|  SEM CONDUCTOR ELEMENT AND WAFER LEVEL CHI P SI ZE PACKAGE THEREFOR
BACKGROUND OF THE I NVENTION Field of the Invention This invention relates
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
2004-3 5 1 8 06, the contents of which are incorporated herein by reference.
Description of the Related Art In sem conductor devices such as LSI devices,
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are formed oéﬁm@%@%@@%ﬁ%@@?%@ﬁﬁﬁﬁﬁgﬁ %ﬁugﬁgg‘r%‘gﬁgp heat
when operated. In order to avoid err, € mal f uncti on due to excessive
heat generated in sem conductor chi 6@55}3@ PBus heatsink structures and heat
di ssipation structures for effectively dissipating heat from sem conductor
devi ces have been devel oped. For exanple, Japanese Patent Application

Publ i cati on No. 2002-158310 teaches a sem conductor device equipped wth a
heat di ssipation structur eBACKGBROWNI: &F THEINYHANDON| ect r odes, which are
connected with a board, dissipate heat generated by the surface of a

sem conductoeld ofthednteowiands t he board via an insulating resin (or an
insulating layer). In this sem conductor device, the surface areas and side

areas of the senTapnidvgiionh related t@EdmicoRURIE @leMdrls drtewhfas levall dhigsizesi n (or
insulating layer). In addition, Japanese Patent Application Publication No.
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This application claims 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 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 (correspondi ng
to wiring portions) of a filmsubstrate, which is arranged in the

peri pheral portion of the surface of the sem conductor elenent. In this
sem conduct or device, wiring portions are2forned beside the surface of the
sem conductor chip in which integrated circuits are formed. Wafer level chip
si ze packages (W.CSP) are manufactured. such that before a. wafer is cut into
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Pat ent Application Publication No. 2002-158310, in which side areas of a
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are not sui tseflidoadW6iSthi muﬁﬂtih@?ﬁkéwcirc\ﬁhe;&% fosmedt equi pped with a heat
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di ssi pation fr%m sem ¢ ndugtor evi ees have bc;en devel oped nd put into 3
and boards are formed on surfaces 6f semiconductor chips and are enclosed in resins.

In WLCSP, wiring portions, electrode portions, and insulating portions are formed at
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.

Conventionaily, 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 eftective heat dissipation
structure in order to improve the reliability of semiconductor devices.

Due to recent developments regarding {C 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



practical uses. Geat advances have been achieved in reducing sizes,

t hi cknesses, and weights of electronic devices such as notebook conputers
and cel lul ar phones equipped with digital caneras. As for chip housings for
sem conductor elenments, chip size packages (CSP) are recently substituted
for conventional dual in-line packages (DI P). For exanple, chip size
packages (CSP) are designed such that sem conductor el ements are connect ed
to carrier substrates via netal bunps, and netal bunps used for attaching
sem conduct or anents onto printed-circuit boards are fornmed on the | ower
surfaces of HHEUalrier substrates. Recent devel opnments bring wafer |evel

chip size packag CSP) to have netal, pads, .all.owm connections with
ot o1 nal ot co0 CteftipgRanEEs s HRED AOMeRRbDarasind Ytk Beaepigs, and

el ectronic-circuit fabricated surfaces) of sem conductor substrates on
whi ch el ect Msaghis ef sleeiranic devicesguphas nqtpboskRompsiers gagd rAlWargenRs ures have
been devel oped to increase heat dissipation abilities for sem conductor

el enent s i nequippehwithsagitad kaperss z eAp Surichigebousings forsempinglucdpa plemests, Pat ent
Application Publication No. H O 321775 teaches a heatsink structure in
whi ch a t herchil sizeopedbiagds 40 S ertrecntizchlesdituted forpoaventiosal dumt &r-linpposite to a
prescribed surface of a CPS is brought into contact with a netal heatsink
havi ng a pl packtagey(loP)channel s, whi ch engage with netal heatsink plates to
di ssipate heat generated by a sem conductor el enent. Japanese Patent

Appl i cation Publi gatbdinplBshipidide 92&%%@(@@)@& desh@al Shdhat selfiédhidacton Whi ch
an irregularities filmhaving irregularities realizing height differences

is formed ondndhediaicotttctdod ARRRShbtrated via mBlaPBEhpdadd MutdidutRiusél CSP so
as.to dissipate heat generated by a sem conductor ‘elenent. In the heatsink
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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



No. H10-321775 in which netal heatsink plates are attached to the planar
surface opposite to the prescribed surface of the CSP, heat dissipation
effects nust be limted due to the l[imted area of the planar surface. In
the heatsink structure disclosed in Japanese Patent Application Publication
No. H11-67998, heat dissipation effects can be increased because the overal
area is- increased due to irregularities $ornmed on the planar surface;
however, there still renmains a problemdue to the limted heat dissipation

effects thereof,,.T. nventional . W.CSP has a v narrow surface area,
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on boards in two steps, that is, a first step for realizing tenporary
bondi ng usi Sge {hihedumitad area afidc plasarhErcet ep for realizing fixed bonding
using the solder. This makes it very difficult for the manufacturer to
reduce the producth e heptsink struchan diselosed indgparess Baterichpnlsaten Beblipstiomnd t o
reduce the manufacturing cost therefor. In addition, it is very difficult to
downsi ze naiNd. &Lltle67996, Inmac Hissipstiondticchs malsescrbotet Ibeomisk shel overalarea isg t he
manuf acturing cost. For this reason, various nethods have been devel oped to

ef ficiently inmentd deaicorgdulatides fiinpd of micoplbmarsd&fady; hoseval theronil i C
materials and are put into practical uses, which are disclosed in the

foll ow ng degHARBE L prodléh duewmel1ﬁnitehat&aﬂ@i§ggﬁaﬁﬁéfrecﬁptﬁbﬂeaﬁti on Publication
No. 2002-57433; Japanese Patent No. 2,699,93 8; Japanese Patent Application

Publi cation No. F%e%&ﬁ‘@e%%nﬂggLCé?ﬁﬁgﬁ%@ryﬁ?&W stBRELLAAL WARKFARL he@at i on No.

HO2-134894. Conventi onal t s for nounting sem conducfor chips onto
boards by 5 provide space for arranging a marking space thereon. This causes difficulty for the

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



using magnetic materials will be described with reference to FIGS. 20 and
21. FIG 35 is a cross sectional view showing a first exanple of the nounting
nmet hod, wherein reference nunmeral 201 designates a chip nodul e, and
reference nunmeral 202 designates a wiring board on which the chip nenber
201 is nounted. The chip nodule 201 is designed such that a pair of

el ectrode termnals 204 are attached to dboth sides of a chip substrate 203
on which an electronic circuit is forned a permanent nagnet 205 is adhered

he b f the.chi 06 is formed
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desi gned such tha | ect rode pat s 208 are fqrnmed at, prescribed

positions on a su%éf‘r%ﬁ‘éa’f@‘?sséﬁc Hew Wé“%)%lﬁfséteﬁgn?lﬁé‘fel?ﬁﬁw{)tm&re
formed; and a _nagnetic naterial 209 is_arranged between the el ectrode
patterns 208cthod, prhseein ipferrnepumerahi( Indesignates s himpadyle, arohrelaenset he wiring
board 202, the chip nodule 201 is arranged above the wring board 202 so as
to establ i smumseoali20P dasignaterea wireng based en adiielothe chir members20108 mendtetlhe

el ectrode patterns 208; then, the chip nodule 201 is noved downward so that
the electr od“életoh'rpmndtdds 2004s dﬁs'gne& sachgthit 4 psioofelattamte teintihals B84 eteect r ode
patterns 208, whereby it is possible to conplete nounting procedures.
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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



are formed on the printed-circuit board 212, and nmagnetic materials 216 are
enbedded in the printed-circuit board 212. In addition, solder balls 217
for establishing electric connections with the wiring patterns 215 are
affixed onto the electrode pads 213. In procedures for nounting the I1C chip
211 onto the printed-circuit board 212, the solder balls 217 are affixed
onto the el ectrode pads 213 of the IC:chi% 211; then, the ICchip 211 is
positi oned above the printed-circuit board 212 so as to establish

positioning between the solder. balls and the wiring erns 215:
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to the printed-circuit board 212 with _prescribed positioning therebetween.
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magnet 205 and the magnetic materials 209, 214, and 216 as wel| as processes
for magnetizing lhprogedymes for memting shesiddp 221 antoghelprinted-cirauis bpard 2éases

t he nunber of parts and the nunber of manufacturing processes, which in

turn i ncr easte sobder ban2if ot wffixvgl wos the di¥fvtrode pedpd3nafribaIC okigridt ; tRélH, and t he
magnetic materials 209, 214, and 216 are changed in positioning, it is
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Before the chip nodule 201 is nmounted on the wiring board 202 as shown in
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nodul e 201 and to correspondingly attach the magnetic material 209 to the
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chip 211 ingorRotabi g Lhee TRIRE! 4 6 {TBLER tH fhtd circuit board 212 with
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



onto the printed-circuit board 212 incorporating the magnetic materials 216,
the thickness of the IC chip 211 nust be increased to be greater than the

t hi ckness of the magnetic materials 214, and the thickness of the
printed-circuit board 212 nust be increased to be greater than the

t hi ckness of the magnetic materials 216. This causes unwanted limtations
agai nst the downsi zing and thi ckness reduttion of the product. I n W.CSP,
integrated circuits are forned in a matrix formon the surface of a silicon
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sem conduct or wafer having bar codes, wherein a dicer blade 302 is used to

perform cutting ofin WIeSSP, iiltegratedrod@sits fre gomxddnintaymatoixdorm ohelnt airfaoe of 4 at
301a of a sem conductor wafer 301 or on peripheral areas of the

sem conduct gjliceaeiferd0da sérhi¢snduRtdhvidfe) awhich kesub@dche® 3P surfa@3b, ..., all
of which collectively server as a bar code 303. |In order to manage
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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



print identification codes 306 representing a production code and
characteristics on a backside surface 304a opposite to a prescribed surface
of the WLCSP 4 on which bunps 305 are fornmed. FIG 43 is a perspective view
show ng anot her exanpl e of a package (i.e., a W.CSP 307) having
identification codes, wherein a |aser progessing machine is used to form
irregularities (i.e., identification code$ 308) representing a product code
and characteristics on a backside surface 307a opposite to a prescribed
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and becone RS0 Ir@sthi ng. This causes error, malfunction, and
difficulty in reading wwth regard to the _identification codes 306. In

addi tion, the WCSBO3bYisanpuinesdvavispsapyingangtr gramplepdamagieageiie. 2 an i nk
dot laser printer, in order to print the identification codes 306, which is
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may suffer from various 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,



whi ch are reduced in sizes and weights and are highly advanced in
performance, it is denmanded that LSI devices and sem conductor devices be
packaged with high integration and density of circuits and conponents.
Wafer | evel chip size packages (W.CSP) are designed to realize highly

i nt egrated sem conductor devices, wherein_wafer treatnent and packaging are
integrated in manufacturing. FIG 50 is across secti onal Vi ew showi ng a
sem conductor device encapsulated in a W.CSP, wherein re-wiring |ayers 477
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teaches a first nodification adapted to the sem conductor device in which
net al posts (Vak@SBhase dagangdiogprledighly dntecrmisdramicondieier ¢iviespenhergia of
resins. Japanese Patent Application Publication No. 2001-244372 teaches a
second nodi fwafat irestimadtgndgeickaging are inkgiatahidunarmfadienng:e i n whi ch net al
posts have spherical shapes. However, the aforenentioned sem conductor
device and its firHG fbdiddross deotiond @mehshawdhg extmicoadudi@rdevital s whose

di aneters are greater than those of netal posts are attached onto the

“columar' raeicapsuRfEd $,a WIEISH WheletiRL @iringaby 19877 bswané@ebwi{ pbd  for
re-wiring layers are substantially identical to those of netal posts. This

indicates aléRicabs 4Rk YhBlDabrhd d0a ¥michedRiQahINE3; hRalRRS 48838S0QECUPY
the re-wing layers, so that the re-wiring layers are linited in areas used
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regarding re-wring (or re-draw ng of wres), e aforenentioned structure
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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



external termnals (i.e., the nunber of external termnals per unit area).
The freedom of degree regarding re-wiring may be inproved by adopting

mul ti-layered structures to re-wiring |layers. However, this may greatly push
up the manufacturing cost, which is inconvenient for manufacturers. The
second nodi fication nmay be advantageous in that by form ng netal posts in
spherical shapes, netal posts serving as term nal bases are reduced in areas
of surfaces lying close to external term nals. However, the reduction of

the termnal base causes. a reduction.of the jaining strength of the

ext er nal ter‘fl’ff‘i’ina"ﬁ,te%g?é 1 Enu@éﬁﬁ%foﬁﬁ‘é‘ﬁe{dé?’l“b@a?@gr%’ﬁbﬂfa ‘be degraded in
reliability. In addition, “spherical' nmetal . posts_ may be easily destructed
or easily separ at ededfgedp degeeedesAr B8 AErNIBRE BRY He IMpYsd O¥ apapta
Application Publication No. 2001-94000 teaches an exanple of a

senm conduct onultideyered stredterse do reawrringhiapersi zHopaekalis napgeaily pwii whthe

sem conductor chip is connected with a base substrate via external termnals
for establ irsdriufgrtet srctost,ovidon isdatéryvenient for mapnfactueetsci rcuit board. Japanese
Pat ent Application Publication No. 2003-124389 teaches an exanple of a

waf er |evel chip sitesepankagdifichlidsShhy bealvantapgoldintthstrbydonniigzhdig mistsa
sem conduct or device including a sem conductor substrate in which external

termnals ghephdicAPehaPBs, nddslGusisisbthSal thakiRal Wised ABrédiREd H0areAsast roni €
circuits. FIG 61 is a perspective view showing a chip size package (CSP)

501; and Fl Gyurf84 1&%5%1?‘5‘598%:){1%%‘1 teodals/| §bedvel HRe feabcmiilof ORI 2

sem conduct or chip electrically connected with circuirts and wres
R L
con LSS RIS e AR RN BB B e
and el ongat ed tuo- di rensi onal |y o L%, sUEface apd backside of Lhe base
Japanese 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
i 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



502. Due to the formation of the V-shaped channel portions 506 on the
surface and backside of the base substrate 502, the CSP 501 is

di sadvant ageous in that the base substrate 502 is slightly reduced in
rigidity and the end portions thereof may be easily deforned. Wen the CSP
501 is mounted on a printed-circuit board by heating reflow end portions
of the base substrate 502 are easily defdtned in response to the bending of
the printed-circuit board, whereby the netal bunps 505 may not be destroyed
and are not |jkely to be badly deforned towards adjacent |ands on the
printed-ciréﬁ%t board. FIG 63 is a cross sectional view show ng a
conventionally known exanple of a WCSP 511, wherein an integrated circuit
513 is fornmed on &Ausdptheclormaen ¢ffthe V-Sppsdefrngelortionse 0510, the swidagend

encl osing | ayer 514 conposed of an insulating resinis forned to entirely

cover the sbrekside F1habisgsiburayShehs GPR§P hiscdisasdivartageous isthag iy baso| der
bunps (or electrodes) 515 for establishing electric connections with the
i ntegrat ed cubuatd SEI8 shghtlypmdtded! ih yigidioseldhe and petisns flecwf wiadbeafasiishe
resin enclosed |ayer 514. The area occupied by the W.CSP 511 is

subst ant i al Idgfdrthed! | Beenttige CBP 50V & mblinted uh hpedtealr @auitfbokhEbs hddti@gn
substrate 512. Conpared with the CSP 501, the W.CSP 511 is reduced in the

area for f a@éﬂ&%tdnﬂg)oﬁh_ﬁﬁ Tof ey Kasé EiiattaleS 02N6e bfilh AORERRI IR r&pase td (R
af orenenti oned CSP 501 in which the V-shaped channel portions 506 are

formed on t IB%n@iH%fofﬁfé éfi‘ﬂl@ecpé‘i?dﬂﬁti Bfardiwheidyas ﬁléﬂ%ﬁh{gétsés foRBerel iably

prevent solder bridges and |ines frombei'ng destroyed and broken due to the

Cur vat ur & Ofy g B .S GG e B o RNl LB B B cul € 1o

avei d the occurrence ntire carvature o including the
sem conduct or. ﬁergii[-(ﬁ C%qlsP rywat is, the formation of the V-shaped channel
portions 5088, EWPSce and 12

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 is 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



backsi de of the base substrate 502 may not adequately avoid the entire
curvature of the CSP 501 including the sem conductor chip 503. Simlar to
the CSP 501, it is very difficult to avoid the occurrence of the entire
curvature of the WL.CSP 511 including the silicon substrate 512. SUMVARY OF
THE INVENTION It is an object of the invention to provide a sem conduct or
device that can be manufactured in the fldrm of the W.CSP and that can
efficiently dissipate heat generated by a sem conductor chip to the

exterior thereof, 1t,is anofher ject o he .inventjon to provide

e conduct Sroards b Bl Bboliks 27 REY ab! adeifers DAL AR s rRhRAE o gy
can i nprove di ssi.patjon .characteristjcs wthout increasing the
effective ar‘g}aiﬁl lpﬂédgg%%mﬁ%‘ﬂ t%l“é’r?éd3,' which is easy to discrimnate
the direction of the_sem conductor elenment, and which can be processed to
present informati SHndgdeiths €aP5)1dbs whaddticw) o aveid dwiosewmice 6f theeniffent .
It is a further object of the invention to provide a sem conductor el enent
and a boar gunatirepbihe WhHICSE 5 dnndleding she dlogassubbtnage &b t hi ckness reducti on
of a product wthout increasing the nunber of parts and manufacturing
processes and wi thout increasing the overall height and volunme of the
product. It is a further object of the invention to provide a sem conduct or

el ement and a manufacturi ng SEMMARYNEF aHE INVENIROBH i dentification
information can be easily applied to the sem conductor el enment w thout

causi ng any damagetislhh obfecfof tHe ili@ntioRiEslovie a Ritdnaasiol 88vitOthal @vitte a
sem conduct or device encapsulated in a CSP, in which a degree of freedom

regardi ng r@ﬁmufdcﬂﬁe&ﬁlth'bWgﬁfﬁevwrigsptan&%@gaﬁyﬂf&ie-nh@a%rsﬁﬂtaﬁerapctures for

re;wiring layers, which copes wth conplicated arrangenent of externa

termnal's and,lBeHe3S! RMidFRELGY cRb 188X Hor thereof.

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
clement.

It is a further object of the invention to provide a semiconductor element and

i 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



termnals, and which guarantees a high joining strength of an external
termnal connected with a netal post. It is a further object of the
invention to provide a sem conductor device, which can reliably avoid the
occurrence of the curvature of a sem conductor substrate, which is thus
inmproved in strength and inproved in heat .dissipation. In a first aspect of
the invention, a sem conductor device incll3udes a sem conductor chip, having
a rectangul ar shape, in which a plurality of pad electrodes are fornmed on a
surface ther i ' NS j : QQ%% it he
surface of fﬁg&ggﬁf%gﬁéﬁ%toryEﬁ%%agﬁtggﬁﬁﬁﬁgggﬁ%%ggﬂiegiSﬁgoggygggponding to
the pad el : S, ral | of 1..can i .are arranged
on the surf z%&e{%%?,taﬁxg%@é%g%h%téﬁ %}rll(égﬁ‘irﬁgﬁ%()s?%%&bgﬁéég g% I?agh engdc’lzt ric
connections with %Q ﬁ ter%ql device; at |east one heat-dissipation

el ectrode t KERDGELECY ﬁﬁj% ARt he surface of the seniconductor chip and is
connected with the exterpal devige; .a first wiripg portio that, is forned
on a surface of t felsfaiff‘lgge‘i%‘iﬂtgf ngHY%W/’@P ¢ groyd ea%&i‘%‘ﬁo%{]ué@tr F¥C%onnect i ons
bet ween the pad el ectrodes and the connection el ectrodes; a second w ring
portion thatwhighcangiehally gnoidibe segurisaee of the sarveture of o peypicanduséprisabsirateand | s
connected with the heat-dissipation electrode; and a second insul ati ng

| ayer for endlidsistbhugimeprbyvedsin shiength@nd popraved imheht dissipgéerond wiri ng porti on
in such a way that the connection electrodes and the heat-dissipation

el ectrode are expdsadirstraspire of thefiaeentioh, 4 kemisendwcandecicetinaidepa wherein the
second wiring portion is arranged in proximty to a heating portion of the
seni conduct @emiddnfuasechip, Ha¥inpedrecAngadeshapbtin SeHiflag pluedlity b€ phd elsétrodes

i ngul ating surface except a prescribed area corresponding to the first

Wi ring portizahformBdbiQ sabaYeihetdd® d fifsbinsMiafihd) thyBOthlit RFoinSed ©raRE the t he
center area of the surface of the first insulating |ayer, and the second

Wi ring port isﬁffaées(l)tftﬁé 0&HicbRddds chib ?ﬁ%ﬁﬂ' RegEdkd eéag?@ns%ntegs'onﬁmgf@% Rg the

first insulating layer. Alternatively, the secon
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 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-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



wiring portion is forned in the center area of the surface of the first
insulating layer. |In addition, a sem conductor unit is constituted using
the af orenmenti oned sem conductor device attached on to a board havi ng at
| east one land, which is brought into contact with the heat-di ssipation
el ectrode. Even though the sem conductor device is realized in the formof a
WLCSP, it 1is possible to efficiently diééipate heat generated by the
sem conductor chip via the heat-dissipation electrode because the second

e to,f

wiring portion can be increased i.n area, 1. | 0ssj bl rma plurality
of second PRGBS oE SRS o D Rinsylatind PR 5 AirfpdeRpe PieieloR
heat - di ssi pat.i.on el ect.rodes. .In addjtion, en _an epgagenent _portion is
formed to eSHBE POFICR IHiATAT it HiG AGBIRE ACA G hECuR 28l D& BHADSHed BB ¢ | on
and the first or second insulating layer, it is possible to_prevent the
second wi ri hgadditipn.grserenndusiopaniafs sagsttuisd using the plarementiosednd i nsul ati ng
| ayer. Thus, it is possible to inprove heat-dissipation efficiency and
reliability semiconduciendeyineditfechnd adviadward havang etdeast ong jsadt whichtiherought

i nvention, a sem conductor elenent includes a plurality of channels or
hol | ows (e. gntp chofaesyith Hetheat-disfipatieckelesiradlebacksi de surface opposite to a
prescribed surface of a sem conductor substrate on which an el ectronic

circuit is fornedEvketeugh thdhemitaninedos devichlikadived dathelforth of aWdLABE fier ent
fromeach other in terns of widths thereof or in terns of distances

t her ebet weens pdysitdd Rreffigivplly iRéipats he@ deastsadeby the keRsndeorafhey eaRRg | oned
sem conductor elenent having a plurality of channels or hollows, which are

appr opr i at el chaigfdniekctdid bsuidge e8fon witilg Yo ANGADRGEARE YRR SO as
to,increase the overall area used for the purpose of heat dissipation.

