Metal Base Circuit Board Technical Field [0001] The present invention
concerns a nmetal base circuit board for use in fields where heat

di ssi pation and thinness are demanded, such as liquid crystal display
devices that use LEDs (light emtting diodes) as |ight sources. Background
Art [0002] Exanpl es of light sources for liquid crystal backlights
are CCFLs (Cold Cathode Fluorescent Lanps) and LEDs. CCFLs have ease
of use and | ong operating |lifespan as advantages, whereas LEDs have the
advant ages of excell ent col oM¢tapBaduCirtoin Boat@gh bri ght ness, and t hi nness,
and since they do not use nercury they have a | ower environnental inpact in
conpari son with CCFLs, and they are resistant to vibration and inpact, and
can be used over a large tenperature range (-40 degrees Cto 85 degrees O,
and furt'hechnicahfididve an operating lifespan of 50 thousand hours dependi ng
upon the operating environnment. [0003] Since the |um nous efficiency
of LEDs }j0801jow i n conmpari son with CCFLs, in enclosed spaces such as the
interior of liquid crystal backlights, there is a tendency for the

t enper at ur e i rillidpresent miveytiof chiBant @ hetahbgetirduit beamlafor seaimi t h CCFLs.

et sar s Ak RAPdishALBR MY N30 SRRRERACAT L APARIRRd drybidl 1 NOT
s edisbln ARG Eah B DS (ipBSnitiPaiiptdS 2 Taselires of tris i ho

deteriorgtion ofdth? sem conductor elenents is accelerated due to the
t enper at WS PYRAAF Tt he LEDs, and the operating |ifespan of the LEDs
becones @@ ter. Because of this, printed circuit boards on which LEDs are
nount ed nd good heat dissipation. [0004] As one met hod for

di ssi pating heat in LED:nmunted inted.cirgujt ards, t ' met hod
Wher eby pr nt ERPIeS O IBBAFIC Pl o Skt el et et B o ea
conduct i rgthegledilnarescegdd gyapernddoErent 1). However, in this nethod, it is
difficult for a printed circuit board alone to dissipate heat to the

housi ng, and a@@gbébﬁyﬁ‘ pesebdruselrecblongrimesaidng lifespentliadyestagencr eases, and
this is whdasisnatibehald@RYMdvantageslof e&@@ldﬂﬁkokﬂ&bpfﬁ@?@nngiglft hod, theL e
is a strye r t : meae ion that
is also %q%wngﬁ%ﬁd;‘?é‘?%gfaﬁé%‘ﬁg‘% n e%o M)EH%?FQE&%P; dtsefﬁl%gggk%g%ér mal vi as
to a hea@“‘f‘é@%@?ﬁg”BB??te‘F‘rFOH?’P%rF?é’“r‘é(V réé é?@é‘d ¥ ARHEFEBE e housi ng
(see patebtattocanenpayt, aldwendrwe, uselereriadatgdeeteprppbrhemetrhage (-heé

constit U&%%@e@t th¥ RQRE&L CF aRATRF®%r, can }Paav‘e%t@‘é{éﬂg Mifesbart-56 _
2002-353&101185({1%%?; Dgcumacﬁt 2. JPi A 2’0_(1;7-. 12856. Di scl osure"of the Invention
[ 0006] A PHE PrRIEHPSHRENTE SR TR RS BPEBPRIERS be solved is to

i nprove [ﬁqgg ]workabi lity of printed circuit boards during circuit formation
and duri %ED nmounti ng, by having an excel |l ent heat releasing

char act et | st | &l QY-S Nepd LU BGG8920,IRES Baitlort REAEERL2S: 10

in enclosed spaces such as the interior of liquid crystal backlights, there is a
tendency for the temperature in the vicinity of LEDs to be higher in comparison
with CCFLs. Under such conditions, the brightness decreases, and because it
is then necessary to increase the electric current, the amount of heat generated
increases, and the temperature rises further.

Because of this, the deterioration of the semiconductor elements is
accelerated due to the temperature rise of the LEDs, and the operating lifespan
of the LEDs becomes shorter. Because of this, printed circuit boards on which
LEDs are mounted demand good heat dissipation.

[0004]

As one method for dissipating heat in LED-mounted printed circuit
boards, there is a method whereby printed circuit boards release heat to the
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That is, according to the present invention, a netal base circuit board is
provi ded, having an insulating |layer with a |inear expansion coefficient of
60 ppm per degree C or higher and 120 ppm per degree C or |ower, a netal
foil provided on one side of the insulating |ayer, conprising a netal
material with a |linear expansion coefficient of 10 ppm per degree C or

hi gher and 35 ppm per degree C or lower, a circuit portion and a

non-circylt.. E i L i C i Cl.eRnt per
dogr oe Qousfigi A Andgi e lfdte B ARTARREAAT, HodReBR PO
formed ot B’Eﬁg(? AThis §1 wlgfqr@gpmasﬁéreﬂ%ﬁlfr rel qJee FoRISSRREe REH-tei r oui t
por t i on, theHwusotglansiamcedsothenankeas betotmieenagessacy, sodhe cparint@asand t he
circuit padthion @déeppd. the insulating | ayer being 50% or higher and 95%
or lower relative to the area of the netal foil, the relation between the
l'i near epopemsi on coefficients of each of the materials being: linear

expansi on coefficient of insulating |ayer > |linear expansion coefficient of
metal foil > Izinrt_@ﬁfth@m@d%o Sbi@ﬁsiﬁg%é%\%ﬁ?gﬁer@ﬁ?f%frﬁﬁﬂreﬂﬂﬂé&gﬂh@%}% t
non- ci r cyi 7 : . . it.ionally, i.n_one e of e presen
"ovent | ontiCasBRit iR Unde ¥Bhsing poptigp B 8RDA ki RaRERTRL G mieds B g

| ayer i sCiF@biepng throghtheraal vias j0 a hephipleasing padenh anthawsrgassic fill er,

and t he sidergahttenftol the hotmitgs(seppdfenp ebcemienby). vdiowever, theeds tlend 70

per cent Ig%b\;é}hgﬂgt e {88 Brutfin (Biht?\et%‘g% ié’(%xﬂgﬁzng the insulating | ayer.

A no t pr

[ 0009] ditironally, 1n one e of esent invention, a netal

base circuit i | dedmn bl &l curing agent contains a
ttl@.ﬂéxqt Décnﬁxﬁ%}{tﬁ ] 32(')0{%%'333?%81

substance that has either one or a hydroxyl group and an am no

group. Pun PateAPBLELQRAL bY . JE-R RE.1MEg of the present invention, a
metal base circuit board 1s provided wherein said white filmcontains

titani unpdi-pelee oA nVRhtignPi gnent, the titani um di oxide being rutile type
and the surface being coated with al um num hydroxi de or silicon dioxide.

[0011] popsy According to the present invention, in a substrate for an LED
backl i gh[[, the operating lifespan of LEDs can be | engthened because it has

mober s or { herbe TECEAR i fAT 3 %@‘%@E’?“ﬁ%é WG B TR e e Y
mor s 1 REYRATBRY i A Chort B Glheiint iAo a7 G PRI and
during UEpunsogt bygacig deexeppleotbeat Blbasingmsharastaristanwathout ehonesd ngs

[0012] [forguéssddy meplianabe BertiAWiAg i HiowiinBoaR! fox D Baddlighte netal base
circuit board according to the present invention schematically

(cross-sobyon drawi ng). Explanation of Reference Nunbers [0013] 1netal
foil 2insulating layer 3circuit portion 4non-circuit portion 5white film

6sol der j oi nt Pttis,ikcording to the present invention, a metal base circuit board is
provided, having an insulating layer with a linear expansion coefficient of 60
ppm per degree C or higher and 120 ppm per degree C or lower, a metal foil
provided on one side of the insulating layer, comprising a metal material with a
linear expansion coefficient of 10 ppm per degree C or higher and 35 ppm per
degree C or lower, a circuit portion and a non-circuit potion having a linear
expansion coefficient of 10 ppm per degree C or higher and 35 ppm per degree
C or lower, and a white film formed on top of the insulating layer, circuit
portion, and non-circuit portion, the total sum of the areas of the non-circuit
portion and the circuit portion on top of the insulating layer being 50% or
higher and 95% or lower relative to the area of the metal foil, the relation
between the linear expansion coefficients of each of the materials being: linear
expansion coefficient of insulating layer > linear expansion coefficient of metal
foil > linear expansion coefficient of circuit portion and non-circuit portion.

