2 -is formed on its top surface and its bottom surface is oppomtgﬁﬁgzg
top surface. The bottomsurface plays a part in releasing heat geng E?Qed
in a netal <based sem conductor circuit substrate and in absorbing i

rays (IR) in mounting the metal -based sem conductor circuit substrate to a
not her board by IRreflowing. In sone cases the bottom surface plays a

part in insulating. METAL-BASEDASEM18BRBOETOROBKRCDET) SYRSFRATES3, 378)
discloses that a protective |ayer, nade of epoxy resin or suitable

mat eri al other than epoxy resin, can be formed on the bottom surface of a
conventional netal-based sem conductor <circuit. The bottom surface plays a
part just in protecting thBAIRSROINDLQE THR ANVERIE@Nseni conduct or
circuit substrate. The bottomsurface is usually the surface of a

stainl ess steel pfMiee preseapdnvemkion redades \7\'1i°t mretadcbagednate, or is
Consi sting. GEmIRCEEICEAH %y%xt/xf’%ubg%% s Bos s gBE, rosi ol ayar
Wh t he botto f f t b d.with

esin Igye(r) ot Ghes srere. Ractioudntiys (BBpr PERERRECHAVEREEBRon hear
transfer, glateﬁ e ttg%—-bra%%ftée%éo%&%tor{ %Iﬁ@ﬁﬁtl %%b%éc?:g% anount

of IR absofﬁ a re ur nace, especl a

furnace. %rﬂ)%r&t 'tihgr}&board%qgﬁg f]{dgg&rs atntaaqmtog@t Q;fndi]p P or ot her

parts rmunte ow ng furnace. There e, there
Is a narr OWrerﬁra%lﬂ ftx ti @ @idrnS cqfrc-%lrteféu@yt&ﬁtteurl@a@&cleuwmch

various parts are nounted at the sane tine; thus, "the
and a process for producing the same.

These days metal-based semiconductor circuit
substrates have been used extensively in industry to
produce semiconductor packages of microcomputers,
microprocessors and other devices.

Typical examples of metal-based semiconductor circuit
packages include a metal-based ball grid array (BGA)
package disclosed in USP 5,420,460 énd a metal-based metal

.quad package (MQP) disclosed in JP-A-6-53621 (Tokkaihei)
(USP 5,639,990). The latter discloses that a metal-based
wiring substrate is drawn to be box-shaped and that leads
are formed in the periphery of its opening to obtain an MQP.

It is said that metal-based semiconductor substrates
have characteristics such as heat radiation and
electromagnetic shielding properties. A metallic body,
which is used for a metal-based semiconductor circuit
substrate, plays a part in reinforcing its circuit, in
releasing heat generated in a semiconductor or in passing

electricity to the ground. In a metallic body, a circuit

et Has Been Replaced THIS SHEET HAS BEEN

TG Lmeses




o

3 solder bondi ng beconmes unst abl e. Especi ally when a netal - based
circuit substrate is produced to forma circuit, wre bond pads are

ni ckel - and gold-plated at the sane tine as its bottom surface. The
bottom surface is gol d-plated although g# d plating is unnecessary;
therefore, gold plating increases the production costs of the netal -based .

sem conduct Qfs Glgrsdd onS Ykt suPFRARY ah@U)i tisS boftkom wwadace i metal lic
body because of thermal and electric properties. In these cases, a type

of a bi net alopppsiteesd teatsp suitifeke. prhéi bgttbmysurfiaseapiags! ar
coefficient of thernmal expansion than a copper body; thus, changes in

t enper at ur e paritng nbreleasing debdr generated dnpackegal-based A netal - based
sem conductor circuit substrate having a netallic body of 0.1 to 0.4 mmin
t hi ckness i setdiciondacior gimgud tnsubstraded andniidoadpsorbing dafinared
substrate. A stainless steel or copper plate is often used for a netallic

body of a tFeysmdiIR)- Fas a@uadingoidechetadi-based sepisonguetors sdgcaity o
plate of copper or copper aII% gpich has _excel |l ent heat transfer and

el ectric pr&pdstirade tos a e, ?GséiarﬁoR@V&F R LO¥ARG-i nINcPPRE; Fases

DSt ot e M heTEcH S st 0 S TR BIREL O 12 o

ot Lcuont o  BEFERIR PR  aEhRahE) 3, 585, 3789 B crosen
that a protective layer, made of epoxy resin or suitable
material other than epoxy resin, can be formed on the
bottom surface of a conventional metal-based semiconductor
circuit. The bottom surface plays a part just in
protecting the conventional metal-based semiconductor
circuit "substrate. The bottom surface is ﬁsually the
surface of a stainless steel plate or copper plate treated
with zinc chromate, or ié covered with a protecting layer
of nickel (Ni) plating, a protecting layerlconsisting of
nickel and gold (Au) plating layers or an epoxy resin layer.

When the bottom surface of a metallic body is not

covered with an epoxy resin layer, the bottom surface has a
small coefficient of radiation heat transfer, a small
amount of radiation in heat release and a small amount of
IR absorbed in a reflowing furnace, especially, an IR
reflowing furnace. The temperature of a package is lower
than that of a QFP or other parts mounted on a mother board
in a reflowing furnace. Therefore, there is a narrow

margin for the conditions of a reflowing furnace in which

various parts are mounted at the same time; thus, the



coefficients of thermal expansion at 25 [err]C are al nost as

4 follows: (1) a layer consisting of Ni- and Au-plating | ayers:
13x10[ err]/ deg. (2) a nmetallic body made of stainless steel, copper
or a copper all oy: 17x10[ err]/ deg. (3)

a polyimde resin layer for insulating a circuit:

20- 55x10[ er r§gdider bonding (Mgcemempmstalple. for a circuit:

17x10[ err]/ deg. (5) a layer of resist ink:, . .

60- 80x10[ er r ] / deg.Especiallghavhen |amefalc-hasash SOt S ghsyata dfpoi nt of
coefficients of thermal expansion as, shown above $I1 coeffjcients o

thermal expd@EIHICed Eh 9T theEHXadts whrekond PR kSRt Al e of

ear,s Sso that jts bo

Suriace | bodB IR, A€ TR S 36K [ DR 5o Mietadadt B o
exampi o o dre iR s GOfBLaey A1t iold Ftdng g 1 0 A0

Met al - Based .RG . R T%EHE R0 publ i shed in
the Third VL ﬁ%@’Nggﬁ%ﬁéﬁ ) Jagﬁﬁgﬁ?&%r, 19%2%)%% a
sem conduct GrsHist 6 &ditss 9t amd etdel B5ddd diiBdiRidctdd disfcymial lic
body, the netallic body, on which balls are nounted, decreases in area and
the sem condyBsdrat8st tebperd YChl)eisdoFteas asedn folrevumaltalilgicdbody Wien
the tenperature of the sem conductor substrate is increased, a

because of thermal and electric properties. In these cases,

a type of a bimetal is formed because a nickel plating
layer has a smaller coefficient of thermal expansion than a
copper body; thus, changes in temperﬁture bring about the
deformation of a package.

A.metal-based semiconductor circuit substrate having
a metallic body of 0.1 to 0.4 mm in thickness is defined as
a thin metal-based semiconductor circuit substrate. A
stainless steel or copper plate is often used for a
metallic body of a thin metal-based semiconductor circuit
substrate. Especially a plate of copper or copper alloy,
which has excellent heat transfer and electric properties,
is often used. However the resulting circuit substrate has
less flexural rigidity and is easy to deform due to
temperéture changes.

A warp appears when materials with different
coefficients of thermal expansion are used for a metal-

based semiconductor circuit substrate. Typical examples of

coefficients of thermal expansion at 25 °C are almost as



5 warp becones |arge. Wen a sem conductor substrate is nounted on a

pot her board with solder balls, for exanple, the sem conductor substrate
is excellent in flatness at 25 J[err]C and can be nounted easily. However,
a warp appears in the substrate at a nel%ing tenperature of solder balls
of 185 [err]C, thus, the solder balls in the corners are raised and
suitabl e solsieridaét bonding is prevented. A warp appears in a

sem conductor substrate when the tenperature of the sem conductor
substrate changes.( Wen Idyeer samsistding aof Nibstand du-platinged ayes :not her
board, such a warp is a large influence on the bonding reliability of

sol der balls. The equation of Coffin-Manson was usedhgingnﬁnaégea
the bonding reliability of solder balls, based on a stress analysis

method. It is ShOV\fsb f tnd i1 1id SRy m{é@ro@aédauﬁ% 'lﬁ:ééﬁl“%%ﬂﬁlazt he

range of many ti or over accordlng to the size of a rp The
fol l ow ng ng, gd to solve these problens. -ﬂ' I rst
met hod is to&Porm a‘%’epoxy sin layer with a large coeffi CI en? Pﬁ%ermal
expansi on on the bajtom urfa.c of a taI cf l}o%%suﬁh .secand. .

increase a netal I§% b%rﬁp Yri”‘f TR rﬁyeﬁe r|g| 3 Cl d‘é‘r%

counter a stress resulting fromthe difference between é efE|C|eg9$§
t hermal expansion. The third is to use as a netallic bo § ~22>n2lal 9h an
extraordinarily |arge

(4) a copper foil for a circuit: 17x10-5/degq.

(5) a layer of resist ink: | 60-80x10'6/deg.

When a laminate is observed from the viewpoint of
coefficients of thermal expansion as shown above, the
coefficients of thermal expansion ascend in the z-axis
direction. When the temperature of a circuit substrate is
increased, a warp appears so that its bottom surface
becomes concave.

When a metallic body is at most 0.4 mm thick,
especially at most 0.2 mm thick, it has less flexural
rigidity. An example is disclosed in a display of High
Performance Cavity-Down Metal-Based BGA (MeBGA) Package
(TECHNICAL DIGEST, page 153), published in the Third VLSI
PACKAGING WORKSHOP of Japan, December, 1996. When a
semiconductor substrate has holes for detecting terminals
in its metallic body, the metallic bedy, on which balls are
mounted, decreases in area and the semiconductor substrate
further decreases in flexural rigidity. When the

temperature of the semiconductor substrate is increased, a



anount of flexural rigidity in order to increase the

6 mnetallic body in flexural rigidity and to counter a stress resulting
fromthe difference between coefficients of thermal expansion. The fourth
is to use a polyimde resin having a snebler coefficient of therna
expansion in order to insulate a circuit. The fifth is to use a sol der

resist | ayefafpi paesmddala Lty el sealiddnduetod! sbktiatell® sSixth is
to use a solder resist having a smaller coefficient of thermal expansion.

Wien an epoxyougséd omy#£mbthddbEardrvitie suldexmballd Ackord ekaiplye | R
absorption and counter a warp, the epoxy resin |layer, however, acconpanies
vari ous probtlesrssemikiienduaisir psuldis tara tap pea rexadiclerdn gpdkdatresss) atay2§ i s
formed on the bottomsurface of a netallic body in advance and the

metal lic body isnduges béhawuated idasilyr.uctoweves, howaef hppdasdi g,
cracks appear in the epoxy resin layer and the resulting netal-based

seni conduct ofp&i gl tratid et IR tfe KoY | it tdrd Wakidider Al ¥£Idpbi ity

as well as I n appearance. The second appears when a resin l|ayer is fornmed

on a part Ofléé‘&c@.otth D SWhkAaes 1960k ah fan inatﬂ'éa%g'%e?%r Qs ir%g..s%'&

epoxy-type resistin i f order to ~avol cracks. e resulting
reci & on datd Uil UL BAF R HISGEL AFEE cci
subst rate | U A & rarOUR s (et e i wioh [ et L o
needs a mask,$aHdded ORI} Gl¥¥brate changes. When the
semiconductor substrate is mounted on a mother board, such
a warp is a large influence on the bonding reliability of
solder balls.

Tpe equation of Coffin-Manson was used to simulate
the bonding reliability of solder balls, based on a stress
analysis method. It is shown that the life of solder ball
bonding varies in the range of many times or over according
to the size of a warp.

The following method are considered to solve these
problems.

The first method is to form an epoxy resin layer with
a large coefficient of thermal expansion on the bottom
surface of a metallic body. The second is to increase a
metallic body in thickness and flexural rigidity in order
to counter a stress resulting from the difference between
coefficients of thermal expansion. The third is to use as
a metallic body a metal with an extraordinarily large

amount of flexural rigidity in order to increase the



in the drawi ng part, exposed during formng a circuit on the top surface,
is prevented from bei ng exposed to an ' 7
et ching sol ution. The third appears when detecting termnals are
formed on the bottomsurface due to a fifne pattern. It is difficult to
forman epoxy resin layer only on a part of the bottom surface where there

are no det eqilng e’ Py in fh@xh§aql%&gﬁag%&bbﬁdtaatcauaeéktx berbggmed
and then an epoxy resin layer is formed by €l ectrodeposition. This case,

hovever, aceeERaRiey Froh Rhedddififerepoet betWeent coetdhiesenespodperty, used
in an epoxy resin which has a lower glass transition tenperature and is
sof ter. \Wemghewmalaexpapeiyn.esthei Sousen is vbresdomdpobyimide sresihed to
ajig for heating a substrate. In sonme electronic circuits, unnecessary
parts are chavdédgbhyp emedfexdepedifiicientsiofgthermaporypassinn in ordewhen a
thick nmetallic body is used, the resulting netal-based seniconductor
circuit subspréneube@@nascﬁgﬁvit-aﬁﬂh%aﬁsggha%%i?%u¢$eamdﬁ%i@?%I€%§¥$%

| ayer under _the circuit to stretch to a consiggrable,deagee in drawi ng and
bendi ng. Thdp¥esr Ehifpex $haR SORVEREAPN&dHSPLYEE FeSdfhwhaYBFShentR®it s
limted in curvgﬁure radi us due.to t of _the x%electric | ayer.

Wien a met aPREE b&ﬁytPs“FﬁcPeﬁ?&&efnggﬁé%&;§%%3P83?i§ma @Gl us, there is a
limt in thgge gcggkglgkct ggﬁald%% %hgggggs i n bendi ng and draw ng.
When an epoxy resin layer is formed on the bottom

surface to improve IR absorption and counter a warp, the
epoxy resin layer, however, accompanies various problems.
The first problem appears when an epoxy resin layer is
formed on the bottom surface of a metallic body in advance
and the metallic body is used. When a cavity structure is
formed by drawing, cracks appear in the epoxy resin layer
and the resulting metal-gased semiconductor circuit
substrate deteriorates in durability and reliability as
well as in appearance. The second appears when a resin
layer is formed on a part of the bottom surface other than
a drawing part using an epoxy-type resist ink in order to
avoid cracks. When the resulting substrate is drawn, the
substrate’s drawing shape deteriorates in precision due to
the difference in level between a place where a resin layer
is formed and a place where no resin layer is formed. Such
a substrate is unsuitable for mounting a semiconductor.
The substrate also needs a mask soc that the metallic body
in the drawing part, exposed during forming a circﬁit on

the top surface, is prevented from being exposed to an



It is effective to use a polyimde resin having a |ower coefficient of
thermal expansion in order to insulate a circuit. However, even the
polyim de resin cannot counter a sol der {esist | ayer having a | arge

coefficient of 8 thermal expansion. A
pol yi m de resin having a lower coefficient of thermal expansion
deteriorategqddy, éBﬂdéﬁbna“d adhesi ve properties. The rate of etching
with a liqui or a plasma gas is slow. The polyimde resin hinders the

formation of via Woleeshikhe dppsdrs Rherl kistetitd ntateaminarige aeD Soirmeid
flexural rigidity and a small elongation percentage. Wien such a substrate
i's drawn, then silee aftton swtffacd e rtadiaistine [patitegoh .anditt ke processing

accuracy decreases. When a sol der resist layer is thinner than
ordinary r @lsufsftldlelytertsa ﬂcnm\ Sl (Rpoxe genin dayeri@ndy emadepant of
reliability. It referred to use a solder resist having a

coef fici ent tdfe thatrtan Jtheage thare /e ok Atecyingke Ferninadss peen

10 Torma. f e b etidtcn BARF A Fhatot Fpc ot TR P SRR G of 2t
t 30x10 /d [t, h b diff h
et e el S gred S S
refl owi ng flg‘_&aece Iye ?'}ﬁ %ﬁ-;ﬂﬂ{d gm I&e\oeéq:lsng ? awi ng
0

property. Especi‘ally, du€ to va 1DUS been di f |cu

reduce the \QfijaliingidpertiAPusdd ad e eI e AR YL qrovféf cui t

substrate

glass transition temperature and is softer. When such an
epoxy resin is used in wire bonding, it is tacked to a jig
for heating a substrate. In some electronic circuits,
unnecessary parts are coated by electrodeposition using an
epoxy resin.

When a thick metallic body is used, the resulting
metal-based semiconductor circuit substrate becomes heavy
and causes a circuit and a dielectric layer under the
circuit to stretch to a considerable degree in drawing and
bending. Therefore, when such a circuit substrate is drawn
or bent, it is limited in curvature radius due to the
stretch of the dielectric layer.

When a metallic body is increased in flexural elastic
modulus, there is a limit in that the metallic body
deteriorates in bending and drawing.

It is effective to use a polyimide resin having a
lower coefficient of thermal expansion in order to insulate
a circuit. However, even the polyimide resin cannot

counter a solder resist layer having a large coefficient of



when the tenperature of the substrate changes. Fig. 1 illustrates
one of conventional netal-based sem conductor circuit substrates. Metallic
‘body 001 of at least 0.1 nmmto at nost 5,mmin thickness, dielectric |ayer
9 010 of at least 5 [err]mto at nost 209 [err]min thickness and

el ectric conductor circuit layer 100 of at least 0.5 [err]mto at nobst 100
[err] min thtisdesl expahabdonatEdpohpinide restimdiavimg tdisowexler .
Protective | ayer 300 such as nickel plating |ayer and other layers is on

t he bottom sce¢tficiént hef thexmal cexpansiom deftrriciates nin alamibnafotign 001
and electric conductor circuit layer 100 are partly connected to each

ot her with ARrbRIResive PYPRPEYiRT t eTheoatiee@f etchingyMitip@ liquid

Fig. 2 illustrates  one of copventional netal-hased sem conductor circuit
substrates. 9% e 13582 | 98R 18 FPW anFheL PoING e FEsd e Sr T cui t

| ayers 100 d 101. are. |l am nated on met al ~hased seni conductor circuit
su%st rate. ‘arﬂ%r%tb’s?q acf% My ti -T%fyérreg&ll ctsbtg’g.traﬁﬁ ?ﬁ?—sl gyer ed

I [ i i | . i | i I
ot od uHEd et de | AERIa D ALIGY ol B WAON Bt dnddi g VT
' VH), through Rl addier @ndaf seen &f %&,%%rfa%ea&srwra%q gh@%ﬁ%ﬂg%ctor&

Fig. 3 also’illustrates one of conventional netal- based sem conductor
circuit substistdfrvaiad tradivd exd 1l fni e ditd Ahef igrotidsd Bufrackifrd Sy

connected to netallic body 001 with BVH 200. A part of the nmetallic body
just under decreases.

When a solder resist layer is thinner than ordinary
resist layers, the solder resist layer deteriorates in
reliability.

It is preferred to use a solder resist having a

coefficient of thermal expansion smaller than 30x10‘6/deg.

It has been impossible to cobtain a solder resist, which is

photosensitive, can enable to form a fine pattern and has a
coefficient of thermal expansion of at most 30x10'6/deg.

It has been difficult to improve a thin metal-based
semiconductor circuit substrate in IR absorption in a
reflowing furnace and give plating resistance during
keeping its drawing property. Especially, due to various
reasons, it has been difficult to reduce the variations in
shape of a thin metal-based semiconductor circuit substrate
when the temperature of the substrate changes.

Fig. 1 illustrates one of conventional metal-based
semiconductor circuit substrates. Metallic body 001 of at

least 0.1 mm to at most 5 mm in thickness, dielectric layer |



the BVH is processed to formdetecting term nal 400 being independent of

the netal lic body. Preparati on nethods of these conventiona
sem conductor circuit substrates are exenplified as foll ows.
10 1) A dielectric sheet and an efectric conductor foil are

| am nated on a netallic body with an adhesive or by use of the adhesive

Gl cotrit condlcSF ¥hi Foatkor ahgto ‘o teft 200 M Syt &'

formed on the | am nate according to a well-known nethod. The thus-
obt ai ned | anthectric ¢pnguater oirepit shayew-WGrek at skeastdi hdb tign ato
wel | - known net hod. 2) Alamnate, formed with a dielectric sheet and

an electriCaeonseet 0601 i@h!iniEhiSRtedd 408 MAnindtat tond) dVier LR C
conductor foil according to a well-known nethod. A resist layer is forned

on the |am nat e RECOSHISH, | Drdttlilve N B0t Suchhas! Tkt %%Cingg o

lamnate is Nl- and Au-plated to forma“sheet with a circuit accordi

a wvell-knowayet hefd dtiter aayete is aheiebdtren Bitdde obaghe Wi th an

adhesive or by use of the adhesive property of the dielectric sheet
itsel f. met&)1#c dhadect Inc svifeeicases ametatldd cobodyneal land body. An
el ectric conductor circuit is fornmed on the lamnate according to the
so-cal | ed adeliedtveiproendectoy rebreuit | kaper i 00 aredart hedmaatad
according to a well-known nethod. The thus-obtained |amnate is N - and
Au-pl ated e ®attinpthen with Ihiovh wia thelle (hereinafter referred to

as BVH) 200. |

Fig. 2 illustrates one of conventional metal-based
semiconductor circuit substrates. Dielectric layers 010
and 011 and electric conductor circuit layers 100 and 101
are laminated on a metal-based semiconductor circuit
substrate. The substrate has a multi-layered structure.
Multi-layered electric conductor circuit layers 100 and 101
are optionally interlayer connected with BVH, interstitial
via hole 201 (hereinafter referred to as IVH), through hole
(hereinafter referred to as TH) and other connectors.

