnetic material and the second magnetic material.

44, An electronic device according to claim 43, wherein the first magnetic
material and the second magnetic material are each composed of a ferromagnetic

material or a weak magnetic material.

45. An electronic device according to claim 44, wherein the ferromagnetic
material is composed of at least one element selected from among iron (Fe), cobalt
(Co), nickel (Ni), gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho),

erbium (Er), and thulium (Tm).

46. A semiconductor element including a semiconductor substrate having a



opposite to the prescribed surface of the sem conductor elenent in
correspondence wth the first magnetic material. 41. The board for
nounting a senm conductor el enment according to claim40, wherein the
second magnetic material is conposed of a ferromagnetic nmaterial or a
weak magnetic material. 89 42. The boar8% or nounting a seni conduct or
el ement according to claim4l, wherein the ferronagnetic nmaterial is

conposed o . n l.ement selected from among iron (Fe),. cobalt
(o} nf kB Rl for PR Db e BEbie v e 1 e oy

hol m um ( . erhiu r), .and thulium (Tny. 43. An_ el ectroni ¢ device
conpri si ng p§‘§?ﬁ“§8@ﬁ'§]ﬁ%r"f eeﬁ?gﬂ'fonélﬂl?tgﬁﬁ%tréﬁlédﬁ”d%&mp FEpI§as he
sem conduct.or, el ement includes a plurality of termnals, at |east one of
which is eg‘ﬂ'idﬁfj‘@EF‘t\R]gtf‘H1 e‘?‘if?‘?f“’?r&b'ﬁ’éti c material on a prescribed surface,
and wherein a second magnetic material is formed on a surface of the
board directly opposite to the prescribed surface of the sem conductor
el ement in correspondence wth the first nmagnetic material, whereby the
sem conductdr el Aemicondugtpxelement acherdingotarcirini 46 wheest thicduratipsoft dremi ng
t her ebet ween by magnetic attraction occurring between the first nagnetic
mat er i al adidfer fronseashmtherdm sufice roughaessal . 44. An el ectronic device
according to claim43, wherein the first magnetic material and the
second magnetic material are each conposed of a ferromagnetic nmaterial
or a weak magnetic material. 45. An electronic device according to claim

44, wherei #8.t he Asemivoadiebdl lemomiaRtording 15 cCANPIES MheRiin Be Jl@REy AMBeas
el enent selected fromanong iron (Fe), cobalt (Co), nickel (N),

gadol i ni Un‘teﬁﬁé_}:m strepdd] indd ot irrébtsaitRsi um (Dy), hol m um (Ho), erbium
(Er), and thulium (Tm.
49. A semiconductor element including a semiconductor substrate having a
prescribed surface for fabricating an electronic circuit, wherein a photosensitive layer
having a prescribed pattern for designating an identification mark is formed on a

surface opposite to the prescribed surface of the semiconductor substrate.

50. A semiconductor element according to claim 49, wherein the photosensitive
layer is composed of a photosensitive polyimide resin, a polyurethane resin, an acrylic

resin, or a photosensitive SOG.

51. A semiconductor element according to claim 46, wherein the identification

mark represents a character, a numeral, a symbol, a code, or an image.

52. A manufacturing method for a semiconductor element including a
semiconductor substrate having a prescribed surface for fabricating an electronic

circuit, comprising the steps of:



46. A sem conductor elenment including a sem conductor substrate having a
90 prescribed surface for fabricating an electronic circuit, wherein a
surface opposite to the prescribed surface of the sem conductor
substrate is divided into a plurality areas for designating an

i dentification mark. 47. A seniconductor el enent according to claim46,
wherein the plurality of areas differ fromeach other in surface

roughness. 48 AfSilg2BANG AR ETRR b ASHALK Hfhlife go'rtgia Breibed\GhALD the

plurality of areas represent stripes, islan ar

Se"iCO”dUCBP&w%EEﬁE@%u&?Q%HQ&QE-a sem conduct or substrate having a

prescri bed surface r ricating an electronic circuit, wherein a

phot osensitive | . r riped pattern for designating an
Pents ioati on nsnioving St AR SR bRRGBREier 8 piShER prad Pk
surface of the sgg%ggpd tor sybs%fate. 0. A sem conductor el enent
according to cla g, IReMask o SiEfast fughnsss tieptment | ayer is conposed of a
phot osensitive polyimde resin, a polyurethane resin, an acrylic resin,

or a photosensitive SOG 51. A semnmi conductor elenent according to claim
46, whereip_the iﬁentif'cation mark represents a character, a nuneral, a
synbol, a edde, ohe B¥nyigayEng method o5 A semicondngier slempridictending to claim
sem conductor. el ement including a sem conductor substrate having a
prescri bed % firthse omprisingfhe sder ¢fag an el ectronic circuit, conprising the
steps of: 91 form ng a photosensitive |ayer on a surface opposite to the
prescribed surf aEmoviig ﬁgh@l?@bﬁﬁ@bﬂiﬁduuﬁm rouglgtesaitreatmentiovi ng sel ect ed
areas of the photosensitive layer so as to forma mask; and

54. The manufacturing method for a semiconductor element according to claim

52, wherein the surface roughness treatment corresponds to sandblasting.

S5. The manufacturing method for a semiconductor element according to claim
52, wherein the photosensitive layer is composed of a photosensitive polyimide resin,

a polyurethane resin, an acrylic resin, or a photosensitive SOG.

56. A manufacturing method for a semiconductor element including a
semiconductor substrate having a prescribed surface for fabricating an electronic
circuit, comprising the steps of’

forming a photosensitive layer on a surface opposite to the prescribed surface
of the semiconductor substrate; and

removing selected areas of the photosensitive layer so as to form an

identification mark.

57. The manufacturing method for a semiconductor element according to claim



subj ecting the mask to surface roughness treatnent. 53. The manufacturing
nmet hod for a sem conductor elenent according to claim 52 further
conprising the step of: renoving the mask after the surface roughness
treatnment. 54. The manufacturing nethod for a sem conductor el enent
according to claim 52, wherein the surf4ce roughness treatnment
corresponds to sandbl asting. 55. The manufacturing nethod for a

sem conductQr el ement according . ,to claim 52, .wherein the photosensitive
| ayer is co ‘ggggmo eﬁﬁﬁ’ﬁ?@&&%&i”ﬁﬁ?@%ﬁ’%ﬁ?@ﬁ%pg@@?‘?‘ﬁsm‘ﬁ Pﬁgll CHEne
resin, an acrylic.resin, or a photopsensiftive SOG 56. A manufacturing

net hod for ad’%%ﬁ?@ﬁ%ﬁé‘f‘o?n %‘?réﬁr%l:ﬁs‘q’ REPR BBYREFMAIVESHG onduct or substrate
having a prescribed surface for fabricating an electronic circuit,
conprising the steps of: form ng a photosensitive |ayer on a surface
opposite to the prescribed surface of the sem conductor substrate; and
removi ng séBect ed Walsalevel chipsizp patkage insludinga seryiepndistarsubsirdtohaniag a
identification mark. 57. The manufacturing nmethod for a sem conductor

el enment acposaiibey susface Hirfrlgicabieg ankelectonicicireuipheliersiensut faveopsite td s
conposed of a photosensitive polyimde resin, a polyurethane resin, an
acrylic reshepresribad plxdacesdiibe semieorEiictod Substrawait divileVigto £ plupalgi o€
package including a sem conductor substrate having a prescribed surface
for fabri cateasfpratesighsitig amidentificativhimarlvherein a surface opposite to the
prescri bed surface of the sem conductor substrate is divided into a
plurality of areas for designating an identification mark. 59. A wafer

| evel chip size package including a sem conductor substrate having a

59. A watfer level chip size package including a semiconductor substrate having a
prescribed surface for fabricating an electronic circuit, wherein a photosensitive layer
having a prescribed pattern for designating an identification mark is formed on a

surface opposite to the prescribed surface of the semiconductor substrate.