[0008]



7LED package Mbydes for Carrying out the Invention [0014] Her ebel ow, a
nmetal base circuit board according to one node of enbodi nent of the present
i nvention shall be explai ned using draw ngs. Figure 1 shows
schematically a hybrid integrated circuit nodule using a netal base circuit
board according to one node of enbodi nent of the present invention, and it
shows a cross-sectional drawi ng of the netal base circuit board. [0015]

e or enboui adfifichanyf R Blodl i tne pEEUE RRRETAE GG Bfba Pl P BSont

node of enbod nsulating 1ayer 2,
a ci rcu.t*oaptérlﬁ Pé(ﬁwgiefidvlﬁ%f&nbwréﬁasnéatmaé@feafls f%é‘*‘tdﬁ’&‘l}h%ﬁ% 1esifen 2 Wher eon
the net aturig hgdnti sndeh ipo@andedilenandnhe inagahicfdidrimakes dpdoed on the
surface gérc&@@by OéHJrﬁé bp&ér@yﬁtd 20 ;ﬁ\f@&rea%xtv%mt@tcﬁl't?é‘&bt thi tb?adno" provi ded,

and a wh 1e fil % erF 3? top of the insulating layer 2 and the circuit
portion PEMF ECABHIAME I por ti on 4. As shown in figure 1, by
nount i ng W% LED package 7 on top of the circuit portion 3 via a soI der

j oi nt po[ro n this becones a hybrl d integrated ci rcwt nodul e. [ 0016]
The net al baseA rcwi board ac gﬂg to tE \p sent ﬁfOf errbodl ment
has an insul at| 3 e ROF 2 AP BLFERE IGE™ 88f?lr%(? A6 hpm per
degree Q@Ardhp Qlﬁ‘é‘t’l dg Wh%lmﬁﬁtﬁﬁéflﬂge@@éc@‘@ﬁnﬂ dorepstancadabhas oi | provi ded
on one sgitleerametdredthiiladtyidrgxylayeup aahpl beiing ghoupt al material with a

| i near expansi on coefficient of 10 ppm per degree or higher and 35 ppm
per degr[@é1@ or lower, a circuit portion and a non-circuit potion having a
| i near expansi on coeffi cient of 10 ppm per degree C or higher and 35 ppm
per degree C ohddpiwrallyainchree moidbef fthe psrégehtrﬁdremohp@n@étattb@eldﬁ&uttatI ng

layer, 6&?'1& Hp&lﬁbﬁ%hé@ﬁt 0eg v@t—ut& Hirh d:%?t'%éih?ﬁtar{:t{ﬁ{ Hﬁfxtctlé Qsﬁa Fé sum of

the areas non-circ I on op of the
i nsul atlmmeév'e ¢ tagpyp Oﬁldﬁ%gtnc%ﬂb“ 95%%?“@55\%?“? é?&t“?“?é Ct)6’f6161he area of
t he nmet anthcﬁlvaFumlh}eirOdee pisibhem dopedeézed in that the rel ation between
the |inear expansion coefficients of each of the materials is: |inear
expansi dff0tbef ficient of insulating |ayer > (greater than) |inear expansion
coefficient of netal foil > linear expansion coefficient of circuit portion
and non- ci r cuiAcqoweirigow. thpQoefint iltverduin, iPersubsmatridr Nor-KD badklighRor t i on]
In the phesgRtatimyBRishaA of TR Cdanthl fen ﬁtéﬂeqrbe%adsé 1920 QR-&lcEGaHt portion

conpris n uct | net a rovi,ded on top of
the i nsﬁtéa{f?el%ﬁ‘%ﬁg s ga%?%f it mﬁ?@tﬁe SR e Btee 8t Gt por i on
wher i n WiHS IRk FePRIsEHERLNE REVRTILPL sFarpIng Ghamarkablidy of S PEnfat and

el ectri mﬁjtetrfmﬁrst duttaly tiromiafdrymatidreandrieingUED raouhting cander ding to the
pr esent IW jon refers to conducting material (conducting netal) that is
not el ectri cal I y utilized. [0018] In the netal base circuit board
accor di r@rt&@ﬁﬂl@nﬁﬁ&?@f‘fhd@?agwﬁ{ sémbodi nment, the total sumof the areas of
the non-circui't portion 4 an ﬁe circuit portlon 3 on top of the

i nsul atl[ggli jayer 2 is 50%or higher and 95%or |owver. |f said total
sumof the area is 50% or higher, then t he Warpl ng of the netal base

circuit 1@1(}6”}3 aﬁé&% F asSRthe 8y &fth@}n?&gt&{y GiRaft s such
as LEDs c Addlg[IO f% ot a um fe area i s
Saor o s 2eeSigfife £6 f%stsla nvgafice tfﬁaﬂ e SR B TN o

gggu(r:|e(rj(:}|3uRj 1%%1&'18?1{ ?u?c% red SO that electrical reliability can be
[0013]
1 metal foil
2 insulating layer
3 circuit portion
4 non-circuit portion



In the netal base circuit board according to the present node of

enbodi nent, the |inear expansion coefficient of the circuit portion 3 and
the non-circuit portion 4 is 10 ppm per degree C or higher, and 35 ppm per
degree C or | ower. As conducting materials that may be used as the
circuit portion 3 and the non-circuit portion 4, these can be sel ected
appropriately as long as they are conducting materials having said |inear
expansi of Coeﬂbhﬁb?PﬁH and concretely, they include Ni, Cu, A, Fe, Si,
stai nl ess steel al | oys thereof. Anong these, in consideration of

heat disgi pati alloys of Cu and Al are particularly
pref erabl e. S%%?ﬁflmtﬂdm%n the nmetal base circuit board according to the

pr esent de it is preferable for the thickness of the
circuit %grtlon qnﬁgégfe non-circuit portion 4 to be 18 pmor nore, and 70
pmor | egg, f the circuit portion 3 and the

non- CIrCUIt Bé?ﬁ?ahgih?gu @kqﬁpgﬁﬁ @ss then problens such as winkles can
easily q@g i n handl i ng durlng the manufacture of the netal base circuit
board. Additionally, if the thickness of the circuit portion 3 and the

B?gd&[ fg'nt poﬁlh% Wity | b Bike LASR: BHORS E&%r&{x{ chgwfggtareg)gt t %821]

[ Met al P?dlmentOFF}eﬂa%S%f%‘rerﬁl&@e&@ﬁ A E FRIVH®St 0 the present
node of errbodl e li ear ns gefficient of th tal material
constituting t UFFB% éﬁo‘f"éls Q.En?'gcagg’ bﬁgﬁérmﬁ’éﬁ?t@ @Yt RPGHET UERE 235 ppm
per degrmetalbase bigowit board accokiing to Qﬂmodarmf pmhadimienéedf g pesaht foi | s can

be sel ecieenBBRI AR itah8Ws A&obQBEtRMal AeMyHpoMBkahstahBYddGrqal d | i near
expansi a0, (i,?effl cients, and concretely, they include Ni, Cu, A, Si, Fe,
S

st ai nl ess cel, or all oys thereof. Anong these, in consideration of
heat di S?Jb‘? tion, Cu, A, or alloys of Cu and Al are particularly
preferab[l [0022] In the nmetal base circuit board according to the

pr esent rmde fgﬁg}[{rgogilﬁ el ﬂ‘ﬁ%g%ﬁ %%ea&rcﬁg@oar aeccto?q'ICerstﬁ?Of t he net al

foil 1 to be pm or hi ckness of
the met dprepeinymedepe @ﬂé}ﬁdémenhwﬁ%npg%mﬂhém@abmlbhsar@@éwaa@gbreakage in
handl i nglagterr 2, regeitdugt partitra® formeeddn the sudhal oﬂxasenmlaﬁu fayaear d can be

suppr ess@ﬂere@ﬁ%‘t@rﬁé@aﬁ R ?Lg o dég aNan- &g‘cb\#)l? 'pggtg&n 'f8 ﬁéd %rhytﬁ

di spl a I ce e or t is to 0023
[Insul gt héa é@é}? “TSH @tﬁég "erOE'lt eihgta r]dlsél%é’rrﬂ?’ Bn@ﬁe pr!asent

mode of & @cﬂﬂm orméyeon |t®qeaf thexipankitiowg leperf 2 aoil éhe ciofuit periios Glaadi ng

| ayer 2 {hg - @p@ultp@fmﬁegr ee C or higher, and 120 ppm per degree C or
| ower .

As shown in figure 1, by mounting the LED package 7 on top of the
circuit portion 3 via a solder joint portion 6, this becomes a hybrid integrated
circuit module.