Fig. 3 also illustrates one of conventional metal-
based semiconductor circuit substrates. A part of electric
conductor circuit layer 100 is connected to metallic body
001 with BVH 200. A part of the metallic body just under
the BVH is processed to form detecting terminal 400 being
independent of the metallic body.

Preparation methods of these conventional

semiconductor circuit substrates are exemplified as follows.



4) Epoxy resin is electrodeposited on the bottom surface of the

net al - based sem conductor circuit substrate forned according to the
above-nentioned Exenplified Methods 1) to 3); thus, an insulating nmaterial
| ayer is formed on the bottom surface td give an insul ated bottom surface.
5) Bottom surfaces of netallic bodies used in the above-nentioned

Exenplified Methogy 1) §9ePecRifcCoRbet %&%n?%l%??ﬂcr@é' Gutfopd¥gpee.

In the above-nentioned Exenplified Meth t he otton1sur?ace of

a netal - basgdeseainenateat 6h hsmat&01ip! Bbag @stWehh agn¥kieebgpdppadse( VB
pads) on the top surface of it are Ni- and Au-plated. In the above-

ment i oned Exenphéfadiedbibofgradpertyrdst pheollibbyetrsdcihast ntskek.plAting
| ayer and ot her protective layers is often formed on a netallic body and
then a sheetiptuhtaisi founed i thei akectrin cbrduetar| foibodgcordinhbe
above-nentioned Exenplified Method 4), an epoxy resin layer is formed on
t he bott om s@r¥atk-kneen paethed su aasist Jdravar dey dqaaredyiarh ther ot ecti ve
| ayer consistipng of a netal or an epox resin having a property of rust

proofing i naRNRLR cAccarding obe, atwel hnkuevnsnetodd Bhe dmsr obl ens
h . . . SUWARY OF THE | NVENTI ON It is a first
ogFgg? of tHREIRELAamiRatei th ¥oPHrt d%raghﬁt%P@b%%éﬂl§%ﬂ4cgnductgr

circuit subgééﬁgiwiggl ah@gﬂ_@ﬁg&/gdmg{gg&rt ies: flat joins to connect

ext ernal
2) A laminate, formed with a dielectric sheet and an

electric conductor foil, is used to form a circuit in the
electric conductor foil according to a well-known method.-
A resist layer is formed on the laminate according to a
well-known method. The thus-obtained laminate is Ni- and
Au-plated to form a sheet with a circuit according to a
well-known method. The laminate is adhered to a metallic
'~ body with an adhesive or'by use of the adhesive property of

the dielectric sheet itself.

3) A dielectric sheet is laminated on a metallic body.
An electric conductor circuit is fofmed on the laminate
according to the so-called additive process. A resist
layer is formed on the laminate according to a well-known
method. The thus-obtained laminate is Ni- and Au-plated
according to a well-known method.

4) Epoxy resin is electrodeposited on the bottom
surface of the metal-based semiconductor circuit substrate
formed according to the above-mentioned Exemplified Methods
1) to 3); thus, an insulating material layer is formed on

the bottom surface to give an insulated bottom surface.



termnals, small variations in shape due to tenperature changes, the
nounting properties to a nother board, the absorption efficiency of
infrared rays during solder reflow ng, plating resistance and the bondi ng
reliability to other objects. |t1lis a second object of the present
invention to provide a netal -based sem conductor circuit substrate which

12 has a cavity gfgﬁ@&&x%é%\één% a?f- met%i%iécjf lsb&h{%g rebaPi feted the

present invention pFovi base grid array sem conduct or

substrate. apove-mbhtiSnddfPREmPL OB 841 MOEnEACL PrESed] aFYERbA0EdIRith
provide a netal -based [and grid array sem conductor circuit substrate.

It is a fifih @pﬁgytrggiﬁhgnpa@ﬁgﬂéelnvention to provide a netal-based

sem conductor circuit substrate for a netal quad package. It is a
si xth object of tiw thessnve+wentiared Exempliiced Netdusdsl pfteryenting a
metallic body form varying in thickness in the formation step of a circuit
and keepi nghe Heottomksextace ofica mmetidli-dasss) senisgndasiton ds @mlgmre for
drawi ng or bendi ng. To achi eve the above-nentioned objects, a

pol yi m de Phatedias wellfas wipe dpeed pads (B RAAS heon dphe ¥PRce of a
metallic body, a circuit for npunting.a sem conductor is_ fornmed on the

di el ectric $@ERCURLE tHe 367 1 ¥ PP AYTRI@Eed. In the above-

mentioned Exemplified Method 2), a rustproof layer such as
nickel plating layer and other protective layers is often
formed on a metallic body and then a sheet with a circuit
is laminated on the metallic body. In the above-mentioned
Exemplified Method 4), an epoxy resin layer is formed on
the bottom surface. The bottom surface is often covered
with a protective layer consisting of a metal or an epoxy
resin having a property of rust proofing in any case.

Therefore, the above-mentioned various problems happen.

SUMMARY OF THE INVENTION

It is a first object of the present invention to
provide a metal-based semiconductor circuit substrate which
has improved properties: flat joins to connect external
terminals, small variations in shape due to temperature
changes, the mounting properties to a mother board, the
absorption efficiency of infrared rays during solder
reflowing, plating resistance and the bonding reliability
to other objects.

It is a second object of the present invention to

provide a metal-based semiconductor circuit substrate which



lam nate is formed on the bottom surface of the netallic body. The
bolyimde | am nate has a coefficient of thermal expansion of 14x10[err] to
60x10[err]/deg. at 25 [err]C and an elongation percentage of 5 to 120%
The outernost polyimde |ayer fromthe tallic body has a gl ass
transition tenperature of at |least 200 [err]C. The innernost polyimde

layer from hiae aetahiity Fesmedapyaarawaugt. of adhesive strength to the
nmetallic body of at least 0.5 13

kg/ cm Par tkctibaal ¥hirdeobheve- ofnthenpdeseépecinvenbibn tachi eved by
using any of polyimde |layers |lamnated on the bottom surface as shown in
the fol | owi pgovidpr apmetad-based beddedridnarvagusenicondugtorsubstr at e:

(a) a polyimde | am nate which has a two-layer structure and consists of a
‘| ayer of thenbsgiratei.c polylnlde reS|n (1) and a | ayer of

non-ther mopl astic__pol yi m de res The | ayer of therpo ﬁElastic
pol yimide resin (If i§ algﬁPﬁﬁpeBbaﬁthEbeP?oﬁF§ #RhcEnBenEifg: 5Pl i ¢ body.

Th I f t

et o By AR PheP SRS B3R B EReAaR e
resin (1) h tg ? s transition tenperature of at least 120 [err]C to at
nost 300 [eSPP% el astic nodulus at a tenperature 30 [err] C hi gher

it or hhe”) SEET AL OBLFEDBEROLESoE Rt RaLoficsbyesthipa: L oro°
transition pegpenat i fetdPebha¥8r s8hiBBAductor circuit substrate for a
metal gquad package.

It is a sixth object of the present invention to
provide a process of preventing a metallic body form
varying in thickness in the formation step of a circuit and
keeping -the thickness of the metallic body homogeneous to
prepare for drawing or bending.

To achieve the aboée-mentioned objects, a polyimide
resin is used for a dielectric layer on the top surface of
a metallic body, a circuit for mounting a semiconductor is
formed on the dielectric layer and the following polyimide

laminate is formed on the bottom surface of the metallic

body. The polyimide laminate has a coefficient of thermal
expansion of 14x10°% to 60x10-%/deg. at 25 °C and an

elongation percentage of 5 to 120%. The outermost

polyimide layer from the metallic body has a glass
transition temperature of at least 200 °C. The innermost

polyimide layer from the metallic body has an amount of

adhesive strength to the metallic body of at least 0.5



t hermopl astic polyimde resin has a glass transition tenperature of at

| east 200 [err]C |Its elastic nodulus at a tenperature 30 [err] C higher
‘than the glass transition tenperature ii nore than one-tenth of that of
the | ayer of non-thernoplastic polyimd 3resin at the gl ass transition
tenperature. A 25-[errJmfilmconsisting of the | ayer of non-

t her nopl astigfehyi m de resin al one has an el ongation

14 percentage of at |least 20 % (b) a polyimde |ayer which has an
one-l ayer st ruct (Raetanoh laariyi,s ttheo fabsp viegyrem tafoneide obgeicdst ican el yi m de
resin (2) or the above-nentioned | ayer of non- thernoplastic polyimde
resin as shmmeve(ch)by using ame afapalwimide rkaysnss tianingbgdriane thesi n
(2) has a ass transition tenperature of at least 200 [err]C to at nost
300 [err]C. q?qtst‘%‘} &anfags g Ehoyn dn dhse il iving t& BreRdtshé  than the

glass transiti.o ature is at nost. one-ten as |large as that of the
| ayer of th@Fﬁ591§§¥$ Qﬁ¥°§9£HQ+R€51§ﬂséhﬁ$ t&ds transition
t enperature thmelwm

| t whi. c
structure and conéF@ %PH q& St 8?33%%a ¥ 95)&?5 SolYPmtdd e esi n (1) as

h [ h
?a?mgn::lna( ?Ziyer % her rTDrEQJl})aS]T I C p Vi msaé}e%r g)g #%ﬁ%gl%%ovﬁsl rsl (()\tl)\? a
The above- n%tlma(aeo@e%%ﬁ nabfa aacmaﬁ»&g &Cw@t@ﬁndogfa%% fcol | owl ng

met hods. First, a copp r foil rmng a circ
polyimide resin:

The layer of thermoplastic polyimide resin (1) is
laminated on the bottom surface of'é metallic body. The
layer of non-thermoplastic polyimide resin is laminated on
the layer of thermoplastic polyimide resin (1). The layer

of thermoplastic polyimide resin (1) has a glass transition

temperature of at least 120 °C to at most 300 °C. 1Its

elastic modulus at a temperature 30 °C higher than the

glass transition temperature is at most one-hundredth as
large as that of the layer of thermoplastic polyimide resin
(1) at the glass transition temperature. The layer of non-

thermoplastic polyimide resin has a glass transition

temperature of at least 200 °C. 1Its elastic modulus at a

temperature 30 °C higher than the glass transition

temperature is more than one-tenth of that of the layer of

non-thermoplastic polyimide resin at the glass transition
temperature. A 25-um film consisting of the layer of non-

thermoplastic polyimide resin alone has an elongation



polyim de layer, a netallic body and a bottom polyimde |ayer are stacked
one over another in this order. Second, a copper foil for formng a
circuit, atop polyimde |layer, a netal%éc body, a bottom pol yi m de | ayer
and a copper foil are also stacked one oveér ‘another in this order.

These stacks are joined under heat and pressure to forma substrate. The

resul ting | peradtayedSf aite Ieast 20 %. 15
processed to forma circuit. When a netal - based sem conduct or
circuit substrate,(bwa gollyimisiepdlayer sdilchybasonn| aperdayermed on the
bottom surface of a netallic body, is drawn, it is easy to produce a

met al - based sfamatontuanst cansdgts afba Aavenyeifc Fhexgoplasiic grid array or
land grid array structure with an one- _stage or two-stage cavity

The net al - bé’&‘dflé‘b‘rﬁ%d?ﬁﬁ}d’c dr? )cioxe fie above-peptioned daygrapk BPnbent to

produce netal - base sen1co uctaqr, cirguit substrate ich has a nmetal quad
package strﬁgl % 41¥%Wﬁ9%ﬂreﬁg§b@ sé%@@@n&ﬂc%gP *circuit substrate

D Celest 9, L R ol A RS Ran e SERERL Y, ph I
L ching, A SRR REAAISH P B RCKARI . AE SSRBE. A0 GhES et cRe¥hg

termnals, is also used. Both of polyimde etching for formng via holes
on the side 30dr °Cor Nty elastiwinodndis pot ya niehpextathireg I °Cl bighe
detecting termnals on the

than the glass transition temperature is at most one-tenth

as large as that of the layer of thermoplastic polyimide

resin (2) at the glass transition temperature

(c) a polyimide laminate which has a three-layer
structure and consists of a layer of thermoplastic
polyimiée resin (1) as shown in (a), a layer of non-
thermoplastic polyimide resin as shown in (a) and a layer
of thermoplastic polyimide resin (2) as shown in (b):

The above-mentioned objects can be achieved according
to the following methods.

First, a copper foil for forming a circuit, a top
polyimide layer, a metallic body and a bottom polyimide
layer are stacked one over another in this order.

Second, a copper foil for forming a circuit, a top
polyimide layer, a metallic body, a bottom polyimide layer
and a copper foil are also stacked one over another in this
order.

These stacks are joined under heat and pressure to

form a substrate. The resulting laminate substrate is



bottom side are carried out wwth a liquid or a gas at the sane tine.

A netal -based sem conductor circuit substrate, which has a polyimde |ayer
as an insulating material, shows the follow ng excellent results when a
pol yi mi de | ayer or Iayers is |laminated ¥h the bottom surface of a metallic

body. _ 1) A substrate with a polynmer |ayer formed on the bottom
surface is Eé&@sééd'%o'%okﬁ EOoERYausavity. . .
16 2) Due to excellent results of plating resistance, a N plating

layer with a | ow grehf hChebhlobatbar s8hicen@assopNciscadt bapsopaed,on the
bottom surface of a netal-based sem conductor circuit substrate. The

bott om sur#hiehi Rasl aopodyimlideelayerhoexpapersefgoindd on the Bpthom
polyi mi de | ayer or layers, which has a larger coefficient of thermnal
expansi on t kanfacei okeh pebtalhjc badyy hasdrawnfoitedsogasietboprodnce
surface; thus, there are a small change in shape and a snmall warp in a
net al - baseda E@ﬁﬁéohéﬁé@oﬁe@i€€H¢FC§G§SF%ﬁFBltTﬁBP§F§P§e @bFﬁérhﬁﬁlﬁs are
in honngeneous contact with a ﬂn a board at % ﬁ; Cand. a nelt

t enper at ur eP8fl sSFH@rarraY or #§n hgré fFEF@Xc?tB SbngBtPBnOBﬁ the

bott om si de tIS |ncr§ and heattls absor bed wel | |n a refl ow ng
furnace. ThBREfp8Fa H?eSB?QEOFGS% ¥rke that of solder balls becomes equal

to that of other hsorele: PaLLSe T cBRAGL 08 SLLERGLD SlnsELdEL Lhke

sol der balls and
also drawn or bent to produce metal-based semiconductor

circuit substrate which has a metal quad package structure.

In a metal-based semiconductor circuit substrate with
detecting terminals, a polyimide layer over the detecting
terminals is optionally etched according to a well-known
method using a liquid like hydrazine, a plasma gas like NFj
and other chemical compounds or by laser etching. A
remaining polyimide layeé, which is not over the detecting
terminals, is also used. Both of polyimide etching for
forming via holes on the side for forming a circuit and
polyimide etching for forming detecting terminals on the
bottom side are carried out with a liquid or a gas at the
same time.

A metal-based semiconductor circuit substrate, which
has a polyimide layer as an insulating material, shows the
following excellent results when a polyimide layer or
layers is laminated on the bottom surface of a metallic
body.

1) A substrate with a polymer layer formed on the

bottom surface is drawn as it is to form a cavity.



mat eri al s becones excel |l ent. 5) There is a small change in shape due
to tenperature changes in a netal-based sem conductor circuit substrate.
The bondi ng strength of solder, for exanple solder balls and ot her
materials, to a nmother board is excelled®. The bonding reliability of the

resulting nmetal - based sem conductor circuit substrate to a nother board
beconmes excellent.z)y pye to excelledf FHshCRIFPIAL Gy Tds IRANNGS 2
17 Fig. 1 is a cross-sectional type view of a conventional

met al - based BENHTLOINGt Diyst rwith &UbsYredef £idients ubSttladmagonsi st of
metallic body 001, dielectric |ayer 010, electric conductor circuit |ayer
100, BVH 200expaspont tetnoe laywinatéd.on the bdiipm BursfaceraSsa secti onal
type view of a conventional mnulti-layered netal -based sem conduct or
circuit substetak-baséd ssemicdrgurton réinreit isubstratihe Thebdotiom
consists of netallic body 001, first dielectric layer 010, first electric
conduct or cifexface gleralge nokplbaedivlthiexrensine gald. second el ectric
conductor circuit 101,, BVH 200 connectE%%dthQ first and second

|
el ectric conduct or”c%?‘lgﬂlty% AP RE YL WhAF drS @ hdd@8thg t he
first electri duct [ |t 100 ta th tallic body 001.
Fo ale a ETTRISAE ob Lidtnel Wibagiton; hitre Fikel GhAchne
met al - based f§§Q£KHH§¥“{¥ f%fﬁéﬁtofL%ﬁgrﬁgé%om surface; thus, there are

8 small change in shape and a small warp in a metal-based

semiconductor circuit substrate. Therefore, solder balls
are in homogeneous contact with a mother board at 25 °C and

a melting temperature of solder.

4) The efficiency of IR absorption on the bottom side
is increased and heat is absorbed well in a reflowing
furnace. The temperature of solder like that of solder
balls becomes equal to that of other discrete parts. The
bonding strength of solder like solder balls and other
materials becomes excellent.

5) There is a small change in shape due to
temperature changes in a metal-based semiconductor circuit
substrate. The bonding strength of solder, for example
solder balls and other materials, ;o a mother board is
excellent. The bonding reliability of the resulting metal-
based semiconductor circuit substrate to a mother board

becomes excellent.

BRIEF DESCRIPTION OF THE DRAWINGS



The substrate consists of netallic body 001, dielectric |ayer 010,

el ectric conductor circuit |layer 100, BVH 200, and detecting termnal 400
formed through etching the netallic body 001. Fig. 4is a
cross-sectional type view of a nmetal- byesed sem conductor circuit
substrate with die nmounting base 1000 formed through draw ng. The

substrate consistgiggflpggpgaﬁgﬁg¥_ggé66gggﬁlg&ﬁeoggewcggpgr circuit 102,

bondi ng stitch 80 resi s ayer platrng | ayer 700 and

bot t om pol yicphdentavpa1°Retal-based semiconductor circuit srbgtrége.
Fig. SAis a partially cross-sectional type view of a netal-Dbase

sem conduct @heCslibditiratBbebhatigtubdchetB12§6SbbAY- 0006 a4BILEREE-CONSI StS
of copper body 002, bond ply 012, copper pattern 103 and bottom pol yi m de

| ayer 500. lakgerbond,pkieettibotbadupebyi gigeuliaytagesr €00t Ched 200t hat

the desired parts of the copper body can be seen. Fig. 5Bis a

parti ally candspzetectisk flggervde®w.of a netal-based sem conductor circuit
substrate under processing. Copper plating is carried out to form BVH 200
foll owi ng the proE&gsi Agist apcrasergectdpnal typeFvigews5efia a partially
cross-sectional type view of a_netal-based sem conductor circuit substrate
under procESBVRRtioRal cHPREL-BaYsred BetaddbasedoranieeBduckgr ter ni nal

400 followi ng the processing step in Fig, 5B. , . Fig. 6 is a partially
cross-secti8%5F“P§p§u§F§ﬁP5 gltﬁe?aFwﬁégéﬁegeﬂ?EbﬂﬂuﬁPgPCEPFEUit hepstrate

W th deteCtgggstrate consists of metallic body 001, first dielectric
layer 010, first electric conductor circuit layer 100,
second dielectric layer 011, second electric conductor
circuit layer 101, BVH 200 connecting the first and second
electric conductor circuit layer 100 and 101, and IVH 201
connecting the first electric conductor circuit layer 100
to the metallic body 001.

Fig. 3 is a partiaily cross-sectional type view of a
conventional metal-based semiconductor circuit substrate.
The substrate consists of metallic body 001, dielectric
layer 010, electric conductor circuit layer 100, BVH 200,
and detecting terminal 400 formed through etching the
metallic body 001.