Thus, it i5IP@5%&%1%%20%@@@%&8@%&?'&%«hr%?i%l@on& ﬁ{ﬁ%tc%ﬁe%léd%iﬂ?gg to

easily discrimnate e pac ereinit is a

posSt Dl e 72 SR L G BTSSR0 PR SRRk SN 19,
easily i dentfcinfnyedatg%stablish a mutual engagement between the second wiring portion and the

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 1s 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



manage the package. In a third aspect of the invention, a sem conductor

el ement includes a plurality of first termnals for establishing electric
connections with an external device and at |east one second term nal that
is not connected with the external device and is equipped with a first
magnetic material, which is conposed of a ferromagnetic material or a weak
magnetic nmaterial. The ferromagnetic matéfial is conposed of at |east one
el enent sel ected fromanong iron (Fe), cobalt (Co), nickel (N), gadolinium

(&), terbium,(Tb sSprosium hol m um (Ho), ..er bi um ~and thulium
(Tm). It ié“%g%% ﬁftggfga‘ﬁ‘& i‘%rihg?ﬁé?”wag‘PF%eés B%ﬁﬁﬁ’i“rp“r"@?“ig?@‘ﬁgﬂ”g physi cal
quantity onto anqther surface opposite to the prescribed surface of the
seni conduct &AL MEMACXH.E- el ectroni c device is constituted using the

af orenmenti oned semi conductor elenment that is attached onto a board, wherein
a second magnet i c Inatlkird agpestofihe myretion, aremicndustenelement ingladessar d direct!y
opposite to the prescribed surface of the sem conductor elenent in

cor r espondempbaraliytdf firstgemiingls forgptedliskingwtegiricatonnedimme with anrextepatidevieduct or
elenment is fixed to the board with prescribed positioning therebetween by
magnet i ¢ at tandat least one cevonid ngmibirdlvbarns hiwecohneed withnked extemml daviel andnid t he
second magnetic material, thus inproving the reliability and yield in

manuf act uri Rguipbed ﬁfith@bﬁrkma%(wiﬁtmalériﬁlh@hicﬁ\iﬁéﬁﬂlpcﬁsed af a gerrnagieat or el ement
includes a sem conductor substrate having a prescribed surface for

fabri cating pgfered ¢ b WAk naghbfi€ WaterialNeTIR RrBnRUhdiRCRaRARIOR LbApbRd gt
prescribed surface of the sem conductor substrate is divided into a

plurality arl@a%?oné’@%ﬁ@ntdsiefeu%ﬂ ffc{(n?g}&%f}%ﬂoﬁt(p@[e f.{){%lts(@o Afibkel Qggtgg@gﬁﬁiluﬁp as to

designate an identification mar rnat’i a phot ose ayer

A e e N D R
substrate. -[P 5 possible to additionally attach a sensor for sensing a physical quantity onto
another surface opposite to the 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



phot osensitive |layer is conposed of a photosensitive polyimde resin, a

pol yuret hane resin, an acrylic resin, or a photosensitive SOU wherein the
prescri bed pattern is realized by the photolithography techni que. The
identification mark represents a character, a nuneral, a synbol, a code, or
an image. In a fifth aspect of the inventl' on, a sem conductor device
encapsul ated in a wafer |evel chip size éackage (WLCSP) includes a netal
post that is enclosed in a resin and is forned on a re-wiring |ayer
connected w -2l . j : j j®i.ns a
prescri bedwgur gggsgsf&ttﬁgﬁern’grtggﬁnb\g%gﬁ&%ﬂ%ﬁe ?%ﬁlgélggitcéoﬁ%[lﬁ%%@t sﬁfeopposi te
surface lying .close to the re-wiring layer. For exa e, .t he ta ost has
2" aper et DRt Tk domieed Pl RS iensiRE P ARl Fesit e TR Blnae
direction fromthe i.e-wi,ri n?j | ayer to t§ exgerna term.nal. Since the
prescri bed S 88 &°H1CLFHE1E Qhofvﬁ’é%mﬂﬁ (SGCW Iy tge prescry &M 15t er ni nal
is made greater than the gpposite surface of the nmetal post lying close to
the re-w rrejzediethe nhptlidhqgsaphiyipemigier o dbsddentifigation wark KBregeE®Ra t hat t he
post base occupies on the re-wiring |ayer. Hence, w thout using

mul ti -1 ayer ekparagternia pumetalfosymbvd, & ecdgi of angimdgayer, it is possible to

i ncrease the degree of freedomregarding re-wiring, whereby the

sem conduct or devircefithrspmpef thetitiventiop) 4 satiechductoadgene ancapfulexd eér mal
terminals and increasing density of external termnals. In addition, the
sem conduct ewafedeaiet ehipGae padiedpeaell.ySBEadluded Hepl pogrthhedersliskadea of the
nmetal post lying close to the external termnal. Conpared wth the

convent i onakesiiral is BSiednAVd ROWRInEARGH T coghect&RIR a pall 8ledfrod £ WaRtdiPRed et al
post is not likely destroyed and separated off fromthe sem conductor chip

due to streggermhDREAIRI find NErc3GBARNAYS OF thd B PoSAWNRS is ?f@ﬁfe?\ﬂ%ﬂ itsn

reliability. I'n prelimmnary testing perforned before the external term nal

Jt ﬁ'enfre E 2|e g‘ggﬁdsﬁ Qﬁlfaf%cg'l in'tgzécfbgrﬁé %@O%émngwény P&t ABhpRD 1Rl hEAIFIY nlef ween
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



In a sixth aspect of the invention, a sem conductor device includes a

sem conduct or substrate having a first surface for fabricating an electronic
circuit; a resin enclosed |ayer conposed of an insulating resin, which is
formed on the first surface of the sem conductor substrate; a plurality of
external termnals that are connected with the electronic circuit and that
are partially exposed on the resin encl dded | ayer; a plurality of channels
or hollows forned on the resin enclosed layer; and a plurality of channels

or hol | ows %ﬂﬁgﬁgn? rﬁbésecond surface opposite to the first surface of the
sem conduct or subsirate.” The channels are elongated in a prescribed
direction, or theﬁﬂare

fornmed rect angul ar|. ross.each. other. In
addition, the chaRA&kdn 8?peﬁ5?‘itt89\§w€5ﬁmgéq SSB%‘?"&@PF‘&E devjeein f’r‘&%%jai n shapes or
sizes. Furtherpore, the hollows c be arranged.in a limted area, so that
no hol | ow i §e‘F’éﬁ°ﬁ‘§H°tPhs‘{ gatshreing Frétas.uréﬁ%?qr abriRlNg ARFISCHANSCIEHE hannel s
or hollows, it is possible to increase the overal| area of the surface of
t he seni condefit erclasedlayer cpmpesed of anHpsvlatingrreviadwhish inksmediog shgpairst on
characteristics. In addition, it is possible to avoid the curvature of the
sem conduct crrfdevoitbe s@8RiIcBRIDESGRPAMON hrralifro BRathaIGS Tihels ¢haiatk ot her
obj ects, aspects, and enbodi nents of the present invention wll be
descri bed i romwotedieithithe aledttoniefiendrmmd tha ardiparfielly expased dn dwimgs, i n whi ch:
FIG | is a plan view showi ng a sem conductor device including a

sen conduct @hclebédlalér; aphaakigdehivdels @& Hollosk femixadinmbbiresid eldieset tyseRt | on;
FIG 2 is a cross sectional view show ng essential parts of the

seni conduct Qhd adfiais; oflBantdlfoBhdlbva BHA&B0S £ §édoaRdhrideppdiRidonBe Asgent i al
parts with regard to connections between the sem conductor chip and wiring
portions;  gurface of the semiconductor substrate. The channels are elongated in a prescribed

direction, or they are formed to rectangularly cross each other. In addition, the

channels or hollows can be appropriately changed in shapes or sizes. 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;



FIG 4A is a cross sectional view showing a first step for manufacturing the
sem conduct or device, wherein an insulating layer is fornmed on the surface
of a sem conductor chip; FIG 4B is a cross sectional view showi ng a second
step for manufacturing the sem conductor device, wherein a first resist

| ayer is formed on the surface of the insulating layer; FIG 4C is a cross
sectional view showing a third step for n@nuf act ur i ng the sem conductor
device, wherein the first resist layer is renoved; FIG 4D is a cross

sectional view shqw.ng.a fourth.step.for, manufacturing th seni conduct or
devi ce, wherein a%cgffaa Fag] ngtl?%igfe“f %hofwd?%%fe?tbalfpgﬁﬁwb@s@%a,r?ﬁ G 4Eis a
cross sectional view show g_‘% a fifth St%? for manufacturing the

seni conduct SPURRElPREbetreR tesemiconductoheflip a8 IMPEHULIONS renpved; FIG 4F is

a cross sectional view showing a sixth step for manufacturing the

sem conduct or devitd€; 44vifet @ops secHional ¥ shawing 8 firgrsigpdor araulasivgise thial | s are
attached onto the upper ends of the posts: FIG 5 is a cross sectional view
showi ng t he semgoatiiictet dedeasmdersfin an inselafiog ey isdprmed en the sufaetolite

sem conductor device is mounted on the board; FIG 6 is a cross sectional

vi ew showi ngemidondsttonaddpf i ed exanple of the first enbodinment in which a
heat - di ssi pation pad is forned above a gate electrode of a transistor in a

seni conduct or chi [FIGREis & crio§s ecfibid) vidvevhatiapiagesndsegofod nimdiativeidg ebeanpl e
of the first enbodinment in which a plurality of second wiring | ayers are

fornmed on them$ddnliass: AdviceaWheftsh h Frdt PsidtaN R is bPme& bPUR: hsfage 67 BSS
sectional view show ng the second nodified exanple of the first enbodi nent

S h(?Wn in Fl Gysufating layer;
(
| 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;



FIG 9 is a plan view showng a third nodified exanple of the first

enbodi nent in which a second wiring portion is constituted by a sheet; FIG
10 is a cross sectional view showing the third nodified exanple of the

first enbodi ment shown in FIG 9; FIG 11 is a plan view showing a fourth
nodi fied exanple of the first enbodinent _in which a first wiring portion is
formed in the center area of an insul at il?lg | ayer, and a second w ring
portion is forned in the peripheral area of the insulating layer; FIG 12

iS a cross sectio V. ew_show.n fifth nodified exanple, of the first
erbodt et ahi o1 Sio AR Sacear Vil PR i “Esepd SERERE Somiateal bt
establishin nmut ual engagene tween a second wiring portion and a nol ded
resin; FIG %i%e 0&‘%%&"%@%@21 vi ew showi ng a sixth nodified exanpl e of
the first enbodinent, which is nodified with regard to an engagenent
portion establishfHg? igamlan viewghgwinen thydmpdified peanyple shtheits ng portion
and insulating layer; FIG 14 is a cross sectional view show ng a seventh
nodi fi ed examppdimsnt trhehich asgeondrvisigigrnontion isgonstiteted tjasbestt | ands are
integrally connected together on the board; FIG 15A is a cross sectional
vi ew showi ng a pr bJ@dOiipa ctdsasedtionaltiegshdwing thothedmodified krample bhitte post ,
which is used for the formation of an electrode; FIG 15B is a cross

sectional viiewestbodinngt sievpinofl€Edj on that is vertically extended; FIG 15C
is a cross sectional view showing a projection that is forned on a post,

which is used forFidg1fi9os painl @& Qhowihg®l RG#h aktRlificlexabpfe oflifie ifigsta _
perspective view showi ng the exterior appearance of a wafer |evel chip size

paf: kage (W.ECEB)dintnPFCRRPRATR W irihe@otGPR G0 RARORI (B Mnt&Fard \6F an
| 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 is 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;



invention; FIG 17 is a front view of the W.CSP of the second enbodi nent;
FIG 18 is a side view of the W.CSP of the second enbodinent; FIG 19 is a
front view showing a first nodified exanple of the W.CSP;, FIG 20 is a
front view show ng a second nodi fi ed exanple of the WCSP; FIG 21 is a
front view showng a third nodified exanple of the WCSP;, FIG 22 is a
front view showing a fourth nodified exadple of the W.CSP; FIG 23 is a plan
view showing a fifth nodified exanple of the W.CSP; FIG 24 is a cross

sectional viewta ong line, AAAin FIG 23, FLG 25 is a plan.vje
Showi ng & Si xth i (oo ABERRR Y S ie IO Ve bprE angepiancs WIRIRAGY R
showi ng a wafer | evel chi\ﬁ size package (W.CSP) that is nmounted on a
pri nt ed- ci r €ipsigoRAcHagH WEESF Hilceosnes With giseepnd pBWirasRt obthet he

invention, FIG 27 is a plan view showi ng a prescribed surface of the WCSP;
FIG 28 is anynaipnyi ew showi ng a prescribed surface of the printed-circuit
board, which is arranged to directly face wwth the prescribed surface of the
WL.CSP; FI G 29 i s FaGsi7is afrenw vidvouf thg VALUERESPtiatscemiteanibnrliment; board i n
accordance with a first nodified exanple of the third enbodinment; FIG 30 is

a plan vi ew show FGt t#eis hoadadvieeed tha WIS dfithé savodd Bindddigeanpl e of the
third enbodinment; FIG 31 is a side view show ng a W.CSP attached onto a

board in accordangeG W fsh feorft @€ shovadg b ifiRst riRxBBd exaplé BEtHetWILdsenbodi ment ;
FIG 32 is a cross sectional view showng a solder ball used for a W.CSP in

21 accor dance WitF‘TG.azdi@iarf?orﬁQ?év&Etﬁ%ﬁ%%@@éoﬁd%o&iﬂg%éar' e 6FBRAVITERP; FI G

33 is a side view showng a W.CSP attached onto a I n accordance
FIG. 21 1s a front view showing a third modified example of the WLCSP;

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 WLCSP;

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;

F1G. 27 is a plan view showing a prescribed surface of the WLCSP;

f 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



with a fourth nodified exanple of the third enbodinment; FIG 34 is a plan

vi ew show ng a prescribed surface of the W.CSP, which directly faces a
prescri bed surface of the board shown in FIG 33; FIG 35 is a cross
sectional view showing a nethod for nounting a chip nodule onto a wiring
board by use of a permanent nmagnet and nmagnetic materials; FIG 36 is a
cross sectional view showing a nethod foRlnounting an I1C chip onto a
printed-circuit board by use of magnetic materials and solder balls; FIG 37

is a perspective view show ng the exterior appearance of a wafer level chip
si ze packagéc‘(c\l’@tlﬁp)mﬂhag’é@d%‘iiﬁ%e lﬂe&fﬂ&fﬁ{r cEPEOMSRENt of the
invention; FIG 38 is a perspective viewin which |i %ht is incident on the
backsi de surface &1Ga33sipisidsviggisbevimga WLGSEattagkedmnte pbearddy areqrignce

recognition of an identification mark consisting of prescribed characters;
FI G 39A i s witho fossthaeedifiehetamplenf thedhird gmbodinrest; step for manufacturing
the W.CSP in which a mask layer is formed on the backside of the silicon
substrate; FIG BIR Idsisa plarosiswshowimrepresdribed studdensf the SHoOSR) wdtidp f or
manuf acturing the WL.CSP in which the mask | ayer is subjected to exposure and

devel opnent daBétly ficed dpiestriivavatiasoofaiic bearti@hy®n M@EIG.138yer s mat chi ng shapes
of prescribed characters formng an identification mark; FIG 39Cis a

cross sectional vipgw 33QW dAgksAedtinabvistwaBohiy MMBHoaFHUnbRRiddechiVE CSP i n
whi ch the backside surface is subjected to sandblasting by way of the nask

| ayers; FI Gmcﬁi%%l& %\% ggﬁgﬁo% '1%@%%a%@ﬁ&rﬁﬁ?ﬂagﬂet%ﬂﬁ%ﬂﬁggﬁéﬁﬁfériﬁﬁ

r
manuf acturing the h the ayers are removed so as’to

xpose Pl anar sur oo G35k 2ol GRLARELAM 18 BATSLEBERENA RCUELS ©f

the identificatio a perspecti ve View s

according t ufd a{rgr(iirllt];cli-%grcuit 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;

,1 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 1s
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



exanple of the fourth enbodinment; FIG 41 is a perspective view showi ng a
sem conduct or wafer having bar codes; FIG 42 is a perspective view show ng
an exanple of a WL.CSP having identification codes; FIG 43-is a perspective
vi ew showi ng anot her exanple of a WL.CSP having identification codes; FIG
44A is a plan view showi ng a sem conductor device encapsulated in a wafer

| evel chip size package (W.CSP) in accorddnce with a fifth enbodi nent of the
invention; FIG 44B is a cross secti onal view taken along line Al-Al in FIG
44A; FIG 45|sacrossset|o vi e hak ong line BI-Bl in FIG 44A

o by et e diohanarh

FIG a6h 1 EPIEPLBe SRR e R e of a metal post,
on which an external term nal is nounted; FIG 468 iS a cross sect i onal
vi ew showi ng a seddfigtbisaparaesive HEWTRBORINng B CSEpesordiprtq amg difieds s
sectional view showing a third exanple of the nmetal post; FIG 46D is a
cross secti owampld efithe fowihrembodimentt h exanpl e of the metal post; FIG 46E
is a cross sectional view showing a fifth exanple of the netal post; FIG
46F is a cross sedtliCofhls apeespestioawinyg showing hsemaophetofwaférchavetgdiar post ;
FIG 46Gis a cross sectional view show ng a seventh exanple of the netal
post; 23 Fldoded46H is a cross sectional view show ng an ei ghth exanpl e of
the nmetal post;
FIG. 42 is a perspective view showing an example of a WLCSP having
identification codes;
FIG. 43-is a perspective view showing another example of a WLCSP 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. 46F 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;



FIG 47A is a cross sectional view showing a first step for manufacturing the
sem conductor device shown in FIG 45; FIG 47B is a cross sectional view
showi ng a second step for manufacturing the sem conductor device; FIG 47C
is a cross sectional view showng a third step for manufacturing the

sem conductor device; FIG 47D is a cross_sectional view showng a fourth
step for manufacturing the sem conduct o”3device; FIG 47E is a cross
sectional view showing a fifth step for manufacturing the sem conductor

devi . FIG 48A i i i how i h f
rrg\rllluf‘: gct uring theﬁ%mgsﬁgﬂgfesg%ﬁam (‘:’Zel;we op lgémgggggthzéx)éﬁlgge:&gg%ﬂ% al view

show ng a seventh step for manufacturing the sem conductor device; FIG 48C
is a cross &8¥tional view show ng an eighth step for nmanufacturing the
sem conductor device; FIG 48D is_ a cross sectional view showing a ninth
step for manuf act GIFATA K& cresfeetnfalivicsr shgging e irstpiep fagpanufagiudng the
sectional view showing a tenth step for manufacturing the sem conductor
devi ce; FI Gsasirohduciorcdesws shewmiinid®. 45 ew showi ng an el eventh step for
manuf acturing the sem conductor device; FIG 48Gis a cross sectional view
showi ng a twel f t hNF§GeH isra aressustatodnat viey shéwitgheseend siop dochamnfaewiicge; Fl G
49A is a cross sectional view showing the formation of a netal post in
the semiconductor 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



manuf acturi ng the sem conductor device; FIG 49B is a cross sectional view
showi ng the formation of the netal post in nmanufacturing the sem conductor
device; FIG 50 is a cross sectional view showi ng an exanple of a

sem conductor device encapsulated in a W.CSP;, FIG 51 is a plan view

showi ng a wafer |evel chip size package g\/\LCSP) in accordance with a sixth
embodi ment of the invention; FIG 52 is &4rear view of the W.CSP;, FIG 53 is
a cross sectional view taken along line A2-A2 in FIG 51; FIG 54A is a
cross sectignal vie showi ng a first step for manufacturing the WCSP; FIG
54B is cr os@%@&‘F?}'\lﬁHFto\‘il GW%‘?}howi ng a second step for manufacturing the
W.CSP; FIG 54C is_a cross sectional view showing athird step for |

manuf act uri ng t he FIGu458ris amress ssotipnak vigpohewangctbe deramatipn ol adneiol negt & f our t h
step for manufacturing the WCSP;, FIG 55 is a plan view showi ng a W.CSP
accor di ng t enanufichgingtbelséhisdndustersvisent the sixth enbodinent; FIG 56 is a
rear view of the W.CSP; FIG 57 is a cross sectional view taken along |ine
B2-B2 in FI G 55; FFGQ@9HR a o sectimsl seotshondlg the dwnshtioniof gheammat adst il d
used for the formation of dinples; 25 FIG 59 is a plan view show ng a

WLCSP accor ghdamificurthegBe oditicoBdlictdraldvicexanpl e of the sixth enbodi ment;
FIG. 50 is a cross sectional view showing an example of a semiconductor
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 is 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 60 is a cross sectional view showing a CSP according to a third

nodi fied exanple of the sixth enbodinent; FIG 61 is a perspective view
showi ng an exanple of a chip size package (CSP) including a sem conductor
chip nounted 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 waber |evel chip size package
(WL.CSP) that is conventionally known. DESCRIPTION OF THE PREFERRED

EMBODI MENTS This invention will be described in further detail by way of
exanpl es with reffdoeiftie amdan newasbewineah WML Hirceridins to a secpnd §10dlfrﬂ§od| ment A
sem conduct or device according to a first enbodi nent of the invention wll
be descri bedxample afehesiathembodife@S. 1, 2, 3, 4A-4F, and 5. As shown in
FIGS. 1 and 2, a sem conductor device 1 includes a sem conductor chip 3
havi ng a rect angulFag. 6(pisatoesdsisketiciabpiew shoplrgna CE8wcc@tingns althitd ngdifeeder 5
(serving as a first insulating layer) formed on a surface 3a of the

sem conduct Qs(amblen,f:ihe Sxtl amidichyntof connection el ectrodes 7 and

heat - di ssi pati on el ectrodes 9 arranged on the surface 3a of the

sem conductor chi g, GIalsF&'ﬁéE@Lebﬁ% \Qéw"éhéxkrﬂ@ dthahﬁb!bsof%mﬂ%,ze ?B&kaé@ that are
formed on a surface 5a of the insulating "'ayer 5 so as to establish nutual

connect i ons egpyﬁgplggﬁge RRZERACHEY ryolitRy o 3 B s6ADREAL YBpERt r 0des

7 or the he and a ol resin ving as a
second i nsul ﬁﬁ%ne? ﬁr which 26 covers the surface 5a of the i nsul ating
| ayer 5 in suc pcon tion that the eI ectrodes 7 and 9 are exposed to the

surface 3a of the conduct or ch| a encl.o the el ectrodes 7
and 6 and the w r I Goe S Statonghyity i e CPRaRERAIS TR 61! 48
FIG. 63 1s 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 semiconductor 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 so 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