[0016]

The metal base circuit board according to the present mode of
embodiment has an insulating layer with a linear expansion coefficient of 60
ppm per degree C or higher and 120 ppm per degree C or lower, a metal foil
provided on one side of the insulating layer, comprising a metal material with a
linear expansion coefficient of 10 ppm per degree C or higher and 35 ppm per
degree C or lower, a circuit portion and a non-circuit potion having a linear
expansion coefficient of 10 ppm per degree C or higher and 35 ppm per degree
C or lower, and a white film formed on top of the insulating layer, circuit
portion, and non-circuit portion.

Further, the total sum of the areas of the non-circuit portion and the
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As materials that can be utilized as insulating |ayers, any insulating
mat eri al can be sel ected appropriately as long as it has said |inear
expansi on coefficients, and concrete exanples are epoxy resin, silicone

resin, and copol ynmers thereof. Anong these, for reasons having to do
wi th heat resistance and adhesiveness to netals, epoxy resin is
particularly preferable. [0024] Addi ti onal | y, t hese resins can

: e oand: furth
Cos ) 0B EBRRARL b AL E M G ORI Sc) MRHOA bl bR SHmANF N e
under | yi At rthglaregq P\@rraﬁtﬂtléob d}g@'ﬁé@sélﬁﬁ hirastesizedyin that eder to
reduce tih@dathochbeimerneheflindef expansio towfitientadf @ch dthapiasrialk isuch

addi ti Vehﬁ&@@x%)aﬁ&%ﬂ%%fﬂ&é@&Qnﬁﬂgﬂﬁg I rJ@?@at@mﬂﬁwhﬁgaP@F&g& ot ti ng

and di spe ase circuit
board ac%ﬁi%fﬁﬁﬁg ﬁﬂfﬁ¥eégﬁ?fﬁﬁa%ﬂ ?nﬁ gﬁﬁﬁ%ﬁ¥CHFT“F§”%9%?B able for the
t hi cknesBow{irchid postianati ng | ayer 2 to be 80 pmor nore, and 180 pm or

| ess. If the thickness of the insulating layer 2 is 80 pmor nore,
then it 10818hsy to secure insulating ability, and if it is 180 pmor |ess
it is easy to formuniformy into an insulating |ayer. [0026] As the
epoxy re Wﬁﬂuéﬁwﬁqn@méﬁkﬂséuavﬁﬁ@whaybr 2, publicly known epoxy resins can
be utilized, and exanples that can be given are substances containing epoxy
groups such asingheghesmit imveitiginy ehelgircat pertiotbpsg Wemppniingiif gasitienl et her ,
bi sphenotorfpeik@tinciadyé cetdesting @aestdl fedndli@ingcmdidl) pﬁdtﬂded bexa yﬁiro

bi sphenoj;, i r,
neopent y{ e’c}rgulgrﬁ’lgl ér %ﬁ'%e EF@IYBB%P%{ fé}grSQl)yfgg glrgl'rxﬂ g\'ﬁh&{ El%lff é‘Fﬁ di rer
aci d d|g@§8989F3%§¥ £t qw?g} IC@% éﬁpybﬂﬁyﬁﬂﬂ$anlno
di phenyl Additihanrely, tfam(agtycmmolormm hecoyrdenetaditenpresentpheaaiom cafot sao

pol ygl ycwhduc@xh@%atetr@u (@M&{Eﬁnﬁlrﬁmgmbt R r%t%hry&héédly ﬁﬁﬁ%d bi sphenol
hexaf | uor oacet one di gl yci dyl er and the Anong t hese, for
reasons y&ng to do with heat resistance and adheS|veness to nmetals,

bi sphenol A diglycidyl ether and bisphenol F diglycidyl ether are

particul arly preheradlaebasd @4l board z«;{ccd)ﬁdlh% sy Efé&@hﬁn{o% dfhedchl oride

i on conc epoxy .. esin nor e
preferaﬁﬁﬂgégrn gﬂi&nﬁ 8¥BE%?r?ng§§3n0ncut8 §X¥ﬁ ? n@ﬂ?ﬁe i on
concent r@f%hpwttqan Hoprep @ééb@/msébatm&bwpb% ig $@&h or higheyrand %a ainder hi gh

t enper atloas, under high humdity, and under direct or alternating current,
mgration of ionic inpurities occurs, and there is a tendency for the

el ectrical i nslikaid totalahint bf ﬂ\ete(redeﬁﬁ@?am higle@28len the warji®gof e i ng agent s

for the SREAYaSEshtuit BB W 6OsGOPLRLAY, faga%af}ﬁsanmgbf 91%\4&@%1& gg; gpgug;
are dem?%lr @&@éﬁ%\%@@ﬁpe &en%‘gdft&g‘aé& {fsé airsé’s“i1 RET
polyanln@fam@9@ékyﬂhemohamﬁﬁcggyspaazhﬁumenah@snmmepermmman@th@ents for

epoxy T esbm-cirPaittpoptibAkhy b WbSIRHC &S R AL G INSIiOXYin BE 94REAr € used,
har deni ng accel erators may be used. For the hardeni ng accel erators,

it is prgbesable that they be inidazol e-based. For exanple,
2-met hyl i m dazol e, 2-undecyli m dazol e, 2-heptadecyli m dazol e,

1, 2-di met hyl i Mind@geheral Bag@&tlhmhrwoaffatmmdmga@%@ rédeRbgitdel g dazol e,

2- phenyl e z

1- benzy 1r§ fenqné/%lﬂr %eg@é(g e’xp% g%g Cﬁ%gg &%ﬂq%he rgu%f Ofﬁ staél zhr% dazol e,

2. phenyInQF‘ SUGVHWBQS}ﬁé% ﬂn@«wm aab grgree C or Igher and 35 ppm per degree

2, 4- di anCrod6fW2t.- ret hyl i m dazole-(1")l-ethyl-s-triazine, 2,4-d

i am no- 6-[2' -undecyl i m dazol e- (1') Fet hyl -s-tri azi ne,

1- cyanonet hy1-2s netddwydting charaiss tleatdnanbe iské aatke desiit gblgon 3 and
the non-circuit portion 4, these can be selected appropriately as long as they are
conducting materials having said linear expansion coefficients, and concretely,

they include Ni, Cu, Al, Fe, Si, stainless steel, or alloys thereof.

Among these, in consideration of heat dissipation, Cu, Al, or alloys of
Cu and Al are particularly preferable.
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Anmong these, for the reasons of inprovenent of reliability against noisture
and Tg (glass transition tenperature),

2, 3-di hydro-1H pyrol o[ 1, 2-a] benzi m dazole is particularly preferable.

[ 0030] It is desirable for the amount of hardening accelerator to be
added to be 0.005 parts or nore, and 5 parts or |ess. I f the anpunt
of hardening accel erator added is 5 parts or less, the pot |ife becones

| onger, @ﬁ ﬁ decrease in workability due to thickening can be suppressed,
and if it s 0.005 parts or greater, then the high tenperature heating

dur i ng harden'mqhg%&a?ﬁa&hgf%?qb?ﬁai ity g%o%ﬁeeggss%%&og P the

st andpoi nt _of "~ cOSt . anic fillers to
be cont af'REadimeRthE 1p REefieEabln T téi*g?éh negs ¢f thesincHiipagtiend &t fhecal |y

i nsul at i ngn-airdult poetian 4endel 18qmh drheops landdiiduet onvlesy are preferable, for
exanple, silica, alumna, alumnumnitride, silicon nitride, boron nitride,
and magnesi um Ibxhelthicimse gf tihesecuif ponidmha astlahd poinAtirafit pdneﬁiml zal

i nsul at i 0 ﬁ{‘gr k@@&ﬁ&hp %@%tdu\éhta)é’wﬁhkleg%an%héi Rdse AP num ni tride
are parti Iar%%HP abl e t}‘{e é&(g ble ar. 1,tlhe sodi um

i on conc‘éﬂ’f"r‘% “tfﬁ‘f‘Hr? REteBF FhRpee ‘F‘i‘f‘ft}l PO"‘L’Y ot H}Vdf ess, and
nor e pr eftéelgisise of Hie girudt perting 3 a0d ghernon-disys, portlonMSf e, &mm um i on
concent r ptdi0éimk ribO At Gafira groliuetion of BR0cPAM porti@sand then it is

diffi C“'ﬁ%ﬁg{rchﬂ:ﬂo?n fpurities to mgrate under high tenperatures, under

hi gh hum under direct or alternating current, and a decrease in
electric n]onductl vity can be suppressed. [0033] Wth regard to the
anount o organic filler to be contained in the insulating layer 2, it is
desi rab'@dét%‘i FE’E inorganic filler to nake up 40 percent by volunme or nore,
and 70 percent § vol une or less of the total volunme of the i nsul ati ng