Fig. 4 is a cross-sectional type view of a metal-
based semiconductor circuit substrate with die mounting
base 1000 formed through drawing. The substrate consists
of copper body 002, bond ply 012, copper circuit 102,
bonding stitch 800, resist ink layer 600, Ni/Au plating

layer 700 and bottom polyimide layer 500.



term nal under processing. The substrate is fornmed through etching the
net al - based sem conductor circuit substrate as shown in Fig. 5C to renove
bottom pol yi m de | ayer 500 on detecting term nal 400. Fig. 7is a
cross-sectional type view of a netal- bd8ed semni conductor circuit
substrate with detecting termnals under processing. The substrate is

obtained through pfpcessi Y £GNali DAty W rbsdlh st SH ﬂ}gaé_:i\ﬂi;ev@ P aform
ball nounting pad 1 and copper circui't 102. Fi g. is a

cross-sect i GRadalyhesed eveicondiitdr chasett sillsdtvds wkdah consists of
copper body 002, bottom polyimde |layer 500, bond ply 012 and rolled

copper foil processing. The substrate consists oflGoffEr body 00F borxiis a
pl ane type view of a netal -based sem conductor circuit substrate. The

met al - based plkerfiXbndiepper @atisrn subd tand edtbom polysionighe tlayet 30pe
view as shown in Fig. 4 and is seen fromthe opposite side to its circuit
surf ace. The ind ply iand hotdzom gokyignide t 18 arefetehad o thaked
substrate, in which one end of bonding stitch-800 is_formed on the bottom

of the drawitlif piggired partsqf Hhe CORPeE RAI%&AT RfaISWhe view of a

Stitch 800 1 Tor Fgor HE IR CHALLY (SRt erer LAl SRR e 4 di e

N S RMER s NCE: Y R T

mounting baiﬁocessing. Copper plating is carried out to form BVH 200
following the processing step in Fig. 5A.

Fig. 5C is a partially cross-sectional type view of a
metal-based semiconductor circuit substrate under
processing. The copper body is etched to form detecting
terminal 400 following the processing step in Fig. 5B,

Fig. 6 is a partially cross-sectional type view of a
metal-based semiconductoi circuit substrate with detecting
terminal under processing. The substrate is formed through
etching the metal-based semiconductor circuit substrate as
shown in Fig. 5C to remove bottom polyimide layer 500 on
detecting terminal 400. '

Fig. 7 is a cross-sectional type view of a metal-
based semiconductor circuit substrate with detecting
terminals under processing. The substrate is obtained
through processing copper pattern 103 as shown in Fig. 6 to
form ball mounting pad 105 and copper circuit 102.

Fig. 8 is a cross-sectional type view of a metal-
based substrate, which consists of copper body 002, bottom

polyimide layer 500, bond ply 012 and rolled copper foil



1000 with die attaching material 900. The sem conductor chip and bondi ng
stitch are connected to each other with gold wire 1010. The substrate is
sealed with liquefied sealing material 1100. Fig. 12 is a
cross-sectional type view of a netal- bd8ed substrate, which consists of
copper body 002, bottom polyimde |ayer 500, bond ply 012 and rolled
copper foil jgk04. Fig. 13 is a cross-sectional type view of a netal -
based sem conductor circuit substrate of the MQP type, which consists of
‘copper body 002, laigt.om pel v plédad aype vied, ofoadmpkylObidsadd copper
circuit 102. 20 Fig. 14 is a

pl ane type semicaindncteimlcihasrdt suhstoatsduct Thecmetal+basedtrate. The

nmet al - based sem conductor circuit substrate has a cross-sectional type
view as showeniigomiductod gridcud ts sabsttnare hasoppesioss-segsionali typeircuit
surface. In Fig. 15Ais a partially cross-sectional type view of a
net al - based VdEW @6nGhOWEr 1A FdGi-t 4s 9k A&t SegRddrompithec opPR§iteheide
substrate consists of copper bocy 002, bond ply 012, copper pattern 103
and botton166191 FaTCRfEr S9EEESFhe bond ply and bottom pol yi mi de | ayer

t ched L the d d t of th bod b
i o. 158 1S a par BAA ¥ 0cr8sE CEBEFGRRPEyRR IV ERRPOP LN REL & BBRELD

semi conduct gl Sl Sl c3URE, " 3 WHILH onB’ BRESBE"Bonk2RGCLRRERCERO! $5°t N
slightly to rémove

formed on the bottom of the drawing part.

Fig. 11 is a cross-sectional type view of a metal-
based semiconductor circuit substrate under processing.
Bonding stitch 800 is formed on the interior surface of a
first-stage cavity, die mounting base 1000 is formed to be
a part of the interior surface of a second—sfage cavity.
Semiconductor chip 1001 is adhered to the die mounting base
1000 with die attaching ﬁaterial 900. The semiconductor
chip and bonding stitch are connected to each other with
gold wire 1010. The substrate is sealed with liquefied
sealing material 1100.

Fig. 12 is a cross-sectional type view of a metal-
based substrate, which consists of copper body 002, bottom
polyimide layer 500, bond ply 012 and rolled copper foil
104.

Fig. 13 is a cross-sectional type view of a metal-
based semiconductor circuit substrate of the MQP type,
which consists of copper boedy 002, bottom polyimide layer

500, bond ply 012 and copper circuit 102.



over hangi ng part 106 of the copper pattern in Fig. 15A follow ng the
processing step in Fig. 15A Fig. 15Cis a partially cross-sectional
type view of a netal-based senmi conductor circuit substrate under
processi ng. Copper plating is carried ou%to form BVH 200 followi ng the
processing step in Fig. 15B. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS FRQ.Yi1d de laayaane kypenatied of hhaekaltbasedrface of a
net al - based sem conductor circuit substrate of the present invention, have
a coef fi ci esendicadndeiotmr edpanditoBubsfitrb4elO] The | nebgl-basé@x10[ err] / deg.
preferably 17x10[err]/deg. to 60x10[err]/deg., and high qualities of

absor pti on cenigomsuetor circuit substrate has a cross-sectitnadayyper far
infrared rays, elongation, heat resistance and .endurability, and are at

| east 0.1 [ adewmaso shiowmpdm F3-9.edd] @ndn ist segndsom the opppsdteoisyiide de
| ayers give the follow ng effects. 1) The netal - based sem conduct or
circuit subdordté cdsERifoSUFEPELi-orate in drawing quality. 2) Wen
o CLTout T3NS0 A Phheds ol RITS) B8 houBLEYENl,  Kater 90t
SOt 151 S1 e BUSATEL AR UM, B ATL BRSO R 5 HEL' T
A g R L AT T
bond ply 012, copper pattern 103 and bottom polyimide layer
500. The bond ply and bottom polyimide layer are etched so
that the desired part of the copper body can be seen.
Fig. 15B is a partially cross-sectional type view of
a metal-based semiconductor circuit substrate under
processing. Copper pattern is etched slightly to remove
overhanging part 106 of the copper pattern in Fig. 15A
following the processing.step in Fig. 15A.
Fig. 15C is a partially cross-sectional type view of
a metal-based semiconductor circuit substrate under

processing. Copper plating is carried out to form BVH 200

following the processing step in Fig. 15B.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Polyimide layers, laminated on the bottom surface of
a metal-based semiconductor circuit substrate of the

present invention, have a coefficient of thermal expansion

of 14x107%/deg. to 60x10"%/deg., preferably 17x10-%/deg. to

60x10“6/deg., and high qualities of absorption of infrared



of thermal expansion. 4) It is possible to inprove the bottom
surface in radiation heat transfer. The thus-obtai ned substrate has
the followi ng characteristics. 1) The bottom surface has an

i ncreased coefficient of radiation heat 2¢ransfer. The bottom surface has
an inproved quality of IR absorption when the substrate is nounted on a

not her boar drdys |dF r £+ O figardierayHe eFomgdt Bore, ifed® udstittihdeR and
refl owi ng, the netal -based sem conductor circuit substrate and a QFP

encapsul at e%ncﬁ&fébf‘li@f i Stdedt o St Pk %&ca@lmoa g0 pm in
t enperature equal enperature does not cause a QFP

22 other dléﬁréﬁ rts to deteriorate. Wien the netal - based
seni conduct of "¢TFCUlT” substrate is joined to a nother board wth a sol der,

the joint strengthpes NG HARRI layers %1% RMRN shaihgy eFmeriature of the
S

net al - based sem conduct or CIrCUIt substrate changes, the substrate has a

reduced amount of mhanf eaige-based semBlcdAdudtvr cialii Shubs tafaftect
resulting fromitens 1) and 2), the netal -based sem conductor circuit

substrate hisesight jdetdrietatadiin tdrdvaireg npidieirtyboar d. 4) The
pol yi m de |l ayer has plating resistance and prevents adhesion of netallic
pl ati ng. Especi al 12} twhen polojintwid |isy 8ti-c and Pevr-@ltatagheditodsof Au pl ati ng
and decrease the netal -based sem conductor circuit substrate in

possible to prevent rustproof plating of Ni, an alloy of Ni

and P, or other materials having a low coefficient of

thermal expansion from being laminated on the bottom

surface of the metallic body.

3) It is possible to balance the polyimide layer with
a solder resist layer and other layers being laminated on
the top surface of a circuit and having a high coefficient
of thermal expansion.

4) It is possible to improve the bottom surface in
radiation heat transfer.

The thus-obtained substrate has the following
characteristics.

1) The bottom surface has an increased coefficient of
radiation heat transfer. The bottom surface has an
improved quality of IR absorption when the substrate is
mounted on a mother board by IR reflowing. When the
substrate is mounted by IR reflowing, the metal-based
semiconductor circuit substrate and a QFP encapsulated

with a resin or other discrete parts equalize in

temperature. The egual temperature does not cause a QFP or



production costs. 5) The polyimde |layer has high qualities of
elongation, heat resistance and endurability. Wen the polyimde is

| am nated, the resulting lamnated filmhas high reliability

notwi thstanding its thinness. Therefore, 22the netal - based semi conduct or
circuit substrate does not deteriorate in heat radiation notw thstandi ng

the existencindd diierdetd Hha% fid Meteriorat®. THBeROLNE Mhé€al aygEehaS
high qualities of elongation and adhesiveness to a netallic body. Wen the

pol yi m de | ssdngifdtriretcan @& fidtm iite st teanisn diodtheds wos ar alo@hes Boawd, nO
cracks appear in the polyimde |layer. Therefore, it is possible to forma
BGA substratweitinm sl deatibttheatjmiort atddggtdulist imceeasedng a si ngl e- st age
or two-stage cavity structure, or a three-stage or nore

23 cavity struct @eEvien wheos ey temperature afpshei metal-hased | ani nat ed
on detecting termpnals, is optionally etched according to a well-known
net hod. |t SEHELNANCEAY Girstide sibatrate shangesenithe, gubssrater bast
substrate having detecting termnals when a polyimde |ayer is |amnated

on the part aofr_eﬂﬁ’é?edomtsﬁ’rff é&’é’P@c f&@n9ean t he detecting terminals.

) el & POV T35 R 3 LSS R oL S ke

AL i SRS e B e R DR R ) 2o
has high joint reliability to a mother board.

4) The polyimide layer has plating resistance and
prevents adhesion of metallic plating. Especially the
polyimide layer can prevent adhesion of Au plating and
decrease the metal-based semiconductor circuit substrate in
production costs.

5) The polyimide layer has high qualities of
elongation, heat resistahce and endurability. When the
polyimide is laminated, the resulting laminated film has
high reliability notwithstanding its thinness. Therefore,
the metal-based semiconductor circﬁit substrate does not
deteriorate in heat radiation notwithstanding the existence
of the laminated film.

6) The polyimide layer has high gualities of
elongation and adhesiveness to a metallic body. When the
polyimide is laminated and the resulting laminated
substrate is drawn, no cracks appear in the polyimide layer.
Therefore, it is possible to form a BGA substrate, an LGA
substrate or an MQP substrate having a single-stage or

two-stage cavity structure, or a three-stage or more



8-1) A bonding stitch is formed on the interior surface of a first-stage
drawing part, or a first-stage cavity. Wien an interior surface with a
circuit has a relatively large curvature radius resulting from draw ng,
cracks are prevented fromappearing in t22 circuit. In a second-stage
drawi ng part, or a second-stage cavity, an interior surface w thout a

circuit hasc%v%§§a%k&%b¥u§gglgf STV LR radi us resulting from draw ng.

The di stance etween a sem’'conductor chip and the bonding stitch becones

short. Qherw se, 72 Ropengemiae bydrSelam@ndeetobnChbRectidga bonding
stitch are equalizéed to each other in level; thus, the length of gold wire

becones shoklerminals, §s2bptienallaft etdhiedc agcolrdind #6i Bgwedlt-kplogy a part
in intercepting a liquefied sealing material. The upper surface of the
seal i ng mat meitdlbddoestnbs possibleoverprbducéecaahebalebased part or
smal | -sized balls (0.5 nmor |ess). 24
8-3) A subsseaticonduchoul stizdwit! subssrase haviogt detegtliponitéemiapds. Even
when the substrate comes in contact. with other parts or its case in a

narr ow spac®hent aj spokyimidenkayerels laminategdian|tiepparksofirehexcel | ent

I n heat transfer. Cb%per, copper . al | oys, stainless steel éSUS) and ot her
metal s are SOHESM SurdpcenatherathaR tBgi dsteeling Lerpinalgpper or copper

e e Pt e S WERoH b RhBE oS Thph BB ECA' BRL BRDENE! "
surface of a substrate and the substrate has a two-stage
cavity structure, the substrate is suitable for an LGA
package or a BGA package with small-sized balls which is a
type of a small-sized package as described hereinafter.

8-1) A bonding stitch is formed on the interior
surface of a first-stage drawing part, or a first-stage
cavity. When an interior surface with a circuit has a
relatively large curvatuée radius resulting from drawing,
cracks are prevented from appearing in the circuit. In a
second-stage drawing part, or a second-stage cavity, an
interior surface without a circuit has a relatively small
curvature radius resulting from drawing. The distance
between a semiconductor chip and the bonding stitch becomes
short. Otherwise, a bonding pad of a semiconductor chip
and a bonding stitch are equalized to each other in level;
thus, the length of gold.wire becomes short.

8-2) The slant surfaces of a drawing part play a part
in intercepting a liquefied sealing material. The upper
surface of the sealing material does not project over the

level of a land part or small-sized balls (0.5 mm or less).



Met hods for lamnating a polyimde |ayer on the bottom surface of a
nmetallic body are divided broadly into tw main groups. First, a

t hernopl astic polyimde layer is used as:an adhesive |ayer and joining is
carried out under heat and pressure. Sezébnd, a varnish of a polyimde
resin or its precursor, provided with an adhesive property, is coated on

a netallic body tgq_ §§Ohysgwst§ra¥.bn9.s 3pdy1bekdalb®n ahb peCessapyrtbh i S

hard to carry out to-rol ype varni sh coating according to the

second net hegd)yhaGaesqayde .t heknesheRf thEesiBsetateé HOs i tn Ocdnp@ier
nore. Wien SubStrates are coated and dried one by one, productivity is

| ow. Theref gieh othes pagtst orcateycasde inhe fhastowespace| nivhish the

t hernopl astic polyimde layer is used as the adhesive |ayer.

| I'lustrat edshhdddi dakudatede exanpl es of preparation processes in which

t hernopl astic polyimde |layers are used for adhesive |ayers.

25 ProcessMeraAliet hbtiiesbhany, excedjentofint heatoprassfer.pol yi ni de
resin (2) and a copper foil are stacked one over —another in this order.
Joining i s EapPe&d sapperdedlp¥st: S§ﬁanéeé§sgﬁee&n&spﬁé éGﬁp@Fhﬁﬁl i's
renoved according to a well-kngwn Process 2) Ala er of

thernDpIastW@tﬁégyﬁﬁﬁdéuﬁéépﬁe ??F ggespﬁ§ﬁé&18v89déeﬁeté$$ <<

Tefl on fil xtre esi o

Lher w0l nst FEPPRE ornREbrE. Rl ipYs  SPe pEaipsca, bRcenEe EhEY BFe
thernDpIastlgcgiaghglgg eiac@ngLI QSthBQloE CQEEhEQgOHBd bending

processing as well as heat transfer.

Methods for laminating a polyimide layer on the
bottom surface of a metallic body are divided broadly into
two main groups. First, a thermoplastic polyimide layer is
used as "an adhesive layer and joining is carried out under
heat and pressure. Second, a varnish of a polyimide resin
or its precursor, providéd with an adhesive property, is
coated on a metallic body to carry out drying, and
imidation, if necessary. It is hard to carry out a roll-
to-roll type varnish coating according to the second method
because the thickness of the metallic body is 0.1 mm or
more. When substrates are coated and dried one by one,
productivity is low. Therefore, it is éasy to carry out
the first method in which the thermoplastic polyimide layer
is used as the adhesive layer.

Illustrated hereinafter are examples of preparation
processes in which thermoplastic polyimide layers are used

for adhesive layers.



under heat and pressure and the Teflon filmis peeled off. Proc
3) Anetallic body, a layer of thernoplastic polyimde resin (1) and
| ayer of non-thernoplastic polyinmde resin are stacked one over anoth
this order. Joining is carried out unde?3 heat and pressure. 4)
varni sh of thernoplastic polyimde resin (1) or its precursor is coated on
a filmof non-thepygpbast 1§ aPpbrhlide beay) aDiyy88 afdthérfshlLetdee
carried out. The resulting layers are stacked over a netallic body with
t he surfacepofiyigdeayesinf (2heanmaphasbppepolfpilli deer e8avkedldpnbebngri n
contiguous relation with the surface of the netallic body. Process
5) A var ni shnotharpieacthisr ostlemron- Joihingojps asdrcigd|qutmwelersientand a

varni sh of a precursor

a copper

resulting layers are stacked over a netallic body with

ess

a

er
A

f end pwesbuseonddr ther gopgeandoidi dat removed aaeerdinguto aThe

| ayer of th¥eAdpkaswncmgsheini de resin
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resin (2) ar

€ over ano | I's reove
polyimide resin (2), is stacked over the layer of

thermoplastic polyimide resin {(2). Joining is carried out
under heat and pressure and the Teflon film is peeled off.

Process 3) A metallic body, a layer of thermoplastic
polyimide resin (1) and a layer of non-thermoplastic
polyimide resin are stacked one over another in this order.
Joining is carried out under heat and pressure.

4) A varnish of thérmoplastic polyimide resin (1) or
its precursor is coated on a film of non-thermoplastic
polyimide resin. Drying and imidation are carried out.

The resulting layers are stacked over a metallic body with
the surface of the layer of thermoplastic polyimide resin
{1) being in contiguous relation with the surface of the
metallic body.

Process 5) A varnish of a precursor of non-
thermoplastic polyimide resin and a varnish of a precursor
of thermopléstic polyimide resin (1) are coated on a copper
foil in this order. Drying and imidation are carried out.
The resulting layers are stacked over a metallic body with

the surface of the layer of thermoplastic polyimide resin

oi |

de
| on

in

of thernoplastic polyimde resin (1) are coated on

the surface of the



film which has extrenely snmal|l adhesion to the |ayer of thernoplastic
polyimde resin (2), is stacked over the I|ayer of thernoplastic polyimde
resin (2). Joining is carried out under heat and pressure and the Tefl on
filmis peeled off. Process 7) A2farni sh of thernoplastic polyinde
resin (1) or its precursor is coated on one surface of a film of

non- t her mopl Gafhse LRy 6nt £§hdus A PAIIHh Wit RATBRIFSEC JI0luHe de
resin (2) or Its pretursor 1s ~coated on another surface of the film of
non-t her mopl@et4T1iPobydyl dgdiesing iler Wate iad outi dahdep Regtcandi ed out.
The resulting |ayers are stacked over a netallic body with the surface of
the | ayer ofpideswylasditheatypperiefsiliis (doelddioff iacamdimgyots a
relation with the surface of the netallic body. Joining is carried out
under heat awelllprmsenrmethod. Process 8) A varnish of a precursor of
thernoplastic polyimde resin (2), a varnish of a precursor of non-

t her nopl asti c pol BrAeRss &) R saral Mg hody ofa Lidmeaf ddrerngiplastic

t hermopl astic polyimde resin (1) are coated on a copper . L.

27 foil in BOFBELBIR TR ) arftl FHMRFT dFP%TQ‘%%?‘?pEP]&Ffo‘tﬂ Polyjguide
resulting layers are, stacked over. a netallic body wt, t he ,surface of the
| ayer of theropt &9 pﬁ)ﬁn\ rﬁ%etk}eerg?qpfitﬁSlcbeP YARigs, regddud ZleBEE on
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met hod. film, which has extremely small adhesion to the layer of

thermoplastic polyimide resin (2), is stacked over the
layer of thermoplastic polyimide resin (2). Joining is
carried out under heat and pressure and the Teflon film is
peeled off.

Process 7) A varnish of thermoplastic polyimide resin
(1) or its precursor is coated on one surface of a film of
non-~-thermoplastic polyimide resin. A varnish of
thermoplastic polyimide resin (2) or its precursor is
coated on another surface of the film of non-thermoplastic
polyimide resin. Drying and imidation are carried out. The
resulting layers are stacked over a metallic body with the
surface of the layer of thermoplastic polyimide resin (1)
being in contiguous relation with the surface of the
metallic body. Joining is carried out under heat and
pressure.