60. A wafer level chip size package according to claim 59, wherein the
photosensitive layer is composed of a photosensitive polyimide resin, a polyurethane

resin, an acrylic resin, or a photosensitive SOG.

61. A wafer level chip size package according to claim 59, wherein the

identification mark represents a character, a numeral, a symbol, a code, or an image.

62. A semiconductor device encapsulated in a wafer level chip size package,
comprising:

a metal post that is enclosed in a resin and is formed on a re-wiring layer
connected with a pad electrode; and

an external terminal that joins a surface of the metal post,



prescri bed surface for fabricating an electronic circuit, wherein a
phot osensitive |l ayer having a prescribed pattern for designating an
identification mark is formed on a surface opposite to the prescribed
surface of the sem conductor substrate. ,60. A wafer |evel chip size
package according to claim59, wherein the photosensitive |ayer is
conposed of a photosensitive polyimde resin, a polyurethane resin, an

acrylic resin, OkvheredHeaRQASHdst 4encddFed filshape @@Jh_etpaﬂ L8l s&ﬁic@lleﬁhée

package according to claim59, wherein the Tdentification nar

repr esent5c%s@k@ih_@%k@?nal@erﬂﬁ&@risa%ma@rﬁﬁéﬂg%!ecorfi‘l fe HJ% ADsd (JRHE. 62. A
sem conduct or device encapsulated In a wafer level c |F§5| Ze package,
conpri si NQye @i AlePOst that is enclosed in a resin and is forned on a
re-wring F%yéﬁﬁgcgﬁﬁected with a pad el ectrode; and an external term na
that joins a surface of the netal post, 93 wherein the netal post is
nodi fied in shape such that a first surface lying close to the external

termnal is,greater tha second surface lying close to the re-wring

| ayer 63, A sen\COMATCRU OREU Cor BRI ot .2 Seciabiiea af the
sectional ar of .the tal post. is.gradually increased in a direction
fromthe 55’(’?@"280?&? gradua yomPFng?q[‘Psatdlge'gH?‘F g"@@‘. thg secordsupfpecoindbefiet devi ce
according to_claim62, wherein a maxi mal sectional area of the external
termnal i & f6ater than the first surface of the metal post. 65. A

sem conduct or device according to claim®62, wherein the netal post has a
t apered shape. 66. A sem conductor device conpri sing:

64. A semiconductor device according to claim 62, wherein a maximal sectional

area of the external terminal is greater than the first surface of the metal post.

65. A semiconductor device according to claim 62, wherein the metal post has a
tapered shape.
66. A semiconductor device comprising:

a semiconductor substrate having a first surface for fabricating an electronic
circuit;

a resin enclosed layer composed of an insulating resin, which is formed on the
first surface of the semiconductor substrate;

a plurality of external terminals that are connected with the electronic circuit
and that are partially exposed on the resin enclosed layer;

a plurality of channels or hollows formed on the resin enclosed layer; and

a plurality of channels or hollows formed on a second surface opposite to the

first surface of the semiconductor substrate,



a sem conductor substrate having a first surface for fabricating an

el ectronic circuit; a resin enclosed | ayer conposed of an insul ating
resin, which is forned on the first surface of the sem conductor
substrate; a. plurality of external terginals that are connected with the
el ectronic circuit and that are partiall'y exposed on the resin encl osed
| ayer; a plurality of channels or hollows forned on the resin encl osed

| ayer; andga pl unadedivorRiicoPatiel s iRkl ows formed on a second surface
opposite to the firétosu?face o# ? %nse%iconductor substrate. 94 67. A