That is, the sem conductor device 1 has a W.CSP-I|i ke structure in which the
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 21, power pad el ectrodes 23, ground pad el ectrodes 25, and

heat - di ssi pati on pads 27 are formed on tRé surface of a substrate 19, which
has a rectangul ar shape in plan view. Electronic circuits including

transi stors and ot her_ el ectronic conponents are formed on the surface of the
substrate 199veghhsrurface mplibe dnsylatigig|layes? ipspsh a sopditionythat the gleckpesst odes
21, power pad el ectrodes 23, ground pad el ectrodes 25, and heat-dissipation
pads 27 ar e2sdBhrcameosk tbe surfansi Janhtiisasemigeriugios chigrd anvgwhich gnelpges

peri phery of the surface 3a of the sem conductor chip 3. The sem conductor
chip 3 is cdrstlédintdesl7 andiOlaad thowirarp/mpntipenbl, 18 emdcondiecior chi ps used for
QFP-type sem conductor devices. The signal pad el ectrodes 21 input and

out put el ectric siTgneksthekséhiconadwter devicevialidsolW LOgPRlditenfignfro imwiichnhd he
substrate 19. The power pad el ectrodes 23 supply power to electronic
circuits i ngauRAhalSkr KNmblRdTedh ¢o dedtddes ¢Ahd 93and MBI RAchsPiad 188t r odes
5 are used to ground electronic circuits of the sem conductor chlp 3. The

signal pad gkef! fPHed nddio }f&?%ﬁtaﬁ?i&rﬁé&‘ﬁc{n?ﬁfé%u?ﬁce @@thhgrsaﬁ{&enmr

el ectrodes 25 collectively serve as pad el ectrodes for establishing electric
connections petieen electronic circuits of the sem conductor chip 3 and
other electronic circuits (or external circuits) on a printed-circuit board

(ot o) o1 21, Rt A0, 0E 85, SRRABUrRaNE: , oDhE RSB RAlERLP
substrate 19,1 Ol Dat SE0 0%t naluRs PatiS padd®Y okl Bz onhd SRee
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



adj acent to a heating portion of the substrate 19. Specifically, as shown in
FIG 3, a source diffusion region 3la and a drain diffusion region 31b,
which are included in a transistor 31 formed on a surface 19a of the
substrate 19, are respectively connected with el ectrodes 33 and 35. These

el ectrodes 33 and 35 are connected by ne§ﬂs of wires fornmed in a passivation
film41l and are connected with the power ’pad el ectrode 23 and the ground
pad el ectrode 25 via electronic circuits and wires (not shown). A

heat'diSSipQﬁ&ﬂgmghﬂéQ§ﬁ£Whﬁﬁﬂ%%ﬂi3ﬁ_ connected with the heat-dissipation
or me ] e

pad 27 is f acent tot rain diffusion region alb of the

transi stor 31 on : 19a of I nsul at i L ons
39, which are eacﬁkhgoh%%%@g%s %t P a%ils g?@?sgg%%%ﬁﬁagg%hg%i ]%}éﬁ%ﬁlts é:ngl g%ﬁ%)w
trench (Si , are forped t nconpass. t he heat - dissi patjon diffusipn
egion 37 AisBi teSuBia £ HRRHE A8icRil thiS b PeBRbE v cepged

i nsul ated fromthe heat-dissipatiaon diffusion region 37. In this structure,
heat gener at3@HReERt 19 ahsaing pertinAef thersulsteple &%¢l ectrode 31c  of the transi stor
3l is transmitted to the heat-dissipation pad 27 via the heat-di ssipation

di ffusi on regi on Ppecifisnldt ap shavm H’e'g((%aj weayee diffusion regian Alaand udiagh regi on
13b. It is possible to nodify the aforenentioned structure in such a way
that the heliffustiossigpet 3 ldn whidhf ars iimvudedgh enrad¥isios 31 demmead ol swréase 1Poof he
source diffusion region 31 a of the transistor 31 via the insulating

regi ons 39. thesudttatei IOnareirespestipdy solnieetetiovithagpetopics 88 ehg 3&dj Tibeset he
potential of the heat-dissipation pad 27 and the polarity of inpurities of

t he heat - di tdcp@atéo’B shd 3 Lsie@Onh@UdBY BéanswifiviibestibiifeSrvessiasti@nfilnghect r ode
for supplying power to electronic circuits of .the sem conductor chip 3 or an

el ectrode f GhdQFrOetitletB walIthe BORUCHH elédtiole 33 238 thelIBuSEPATABE IS whi p 3
i ncludes the passivation film4l that is formed to cover the surface 19a of

the substr atege@nRXGRANs b wiRAInAkBSkPAL | OReRATs Ao\ fhRIdnQ¥LisA 3i7s for med
in the passivation film4l so that the 'heat-dissipation pad 27 is
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 (Si0;) or shallow trench
(810,), 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

electrode for ground the semiconductor chip 3.



exposed externally of a surface 4la of the passivation film41. In addition,
other hollows (not shown) are forned in the passivation film41l so that the
power pad electrode 23 and the ground pad el ectrode 25 are respectively
exposed externally of the surface 41 a of the passivation film41l. The
passivation film4l is constituted by th%ﬁlanination of thin insulating
films, nanely, a first insulating film 44 and a second insulating film4lc,
both of which are conposed of silicon dioxide (Si02), and a third

insulating film 41{‘}% se@?é&ﬁﬁ&gr %'g%iigﬁgg% tE{: Bi&s%u@hh%dﬂﬂﬁ ip?(ﬁ‘ﬁlieﬂ%ﬁri on
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addition, the insulating film5 covers interior walls of other hollows (not
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el ectrode 23, ground pad electrode 25, and passivation film41l
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heat - di ssi pation electrodes 9 are used to establish electric connections
bet ween t he thesir€aaduabdtheqiakgivatibnafiieh €1.ectronic circuits of the board (not
shown) for nounting the sem conductor device 1. These electrodes 7 and 9

are each constitutEgf faysiPamnYilAbs BREosSIRA bRahd mmifdiondfahRi iRsdldithgoost s 45
hayl ng cylindrical shapes are elongated fromprescribed 29 surfaces (i.e.,
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composed of silicon nitride (SiN). The passivation film 41 has a high heat resistance
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 1s an electrically insulating material. The insulating layer 5 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 balis

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



and the solder balls 47 are attached onto upper ends 45a of the posts 45 so
as to project fromthe surface 17a of the nolded resin 17. The posts 45 are
each conposed of copper (Cu), wherein the upper ends 45a thereof are
adjusted in height to forma planar plane together with the surface 17a of
the nolded resin 17. The solder balls 47 _are each forned by shaping sol der
materials roughly into spheres. As showmm<’n FIG 1, the connection

el ectrodes 7 connected with the first wring portions 11 and 13 are forned
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pad 27 is papppeal(Cy),sviizedddt uppeneintsi45avhetSoftet admstet ét heght thferm a planar
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insulating 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



under barrier netal 51 is conposed of titanium (Ti) or chromum (Cr),
wherein it is adequately reduced in thickness conpared with the thickness
of the wiring |ayer 52. The first wiring portions 11 and 13 connected with
the signal pad electrodes 21, power pad el ectrodes 23, and ground pad

el ectrode 25 are forned in structures simlar to the structure of the
second wiring portions 15, wherein they el ongated to reach the | ower
ends of the connection electrodes 7 (regarding signal input/output, power
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sem conduct or chi prhz. firfheirfrigrsirtivns § Inandpldr doneaged wvithnhk §gnalpad tlecraddsy
connect the connection electrodes 7 with the signal pad el ectrodes 21,
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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 15¢ 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 15¢ 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



el ectrodes 25. It is necessary to flow a relatively |arge anmount of current
through the first wring portion 11, which is connected with the power pad
el ectrodes 23 and ground pad el ectrodes 25. Thus, the first wiring portion
11 is increased in thickness conpared with the thickness of the other first
wiring portion 13 connected with the signal pad el ectrode 21. The nol ded
resin 17 is conposed of electrically insdllating materials, wherein it
covers the surface 5a of the insulating layer 5 and al so encl oses the posts

45 of the el.ectrodes.7 and 9 and e rin ortions .11, .13, and .15, The
ol ded resi &1 1 GeBneighsdinng prign it pribs s Pad SpORURRT e TEBIRKES fer ¢ han
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sem conductor chip 3 in plan view, The nolded resin 17 has projections 51
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hol e 54 and t he prgiection 51 forman engagenent portion 53 for

est abl i shi nglestrodes 25engagenent bet ween the second wiring portion 15 and the
nol ded resin 17. Next, the manufacturing nmethod of the sem conductor device

| will be descri liid nbedssawy té-flowta rebsivelydargeiamdahGof elbcent theoughstht &iritng | ayer
5is forned on the surface 3a of the sem conductor chip 3 so as to form an
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heat - di ssi pation pad 27. As shown in FIG 4B, a first resist layer 25 is
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15, wherei n chhphRQlWidehedniRkRSS bl DS I A wiBE Dofifn Ih&etERWi@Nhof the
hole 54 of the second wiring portion 15.
signal pad electrode 21.

The molded resin 17 is composed of electrically insulating materials, wherein
it covers the surface Sa of the insulating layer 5 and also encloses the posts 45 of the
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



Copper materials are placed into prescribed portions in which the first
resist layer 55 is not forned, in other words, exposed portions of the
insulating layer 5, thus form ng each of the wiring portions 11, 13, and
15. Herein, each of the surfaces 11 a, 13a, and 15a of the wiring portions
11, 13, and 15 are reduced in thickness conpared wth the thickness of a
surface 55a of the first resist |ayer 5532After the conpletion of the
formation of the wiring portions 11, 13, and 15, the first resist |ayer 55
is renoved as sho i.n FIG  ,4C. shown n FEI 4D, . a second, resi st. | ayer
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encl ose the fihingGa@P6t theRridd podidns ANdi 31 an@$5. WHbfeid TadN6f RO SHFactd 114) such
a way that the upper ends 45a of the posts 45 are exposed. Then, the sol der

balls 47 ar e 33t {RCTRGIANM RiddpepdtRRR 11619SarfioBs AE réiRe BSthickhess chitpared the

manuf acturing of the sem conductor device 1 is conpleted. The aforenenti oned
sem conduct qy; [ '

cem conduct ar i ket SLTSUIEDARMOORLRREISR 5 AR dheCiE o ot

f or med f f .th 9 ht. t with

the sol der - Baraedor S S b pSRRS 127 LERg Facs MK IR ST e

sem conduct oarS Sgg‘\ﬂl?nemlﬁaggrat es in the sem conductor unit 61, heat

As shown in FIG. 4D, a second resist layer 57 1s 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 45, 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 FI( 5. A plurality of lands 63 are



generated by the heating portion 29 of the sem conductor chip 3 is
transmtted to the heat-dissipation pad 27 adjoining thereto, via which the
heat is further transmtted to the lands 63 of the board 59 by way of the
second wiring portion 15 and the heat-dissipation electrodes 9. Thus, it is
possi ble to dissipate the heat of the sem conductor chip 3 to the exterior
of the seniconductor device 1. In the sedBconductor device 1, the second
wiring portion 15 used for heat dissipation is arranged in the center area

of the surface of the insulati.n er,5 .except .the ri.pheral,.area in
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29 of the sem conductor chip 3. This allows the second wiring portion 15 to
ef fici ent|y gaberaiel bytibe hesiing ngetiesr 21 elithp pemirendesipicadvipl 3 63 wansohited ® thy way of
the insulating layer 5 and the heat-dissipation pad 27. Thus, even though
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possible to efficiently dissipate the heat of the sem conductor chip 3
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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 15¢ 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.

i 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



separating fromthe nolded resin 17 due to the thermal deformation of the
nol ded resin 17. Thus, it is possible to inprove the reliability of the

sem conductor device 1. The present enbodi ment can be realized using the
conventional structure adapted to the sem conductor chip in which the pad
el ectrodes 21, 23, and 25 and the heat-djssipation pad 27 are fornmed in the
peri pheral area of the surface 3a of t he 3sem conduct or chip 3, wherein the
first wiring portions 11 and 13 are additionally formed in the peripheral
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formed in the peripheral area of the surface 5a of the insulating layer 5. This makes it

to
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 1s 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, itis
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



further inprove the heat-dissipation efficiency with regard to the

sem conduct or device 1 because the heat-dissipation pad 27 is arranged in
proximty to the gate electrode 31 ¢ whose anmobunt of heat is the highest
conpared with other conponents of the sem conductor chip 3. It is possible
to nodify the present enbodi nent such that the heat-dissipation pad 27 is
formed above the heat-dissipation di f f usi3sn region 37 of the substrate 19,
wherein the heat-dissipation pad 27 is not electrically connected with the

heat - di ssi pation diffusion reqi.on,37., Al terpatd vel it ossible to form
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and 28 and ahesdngisp@dilctorehip zonnected with the second wiring portions 14
and 16. The second wiring portions 14 and 16 are nmutually insulated from
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thus inproveg d g, el fle%?-idlsisprtion pad 27 is not electrically connected with the
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 héating 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



In the present enbodi nent, the second wiring portion 15 is constituted by
the sheet 15b and the connection wiring portion 15¢c. When a heating portion
30 exists in the center area of the sem conductor chip 3, it is possible to
nodi fy the present enbodi nent such that as shown in FIGS. 9 and 10, a
second wiring portion 18 is constituted by a sheet that is arranged to
cover only the center area of the insuladfng layer 5. This allows the
second wiring portion 18 to absorb heat generated by the heating portion 30

via the insylati.ng layer .5.,1n,the present enbodi nen t he. second wi.ring
portion 15 Peardirmatmedie “Rerear LB at b arcully Phivs S8R GRARH o at i ng
| ayer 5. Herein, the second wWri | ayer 15 |s not necessarily fornmed in

t he center iﬁ%@fﬁﬁtlti‘%l’qsﬁlgf?éﬁ avgt ?/811'/"‘}5‘?9&%?:9#%‘5 aé’ﬂé‘éé?unﬁflo? Heth&ur f ace 5a
of the insulating |ayer 5 except areas corresponding to the first wring

| ayers 11 asemicendugherlevics lpadnich isdhysgawsoved inpgdiabiiiy 25 and t he

heat - di ssi pation pads 27 are arranged in the center area of the

sem conduct or chi pn the fresensempbediimiehie theosecomsbiviring postipn &8 érdonstatbtedibyghe such
that as shown in FIG 11, first wiring portions 12 are forned in the center
area of t he sheesUbatndthelcaysectioniwising @oriont Ive. p&dhenl lodating esrtidh, 30 RBts iand 25
and the heat-di ssipation pads 27, and a second wiring |layer 20 having a

sheet - | i ke shogatdr ardaufidsdniicédimcpe chip® neds passble o niddfyithspregdnk ng | ayer 5
outside of the pad electrodes 21, 23, and 25 and the heat-di ssipation pads

27. Accor di Bghbb@ingent SHEHGAMHIGhEWN FEFIGS. Rarkh VA skforfd Warink bor)ers hough the
insulating layer 5 and the nolded resin 17 are each subjected to thernal

def or mat i on .o @IREALS aQhed: E?{arrﬂfg%@'i@@é\ie?ﬁn%ﬁé'Eéﬂt&gariea%ﬁﬂ@ i&%ﬁa&iﬁg ar eas

. t
of,the insulating layer 5 and the nolded resi'n 17 are snaller than anounts

of ther mal - qgf.pLmaty AN BGE U {dnd Dl pdel6n 8% PARHAheALAS R b

insul ating I'ayer 5 and the no resi or thi's reason, an-anmount of

thermal str . OCCUL ] on, the fi.r i king portion 12 becones snall er
t han an ann%%%ln@fpcf %I?’%gl‘“ag%‘? I}ss'slfa%lggflﬁy\ré% %g on the second wiring | ayer 20.

That is, 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 5a 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 S 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 § 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



even when the first wiring portion 12 is reduced in thickness, it is
possible to avoid the occurrence of breaks of the first wring |ayer 12 due
to the thermal stress. The second wiring portion 20 can be fornmed in a

| arger area on the surface 5a of the insulating layer 5 conpared with the
first wwring portion 12. This allows the second wring layer 20 to
adequately absorb a relatively large amoudt of thermal stress, f Wmch may
be greater than that of the first wiring portion 12. Therefore

possi ble to, avoi e occurrence of bre secon ortlon 20
fus to the (hoperuheralaragof e iehe R e e B ESR 7 FRE T SRR o
of the sem conductor device 2. n the present enbodi nent, the engagenent
portion 53 ja asmsy pf theapal Wetwcuﬁmg@%wffwtmng ROFtHR Qette@ﬁalewm%#g
portion 15 and the projection 51 fornmed in the nolded resin 17. Herein, the
engagenent pban aoamsdntio thesmahsitess sequrming en thetseeendewiring layrs 20 i dbat | iabove but
is necessarily constituted in the shape guaranteei ng the nutual engagenent
bet ween t he eyex ovhen wher fimsgwpong partion 32 aswedtibeel invhidkkss,asisrpossdbleThavoidshe it
is possible to nodify the present enbodi nent such that as shown in FIG 12,

an engagenmittumpaiceiodbrda@s b thedivst wirinigdaydoyl 2alubod eheShermalhsttdssi s forned to
penetrate through the second wiring portion 15 and the insulating layer 5,

and a projection Setbcorddn@iriil fetor 26 tah Be/forMbd eha RAGRGES oM thb stffigeelmal € 56.
Alternatively, a projection is formed by the second wiring portion 15 and

i's directed Jronafdsiatifeld ye;l ﬂe&n 5&& %&Fthe fiihvaRnk Boltdnn 20T A% A8k (ho! | ow

engaging with the proj ec form ng an engagenent portion. The

engagenent ig; ﬁﬁlgqg?égrz'olt}ﬂ aﬁ%@{a‘tég%wb E@&a@%%ﬁg@%o&r&r&ﬁtﬂ Egtresémd

60, which esta enent n the sec ng portion and the

o ﬁSdnLWet}at?mag s R T B En® Bl @b el R R sh R e

Insulating | 5% emd%he occrurrence of breaks of the second wiring portion 20 due to the thermal

stress. Thus, it is possible to improve the reliability 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,

i it is 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



exanple, as shown in FIG 13, it is possible to provide an engagenent
portion 66 constituted by a hole 62, which is fornmed to penetrate through
the insulating layer 5 in its thickness direction, and a projection 64,
which is formed in the second wiring portion 15 so as to engage with the
hole 62. In the above, even though the second wiring portion 15 and the
insulating layer 5 are conposed of diffé8ent nmaterials having different
coefficients of thermal expansion, the second wiring portion 15 is deforned
to suit the therpmal deformation of the insulating layer 5. This reliably
prevents thandldebirainvi T i dyispessiblerio provden e@ég%matt.m&lqwawﬁ% mMuEahl at i ng
layer 5. Hence, it is possible to inprove the reliability of the

seni conduct GRgaeRient batwern the BceskowiingtRortien b wrchibetigsudatingdpys Se3 Fare for med
on the board 59 within the sem conductor unit 61. It is possible to nodify
t he present egatophti aeshoveuiaFIChh:, it iagosiideno provide@n ebgagdmaemd poBibneitd 65
mutual | y adj oi ni ng each other are integrally connected together on the

surface of tchasthoed byahold b2 wiliok enferhédrogstnenate throagh the iadulaing lagats, inwhi ch
i s absorbed by the heat-dissipation electrode 9, to efficiently transmt

from the | aRd tRidkhdds dhectin)end h phffectfon 64T Whichlie @rh#@Sn Sid deoRiNvirhfpat
di ssi pation in which heat generat ed by the sem conductor chi p3is

effl cientl ySQ}{.@dhsm id 84 eﬁg&%é‘bﬁhﬁﬁ%1@5§m pation electrode 9 to the board

In the esent errbo the el ectrodes 7 and 9 are each equi pped with

Che ' Dosts 45 a0, YL D05 o SHRESertL 8 9B TR RIS e

surfaces | la, 134, e wring port
surface 17a,0f ded

s ace 173 gl U IOl A bl T RO B e
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wring the insulating layer 5. This reliably prevents the second wiring portion 15 from
separating from the insulating layer 5. Hence, it is possible to improve the reliability
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 possible to modify the present embodiment such that
as shown in FIG. 14, lands 64 and 65 mutually adjoining each other are integraily
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 45,



portions 11, 13, and 15. Hence, it is possible to reduce the overal

t hi ckness of the sem conductor device 1. The electrodes 7 and 9 are not
necessarily equi pped with the solder balls 47 because it is nmerely required
that at | east prescribed parts of the electrodes 7 and 9 are projected
above the surface 17a of the nolded resin 17. For exanple, as shown in

FI GS. 15A and 15B, a projection 67 proje@@ing fromthe nolded resin 17 can
be forned integrally with a post 46. It is possible to use screen process

printing reaf] ' ' ' f paste, for
Phe or mat o Scerpat 7 8 Jretl B BIRAR e RRBLE GBHICAR LR SREES, BFRC
after the for ion of .the .,post, 45 dth | de esin 17 esi st

patt erni ng i%or%é?ﬁwpﬁﬁ@lcgﬁﬂgstﬁicy?sﬁPﬁa‘é\e ‘BP@]eg‘g?s’lub ,en&ﬁé\?gﬁé)e ¥"M¥ct angul ar
shape in plan view, r h_of plating., .The el ectrodes. 7 and 9 are not
necessarily p@%ﬁtlufgd’ggj\% hélea%ﬂfsm&sg%b\‘a t%@,ducﬂi‘@ oé’STaHéPICE%?SP§?K‘F, and
the projections 67 and 68. That is, the electrodes 7 and 9 can be fornmed by
use of the peaicondectaindevi® bnly. In this case, when the seni conduct or

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

el ectric connect ilbesldsgpdeschand aysowt gekBsarily eq@ppetiwih dlat sobdeir balds 4Tui t s of
the board 59. 2. Second Enbodiment FIG 16 is a perspective view show ng the

exteri or appeexsaditds aferdy wafudred iteat et leastiprescsibed ppackiate eleVi&R)7 dnd 9 are
accordance with a second enbodi nrent of the invention. FIG 17 is a front

vi ew of the pf¥§;e6la aben tht GarfdkR 1178 ofi tisd elelded ewioi 7.t heor\Wk&Bble, afReHoeveiRce
nunmeral 101 designates a silicon substrate (or a sem conductor substrate)

having a reqaRgys QundNSBea pidjdetiah 67 ipedfectfii féthGhe mBlRET:LY7 chd BYI t's (or
el ectronic circuits, not shown) are fornmed. Reference nunerals 102

desi gnat e nggl%ed)iﬁ?%rﬂ w thllpbgt:c‘ﬂE qpi@@%§§iﬁl@@§ uld §c?ee%>ﬁr8%ég§g1i%\’ | G8fzedWhi Ch

are arranged In a reéctangu ormati on along the peri pher portion of a

prescri bed %"}rgfr% (}f%]igur%f ar;[dkb%pﬁi:étlo(floﬁ 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 is 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



substrate 101 and each of which has a sem-elliptical shape in cross
section. Reference nunerals 103 designate channels, which are fornmed in
parallel with each other on a backside surface 101b opposite to the
prescribed surface 10 1 a and each of which has a rectangul ar shape in
cross section. As shown in FIG 17, the channels 103 are each defined in

di mensi ons using depth “d' and width “w 48s well as distance °s'

t her ebetween. As the channels 103 are each nade deeper in depth d, it is
possible to increase the overall a.of the backside, surface Olb

however, whafRlIZS RUBEHIGRsvEt ‘ﬁﬁ‘?r@%s y1ce&0 lFt‘ﬁ]&ﬁ’e tft?égttﬁmte&t%t % he silicon
substrate 101 shoul d be degraded. Therefore, preferabl e that the
depth d rangc@’”s‘nﬁftl‘)@rﬁl%/é'lﬁ geBpheralmorion %%E@@ftbeéfsutfﬁ“ee Klpjod the sikemist r at e

101. For exanEme when the silicon substrate 101 has a square shape whose
length is Subsratntl inskeach loff wiidshasta semi-sUptienl shape Hegoss sgcladn.t he channel
103 ranges from 100 mto 250 m preferably, it is set into the range of 150
m 30 m The Rafeehce memeanlgd 93 fdesign&6 Ohanoels, stlthrare fmhep e panaBéll with edchi s set
into the range of 250 m 25 m The di stance s between adjacent channels 103
ranges fromodied omatkackdi@e surfacpriofl B oppdsite td thei fresteibed Rirfact@14 ampeactfof250 m
25 m According to the aforenentioned dinensions, it is possible to form

five to ten wighenael ecthigulansiape i tlok£aRtishDSAL sh@vi BilF1d 17 1the chavapkact ur e
of the WLCSP, integrated circuits (and ot her conponents such as sensors as

necessary) jpg aE@éa[Eﬁ‘i’jeﬁHe& BediRfASIGhS Gk §éHt1f1 aPendWhdh ‘P at Wéll%‘s 'd stdhide

substrate 101, an bunmps (not shown) used for the fornation of e netal
pads 102 areg ?596519 the peri pheral portion of the prescri bed surface |0l
a. /A passiva |on |s 41 fornmed on the prescri bed surface 101 a except

the bunps so as tg APhEE anneisnl BULEEE mEde elépet:rsln epthocf t}elg pgsom SRS Motease

the overall area of the backside surface 101b; however, when the depth d is increased
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 um, preferably, it is set into the range of 150 pm + 30 um. The width

( w ranges from 200 um to 500 pm, and preferably, it is set into the range of 250 um +
25 ym. The distance s between adjacent channels 103 ranges from 200 um to 500
pum, preferably, it is set into the range of 250 um £ 25 pm.