Process 8) A varnish of a precursor of thermoplastic
polyimide resin (2), a varnish of a precursor of non-
thermoplastic polyimide resin and a varnish of a precursor

of thermoplastic polyimide resin (1) are coated on a copper



Il'lustrated hereinafter are exanples of preparation processes in which a
varni sh of a polyimde resin with adhesiveness or its precursor is coated
on a netallic body, drying is carried out and imdation is also carried
out, if necessary. Process 1) A ¢drnish of thernoplastic polyimnde
resin (2) or its precursor is coated on the surface of a netallic body.
Drying is caggi£d; QUuin;d ML ON Dy idlgS antiRlimiadr ieH! arkfl cReeesgabYL .
Process 2) A varnish of non-thernoplastic polyimde resin or its precursor
is coated onpjderssyiensy ofayerdeind | dttadlasty .ovdyianhdtaldio ibediyowith
Imdation is also carried out, if necessary. Process 3) A varnish
of a precur sglie odux feteropf ashie clays=t Vi tdermsplagtlic o liyhiswinspraestinc
polyimde resin (2) and a varnish of a precursor of non-thernoplastic
pol yi mi de r¢gh) rbeirg comteunibigedws sceXatckon fwithndthe |Surfiane o the s
order. Drying and imdation are carried out. There are some ki nds of
timng to | anévalbipdrgdyd dloiniyerks rarhiedAuomndar haatofand netal | i ¢
body as nentioned above. There are two, especi al | eferred,,

28 processeRressyre and e FORRRY kL gy ﬁ%eﬁléfi%tﬂqq0@lq%&°p@ yi mi de
| ayer, a'netaILic boqy ang a_bottompolyimde I|ayer are | am nated one over
anot her in tfRsloFRH" 9duyers are joined under heat and pressure at

the same time.  Seond: A COPRRIrd Hldedd 4 Uil e¥ 'oF' iprepdation

processes in which a varnish of a polyimide resin with

adhesiveness or its precursor is coated on a metallic body,
drying is carried out and imidation is also carried out, if
necessary.

Process 1) A varnish of thermoplastic polyimide resin
(2) or its precursor is coated on the surface of a metallic
body. Drying is carried out. Imidation is also carried
out, if necessary. ’

Process 2) A varnish of non-thermoplastic polyimide
resin or its precursor is coated on the surface of a
metallic body. Drying is carried out. Imidation is also
carried out, if necessary.

Process 3) A varnish of a precursor of thermoplastic
polyimide resin (1) or thermoplastic polyimide resin (2)
and a varnish of a precursor of non-thermoplastic polyimide
resin are coated on the surface of a metallic body in this-
order. Drying and imidation are carried out.

There are some kinds of timing to laminate polyimide
layers on the bottom surface of a metallic body as

mentioned above. There are two especially preferred



polyim de layer, a netallic body, a bottom polyimde |ayer and a copper
foil are |lam nated one over another in this order. The |ayers are al so

j oi ned under heat and pressure at the sanme tine. The reasons are
described in the foll ow ng. Reasod8 1) One step of lamination is
sufficient because a top polyimde |ayer and a bottom polyimde |ayer are

j oi ned unde%ggﬁgés d p£§§§greaa%°b§§62?§g t%aﬁ-ﬁormin%n§@€§98u§i Wen a

nmet al - based *Sem conduct or —¢ci f cui e’ Is drawn ent, the

processi ng tact%gy infdeReNGSed) haektRilakeessdyf anlis aMBbekbinC pbagimilk t he
m su

top and bo faces of "a nmetallic body aré covered wth “polyimde

| ayers, the 1Rl ldre e ndaesl dole ©9eR anothert dat thikhoadeel.utThe for
etching a copper foil when a circuit is formed in the copper foil; thus,

t he thi cknedayeafs tdie nNetiadd andedy heats andt pressgee at the Baasomide. .
Mor eover, the follow ng advantages are illustrated when a copper foil for

formi ng a ciSecond, a coppepolfpidi dor £peming aecakcudthodytop bottom
polyimi de layer and a copper foil are |am nated one over another in this
order. polyimjideolpyerde aemefadd iics bedyni adbettomoppdyimidei dayrs e.
The interior polyimde surface of the via hole is . .

29 plated BpderecOPPREs$oidpper BrBENAGSEnanEy C¥PECRPBEPPEFCinc 5PN
PLALI 9 S0, Lhakrt ogOPPEl L2 L oL L8 T IAA ol AL A% g geni nuous
polyim de | g¥et3e same time. -

The reasons are described in the following.

Reason 1) One step of lamination is sufficient
because a top polyimide layer and a bottom polyimide layer
are joined under heat and pressure at the same time.

Reason 2) When a metal-based semiconductor circuit
substrate is drawn and bent, the processing accuracy
depends on the thickness’of its metallic body. If the top
and bottom surfaces of a metallic body are covered with
polyimide layers, the metallic body does not come in
contact with a solution for etching a copper foil when a
circuit is formed in the copper foil; thus, the thickness
of the metallic body does not change.

Reason 3) Moreover, the following advantages are
illustrated when a copper foil for forming a circuit, a top
polyimide layer, a metallic body, a bottom polyimide layer
and a copper foil are laminated one over another in this
order.

3-1) Polyimide etching is carried out to form a via

hole. The interior polyimide surface of the via hole is



al one, a gas such as hydrogen and other gases is generated, blisters
appear during electrolytic copper plating or peeling happens during
conveyance because a | ayer of electroless copper plating has | ow
electrical conductivity. Therefore, ther?® happens a problemin that pieces
of peeled copper foil and peel ed copper powder pollute a plating bath.

Wien nost of pi heedUb{agteftrbll@sBotbpPLRObYatiAG |BUEDY latMRIIgM th
copper foil, nelther generation of a gas nor other problenms happen and the

bottom si de tsppesophhtind senthahl yhe copper3f@jll fion firermindastde

sem conductor circuit substrate wth detecting termnals, a copper foil,
in which a paitenit is inroedtinsousedelatian withi biermetalliaybodyf the
bottom side. A part of the bottom polyinmde |ayer, which covers the

det ecti ng t eWhenathe bgtbgmusuafagee;eh@qveredu31tboB@1ﬁim1@@ bayeéxsently
use the remains of the bottom polyimde [ayer, which cover parts of the
botton1surfa@bon%th@rg@ﬁaﬁu%heaﬂebzé¥vagntéﬁﬁnﬂ%h%r gases is_ggneyated,

pol yi m de etchi is to forma vy h orming a circuit.
Anot her poI £+ﬂ eE?cﬂPﬂﬁarlg“?b“?o?ﬂ?ﬁ%?%ﬁYFgﬁ ?%Fﬂ?ﬁaPLth“QH%rbottonl
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ot her aqueoufhéfﬁfﬁfépsthé¥@fHﬁﬁﬁ@ngaéeﬁréﬁaéﬁcbn that pieces of peeled
copper foil and peeled copper powder pollute a plating bath.
When most of the surface of the bottom polyimide layer is
covered with copper foil, neither generation of a gas nor
other problems happen and the bottom side is also plated
smoothly. )

3-2) In a metal-based semiconductor circuit substrate
with detecting terminal;, a copper foil, in which a pattern
is formed, is used for an etching resist layer of the
bottom side. A part of the bottom polyimide layer, which
covers the detecting terminals, is optionally etched. It is
possible to efficiently use the remains of the bottom
polyimide layer, which cover parts of the bottom surface
other than the detecting terminals.

3-3) One polyimide etching is to form a via hole on
the side of forming a circuit. Another polyimide etching
is to form detecting terminals on the bottom side. It is
possible to carry out etching on both sides with a liquid
or a gas at the same time. Liguids to etch polyimide

layers include a well-known aqueous solution of hydrazine



polyi m de | ayers include plasnma gases such as NF[err], CF[err] and other
conpounds. When a | ayer of thernoplastic polyimde resin (1) wused
for the present invention has the follow hg properties, its resin nmay have
any of chenical structures and other préferties. Its glass transition
tenperature is at least 120 [err]Cto at nost 300 [err]C Its elastic

nodul us at gand SGIES & Wl BoARH | depdbaie s N drh & 0 I3t IniydiSinld Gthd
tenperature is at nost one- hundr edth as | arge as that at the glass

transition txopedird Witheprahasads ysolutianis onerefelrredagdsbsasol atgh as
that at the glass transition tenperature. \Wen the | ayer of thernoplastic
pol yi m de rpsiyinide i sayears niatekhdmn plasnergagesnswath@smdf¥lsasCFg and
polyi m de resin, the elongation percentage of the l[amnated filmis at

| east 20% mtdier gonpaundsast 30% The el ongation percentage i s neasured
according to Rule ASTM  D882. The peel adhesive strength of the
pol yi mi de | ayer td&hen fetl@yer Qfodihq1§n°£154¥d§c R?lglﬂﬁvd@mreﬁ#@f ddably 0.8

kg/ cm judgin fron1| m nation reliabil] ass tran5|t|on
tenperature 4 ﬁ?‘?ar?’i% ety %‘t‘tcﬁé lt?rsoﬁi}’é?*rsg"&rl PEET S50 t he
fore during der reflo If t ass t.r | n.te t reis

hi gher thariﬁ%ﬁ)cfe[selr’f ]HE’Y mﬂjﬂet erat eé'%lcoq‘l %876: %F %%:n? e
necessary fnﬁ yi e r d

31 netall Y\@ 5} a% y mmrll:lgn ?égcg?rﬁfl%é%gg tgégérﬁggfeaﬁ pr%%gﬁ};e. Such
high tenperatyy ey gLe @OkoB%efa%abée f¥ elastic modulus at a

temperature 30 °C higher than the glass transition

temperature is at most one-hundredth as large as that at
the glass transition temperature, preferably at most one-
thousandth as large as that at the glass transition
temperature. When the layer of thermoplastic polyimide
resin (1) is laminated om a layer of non-thermoplastic
polyimide resin, the elongation percentage of the laminated
film is at least 20%, preferable at least 30%. The
elongation percentage is measured according to Rule ASTM-
D882,

The peel adhesive strength of the polyimide layer to
a metallic body is at least 0.5 kg/cm, preferably 0.8 kg/cm
judging from lamination reliability.

If the glass transition temperature is lower than 120
°C, the problems of blisters come to the fore during solder
reflowing. If the glass transition temperature is higher

than 300 °C, high temperatures of 300 °C or more are

necessary when the polyimide layer is stacked over a



t he vi ewpoi nt of production. If the elastic nodulus at a tenperature
30 [err]C higher than the glass transition tenperature is |arger than one-
hundredth of that at the glass transition tenperature, high tenperatures
and pressures are necessary when the pol yilnmide layer is lamnated on a
metal i c body. If a lamnated fil mconsisting of a | ayer of

t her mopl ast ixﬁe@é’il/iéﬁﬂédfeéﬁ@ $3infhg fs| QYEFidd SQO-undde HOPE ashd C
polyi mi de resin has an €l ongation percentage |ower than 20% cracks often

appear duri ngr&ésiddd. Such highhadnpedtairasesofarehaidta e fefrdbles Mygmast i c
polyimde resin (1) is at least 0.5 [err]mto at nost 10 [err]m
preferably telebstpditterof prodettibest 5 [errJm If the thickness is

|l arger than 10 [err]m blisters can appear during solder reflowi ng due to

absorbed wat er andfil tKeassus i \hsdwngs Nt ca esaipe/ra tdise rie ol liighervi 1 e
bonding. If the thickness is smaller than 0.5 [err]m the adhesive

property of {jen POy gl&les | ByMisitDoR t@hpeldtul®dys bDESAF@s €1 one- A

| ayer of thernoplastic polyimde resin ( of the present invention has a
gl ass transikusdrédtipesfitthst Gt athe | ghids 206an=i t{dh ttemperasir8sthighir] C,
preferably at least 230 [err]C to at nost 300 [err]C. Its elastic nodul us
at a tenper atemmperturtes rdnd prgssutdmmrd aatessarty avsen i e tpojoeimidee i S
at nost one-tenth as large as that at the glass transition

32 tenperatlaxer pieflaminated dreatmetallindediit h as |arge as that at

the glass transition tenperature to at nost one-
If a laminated film consisting of a layer of

thermoplastic polyimide resin (1) and a layer of non-
thermoplastic polyimide resin has an elongation percentage
lower than 20%, cracks often appear during drawing.

The thickness of the layer of thermoplastic polyimide

resin (1) is at least 0.5 pm to at most 10 um, preferably
at least 1 um to at most-5 um. If the thickness is larger

than 10 pm, blisters can appear during solder reflowing due

to absorbed water and ultrasonic waves are more easily

absorbed during wire bonding. If the thickness is smaller
than 0.5 um, the adhesive property of the polyimide layer
to a metallic body becomes low.

A layer of thermoplastic polyimide resin (2) of the

present invention has a glass transition temperature of at

least 200 °C to at most 350 °C, preferably at least 230 °C
to at most 300 °C. Its elastic modulus at a temperature 30

°C higher than the glass transition temperature is at most

one-tenth as large as that at the glass transition



fiftieth as large as that at the glass transition tenperature. \Wen the
layer of thernoplastic polyimde resin (2) is lamnated on a |ayer of
non-t hernopl astic polyinmde resin, the elongation percentage of the
laminated filmis at |east 20% The el o3gation percent age is neasured
according to Rule ASTM D882. Wen the |ayer of thernoplastic polyimde

resin (2) h%amkggfeaeée-gggkbeagﬁy QEQR%%%?eéneLEhGE¥aH@thhﬁssQﬁﬁgésa%he

| ayer of ther asti é yimde“resin he peel adheSive

strength of the Bel ¥hai g2aksyerah8itdofbtampeeakagdk ts at meast oRed kg/cm
preferably 0.8 kg/cm jadging-fromlamnation reliability. If the

gl ass transifiifeRethnaer ahge a8 khwer ath&he2glasgetrhfisitibhasoni c waves
are absorbed at tenperatures of 200 [err]C or nore during wre bonding.
The propert yempewatarkondiimen tiee clayentef thermoplastic pekyinkdae s
tacked to a jig for wre bonding. The | ayer of thernoplastic polyimde
resin (2) hesinm Kaﬂgéscééminétsgtocfatﬁéyﬁﬁl0@xp§ﬁstbﬁ¥mﬁhéﬁ§téce, t he
glass transition tenperature is inportant in that it is_necessary to

bal ance a cpelvimidat resinncthal edQpaasien BRYceREagspedi hheolanipatad ic

body with a coefticien& of 58 rmal. expansi on,.on the bottom sjde of the
metal |ic bolyim if fhelPast, g‘thH%D WIFLLYRI BFTFRE (298 1] 2) is used

D, om0t 4oL, Rl B48ng pBORSLECHIRA Babac, WA TUAE 14psL LA 1t
53 ol hbokbapL L0055 TnL8k08Let 1201 OnhE" Chi bl bk iohllcKeos
properties, it may be the same as the layer of
thermoplastic polyimide resin (1).
The peel adhesive strength of the polyimide layer to
a metallic body is at least 0.5 kg/cm, preferably 0.8 kg/cm
judging “from lamination reliability.
If the glass transition temperature is lower than 200

°C, ultrasonic waves are absorbed at temperatures of 200 °C

or more during wire bonding. The property of wire bonding
deteriorates and the polyimide resin is tacked to a jig for
wire bonding. The layer of thermoplastic polyimide resin
(2) has a large coefficient of thermal expansion; therefore,
the glass transition temperature is important in that it is
necessary to balance a coefficient of thermal expansion on
the top side of a metallic body with a coefficient of
thermal expansion on the bottom side of the metallic body.
If the layer of thermoplastic polyimide resin (2) is used

in combination with a layer of non-thermoplastic polyimide

resin and its thickness is lower tham 0.1 pum, its effect is



thi ck and the heat resistance on the bottom side becomes large. If only
the layer of thernoplastic polyimde resin (2) is lamnated on a netallic
body and its thickness is lower than 0.1 [err]m its effect is small
judging from bal ancing coefficients of 8hermal expansion. On the

contrary, danege fron1bending and drawi ng happens easily. |If its thickness
Is | arger than 0 rrl.m e heat resistance n t bottomsjd econes

| ar ge. %1 %F %glf EFﬁﬁpﬁﬁsiFEgﬁﬁl gsrﬁﬁfn E%eé°€8£ t he
present inventiaqn has a gl ss transition te re of .at least 200
[err]C. |ts BHEMmess Rl vimigdes dayecs: Qre gltlt B siAgnPCOMgn t he

| t te t | th th f. th t t th |

S anaiti on (el i $rE ‘fv%' SRR PR 08 BPEERE Rife §3Fa ait?cass
lyimd

B?e¥érabfyr§?h¥%ast9308”E?Stﬁ§|g%gggﬁéﬁogﬁggéﬁ g%%ﬂ?coﬁo %% accordlng

to Rul e AST e v t f I mi.de | ayer
to a netalli %%h}ﬁﬂ?%ﬁfeﬁgggf%bh' kg?%ﬁ;%gﬁ ??gbﬁig thﬁ%kﬂ%gﬁlﬁﬁdglng

from | am nat,i % r%&Pﬁbd %maslts effe Ehgsgl iltrg % @rg nperature is

| ower than ﬂﬁ onic S are a sor tenp ratures of

200 [err]C nor.e dur.i W.re bon and he property re bondi ng
det eri or at e§’ llatnct"ﬁ’@ ECSIFAEIEREe P % %g gt SgRansion. & the

34 25 [ef LLmfilip | & aye fyaﬁnbéﬂé)lngr 385° a38RERG Bappbis’ Bab1Sy. 11 M

during draw ng.

If its thickness is larger than 50 um, the heat resistance

on the bottom side becomes large.
A layer of non-thermoplastic polyimide resin used for

the present invention has a glass transition temperature of
at least 200 °C. Its elastic modulus at a temperature 30 °C

higher than the glass transition temperature is larger than

one~tenth of that at the glass transition temperature. A
25-um film, made of the non-thermoplastic polyimide resin

alone, has an elongation percentage of at least 20%,
preferably at least 30%. The elongation percentage is
measured according to Rule ASTM-DB882.

The peel adhesive strength of the polyimide layer to
a metallic body is at least 0.5 kg/cm, preferably 0.8
kg/cm judging from lamination reliability.

If the glass transition temperature is lower than 200

°C, ultrasonic waves are absorbed at temperatures of 200 °C

or more during wire bonding and the property of wire

bonding deteriorates. If the elongation percentage of the



The total thickness of polyimde |layers, |am nated on the bottom surface
pof a nmetallic body of the present invention, is at least 0.5 [err]mto at
nost 50 [err]m preferably at nost 30 [err]m |If the thickness is |arger
than 50 [err]m the heat radiation from4he netallic body, which is one of
characteristics of the nmetal -based sem conductor circuit substrate, is
reduced i n apount. . . As mention above,. the peel adhesive strength of
the polyi 'aé”Wa§é}mtbsalﬂ§?5lPﬁenbgg§'iErﬁ?k?e3§$e6F5€ﬁ§f€¥11“p%é?erably
0.8 kg/cmjudging fromlamnation reliability. Surface treatnent of a
netal I i c bof¥lBnduELBgt A5AYEPI- pol yi mide resins are inportant neans to
real i ze such peel . adhesiye str rties aje fulfilled, any

ength. Lf _such prop
type can be used. TRFeFRF? dt%%§9ﬁgﬁi %# gﬂr¥ﬁ%§d?r§3¥%ﬁit BPLaaRetalhi ¢
body i ncl ud h ] ' subj shi [ . r . Plamate)
treat nent, gg%e£?§%§§1gﬁkgg?ég%%e%théﬁéﬁliﬁ-%gaglﬁgth iggg?gggglloy,
Ni - Co- Mb-Cu, alloy or othe | | oys ich are, used f surface freatjrent
of copper fbpygnthn, 18, 8Fe ?%ﬁgeQaﬁgkﬂstgfthé?ﬁHb&géﬂPb|ﬁﬁ%£?ﬁ{h£$esin
(1) include polyimde resins disclosed in JP-A-62-053827 (Tokkai sho) such
as a polyi natdemosti B0ofmnai ried the Yulckresw i IByexditthamoSiie povy hdvez ene
and 3,3',4,4'- benzophenonetetracarboxylic dianhydride and a pol yi m de
resi n obt ai hedt byagbayieni 2rag Shé' métabl fopbedpxybkicRNEs one of

35 and 3,3 ,4,4 '-benzoethertetracarboxylic di anhydride and
characteristics of the metal-based semiconductor circuit

substrate, is reduced in amount.

As mentioned above, the peel adhesive strength of the
polyimide layer to a metallic body is at least 0.5 kg/cm,
preferably 0.8 kg/cm judging from lamination reliability.
Surface .treatment of a metallic body and election of
polyimide resins are important means to realize such peel
adhesive strength. If such properties are fulfilled, any
type can be used. Preferred examples of surface treatment
of a metallic body include chromium oxide (Mitsubishi
Shindoh Co., trade name: Plamate) tieatment, some types of
treatment with Ni-Cu alloy, Ni-Cu-Co alloy, Ni-Co-Mo-Cu
alloy or other alloys, which are used for surface treatment
of copper foil.