cem conduct o e R oS GPALHEL e IR RSl L o

electronic circuit 1s irTst surface

that is electrical cted wthcthe urface of the sem conductor
substrate; a pl ur%as}:%lotng%gg&ea}(et féjarvﬁ%g afi 553%1@ estL%HEIFfz’ﬁWém@Y 8?;?1}‘:?‘&?&"7'1@1 the
connected w t.h tq electnﬁp{c ﬁﬁrcH;t and that are formed on a second
surf ace Opﬁgr&c[eeot F IRECMET ST A of the second substrate: a
plurality of channels.or hollo forqe on a surface of the sem conductor
substrate; and aaﬁﬁﬁ?létlyiotfﬁx@fmiﬁm ythat ang slachigally sprrsstesvithhesecond
surface of the second substrate. 68. A sem conductor device according to
cl ai m 66, ®iseenis cirpwt and that areyforpped hasisend sufacepppsitettedhy firspsurface
prescri bed direction. 69. A sem conductor device according to claim®67,
wher ei n t hef flegeeandispbgfateshannel s are el ongated in a prescribed

di rection.

a plurality of channels or hollows formed on a surface of the semiconductor
substrate; and
a plurality of channels or hollows formed on the second surface of the second

substrate.

68. A semiconductor device according to claim 66, wherein the plurality of

channels are elongated in a prescribed direction.

69. A semiconductor device according to claim 67, wherein the plurality of

channels are elongated in a prescribed direction.

70. A semiconductor device according to claim 66, wherein the plurality of

channels are formed to rectangularly cross each other.

71. A semiconductor device according to claim 67, wherein the plurality of

channels are formed to rectangularly cross each other.

72. A semiconductor device according to claim 66, wherein the plurality of



70." A sem conductor device according to claim®66, wherein the plurality
of channels are fornmed to rectangularly cross each other. 71. A

sem conduct or device according to claim®67, wherein the plurality of
channel s are fornmed to rectangul arly CL?SS each other. 72. A

sem conduct or device according to clai 6, wherein the plurality of 95
channel s are changed in shape or size. 73. A sem conductor device
accordi ng tRanakRiaf Sang¥ 8 §ape bh&zp! urality of channels are changed in
shape or size. 74. A seém conductor device according to claim66, wherein
the plurality of hollows are arranged regularly. 75. A sem conduct or

devi ce according to claim 67, wherein the plurality of hollows are
arranged regul ar Ly, 1 eyi.ce.Aacgor di t.0 ai m 66,
wherein thapl ur A emipatSr A Rt dle CRINECOE G Mot

sem conduci0r ViC cording to.claim67, wherein the plurality of

hol | ows ar él?aélpglg%ee%aggefw&%ﬁg O8ZC A seni conduct or devi ce accor di ng to
claim 66, wherein the plurality of hollows are changed in shape or size.
79. A sem conductor device according to claim®67, wherein the plurality
of hollows_are changed in shape or size. 80.. A sem conductor device
accor di ng f’% cl af*FFBEondpgrL I‘t'erf’éwﬁldﬂﬁgatloicg%}moq@ Mderonthealeralibrofed in a
limted area, 96 81. A sem conductor device according to claim 67,

wher ei n t hBolW aF prgngsd regularly.

75. A semiconductor device according to claim 67, wherein the plurality of

hollows are arranged regularly.

76. A semiconductor device according to claim 66, wherein the plurality of

hollows are arranged at random.

77. A semiconductor device according to claim 67, wherein the plurality of

hollows are arranged at random.

78. A semiconductor device according to claim 66, wherein the plurality of

hollows are changed in shape or size,

79. A semiconductor device according to claim 67, wherein the plurality of

hollows are changed in shape or size.

80. A semiconductor device according to claim 66, wherein the plurality of

hollows are formed in a limited area.



hollows are forned in a limted area.

%6

81. A semiconductor device according to claim 67, wherein the plurality of

hollows are formed in a limited area.