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



Then, a cutting machine such as a grinder is used to formthe channels 103
on the backside surface 101 b of the silicon substrate 101. Thus, it is
possi ble to produce the W.CSP, In the W.CSP of the present enbodi nent in
which a plurality of channels 103 are forned in parallel with each other on
t he backsi de surface 101b opposite to th% prescri bed surface 101 a of the
silicon substrate 101, it is possible to increase the overall area of the
backsi de surface 101b wi t hout i ncreasing the effective area of the

Sem conuct ah L 25 ol e T015; MY AHGR, e Bl SPLER L SR SARGRL T 1

manuf act ur ed. 1rsu h th ﬁ cutting machi ne such as a grinder is used to form
the channel & (ilbl eéct?glcpﬁ’gf’lga surface 101b of the silicon substrate 101.

That is, the chanpels 103 .are f.arnmed,usin a Si e and ] nexpensi
Tmchi ne. whi ch dodBeRdt e AUBnE RENAA BAIELR NG Lolrm th GBS dle on
enbodi nent can be nodified in a variety of iﬂ‘ which wll be descrl bed

bel ow. (a) Mg kackpideprtacg @ﬁhﬁﬁﬂ‘@ stlieon spbstrage 30%.r ohusyitanpessidig iograduess er

| evel chip size package (W.CSP) in accordance with a first nodified exanple
of the presdémtWa5dti ment. Conpared with the aforementioned W.CSP shown in
FIG 17 in which the channels 103 are forned using a cutting machi ne such
as a grinder so thathet Wey SRafahe presan gubadingnapewhichna punlly cfedbnmeds 1@he
WLCSP shown in FIG 19 is characterized in that anisotropic etching is

perfornmed alagnfproey &t pdraidl aviedseazh otliee onithd bavisid beifict 1 1b@pposeas eey
channel s 111 each having a triangul ar shape in cross section are forned on

the 42  baclpsdsdfibedidurfaee 10 0lofxhe kiticoh distia TRt FoRIBA todinGRhathe ON
characteristics substantially identical to
overall area of the backside surface 101b without increasing the effective area of the
semiconductor substrate 101. 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 charactenized in that anisotropic

etching 1s performed along crystal planes of the silicon substrate 101, whereby

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



those of the aforenentioned W.CSP, it is necessary to appropriately adjust

di nensi ons of the channels 111 each having a triangular shape in cross
section, which is defined by width "w and depth V. The width w and depth d
can be adjusted by appropriately changing the conposition of an etching
solution and conditions of anisotropic etghing. For exanple, a silicon
dioxide filmis formed to partially cover*?t he backside surface 101b
opposite to the prescribed surface |Oa of the silicon substrate 101,
wherein pre I bhed r the silicon substrate 101, which are not covered
with the sﬁ%%%%%:%?%§%zgg;are subjected to etching at 90 C. As a result,
the WL.CSP of the

first nodif.ie anpl e can denonstr at prescri.b effects
substantial ly i derP P&iﬁr 19 {)eail %g%a%é‘fsg&’ﬁﬁoﬁ%%ﬁgﬁ%%ﬁ'zt?f%ﬂ]%gﬁl&n%lﬁaﬁq%econd
nodi fied exapple FIG20 is a f t . view showi ng. a wafer |level chip size
package ( wé@%ﬁ 4 ihe sforesmasinee LG s BoRacaR i ?ﬁ%apré%z%mﬁﬁwb@irfeﬁéwa% esent
enbodi nent. Conpared wth the aforenentioned W.CSP shown in FIG 17 in
whi ch the saitheshanpelsdl] sachhavimegpeigiangylar epp areroposechen.gvitieh wolefinghannel s

103 that are formed in proximty to both ends of the silicon substrate 101,
the W.CSP showidiin‘wilagd dgpthi‘d’.characterized in that a distance D neasured
bet ween the rightnost channel 103 and the right end of the silicon
substrate 101 di f flkesvifittomaad depthahaca H2dimsasiuredppbatriaen chirgidgethe nost
channel 103 and the left end of the silicon substrate 101. The W.CSP of the

second nodi fdoghositianplf an erhirgesshnhraat @opdiessys obadsot@iiceatigngubst anti al Iy
identical to those of the aforenenti oned W.CSP. The structural feature of

the W.CSP, in whi GHarbR@ngliess anesn BoxRRUNBER foihedA3d paftilftca0&t the Baskarle 103
and the right end of the substrate 101 differs fromthe distance D2 between

the | ef t mostgphani@ilb Jfdsia'@ th presGifiedtNftadd 10 NEIHOSES SubbRdte 108Kes it

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 lefimost
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



possible to easily discrimnate the direction of the backside surface 101b
by use of a sem conductor |aser for detecting the difference between the
di stances DI and D2. (c) Third nodified exanple FIG 21 is a front view
showi ng a wafer | evel chip size package (W.CSP) in accordance with a third
nodi fi ed exanpl e of the present enbodi nent. Conpared wth the

af orenenti oned W.CSP shown in FIG 17 in4khich all the channels 103 have
the sanme width w, the W.CSP shown in FIG 21 is characterized in that a

| eft nbst channel 121 i.ch s foromed,i roximty..t he. | ef.t d of the
Cobsirate 10eninay chainel B fud fhe RS o F B Yo Bekfior WefEng of ner
channel s 103, .The W of the thjrd nmodified exanpl e can denonsi{rate
prescri bed 2?%%‘%’%‘3“ Eg%fp’é?ﬁicgwi ?@ae?ﬁqd sﬂeﬁaﬂﬁ(%ﬁ@gs@str@mlog?makﬁ:ﬁéﬁu oned
WLCSP. The structural feature of the W.CSP, in which the |eftnost channel
121 has t h@ogitblero gasilyrshscriagningtethe dirention wé the backside surfackd 0db hrsepbhnel s

103, makes it possible to easily discrimnate the direction of the backside
surface 101iseicondectorf laser fordétesingiibe driferense befwrendee distanery Randdd4. f er ence
between the widths w and w2. (d) Fourth nodified exanple FIG 22 is a front
vi ew showi ng é&)afiermbdified exkdmplesi ze package (WLCSP) in accordance with a
fourth nodified exanple of the present enbodi nent. Conpared wth the

af orementi oned W.GE8 BhieWtrom vidwsshowing @ witterCiBvellchip dige sdraagne(WLLOB) mave
the same width w, the W.CSP shown in FIG 22 is characterized in that plural

types of  chapii@hscebilh 4 hird AW iRd Ekhrhfle@Tthd\brdidis eAlbBdinnie dca%%i}ed

prescribed di stances therebetween. That is, the arrangenent of the channels

131- 133 may .S i 2k i:nf.ar i j i fa L.on
Funct i on. 44" TS SR Rtned RECSP AR AL LGN 7 IS AIPAN O ShaSEL! TOTRRECN 1

w2, and W8 LESOSEL LYGh Y, UNGL RSP HBGK iAFRG A RUASHcAA-ALRAIEREL N 2

prescribed rule so as
channel 121, which is formed in proximity to the left end of the substrate 101, has a

width ws, 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

E semiconductor laser for detecting the difference between the widths w and w,.
(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.



serve as a bar code realizing an information identification function. The
WLCSP of the fourth nodified exanpl e can denonstrate prescribed effects
substantially identical to those of the aforenenti oned W.CSP. The structural
feature of the WL.CSP, in which three types of channels 131-133 having
different widths are arranged in accordance with a prescribed rule, nakes
it possible to easily discrimnate the di4decti on of the backside surface
101b by use of a sem conductor |aser for detecting the differences between

the wwdths Wl to w3. That is, it is POSSIb|e to easily read individual
i dentifications apiieridisaly thy dopselpy31yER, and 33 Shatecwdthecyiom2) aslews f or
detecting the overall shape of the WLCSP including the channels 131-133. In

addi tion, i trejpecihodyi wheseindheyoare apranghelniniatgordanterveittng presti@gnsle wrd tét i s
possible to easily identify and manage chips installed in W.CSPs. It is
possi bl e t o seovetdiarbaroddd sealizieg W GEPrsdtownidentifidaGo? ynctionwhi ch t hree types
of channels 131-133 having different widths are arranged in accordance with

a prescribed rul erhe WLOSPhfahavayrthiaddifibd etdieple andahonsidfe préstribaye t he
sanme width but they are formed with different distances therebetween,

wherein it I&fee{sssgbﬂa&ﬁu@h@eﬂﬂzal fottBbdeZs thélgtdhdftphb@WIMEEr mati on by use of
t he channels 131-133. In'the further nodification descri bed above, it is

possi ble to read tig i dRRIILGARII e WIICITH WARNAREARS dp¥nddigichannel s

131-133 by use of a sem conduct or etecting erences of

i st ances Deteen ARG %ﬁéaé%ﬁﬁné@&m@cma Rt a@@@;@a il G 23

is aplan vie Sl Z€ pac

accordance w t;h a fif. d exa t.he and FI G
2 s or etk duadeshlh Brly FiEiRR tﬁa%frf%onﬁﬁ?ﬁ s 5%‘ b aog W oh
the 45 aforenenti oned @LCSP in which a §$ r%% of chan 03 are forned
in paral | el Us§iof A semrrndidier lagsy ferdetestingdheydiflersnesy betwgamt lefi g 1P M6on

substrate 101, the W.CSP
That 1s, it is possible to easily read individual identifications 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 1s 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

i they are formed with different distances therebetween, wherein it is also possible to
realize identification 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

FIG 23 1s 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



shown in FIGS. 23 and 24 are characterized in that a plurality of holes 141
each having the sane depth "d' and the sanme radius 'r' are forned in a
matrix formw th the same distance "s' therebetween on the backsi de surface
101b of the silicon substrate 101, wherein no hole is formed in a
prescribed corner area 142, which is thus made planar. It is preferable
that the depth d of the hole 141 ranges #om 20%to 50%the thickness t of
the silicon substrate 101. For exanple, when the silicon substrate 101 has a
squar e shape whose | engt S mm and whose thickness t is 500 m_the depth
d of the holaorementiesd 3¥Lf3§8mlrcmch wplurlips of ehangelsfl@3 ap fprmed in paralial j nt o
the range of 180 m 30 m The radius r ran%es from200 mto 300 m

pref er abl y, with ¢ashsgheronttiee barksidanydacst1025®1 the siican subJtnate 40 btthe ML GH ween

t he adj acent holes 141 ranges from 100 mto 200 m preferably, it is set
into the rarshewnfn PBES.M3 48 2 ardchardemzedtio thdte phirehgneittolasridd edclrensi ons
set to the holes 141, it is possible to formfive to ten holes on the

backsi de surhagiag tAdsdnie ddpth tdlandetidagetradios OF ateorMELHR: mathefpiatveith gier cui t s
(and ot her components such as sensors as necessary) are forned on the

prescribed symbae@anke 1s’ah@ébétaee1§bﬁ tlﬁ%ckﬁ&@ﬁirfa@é @0 1045 thaRdichy @iﬁ)&n@feot
shown) used for the formation of nmetal pads 102 are formed in the

peri pher al %ﬁtw&eﬁf‘rb& %tﬁe B S35k Bed é%ﬁ&a%oﬂl{%&amaﬂz;@a@ﬁfcmg {8 ndalgbm i s

formed on the prescrl surface 101 a except bunps so as to protect
i ntegrated ,pui ts and other conponents. Then, the backside surface 10 1 b
of the sili cpon substrate 101 is subjected to the known photolithography

therern 11,15 coRte Al BIESSNR AN AGF ) SOk RobLRD: P
lﬂ&r :2{ ggr : 1cl%ne2 ﬂhg%lhsc%ﬁfsu S%m%eo of the silicon substr at e 101 is

For example, when the silicon substrate 101 has a square shape whose length
is 5 mm and whose thickness t is 500 um, the depth d of the hole 141 ranges from 100
um to 250 pm, preferably, it is set into the range of 180 pm = 30 pm. 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 um,
preferably, it is set into the range of 250 um £ 25 pum.

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



i sotropic etching or anisotropic etching so as to formthe holes 141. In the
above, it is possible to use any one of dry etching or wet etching. As
simlar to the aforementi oned W.CSP shown in FIGS. 16-18, it is possible to
formthe holes 141 by use of a cutting machi ne without perform ng etching.
The WLCSP of the fifth nodified exanple can denonstrate prescribed effects
substantially identical to those of the &forenmenti oned W.CSP. The structural
feature of the WL.CSP, in which no hole is forned in the planar coner area

142 correspaondin o_one .coner of the backside suyrface 10 I b.of the silicon
substrat e AGHeIeRRbePRARTHEENRER Brpnice Bk RTER Y Of DRChRSEPUA i P
backsi de surface_  101b by .uyse aqf m_conduct or_ | aser for detegting the

| ocati on of REFAHER Mg backsi %Fur?%c@ﬁﬁ@éﬁlqsghqog Sﬁb%tgﬁt%ﬂ%{ BoUPSFERL  modi fy
the WL.CSP, in which a plurality of holes 141 each having the sane radi us
are formed i¥PULPiRIERING PHAMFOTGPIS BlERINg sqey tq faam the pplgsdfity  of hol es havi ng
different radiuses are fornmed in a matrix form |In the above, identification
i nformati on can bén #Embowe, it i nosiblerte asgeneene oidry kishing dravétetrhahd f ersent
radiuses. That is, the identification information applied to the WOCSP can
be read by usgeilaftoshesarenmmtioatdWIECSRRshoforinddG8cl 61§, disf fassiblecto forr the

radi uses between holes. (f) Sixth nodified exanple FIG 25 is a plan view

show ng a wabkss 14e\eluse bf p cBitiag niabkroeitHot p&SP)rming el dance with a sixth
nodi fi ed exanpl e of the present enbodi nent. Conpared wth the W.CSP of the

fifth nodified examelwrCBPWRHEN AR mbAlfed SahPld @M defhdnBate ?ké&@ﬁﬁedcé}‘fé&%r area
142 corresponding to one corner of the backside surface 101 b of the 47
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formed in one cor ek sﬁ'(lctural feature of the WLCSP, in which no hole is formed in the planar
corner area 142 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.

j 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.
() 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



t he backsi de surface 101b of the silicon substrate 101. The W.CSP of the
sixth nodified exanpl e can denonstrate prescribed effects substantially
identical to those of the W.CSP of the fifth nodified exanple. As described
above, the second enbodinment and its nodified exanples have a sinple
structure in which hollows such as the chgnnels 103, 111, 121, and 131-133,
and the holes 141 are appropriately forméd for the pur pose of heat

di ssi pation on the backside surface 101b opposite to the prescribed surface

01 2 Of t heyRlohl GO0, AUBGE 1AL &1 AL A-ISG SOLSALALER S LU L §s o o

Such a sinpl rructuré cdn 0 any pes o a es other than

WLCSP, such s CSP,.a bal | arra nd ta any other.type
of senicond %F r%ﬁﬂ@?%ﬁgm tﬁ%fad orfél%ﬁ??g %QlF‘Is rmsg n Ong CAINGEOL, i oy
showi ng a | evel Chlp Si ze age that is nmounted on a

pri nt ed- ci rdﬂ‘? pagkside gurfaceHHGro, %lwr’cfﬂl étfi"tﬁl bél embodi nent of the
invention; FIG 27 is a plan view showing a prescribed surface of the W.CSP;
and FIG 28 is aT&eaWLQpSEWféhﬂ)Wﬁhgn%ﬂlﬁﬁ sxample ¢ar dernarsiragy presraibed effects
printed-circuit board. A W.CSP 221 includes a silicon substrate (or a

seni conduct onbssasAllyadenticab® thosevdfbe W oftha fdih modified exampplan view, in
which integrated circuits (or electronic circuits, not shown) are forned.
Connection pins (serddsngbaikatiove sthe saomi palbsdin22B and b imoldi ferdexampizo hede of
conductive materials such as copper (Cu) and alum num (Al) so as to

establ i sh elgimplestaonnedat whith hollbs exdhedsiiat cliteweled93, Arle 121, langed-138,
sel ected points of the grid on a prescribed surface 222a of the silicon

substrate 224d thoRole® Mﬁsfela@P o?hﬁﬁzl}( foRull A6k tAS pERPSNES AR Bisfiphtfon cilthe WhHi Ch
are not electrically connec wi th external devices, are arranged at other

ig:}ﬁgg??ogo%at:ké?@és&fac% h@iQBBﬁBsﬂ@tto i pr&%ﬁﬁé@ﬂﬂfd&g ﬂ)*f'? opﬁ’i%'sﬂlcgﬂ Sulitrafdn®
pins 223. Sol der are affixed onto connection pins
223. Magneti 1%1%%&@@9.&%% gﬁmtsrﬁ?é/fd?ﬂ\ea. di&d & Eﬁgxﬁ)lé gﬁﬂ:‘ﬁwe can be applied
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



i s bonded onto the non-connection pins 224 via adhesives 227. The W.CSP 221
of the present enbodi nent is designed such that the uniform bonding
intensity is applied to all pins on the prescribed surface 222a when nount ed
onto the printed-circuit board, wherein the non-connection pins 224, which
do not at all relate to electric connections with the printed circuit

board, are arranged in addition to the cbBhnection pins 223, whereby it is
possi ble to establish an appropriate balance regarding the bonding
intensity in electric conpectigns with respect..to t verall ar of the
prescri bed s‘?}?eF]&B%‘n%ﬁ?aPos}t}?néngl‘e GOFnEIN; P i%e @E@fgﬂﬁﬁ 22#% 3re gl dmagnet i ¢
force by the magnetic nmaterials 226, the non-connection pins 224 joining

t he magnet i com@iherqoanectippaing £23. aMagngtig materiqly 226G epshthaving a diskglike shape our
corners of the prescribed surface 222a and approxinmately the center of the
prescri bed siabbadwl arethe Minatonnectionransddfheniadhesives @27al s 226 are arranged
symmetrical to each other with respect to the center axis of the prescribed
surface 222a. A prThe Wd.GSPr22li df the predert etmbplimene i edasiaiet sudsthat the andyrm2 31
has a prescribed surface 231 a, which is arranged to directly face the

prescribed swyndagen@adey Rfapbhi&d toWiGHRs 37 the presceibed selfaet0d evieatd bl 232
are arranged at selected positions of the prescribed surface 231la of the

board 231 i ny{@ EHee;ﬁ-HR&ﬂEi?&ﬁt Mkl \&ﬁk?eiﬁ(%ﬁlé‘ﬁ&i-i:&ﬁle%mping 334 Qfhitingo WeGRP 221,
and magnetic materials 233 are arranged at other selected positions of the

Pon- connect  Snenyals geits Phrrcg o g s GRAFCIRRE RO Eanl o pion, g
233, it is postibleto use , f ferronagnetic r’rglt rials_and kK or soft
rognet ¢ mi SIS e B Ferothat I RRYE Par ST HRSTET RO o oo
cobalt (Co) ,reﬁ.?rgm tﬂ% krpl}cipn% g&g?s.iitgii% ectric connections with respect to the overgl'l: al)e’a

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, clectrode 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.