Preferred examples of thermoplastic polyimide resin
(1) include polyimide resins disclosed in JP-A-62-053827
(Tokkaisho) such as a polyimide resin obtained by
polymerizing 3,3‘-diaminophenoxybenzene and 3,3’,4,4'-
benzophenonetetracarboxylic dianhydride and a polyimide

resin obtained by polymerizing 3,3‘-diaminophenoxybenzene



ot her pol yi m des. Preferred exanples of thernoplastic polyimde
resin (2) include polyinmde resins such as a polyinmde resin obtained by
pol ymeri zi ng 3, 3' -di am nobenzophenone and

3,3",4,4" -benzophenonet etracar boxylic dl%ﬁhydrlde a polyimde resin
obtalned by polynerizing 4,4 - diam nophenyl ether and 3, 3'

, 4, 4" - bi pheyd e racar hoxﬂéx@oedﬂh@%&wa@%rbaxmhw aidahyagiideohnha ned by
polyner|2|ng 4 bIS(3 am nophenoxy) bi phenyl and pyronellitic
d|anhydr|deptmegu@wayamaubeble fromMtsui Chemicals, Inc. and other
pol yi m des. Preferred exanpl es of non-thernDpIastic polyimde resin
I ncl ude pol yi m de Prefersesduekanplespolfy thegwopdashichpolygmadaecresén
properties after its precursor is coated on a netallic body to carry out
dryi ng and i{@)ddmcdmdef polydmdslsl esdingolspch @6 PcPPAYSRAERPNEESER
polymerizing a meta- coordinated aromatic diam ne and a para-coordinated
aromatic di Wtedned &W’@ﬁﬂﬁ?@#@ﬁﬂnﬂaﬁué 691951?8b89z89heﬁp§gl6§@d in

JP-62-208690 T k to A ket (Du
Pont - Toray €a: )(3 Ug p getFﬁJﬁgﬁF%8§Y1EFdé}ang¥ Eépgibagnd(NP

et Sk Ao PRI by bS5 12 200 som
'trrgagﬁi reg a?gﬁla}n? o@?%?lggteth@%ﬁﬁhlfdopl @Dr% ghL bﬁbﬁ@h&ite@ﬁﬂﬁ&ﬁéx%mdef' nite
36 14; hangaks dd, S b b imikei %saa bdtadfelt By"pbiPhet$zing
4,4’-bis(3-aminophenoxy)biphenyl and pyromellitic
dianhydride, Regulus available from Mitsui Chemicals, Inc.
and other polyimides.
Preferred examples of non-thermoplastic polyimide
resin include polyimide resins such as a polyimide resin
having adhesive éroperties after its precursor is coated on
a metallic body to carry'out drying and imidation, for
exanple, a polyimide resin obtained by polymerizing a meta-
coordinated aromatic diamine and a para-coordinated
aromatic diamine at an equivalent ratio of 35 to 65 as
disclosed in JP-62-208690 (Tokkaisho), Kapton H, V, E and
EN-ZT on the market (Du Pont-Toray Co.), Upilex SGA (Ube
Industries, Ltd.), Apical AH and NPI (Kaneka Corp.) and
other polyimides.
It is preferable to adopt some of the above-mentioned
measures against the warp of a substrate in-order to carry

out the present invention more efficiently. Examples of

definite measures are illustrated in the following.



within the weight limts and its thickness is not an obstacle to draw ng,

pbendi ng and form ng detecting termnals. 2) To nmake a substrate
elastic so far as its elasticity is not an obstacle to drawi ng and bendi ng
accuracy. 3) To make a polyinide Bésin for insulating a circuit

decrease in thermal expansion so far as its thermal expansion is not an

obstacle to |am najj % i b hiit¥hte VAVUNGARIGDRAIRG weight B TO

make a sol der resi st yer thin and use a resin wth |ow thermal expansion
and el asti Cigitidtn fehe afeidiet BOAOEY 40P Sis |iRdkdwel Sd ipteaessary

conditions of reliability. EXAMPLES EXAMPLE
1 | n aclhsmedde atoe tdwsaribey s Beretiing JHl -fomkiayg migtesrtingenzene and
3,3 ,4,4' - benzophenonetetracarboxylic di anhydride were m xed at an

equi val ent rterminals. 0. 99. Reaction was carried out at 25 J[err]C for 24
hours to obtain an amc acid solution (hereinafter referred to as PAA-A).
PAA- A was coated ch Tsomakea s substgratelastdchs9 dgraashiidieness of 25
[err]m (Du Pont-Toray Co.) with a die coater (duplex coatiﬁg). Drying was
carried out ekastiGkyerkt A}k An ARFtarp-q drawing and bending

37 :
accuracy.

3) To make a polyimide resin for inéulating a circuit
decrease in thermal expansion so far és its thermal
expansion is not an obstacle to lamination, resin etching,
drawing and bending.

4) To make a solder resist layer thin and use a resin
with low thermal expansion and elasticity as far as the
solder resist layer meets the necessary conditions of

reliability.

EXAMPLES

EXAMPLE 1

In dimethylacetoamide solvent, 3,3’-
diaminophenoxybenzene and 3,3’,4,4'-
benzophenonetetracarboxylic dianhydride were mixed at an

equivalent ratio 1 to 0.99. Reaction was carried out at 25
°C for 24 hours to obtain an amic acid solution
(hereinafter referred to as PAA-A). PAA-A was coated on
both surfaces of Kapton H having a thickness of 25 pum (Du
Pont-Tofay Co.) with a die coater.(duplex coating). Drying

was carried out at a temperature of 100 to 200 °C.



I mdation and final drying were carried out at a tenperature of 220 to 260
[err]C. Each of polyimde A (hereinafter referred to as PI-A) |ayers,
formed on both surfaces of Kapton H by imdation, was 5 [err]min

t hi ckness. The lam nate, which had a 5-B&rr]mlayer of Pl-A on each
surface of Kapton H, was naned as bond ply A PAA- A was coated on

one surface Igfionacﬁt&qﬂ a'ﬂs@idff}ﬁixﬂﬁ Qirgimg(:%‘i%s c%frrg.%d[ el Bl 3 the sane way as

it was coate aces. yiI'ng and 1mdation were carried out in

the sane as__they wer rie Ul ~i N | | The

t hi ckness g%yeénpﬁqa%#fyé’fzgg{rr?é’d%o ofie su;r]‘ferég%%)cﬁe&h&‘g%t%&n%, was 3 -
[err]m The | .am nate, which had 3-[err l.ayer _of RI-A aon on rface of
Kapt on H haifFetnafites, qaerress tq éﬁr ]E]r#'] s LAXGEE rad® gr of; F’f#ﬁ

Pl-A was a thernoplastic polyinmde resin and had a | ass transition
tenperatureﬁﬁrfﬂggs[@ﬁrF@PtPPbEbﬁﬁ%ﬁﬂﬁdaﬁﬂﬁﬁhu§m§tSt%@ dPasBIEkBREFt on
tenperature was 1/ 700 of that at a tenperature higher 30 [err]C than the
gl ass trangihe Qaniidaer,atvieh Kag an 5Hmad ayerooft PE-aophasach pol yi m de
filmand had a glass transition tenperature of at |east 400 [err]C and an
el ongati on peFFARNAeT ®aptol Hlheakomdmed YsAbdad lyelongation percentage

of 55% The cover film had an el ongati on percentage of 60% Next ,
18-pmrol | ed coppeaar-ai ivas04&oaBEN- 02Bbnel spaifacEnefgkagaopoHahavihg hond
ply A 0.3-nmm copper body 002 (C 38

1020, M t sukihgiknS8isNE 260 puin ARd thev eankl WayAaveie wakackade@nenopeth
another in this order with the surface of

surfaces. Drying and imidation were carried out in the
same way as they were carried out in the duplex coating.

The thickness of a PI-A layer, formed on one surface of
Kapton H, was 3 pm. The laminate, which had a 3-um layér
of PI-A on one surface of Kapton H having a thickness of 25
um was named as cover film A.

PI-A was a thermoplastic polyimide resin and had a
glass transition temperature of 198 °C. 1Its elastic
modulus at the glass transition temperature was 1/700 of
that at a temperature higher 30 °C than the glass

transition temperature. Kapton H was a non-thermoplastic

polyimide film and had a glass transition temperature of at
least 400 °C and an elongation percentage of 80%. The bond

ply A had an elongation percentage of 55%. The cover film

A had an elongation percentage of 60%.
Next, 18-pm rolled copper foil 104 (BHN-02BT, Japan

Energy Corporation}, bond ply A, 0.3-mm copper body 002 (C-



t he copper body being in contiguous relation with the surface of the

t hernopl astic polyimde |ayer of the cover filmA. Press nolding was
carried out at 250 [err]C at 65 kg/cnferr] for 60 minutes in a vacuum The
copper body was a product whose surface38were roughened in advance by

Ni hon Denkai Co. through electroplating of Ni, Co and other netals to

i nprove t hemg2p adhiesulf sHir Siitfdohl e Npldhdvadvdreffained tQepe netal - based
substrate (1). It was confirmed that the adhesive strength was at | east

0. 8 kg/ cm atsteried &nd eramtaaidiaras iof tHis aider kdidd thebsurdlae e HE
Fig. 8 is a cross-sectional type view of the netal- based substrate (1).
In Fig. 8, Ghe stoppssr fherdybdoedny \inA coartd ga@iiss tradlad ibar widherthiei | m A, The
| am nate was used to produce a netal -based seniconductor circuit substrate
as shown | sutfgceq off the dhermopilasdtignpelivimigend ayley ffafde SoFedt ands
for cover filmA. Production was carried out as follows. A pattern
was drawn dilmhéd.r oPredscoppdinfowhsweohiréedhony ats2$0.°CThet 6%l | ed
copper foil was etched with cupric chloride to form copper circuit 102 and
bondi ng sti ey ¥ for 60 mibhekssensiat vaeusal.deThe esopper ASRIP0OLas Tai yo | nk
Mg.) was coated so that it was 20 [err]min thickness on an electric
conduct or cipmogiuct Mhdse ®usfiacesn weare Moughénadd inr asdivaincenbyl didklon600 was
formed. The netal -based substrate was drawn with a drawi ng depth of 0.4 mm
to form di eDenkai Co. through electroplating of ¥d, fouandngtbe&se 100 (13
mm square). Plating |ayer 700 . .

metals to improve them in adhesive strength. The mold was

referred to as metal-based substrate (1). It was confirmed

that the adhesive strength was at least 0.8 kg/cm at each

of the interfaces of the metal-based substrate (1).

Fig. 8 is a cross-sectional type view of the metal-

based substrate (1). In Fig. 8, 012 stands for bond ply A

and 500 stands for cover;film A. The laminate was used to

produce a metal-based semiconductor circuit substrate as

shown in Fig. 4. In Fig. 4, 012 stands for bond ply A and

500 stands for cover film A.

Production was carried out as follows. A pattern was

drawn on the rolled copper foil with etching resist. The

rolled copper foil was etched with cupric chloride to form

copper circuit 102 and bonding stitch 800.

Photosensitive solder resist (PSR4000, Taiyo Ink
Mfg.) was coated so that it was 20 pm in thickness on an

electric conductor circuit. Next, a pattern was formed and
resist ink layer 600 was formed. The metal-based substrate

was drawn with a drawing depth of 0.4 mm to form die



consisting of Ni plating layer (3 [err]m and Au plating layer (0.5
[err]m was fornmed by electroless plating to obtain a netal -based

sem conductor circuit substrate (40 nn1sguare) for a face-up type BGA
package. The nininumradius of curvaturd?in the drawing part was 0.8 mm
The tests after the drawi ng processing showed that there were no abnornal

cracks and eidwiit iy idasd NoERASR M GRIaTd)he pRayinydeayayergon each of
both surfaces of the copper body. There was no plating on the surface of

t he bottom jsrg kg3 i L iaRd o 1laid W e

I nterface b%?m%sén@tﬂﬁlg ?oi\e/équ %%ﬁgﬁﬁ (gggg%elrahgoge 8&5%2:!&%(}% r?tzjtqhe
bondi ng stitches and sol der ball unti ng pads._on .the circuit side were
Ni - and Au- (GoiSatey. wesy formed &wt§§§°$ﬁgae@ﬁ Rlating. £9seftadbnifconduct or
circuit substrate on which sem conductor chip 1001 is nounted and wire
bondi ng i s &atalebased wericomdrctar €ingpdt substratee (MR AWs §AvETSH
factor of the surface of the botfom pol inigﬁ Iaée[ was a ,Ieas% 90 % and
| arger thaniS¥F & facemp type As@’raf:%@éeof FuRHRHPER HACKUTeC

hereinafter. referred tq.,a P). _enca | at e ith a resin. The IR
gbsorbtion Fggnguﬁgélg&%gﬁfg%EWan% Pa%%gﬁFgcﬁrglgﬁTder E;||S (0.76
d h b i t
Tount et on the - SUEL B8sp SEESY TheCUEayItG peBleRkifat BREVER EndR0

ZOQDF and olheldiRrth? RBnbTmAR’ erFewa! 6fd BthRr! Raults in

appearance in the polyimide layer on each of both surfaces
of the copper body. There was no plating on the surface of
the bottom polyimide layer and no penetration of plating
liquid at the interface between the cover film A and the
copper body 002 although the bonding stitches and solder
ball mounting pads on the circuit side were Ni- and Au-
plated. Fig. 4 is a type view of a metal-based
semiconductor circuit substrate on which semiconductor chip
1001 is mounted and wire bonding is carried out with gold
wire 1010.

The IR absorption factor of the surface of the bottom
polyimide layer was at least 90 % and larger than 80 % of
that of the surface of a guad flat package (hereinafter
referred to as QFP) encapsulated with a resin. The IR

absorption factor was excellent.
Butectic solder balls (0.76 mm$) were mounted on the

substrate. The resulting substrate was mounted on the
surface of a mother board made of FR-4 at the same as time

a QPF and other discrete parts were mounted in an IR



refl owi ng furnace. The IR output was set to keep the surface tenperature
of FR-4 so that the maxi numtenperature was 230 [err]C. The tenperature of
the netallic body of the netal-based sem conductor circuit substrate was
measured with a thernocouple thernonete#® The maxi numtenperature was 230
[err] C After the above-nentioned nounting the netal - based

sem conduct i ' te stde d C I gal t urvey the
Rasidhie, SN oHEP OB NE B RS, 68, Kfop! e

j oi ns of sol oar sol der balls were destroyed

and the sol dgjrfiiRld thapdirdurtesereeld & thdt ke dakivasm adhpesdtiee he
die mounting base with an epoxy adhesive. Ends of wires of Au were wre

bond connecieg tad e, patite e ferdtird' 61 Al HANILC Bddg e e e
nmet al - based sem conduct or substtrate at 230 err] C using ultrasoni c waves.
The wire bond.j. qgi e | t.a p iqj% resin bot t om
surface was mer?&ci-?)}&%%tegu%%?ﬁél%%gg vr‘]\:nq'rx}eéﬁg'&n%lh%gs %S ﬁ’e%ast m%e'%g}.%% gnce of
the nmetal -b € e s C i R3t.r abRe RS x ikum| EERDEL arate
of air f|om1oqgi%h$§§2 an ﬁgiﬁﬁéﬁﬁgﬁgg of tﬁg co§eru?iln1%n %ﬁgkgotton1
surface was nin§t$:° COVPARATI VE EXAMPLE 1 The sane processing as in
EXAVPLE 1 w&@% 430 e out, except that cover filmA was not |aminated, to

The bt tom sur f acBI5PT, KBS QO PRRE eI MEHRT LAY bhe, BCatnbapRE
absor pti on Laghol ol e SLLASE WibstiatlVas® Bl kb yalO MR cHARAANRLE 1

eutectic sold
to survey the joins of solder balls to the mother board.

All solder balls were destroyed and the solder ball bondipg
was excellent. An LSI die was adhered to the die mounting
base with an epoxy adhesive. Ends of wires of Au were wire
bond connected to the pads of the LSI die and bonding

stitches of the metal-based semiconductor substrate at 230
°C using ultrasonic.waves. The wire bond joins were
excellent and the polyimide resin on the bottom surface was
not tacked to a jig for wire bonding. The heat resistance

of the metal-based semiconductor ciicuit substrate was 12
°C/W at a rate of air flow of 1 m/sec and the influence of

the cover film on the bottom surface was minute.
COMPARATIVE EXAMPLE 1

The same processing as in EXAMPLE 1 was carried out,
except that cover film A was not laminated, to obtain a
metal-based semiconductor circuit substrate for a BGA
package. The bottom surface of the substrate was Ni- and
Au-plated. The IR absorption factor of the surface was at

most 30%. As shown In EXAMPLE 1, eutectic solder balls



(0.76 nmmjerr]) were rrbunt ed on the substrate. The substrate was nounted on

a nother board made of FR-4 with a QFP and discrete parts. The |R out put

was set to keep the surface tenperature of FR- 4 so that the nmaxi num

tenperature was 230 [err]C The tenperadlire of the netallic body of the

nmetal - based sem conductor circuit substrate was neasured with a

t hernocoupl e thernoneter. The maxi mum tenper ature was 180 err]C

After the nodht}th@Emdheere Fowated o ki oﬁb‘%@gﬁlt%ir ?ts‘glﬁl%fs%?ié?e was

destroyed nechanically to survey the joins of solder balls to_the t her
o BF D 310

boar d. ~ Ther &agemountgd @ed MOther baand ade, afndlr4; e and
the substrate and the bondi nﬂ St eggth was _m nu he | R_out put

e T
was i ncr easHSGF]ER REFFS wayfoiRe tPFﬁewgﬁrfﬁtet?eﬁﬁ%PaFﬁ SUFIEEEL at
280 [err] C. ,The maxi mum rat ur, f  the netalli Qg% f..th
net al - based teg'&fﬁrc%:rﬂﬁ?bt"d{[r %%stsroattzl i FhE, Jpeg t%o a?élrr%‘] %agn&:;tohe
joins between solder balls and th rsgﬁt}her boﬁeg becane etter. However,
the QFP was Encaba®l temReratere ¢Esthe gertathis POF £511he Jetal part of
the QFP. The heat resistance of the netal -based sem conductor circuit
substrate wiased [samijconfugtor cdreudt Fubstirakeomas measuredewiih g 2
PAA- A obtained in EXANPLE. 1 was coat ed ﬁn bot I suLf ace o{:l Kapt on @bZT
havi ng a t hitHEFReSWPLe; YharmometST - pEAE- REFATR, “SMPRE R HRTE afRS as in
EXAMPLE 1 t(gccarry 42 '

After the mounting, the metal-based semiconductor
circuit substrate was destroyed mechanically to survey the
joins of solder balls to the mother board. There were
failures at the interface between the solder balls and the
substrate and the bonding strength was minute.

The IR output was increased in the same way to keep
the surface temperature of FR-4 at 280 °C. The maximum
temperature of the metallic body of the metal-based
semiconductor substrate was increased to 230 °C and the
joins between solder balls and the mother board became
better. However, the QFP was encapsulated with a resin but

there were blisters in part of the QFP. The heat

resistance of the metal-based semiconductor circuit
substrate was 11 °C/W at a rate of air flow of 1 m/sec.

EXAMPLE 2

PAA-A obtained in EXAMPLE 1 was coated on both
surface of Kapton EN-ZT having a thickness of 25 um (Du

Pont-Toray Co.) in the same way as in EXAMPLE 1 to carry



out drying and imdation. Each of PI-A |layers, forned on both surfaces of
Kapton EN-ZT by imdation, was 5 [err]min thickness. The |l am nate, which
had a 5-[err]mlayer of PI-A on each of both surfaces of Kapton EN ZT
having a thickness of 25 [err]m was na#ed as bond ply A" . The sane
cover filmA as produced in Exanple 1 was prepared. Kapton EN-ZT was a

non-t her nopl ast i olyimde, film and d,a gl asstr Ltion t erature of
at | east 4000‘1‘fe‘$’r'§)’d1 N nug*'%%tgla?]?bnlﬁg‘glhceo%t ggé'Aofl %%%d% ! QorﬁgﬁN&%t,
18-[err]mroll ed copper foil, bond ply A, O0.2- copper_ bady 002 and
cover film AP?H@%E%%% %‘LﬂeK*L‘R/"é?“ Eé%’cﬁ%é?y i‘r\‘“{g%?%ﬁdé?aﬁm%tdﬂml H&® sur f ace
of the copper body being in contiguous relation with the surface of the

t her nopl ast i thiwknyess de Thay damihatles esdnieh thiadmaA5S-Pmedsyemobdi BRF-hasn
carried out at 250 C at 65 kg/cnmerr] for 60 mnutes in a vacuum The

rol | ed coppesadiidf iestln saiofhmds af Kdptdre EN-BT Yepaimd-ree idhi dBoreear agfi on
(BHN-02BT). The copper body was a product available from M tsubish

Shi ndoh Co.24 Gl 03fHs sk d¥crid @ry roughened both surfaces by
el ectroplating of Ni, Co and ot her mata%s to inprove them in adhesive

strength. The nol deyas 4o Ydwsk 1 138 ARPlprodiatRr SLbSERIR (2kvad t V@S

confirmed that the adhesive . strength was at |east 1.0 kg/Cm at each of the

interfaces gmepdeadPt KaptoncBnsghsvast @ h&h-themoplE‘sgic8gjbayamide
cross-sectional type view of netal -based substrate (2) In Fig. 8, 012
stands for bpilkh dnd Aladirgl glass transition temperature of at ledist 400

°C and an elongation percentage of 60%.