| ayer . iy t'h@%?t??ﬂgée é?fcdht“’r%a@}?lrﬂccg%%i %% tl‘%@ﬂ}&'eﬂ &0 percent by

vol une or re, a clen erma i e .o t%i ned, and if
it is 7oeIBgDégﬂ?n%f}*@vmwxeanﬁ@gscoeﬁrf‘éﬁ%mq %%@ﬁﬁ@iﬁffﬁ lcgnetipdingdet ect s
to ari sethedunitadfoihé if B0 ppti per dégreh & onBighat and 35gymn 2 degdea/Glarage

resi st angeyand adhesi veness will not be lost. [0034] Additional ly, it
is further desirable to m x together two or nore types of inorganic filler

having differ Q‘OI%taQ@EHdthﬁ b ATBLeRIr & mbfal %I@Le@ant@e %&t@d%ﬁﬁ%ﬁﬁ %due to

t he inor [

conduct 1 43 0y 1“ e %ﬁ(?lngaﬁfé?ﬁ%eg$ BUF ST R Bt Sntv m K or
greater, C(Hﬁéie ey igchicpN k hi et gaipdes siyah e dioygrtbarast. | f
the thermal conductivity after curingis 1 WmK or greater, then heat

ari sing from thBQIZRepe dilcopsidertionmoidhadt clissipation £ éleas alioysof he
rever se Surahalck] afe pdréicoltl pledsebli.rcuit board, and further, by releasing
this heat to the outside, the buil dup of heat due to el ectric parts can be
reduced, [0822] the rise of tenperature of the electrical parts can be nade
small, and in addition, a hybrid integrated circuit nodul e having a | ong

| i fespan can He theanétdebase circuit board according to the present mode of

embodiment, it is preferable for the thickness of the metal foil 1 to be 150 um or
more, and 300 um or less.

If the thickness of the metal foil 1 is greater than 150 pm, then problems
such as breakage in handling during the manufacture of the metal base circuit
board can be suppressed, and from the standpoint of having thinner liquid
crystal display devices, it is preferable for this to be 300 um or less.

[0023]
fInsulating layer]

In the metal base circuit board according to the present mode of
embodiment, the linear expansion coefficient of the insulating layer 2 is 60 ppm
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[ 0036] Further, in order to secure the insulating property when a
voltage is applied to the circuit portions after the nounting of electric
parts such as LEDs, it is preferable for the breakdown voltage of the
insulating layer 2 to be 1.8 kV or higher, and even nore preferable for
this to be 2 kV or higher. [0037] In the netal base circuit board
according to the present nDde of enbodinent, it is preferable for the

rel at! o_na&i (F?é%ufml lngefazro Iﬁ%ﬁgﬁ%l& ff'l&v% t of the netal materi al

conpri si thel I ex anS|on coe fICI ent of the

i nsul ating | aygg maqggafsnﬁa{ LR L BPTL AGRRILRSLEN O lig gl r Ul ¢

portion and t |on coefficient of
i nsul at i ﬁat%ﬂ@ﬁm e|s|e @%bré%’é’iaé YE§PRE &F EritassrIGEnedr $Ransion j near
expansi omethebhiscapatonéretd examplepare poxangimeiiicinecusin, podt i on. [ 0038]
The reas 51 Sekd PRAEoExpansi on coefficient of the metal material
conprisin e netal foil is greater than the |inear expansion coefficient

of the ci rcw tAﬁng @@s@rfgr Péb%oﬁé)ﬂaﬁhr GBido WA RN réfstaRcOhfgr to reduce
the linea ortion for which it is

expans
desired ?‘#%ﬁ \%g‘rgﬁ?ﬁ ﬁ%ﬁrled)oﬁéftreﬁlgclﬁlpartéﬂﬂa’ﬁﬁé)f‘e ?18 suppress war pi ng
during td?)% &ﬁrmatlon of the circuit portion and the non-circuit portion on
the insu ? g layer, and to nmintain an excellent workability during
circuit formatj nount | s _desirable for the
face of the mls\ﬁaéff’“r%‘ lnyg‘eé? f?‘%gar“eéoﬁ‘q?ﬂqeaﬁ8RPE‘?9%%}C “BEE foT and t he
circuit Bergays fdless @nﬁ&uml@a aglgithee ageads Hid impvevelaveling ability gimd
reflecti wnettybﬂ;l?@m tieulad ety inigtmb gerdé sindaptandera dheesseihadscositytine

i nsul ati &Sﬂ r% SEddccMhe kﬁﬂeﬁf@o?@&egﬂsrcﬁﬁhﬁe%ﬁg Ath, 4 ]ﬁ?&%ﬁl@faﬂﬁ&u' t

portion 3 (ilg.%( res to undergo surface rou |n% Ireat nent g si |l ane
coupl i ngP4HIEYERBRRTS ARG TS GHERCe fETTSHEBAREB S 81REEN8 And [ 0040]

It is préﬁpemgagmt&t(ﬁeths(}ﬂ@egree C peel strength between the insul ating

| ayer 2 and the "circuit portion 3 and the non-circuit portion 4" to be 1
kg/ cm or[0§R&lat er, and nore preferable for this to be 1.4 kg/cm or greater,
in order to secure connection reliability after the nounting of electric
parts such as InRbs m¢t@bhade disiit leoad arpording to Wit praseghmddemft he resin to
be used é@boahﬁeﬁmtleffréﬂem@e fort thegthkakbey atrhe ihallating Safd X@MHa at | east

one typeugjoglql%rrgoa%%t d r(ersll or phot o-curing resin. the thernosetting
resin, epoxy resi’n’'is pr'e erab and as the photo curing resin, acryl

resin is pref to be used for
the white 11l g fickBE5 H}%ﬁla%h‘a&ﬁlg? oS AR Ty pe o
white pi *@ﬁeﬁvre ggeipting %hl%lahﬂﬂ%lﬁté&i%mb% keﬁmtgﬁf-’wt@ of ‘ém Qﬁm]é’ lica.

| n partiicdb an inwdiatingfiayers t hat contain titani um di oxi de have a hi gh index
of refraction, and the light reflectance of the circuit board w |

t her ef or@0B&] hi gh, so they are preferable. [0043] In addition, with
regard to titaniumdioxide, the rutile type is highly stable, so its

phot ocat al yt i cAatitd epoisrastraksecaindthilinsuetjingdaydrdn pablitlyeai@sh rpogyponent

I's therefQng c%HWx%ﬂ%f‘éﬂi %ﬁlj%txaﬁﬁﬂ&é)tﬂdttcéﬂ'b@ 1%19511&%@&5&39&&%@ é:,m ures,

et on, PTG BrGHABIS Pt PRL A dietutdv hmeg Bk Fi bR dmototy
hydr oxi dl@sghexgq)hﬁ dighy dilpketber, resorcinol diglycidyl ether, hexahydro bisphenol A
diglycidyl ether, polypropylene glycol diglycidyl ether, neopentyl glycol
diglycidyl ether, phthalic acid diglycidyl ester, dimer acid diglycidyl ester,
triglycidyl isocyanurate, tetraglycidyl diamino diphenyl methane, tetraglycidyl
methaxylene diamine, phenol novolac polyglycidyl ether, tetrabrome bisphenol
A diglycidyl ether, bisphenol hexafluoroacetone diglycidyl ether and the like.

Among these, for reasons having to do with heat resistance and
adhesiveness to metals, bisphenol A diglycidyl ether and bisphenol F diglycidyl
ether are particularly preferable.



[ 0044] It is preferable for the anount of white pignent contained to
be 30 percent by weight or nore and 75 percent by weight or | ess of the
conposition of the white film5. | f the anount of white pignent
contained is 30 percent by weight or nore, a sufficient reflectance can be
obtained, and if it is 75 percent by weight or less, then the |eveling
ability is not reduced due to thickening, so a flat coating film can be
obtainedf a reduction in reflectance can thereby be suppressed. [0045]
From t he' st’andpoi nt of effective utilization of the light emtted by the

LED, it is pr i f.l I . e t.an f 70
percent o nork 1 Bt tnlfic Wb e iphor bl P Sl GioRe ARG Ty 1o
have a r 80VRpmmedes and meredasterdplefsr dhigto be GOHPPOBIOLSSS: 525 nm (red),
and 620 nm (red). in nore preferred enbodi nents. [0046] In addition

it is desirabléthefhlopidein CREFCTHEHHIE MINTR {POEPPHE AT FEETPPHIFOS 160 be

| ower t hhight Heert inederathighdashpetatvirésy vokiet hegh hsolidity,reond @yder direct or If the

ther mal geRdUEhE\kd%er@ midtavhid Sodit o ths| RWEFs, hAAMhERSs hhehadic
I ﬁlg LEES package

conductiyity o he . i nsyl at ..l ayer, 2, since the heat fromt

IS not rérgéggﬁfcgrg%q AR ?@IW¥W9?f§af%e circuit portion, it is
difficul@oéﬁg the anbient air tenperature in the vicinity of the LED to
ri se, an |ife span of the LED becones | onger. [0047]