(&), 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
selected from anong the prescribed el ements. As weak nagnetic materials, it
is preferable to use iron (Fe), cobalt iron (Fe-Co alloy), nickel iron
(Fe-N alloy), and silicon iron (Fe-Si alloy), for exanple. As materials
for the solder balls 225, it is preferabl4? to use eutectic sol der conposed
of Sri of 63 weight percent and Pb of 37 wei ght percent, sol der conposed of
Sri of 60 weight percent and. Pb of. 40, meiﬁ t .percent, Pﬂéﬁé tqueéfﬁure

sol der conposed ¢t BHOBRSYHICBREHRISHE FRteraliig togise e slamang Atlcdied el | and
hi gh tenperature sol der conposed of, Sri_of 95 wei ght percent and Sb of 5
wei ght per c&oNg Hecribshalgments Siefeps o (Fe)1robakt - eheikebhay gadoippm
materials, it is possible to use Pb-free solders mainly conposed of Ag, Sb,
and | n. ThudGdigembeurn €Thodresosivra (Byp|odsivge (K arbivre (Fpcer tphumddmpne
board 231 so that the magnetic materials 226, which are arranged at five
posi ti ons carids poreiahly touese fmalloxormpessd ahitive hemomlements selbgegfrescr i bed
surface 222a, attract the nmagnetic materials 233, which are arranged on the
prescri bed smdngdhke pRkeribed ebeamemspondence with the nagnetic materials 226,
whereby it is possible to fix the W.CSP 221 onto the prescribed surface 23

la of the board 23 wedkhmpgimsie mhdeehifasistpreraiabl: toNe¥ iron {(he), B8aRaehrhow to
preci sely mount the WLCSP 221 onto the board 231 w | be described. First,

the sol der I A%R), HiskeRIbATEEN; Ao NEnE ANBGErbPFRS N7 FoPE - W.CSP
221 respect F\%I(? alr%]yg)’arle tr{en@gﬁbjlec?%}g 1o heat | ng,rF s%l t r?ﬁ’ ?hexag%blq%er bal | s

225 are fixedly %Ehﬁét%ﬂ%lfs%h% sGRBNEALS 28, RidSrefrabll %F&%%ﬁk%olgbp

addi tion, the magnetic 5 materials 226 are respectively attached onto the

hon- connect ic%&p@s&fo%%fv&awéigﬁt pqué}ft‘%éf § of47 ‘weight percent, solder composed of

Sn of 60 weight percent and Pb of 40 weight percent, high temperature solder
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 corners 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



The el ectrode patterns 232 are arranged at selected positions on the
prescribed surface 231 a of the board 231 in correspondence with the
connection pins 223 of the WCSP 221. The nmagnetic materials 233 are
arranged at other selected positions on the prescribed surface 23 |a of the
board 231 in correspondence with the non-connection pins 224 of the W.CSP
221. \When either the magnetic materials 3926 or the magnetic materials 233
are conposed of ferronmagnetic materials, it is unnecessary to apply

magnetic fields.fr t he exterior, n both of the magneti materials 226
e he g AR R PG B tae gBOUe SR HRg RGeS VIPEr | al o, 1

IS necessary to_ma%neti ze either the magnetic materials 226 or the nmagnetic
mat eri al s 23dhespeRt227t he W.CSP 221 is arranged above the board 231 in such a
way that the prescribed surface 222a directly faces the prescribed surface
231 a. Wen the \hesiecirpde pattdspoddhareiarangas @ seleeted pasitiond ehthe pecspobedd 231,
the magnetic materials 226 and the magnetic materials 233 nutually attract
each ot her dudateddtagfi¢hd oard2dkm cartespevienceswith izt comhectivegmet 223 ofether i al s
226 cone in close contact with the magnetic materials 233, whereby the
magnet i ¢ matWLC8P22226Tha chagheticmgieebls Q3 fatearalgsd A8&har electddqeditiongenher in
positioning. The aforenenti oned assenbly constituted by the W.CSP 221 and

the board 2@lprescri¥ell stithér 28 IaQfdies baaed DO ¢vrapendehcawhigdic t r eat ment
furnace, in which it is heated at a prescribed tenperature for a prescribed

tinme, so thahnldan&PlofPindBld oF tBWiarsr 20€| t®des Bitias tﬁ&n@?ﬁe@i@'rﬁaﬁ&iaﬁ& ectric
connections between thé connection pins 223 and the elecirode patterns 232.

During the hogl i, ARghofelcditals 599 /TRAE0LG IkRbhALRRBuedNd i flo mgnet i c

maferials 2 are fi oget her 1n pos oni ng 0 magnetic forces

thereof hengg...cyen. e Lig,a0l A8ls Bal & 288+AF © WELL 66lh obind afilicl | kel Y

that positiona Iat ccur bet ween e connection pins t he

el ectrode p%étgrﬁa §226 and the magnetic materials 233 are composed of weak magnetic

materials, it 1s necessary to magnetize either the magnetic materials 226 or the
magnetic materials 233.

Next, the WLCSP 221 1s 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
fixed 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
electrode patterns 232. During the heating and melting, the magnetic materials 226

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



232. In the aforenentioned structure adapted to the W.CSP 221 and the board
231, which are assenbl ed together, the nagnetic materials 226 respectively
join the non-connection pins 224 on the prescribed surface 222a of the
WL.CSP 221, and the nmagnetic materials 233 are arranged at sel ected
positions on the prescribed surface 23 Islof the board 231 in correspondence
with the non-connection pins 224, so that"'the magnetic materials 226 of the
WLCSP 221 fixedly join the magnetic materials 233 of the board 231 in

posi tioning ' ey iJle:t il

establish flf%ggs %gge%?{c%ﬁ%gvérg%giﬁhe{éﬁem\g\k%%jgafpan e?hlglsbr%éﬁggllﬁ%ﬂl{?t
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can be easiég attach to and detach fromthe board 231. As descri bed above,

t he magneti %aterials 226 and 233 have positioning functions; therefore,

it is possible to_easily establish positioning and fixatjon tween .t he
W.CSP 221 and t he IhEgradorsmenpgnedatrugiurg P\@Pﬁﬁﬁg‘ﬁé*tl? g’h%?tpeﬁlafli @9@0%@1@3233.

This elimnates the necessity of adjusting positioning between the W.CSP 221
and the boavhicloge assprtblgdt logether, drapagnetia mateninlpd2hisgpgatizglyijainghgari ety of
ways, which will be described below. (a) First nodified exanple FIG 29 is
a si de vi ewnshowhmygtian pafsei24|cabé prisinbed sudfapaedlagy thaWISHP 2 tand itts:
attached onto a printed-circuit board in accordance with a first nodified
exanpl e of nidpactic eatnklsdiBade aeaiged ansklédt€d pBtidrs o the aresrilead sshfave ng a
prescribed surface of 52 the printed-circuit board, which directly faces a
prescribed 9914 afthe ®baids 1\h CoRespoadenva viith thic ihbnichandrdian hind3I4usd hgt thee

magnetic materials 233 shown in FIG 28, a

magnetic materials 226 of the WLCSP 221 fixedly join the magnetic materials 233 of
the board 231 in positioning 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 is 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



board 241 shown in FIG 30 is characterized in that a plurality of permanent
magnets 242 are substituted for the magnetic materials 233 and are attached
onto a prescribed 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 pﬁ@scribed surface 222a of the W.CSP
221, so that the magnetic materials 226 cone in close contact with the

per manent nets 242 so,as .to establish fixed sitionin her, ween. The
et hod how t praefeaes?hifin Teib Geeapiss N BBt Bl SAFECSE Nt Cal
to the afor ntioped, net hod t is described in.copjunction with the

b esent - enb dTHRAT PFhA Pt 2RDHFE i BRI kO Tbr et bed
effects and operations .identical to those of the present enbodi ment. Since
the per manehraitedfiethewndp FiG 3 Kigsbaragignged indhat aplurpdin et pemansnd mpagnets 233

it is unnecessary to magnetize the board 241 in an external magnetic field.
(b) Second mbadiars sbsetutadpioe the mmaBEtic magersle @33 anshars labeghed catovapigscribedel chip
si ze package (WL.CSP) that is attached onto a printed-circuit board in
accordance wutficea?4l@acond nodi fi ed exanple of the present enbodi nent.
Conmpared with the W.CSP 221 shown in FIG 26 in which the magnetic

material s 226 j oi Mheeymide®t ARAnES AR aiel dtangedist Rpositiont Berrespdhdiag ves 227,
a WLCSP 251 shown in FIG 31 is characterized in that solder balls 252 are

attached ontfgurddm@t ahdigheGRARE 6F iHRPrécibeLAFLRE 41 NEf e BoSATAGCivheRiPI NS
224, wherein each of the solder balls 252 is forned as a conpfex menber in

whi ch 53 i i i i . . The
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solder balls 252 are each conposed conpl ex sol'der 1 n whi
WLCSP 221, so that the magnetic materials 226 come in close contact with the

permanent magnets 242 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 presént embodiment.

Since the permanent magnets 242 are substituted for the magnetic materials
233, it 1s 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
1s 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 1s formed as a complex member in which



ferromagnetic powder is dispersed into solder. As the ferromagnetic powder,
it is preferable to use one elenent selected fromanong prescribed el enents
such as iron (Fe), cobalt (Co), nickel (N), gadolinium (Gd), terbium (Th),
dysprosium (Dy), holmum (Ho), erbium (Er), and thulium (Tm; or it is
preferable to use an alloy conposed of two or nore elenents selected from
among the prescribed el enents. The ferroddagneti c powder is dispersed into
sol der conposed of So of 63 wei ght percent and Pb of 37 wei ght percent,

sol der conposed of Sn.of. G0 wei er ené and . Pb Sf 40 wei ght percent,

sol der conpdLEdelt PEKAF S diFPess H‘[to E’horﬁr?ﬂn‘?’!:?t 50 wei ght per cent,

sol der conposed of Pb of 95 wei ght percent and Sn of 5 we percent, and
sol der conposed of Thesolder bajlsei2gae eardy comrosethal espnpex g’lﬂﬁ'lgmhlﬁbrcent for
exanple. It is preferable that the content of the ferromagnetic powder
ranges fromfagomegreghpopdetismtispersed dntasplght pat hederrathagniehic phwdenitds wei ght
of the conplex solder; nore preferably, it is set to 35 weight percent.

When t he comdntabtn‘totulse ofheclkormagsvidatel pomderongprésesbed tlamedB sweh ghiroper cent
the magnetic force should be reduced so much so that the W.CSP 251 nay be
difficult t(Bebeobali(€d) trackdh€NDogaddlidin (e rerbinen () BRprodfuni (By),
ferromagnetic powder exceeds 50 weight percent, it becones likely that the

sol der is degiAREHH), aBALS (B, antthbiling (Tadi b i m,pra&ehbféfoqﬁgtahaubpstead of
the ferromagnetic powder it i's possible to use weak nagnetic powder, which

I s conposed @b bilthlor n?&@%l&nén&@&l&?&l’tﬁﬂn%}ﬂ g)the ﬁ‘_ﬂe%ﬁied'déﬁﬁhn@f e-N

alloy), and S|I|con iron (Fe-Si exanple he second nodified

exanpl e can qergnshl Al Rl shﬁ%,e&feh@ Lo, cAioo QB BE LIPS idigpt | cal o

t hpse of the presen |rren nce t e conpl ex sol der 2 join all

of the Conn%%}cle%p arpcf Iglosot?‘oz;’ welggt per%ent, 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.

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



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 231a of the board 231;
thus, it is possible to reduce the manufacturing process. (c) Third

nodi fied exanple FIG 32 is a cross sectisdnal view a solder ball used in a
waf er | evel chip size package (W.CSP) in accordance with a third nodified
exanpl e of the present enbodinment. Conpared with the conpl ex sol der ball
252 shown i @peragongitdenticahkt diese piignprasentssmpdimen. di spersed into sol der, a
sol der ball 261 shown in FIG 32 has a two-layered structure in which a
spheri cal nmagnet i Sinertheco@pl2x issldencallspiag seid ablyofahe smindetion piper23 and the
conductive layer) 263. As the magnetic nenber 262, it is preferable to use
f er r omagnet inonfponaetion pirgRse theGbcandemedifio® sxarsglk eai e rdatioed by signgle escri bed
el ements such as iron (Fe), cobalt (Co), nickel (Ni), gadolinium (&),

terbi um ( Tbltepdys R linkimhe Q¥ inpldxdoMed Bhll{ 252) on Bk Presdtibdd Jurfaed22h6f them (T ;

or it is preferable to use an alloy conposed of two or nore elenents
sel ected frqpregpng1t henRPinGhALEs si8h &R ahgindShe Hﬁgﬁaic%aterimm ofR3, 1t is

h
preferable to use sol der conposed of So of 63 wei ght percent and Pb of 37

wei ght perc r Pos k b of 40
wei ght per g%gn?r,e%s}i)qgges}lﬁgorrpogg)éqﬁ)efQ%ﬁ&%%ﬁggwﬁlﬁet?gh?ﬁg{el‘?%ﬁ%ﬁgg% of 50
wei ght percent |l der conposed of Pb of 95 wei ght percent and Sri of 5

0
wei ght percél?'ﬁn}lfaﬁﬁﬂl%g(ﬁrag?ss‘ conposed of Sri of 95 wei ght percent and Sb of 5

wei ght percen or, ex e. The size and shape of the solder ball 261 are
appropri at el y%“aélj tdr}zi‘?fgggill?‘wq? 55 the connection pins 223 and the

non- connection pins 224, so that they are not specifically determned in
di nensi ons. I n t h&l€a¥eisgrerosisedinngbyiey joldas bal asechig sawater 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



spherical shape as shown in FIG 32, the dianmeter of the nmagnetic nenber 262
ranges from50 mto 300 m and the thickness of the solder |ayer 263 ranges
from70 mto 200 m The preferable content of the magnetic power for use in
the magnetic nmenber 262 within the solder ball 261 is simlar to the

af orenenti oned content of the ferromagnetic powder. The third nodified
exanpl e can denonstrate prescribed effectg and operations identical to

t hose of the present enbodinment. (d) Fourth nodified exanple FIG 33 is a
side view show ng a wafer |evel chip size package (WL.CSP) that 1is attached
onto a boar dhe asthettién pidd 223 afd fHealdbnviodWeSivawiig B, B6 €€ tHebaee satr f ace of

the W.CSP. Conpared with the present enbodi nent shown in FIG 26 in which

the WCSP 2gdcitigalliPasit@fin@lintdifichashdl 28 the N8 of BlsTsbiMerBall Db EHad@apl € i
characterized in that a W.CSP 272 corresponding to the W.CSP 221 equi pped

W th a gi ank,oRone SR fn PAEAB e (Wanfoter &F RV RaBhAIEBRALmbA 269Ghak,! NI
il i h &

physi cal qua I's mounted on the board 231. own in Fl 34, a
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except at a prescribed area, which is vertically opposite to the position of
GWR el enent PR®hrough the thickness of the W.CSP 221. This increases the

sensitivity of the GWR el nt 271_.in respaonse to_an external magnet|c
field. It is possi eé”?*%“%ﬂ%?%"é“@ﬁ@“@%’@ﬁéﬁ@ﬁ’?f foF sty e@%%@f—'ﬁfc@ﬁﬁ%ﬁrents

such as hal|-effect transducers, tunnel magnetoresistive elenments (i.e.,
TMR el ement 362 wighin theespddar ball @fd oy similgnip the ghuementiened ¢asigpsof thiri ch are
integrated into the W.CSP 221 so as to sinultaneously detect physical
quantities sashmagndiigifovaief.ects, magnetic fields,
The third modified example can demonstrate prescribed effects and operations
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 magnetoresistive 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 clements),



pressure, and tenperature. For exanple, when a hall-effect transducer (or a
TMR el enent) that is sensitive to nagnetismin a vertical direction is
substituted for the GWR el enent 271, it may be necessary to arrange a

non- connection ball 273 on the prescribed surface 222a at a prescribed
position, which is vertically opposite to the position of the hall-effect
transducer (or TMR el enent) through the tgi ckness of the WL.CSP 221. In
addition, it is possible to further inprove a sensing ability by adhering a
magneti c plate conposed of permalloy (i.e., iron-nickel alloy) onto the
prescri bed psessti@censd?? andtenhjpreatui=GoRsd2 whidlharcfintegtdtedindt the 8. EXBAPL e can
denonstrate prescri bed effects and operations identical to those of the

present enbediagNiimuBhiRsiyltiid CBR1AT quanitice SRudinal dfeclshRaGoRicki]
equi pped with the GWR elenent 271 is nounted on the board 231, it is

possi bl e t0 pkQahleZthPetPRRati cated device having both the functions of the
WLCSP 221 and the GWR elenent 271, which can be integrated together. As

described above, l:Becpiaae naIPRCBROL ﬁﬁ%&%ﬁ@%@ﬁ}@%@@%ﬁ@ have a

sinple structure in he magnetic materi ol n the non-connection

pins 224 t@@ﬁgﬁt@&eﬁo%@@%ﬁﬁ if'h v%ﬁieﬁf&i?e%tiBR?é {ergt{i“tz:te?fzfg} ?,ﬁ (%%Rg 1919‘:4@3 Lot od

prescri bed surface e sii1con subs I'n
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sem conductgr._chips as well. 4. Fouéth Enbadi ment. FI G 37 .i.s a_perspective
vi ew showi ng2ehat &REEsisA Papitieny Whick 1pyergealiyr popits i the position pf GE e package
(WLCSP) in accordance with a fourth enbodi nent of the invention wherein

reference niwbredfecgransdecsr goratMR clement) Bwauaghuihs thighnest of tha WEeaSREAHuUCt or

In addition, it is possible to further improve a sensing ability by adhering a
magnetic plate composed of permalloy (i.e., 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



substrate) having a rectangul ar shape in plan view, in which integrated
circuits (or electronic circuits, not show) are forned; reference nunerals
312 designate netal pads having hem spherical shapes in cross section,

whi ch are used for establishing connections with external devices and which
are arranged in the peripheral area of a prescribed surface 31 la of the
silicon substrate 311; reference nuneral 5313 designates a rough surface
area whose degree of surface roughness "Ra' is greater than a prescribed
val ue and which is forned on a backside surface opposite to the prescribed
surface 311 chitbyzespariibgaVLA§P) inedcspudanes withedewrsh gmbodimepyeldhe ipeaner.
surface areas, which are not subjected to surface roughness on the backside
surface ot hevherdiamefetemce namghal 31 descmatasesilddd sabstravh{arha ssmecanideetef or e
secured in the original planarity of the silicon substrate 311. The pl anar
surface ar easbsife)dasingnaietahgwlacdhapant gas vizidd in ahith3ddbratddr @puasénti ng A
and "B'), which forman identification mark (or an identifier) 315 for the
WLCSP. It i glqeiehrraRhis, Mdathdwis aSeifdres; lefiglieesmetdyBb eBdRgmeapted to the
rough surface area 313 ranges from10 mto 100 m and nore preferably, it

ranges from ; ; r oh drb il : It is
g ph8s héﬂlﬁ@hé;rglrsgber?daﬂsﬁaﬁééé edroRrRE@SAMNNYch drb uk&d R LsthBlishth

preferable that the ace roughness Ra adapted to the planar surface

areas 314 r %gg?e%ﬁgﬁgmtﬁ& ] tg%vifées Md *rdn Wﬁre&%@% ﬁ{%gpéﬁgﬁéraﬂg@g%?% from1

mto 3 m an urther preferably, 1t 1s set to wn in 38,

when |ight L_is..ineiden cksi r{.ac f..th WLCSR, (J.rrequl ar
reflection o&f eﬁ%PB% Suégaé%l} ip%%p@ﬁgﬁlrcggaﬁ&gér {al?é%g%g%éﬁ?em i ?’ede‘31 “g‘%ﬁ ar
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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 1s preferable that the surface roughness degree Ra adapted to the rough
surface area 313 ranges from 10 um to 100 um; and more preferably, it ranges from 10
um to 5¢ pm; and further preferably, it 1s set to 20 um. It is preferable that the
surface roughness Ra adapted to the planar surface areas 314 ranges from 0.05 um to 5
um; and more preferably, it ranges from 1 um to 3 pm; 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



vi sibly recogni zed by human eyes and neke it possible for a human operator
to easily discrimnate between the rough surface area 313 and the pl anar
surface areas 314. Therefore, it is possible for human operator to visibly
recogni ze the identification mark 315 consisting of the characters 314a and
314b realized by the planar surface areas 314 wth ease. Next, a

manuf acturi ng nmethod for the W.CSP of theé8present enbodinment will be
described particularly with respect to the formation of the rough surface
area 313. As _shown in FIG 39A, there is provided a silicon substrate 311
havi ng a pl ueBeqtedangr single éll'eﬁéfdﬁ 3Thisgauses glass diffsenres hetvess te1rpagh her eof .

I n accordance with the spin-coat nethod, photosensitive materials (which

di ffer fromsutieesiraa glihgrggthfemlanar mesfacerans BoA. oBuethglosy differncestintbeat e 311)
havi ng hi gh sandbl asting resi stance such as photosensitive polyimde resin,
pol yur et hanevisiblyi racogatred lhycunmesi ayes amtimpkoit senble ftovehuB8Cogesator tosrsibn

A ass) are applied to a backside surface 311b of the silicon substrate 311,
whi ch i s thefiseimifiste betvagntibe fougsarfamdted R)eand(the planphairfseasat Ve | ayer)
321. As shown in FIG 39B, a mask 323 havi ng openings 322 realizing an

i denti fi cat imRrérBreKitii$ pedsitA &8 GuBfantoperatdsl visil§recdghize WM BndiFealiBAN
subjected to exposure and devel opnent, whereby prescribed portions of the

mask 1 ayer 3ednas cof ShRf dpHaL ¥harkliks WIk SnPd DAY rcRBEdd R Blafad GlERKED. THUS,

it is possible to form ayers 321a corresponding - to |f|cat|on
mar k. As sho E C, the backside surface 31 | b of the silicon
substrate 31%59243&(}&1%% ed to rough surface treatnent according to

part i cul at6g 334 o) faa%ta‘riwfﬁf?%ﬂg ; effgaﬁ&“%&ﬁﬁ?éo‘ftﬁeéﬁé's%%a@’ﬂ 8
Por i ons. of efESBIRa T Ut ?@%?ﬁﬁo i Eari i R e ALt ng
resi stance, the mnmask |ayers 321 a reject the inor ganl c particulates 324 so
that prescribed pchtihona igFIG 394, 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-ceat 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



t he backside surface 31l b thereunder are not harned, while the exposed
portions of the backside surface 311b not havi ng sandbl asting resistance
are easily sandblasted by the inorganic particulates 324 sprayed thereon
and are roughened. As a result, the exposed portions of the backside surface
31llb is subjected to sandblasting, thus form ng the rough surface area 313
whose surface roughness Ra ranged from3® gmto 100 gm The prescribed
portions of the backside surface 31 |b covered with the nmask | ayers 321la
are not subjected to sandbl asting, thus fornlng the planar surface areas

314 whose sortRns of g askside purfacgiddl. vhgminglug araht%@n@da%jmg raEstapswHei n

FIG 39D, the mask layers 321 a are separated off fromthe backside surface
313, so thatmaskdaydrapala rsiect dgdnergenis patisulaies A4 soseal prassribspartipesofabove,
the rough surface area 313 and the planar surface areas 314 are fornmed on

t he backsi dehsbadkaide s8dfide ifl bithaewider emmat hsnadamdild the exppsehpgptions oftthe

pl anar surface areas 314 to formthe aforenentioned characters 314a and
314b, it is bapksidgd filrfact 011eadtineidghanditeningfredsthn@raraassily3inddansi st theg of
the characters 314a and 314b. According to the W.CSP of the present

enbodi nent, jh&1@akie paRicaluidsaa s?fz@@dtl?al:&)n aMdl 4B rduphened. ect ed to sandbl asting,
and the planar surface areas 314 are forned on the backside surface 31 Ib

opposite to the prﬁssgfesm@qhée&ﬂ&e&;i&%oh@opﬂletbla@kﬁdé dxﬁf&@eﬁlﬂ%%ﬁ@%&e@ﬂol
wherein the planar surface areas 314 are shaped to formthe idéntification

mark 315 co c?&lhé? O{huE %&ng)@%ﬁ%&ﬁﬂaﬁ@ﬁe@%@%m gﬁ?ac%(}ou%h{e% gneces of

surface roug ness IS pos unan operator to viIs
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overall sur fp(’jl‘z(a.:rf"ar surface areas 314 whose surface roughness Ra ranges from 0.05 um to 10 um.
As shown in FIG. 39D, the mask layers 321a are separated off from the
backside surface 313, so that the planar surface arcas 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. Dueto
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.