Next, 18-um rolled copper foil, bond ply A’, 0.2-mm

copper body 002 and cover film A were stacked one over
another in this order with the surface of the copper body
being in contiguous relation with the surface of the

thermoplastic polyimide layer of the cover film A. Press
molding was carried out at 250 °C at 65 kg/cm2 for 60

minutes in a vacuum. The rolled copper foil was a product
available from Japan Energy Corporation (BHN-02BT). The
copper body was a product available from Mitsubishi Shindoh
Co. (C-1020). Nihon Denkai Co. roughened both surfaces by
electroplating of Ni, Co and other metals to improve them
in adhesive strength. The mold was referred to as metal-
based substrate (2). It was confirmed that the adhesive
strength was at least 1.0 kg/cm at each of the interfaces
of the metal-based substrate (2}.

Fig. 8 is a cross-sectional type view of metal-based

substrate (2) In Fig. 8, 012 stands for bond ply A’ and



500 stands for cover filmA. The lamnate was used in the sanme way as in
EXAMPLE 1 to produce a netal -based sem conductor circuit substrate as
shown in Fig. 4. In Fig. 4, 012 stands for bond ply A and 500 stands for
cover film A Production was car#Bed out in the same way as in
EXAMPLE 1. The roll ed copper foil was processed to form copper circuit 102

and bondi ng dtsféhxég.o-for covef"ﬂ%l%%yﬁ'h&elﬁﬁ!i.ﬁ&{:erﬁééshsé&raﬂﬂrEhe ,
Sei sakusho , trade nane: BGX-5) was coated so that it was 20 [err]min

thi ckness onsae QIBELldd Gt FXAMHIN ICiHdC PriodubeP @l RFtalwdaseldor med and
resist ink |ayer 600 was fornmed. The netal - based substrate (2) was drawn

W th a dr anigignidefiiductfor) cirouit Gubstpatiec avo whiowny ilmaFd gl0@0 (I8 Fiy.
square). Plating layer 700 consisting of NN plating layer (3 [err]n) and
Au plating4,ayd2 (sandserfiomponss plor ed and Sl08c sitaindss fpraciovgrt dilobt ai n
a netal -based sem conductor circuit substrate (40 mm square) for a face-up
type BGA padkage. The minimumradius of curvature in the drawi ng part was
0.8 mMm Fig. 9 is_a plane type view shown in the substrate's plane surface

as seen from t he PEpRustionsva@s carriedcpptyiin $her gepe way as fRe test
after the draw rocessin owed that _there were no abpnormal cracks and
ot her fault§%@ﬁ&gﬁgﬂéariﬁ@eg?ig?ﬁchBP?anﬂé I39§rpﬁﬂ°3§§ﬁgo£°b%?ﬁmsurfaces
of the metallic bhody. Bandi i .and l,.der |1 nounting pads on

t he circuitqggﬂgimgigqﬂ¥% &&% }%ﬁ% a?@%%% ﬁ%%é%grﬁ ?Here was no plating on
the surface of the ieLtAfksitive solder resist (Tamura Seisakusho4éo.,

trade name: BGX-5) was coated so that it was 20 pm in

thickness on an electric conductor circuit. A pattern was
formed and resist ink layer 600 was formed. The metal-
based substrate (2) was drawn with a drawing depth of 0.4

mm to form die mounting base 1000 (13 mm square). Plating
layer 700 consisting of Ni plating layer (3 um) and Au

plating layer (0.5 pm) was formed by electroless plating to

obtain a metal-based semiconductor circuit substrate (40 mm
sguare) for a face-up type BGA package. The minimum radius
of curvature in the drawing part was 0.8 mm. Fig. 9 is a
plane type view shown in the substrate’s plane surface as
seen from the opposite side to its circuit surface,

The test after the drawing processing showed that
there were no abnormal cracks and other faults in
appearance in the polyimide layer on each of both surfaces
of the metallic body. Bonding stitches and solder ball
mounting pads on the circuit side were Ni- and Au-plated.

However, there was no plating on the surface of the bottom



pol yi m de | ayer and no penetration of plating at the interface between the
cover filmA and the copper body 002. In Fig. 9, the corners of a
substrate were referred to as Xerr], Xerr], Xerr] and X err] and the
exterior corners of the drawing part we#é referred to as Y[err], Y[err],
Y[err] and Y[err]. Corners Xerr] and Y[err] were connected. Point "a"

1 t f Y| th di
150 1 2% bofle SO AP i el Sy e 1] on
di t f, Y 2
e o g st el g s e

measured using a '1%5 90! AGRITRAr 32409 0 ts%s@;%te werkatkrbyRed
(Keyence Co., LT-8 10) I\/Easuremant was carried out at 25 [err]C and 30%

RH, " and 185 fcerdd X,3f &gr, Reahhaux, dNE thé fexeserot chtiahd dptsyeen points
"b" and "a" was considered to be a war p. \When point "b" was higher, a

mark of " +'drsRsl s e tVinedien refea ey Hoatasd Y30 Yhat Y§ hend Yvps €ormers of O
[errfmat 25 [err]C. The neasured value was +60 [err]mat 185 [err]C. The
warp was w tfii anslu@y werengennpgtedherRoimts " wasublmm iapamturfiom t he

substrate. An LSl die was adhered to the die nmounting base with an
epoxy adhesicprnegnda én Wheedigecaioneod E@ﬁ&e@oﬁmeeﬂeéln?oglh&-pads of the
LSl die and bondin stltches of the netal-based _seniconductor substrate at
230 [err]C ®Qimf "31" wasod AmApart fromycornedn&lj snnshfefdrectirrert and

the polyimde resin on the botto surfa,ce was not tacked to jig for wre
bondi ng. Th&ETRSE FasPH Pr&?&ﬁ he RHIE "HadEF m?&%pa i t

St Werhe %1e[ erhrt] gf p%tln% "3 from the standard point was

measured using a laser displacement gauge of the non-

contact type (Keyence Co., LT-8110). Measurement was
carried out at 25 °C and 30% RH, and 185 °C after heating.

The difference in height between points "b" and "a" was
considered to be a warp. When point "b" was higher, a mark

of "+" was used. Molding was regulated so that there was a

warp of 0 uym at 25 °C. The measured value was +60 um at

185 °C. The warp was within such a range that there was no

trouble in mounting the substrate.
An LSI die was adhered to the die mounting base with
an epoxy adhesive. Ends of wires of Au were bond connected

to the pads of the LSI die and bonding stitches of the
metal-based semiconductor substrate at 230 °C using

ultrasonic waves. The wire bond joins were excellent and
the polyimide resin on the bottom surface was not tacked to

a jig for wire bonding. The heat resistance of the metal-

based semiconductor circuit substrate was 12 °C/W at a rate



45 of air flowof 1 nfsec. The influence of the cover filmon the bottom
surface was m nute. COMPARATI VE EXAVPLE 2 The sanme processing as in
EXAMPLE 2 was carried out, except that cover filmA was not |amnated, to
obtain a netal-based sem conductor circdSt substrate for a BGA package
The bottom surface of the circuit substrate was N -plated (3 [err]m and

then Au-pl atgg 4&515{@& rdf)1 éiéngcms i AL & £5 @ Heh @bviie 18 19P %2

warp O [err]mat 25 [err]C an The warp had a value of +380 [err]m

at 185 [err]@@fﬁ@ﬁt@@agﬁﬁga@@chag\aﬁlm t hat nmounting coul d not be
carried out. The heat resistance of the netal -based seni conductor circuit

substrat e WeGOMPARATIVIC/ BYANPLE rate of air flow of 1 misec. EXAMPLE 3
A polyimde film(Regulus PM Mtsui Chemcals, Inc.) was used for a
t her mopl asti ¢ pol yIhe deanenrodassing eab cin BAMMHE Do wasudaandedd aut,
metal lic body. The filmhad a glass transition tenperature of 240 [err]C,
an el asti c rRXReRE Wiat mlérg 1 1mgi Ao /wag a1l kamingrgdyr rjac ohtpigl st i c
nodul us of 2x10[er.r] dyn/nn{err] at 270 [err]C (2/300 of that at 240
[err]O), a Mftadnkased EZSIC[‘E?CF‘}%%CFW%‘%@% et fantdSht 15% A
| am nat e con5|st|ng R us PM agnd a had el ongati on
per cent age dackage- Fhe %%%FP@HSBE REF P %fOE ﬁé@ﬁlﬁg §ﬁF555ngSbody
002(C 1020, Mt subishi Shindoh Co.), bond pl A' and roIIed copper foi
104 were st AHkRIaHRA db g @k thep t’m‘@lc?f"f%i/ - Molding was
46

regulated so that there was a warp 0 pm at 25 °C and 30 %RH.

The warp had a value of +380 um at 185 °C after heating and
was such that mounting could not be carried out. The heat
resistance of the metal-based semiconductor circuit
substrate was 11 °C/W at a rate of air flow of 1 m/sec.
EXAMPLE_ 3

A polyimide film (i{egulus PM, Mitsui Chemicals, Inc.)
was used for a thermoplastic polyimide layer laminated on

the bottom surface of a metallic body. The film had a glass

transition temperature of 240 °C, an elastic modulus of
3x1010 dyn/mm® at 240 °C, an elastic modulus of 2x10%
dyn/mm? at 270 °C (2/300 of that at 240 °C), a thickness of

25 ym and an elongation percentage of 15%. A laminate

consisting of Regulus PM and a copper body had an
elongation percentage of 12%.

Rolled copper foil 104, Regulus PM copper body 002(C-
1020, Mitsubishi Shindoh Co.), bond ply A’ and rolled

copper foil 104 were stacked one over another in this order.



Press nol ding was carried out at 260 [err]C at 65 kg/cnferr] for 60
mnutes in a vacuum The nold was referred to as netal - based substrate
(3). It was confirned that the adhesive strength was at |east 0.8 kg/cm at
each of the interfaces of the netal-basé8 substrate (3). The netal - based
substrate was processed in the same way as the netal -based substrate (1)

of EXAMPLE 1 to obtain a netal -based, sem co ctr _cipguit supsirate for a
BGA package PTffsh mel dag G R e QY d’rtng%% tﬁeagoégei‘g( 150l ’%L‘bﬁ 60

| ami nated on Regulus PM was renoved. Processing was carried out so that
bondi ng sti MEHMBES it ehdAFUut ci TREi PoAAdWBReTeharre? 12 3metrhred on

t he bott f the d | h in_Fig. .1 test aft

the. dr aui ng AL SRS knalt PREr EOREREHRS ABAG: FaP 2PBERL End ot her

faults i in th l,yiJm I f t. f f

the motal | CHERUIRAAR A Srindt S A as S SR iAsSEAReE, (e

clreui tsi e qhe, New NG k! Ahillradd YOMHE! . ThOChE: #S,R008! al i N on L he
e la

surface of the bottom "polyirm yer and ‘no penetration of plating liquid

at the int ghfiaQG 1! YRED drive e Us RMAAnd a5 RREnROMEtAd2based

Mol di ng was regul ated in the same way as that of "EXAMPLE 2 so that there
was a warp @b treitd m]lgt odb HxeMel® ando Ibtdin alhetad-palsad a val ue of
r

+30 [err]mat 185 [er after heating. The variation was extrenely snall
so that the sefidoindug toropdricuitasubstdtentfor a BGA packalgedi ewhdheaed to
the die nounting base with an

copper circuit was formed, the copper foil 104, laminated

on Regulus PM, was removed. Processing was carried out so

that bonding stitch 800 extended the circuit and one end.

of it was located on the bottom of the drawing part as

shown in Fig. 10.

The test after the drawing processing showed that

there were no abnormal cracks and other faults in

appearance in the polyimide layer on each of both surfaces

of the metallic body. Bonding stitches and solder ball

mounting pads on the circuit side were Ni- and Au-plated.

However, there was no plating on the surface of the bottom

polyimide layer and no penetration of plating liguid at the

interface between the Regulus PM and the copper body 002.

Molding was regulated in the same way as that of

EXAMPLE 2 so that there was a warp of 0 um at 25 °C and

30 %RH. The warp had a value of +30 um at 185 °C after

heating. The variation was extremely small so that the
mounting property was excellent.

An LSI die adhered to the die mounting base with an



47 epoxy adhesive. Using ultrasonic waves at 185 [err]C, ends of wres
of Au were bond connected to the pads of the LSl die and bonding stitches
of the netal -based sem conductor substrate. The wire bond joins were
excellent and the polyimde resin on tha’dottom surface was not tacked to
a jig for wre bonding. The heat resistance of the netal- based

sem conductor circuit substrate was 12 [err]C Wat a rate of air flowof 1
m sec. The i APPE¥nedhefireyul AL BEEFRADIGIEVSS 13h d8 2t hE 7 bBPHESNPEUr f ace
was m nute. EXAWMPLE 4 The sane netal |ic body 001 as shown in,
EXAVPLE 1 wawirgsedfaAd yesecbend ¢enneetedntokhe aRads gfme 91 tdie
obtain a circuit substrate for an LGA packa The, substrate was processed

to obtain a fBfaPopdierg SEéHFbﬁﬁdﬁEtBPeCW?ng}bgiﬁgt?%H%F?EQH?EP%.twp-stage
d i t h in Fi.g. 11, . Th t.al -b
semi conduct oPSEPFEREE - o (R (RS MR AR SIRFS SRIRI n @y B8 t ch 800
| t ed the. .interi h | - | '
hount i g baBa B8P SRk pRnghEcBeBhoh Spgtade AEIR Hatloq F5 2

part of the koherbarysHb! B6fiafho! Nomne R UGG Yor HRP nfedines of

curvature of “Trrst-stage cavity was arger t hat o
ot al -based BeRFRoNIIECEPaderbE FirEhat PRt RS it B ¥ e B g
rounted o0 SRSePHOELE" LI LPRTL b LA Bl PR e
cover film on the bottom surface was minute.
EXAMPLE 4 |

The séme metallic body 001 as shown in EXAMPLE 1 was
used and processed in the same way as in EXAMPLE 1 to
obtain a circuit substrate for an LGA package. The
substrate was processed to obtain a metal-based
semiconduétor circuit substrate having a two~stage drawing
structure as shown in Fig. 11.

The metal-based semiconductor circuit substrate was
processed so that bonding stitch 800 was located on the
interior surface of the first-stage cavity. Die mounting
base 1000 for mounting semiconductor chip was formed to be
a part of the interior surface of the second-stage cavity.
The radius of curvature of the first-stage cavity was
larger than that of the second-stage cavity. Fig. 11 is a
cross-sectional type view of a metal-based semiconductor
circuit substrate. Semiconductor chip 1001 was mounted on
the substrate. The bonding pads of the semiconductor chip

. and bonding stitches of the substrate were connected to



48 each other with gold wire 1010. The substrate was sealed wth

| i quefied sealing material 1100. As shown in Fig. 11, the surface of the
‘liquefied sealing material was not over ‘that surface of the |land so that
an LGA package could be nounted on a not®er board nore easily. EXAWPLE 5
I n N-net hyl pyrrolidone, 3,3'-diamnobenzophenone and 3,3

, 4, 4" - benzopheopnst K F asfERO¥Y1d GrtianiyDs | deneesabstiredd aasaBeaqedval ent
ratio of 1 to 0.99. Reaction was carried out at 25 [err]C for 24 hours to
obtain an ankfticiiquspied i owaliwey ataedtbal ref@0 r edst shasmPAA- Flig. 11, In
N- et hyl pyrol i done, 4, 4, -di am nodi phenyl ether 1,4- di am nobenzene and
pyronel i ti cthe asimyfiadealco fuethe nl ique fiied sseabiny Mmatarial iwasnfnat ovexn. 4
0.993. Reaction was carried out at 25 [err]C for 24 hours to obtain an
anic acid sohatiswrface odhatherland e3¢ ckhab an I pgckage coulhhe uas
coated on a treated surface of 18-[errImrolled copper foil 104 and was
dried to be MPWRteqd A AHERERRE beavd KMQER @38+4¥- on the PAA-L | ayer and
was dried to be free from adhesion. PAA-A was coated on the PAA-K | ayer to
dry the whm§¥4#£¥%é§ed amc acids in order to carry out imdation. The

remai ni ng solvent in the polyim l aver , O 0 | A polyimde
| ayer resulting f r%hﬁiﬂ‘éeﬁ}ﬁ%ﬁd@#@n% - V\'/édrjijaa"lﬁ)e %bre\r,}gédﬁ{}%ené)snﬁgla-{% a
polyi m de Ilayer gfesuldi | i ' PAA; - A

| am nat e COI’I%'I %ti%@?ofﬁér%é%%ép%é{%?ﬁ%%ﬁﬁ {ﬁ%ﬂ(ﬂﬁ%f B A was
referred to pSed PP "kh fddqdidd¥ent ratio of 1 to 0.99. Reaction was

carried out at 25 °C for 24 hours to obtain an amic acid

solution (hereinafter referred to as PAA-L).
In N-methylpyrolidone, 4,4’-diaminodiphenylether 1,4-
diaminobenzene and pyromellitic dianhydride were mixed at

an equivalent ratio of 0.6 : 0.4 : 0.923. Reaction was
carried out at 25 °C for 24 hours to obtain an amic acid
solution (hereinafter referred to as PAA-K).

PAA-L was coated on a treated surface of 18-um rolled

copper foil 104 and was dried to be free from adhesion.
PAA-K was coated on the PAA-L layer and was dried to be
free from adhesion. PAA-A was coated on the PAA-K layer to
dry the whole of coated amic acids in order to carry out
imidation. The remaining solvent in ﬁhe polyimide layer
was 0.1 % by weight. A polyimide layer resulting from the
imidation of PAA-A were referred to as PI-L; a polyimide
layer resulting from the imidation of PAA-K, PI-K.

A laminate consisting of rolled copper foil 104, PI-L,

PI-K and PI-A was referred to as lapping film LKA.



49 Polyimde layer PI-L formed on the rolled copper foil 104 was 1.5
errJmin thickness; PI-K 6.0 [err]min thickness; PI-A 2.5 [err]m The
total sumof the polyimde |ayers was 10 [err]min thickness.

Polyi m de layers PI-L and Pl -K were indepEhdently prepared under the sane
drying and imdation conditions to neasure their characteristics. The

gl ass transi ] - rerQ < 2 [ ' f Ky pat
Peast 400 [ SPryEmaRRTaRey PIok TornetCprorte SPILON boBpe? FEMIRE, 5

[err]C than | | @ss. transiti npgLatur 1490 . its glass
transition tg%%e?éguﬁg.Eﬁhghgkgg?%g'nggu#ﬂsg'g?aﬁléa gﬁiﬁkggé%é?gFuéé
higher 30 [err]C than its glass transition could not be neasured.
The roll ed capgeﬂmf- oi The gwoteal s | ebpthe) Pelyinide lageremased byetiohi ng
to obtain a polyimde |am nate. The elongation percentage of the polyimde
| ami nat e wastRggkness. Next, 18-[err]mrolled copper foil 104, bond ply
A, 0.2- nmmcopper body 002 and | apping fil mLKA were stacked one over
another in this orB%%Y%P%ﬂethéYgﬁﬁfEgeLoPnﬂhBICEpw%¥e bedspendenielyig in
contiguous rel ation mﬁ%aathe surface of the og¥Lnide | ayer of the |apping
v

film LKA ThETEBAPER UBERYy BB2 Gameadpringcen FABFLOR SRR EEQBF shP

Shi ndoh Co. C194- SH) _and N hon, Denkal Co. L.ou ned both of. its surfaces
by eIectropIgéPﬁBrSft%f}rcﬁﬁ%ﬁﬁcs?ﬁé?€ﬁ§531éfQ%fgiaﬁﬁ(ﬁﬁ?q 9% adhesi ve
strength. Press nnlding m?s carried ogt at 250 [err]C at 65 kg/cnferr] for
60 ni nut es i hemperature of PI-L was 250 °C; that of PI-K, at least 400

°C. The elastic modulus of PI-L at a temperature higher 30

°C than its glass transition temperature was 1/90 of that
at its glass transition temperature. The elastic modulus
of PI-K at a temperature higher 30 °C than its glass

transition could not be measured.

The rolled copper foil 104 of the lapping film LKA
was removed by etching to obtain a polyimide laminate. The
elongation percentage of the polyimide laminate was 25%.