Addi tionally, %yith regard to tt Ee net al _base circui ?i%ﬁ?’gar“g .1t is preferable
for this to ha 8‘%&%&3?3%@%& U EGPOXEEETIN B GH WRTECOMAR 500 um or | ess,
i n or der substangenthatrhavecitsr oae osthoshgf A hydoodgp group andddi amdral |y, it is

pr ef er abgedothat beacteivath jase @iotipyiate dodrsble0 Pavepleswdcpagg Qfends M or

| ess for , A gglt,% e circuit board. [0049]

For the %ﬁ%%@s%p%%gsp%rggh%ﬁ{nn\%%ﬁ n, lthﬁgaglar page is defined so that

when thedgg?%circuit portion 4 and the circuit portion 3 are on top of the
i nsul ati%g yer 2, if when laid on a flat and horizontal surface, it

becones concaw i : Lt i . "o " if it
becones conv:exl‘,?1 ag&l ﬁ’%eg‘g%\;\gggg%ﬁﬁstﬁf gﬁ%&e’? If'é%g@ﬁaghgg@hﬁg&s&%ﬁe absol ute
val ue of “UHaIRS é{ééo’?)él BEAEPHALS MRy Rargring ACsHEradtisdrap &R iuseder of the
net al base cirgcui oard relative to a flat arlg hlga[;ti ontal surface. [0050]
It is desirabl®&% reeRifeaccdREiarsoft if REcirElf ¢ dBOEPPcuit board of the

present imivertleshased. b&oupxaowe, 2ndetheflimidaghte, 8ynmscylimidandef ur t her
S\ES' r a,blt E_heb%de}cyliirﬁ?@%lé 18,%1&%%ﬂgniraide%}]@a%@th)gctdﬂelt}%ﬂﬂlhlc%@zow ﬁ tas es
ere it,i if:flcu e pui.er..s - ard left-ri

oymet 12 b el LB LI RO MR ARG oo

board byl 8REYgZ-PheRyEgidnerle re3-dilkedrop bigayrolo [1,2-a] benzimidazole,
2-phenyl-4,5-dihydrosymethylimidazole,
2,4-diamino-6-[2’-methylimidazole-(1")]-ethyl-s-triazine,
2,4-diamino-6-[2'-undecylimidazole-(1")]-ethyl-s-triazine,
1-cyanomethyl-2-methylimidazole, and the like are desirable.

Among these, for the reasons of improvement of reliability against
moisture and Tg (glass transition temperature),
2,3-dihydro-1H-pyrolo[1,2-a]benzimidazole is particularly preferable.

[0030]

It is desirable for the amount of hardening accelerator to be added to be
0.005 parts or more, and 5 parts or less.

If the amount of hardening accelerator added is 5 parts or less, the pot
life becomes longer, and a decrease in workability due to thickening can be
suppressed, and if it is 0.005 parts or greater, then the high temperature heating
during hardening becomes shorter, and this is preferable from the standpoint of
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The netal base circuit board of the present invention can extend the life
span of LEDs because it has an excellent heat dissipating characteristic
wi t hout using accessory nenbers or thermal vias, and by suppressing

war page, the workability can be inproved during circuit formation of the
printed circuit board and LED nounting, and it is extremely industrially
useful as a netal base circuit board for LED backlights. [0052] The
preferre Sggﬁgs qf gﬁﬁgdinent of the present invention have been descri bed
above, b §g)§f Te exanpl es of the present invention, and various
ot her co&ggt&utions ot her than those given above may be utilized.

Enbodi nent anpl es [ 0053] Her ebel ow, enbodi nent exanpl es accordi ng

to the present,jnventio an o] ratiyve anpl e hal | expl ai ned

usi ng b avi nos BT BaBRAETEy 68 TRABect &y R BRRng Ty 2, MR Bhaf L o
these. [®gsdgctrically inpyiating and basear exeqllant Hoemeplsoadraiivigy 86 t he present
enbodi neptefexaipfer dxanaplepsitita, bdseind, atuminioaticide sili@nanitgdglbdronl 1, an
i nsul at i fgrhRYATd malRRNEEH BQdQPGﬁHBﬁg?ﬁes%ffBH?t . t%c@g@h‘t of eleRurfla O 1
portion 3 apd a qu-cyrc It @OFtL?n 4. oqneé on the surface.of, the

i nsul at i Aiguieliparanst tieamal FoRiiecthdpapilic; UEING, 3d alimaRuRR ITGERTS whi t e
filmb5 foanisdlasly poafersble.he i nsul ating | ayer 2 and the circuit portion 3
and the non-circuit portion 4, as shown in figure 1. Reference nunber 7 in
t he drawi¥dg2l s an LED package. [0055] [Enbodi ment Exanpl es] The net al
base circuit board of enbodi ment exanple 1 was made according to the

fol | owi ng net Hbds preferableNorithe seditinméprt egreenrapes wishivethednorgasdpper f oi |
havi ng afilldi KRESH 1}9311‘1;?(5 1045, ah8l rSoehprRfdal foathikhe behioolpirs sraddker curing
is 150 pm he insulating |layer 2 was bl ended by adding, to a

bi sphenol A t yipehepaun RS doriceRhEbth RSinorpRmeifakl ¢ 800 PynDei Rkgpon | nk

and Chemycal:.s). 1.6k am I s " f Ni hon Gosei
Kako) ao e el il RALRIIMUIANR e e e RN BRI o™ T he
form of w%@rﬁ@ﬁ@w%ﬂa%@f HEFET 3}r§§t AHFHAHRS SU BBy Ea? HPeeassize of 1.2
| AM (" A-dlectrmahadrabitativéty dayr Beadugygmesdell. and silicon oxide in the form of
fragnmented coarse particles having an average particle size of 10 um

(" SQ 10"[00A%INuf act ured by Hayashi Kasei) so as to form 35 percent by vol une
of the insulating layer (the mass ratio of spherical coarse particles and
spheri cal fi neWptteigeldso el argoBnddf infodga6t filler to biNexthtaimdduim thiem f oi | of

thi cknesgaAR%indMayesa St HalesHADIeARE DS Go hAET R 9QRraga b Cur ed bY

heati ng, d | b boar d. wh h [ ti inth
N R A
| ess wasingBladingdayer 0057] Furt her, regarding the obtained netal base

board, after masking predeterm ned |ocations with etching resists and
et chi ng the cdppes amennt opinayganicHélesicoptainedér 44 percantby Welutpa ot rcui t
portion imave avaiffiokst tlairalal 2bradctivife cet bhiobeined, Aid M@tsisr?er}mt%tgndha .
copper cj¢ = Gl Jaed r g e f and t her eby
GUldmeat ﬁé%@,bt%eﬂgp'b&g&% &&H&&c}t O%égg sfo %E@ghﬁ%—%&ﬂ?
r

a netal pase circujt 'boar ofht ai ne a white
sol der r/@EMatioReRs féﬁmq@@tl%m?wa @%W@ng%r%ﬁl enfa asbat Beseeie AT le 111 m 5
havi ng andfilghlosef | ect ance, and this was cured by heating and ul traviol et
l'i ght. At this tine, a white filmcoating was not formed on the LED
package #0084kt i ng portion on the circuit portion 3. As the white sol der
resist, "SSR-6300S", manufactured by San-ei Kagaku was used.

Additionally, it is further desirable to mix together two or more types of

inorganic filler having different particle diameters, in order to avoid thickening
due to the inorganic filler.

[0035]

It is preferable for the thermal conductivity of the insulating layer 2
after curing to be 1 W/m-K or greater, and more preferable for this to be 2
W/m-K or greater.