area with respect to the backside surface 31l b of the silicon substrate 311
which is thus inproved in heat-dissipation characteristics. In the above,
identification of each W.CSP is made based on differences of surface
roughness, which can be easily recogni zed by human eyes. In addition, the
present enbodi nent does not degrade the sem conductor elenment in order to
realize identification. According to théOmanufacturing nethod of the W.CSP
of the present enbodinent, the mask |layer 321 is formed on the backside
surface 31lb of the silicon substrate 311 and is, n _subjected to exposure
and devel opnent sg)uﬁéotﬂ(‘:f’ %Wﬁl?%%}t%ﬁé%%ﬁ F%M§§fﬁg§‘a’69a@\'jﬁlﬁlﬂH“‘t‘ﬁ’éesﬁg“cksi de
surface 31l b is _subjected to surface roughness treatnent and which are then
separ at ed oPveml@rsa ofehe haksidgsutfass 2db. B 13 possiblyipgncrepse) the prryall ppdaceo
easily formthe rough surface area 313 and the pl anar surface areas 314 on
t he backsi derewwittarespdit o thedfackside surface dhlls abde sdicen 3abstigie 1idewbichds si npl e
machi ne. The present enbodi nent can be nodified in a variety of ways, which
will be deshusiigdoted ioheatFdifZipatidnichamcipessgect i ve vi ew showing a WL.CSP i n
accordance with a nodified exanple of the present enbodi nent. Conpared with
the WLCSP shown i fin tHel £65ve, 3dertifitaddn bheathiWhCShes madk bisey ohdlifiddnds are
separated off fromthe backside surface 31 |b of the silicon substrate 311

the W.CSP shgMhced rdufhdass %ii:&ﬁtk@é@% eédoﬁﬁgea By hitdbn 6p&K RY&JiSoN, Qhe
phot osensi tive | ayefs) 331 conposed o phot osensitive materials (which

differ fr Omp%%fgﬁrﬁéoﬁiﬁigﬁqiofegﬁof c%h?rid%&ﬂ@%‘%ﬁ oﬂ’(fucgd?%len?érh i oReSIsAAl € 311)

havi ng hi gh“san asting resistance an ermal conductivity 61 such as
phot osensi tii(é%ﬁﬁ% ﬂ'&{ﬁ de resin, polyurethane resin, photosensitive SOG
(Silicon On ass) are forned to cover the planar surface areas 314 and are

not According to the manufacturing method of the WLCSP of the present

embodiment, the mask layer 321 is formed on the backside surface 311b of the silicon
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.

i 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



separated fromthe backside surface 31 | b of the silicon substrate 3 11. The
nodi fi ed exanpl e can denonstrate prescribed effects and operations

identical to those of the present enbodi nent. Since the mask | ayers 331 are
conposed of photosensitive materials having high sandblasting resistance
and thermal conductivity, it is possible to increase the overall surface
area of the backside surface 31l b of the®6dilicon substrate 311, which is
thus i nproved in heat-dissipation characteristics. The identification mark
315 is not negessarily fornmed by the.plapar surface areas .314 at is, an
Cdont 11 cat PO TRAIO RS Pty it Bl P Pkt St RN SOy med by
appropriately shaping the rough surface area 313. The rqugh surface area 313
i s not neceégléﬂﬁp!l ns Glagt drlprogd dhsover thegplanes surtaseaeased 1 4and dgrmdr i t i es
representing stripes, islands, and dots can be formed on the rough surface
area 313 by sepeatgd dom the daeksida nofdca bl it ofcthe sitieon githstratsy3lilt i s possible to
i nprove heat-di ssipation characteristics. O course, sandblasting can be
addi tional ly perf dheetbdified exaegpiit ean daremnsurhtetpnescribedybffeny drabepeartems313. When
a silicon wafer is subjected to dicing and cut into individual packages
(each corr esguanidalng thesetoieheMreSsh) embaoditdenig regi ons of the silicon wafer are
subjected to half cutting using a dicer blade so as to form an
identification masknce tWhinGkk 1aFeisi3en asdijrepdsed of phasabitias imdi&riald Raviidld S case,
round edges are fornmed on prescribed portions of the silicon wafer

subj ect ed t gihpdahdbMbtddWsisthRéSaliBhesndl boN@Ihvitdiif kippWiblefiQinRackages
derived fromtihe silicon wafer to be partially cut and broken; thus, it is

possi bl e 0 ol RN Ge! 6 iRAWaLIG G191 RO GOURIGE AnBhRIBNt wn TS,

surface roughness treatnent 1's not necessarily rea y san sting. 62

That is, it js .possihl.e se a i .of blasting nethods for the surface
roughness tt}r’uesalnga efa lgl}}tg%'dojlgs‘?%aﬁlpf\é%?]aargfg?éﬁlgncﬁét hod, shot-bl asti ng net hod, and

m cro-blasting The identification mark 315 is not necessarily formed by the planar surface

areas 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 cuiting 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.



met hod. Blasting materials (or polishing materials) are not necessarily
limted to the inorganic particulates 324. That is, it is possible to use
m neral materials such as garnet, ceramc materials such as zirconia and

gl ass beads, netallic materials such as iron powder, steel beads, stainless
steel beads, steel wres, and stainless steel wires, and resin materials
such as nylon and pol ycarbonate. In the ﬁ esent enbodi nent, the backside
surface 31l b of the silicon substrate 311 is subjected to surface roughness

reaLrent i e RSl QUBES ARt A MR Men dRIBBL IS TSNS 52 |2

IS sub asting and

is made rough;_ th n id ficatiaon S d|r Cc dr.a on. such
Fought bacRSPmueiG R s a5 Hlisting R Bt Be e B alfd PR AeEL " s

subj ected to tg&gro-blastlng. Incidentally, the identification mark can be
appropri at el™F ped to represent any types of characters, nunerals,
synbol s, codes, and inages. As described above, the present enbodlnent in
whi ch sandbl ast i nglasting geaterialsfar nokishing mpdrTiady dee Befrresewantylimigbiodhe e t o
the prescribed surface 311 a of the silicon substrate 311 so as to formthe
rough surf adeorgame patiBukited e phatriarit supossible toase ssn@almatedhls sigigast he
identification mark 315 consisting of the characters 314a and 314b, can be
appl i ed to apyetpmmioimgpaciaged astzireonia ha@g%&ﬁf&dsmcﬂallﬁanﬁ&ﬁalambh d#GA. 5.
Fifth Enbodinent FIG 44A is a plan view showi ng a sem conduct or device

encapsul at edranpodvdeyyateel by dtaitilebPstedl beadaslealowirtaaSRhirtanReel ttesy t h
external termnals viewed 63 fromre-wiring layers in accordance with a

fifth embodigygrési®matdtisd SUEEAE hPBh afill GolyédBohsiea Cross sectional view taken
along line Al-Al in FIG 44A; and FIG45 is a
In the present embodiment, the backside surface 311b of the silicon substrate
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



cross sectional view taken along line B1-Bl in FIG 44A. These illustrations
are not drawn precisely in terns of scal es and di nensi ons, wherein netal
posts are partially deformed to clearly show outstandi ng shapes thereof.
FIG 45 shows a sem conductor chip 403 incorporating a pad el ectrode 415,
wherein a re-wiring |ayer 427 is connected with the pad el ectrode 415, a
metal post 430 (serving as an el ectrode 807) is connected with the
re-wiring layer 427; and an external termnal 431 is attached onto the

nmet al post 0. Speci ficall t he sem.con tor chip.4 i.ncl ude silicon
Subot r ate. TSR MRS TL st e LT LR EPbofidRe el e dNEE IR Ty o
pad el ectrodes 415, which e formed on . the sili str 3. A

passi vati on 42 | 1A £595S Sectiogphagwinks O%lr“?"a‘gémomcfﬁﬁei@gnwgﬁg}ug% br@ chi p 403
in such a way that the upper surface of the pad electrode 415 is opened.
The passi vatcress seqtionplaviowitakensrongiling Bl indidOondd4 onThese illygpatigncyapesed of
Si®2 and SiN, which possesses high heat resistance and electric insulation.
An i nsul at i nigavyoprecoalyda tenns ofsatles anfl dinenbions avheesin inzdtalfpostyard partidly a
protection film421 and an encl osed resin 423, which are forned on the

passi vat i on defdrinetd 4d BleaiTh ehqw otriztandmg shapantidtoi. s conmposed of pol yi m de,
wherein it is formed to cover a surface 419a of the passivation film 419

and interior wall §1Gf4%¢hoopeiieidcehd@ctor Whipcli3iiscadpdritigga byd tlaerqrdi 18| ect rode
415 and the passivation film419. The enclosed resin 423 is fornmed to cover

a surface 43lheReiff rbRAriAE MyREUD PR cofrﬂlédﬁcﬂ%i‘{hqmlt)eﬁi abife e 1403mel pbfte
sem conductor chip 403 as well as the netal pos 430 and a wiring portion

“whi ch wihl b6 . ; ° ety I Cal |
409 | ch vgshlisdr6; %§%ﬁ'§;ﬁ%§g @&@Q %gé'nn IQEMHt‘h@S Qﬁfﬁéirﬁgarg@%i' Adpgrtially

enpedded in an opening 424 I ne ween the pad el ec 5 and the

protection feg(le%a{][ %é'rmixm%@?iipaﬁatchgé oﬂt%rtﬂggleta? pBﬁ%%O.

Specifically, the semiconductor chip 403 includes a silicon 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.



t hrough between the protection film 421 and the enclosed resin 423 within
the insulating portion 411 and is elongated towards the | ower end of the
nmetal post 430. The wiring portion 409 is forned by the [ am nation of an
under-barrier netal (UBM |ayer 425 and the re-wiring |ayer 427, which are
sequentially fornmed on the surface 42la of the protection film421. The
under-barrier netal layer 425 is forned l% the |amnation of |ayers
conposed of titanium (or chrom un) and copper; and the re-wiring |ayer 427

i s conposed of copper.. As shown, jn FI 44A 44B, the -W.ring |ayer
427 i's constitut e%?”lflggﬁo’rq&g‘ @?QPH%IEW’QF@&%H&% OPFIBHgtd'Rgdf) ¥ el ect rode
415, and post bases 427h attached to prescribed ends of the.re-wires 427a,
wher ei n the%swteﬂts%%g%,d alsetpodsy 5i"|‘i‘€r‘%‘£§é‘£?°ﬂﬂ“§?f8ﬁ§g» wBeHE b IR eSS
re-wires 427a and are each forned in _circular shape in plan view The

under - bar r i diropgh hetwegy die pratstips fijddl and the w&ae«gwsxw&%h\rfﬁmﬁ&% conpar ed
wth the re-wiring layer 427. For exanple, the under-barrier netal |ayer
425 is for megsubatingheriiemd hladridoin elvingatetl daveards theylewendndoof1Be metal gostrt 30pper

| ayer of 0.6 m and the thickness of the re-wiring |layer 427 ranges from4
mto 5 m ThHaeelieag poeteonMB is Sorhedrtydhe tantihatigosi arbagler-82rier ofetdl KEBME- Wi i ng
| ayer 427, wherein it is constituted by the netal post 430, which is

conposed of 15ePRES andthd B-wiki@ENBEr 407 Citiich hil segliapally fordedrorvhe varfared t he
external term nal 431 such as a solder ball, which 1s attached to the upper

end of the m®tabrdRTrottdbon ARE 47E! athP@Rler-H3Qick hetdM)cPa2did Brhb@beifl osed

resin 423 in the periphery thereof, wherein its surface 430b Iying close to
i A AT 1
a tapered sﬁ%’ﬁ‘grlg %gq‘y%ﬁé%; bsec;[o% e ﬁeds(gfﬁ“%gérs zf\%o%%‘%ﬁdgi%%g) fﬁﬂggﬁvﬂi%%fﬁqﬁ%e
dianeter ther ealindiaerah) I donShERATY rkMifes U278 CkhidR ald 8Tk Wom 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 of 0.18 um and an upper layer of 0.6 pm; and the thickness of the re-wiring layer
427 ranges from 4 um to 5 pm.
The electrode 407 1s formed on the post base 427b of the re-wiring layer 427,
wherein it 1s 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 1n the same plane. The external terminal 431 projects from the

surface 423a of the enclosed resin 423.



re-wiring layer 427 to the external termnal 431. Therefore, the sectional
area of the netal post 430 gradually increases in a direction fromthe
surface 430a lying close to the re-wiring |layer 427 to the surface 430b
lying close to the external termnal 431. 1In short, the surface 430b is
made greater than the surface 430a. In addition, the maxi mal dianeter of the
external terminal 431 is greater than t® maxi mal diameter of the netal

post 430 (i.e., the dianeter of the surface 430b 1lying close to the

external term nal 431). Therefore, the xi mal sectional area of. th
external terninal TX‘SI%‘?@H?Q %@ﬁ%?er?‘%r;ﬁpf’”ﬁ%efi‘l?ﬁfb&%e% agRs OHe et al

post 430 |yi ng) close to the external termnpal 431. Incidentally, the term
"di amet er" S8R infvkigk therdigraeter dwired BraduallybsTeghes iag dirastion Eqgriiei n pl an
view, which lies in a direction traversing re-wires (i.e., lines and

spaces) arr aeaunadiyaréai torthe prteral prominal 481.e. Thexeldire, dlog sestiondl areg afftlee | i ne
Al-Al in FIG 44A The present enbodinent is characterized in that the

net al post 4dfalhast 430 graped bdnsieages in a dwhitcin frde tbasdréee 4380l 1hg/élog: ol ose to
the re-wiring layer 427 is smaller than the surface 430b lying close to the

external tenne rawirftidllayerhi2g t6 adusefac@d30talying @bse tbehaeaambh@iminaP4plost base
427b occupies the re-wring layer 427, which in turn increases a degree of

freedom regap dhég tHE SWERG 49Db EEm¥Ad ESardPtan hd fiPfike YS0N9 mul ti-layered
structures for the re-wiring layer 427. Thus, even when pitches between

external term nal 9n 3uREbALE HbmAheRe dihe o A0MhPLEERET 49] i ety Bty T 1S

possible to increase the tot nunber of re-wres 42/a existi ween t he

o ecent Lo AR 3 80y R 1AL LA RR DY S opEP oo
orod Tont JSTRATAETS 8 A B el Snpseet e R bSO SR g desi o0
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 FIG. 50.



present enbodi nent can adequately cope wth conplicated arrangenent of
external termnals and also can cope with high integration and density
packagi ng in which pitches between external termnals are reduced so as to
increase the total density of external termnals. In particular, the

sem conductor device 401 of the present enbodi nent can secure an adequately
| arge area for the surface 430b of the nméfal post 430 lying close to the
external term nal 431, which in turn secures an adequate joining strength

bet ween the netal ,post 43 nd the external .term.nal 431. Conpared.with the
Paphertcal” et al ABgererti et W pET sRRonbRyThrRen Al ArERCHE AN o
separ at ed ue to.stress. That is, the sem conductor device 401 has a

superi o r eRFPBBE pf figedony fogarsiha g ANLATESTERY G S RS BeS ARer nal
termnal 431 is attached onto the netal post 430, the present_ enbodi nent
secures al i grasertenadipen can pdequately porspwith Gemphicatedoarsangpment of syteppalh ease.
In the present enbodi ment, the maxinmal sectional area of the external

term nal 43lerminainakd YYseearceopervath high intagratior aud densoy pekaging alwipdst 430
lying close to the external termnal 431. This nmakes it easy for a human
oper at or t o pitchastbetveen eaxdrealiedminals areveuet@loas to heremst die tprabdensBPpf hence,

it is possible to increase the joining strength between the netal post 430

and the ext extetdal teminaial [APhrtidulnef the semicdhiwoioedeyideemil iofghdmescne med before
the external termnal 431 is attached onto the netal post 430, the present

enbodi ment  @apblivnds tabldcaR Al ddaqaRely 108k weatol IR sufstes30bRreRemantpide
nmetal post 430. Due to a relatively high degree of freedomregardi ng draw ng

of T1e-W res 36248 cloBStPhEIRRnf HRRFHATRAE, WREHSDhih S&u?&%ﬁbﬁlﬁgﬁté;foérggg an a

W.CSP-type semconductor devices. For exanple, it Is poss

sem conduct gﬁ%r@l\{ th%ﬁgﬁ&egget?hégsﬁ 3?;@‘3‘?‘5 ;t)l}‘éeéx%rﬁmé@iﬂéi'ﬁ%ﬁf Plonipdreald L Q7 4272,

whi ch subst W res awn i n the“conventionally

KROWNESEr C%]ed%gﬁe(%{ca Er’ﬁ/étgl%ost, ® el E)(bs? 45878\/\411{13(%@ 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



427a can be broadened in widths, which allowrelatively | arge anounts of
electric currents to flow therethrough, whereby the present enbodi nent can
be adapted to integrated circuits requiring relatively |arge anmount of
electric currents. The present enbodi nent can be nodified in a variety of
ways, which wll be described below In the present enbodi nent, the netal
post 430 is formed in a tapered shape, ich is not restricted. That is,
simlar effects can be obtained by nmerely reducing the surface 430a |ying

close to the_jre- W, ri 7 S f | yi ng
close to thgelg%{ég& ﬁ%@t@%%‘éﬁ%@%& %@’ @"?fﬂ‘%oé}?&ﬁg’? ar}aé%gsggeclg%nsl?%%? f or med
W th satisfyi.n he af orenenti.on ondi tion. ein,.it is preferable to
Form "t he. mivE: dice s nemiPRaly PREvL sobrondieled ot bR Fe R RBrE ased
in a directi from. the re-wri | ayer. 427 to the external rm.nal 431.
Var | ous. shafodd EbbRop e RBGS RIB LAl el e i ABOST 5B ECtHS,

exanple, FIG 46A shows a first exan‘%l e of the netal post 430 having a

di npl e- | i ke cugpRtp&o flawihereHrenh, wheraby dkg prset gmbodymank ganykg adapteddp adual | y

increased in the direction fromthe |ower portion to the upper portion.
FI G 46B shaimegratededtsnis equinpigrebttivelydargramwunipeistietdocumenihi ch t he | ower
portion has a tapered shape, and the upper portion has a columar shape.
FIG 46C shows a flhiptesentnpbalimént dae beetalifipbst a 8ty of was, shhidhheill leener
portion has a col umar shape, and the upper portion has a dinple-Ilike
shape. FI G #&liiodswwa fourth exanple of the netal post 430 in which the
upper portion and the |lower portion are respectively formed in col umar

shapes having di fi gfeqittscit amBbaibient, Eih&pééEﬂ@ﬁ 398 iPfokinkd i £16peRUehAe, t he
metal post 430 in which the |ower portion has a columar shape, and the

upper  porti QuyifAas Iﬁth@%ﬁﬁft&ﬂ SRS, sﬁ%lm%ﬁ&tséﬁ&é@&%eéb?inﬁray%é%@éi of the

nmetal post 430, which 1s opposite to the netal post showmn iIn in

whi ch the i foé gd}ﬁaua 9@0@@%&‘01%6 {"fe Y@Mriﬂgsla%raﬁlﬂb ¥ smaller than 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.



decreased in the direction fromthe |ower portion to the upper portion. FIG
46G shows a seventh exanple of the netal post 430 in which the upper
portion and the |ower portion are respectively forned in tapered shapes
having different inclination angles. FIG 46H shows an ei ghth exanpl e of
the netal post 430 in which the upper postion and the | ower portion are
respectively fornmed in tapered shapes havi"'ng different inclination angles.
Next, a manufacturing nethod for the sem conductor device 401 will be

descr i bed Wil i6f SRACE:ikih ELe Aife AERI30Y FOGPnAGA ARG 36 Al oh

is illustrated I n correspon own I n

ATA4TC on eaBil AG9GoheR ASEPALYRNALIGNLR 80T PRI ANLOD T m 419

is formed tao provi de openi ng above a pa tion film

421 is fornmed to cov . syrface 419a of the pasgsivation.fil s well
2s i nter i or s the Tisfion At 25 oy REpaTion RLE RF PR Oler HO 06BN | ayer
425 is forned to cover a surface 421 a of _the protection film4 as wel |
as interior SRANP @ scysndh Wﬂﬁf’gﬁ‘e&ﬁe@p@ﬂ %‘5 wouhicRhepRrghppon el er, |
photoresist is applied and is subjected to exposure and devel opnent so as
to form a filpyer persips ergicEpacyaly darmedsininseed shapes kpvingwdiftermginclipation er
netal |ayer 425 except a prescribed area used for the formation of a
re-wiring | apgltes42F1G.BpHshong antedglfth example of the etahpass 434, whivhgks upper
electric current is forced to flow through the under-barrier netal |ayer
425 so as t qopterd adihsébwet porton edeaedpectively &drcheglimtapaedusbapay mompger , t hus
formng the re-wiring layer 427 (i.e., re-wires 427a and post bases 427b).
Thereafter, diffechoM@lihdtionldngled’E, the first resist film441 is separated
off fromthe under-barrier netal |ayer 425. 69 Next, as shown in FIGS. 48A

and 48B, a phot or agé:§ta AdRufd&@eing Aethidiefol HenRidi@hdustoRrdBESLOPRAL bé S appl i ed
and is subjected to exposure and devel opnent, thus

described with reference to FIGS. 47A-47E and FIGS. 48A-48G, each of which is

illustrated 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 subiected 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.



formng a “straight' opening 432 on the netal base 427b of the re-wiring

| ayer 427, wherein the dianeter of the opening 432 is identical to the

di aneter of a surface 430a of a metal post 430 lying close to the re-wiring
| ayer 427. Then, ultraviolet radiation is irradiated onto the photoresist
443, which is thus hardened. The photoresist 443 is not limted to specific
materials; it is preferable to use a novo¥Pak resin. As shown in FIG 48C,
oxygen pl asma ashi ng is performed with respect to the opening 432, which is

t hus f d i h f. As
L ored 11 2 RELESAURREEYS SHACGAAD LABoARGE ASULLOR piher 0!

t t f 90 C t t
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are nmade snpooth. Instead of thg oxyge hi the . o ni n 432 can

be formed | TOHNg4 a}r%aﬁ ARG 40 e st RaE 47 R0 (A FERRRREARY P A
o(ra Ng; mE‘O‘I cour se, p IS poss fle at//o si,mul taneoﬁtgl y..use the oxﬁg - ggmar
ashi ng and dvlgﬁr@flélpﬂ qligmewr of ﬁlem@gms|4é2ﬁ%1d@§@caéﬁ%§@rdlwﬁeh%wé§e d8%er than

dry treatnent. For exanple, as shown in FIG 48B, the photoresist 443 is
subj ected t ®f pamttelrpmh@(hlrymg dosetthdhe wulyjring léﬂert@%eél"ﬂlamgllfrr@vfwl@waétatledges
thereof, whereby it is possible to apply a gentle tapered shape to the
surfaces of it readigpehomg tlSEhotddesier 448t whadhyis thuschapdraedr eShsphotdi@siss443asned i n
a two-layered structure including two | ayers having different

char act er i Strio€ limidae tebpectiy Materigls i pepre fepalilé @usefa ndvotakivbghor esi st 443 is
subjected to treatnment so as to increase the solubility thereof conpared

with the | ower porgg éh@wn"ﬁ’F@GMS(b@&?% 1 adtRP 3himOTs e A rARTwitR Wehe RQ6 theON
are subjected to devel opnent under e sanme condition, whereby it is

pove e o bl BSHStBLY o palia o tambuttes e gosaLno s
as shown thereof. As shown in FIG. 48D, the opening 432 is subjected to heating 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 simuitaneously 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
inctuding 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



in FIG 48D, selective electric-field plating using copper is performed with
respect to the opening 432, thus allowing the growh of the netal post 430
conposed of copper. Then, as shown in FIG 48E, the second resist filmis
separated off so as to | eave the netal post 430 having a tapered shape.
Next, as shown in FIG 48F, ion mlling, wet etching, or dry etching is
performed using the re-wiring |ayer 427 d¥ a mask so as to renove unwant ed
areas of the under-barrier nmetal |ayer 425, whereby the re-wiring | ayer 427
is divided int i solate

A1 o PRE=Xo F¥1 4 Zgi 8Ces. astI“%lng)fse shoiwn é{a Fl 48G, an encl osed
resin 423 i STFHHAREAUH RN HHE Pt & E o[pﬁgngl)o %%fon film421 and to
encl ose the wirin ortion 409, apd the netal .. post 430 in such a t hat
The surface 4300 grobreserBrbiesisEim iries At REELe: HmeHb VRATBAN SOVBY i nal
431 is exposed. Furthernpre, the external term nal 431 such as a solder
bal | is attaehta Ok selesteveriedricdisld plabieg using sopnet isipeiorned pild regpegiifpl et e
the production of the sem conductor device 401. The nmetal pose 430 having a
t aper ed shaplee epaningedis giusyllovingede gyowdhpdtbpmetd post 438 ¢pmppseg aflverearcond
resist filmformation step, which is described in conjunction with FIGS.
48A to 48D. Thien] dsashbyn it FEG.8Eathepesomsd #86t Blwwscparatel @H so abBA leave t6F can
be easily forned. In short, the present enbodinent is designed such that

t he secti onahetalrpat 450 hdvénge tapkradohaped30 is gradual |y increased in the
direction fromthe re-wiring |layer 427 to the external termnal 431. This

contributes to siUxg asfsREWRLA PIG. ABF! b8 milbling] wepsithiAgd iy khpipaker abl y
satisfying the prescribed condition in which the surface 430b 1ying cl ose

to the exterabrh&l Mifglhed3lvititig WRAULT ad HANSE Bas BUEMBCEuRDRed Yichgo ! OSe
to,the re-wiring layer 427. 71 "Si'mlarly, the other types of the netal

posts 430 s *Ef?é"ﬂnde?-ib%m@me‘%ﬁ%ﬁ@ B23NGh &0y ARHSARND RyeRRAT ¥ JiRuPRH:HY form ng

t wo- st age resi st
isolated pieces.