Next, 18-um rolled copper foil 104, bond ply A’, 0.2-
mm copper body 002 and lapping film LKA were stacked one
over another in this order with the surface of the copper
body 002 being in contiguous relation with the surface of
the polyimide layer of the lapping film LKA. The copper
body 002 was a product available from Mitsubishi Shindoh Co.
(C194-SH) and Nihon Denkai Co. roughened both of its
surfaces by electroplating of Ni, Co and other metals to

improve them in adhesive strength. Press molding was

carried out at 250 °C at 65 kg/cm?® for 60 minutes in a



50 vacuum The nold was referred to as netal -based substrate (4). The
adhesive strength was at |least 0.8 kg/cmat each of the interfaces of the
met al - based substrate(4). The type view of this substrate is shown in
Fig. 12. This lamnate was used to form5& circuit in the rolled copper
foil and a resist ink layer in the same way as in EXAMPLE 2. The

copper foil pichifdg.! aRRl Hbid Wada%e fTREEP s Métalealdiddd substratel Ne
t hus- obt ai ned net al - based substrate(4) was drawn wth a drawi ng depth of

0.4 mmto fogqr?\la ditfe rEiHYd iV Rasendthd Wik stldklst A .08 Xig/keh latyach
consisting o i plating layer (3 [err]m and Au plating |layer (0.5

[err]m was &brore byterfacés obfstshelmétal-baseadt silys taratss g4 » ba T

sem conductor circuit substrate (40 mm square) for a face-up type BGA :
package as stivpm viewi gf thishsubstwaken isidshewnfin digatlid e Thishe dr awi ng
part was 0.8 nm The test after the draw ng processing showed t hat
there were nbabbhdtereras aed dfofmer hEfekt iin e GoPReR

pol yi mi de | ayer_on each of both surfaces, of the netallic body. There was

no plating ofPtheaRdrd KRS1g% 1Me IRXIHM DR FaRe | A% 2% thFHHEIfe 2.

bondi ng stitches nd sol der bal ti ads on the circuit sjde were

Ni - and Au-pl ated € coppeq\/oé)%fr]&%q g&é)pd‘t’lﬂj fsr}olnl &S t’?‘?é‘?oé"?)dag’lé war p
of -30 [err%@f\t 2c51 ierr]C and 30 %RH. The warp had a value of + 80 [err]m
at 185 [err THE Yation was within an extrenely small range so that

mounting coul d be far rd ek U SHId MUl based substrate(4) was drawn

with a drawing depth of 0.4 mm to form a die mounting base

(13 mm square). A plating layer consisting of Ni plating
layer (3 pum) and Au plating layer (0.5 um) was formed by

electroless plating to obtain a metal-based semiconductor
circuit substrate (40 mm square) for a face-up type BGA
package as shown in Fig. 4. The minimum radius of
curvature in the drawing part was 0.8 mm.

The test after the drawing processing showed that
there were no abnormal cracks and other faults in
appearance in the polyimide layer on each of both surfaces
of the metallic body. There was no plating on the surface
of the bottom polyimide layer although the bonding stitches
and solder ball mounting pads on the circuit side were Ni-
and Au-plated.

Molding was regulated so that there was a warp of -30
pm at 25 °C and 30 $RH. The warp had a value of + 80 um at

185 °C. The variation was within an extremely small range

so that mounting could be carried out sufficiently.



51 An LSI die was adhered to the die nounting base with an epoxy
adhesive. Using ultrasonic waves at 230 [err]C, ends of wires of Au were
wi re bond connected to the pads of the LSI die and bonding stitches of the
net al - based seniconductor circuit substr&te. The wire bond joins were
excellent and the polyimde resin on the bottom surface was not tacked to

a jig for wire bonghnggtTh¢eh@at hambsbanes tAé 8he mBhAtiRgSBHse with
sem conductor circuit substrate was 11.5 [err]CWat a rate of air flow of

1 nfsec. Thsn'agbugEégpeLiv%he ﬁE&ﬂ%‘ﬂ%ﬁEéééﬁ& Ned s DOt 04 S f agygnas

extrenely m nut errmroll’ed copper toi

104, bond ply FAF EgApanhcaaesrngbeQQa esaﬁgagedwkaseﬁéSBaégl8909

and | apping were stacked one over anot Int order Bress

mol di ng was ﬁ@&raié QH& anaﬁﬁg[ gtitehat 6% the/metgiLbabeq 60 minutes in a
vacuum The nold was referred "to as netal -based substrate (5). The

adhesi ve strgafiiBonatctat teachi. Subgtesral emd wird Bondtfsimeesesd the
netal - based substrate (5). The | am nate was used to forma circuit

in the roll edxcedbpat andl ths bbﬁyhmmdepkésﬁnsoﬂEthédbﬁtteﬁlShrf&ke|ﬁagr
in the sane way as in Exanple 4. The rolled copper foil of the |apping
filmside wanotetagkddbyofal igt forngire bondifige rithelhdmts acbsidisdnicd e was
drawn with a drawing depth of 0.4 mmto forma die nounting base (13 mm
square). A pfathegmetgirbasedi semhgonfustop| aireyitagebsteaterwas) land
°C/W at a rate of air flow of 1 m/sec. The influence of
the polyimide film on the bottom surface was extremely
minute.

EXAMPLE 6
First, 18~-um rolled copper foil 104, bond ply A, 0.3-

mm copper body 002 (C-1020, Mitsubish Shindoh Co.) and

lapping film LKA were stacked one over another in this
order. Press molding was carried out at 250 °C at 65

kg/cm2 for 60 minutes in a vacuum. The mold was referred
to as metal-based substrate (5). The adhesive strength was
at least 0.8 kg/cm at each of the interfaces of the metal-
based substrate (5).

The laminate was used to form a circuit in the rolled
copper foil on the bond ply A side and a resist ink layer
in the same way as in Example 4. The rolled copper foil of
the lapping film side was removed by full etching.

The metal-based substrate was drawn with a drawing

depth of 0.4 mm to form a die mounting base (13 mm sqguare).

A plating layer consisting of Ni plating layer (3 um) and



52 Au plating layer (0.5 [err]m was forned by electroless plating to
obtain a netal -based sem conductor circuit substrate (40 mm square) for a
face-up type BGA package as shown in Fig. 4. The m ni num radi us of
curvature in the drawing part was 0.8 m%2 The test after the

drawi ng processi ng showed t hat there were no abnormal cracks and ot her

f aul ' h de_| h f II

T IR TS0t BTTuEL EA K Sl A,
I

o Lpousn, ool ”%133%%53?2%%%29-3%3 N

he b I de. | E I bal
IO??GOIT'ITI)Q r% &% %I)uﬁ%/’édao g?%t eﬁ%%? 9%%/% pal%kagees%% I:al Od,%ffié%%f eavvas
t ed t %?H?%
gng;Feangnot?erI@#%cresmaké S mere nnuﬁ} N g% Eg %F%&?hgggﬁrﬁggg 2

accordi ng togagWwah! - known et hod. The IR output was set to keep the
surface tenperature of FR-4 so that the nmaxi numtenperature was 240

[err] C. The tenperphere€es®©fatter nEtidl di-£wirngyprcddia e sHosrduaieit Circuit
substrate was neasured wth a thernocouple thernoneter. The maxi num

t enper at ur e vthsr@d@erernd Gbnormal Jdfdcks tdred nothdr Nfaulite irettHe based

sem conductor circuit substrate was destroyed nechanically to survey the
joins of solpelyimide iayehecommedeh dbdvreth Murkateierof Hdid smetsrld idest r oyed

so that the solder ball bondi ng was
body. There was no plating on the surface of the bottom

polyimide layer although bonding stitches and solder ball
mounting pads on the circuit side were Ni- and Au-plated;
The IR absorption factor of the surface of the bottom

polyimide layer was at least 90%.
Eutectic solder ball (0.76 mm$) were mounted on the

substrate. The resulting substrate was mounted on the
surface of a mother board made of FR-4 at the same time as
a QPF and other discrete parts were mounted in an IR
reflowing furnace according to a well-known method. The IR
output was set to keep the surface temperature of FR-4 so
that the maximum temperature was 240 °C. The temperature
of the metallic body of the semiconductor circuit substrate
was measured with a thermocouple thermometer. The maximum
temperature was 240 °C.

After the mounting, the metal-based semiconductor
circuit substrate was destroyed mechanically to survey the

joins of solder balls to the mother board. All solder

balls were destroyed so that the solder ball bonding was

~



53 excellent. An LSI die was adhered to a die nounting base with an
epoxy adhesive. Ends of wires of Au were wire bond connected to the pads
of the LSI die and bonding stitches of the netal -based sem conduct or
substrate at 230 [err]C using ultrasoni d3aves. The wire bond joins were
excellent and the polyimde resin on the bottom surface was not tacked to
a jig for wpg-beRdipg. The heat resistance of the netal - based

sem conductor circult substrate was 11.5 [err]CWat a rate of air flow of

1 msec and the inphuggeed9t he a@Rbybdl €8 &l hikfR6EREIRG bASe BRIERMAN
surface was mnute. EXAMPLE.7 The follow ng processing was carried

out using thepokgmadiekiavebasesds wstwites (&f ms wditaiwiath iBbrKAMPLE 6 to
obtain a netaF-based sem conductor circuit substrate with detecting
termnals. Aofndbted| eorthehphdswaé thdeLSD dhe andl bendingpstitohésbei ng
in contiguous relation with bond ply A by etching with a solution of

cupric chlorbgethe mekal-bhgefobynitdAdhayer SubStLdtel 4 PI6I ¢ Qikin
corresponded to a pad for nounting a sol der ball. A doughnut ?lke

hol e held behwegassﬁmeeaa{rés Cidid 83i rd Bbrd f3 1R wer'ed |1 1L md dHd er 1]
and an external circle of 0.8 mmferr]) was nade in the copper foil of the

| appi ng fil mthéKpobyimiadi p@sPht bnathel botLomOosuLffte Cwsd| A6t dcatRedBkE
t he polyi m de | ayer exposed. Its position had the sane coordinates as the

above- nment i oaedifgoferanilreaabondpngi t eTHe heat resistance of the metal-
based semiconductor circuit substrate was 11.5 °C/W at a

rate of air flow of 1 m/sec and the influence of the
polyimide film formed on the bottom surface was minute.
EXAMPLE 7

The following processing was carried out using the
same metal-based substrate (5) as obtained in EXAMPLE 6 to

obtain a metal-based semiconductor circuit substrate with
detecting terminals. A 0.25-mmd) hole was made in the

rolled copper foil being in contiguous relation with bond
ply A by etching with a solution of cupric chloride to make
the polyimide layer exposed. Its position corresponded to a
pad for mounting a solder ball.

A doughnut-like hole held between concentric circles

(an internal circle of 0.55 mm$ and an external circle of

0.8 mm¢) was made in the copper foil of the lapping film

LKA by etching with a solution of cupric chloride to make
the polyimide layer exposed. Its position had the same

coordinates as the above-mentioned hole and was opposite to

AN



54 the hole. The holes on both sides were forned at the sane tine.

Each of the polyimde |ayers on both surfaces of copper body 002 was
renoved by | aser etching to expose the copper body. The shape of the
surfaces of the copper body 002 exposed swre a circle of 0.23 nmjerr] and
a doughnut-like figure held between an internal circle of 0.56 mierr] and

an external .circle of 79 err S Fig. 5A). The surface.of the
net al - based §‘§6s?‘?§€‘é o] h? h}égg%ﬁdoéléoﬁﬁs? eﬁva‘gg]fﬁ a oejane%yaa%fte!ﬁ rHS s
copper platipg,@r by electric copper plating to formBVH 200 in order to
realize a state of continuity between the copper body and the copper foi

(see Fig. 5B). Dughgs bhetﬁép§8l¥ﬂhﬁaénﬂayébﬁ_§Hrﬁéﬁﬁ SirE8€eHOLEOM si de
was al so copper-plated. However, there were neither blisters of copper

pl ati ng nor pepbelgbollyl 002 was rembeefoby Nuder| ayehing tbeekpp®engnéi | m
as the etching resist |ayer for the copper body was used to etch the
copper body wbppez bolyti (Phefskape i ef cthersulef sves faf rthe abpighn Body ke
hole in order to formdetecting termnal 400 (see Fig. 50). The

resulting subanrak?ogaa RegeeasedrbYel 85e0 . 28t filih Ndnd Oa r ESBYINP-1ike
unnecessary part of the polyimde layer in order to forma substrate as

shown in Fig,. A . circult was roed in_the.copper.fpil_on the bond ply A

si de and copﬁé ug?r%%#é %ﬁéw%% %ﬁlfnﬁ%ﬁﬁ?#nﬁlﬁggglﬁg @e#% mW@N?Ré;aﬁhe

cross-sectional shape of the thus-obtained '
external circle of 0.79 mm¢ (see Fig. S5A). The surface of

the metal-based substrate on the bond ply A side was plated
by electroless copper plating or by electric copper plating
to form BVH 200 in order to realize a state of continuity
between the copper body and the copper foil (see Fig. 5B).
During the copper plating, the surface on the bottom side
was also copper-plated. However, there were neither
blisters of copper platihg nor peeling of it.

The polyimide layer of the lapping film'as the
etching resist layer for the copper body was used to etch
the copper body with a solution of cupric chloride and form
a doughnut-like hole in order to form detecting terminal
400 (see Fig. 5C).

The resulting substrate was processed by laser
etching to remove an unnecessary part of the polyimide
layer in order to form a substrate as shown in Fig. 6. A
circuit was formed in the copper foil on the bond ply A
side and copper circuit 102 and ball mounting pad 105 were
formed. The cross-sectional shape of the thus-obtained

substrate is shown in Fig. 7. A projection resulting from



substrate is shown in Fig. 7. A projection resulting from

55 the copper body was a detecting termnal for a ball nounting pad. A
resist ink layer was formed on the circuit side. The t hus-obt ai ned
met al - based substrate was drawmn with a &Sw ng depth of 0.4 nmto forma
die nounting base (13 mm. A plating |layer consisting of NI plating | ayer

(s lerrlm g{?g éggl%ftfnﬁg%l\Qélgra(@eéeégiﬁ%g%eﬂ@ﬁlgfrf@ gl pctrol ess

plating to obtain netal -based sem conduc circurt substrate (40 nm
square) for gofRcEnyPphyPe BGRJIARKAGE layer wddlporiieel bendineg cSirduahes,
sol der ball nounting pads and detecting termnals were Ni- and Au-pl ated
and there wagq89 plating on the surface of the bottom polyimde |ayer.
The IR absorption factor of the surface of the bottom polyimde |ayer was
at |l east 90% The Bthiestolst it rmdited 1 sbded GGubgtaratld wees elresant ed on
the substrate. The resulting substrate was nounted on the surface of a
mot her boar dwirtldlea odr#Ridg adeptle ching.4ime te formORP dirl roURting dease e
parts were nounted in an IR _reflow ng furnace according to a well-know
net hod. The (1B mm} pu® matddg tlavese Fanfd stimga o A&dmge 1gwerR(48 so
that the maxi mum tenperature was 240 [err]C. The tenperature of the
met al | i ¢ bodympfand cAw apl aoingictayexi (@ud tum)ibsas diarnedg dnlarntebgas a
t her nocoupl e thernoneter. The nmaxi num tenperature was 240 [err]C.
After the nophatimg tdeolnedhn - aseitabevasendsenicondicoar tcitbsit at e was
destroyed nechanically to survey the ~

substrate (40 mm square) for a face-up type BGA package.

Only the bonding stitches, solder ball mounting pads

and detecting terminals were Ni- and Au-plated and there

was no plating on the surface of the bottom polyimide layer.

The IR absorption factor of the surface of the bottom

polyimide layer was at least 90%.
Eutectic solder balls (0.76 mm$) were mounted on the

substrate. The resulting substrate was mounted on the
surface of a mother board made of FR-4 at the same time as
a QFP and other discrete parts were mounted in an IR
reflowing furnace according to a well-know method. The IR

output was set to keep the surface temperature of FR-4 so
that the maximum temperature was 240 °C. The temperature
of the metallic body of the semiconductor circuit substrate
was measured with a thermocouple thermometer. The maximum
temperature was 240 °C.

After the mounting, the metal-based semiconductor
circuit substrate was destroyed mechanically to survey the

joins of solder balls to the mother board. All solder



joins of solder balls to the nother board. Al sol der :

56 balls were destroyed so that the solder ball bonding was excellent.
The heat resistance of the netal -based semiconductor circuit substrate was
12 [err]C/Wat a rate of air flow of 1 Bbsec. EXAMPLE 8 The
foll ow ng processing was carried out using the same netal -based substrate

(4) as obtainod 4 k&?@'@%ﬁ%ﬁ ! ‘B’Lﬁ %ﬂ@t@dr&asﬁlslu%ﬁm e

detecting termna e was forne n the ro ed copper

foil being idkcLPMUAPUOYS e’ Bledlti 2B sWistAnkany folheAmeR)1ebaBeAg W th an
aqueous sol ution containing cupric chlorlde to make the polyimde |ayer

exposed. |t QaSltl QMG %d@%& afé”lzm‘é?h' Bg a sakdepgbal I

A 0. 8-nm hol e was nma e I'n e copper apping filmLKA by etching

with an agqueous qut| ni ng cuprlc chloride to nake the polyimde
| ayer exposeacf‘ tts‘ls poés)n]t ci“c/gtefiéas t he sane coordi nates as the

above- nenti l¢ and was opposite to the hole. The pol yi m de
| ayers on bgﬁgﬂggggéges_of copper body 002 were renoved by etching with an
aqueous sol ution ﬂ@‘tﬁlmdiﬁ.d%(iﬁ%éﬁ%l i WA darrep st e ie@PRete body.
The shape of the surfaces of the copper body 002 exposed were circles of
0. 23 m er r ls a3t bt JBEs¥d |substaeant | (MY Yag sitaiedl IBAXAMILE\ErANgI Ng

part of the copper foil was etched slightly to renove (see FIG 15B). Both
surfaces of obtain a metal-based substrate with detecting terminals. A

0.25-mmd hole was formed in the rolled copper foil being in

contiguous relation with bony ply A’ by etching with an
aqueous solution containing cupric chloride to make the
polyimide layer exposed. Its position corresponded to a

pad for mounting a solder ball.
A 0.8-mmd hole was made in the copper foil of lapping

film LKA by etching with ' an aqueous solution containing
cupric chloride to make the polyimide layer exposed. 1Its
position has the same coordinates as the above-mentioned
hole and was opposite to the hole.

The polyimide layers on both surfaces of copper body
002 were removed by etching with an aqueous solution
containing hydrazine and KOH to expose the copper body.
The shape of the surfaces of the copper body 002 exposed
were circles of 0.23 mm$ and 0.83 mm$, respectively (see
Fig. 15A). An overhanging part of the copper foil was
etched slightly to remove (see FIG. 15B). Both surfaces of

the metal-based substrate were plated by electroless copper

plating or by electric copper plating to form BVH 200 in



the netal -based substrate were plated by el ectrol ess copper plating or by
el ectric copper plating to formBVH 200 in '
57 order to realize a state of continuity between the copper body 002 and

t he copper foil. A pattern was dr&in with an etching resist to form
a detecting termnal in the copper foil of the lapping film The copper
body was et chgget ol Ofgafw&ug ol ed ukﬁ, SOh LA P I wd h FidNd i ng
term nal 400. The remal ni ng etching resist” was renmoved wth a

rel ease sol ubo@p G2 C4RErthe® dSpper £sPBfrate as shown in Fig. 6. Copper
pattern 103 on the bond ply was processed to forma circuit. Copper

circuit 102 and bad |pattein Reas pchwi) Svi eard GryoRhngl e sGirsds Soob eftdxinp
shape of the thus-obtained substrate is shown in Fig. 7. A projection
resul ting frdetedteingppearmiody imsthe detpper nEpileraf nde flmppinddiilm.
mounting pad. A solder resist layer was forned on the circuit side.

The t hus- obtEheezbppan|bidy othsietehed sihstorm & wienghmwl ile hodedriani ng
depth of 0.4 mMmto forma die nounting base (13 nmsquare). A plating

| ayer consi SAFIRE oo Normy|datent ing dreyminalk (44§- and Au plating |ayer (0.5
[err]m was forrregﬂ} by el ectrol esgstP,l ating to obtain a netal -based
senm conduct or ci r cul® SIS % A IHE s"tﬁ%df’é') wag remeyed with & pe BGA
package. Onl y. the bondi ng stitches, solder ball nounti ads and
ot oct 1 ng t SRS SRHERE I PREDIH P HF o2t AP IS 3R ot ng
on the surfafcleg‘ofs 1 h%oBSES:OE'aEQIe%hml%% on the bond ply was processed

to form a circuit. Copper circuit 102 and ball mounting

pad 105 were formed. The cross-sectional shape of the

thus-obtained substrate is shown in Fig. 7. A projection

resulting from the copper body was a detecting terminal for

a ball mounting pad. A solder resist layer was formed on

the circuit side.