[ 0059] For the enbodi nent exanple 1, as shown in table 1, the total
area of the non-circuit portion 4 and the circuit portion 3 on top of the
insulating |ayer 2 was nmade to be 79% of the area of the netal foil 1, and
the |inear expansion coefficient of the nmetal material constituting the
metal foil 1 was nmade to be 23.9 ppm per degree C, the |inear expansion
coefficient of the insulating |layer 2 was made to be 91.3 ppm per degree C,

and the |inear,.expansion coefficje of the. cifcui ortion and t he

fon- circui t - pdf ERo SO e %%?fﬁ%rglggﬁﬁ\ Wik Boieale e bl

The contaigieg {mm dhe eleftricadbpanaicen pifigiently be selpgsed to theaevesabutfetane of

t he i nsubfathicigetablgde drot@isb@nW atdéurthst, by uskdsingrthidigedtns thabiungdd, ayer was
made Lo € AR SR RNG stk Bhris2in BUBAIDAL Shab! M ggent was added
to the insulat] %er. , As P8 gwn | | Hré , I n_enbodi m%n_t exanpl e
1, the WEPRHGUIRGLAC Hsstrical PRy ca DERRRAT BRETAANUER 24LEOn, AR DS

[ 0061] [ifigretet] cir&EnbomeidubahaExgreploeg lifesParGcanbeprafid€ircuit Portion +
Area of [I(\)lggé]O' rcuit Portion) / Area of Metal Foil (Units: %9 79 79 79

Further, in order to secure the insulating property when a voltage is
applied to the circuit portions after the mounting of electric parts such as LEDs,
it is preferable for the breakdown voltage of the insulating layer 2 to be 1.8 kV
or higher, and even more preferable for this to be 2 kV or higher,

[0037]

In the metal base circuit board according to the present mode of
embodiment, it is preferable for the relationship between the linear expansion
coefficient of the metal material comprising the metal foil, the linear expansion
coefficient of the insulating layer, and the linear expansion coefficient of the
circuit portion and the non-circuit portion to be:

linear expansion coefficient of insulating layer > linear expansion coefficient of
metal foil > linear expansion coefficient of circuit portion and non-circuit
portion.

[0038]

The reason the linear expansion coefficient of the metal material
comprising the metal foil is greater than the linear expansion coefficient of the
circuit portion and the non-circuit portion is in order to reduce the linear
expansion coefficient of the circuit portion for which it is desired that warping
should not occur, and thereby to suppress warping during the formation of the
circuit portion and the non-circuit portion on the insulating layer, and to
maintain an excellent workability during circuit formation and LED mounting.

[0039]

It is desirable for the face of the insulating layer 2 whereon the
non-circuit portion 4 and the circuit portion 3 are mounted to be flat and have
excellent light reflectivity. Particularly, it is desirable for the surface on the
insulating layer 2 on which the non-circuit portion 4 and the circuit portion 3
adheres to undergo surface roughening treatment, plating, silane coupling
treatment, and the like, in order to increase adhesion.
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Li near Expansion Coefficient A of Insulating Layer (Units: ppmideg C 23.9
23.9 23.9 Linear Expansion Coefficient B of Insulating Layer (Units:
ppnmdeg C) 91.3 91.3 91.3 Linear Expansion Coefficient C of Crcuit Potion
and Non-Circuit Portion (Units: ppnmideg C) 17.5 17.5 17.5 Contai ned Anount
of Inorganic Filler Relative to Total Area of Insulating Layer (Units: A)
35

[0040]

It is preferable for the 90 degree C peel strength between the insulating
layer 2 and the “circuit portion 3 and the non-circuit portion 4” to be 1 kg/cm or
greater, and more preferable for this to be 1.4 kg/cm or greater, in order to
secure connection reliability after the mounting of electric parts such as LEDs.

[0041]
[White Film]

With regard to the resin to be used for the white film 5, it is preferable
for this to contain at least one type of thermosetting resin or photo-curing resin.
As the thermosetting resin, epoxy resin is preferable, and as the photo-curing
resin, acryl resin is preferable.

[0042]

With regard to the resin to be used for the white film 5, it is preferable
for this to contain at least one type of white pigment, such as titanium dioxide,
barium sulfate, talc, or silica.

In particular, white films that contain titanium dioxide have a high
index of refraction, and the light reflectance of the circuit board will therefore
be high, so they are preferable.

[0043]

In addition, with regard to titanium dioxide, the rutile type is highly
stable, so its photocatalytic action is weak, and the degradation of the resin
component is therefore suppressed relative to titanium dioxide with other
structures, so it is preferable. Additionally, in order to suppress photocatalytic
action, it is preferable for the surface to be coated with aluminum hydroxide or
silicon dioxide.

[0044]

It is preferable for the amount of white pigment contained to be 30
percent by weight or more and 75 percent by weight or less of the composition
of the white film 5.

If the amount of white pigment contained is 30 percent by weight or
more, a sufficient reflectance can be obtained, and if it is 75 percent by weight or
less, then the leveling ability is not reduced due to thickening, so a flat coating
film can be obtained, and a reduction in reflectance can thereby be suppressed.
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56 35 Resin Used for Insulating Layer Epoxy Resin Epoxy Resin Epoxy Resin _

Curing Agent, Catalyst Used for Insulating Layer Am ne Based Curing Agent
Am ne Based Curing Agent Phenol Novol ac, | m dazol e Based Curing Catal yst
War page Amount (Unit: mm) 1.2 1.1 1.8

[0045]

From the standpoint of effective utilization of the light emitted by the
LED, it is preferable for the white film 5 to have a reflectance of 70 percent or
more in the visible light range of 400 to 800 nm, and for it to have a reflectance
of 70 percent or more at 460 nm (blue), 525 nm (red), and 620 nm (red) in more
preferred embodiments.

[0046]

In addition, it is desirable for the thermal conductivity of the white film
5 to be lower than the thermal conductivity of the insulating layer 2.

If the thermal conductivity of the white film 5 is lower than the thermal
conductivity of the insulating layer 2, since the heat from the LED package is
not released from the white film via the circuit portion, it is difficult for the
ambient air temperature in the vicinity of the LED to rise, and the life span of
the LED becomes longer.

[0047)

Additionally, with regard to the metal base circuit board, it is preferable
for this to have a total thickness of 265 um or more, and 500 pm or less, in order
to maintain mechanical strength.

[0048]

Additionally, it is preferable for the metal base circuit board to have a
warpage of 3 mm or less for each 100 mm of length of the metal base circuit
board.

[0049]

For the purpose of the present invention, the warpage is defined so that
when the non-circuit portion 4 and the circuit portion 3 are on top of the
insulating layer 2, if when laid on a flat and horizontal surface, it becomes
concave facing upwards, it is defined as “+: plus”, and if it becomes convex,
facing downwards, it is defined as “-: minus”. The absolute value of the
warpage is the maximum height of the outer perimeter of the metal base circuit
board relative to a flat and horizontal surface.

[0050]

It is desirable for the outer shape of the metal base circuit board of the
present invention to be up-down and left-right symmetric, and further desirable

12



Circuit Board Tenperature during LED Operation 1 63 58 65 Conparative
Exanples 1 2 345 6 (Area of Grcuit Portion + Area of Non-Crcuit

for it to be a square or a rectangle. Additionally, in cases where it is difficult to
make the outer shape up-down and left-right symmetric, it is desirable to
process the outer perimeter of the circuit board by making notches and the like.

[0051]

The metal base circuit board of the present invention can extend the life
span of LEDs because it has an excellent heat dissipating characteristic without
using accessory members or thermal vias, and by suppressing warpage, the
workability can be improved during circuit formation of the printed circuit
board and LED mounting, and it is extremely industrially useful as a metal base
circuit board for L.LED backlights.

[0052]

The preferred modes of embodiment of the present invention have been
described above, but these are mere examples of the present invention, and
various other constitutions other than those given above may be utilized.

Embodiment Examples
[0053]

Herebelow, embodiment examples according to the present invention,
and comparative examples, shall be explained using drawings and table 1, but
the present invention is not limited to these.

[0054]

The metal base circuit board according to the present embodiment
example is a metal base circuit board having a metal foil 1, an insulating layer 2
formed on one surface of the metal foil 1, a circuit portion 3 and a non-circuit
portion 4 formed on the surface of the insulating layer 2 whereon the metal foil
1is not provided, and a white film 5 formed on top of the insulating layer 2 and
the circuit portion 3 and the non-circuit portion 4, as shown in figure 1.
Reference number 7 in the drawing is an L.ED package.

[0055]
[Embodiment Examples]

The metal base circuit board of embodiment example 1 was made
according to the following method.

An insulating layer 2 was formed on a copper foil having a thickness of
35 um, in such a way that the thickness after curing is 150 pum.
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Portion) / Area of Metal Foil (Units: /0) 98 30 79 79 79 79 Linear
Expansi on Coefficient A of Insulating Layer (Units: ppnideg CO 23.9 23.9
39.7 23.9 23.9 10.5 Linear Expansion

The insulating layer 2 was blended by adding, to a bisphenol A type
epoxy resin (“"EPICLON-828", manufactured by Dainippon Ink and Chemicals),
diaminodiphenylmethane (“H84B”, manufactured by Nihon Gosei Kako) as an
amine-based curing agent, and then adding silicon oxide in the form of
fragmented coarse particles having an average particle size of 1.2 um (“A-17,
manufactured by Tatsumori) and silicon oxide in the form of fragmented coarse
particles having an average particle size of 10 pm (“SQ-10", manufactured by
Hayashi Kasei) so as to form 35 percent by volume of the insulating layer (the
mass ratio of spherical coarse particles and spherical fine particles being 6:4).