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 430 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.



In the formati on of the netal post 430 shown in FIG 46D, as shown in FIG
49A, two-stage resist filns 443a and 443b having " straight' openings of
different dianeters are formed and are then subjected to selective
electric-field plating, thus allowing the gromh of the nmetal post 430. In
the formation regarding the netal posts 430 shown in FIGS. 46B, 46C, 46E,
46G and 46H, two-stage resist filns 443dland 443b shown in FIG 49A are
formed and are then subjected to oxygen plasnma ashing or dry etching using

CFg/ CHF3/ He as s hn El 49B s hat . at | ne. of kS | ar ged
i n openi ng, wher e:gg%?#& t}éercghelétﬁ'gfse(gftté%l e{t)a?gthggﬁ \Silgovg? glclflﬁgg% Peﬁ%napqadati ng,
thus all ow t met al st. 430,, FIG . 49B is rel.ated to the formation of

t he metal p%@?%@éc%ﬁ%\ﬁﬁﬁﬁ f%%@’ém?ﬁlegw&sﬁ%ﬁei%ﬂﬁr rding the metal posts
430 shown in FIGS, 46B:46E and. FIGS. 46G. 46H requires conplj cated

manuf act uri ng steﬁ%ﬁfeofpnpﬁi%‘?fg}h?ml%tpﬁﬁ}é*wég{i"é’il in FG. 4605 gpphvayngiGh net al
posts having tapered shapes and dinple-like shapes. However, each of the
af or ement i 0484, Fee-alagpeestss flypp443a and/Hdbdguwgsstraighthapenings ofifierenter of t he
surface 430b lying close to the external term nal 431 can be made | arger
than the di arenetersafe fommegosd atsaben sibpistedthissletivepeledtacdisldplating,ghus of a
degree of freedomregarding re-wiring, which secures adequately w dths of
re-wres inatibeing the wrowthefltleyeetaipost 480d this is al so preferable in terns
of the joining strength between the netal post 430 and the external

termnal 431. 6. B thtforabiodire@ndinE ke m5thl pSstad4 T eHdwWH RVFISISOMGBHUGT, waker
| evel chip size package (WL.CSP) in accordance with a sixth enbodi nent of

the inventi agG, Md3t6rAwoSstabe 1885t MhRW40h ahd843DNHER: inaf10: §9 SCaredBrh&d AT 0SS
sectional view taken along Tine A2-A2 in FIG 51. 72 Reference nuneral 521

desi gnat es 3y Sibeh SA5leGUPRS §3letn pRisma ﬁﬁﬂ%%?ﬂ%&?}lﬁ%g%g@%wﬁ@ﬂ ng a

rectangul ar shape 1 n plan vi'eéw, "referencé nurera 2 designhat'es an
shown in FIG. 49B so that at least one of them is enlarged in opening, wherein they are

subjected to selective electric-field plating, thus allowing the metal post 430. FIG.
498 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-46F 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 leve!l 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.



integrated circuit (or electronic circuits) forned on a surface 521 a of the
silicon substrate 521; reference nuneral 523 designates an enclosed resin

| ayer fornmed on the surface 521 a including the integrated circuit 522;
reference nuneral s 524 designate external termnals that establish electric
connections with the integrated circuit 2 and that are partially exposed
on a surface 523a of the resin encl osed ﬁéyer 523. A plurality of channels
527 (e.g., eight channels in FIG 51) are fornmed in a mtrix formon a

backsi de sur i . f

substrate 55%%&%% nun%gfg)%lf&et%}%gteﬁggﬁﬁﬁ% Sggﬁrége?r%s&tn#o%ﬁu Igés&%@cessarl ly.
As the dept of the chann 527 ecorres d e ssible to increase
the overall aglﬂgraarggtagg@ p?H’epﬁlécY}?& de'® egll‘;? 88%‘35"%?%?@?51%%3 A i con
substrate 521. en the de of t.he chapnel econes too deep,
the silicon 1%@5’?{%%‘Ecmt§9mf3%tr9”é%‘6 I RSB Calbes £7 Brgh e Me, it is
preferable that the depth of the _channel 527 ranges_from 5%to 20% t he

t hi ckness ofSUpHE&p3; é@ﬂ@r@awvmﬁta@%ﬁw@m% se@Epatoiene foraedriths and
depth of the channel 527 can be determ ned with respect to prescribed

di mensi ons obriptreSdlial including (hs ntegraied oircwihd&% refgrapee pumsralmndZfrdesighaise

t hi ckness is 500 m for exanple, wherein the width of the channel 527
ranges fromexGrmlttontibds that psteffleshabdoyprid comebionswitlotheGoteprateaindrcuhié22dept h of
t he channel 527 ranges from25 mto 100 m preferably from40 mto 70 m A

plurality ofandxkatarapartigityenrbsd o224 sarfacel PD3awd theresinmatlosed hpsri2an t he
surface 523a of the resin enclosed |ayer 523; and a plurality of channels

528 (e.g., eight £hRIAIBY Sf tinhtle52348. gakeRht ehamdlsiin FIGH 1) drd fok@edBNIEr SO
as{to partition individual square sections for the external termnals 524.

Herein, int %étﬁ%tfbﬂlgoﬂ‘a'b%lésﬂ%u\fﬁﬁ@siﬁo opptRite PR aLFaR2h 13 Wrehadlida | Y match

p03|t|ons of the external termnals 524 on the surface 523a of the resin

encl osed | ayGbstrdes2 Theruiigser OF tieSafA0 887 5&15@@01‘&?1@&:(??3 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 pum, preferably from 50 um to 100 um; and the
depth of the channel 527 ranges from 25 pm fo 100 um, preferably from 40 pm 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



changed as necessarily. As the depth of the channel 528 beconmes deeper, it
is possible to increase the overall surface area of the surface 523a of the
resin encl osed | ayer 523. Wien the depth of the channel 528 becones too
deep, the resin enclosed |ayer 523 is reduced in nechanical strength.

Hence, it is preferable that the depth of__the channel 528 ranges from5%to
20% t he thickness of the resin encl osed Iéyer 523. Di nensions regarding the
wi dth and depth of the channel 528 can be determned with respect to

?Bgf‘é{'gﬁé’rg‘e TEPREARRAT e T I8 Orf??eeéxs*é?%&&”‘% R, fs
5 mto 20" me" %%ﬂga‘f&%&%ﬁe‘fe%ﬁﬂ 8 Nl G A AR R of

the W.CSP wi be described. First, as shown in FIG 54A an integrated
circuit SZZCE@H?ﬁﬁBPﬁﬁmﬁF tronic circuits and various sensors as
necessarily) is formed on a surface 521a of a silicon substrate 521;
connection pads ( dtthe Hemthof thsr chaspelb28romesedasees itds pewitdetd Bawasy thy
external termnals 524 are forned in the peripheral area of the integrated
circuit 522overtlduriacd arsubhthersgripre p3amdit mwm)nd@ed yeedl} o Wherethet he
integrated circuit 522 except prescribed areas corresponding to the
connect i on piapth, oftthaishannelt Bt haogmes taouleep, tan desic enppesed tdysr 528 isshdwaediim FI G
54B, a re-wiring layer (not shown) and a resin enclosed |ayer 523 are
formed on theechufitaGtreb@th. a Hehcd, Heispréfeedle thatahé dept ob 2ik. chAndlS0B Righgesachi ne
such as a grinder | used to formchannels 527 on a backside surface 521b of

the silicon sty Rtmvbdk BRUNER JfHdnesinanoRked hgd 3. a surface 523a of the
regin 74 enclosed |ayer 523. As shown in FIG 54C, the external termnals

524 connected wi t ihikRRsions regarding the width and depth of the channel 528 can be

dretermined with respect to prescribed dimensions of the resin enclosed layer 523
whose thickness is 100 pm, wherein the width of the channel 528 ranges from 20 um
to 150 pum, preferably from 50 pm to 100 pm; and the depth of the channel 528 ranges
from 5 um to 20 um, preferably from 10 um 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 [ used to form channels 527 on a backside surface 521b of

the silicon substrate 521 and to form channels 528 on a surface 5232 of the resin



re-wiring layer are formed on the surface 523a of the resin enclosed | ayer
523. Instead of using the cutting machi ne such as a grinder, as shown in
FIG 54D, a netal nold 532 having punches 533, which are projected froma

| ower surface 532a at prescribed positions and whose shapes are
conplenmentary to shapes of the channels 528, is noved dowward so that the
punches 533 press the surface 523a of thd4resin encl osed | ayer 523, thus
form ng the channels 528. Thus, it is possible to produce the W.CSP of the
present enbqd la'erq_i.ﬂ;!grdlng to the present enbodinent, a plurality of

i.me
channel s 52 n%lPsee on the backside surface 521 b of the silicon

substrate 521, an | ur.a channel s forrre he surface
523a of the resi n%ﬁégtﬁ@éﬂ gfé‘g% t%@rtgwn%f%?gcowgq b‘?"gh {h(? reduce the
entire curvature of the mLCSP i ncl udi_ng ilicaon substrate _521 and the
resin encl o&&¥iing Byenarg fogned qn Ry yuriec §i %F}?rﬁﬁinﬂﬁlpé?qlﬁﬁerogéurrence of
the overall curvature of the W.CSP. Due to the formation of the channels 527
and 528, it is podesteadeoftusingribe ewtiag mashingsreitay 4/ grinder.fagshown éuEIWiSHR, r egar d
to the backside surface 521b of the silicon substrate 521 and the surface
523a of t heamestalmeldcI3ddudingayechG233, Fhich anaReseciad {powsi lbiver swiace iPLove t he
joining strength of the WL.CSP joining the printed-circuit board. Since the
ef fective sutpresaitedgasitione andohessshdpayi drt coraplan@ntaoy tdshapescdfahelehanselsf ace
521b of the silicon substrate 521 and the surface 523a of the resin enclosed

llayer 523, i5p8jis nRAgdideh@wae] s0aome pifctes A8 S prathconrfabas Z0d rthStdsis Wi th
regard to the WOGCSP, which is thus stabilized in performance and is

i nproved i neﬁabge@%értsm A FRESY d§£}fe SRR RNt m@ *p?s ﬁH%Qi'bTé ©Grbduca tar i ety
of ;ways, which w |l be described below. 75 FIG a plan view show ng

a f| rst md'\i’LegP%iéﬁ{%_lyr@se% cxrnB WegﬁP FIG 56 is a rear vi ew of the W.CSP;

and FIG 57 Cross secti ona view taken along |ine
According to the present embodiment, a plurality of channels 527 are formed

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 will be

described below.



B2-B2 in FIG 55. Conpared wth the W.CSP of the present enbodi nent in which
a plurality of channels 527 are fornmed in a matrix formon the backsi de
surface 521b of the silicon substrate 521, and a plurality of channels 528
are formed in a grid-like mnmanner so as to partition square sections of the
external termnals 524 on the surface 523a of the resin enclosed | ayer 523,
the W.CSP of the first nodified exanple i/8 characterized in that a
plurality of hem spherical dinples (or hollows) 541 are formed in a matrix
formon the backsi urface 521b. of .the_sili substrate 521; plurality
of St di it es FI ShaAPIALTEBRLP i iRy Megbaapple b VLSRR ur o
are fornmed t prescribed, posjitions between the external termnals 524 on
the surface? Z%QTWV%%OP%QV HCehcaddd pajses crgssasechioRpl yisyy takan plopg fine| ar ge
dinples (or large hollows) having |arge radiuses of curvature are formed at
center posi IB%BEHEE@ 5énc bwpaersidvitly theo L CSBxaf éhpresqns embadimens rywhiad at he
maxi mal depth of the dinple 541 becones deeper, it is possible to increase
t he overal | pbuslityied chareelsaf2 7t dre firacksn denatux fermeon tkthagksidhsurfick iS¢ bimof
substrate 521. However, when the depth of the dinple 541 beconmes too deep,

t he sili con thessibisdr subetr&i@ 321 sandechlomtityi of daidsn b 2B hreformeadinha gridblike, it is
preferable that the depth of the dinple 541 ranges from5%to 20%t he

t hi ckness ofmdnfier & 4sit6 @artBivAsHhAt 8e&idhs of THea:xmdlaémihalt 24 Sh AR 82041 can
be changed as necessarily. Dinensions regarding the opening diameter and

maxi mal deptsh3 bt thbeesth BR16sedIdver 528, the WIEt SP BF 1 dirv hbdified e%%lk%

prescri bed di nensions of the silicon substrate 521 whose length is 5 nm and
whose t hi ck ' [ - 1 - di j 541
Fanges 1rom s e fal g AL o i AR BT Bl SR g B
depth of th i) k0 fey.abl t.om 40 gm
to 70 om | AERABRS ARG ol fR3aidegieRe Db orE Moo Bunlaf ISR ot g

543 formed of smatl dimples (or small hollows) 542 having small radiuses of curvature are formed

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 um, wherein the opening
diameter of the dimple 541 ranges from 30 pm to 300 um, preferably from 100 pum to

200 pm; and the maximal depth of the dimple 541 ranges from 25 pm to 100 pm,



on the surface 523a of the resin enclosed | ayer 523 can be changed as
necessarily. Dinmensions regarding the opening dianmeter and naxi mal depth of
the large dinple 543 can be determned with respect to prescribed dinmensions
of the resin enclosed | ayer 523 whose length is 5 mm and whose thickness is
100 gm wherein the opening dianmeter of the |large dinple 543 ranges from
100 gmto 300 gm preferably from 150 gﬁﬁto 200 gm and the nmaxi mal depth
of the large dinple 543 ranges from 25 gmto 100 gm preferably from 40 gm

to 70 gm It i.s preferghle th t he openi ng di aneter and maxi mal depth of
the smal |l BISKHR y%%?“%@*@%&1ﬁi?”%han t he openi ng di ameter and naxi mal depth
of the large dinple 543 For exanple, the openjng. di aneter of the spall

di npl e 542 rangersTPrf"l“EﬁWa?f@OS}&H?%612ggdmaM@@f@ﬂhﬁ&@ﬂl?ﬁ%@dg{#tth{% gm and
the maxi mal depth of the small dinple 542 ranges from10 gmto 50 gm

preferably PR&M Dwlagediin afghepsimenelosed langnd246abs ehpnged sovpcessatile fir st
modi fi ed exanple of the W.CSP will be described, wherein the follow ng
description w || Bemgnsiens regardingdbpepeniegpdiamieier ang enagirhilalepthoefshe langrar ed
wi th the manufacturing nmethod of the W.CSP of the present enbodinment. The
i nt egrat ed dimpaisd3 522badeeirmised stthngsyect to mesribed dincknsiont bétheuediace 521 a
of the silicon substrate 521, which is then subjected to dry etching, wet

et ching, sandblcddhyerd23 andst Reth BSaaMSHidAghost Mbiskdeds ¥ WO (hewkkiranltes 541.
The resin enclosed |ayer 523 is formed on the surface 521 a of the silicon

substrate 53lenidh8Ameter TR 1affe! BmpR1sShankes! for 1160 1@Btd FooURE Gk RrdHdy M t he
smal | di npl %esn15é4‘2 and rt he Ig%e I(‘:fll?rrpl es lét%e?? on the“surfacgﬁgg%ra (I;ft@jt} he
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punches 552 pes are conpl enentary to shap he sna I npl es

542 and a phytal | $ YoPlmPHAEIAY 3% 40 pm to 70 pm.

It is preferable that the opening diameter and maximal depth of the small
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 100 pm, preferably from 50 pm to 80 pm; and the maximal depth of the
small dimple 542 ranges from 10 pm to 50 pm, preferably from 20 um to 40 um.

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.



whose shapes are conplenentary to shapes o the large dinples 543, all of
which are fornmed at prescribed positions on a | ower surface 551 a. The
nmetal nold 551 is 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 small dinples 542 and the large __dinples 543. The first nodified
exanpl e can denonstrate prescribed effect’d identical to those of the
present enbodinent. FIG 59 is a plan view showi ng a second nodi fied exanpl e

of the W.CSP. Co I i . f i i i le in
whi ch the hemi sph@?c‘:lg‘iqﬂ%%’@pﬁg’r&ﬁar @L;%ﬁggb%%%?ﬁ%{{léﬁ% BT ace 52
| b of the silicon substrate 52 t he,, W.CSP t he second .nodi.fi ed,exanpl e
o char act o PEBIFRIERL SHERST OF e Tl SE DN are HAF PSR OB o863 or o
formed on foyr corners of t?e backsi d SurfﬁchSZ b ?f 4éhe s%lkﬁgn
substrate 52H0SaRAPSS BleFORMIERIRIYHR SRR it e mplesS 36l aF Bhichrdied i n
the center area of the backside surface 521b of the silicon substrate 521.
Shapes and dpmred ayprespabed pesittepssma lawgr sgdacy SalaypEhameiabmold $et i cal to
those of the dinples 541 used in the W.CSP of the first nodified exanple.
The second mawheflidewngesdt that the el SO2 aneé SP3 pese thsetirieed SLYasof the resin

substantially identical to those of the first nodified exanple. Due to the

f or mat i on ofentlosedhlepersi23ewhemby di impbessbls 6l fopm thhembld dimples 643 sndthe large
backsi de surface 521b of the silicon substrate 521 that may be easily
curved, it idgmpRes3kble to reliably avoid the occurrence of the curvature of
the silicon sugst rate 521. Due to the formation of the hem spherical dinples

562 on the center edastahoditiBg eRBRKIS icHE dEHbARGE: HrddliRl ctB&s fdenti6ANo
substrate 521 that may be difficult to dissipate 78 heat therefrom it is

possi bl e totjl(gggro@yﬁezlg}gggmgf'nggaip@gnit_on characteristics with regard to the
silicon substrate 521.

FIG. 59 is a plan view showing a second modified example of the WLCSP.
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



FIG 60 is a cross sectional view showing a chip size package (CSP) in
accordance with a third nodified exanple of the sixth enbodi nent. Reference
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 572a electrically connected wi th78a semi conductor chi p 571; and

ref erence nunerals 573 designate external termnals that are formed on a

backsi de surface 572b of. the.hase. substrate.572.and are .el ect.licall
connect ed R DRETPRY S ROSIPIE Pt atore bt pirapgufl coteren ies euyeBulo | s
possi ble to formvarious ':?E n-film conponents other than the integrated
circuit, sudbf %{g]c‘?‘h?q)?-sﬁr?tfe henperat ure sensors and thin-filmmagnetic
sensors. A plurality of. channels 527 are fornmed in a grid-like nanner on the
backsi de surface fﬁé-l@ i5f arpss ssetifrabigctheing phip size papkpes (bSEY M ity of
channels 528 are fornmed in a grid-like nmanner on the backside surface 572b
of the base asedrdancstvitlsd thirdihediGef eaznple dif thy tixthtembodimend. nBefdréred exanpl e
can denonstrate prescribed effects identical to those of the WL.CSP of the
present enbminreealts71Assidesies a hiddombudbseatetihevhirhemeinte geatbd direrenfor elzotronibut es
to inprovenents regardi ng avoi dance of curvature, joining strength, and

heat - di ssi paircoils, BbasiReigii formed on awifhel 571p] tefaknehamiehss Zndtsignbteak
di npl es havi ng desired shapes and sizes are appropriately formed at

prescribed pasd §itRRee @bl £5dcbad mirﬁﬁe?ﬁmﬁg/a Sirffaet s72a EhR Al bnidekd with
arrangenent of channels and shapes of channels can be changed as

necessari | y_-akééﬁﬁc&faa%t aﬁ %b@neﬂﬁilr%fe‘r‘élﬂ:eQﬁnﬁﬁléﬁﬂﬁﬂlesjiéha?e?g}ltéﬂgrﬂeﬁﬁﬁalsmﬂnner

and a net-like manner other than the grid-I1ke manner. Furt her nor e,

di Pl e can e POREAR ALYl SAAIIE: SaBLERS AN BUARES7LNRL! han

hem spheri cal 'shapés as necess wher el n they can SFed in cubic

shapes electrically connected with the integrated circuit.