The thus-obtained metal-based circuit substrate was

drawn with a drawing depth of 0.4 mm to form a die mounting
base (13 mm square). A plating layer consisting of Ni
plating layer (3 um) and Au plating layer (0.5 um) was
formed by electroless plating to obtain a metal-based
semiconductor circuit substrate (40 mm square) for a face-
up type BGA package.

Only the bonding stitches, solder ball mounting pads
and detecting terminals were Ni- and Au-plated. However,
there was no plating on the surface of the bottom polyimide
layer.

Molding was regulated so that there was a warp of -30



| ayer. Mol di ng was regul ated so that there was a warp of -30

58 [errfmat 25 [err]C, 30 %RH The warp had a value of +110 [err]m at
185 [err]C. The variation was within a small range so that nounting could
be carried out sufficiently. The heat ré&f stance of the netal - based

sem conductor circuit substrate was 12 C/Wat a rate of air flowof 1

m sec. EXA E o AP me t al.-ba u tec s,abtai ned in
EXAMPLE 6 wa u%gd2§o 'or:"rrq.| g%%?'rc&ﬁ% ?Jﬁlghzlggo%pgraﬁp %i Pfi ﬁ-)llgo iégous
relation with bond ply A The netal -based_ substrate was drawn to obtain a
net al - based $8fi &nd vardptdem waghstithia 8f spRd LVoPNGPpECa&hdtown in
Fig. 13. The mninmumradius of curvature in the drawing part was 1 mm

The test aftmwounhéngraeirthd beocarsied shbwedffhaienthyr e Tha dads abnor nal
cracks and other faults in appearance in the polyimde |ayers 012 and 500
on both surfesistancenefcbhpcrebdlyPaded FeBICOPAICERL fFLEFRYton the
surface of the bottom polyimde |ayer although the <circuit side was N -

and Au-pl at esubstrate wae 1R YbSbratt imrdtetal ajir thow of dean/sfect-he bottom
polyimi de | ayer was at |east 90% The substrate was nounted on the surface

of a not her brawpLBeagle of FR-4 at the sane tinme as a QPF and ot her
discrete parts were nounted in an IR reflow ng surface according to a
wel | - known met hothé nsae chetal ceased cswlpskratectb) as obtained in

EXAMPLE 6 was used to form a circuit in the copper foil in
contiguous relation with bond ply A. The metal-based
substrate was drawn to obtain a metal-based semiconductor
circuit substrate of the MQP type as shown in Fig. 13. The
minimum radius of curvature in the drawing part was 1 mm.

The test after the drawing processing showed that
there were no abnormal cracks and other faults in
appearance in the polyimide layers 012 and 500 on both
surfaces of the copper body 002. There was no plating on
the surface of the bottom polyimide layer although the
circuit side was Ni- and Au-plated.

The IR absorption factor of the surface of the bottom
polyimide layer was at least 90%. The substrate was
mounted on the surface of a mother board made of FR-4 at
the same time as a QPF and other discrete parts were
mounted in an IR reflowing surface according to a well-
known method in which solder cream was used.

The IR output was set to keep the surface temperature
of FR-4 so that the maximum temperature was 230 °C. The

temperature of the copper body of the metal-based



The IR output was set to keep the surface tenperature of FR-4 so that the
maxi mum tenperature was 230 [err]C. The tenperature of the copper body of

t he netal - based 59 sem conduct or
circuit substrate was nmeasured with a tA&rnmpcoupl e thernoneter. The
maxi mum t enperature was 230 J[err]C. After the nounting, a

sufficient aymlofiuPBALirddSe dubstiid wis iitadaasdt lwith eopper circuit
of an MQP. The fact showed that the tenperature of the |ead-like copper

circuit was thédimddRipld athethaitstdonNdiThe. makXhlhl EcPerature Wae 2308

nmet al - based substrate (2) as obtained in EXAMPLE 2 was used to forma
circuit in tfpe copper foil in contiguous relation with bond ply A'. The
net al - based substrate (2) was drawn to obtain a netal -based sem conduct or

circui t substrate ;e oNqMIEdiREnd ! & QSR 1RAE 2¥int! VI sf19d S Shown

in Fig. 13. Its plane type view a seen ron1the opposite side to its

Circuit SULAGe 45 &Pt IdE Fﬂraa 1ethd -Gk dT JHPPEP (AHS €€ WV ariMp i N the
drawi ng part was 1 nm The test after the draw ng processing ‘showed

that there MRy efdtr FHtwadtiraakse amhmiterufa W Then leappaanance in the
pol yi m de | ayers 012 and 500 on both surfaces of the copper body 002.
There was naogppsr rgimmuit hass eddtie isint o adlgdepdondinde | ayer al t hough
the ~circuit side was N - and Au-pl at ed.

EXAMPLE 10

The same metal-based substrate {2) as obtained in
EXAMPLE 2 was used to form a circuit in the copper foil in
contiguous relation with bond ply A’. The metal-based
substrate (2) was drawn to obtain a metal-based
semiconductor circuit substrate of the MQP type. Its
cross-sectional type view is shown in Fig. 13. Its plane
type view as seen from the opposite side fo its circuit
surface is shown in Fig. 14. The minimum radius curvature
in the drawing part was 1 mm.

The test after the drawing processing showed that
there were no abnormal cracks and other faults in
appearance in the polyimide layers 012 and 500 on both
surfaces of the copper body 002. There was no plating on
the surface of the bottom polyimide layer although the
circuit side was Ni- and Au-plated.

In Fig. 14, the center of the bottom side was
referred to as point "c". Point “d" was 1 mm apart from

corner Xs in the direction of point *"c¢* on line Xs5-c.

Point "c" was considered as the standard point to measure



In Fig. 14, the center of the bottomside was referred to as point "c".
Point "d" was 1 mmapart from corner X5 in the direction of point "c" on
line X[err]. Point "c" was considered as the standard point to nmeasure
60 the height of point "d" fromthe stan®@rd point. Measurenent was
carried out at 25 [err]C and 30 %H, and 185 [err]C after heating. The

difference i peigilgheiore bRl Md> ferom ARE stanwazdcpBsnhdered to be a
war p. When point "d" was higher, a mark of "+" was used. Ml ding was

I d Jyﬂﬁédgﬂ ‘%%§ 0 5 C ang ﬁ@ 082H.
[I'ﬁg_u \7/;r6p ?\gédet val ue c?fe [err ir%ga?fult%ak[egs]r H%aé?%e?éﬁ%e%}%l ng. e5 _@_‘_
T R I

properties pra‘%lfder-'rded wfa%r c%ns%tea:ledb%e%es QM pduchén C%xf\‘% t "é“bﬁéé ate.
COMPARATI VE EXAMPLE he sane processiing as in

carried out, higesnt at hﬁtrkC@fer"#"l WwlsAugad , NOtto 1 @i & & rééhméé’d ns@
nmet al - based sem conduct or CIrCUIt substrate of the RQP type. The bottom

surface of ”E‘?xa[ err@x]‘é' %:‘AQS W%% O upl gkeds ¢3 5 t(ﬂ)%lﬁ{‘d i

Au-pl ated (0.5 s reg ated so t ere was a warp of
O [errlmat 25 Jerr]C and 30 %RH The 5 a Iarﬁg val ue of +60 [err]m
18Re %l

at 185 [err] ®axp dadh@avalye °fhé0w&Ppatn ¢l Mhse Th& | ar ge
due to tenperature changes. There was a peel stress between the substrate
and the | C chiagialtionazesxjiedngd firbat tehpetratakre changdsseascdodumt or
circuit substrate was inferior to that

The variation in shape due to temperature changes was

minute. The sample showed properties preferred for a
metal-based semiconductor circuit substrate.
COMPARATIVE EXAMPLE 3

The same processing as in EXAMPLE 9 was carried out,
except that cover film A was not laminated, to obtain a
metal-based semiconductdi circuit substrate of the MQP type.

The bottom surface of the circuit substrate was Ni-plated

(3 ym)} and then Au-plated (0.5 pm). Molding was regulated
so that there was a warp of 0 um at 25 °C and 30 %RH. The

warp had a large value of +60 pm at 185 °C after heating.

The warp in the die mounting base was large due to
temperature changes. There was a peel stress between the
substrate and the IC chip. It was expected that the metal-
based semiconductor circuit substrate was inferior to that

of EXAMPLE 9 in bonding reliability.



of EXAMPLE 9 in bonding reliability. W claim 1. A
nmet al - based sem conductor circuit substrate conpri X a netallic

. i ng: .
surface, whereina pol yimde resin is uddd for- ?Ef%l'rlﬂﬂlﬂﬁllﬂillﬂllﬂﬁﬁlll ayer

on said top surface and a circuit is forned on said dfel®ectri & | ayet;

a |l ayer of therspalimstic polyimde resin (1) which has a glass transition
tenperature of at least 120 [err]Cto at nost 300 [err]C and an el astic
nodul us at a tenpelatArmetidl Hsased sdmpimididior tdiergl s sulsstrsate on
tenperature, said |layer of thernoplastic polyimde resin (1) being

| am nat ed oncempdisiomgt om surface, said elastic nodulus being at nost one-
hundredth as large as that of said |ayer of thernoplastic polyinmide resin
(1) at the gl ass taametalbir tkogierkaving a ginp surface and e hyttom -

non-t hernopl astic polyimde resin which has_a glass transition tenperature
of at |east PWoLace PRPaFHte FFP Fakd | toPotRrtAcet Hhexsii kR Ovide ] C
hi gher than the, glass trapsitjon tenperature, said |ayer of nonp-

her mopl ast i ESBR v 954 80 ERAMAY i MRS G A IEyRR Sord top

t her nopl asti | m esi 2 Sag stlc LN re 1 han
one-tenth of&tl)%%é%?a rgtgi% %€%‘$£%fl%g%&-irﬁfcgeérﬂmsp#%gﬁ%%%llm di;;) ¥%in at

the glass transitiom &M ARl Aop e & goPmifdd MBdid P HORA & N9 of

sai d non-
has a glass transition temperature of at least 120 °C to at

most 300 °C and an elastic modulus at a temperature 30 °C

higher than the glass transition temperature, said layer of
thermoplastic polyimide resin (1) being laminated on said
bottom surface, said elastic modulus being at most one-
hundredth as large as that of said layer of thermoplastic
polyimide resin (1) at the glass transition temperature;
and

a layer of non-thermoplastic polyimide resin which

has a glass transition temperature of at least 200 °C and

an elastic modulus at a temperature 30 °C higher than the
glass transition temperature, said layer of non-
thermoplastic polyimide resin being laminated on said layer
of thermoplastic polyimide resin (1), said elastic modulus
being more than one-tenth of that of said layer of non-

thermoplastic polyimide resin at the glass transition
temperature, wherein a 25-um film consisting of said nbn-

thermoplastic polyimide resin alone has an elongation



t her nopl astic pol yi mide resin al one has an elongation ~~~ percentage
of at least 20% 2. A netal -based sem conductor circuit substrate as

in claiml, further conprising a | ayer of thernopl ‘ﬂ“% esin
(2) which has a glass transition tenperf2ure of at "““4 |“ to at
most 300 [err]C and an elastic nodulus at a tenperature 30 [ferf] C hi gher

than the glRSsdd | igod aEayatayse, said |ayer of thernoplastic
polyimde résin (2) being | am nated on said | ayer of non- thernoplastic

polyimide resin, aid glersli-bagedulsemikondactalr Ghstudbestibsthaté harge as
that of said layer of thernoplastic polyimde resin (2) at the gl ass
transition itreryleriat Ur,e. further compkisding sbdagersefi thedmopdasticcuit
substrate conpri sing: a netallic body having a top surface and a
bott om sur fpedyigppiesires ino (2Ji whtich hasf ac glasseteansdtpohyinide resin is
used for formng a dielectric layer on said top 'surface and a circuit is
formed on saiethpairelterier iof laxydeast 200 °a@ tayast mdst h2oofd asid armpol yi m de
resin (2) which has a glass transition tenperature of at |least 200 [err]C

to at  nost 3QQQS FhEudied 3k & %%En#%r%%%“%cat’c Zh]igr%fré\%éﬁ te%%) [err]C

hi gher than the g ass transition tefiperature, sal nopl astic
O R R R I LR Sl
thernmopl astig)yimide resin (2) being laminated on said layer of non-
thermoplastic polyimide resin, said elastic modulus being
at most one-tenth as large as that of said layer of
thermoplastic polyimide resin (2) at the glass transition
temperature.

3. A metal-based semiconductor circuit substrate
comprising:

a metallic body having a top surface and a bottom
surface opposite to said top surface, wherein a polyimide
resin is used for forming a dielectric layer on said top
surface and a circuit is formed on said dielectric layer;

a layer of thermoplastic polyimide resin (2) which

has a glass transition temperature of at least 200 °C to at

most 300 °C and an elastic modulus at a temperature 30 °C
higher than the glass transition temperature, said layer of
thermoplastic polyimide resin (2) being laminated on said
bottom surface, said elastic mbdulus being at most one-
tenth as large as that of said layer of thermoplastic

polyimide resin (2) at the glass transition temperature.



I

polyimde resin (2) at the glass transition tenperature.

63 4. A netal -based sem conductor circuit subs \\\‘ﬁ k\‘\t‘\\“\

a netallic body having a top surface and a bottom SUR“NNE | *0 said
top surface, wherein a polyimde resin 68 used for formrg & dielectric

| ayer on said top surface and a circuit is forned on said dielectric

| ayer; and a f t qgg‘ ' |\ e i ich has
a glass transiti on4‘t eAnpq%%?iereg%%H a%bqﬁleas (ﬁ%ﬂé&[ %‘r}ﬁe&mtg%é{b%}r#éﬁ\@;st iC
modul us at ac4ppPespigye 30 [err] C higher than the glass transition
tenperature, said |layer of non- thernoplastic polyimde resin being

l'am nated on sai d a hgdt£M SIBRBE hbriny & asdp Guirdidel andeiaotom t han
one- tenth of that of said |layer of non-thernoplastic polyimde resin at

the gl ass trempfad®roppreitatts esaidhetsp revir icd ewhebein lanpudnsingideng of
said | ayer of non-thernoplastic polyimde resin alone has an el ongation
percent age afesin isaste®(f6r formind.a Alieetexttiias ddhysamiororsduict aropci rcui t
substrate as in any of clainms 1-4, wherein a polyimde | am nate
formed on sa$urfate and surdimeuitsian tooidd gremais didentiriexdaysmn of
14x10[err]/deg. to 60x10[err]/deg. at 25 [err]C, and an el ongati on
percentage % to 120% a polyimi de |ayer being outernost from said

metallic body has aa lgelyaesrs ot %%%{jtlhoenrn{o% aesrtai:[curp%lyimide resin which

has a glass transition temperature of at least 200 °C; and

an elastic modulus at a temperature 30 °C higher than the

glass transition temperature, said layer of non-
thermoplastic polyimide ;esin being laminated on said
bottom gurface, said elastic modulus being more than one-
tenth of that of said layer of non-thermoplastic polyimide
resin at the glass transition temperature, wherein a 25-um
film consisting of said layer of non-thermoplastic
polyimide resin alone has an elongation percentage of at
least 20%.

5. A metal-based semiconductor circuit substrate as
in any of claims 1-4, .

wherein a polyimide laminate formed on said bottom
surface has a coefficient of thermal expansion of
l4x10‘6/deg. to 60x10'6/deg. at 25 °C, and an elongation
percentage of 5 to 120%, a polyimide layer being outermost

from said metallic body has a glass transition temperature

of at least 200 °C and a polyimide layer being innermost



of at least 200 [err]C and a polyinide |ayer being innernost ~—~ ~— ——from
said netallic body has an anount of adhesive strength '  C
body of at least 0.5 kg/cm 6. A netal-based s!ejmmjmmﬂu ’ :l"tuit
substrate as in any of clainms 1-4, wher ebh the total Sum of- tme st kness
of each polyimde layer is in the range of 0.5 to 50 [err]m 7. A
net al - based $9Pnt ¥RAWC Rt aQi1iUHodHU BSEls Alne af®unith oF AdMeli®e 3tréfgits N
the thickness of said |layer of thernoplastic polyimde resin (1) is in the
range of 0. 1tio0salid metalMic body of ak meiasit- IBaSetgFem.conductor circuit
substrate as in any of clainms 1-4, wherein said netal -based sem conductor
circuit substrate lkaskamesualtpasednsémigondugtomgecircuit s@bsfrateahsbased
sem conductor circuit substrate as in claim8, wherein said sem conductor
circuit substimagay of gledms dridd whexgisudder &okal sum ofigheA net al - based
sem conductor circuit substrate as_  in claim9, wherein said cavity has a

t wo- st age st thdckness ofj gach Pelydmide dayeredBodnstheakangei RE 9-Space
for formng a bonding stitch, said second cavity's interior surface being
a space for ®OudOi H®-.a chip or a space for both of forming a bonding
stitch and nounting a chip. 11. A netal -based sem conductor circuit
substrate as in clai kh Betahbebasedsaenisondootductédrcuitcaiubstubserase i s

in claim 1 or 2, wherein the thickness of said layer of

thermoplastic polyimide resin (1) is in the range of 0.1 to

10 pm.

8. A metal-based semiconductor circuit substrate as

in any of claims 1-4, wherein said metal-based
- semiconductor circuit substrate has a cavity formed by
drawingl

9. A metal-based semiconductor circuit substrate as
in claim 8, wherein said semiconductor circuit substrate is
a ball grid array substrate.

10. A metal-based semiconductor circuit substrate as
in claim 9, wherein said cavity has a two-stage structure,
said first cavity’s interior surface being a space for
forming a bonding stitch, said second cavity’s interior
surface being a space for mounting a chip or a space for
both of forming a bonding stitch and mounting a chip.

11. A metal-based semiconductor circuit substrate as
in claim 8, wherein said semiconductor circuit substrate is
a land grid array substrate.

12. A metal-based semiconductor circuit substrate as



a land grid array substrate. 12. A netal -ba's_éﬁ_se\mcomue%e# -¢circuit

substrate as wherein
said cavity has a two-stage structure, said fi rst @1@!@;@

surface being a space for formng a boncﬁfhg StItCh *sal |ty S
interior surface being a space for nmounting a chip or a space for both of

formng a bopfdi 89ashi 1€ ﬁﬁgrgﬁﬂngbﬂa éaff]{:?-has tw@stf?éreééfu@t?éfg

sem conductor circuit stubstrate as in c 8, mhereln sald sem condutt or

circuit subsgaaliefibse SavBiplsUinfepd6kagershtdChéifg a space lfor A
net al - based seni conductor circuit substrate as in claim9, wherein said

met al - based fesmtngdacbondihgcstitchjbshafidt secsnd davityrs dimtenyopubstrate
having a structure of detection termnals in a part of said bottom

surface and smwfageabebhyi ai c@acaweﬁozasmcmm a chip rogm@ sipagepdiar of

sai d bottom surface. A process for producing a netal -based
sen1conductohoéthﬁlﬁoﬁnb%grélbo%@m@ﬂl%thECh and mownbERg ngy ¢hiwpper foil
for forming a circuit, a top polyimde |layer, a netallic body and a bottom
pol yi mi de | ayer ohe d%/é’i‘e%]oﬂ%ﬁeq SR CoRARetor circuity suhg ‘?if@a%%l%ﬁ st ack
in a hot COﬂdItlfn to. forma ,subsfrate; . and, formng sajd circuit in said

substr at e. B 8, Eherele §3¢ p?%‘ﬁ’cf:?ﬂ u%t%t%’rr‘b‘é’s%osu%?ﬁ%%duct or

g::gﬂ:: sgbt ratgnééwg{|qua& package s{ggg Jg,a copper foil for formng a

14. A metal-based semiconductor circuit substrate as
in claim 9, wherein said metal-basedlsemiconductor circuit
substrate is a ball grid array substrate having a
structure of detection terminals in a part of said bottom
surface and having a polyimide layer as a cover in a
remaining part of said bottom surface.

15. A process for producing a metal-based
semiconductor circuit substrate Comprising:

stacking a copper foil for forming a circuit, a top
polyimide layer, a metallic body and a bottom polyimide
layer one over another in this order;

pressing said stack in a hot condition to form a
substrate; and
forming said circuit in said substrate.

16. A process for producing a metal-based
semiconductor circuit substrate comprising:

stacking a copper foil for forming a circuit, a top
polyimide layer, a metallic body, a bottom polyimide layer
and a copper foil one over another in_this order; pressing

said stack in a hot condition to form a substrate; and



pol yimide layer, a netallic body, a bottom polyinide layer and a copper

f,oil one over another in this order; pressing said s

condition to forma substrate; and ‘Mmmm;am,rm” Imt in
said substrate. 17. A process for 6|§rodUC| ng a nét a

sem conductor circuit substrate as in claim16, wherein the top poI yi m de

| ayer and bottom @éﬁhﬂf%éﬂe&lﬂxﬁ@tﬁbe@ald“édbsatfdé?&“ d or a gas at the

same tine.
17. A process for producing a metal-based

semiconductor circuit substrate as in claim 16, wherein the
top polyimide layer and bottom polyimide layer are etched

with a liquid or a gas at the same time.