[0056]

Next, aluminum foil of thickness 200 um was stuck on, and the
insulating layer 2 was heat cured by heating, and a metal base board wherein
the sodium ion concentration in the entirety of the inorganic filler in the
insulating layer 2 is 50 ppm or less was obtained.

[0057]

Further, regarding the obtained metal base board, after masking
predetermined locations with etching resists and etching the copper foil so that
the circuit portion and the non-circuit portion have various total areas, the
etching resist was removed and a copper circuit potion 3 and non-circuit
portion 4 were formed, and thereby a metal base circuit board was obtained.

[0058]

Further, a white solder resist was applied on the metal base circuit
board as a white film 5 having a high reflectance, and this was cured by heating
and ultraviolet light.

At this time, a white film coating was not formed on the LED package
mounting portion on the circuit portion 3. As the white solder resist,
“SSR-6300S”, manufactured by San-ei Kagaku was used.

[0059]

For the embodiment example 1, as shown in table 1, the total area of the
non-circuit portion 4 and the circuit portion 3 on top of the insulating layer 2
was made to be 79% of the area of the metal foil 1, and the linear expansion
coefficient of the metal material constituting the metal foil 1 was made to be
23.9 ppm per degree C, the linear expansion coefficient of the insulating layer 2
was made to be 91.3 ppm per degree C, and the linear expansion coefficient of
the circuit portion 3 and the non-circuit portion 4 was made to be 17.5 ppm per
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Coefficient B of Insulating Layer (Units: ppnmideg C) 91.3 91.3 91.3 127.5
91.3 91. 3 Linear Expansion Coefficient Cof Crcuit Potion and Non-C rcuit
Portion (Units: ppmdeg C© 17.5 17.5 17.5 17.5 4.3 23.9 Cont ai ned Anmount of

Inorganic Filler Relative to Total Area of Insulating Layer (Units: % 35

35

degree C.
[0060]

The contained amount of inorganic filler relative to the total volume of
the insulating layer 2 was 35%, the resin used for the insulating layer was made
to be epoxy resin, and further, an amine-based curing agent was added to the

insulating layer.

As shown in figure 1, in embodiment example 1, the warping amount
was 1.7 mm, an excellent value, less than 3 mm.

[0061]
[Table 1]

Embodiment Examples

1 2 3
(Area of Circuit Portion + Area of
Non-Circuit Portion) / Area of Metat 79 79 79
Foif {Units: %)
Linear Expansion Coefficient A of
Insulating Layer (Units: ppm/deg C) 23.9 23.9 23.9
Linear Expansion Coefficient B of
Insulating Layer (Units: ppm/deg C) 91.3 91.3 91.3
Linear Expansion Coefficient C of
Circuit Potion and Non-Circuit Portion 17.5 17.5 17.5
(Units: ppm/deg C)
Contained Amount of inorganic Filler
Relative to Totat Area of Insulating 35 56 35
Layer {Units: %)
Resin Used for insulating Layer Epoxy Resin Epoxy Resin Epoxy Resin
Curi . . . Phenol Novolac,
uring Agent, Catalyst Used for Amine Based Curing Amine Based Imidazole Based
insulating Layer Agent Curing Agent Curing Catalyst
Warpage Amount (Unit: mm) 1.2 1.1 1.8
Circuit Board Temperature during
LED Operation 63 58 65
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35 0 35 35 Resin Used for Insulating Layer Epoxy Resin Epoxy Resin Epoxy
Resi n Epoxy Resin Epoxy Resin Epoxy Resin Curing Agent, Catal yst Used for
| nsul ating Layer Am ne Based Curing Agent

Comparative Examples

{Area of Circuit
Portion + Area of
Non-Circuit
Portion} / Area of
Metal Foil
{Units: %)

98 30 79 79 79 79

Linear Expansion
Coefficient A of
Insulating Layer

(Units: ppm/deg C)

23.9 23.9 39.7 239 238 10.5

Linear E.xpansion
Coefficient B of 91.3 91.3

Insulating Layer 91.3 1275 91.3 91.3
(Units: ppm/deg C)
Linear Expansion

Coefficient C of
Circuit Potion and 17.5 17.5 17.5 17.5 4.3 239

Non-Circuit Portion
{Units: ppmideg C)

Contained Amount
of Inorganic Filler
Relative to Total 35 35 35 0 35 35
Area of Insulating
Layer (Units: %)

Resin Used for Epoxy Epoxy Epoxy

[nsulating Layer Epoxy Resin Resin Resin Resin Epoxy Resin | Epoxy Resin
Amine Based .
: Amine
Curing Agent Amine Amine Curg;?eﬁglent, Based
Catalyst Used ffor Amine Based Based Phenol Based Novol Curing
In suiiting Layer Curing Agent Curing Novolac | Curing Im(i) dgz?)?é Agent,
Agent Agent Based Curing Phenol
Catalyst Novolac
Circuit
Wa{%fﬁ.‘f gg]“)’“ "1 Formation 11.4 49 7.3 6.7 9.2
’ fmpossible
Circuit Board
Temperature
during LED Unmeasurable 125 88 102 98 12
Operation
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Am ne Based Curing Agent Phenol Novol ac Am ne Based Curing Agent Am ne
Based Curing Agent, Phenol Novol ac, Based based Curing Catal yst Am ne
Based Curing Agent, Phenol Novol ac Warpage Anount (Unit: nm Circuit
For mati on

[0062)

As shown in table 1, embodiment example 2 was made in a similar
manner to embodiment example 1, with the exception that the contained
amount of inorganic filler relative to the total volume of the insulating layer 2
was made to be 56%.

In embodiment 2, the warpage amount was 1.1 mm, less than 3 mm and
so excellent.

[0063]

As shown in table 1, embodiment example 3 was made in a similar
manner to embodiment example 1, with the exception that the curing agent
used for the insulating layer 2 was made to be phenol novolac ("HF-4M”,
manufactured by Meiwa Plastic Industries), and a imidazole based curing
catalyst (“2,3-dihydro-1H-pyrolo [1,2-a] benzimidazole”, manufactured by
Shikoku Chemicals) was used as a catalyst.

In embodiment example 3, the warpage amount was 1.8 mm, less than 3
mm and so excellent.

[0064]
[Comparative Examples]

As shown in table 1, comparative example 1T was made in a similar
manner to embodiment example 1, with the exception that the total sum of the
areas of the non-circuit portion 4 and the circuit portion 3 on the insulating
layer 2 was 98% of the area of the metal foil 1.

In comparative example 1, not only could the warpage amount not be
measured, circuit formation was impossible.

[0065]

As shown in table 1, comparative example 2 was made in a similar
manner to embodiment example 1, with the exception that the total sum of the
areas of the non-circuit portion 4 and the circuit portion 3 on the insulating
layer 2 was 30% of the area of the metal foil 1.

In comparative example 2, the warpage amount was 11.4 mm, so a very
large warpage was created.

[0066]

17



| npossible 11.4 4.9 88 7.3 6.7 9.2 Circuit Board Tenperature during LED
Oper ati on Unneasurable 125 102 98 112 [0062] As shown in table 1,
enbodi ment exanple 2 was nade in a simlar nanner to enbodi ment exanple 1,
with the exception that the contained amount of inorganic filler relative
to the total volune of the insulating |ayer 2 was nade to be 56% In
enbodi ment 2, the warpage anpbunt was 1.1 mm less than 3 mmand so

excel | ent. [OO R3khow 1r1t eapgmtpapatﬁ&b%)?a Ieey@ m?‘&ﬁﬁia‘% 3 was made

in a simlar nanner exa excep on that the
curing aﬁ’éﬁpeﬁ%@fﬂbéﬁhmﬁ@ Prsuplatly ﬁgth%xcgpuﬁg t]ﬁ%etlweﬁéewn novol ac
(" HF- 4AM coafficioh bot theadetay fdikivaa 3PI7gsingdrntbgsee Ceand fantheaurinigdsgolte based
curing cated istin ul‘gh%?"}ldw@ n?héx'flevaJch {N%m %s@d gk}@p@w qﬁéﬁuﬁcmred

manuf actgrg&i@l% I%astlc ndustrles)ca s) was used catalyst

In comparative example 3, the warpage amount was 4.9 mm, so it was
larger than 3 mm.

[0067]

As shown in table 1, comparative example 4 was made in a similar
manner to embodiment example 1, with the exception that the linear expansion
coefficient of insulating layer 2 was 127.5 ppm per degree C, and the percent by
volume of the inorganic filler was 0.

In comparative example 4, the warpage amount was 7.3 mm, so it was
larger than 3 mm.