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.

g 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.



and rectangul ar parall el epi ped shapes, for exanple. The present enbodi nent
and its nodified exanples, in which channels or hollows are forned on the
sem conductor substrate or on the resin enclosed |ayer for the purposes of
t he avoi dance of curvature and the inprovenents of joining strength and
heat - di ssi pati on characteristics, can beggpplied to any types of packages
other than CSP and WLCSP, such as BGA. this invention may be enbodied in
several forms without departing from the spirit or essential

characteristics t Iit%ﬁa&nortenﬁmgre%%sﬂbe %?R%ﬁh&i%ﬂl chaRE & 4e85Rd Shagkd bikist r ati ve
and not restrictive, since the scope of the invention is defined by the

appended cl %ﬁ%ﬁ&%&ﬁg&lﬁﬁ% as%'é@eggﬁ-(?)lg{]‘ggéﬂg@ntpﬁ% c‘?ceﬁé %Eﬁ‘ﬁﬁ&ub?@&a@éé

changes t hat I'n es an al s, or equlvalents of

such nmetes and_boun [ herefpore inten to be enbraced by the clains.
80 What is%ggé?cgaep(ﬁ?aé:pg?ﬁ#&pl é’rgnsg%‘%au@{ g)r{ Vi ce conprising: a
sem conduct or chi havi n rectangul.ar s ,_in.which a.plurality of pad
el ectrodes are forp[;'i‘ﬁdi’rﬁﬁmge al?ﬂ‘ﬁ&ﬁ% ﬂ%ﬁé&é{s‘?‘ﬁﬁg‘?%mle%ﬁ%mhm%@%@%‘? that is
formed to cover the surface of the sem conductor chip excePt rescri bed
r egi ons cor#l@yab'ﬁawréﬂp P Ehessenicandpetep sisiraty o5 og,thg mwwc@eqﬂ}weﬂoan
el ectrodes that are arranged on the surface of the sem conductor chip so as
to establ i shhepapesesof teravetdanemet eurvaurerangdshe mmproveraonts ef joiring seength one
heat - di ssi pation el ectrode that is arranged on the surface of the
sem conduct and dkitplissiphtios channeosiad, van be afpdicd e emntyipedefpackagea oflier $tanwi ri ng
portion that is forned on a surface of the first insulating |layer to
est abl i sh elG@8Rt andcWeaibPeaichanBdet ween the pad el ectrodes and the connection
el éctr odes;

As this invention may be embodied in several forms without departing from

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.



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 el ectrodes and the
heat - di ssi pation electrode are exposed on the surface of the sem conduct or
chip, wherein the second wiring portion i$0arranged in proximty to a
heating portion of the sem conductor chip and is forned to cover the
surface of h/% first insulating | ayer except a prescribed area
corresponding EiSCH™MERPEt wiring portion. 2. A seniconductor device
according to claim1l, wherein the heat-dissipation pad connected wth the
second wiring portion is arranged in proximty to the heating 81 portion on
the surface of the sem conductor chip. 3. A sem conductor device according
to claim1, lhereifsamplondadipt geofe sgopmung:wi ri ng portions are formed on the
surface of the first insulating |layer. 4. A sem conductor device according
to claim3, whereinsdnieopduetal diipy, labvirgeceodngwar shage piarwhions phreligofpadt ed
with a plurality of heat-dissipation electrodes. 5. A sem conductor device

accor di ng t cejedtaides dre RBQECLA adrROYAGRENt portion is forned to establish
an engagenent between the second wiring portion and the first insulating

layer or the secondsipsithBiin@dal@XRitis Brnbd 36 Bh-FR MEIEHPce SV L& HACGRILGINTY tO
claim1l, wherein the first wiring portion is formed in a center area of the

surface of the, LIl ol ASMA kAN ELapoAllehDSEEONT L NG portion i s

formed in a perip area o e surface~o irst 1 nsulating |ayer.

7. A sem conductor_devi ccor di.n cl ai . rein th ond- M ring
portion is formed ?ﬁl5h§g8?8§n%%3393%£Fﬁ%géﬁ%%%%ggg = %]?gféﬁg?H¥Uﬁ%ting

| ayer. 8. A sem conductor unit conpr.i.si.ng:. a sem conductor device.includin
y sem100ndr;|1ctor chip so as to esnglsh elecqr]c connections with an external (fewce; 9

at least one heat-dissipation elecirode that is arranged on the surface of the
semiconductor chip and 15 connected with the external device;

a first wiring portion that 1s 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 ts formed on the surface of the first insulating
layer and is connected with the heat-dissipation electrode; and

( a second msulating layer for enclosing the first wiring portion and the second
wiring portien 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 wining portion 1s 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 1o the heating



a sem conductor chip, having a rectangul ar shape, in which a plurality of
pad electrodes are fornmed on a surface thereof, a first insulating |ayer
that is formed to cover the surface of the sem conductor chip except

prescri bed regions corresponding to the pad el ectrodes, 82 a plurality of
connection el ectrodes that are arranged on the surface of the sem conductor
chip, at |east one heat-dissipation el ect&flode that is arranged on the
surface of the sem conductor chip, a first wiring portion that is formed on
a surface of the first insulating |ayer to,  establish electric connections
bet ween thePB&Hméﬁb@FﬁBHE§3%HHGFWQWE@ﬁWQEﬁ?Hh el ectrodes, a second wiring
portion that is forned on the surface of the first insulating Ilayer and is
connected with the heat-dissipation electrode, and a second insulating |ayer
for enclosing the first wiring portion and the second wring portion in
such a way that t Hesamnosbicianlericeatsundieg tankih Hewhemin apkisilpaof ssvond

el ectrode are exposed on the surface of the sem conductor chip, wherein the
second W ri Rgripgpbitionsiase formadgadhd surfacoxst thetfissttiasdathealayerg porti on of the
sem conductor chip and is fornmed to cover the surface of the first

i nsul ating surface except a prescribed area corresponding to the first
wiring portion; and a board having at |east one |and, which is brought into

contact with the AgaticghdirtdakiRp asdo%hg@@@augs AheR &e?@lﬁsﬁ@ ofléE'éJnd

conprising: a sem conductor device including a sem conductor c¢chip, having a

rectangul ar GRaPSortidhs Wl Cohnle@l Wikl d fi¥rafily BOfkat-dissipation electrodes.

5. A semiconductor device according to claim 1, wherein an engagement portion
is formed to establish an engagement between the second wiring portion and the first

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,



el ectrodes are forned on a surface thereof, a first insulating |layer that is
formed to cover the surface of the sem conductor chip except prescribed
regions corresponding to the pad electrodes, 83 a plurality of connection
el ectrodes that are arranged on the surface of the sem conductor chip so as
to establish electric connections with ag external device, a plurality of
heat - di ssi pation el ectrodes that are arr aged on the surface of the

sem conductor chip, a first wiring portion that is forned on a surface of
the first insulatiighael binethARldiBdetheChE bfabGRANECHE SlTRpigEN L he
pad el ectrodes ang t he %ﬁ%ﬁ%ct%%h e}gctr% es, a seé%ﬂgﬁhﬁringaporygﬁn t hat
is fornmed o of the first insulating layer and is connected
with the hegg@gﬁgéﬁ%éﬁﬁ%% el ectrodes, and a second insulating | ayer for

enclosing the first,wirin or.ti.on. an h econd wrin ortjon .jn such a
way that the connéﬁeﬁgr‘i’ng%g%f‘i‘ logr?ge“ﬁli‘?ge ﬁ@iﬂs-ﬂT%Fé)ﬁgi Suéfagﬁf’f e are
exposed on the, surface . of the sem conductor chip, wherein the second w ring
portion is SFFHRHEEPICHP.oxinity to a heating portion of the sem conductor
chip and is fornmed to cover the surface of the first insulating surface
except a prescri BdUstavsngoriesbahidifamnadon aaurface of the fisshigsplehes byer and a
board having a plurality of |ands, which are brought into contact wth the
plural ity ofestahksit elelitds cpaecbonsdtetweendidie pad wleeiredes and thead¢dnpeetitiroi ni ng | ands
are integrally connected together. 10. A sem conductor el enent adapted to

t he sem condistrodesjevi ce as defined in claiml1, wherein the sem conductor
el enment includes a plurality of channels or hollows that are fornmed on a

backsi de surface appesidwiring paridreher is fegh it @e Sudhcet dfahe fst Gathaag or chi p
oniwhich an electronic circuit is fornmed. 11. A wafer |evel chip siIze
package adapirglah®isdddanSQ8d GARMChESE-dEi81paf6n BRcASdd, BRd 1 N
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,



~claim1l, wherein the wafer | evel chip size package includes a sem conductor
el ement having a plurality of channeI% or hollows that are forned on a
backsi de surface opposite to a prescri éd surface of the sem conductor chi p
-on which an electronic circuit is formed. 84 12. A wafer level chip size
package accordin o <l ai m LNt Li hol | ows
are changed i i p\}mﬂ%}hg&f’ éig%é%hf]ﬂe(%r (IEEI% |staglﬁnc%sig{'ﬁlgrsgaé:?é\;etg%.%&%%&&{aIECh%

sem conductor el enent adapted to.ihe senjconductor device as defined in
claim 1,50%@F§?ﬁ‘gﬁg?cgm§8 LRI me"iﬁ"@@eﬁt@i ncludes a plurality of
termnals that are fornmed_on a rescri bed surface  of sem conduct or
substrate cor rddpdifyethsatrdissipate ﬁ@ﬂ&W%ﬁﬁ?%ﬁH%CM%i n at | east one
of the plurality of terminals is equipped with a nagnetic material. 14. A
seni condussmarondiaterehip, adapt ed to the sem conductor device as defined in
claim 1, wherein said sem conductor elenment includes a plurality of

t ermi nal s t hata fastevifiag pretionhatas fomedonnistnEgte sithé fiseinaflatmg daan to establisit or
substrate corresponding to the sem conductor chip, and wherein at |east one
of the pldkcalcichihe€tont Ktwden Eead Sechatts RiREHe stnbiddtiéh dlavaroliéyer ed structure
including a magnetic material and a conductive nenber. 15. A sem conductor

el ement adapt eﬁe&&dmr%ﬁmoﬁm KGifed BEME SRfaBSofdRd ﬁr&%uiaﬂn%lhﬁeir Mdid, wherein

sai d sem conductor element includes a plurality of termnals that are forned

on a pres; reicgggv_itﬁ%égag_%is%%@%?@@gg%na%ct or substrate corresponding to the

sem conductor chip, l'east one of the plurality of termnals
i s equi pped wit conduction nenber. 16.

h a. pair. of a netic terjal and a
A sem conduct dr SN AR A el b S MIBR BrOL MR B HTgRPTRR G | n
claim 1, wherein said sem conductor elenent includes a plurality of first
t er mi nal sinfsegh agay st the Rerection pleetfodpsand ti heat-disapationpledirogpare pipesed ah theevi ce and
at | east one second termnal that is not connected with the external device
and t hat $usfageqdithepeoicardutiorchipagnetic material. 85 17. A board for nounting
a sem conductor el enent adapted to the sem conductor 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 adapted to the semiconductor device as defined in claim 1,
wherein the semiconductor element includes a plurality of channels or hollows that are formed on a
backside surface opposite to a prescribed surface of the semiconductor chip on which an electronic

circuit is formed.

11. A wafer level chip size package adapted to the semiconductor device as defined in
claim 1, wherein the wafer level chip size package includes a semiconductor element having a
plurality of channels or hollows that are formed on a backside surface opposite to a prescribed surface

of the semiconductor chip on which an electronic circuit is formed.



as defined in claim8 or 9, wherein said board includes a plurality of
termnals, at |east one of which is equipped wwth a first nagnetic nateri al
on a prescribed surface, wherein a sec hd magnetic material is fornmed on a
surface directly opposite to the prescribed surface of the sem conduct or

el ement in cornnesp Laf: 0 I efl: l.al .

el ectronic devl?be %Nn%ﬁ%e%ﬁlgsé%%c%g%%tﬁ%@%g?Oe‘%léal%ep\?%\%\%?lc 69@? lili gfpt ed to

t he sem cgonductor .unit as def.ined i.n clai.m.8 or nd which is attached onto
- boara. HEFSPEo s Bipest b pL RNy SR BBENEBI ral 1y of
termnals, at |east one of which is equipped with a first nagnetic materi al
on a prescribed surface, and wherein a second magnetic material is forned

on a surface of the board directly opposite to the prescribed surface of the
sem conduct or 18} engnsentigpndenterelepsnicrdapted ithhsemirenductos deviegpsalelinedrimelaim al |
wher eby the sem conductor element is fixed to the board with prescribed
posi ti oni hgvheteer sk saneieondbstometemant irclees raplyiably dotemrindlnthabet femmrd anhe fir st
magnetic material and the second nagnetic material. 19. A sem conduct or

el ement aseaptied dufadehsf & esmicandditet absteey t@rsmadidgfhié tedsehiicontdkdn chib, ander ei n
sai d sem conductor el enent includes a sem conductor substrate, corresponding
to the sqREGORILEERE of Mk Plurdiy FherRiBilsds BLBHA Wihith Mapnb@cRatkas). f abri cating
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 identification mark. 20. A sem conductor el enent adapted to

t he sem conduct.or device as defined |n laim1l rei n sai d.sem ganduct or
el ement | nel udds a S EuREHRT Pt alePieafout RabiontiShBerles BB SaR

sem conduct or chip, which has a prescribed surface, for fabrjcatjng an

ol ect r oni b "L ser hgi%lnisﬁwa@*én%ﬂwa@@ QT ASTENnahat e gamb i bed
pattern for designating an identification mark is fornmed on a surface
opposi t e Rrescribad spifacs of & sraticondudiarsebstnte eqreespaaging dnibie sqmbeondudierichi @d 86 21, A
manuf acturi ng nmethod for a sem conductor el enent adapted to the

sem conduehapein etdeasome afthe pluratigobfitatmolak iisagqhippedheithed wodayededsendtare matndingr

el ement includes a sem conductor substrate, corresponding to the

sem condugiegnetidinferiaMahd i cdhdSctive preafber. i bed

15. A semiconductor element adapted to the semiconductor device as defined in claim
1, wherein said semiconductor element includes a plurality of terminals that are formed on a
prescribed surface of a semiconductor substrate corresponding to the semiconductor chip, and
wherein at least one of the plurality of terminals is equipped with a pair of a magnetic material and a

conduction member.

16. A semiconductor element adapted to the semiconductor device as defined in claim
1, wherein said semiconductor element includes 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.



surface for fabricating an electronic circuit, said manufacturing nethod
conprising the steps of: formng a phg%osensmlve | ayer on a surface
opposite to the prescribed surface of sem conduct or substrate; and
removi ng sel ected areas of the photosensitive |ayer so as to form an

oVt ng selected o | i

Iseﬁ?f:éni:lﬁg: IO(I’) de\r/r:a(r:ebo @I neE]EESAH%X duagpdpe%é}ﬂg n sal dseﬂﬁi%H&LE&GVGFt Cﬁl ]
Kk d o t d

e conddaEaP R i alm%n"’%gﬁe PSR PR o oF B SR BT REVARS

el ectronic circ erein. a sur(ace opposite to Lhe prescrlbed surface of
t he seni cdYYIEE ‘th% Ipacaeti materig QAR bRASUE2GS BRSFINA Seenddpaggelic oy
designating an identification mark. 23. A wafer |evel chip size package
adapt ed traatena isdermedomdariaee ditssily eppasitede thie mesacribrd swrfage wﬁtﬁe selRROPAICHT s ai d

waf er | evel chip size package includes a sem conductor substrate,

cor r esportimeyt ingotrdsporslenievdindhe first mogrigtic mgkdireh has a prescri bed surface for
fabricating an electronic circuit, wherein a photosensitive |ayer having a
prescri bed pattern for designating an identification mark is fornmed on a
surface opposite to the prescribed surface of the seniconductor substrate.

24. A sem condgct orAfi@ydeRic AR @ﬁhl:tr@mrgfaeemamefweréh@ﬁt Gbmch Geadagted@f i ned in
claim1l1, wherein said sem conductor device conprises : a sem conduct or

subst 1 at Gpe GAFERAABKGS Lerddi SER SORSHRL AR ch@@a(gatpg barfl i Wiikein SUT f ace
for fabricating an el ectronl c circuit; a resi n encl ose ayer corrposed of an
insulating resin urfac of .t he s\%ﬁv onduct or

substrat €, e%"ﬂ‘foﬁ??%ﬁm e(}“ﬁ?t 1@% ?ngun’?teyr z.?e b al3 E’StQP ﬂ‘e%%“é‘a’l@ The

el ect ronifc circujt and that rg 1’?utl al | exposed on the resin tencl osed
| ayer rst magnetic material on a prescribed s e, and 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.

19. A semiconductor element adapted to the semiconductor device as defined in claim
1, wherein said semiconductor element includes a semiconductor substrate, corresponding to the
semiconductor chip, which has 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 for designating an identification mark.

20. A semiconductor element adapted to the semiconductor device as defined in
claim 1, wherein said semiconductor element includes a semiconductor substrate, corresponding
to the semiconductor chip, which has 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.



a plurality of channels or hollows fornmed on the resin enclosed |ayer; and a
plurality of channels or hollows fornmed on a second surface opposite to the
first surface of the sem conductor sul8trate. 25. A sem conductor device
adapted to the sem conductor device as defined in claiml1, wherein said
sem conductor device conprises : a sem conductor substrate, corresponding to
the sem conductor chip, on which an electronic circuit is forned; a second
substrate having a first surface that is electrically connected with the
surface of t h2l.senioumufactuong wethed foas esmicondicieralement astapte toghal terminal s
that are electrically connected with the electronic circuit and that are

f or med onsenisedocior devicé acdefioghiaslaing | fwhetdesald sesticoadudi@etnmeht ihdledesecond
substrate; a plurality of channels or hollows forned on a surface of the

sem conduedmitondtiiist suBdtRie, tdspoadiRg 1 tAe deinicoffuctdtRAPENBick hashPrésemsedf or ned on
t he second surface of the second substrate. 26. manuf acturing nethod for

a sem con%%r%&fz&meg SRS RN i 8 AEhGRA ﬂ&m@@\éégﬁﬁé@ﬁg fetieged 10

claim1l, eln the sem conductor elenent Includes a s duct or
substrate f,correspondi ng to the sem conductor chip, which has a prescribed
surface FPo6r fabricati ng an electronic circuit, said manufacturing nethod

conprising the_.steps of: formng a photpsensit,ive |ayer .on a surface
opposite to th@@f@@ﬁﬁ@@éaﬂsgwﬂﬂg@w@? S"trﬁﬁe @%?05‘%‘?}1“@6%%8?%3“9(3??3(#?}5 e;
removi ng sel ected areas of the photosensitive |ayer so as to forma mask;
and subj esemiggnductepsupsgatesaddsur f ace roughness treatment. 27. The

manuf acturing nmethod for a sem conductor el enment according to claim 26
further conpri smuyingselested preas of thephotdserpitividayensrkasad fasm anhdentificdtinoe
roughness treatnment. 28. The manufacturing nmethod for a sem conduct or

el enent aewmek.ding to claim 26,

22. A wafer level chip size package adapted to the semiconductor device as defined in
claim 1, wherein said wafer level chip size package includes a semiconductor substrate,
corresponding to the semiconductor chip, which has 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 of areas for designating an identification mark.

23. A wafer level chip size package adapted to the semiconductor device as defined in
claim 1, wherein said wafer level chip size package includes a semiconductor substrate,
corresponding to the semiconductor chip, which has 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,

24, A semiconductor device adapted fo the semiconductor device as defined in

claim 1, wherein said semiconductor device comprises :



wherein the surface roughness treatnent corresponds to sandblasting. 29. The
. manuf acturing nethod for a sem conductor el enent according to claim 26,
wherein the photosensitive layer is comgyosed of a photosensitive polyimnmde
resin, a polyurethane resin, an acrylic resin, or a photosensitive SOG 30.
A sem conduct or device adapted to the sem conductor device as defined in
claim| and emsapsaendattedsubstrae, warfrespoidingto thtdepimindectpablpabavingofmer i sing: a
nmetal post that is enclosed in aresin and is formed on a re-wiring |ayer
connect ed sifdch for fatpieatig] Maldcadsic ciadudk; an external terminal that joins a
surface of the netal post, wherein the netal post is nodified in shape such

that a first syrkiaesclbssl l'ﬁger(‘cbﬁh?&ea Of dnsulafi¥g REINAVhIEIEE FIrMad orl the BFEQirREe t han a
second surface lying closé to the re-wiring layer. 31. A sem conductor

devi ce acgphdibgict Al .. Wherein a sectional area of the netal post is
gradual | y ?ncreage@uﬁﬁ adgé?r%’cti on fromthe second surface to the first

surface. 89 32., A,sem conduct or vi.ce accordin 0 .cl.aim 30.. wh in a
i malsect | of IFAPEER SRR Bl AR BRI M pEci Rl iR MR S,
surface of the petal post. 33. A senjconductor device according to claim 30,
wher ei n t A& PREBYY €408 %é%“&““?%‘&?‘ﬂ?y%rhape. 34. A semi conductor device
according to claim1, wherein the sem conductor device includes a nmagnetic
sensor. 35. A &phraignelideiclsgehiplevsioraednmige tesinenglosaddayerghdr ei n one of the
connection electrodes is a termnal for the nagnetic sensor, and the
termnal is coaplusdity dffchamatagnisliows famatdon atecorgBurficesppasgorndbefimt sughenment
adapted to the device sem conductor as defined in claim19, wherein the

i dentifi cafiherem@oddut@pEdsests a character, a nuneral, a synbol, a code, or

an i mage.

25. A semiconductor device adapted to the semiconductor device as defined in
claim 1, wherein said semiconductor device comprises :

a semiconductor substrate, corresponding to the semiconductor chip, on which an
electronic circuit is formed,

a second substrate having a first surface that is electrically connected with the surface of
the semiconductor substrate;

a plurality of external terminals that are electrically connected with the electronic circuit
and that are formed on a second surface opposite to the first surface of the second substrate;

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.

26. A manufacturing method for a semiconductor element adapted to the
semiconductor device as defined in claim 1, wherein the semiconductor element includes a
semiconductor substrate, corresponding to the semiconductor chip, which has a prescribed surface
for fabricating an electronic circuit, said manufacturing method comprising the steps of:

forming a photosensitive layer on a surface opposite to the prescribed surface of the
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semiconductor substrate;
removing selected areas of the photosensitive layer so as to form a mask; and subjecting

the mask to surface roughness treatment.

27.  The manufacturing method for a semiconductor element according to claim 26
further comprising the step of:

removing the mask after the surface roughness treatment.

28.  The manufacturing method for a semiconductor element according to claim 26,

wherein the surface roughness treatment corresponds to sandblasting.

29.  The manufacturing method for a semiconductor element according to claim 26,
wherein the photosensitive layer is composed of a photosensitive polyimide resin, a

polyurethane resin, an acrylic resin, or a photosensitive SOG.

30. A semiconductor device adapted to the semiconductor device as defined in claim 1
and 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,

wherein the metal post is modified in shape such that a first surface lying close to the

external terminal is greater than a second surface lying close to the re-wiring layer.

31. A semiconductor device according to claim 30, wherein a sectional area of the

metal post is gradually increased in a direction from the second surface to the first surface.
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32. A semiconductor device according to claim 30, wherein a maximal sectional

area of the external terminal is greater than the first surface of the metal post.

33. A semiconductor device according to claim 30, wherein the metal post has a

tapered shape.

34, A semiconductor device according to claim 1, wherein the semiconductor device

includes a magnetic sensor.

35. A semiconductor device according to claim 34, wherein one of the connection
electrodes is a terminal for the magnetic sensor, and the terminal is composed of a magnetic

material.

36. A semiconductor element adapted to the device semiconductor as defined in
claim 19, wherein the identification mark represents a character, a numeral, a symbol, a code, or

an image.