[0068]

As shown in table 1, comparative example 5 was made in a similar
manner to embodiment example 1, with the exception that the linear expansion
coefficient of the circuit portion and the non-circuit portion was 4.3 ppm per
degree C, and for the curing agent used in the insulating layer 2, phenol
novolac ("HF-4M"”, manufactured by Meiwa Plastic Industries) and an
imidazole based curing catalyst (“2,3-dihydro-1H-pyrolo [1,2-a] benzimidazole”,
manufactured by Shikoku Chermnicals) was used.

In comparative example 5, the warpage amount was 6.7 mm, so it was
larger than 3 mm.

[0069]

As shown in table 1, comparative example 6 was made in a similar
manner to embodiment example 1, with the exception that the linear expansion
coefficient of the metal foil was 10.5 ppm per degree C, and the linear expansion
coefficient of the circuit portion and the non-circuit portion was made to be 23.9
ppm per degree C so the linear expansion coefficient of the circuit portion and
the non-circuit portion was higher than the linear expansion coefficient of the
metal foil, and the curing agent used for the insulating layer 2 was made to be
an amine based curing agent and phenol novolac (“HF-4M”, manufactured by
Meiwa Plastic Industries).

In comparative example 6, the warpage amount was 9.2 mm, so it was
18



I n enbodi nent exanple 3, the warpage anount was 1.8 mm |ess than 3 nm and
so excellent. [0064] [Conparative Exanpl es] As shown in table 1,
conparative exanple 1 was made in a simlar manner to enbodi ment exanple 1,
with the exception that the total sumof the areas of the non-circuit
portion 4 and the circuit portion 3 on the insulating |ayer 2 was 98% of
the area of the netal foil 1. In conparative exanple 1, not only
could th unt not be nmeasured, circuit formation was inpossible.
[ 0065] Eugﬁﬁﬁgﬂgﬁg&ﬁ in table 1, conparative exanple 2 was nade in a
simlar ﬁﬁa@fr to enbodi nent exanple 1, with the exception that the total
sum of the areas of the non-circuit portion 4 and the circuit portion 3 on
the insul ating : 3090 0f. . fail, 1. In
conparative ei%%g%%ﬁg%dﬁﬂgnéag%ﬂég&gﬁﬁgéﬁ?ﬂggb&%&hg%%féggﬂgt@%r | ar ge

war page RESCREIBYERHON FapEBpPress t ea%&“%%@ﬁﬁ”?ﬂag%ﬁf@mﬂ¥“%éﬁﬁ5@3%FVe exanpl e
3 was malges, irplaéiveitaicbaypansiivieexaroplerbobontis rexsanpiverdabiliiyt thutihg excepti on
that thecikdieRirmBXRANS 9?,;99@&1 irehi@Boatd ah88 BB hRbudtfld cBBe 39. 7 ppm per
degree C,_and f.or the curing agent used for insulating |ayer 2, phenol

novol ac ﬁ%@“ﬁ?gd ("HF-4M', manufactured by Meiwa Plastic Industries).

In conparative exanple 3, the warpage anount was 4.9 mm so it was |arger
than 3 M [ 0067] As shown in table 1, conparative exanple 4 was nade
in a simlar manner to enbodi nent exanple 1, with the exception that the

| i near expansion coefficient of insulating |layer 2 was 127.5 ppm per degree

C, and the percent by volune of the inorganic filler was O. I n
conparative exanple 4, the warpage anount was 7.3 mm so it was |arger than
3 mMmm [0068] As shown in table 1, conparative exanple 5 was nmade in a

simlar manner to enbodi nent exanple 1, with the exception that the |inear
expansi on coefficient of the circuit portion and the non-circuit portion
was 4.3 ppm per degree C, and for the curing agent used in the insulating

| ayer 2, phenol novol ac ("HF-4M', manufactured by Miwa Plastic Industries)
and an i m dazol e based curing catal yst ("2, 3-di hydro-1Hpyrolo [1, 2-3a]
benzi m dazol e", manufactured by Shi koku Chem cal s) was used. I n
conparative exanple 5, the warpage anount was 6.7 mm so it was |arger than
3 mm [0069]
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As shown in table 1, conparative exanple 6 was nmade in a simlar manner to
enbodi nent exanple 1, with the exception that the |inear expansion
coefficient of the netal foil was 10.5 ppm per degree C, and the |inear
expansion coefficient of the circuit portion and the non-circuit portion
was made to be 23.9 ppm per degree C so the |inear expansion coefficient of
the circuit portion and the non-circuit portion was higher than the |inear
expansi on coefficient of the netal &Ehﬁm and the curing agent used for the
insulating layer 2 was made to be an amne based curing agent and phenol
novol ac ("HF-4M', manufactured by Meiwa Plastic Industries). In conparative
exanpl e 6, the warpage anount was 9.2 nm so it was 18 |larger than 3 mm

[ 0070] [é%Am’é’?al%%x?&Eiiraﬁ@b@Q%’%’av{ netal base circuit board according to
t

the pres invention can suppress @ he anount of warpage of the board to

half or less, a[r?fr@ﬁia‘fﬁx&l?xygpmrfﬁhgfr e@?fﬁﬁpiloﬁrs]coe Jieﬁﬁ‘c@f%d@%gﬁ%rand LED

wor kabi I ity during. cir ormat1 on on printed crrcuit

mount i ng® ﬁe@oq l%‘@?‘@ﬁéﬁ@ 12¢ppmpper E%reﬁa@rﬁf iﬂw%se circuit board, having
an insulating |ayer, with a Jinear expansi on coefficjent of 6Q ppm per
degree C or hiagﬁéltalafﬂﬁ Pf%ldﬁﬁlrﬁrb%?e El‘éiﬁr‘%éﬁ@rbﬁu%%layen COMPIISIRBEAa] f oi |
pr ovi dedmetal onatesipbiwitdf a tihean expahatonngpeffagient ofckdnpringparglegreeCatr mat eri al

with a |hidgear afi B8R Het dehfdedl 8RloWwhr, 10 ppm per degree C or higher and 35
ppm per degree C or | ower, a circuit portion and a non-circuit potion

ggvi ng a |ineadci@éiﬁ@ﬁ§ftiit§h §1@&EHC§“§—QF@Uin)Oﬁ&1EﬁU]I§§? 1iial]§&r§§;a§%sgfnt hi ghfrtﬁnd
ppm per r or | owe and a e filmf.ar on,top o e
“nsol at s HagarSt 19 Som Ptiseree ¢ o RSN PP Bt PRLHERERC O 10RB, e | ora
sum of the areas,; of .t.-he.. -clreujt rt4 on ang. t ircuit portion on top
of the insul atd fggg?ua}%g%_fﬂg]g?%%n%%&%?gﬁﬁfE}Fl%lrnsggag%sh@y g? 5 rP%IIéPB‘ti ve to
the ar el NOREIFEIAIOTEON | and the rel ati on between the |inear expansion
coefficients of each of the materials being: |inear expansion coefficient
of insul ati ng hgyetal sum ofdhe assardhemonoarquitperftoroindrthedirqdt | > |i near
expansi opotef éi tipeot thefingilatingtiaperidion Savcridghet aicdibs%parivinen. [2] A
metal bargathid Githh ROROAURGHLLAING i@ (kFeMMibn HAREEH BrSfhhd NSUl ating

| ayer is forned w th epoxy resi a curi ent,. and an 1norganic filler,
andl t he PHOTGAM OFTTFER GeRER O BaHu ey Joranedgmsidt o and 70
per cent deffiopuhef ipsulagisg, lapér t hrearopglangionuetfofienthef masdfal bhigerayer .

[3] A mebalankasecdifiGuht ofQatid BERRITARINbA-@lcattPdrionher ei n said curing
agent contains a substance that has either one or both of a hydroxyl group

and an am no group. [4] A netal base circuit board according to claiml,
wherein said white filmcontains titaniumdioxide as a white pignent, the

titani unigidonees bask agcditbbhrl ddBedapdoldns UrWhReRiRehiddnseRt@d W th

al um nu”l‘agéﬁd{s(?éhqu Witk 'ebb%(? pes(ilﬁ,oe?(&lﬂ@ng agent, and an inorganic filler, and the
inorganic filler makes up 40 percent by volume or more, and 70 percent by
volume or less, of the total volume of the insulating layer.

[3] A metal base circuit board according to claim 1, wherein said curing agent
contains a substance that has either one or both of a hydroxyl group and an
amino group.

[4] A metal base circuit board according to claim 1, wherein said white film
containg titanium dioxide as a white pigment, the titanium dioxide being rutile
type and the surface being coated with aluminum hydroxide or silicon dioxide.
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