AN ENTRY BQOARD FOR DRI LLI NG SVMALL HOLES, A METHOD OF MAKI NG THE %QA%E? ,5
METHOD FOR DRI LLI NG SMALL HOLES THROUGH A PRI NTED Cl RCUI T BQOARD
SAI D ENTRY BOARD FI ELD OF THE | NVENTI ON The present invention relat

entry board for drilling small holes, el g. having a dianmeter of 0.1 m*n-
2.0 mm through an artlcle reqwrln hi h accurac uch as a printed
circuit board, af¥ OR P mé?ﬂ board and

fur ther ngﬁaemﬁﬁ%ﬁ%%ﬁ;ﬁg&m&& nted

El ectroni c techni ques have been widely applied in various kinds of fields
I ncl uding not only the electric or comrunication fields of tel ephones,

tel evisions, conputers (includippgrpessia! nfaseybRrs). |ights and
controlling devices utilized in various kinds of nanufacturing industries,

but al so other fringl ggeddtt! W e Mt 08DDEdsLEo O fdrteyebestd dirCdsiPpilnges,
caneras, toys, and the |ike. At the sane tine, the techniques have

r equi red hi sprrllehderarce. dnadihg ghdagnereacyf 0. Mmws - £n0 tnmg fthebagh @n
printed circuit boards, circuit patterns formed on the board have rapidly
become nor edFike reasumq highhagFrrAeHs PUGh Afd anBrintedymeyit lRoardresul ¢,

the.wdth Ofnc? S.rs]ocrlerlc at t ertq'xo%nd thqclgttlgs en Ce%try board and further

felates to a method for drilling small holes through a printed

circuit board by using the entry board.

BACKGROUND OF THE .INVENTION
Electronic techniques have been widely applied in various
kinds of fields including not only the electric or communication
fields of 'telephones, televisions, 'computers (including personal
.computers), lights and controlling devices utilized in various
kinds of manufacturing industries, but also other fields including
automobiles, office electronic supplies, cameras, toys, and the
like. At the same time, the techniques have requirecl_ high
performance and high accuracy. Thus, in the fields of printed
circuit boards, circuit patterns formed on the board have rapidly
become more minute, as' well as high density and multi—léyered. Bs
a result, the width of each circuit pattern and the distance

therebetween have become narrower. Especially, in printed circuit




t her ebet ween have become narrower . Especially, in printed circuit boar ds
of a through hole type, the holes have becone smaller in dianmeter, and the
nunber of hol es has been increased. Further, the positions of holes have
regui red high accuracy. In drilling hol és thr ough a nmultil ayered board,
drilling snpll hol es each having a dianeter of 0.3 - 0.4 nm has_ been _
convent i ongg?ﬁr%%n @ drropak ety tyaey | H"?\gh%?éhhgﬁﬁlWﬁ%lsgéléa?]h;fhaw gg
a di aneter - e i , and,suc emands
as drilli ngajs'arrn%tllegf %6 é:ism]an Fgc&e]ggli%thta%gﬂr%n%%ﬁgggﬁbl e@ﬁmhfa_ﬁ’ h\:lbeher
accuracy of pgitidnagopOBéldsORavk | ted@ rburiitpy akeatided. I n drilling such
smal | holes, as shown in Fig. 4, it has been known that placing an entry
board 1 on a prifnt ddiklinguhelezoshrougheaainiledlamaydi bdarddudti10Angf seaxir il | 8
which in turn_inproves accuracy of the drilling positions of a hole 9
drilled on PR:eHriShEd BRYERE t 3podiametezndodl sb 3enabl @st dmim | hag hioders !

W t hout cauggn\g bcurrs t he hal es Ther e _have been

or the Like, aroun hal.es.
several proposals l(%lﬁ%é?(n??fb“e‘%c&(?ﬁ' et TSP OYr dSr11Idpg nRuch sradAer Pholetat i on
61-61921 (hgssh Ngbi g " &f BLEREEd of 0.1 - 0.3 mm has been practically

conducted, and such demands as drilling smaller holes and
increasing the number of holes with higher accuracy of drilling

position will be further required.

In drilling such small holes, as shown in Fig. 4, it has been
known that placing an entry board 1 on a printed circuit board 5
enables easy introduction of a drill 8 which in turn improves
accuracy of the drilling positions of a hole 9 drilled on the

printed circuit board 5 and also enables drilling holes without

causing burrs, or the like, around the holes. There have been
several proposals concerning such entry boards.

Japanese Patent Publication 61-61921 (hereinafter referred to
as JP 61-61921) discloses a method for drilling through a printed
circuit board by using an entry board. The entry board comprises
a base plate made of wood pulp and glass fiber and aluminum foils
or the like covering both surfaces of the base plate.' Japanese
Patent Unexamined Publication SHO 62-214000 (hereinafter referred
to as JP 62-214000) discloses a method for drilling a prinﬁed

circuit board by using an entry board which comprises a base plate

s



as JP 61-61921) discloses a method for drilling through a printed circuit
board by using an entry board. The entry board conprises a base plate made
of wood pul p and glass fiber and aluminumfoils or the |like covering both
surfaces of the base plate. Japanese Fatent Unexam ned Publication SHO
62-214000 (hereinafter referred to as JP 62-214000) discloses a nethod for
drilling a padatefl slwcinum odtsl dnd pepags asrverting bodr usifaces cofipflieses a
base pl ate 3 made of alum numfoils and papers covering both surfaces of
the base pl Bage Plﬁﬁanegépmsén?a%%&&ﬁ%ﬂl%lR%PF?)%’-%—I@HQBQIW

(hereinafter, referred to

| hod f d
e oogh s Sipkfefiatifs 2efdedd 8 537 08) 8102097 °8: SReRO ROEndd fed MO
foil on thedp;mhtnfadtﬁw@ws gmwd aalqclqytmrafb%ﬁ@&ﬁ Iac/f?énwrbsﬂ&md on

one surface o e netallic foll. However, in the netho scloSed 1 n JP
61- 61921, bagadseE hatslliet esilabs ﬁitcbrﬁ&:eﬂil Sifclapaprasa andlusi Wagl obtandar d)
3003- H19 honogeni zed alum num all oy as the alumnumfoils are used as a
surface | ayefhesivm leyeryfameddon congr shifaened the glstplhe thedlal um num

foil, resultin |n decreased dri I sitionj accur )
9 However, in the me é%sc osed q JP 1J%E¥Zl, because hard '

materials such as JIS (Japanese Industrial Standard) 3003-H19
homogenized aluminum alley as the aluminum foils are used as a
surface layer of an entry board, a drill tends to slip on the
aluminum foil, resulting in decreased drill positioning accuracy.
Further, in such a case that adhesive layers are used to connect
the aluminum foils to the base plate, the entry board becomes a
five-layered structure, resulting in an increased manufacturing
cost. In the disclosure of JP 62-214000, the paper thereof lacks
heat-resistance ability and paper dust is generated during
drilling, resulting in problems in the following procedures such as
a plating procedure. Further, in the method disclosed in JP 63-
11207, it is unavoidable to have the sticking of chips produced
when drilling to the adhesive layers.

As mentioned above, in the conventional methods, there have
still been problems in drilling small holes. Further, as the
pattern formed on the printed circuit board reduces in size, the
size of each hole to be drilled becomes smaller and the number of

the holes increases, the rotation speed of the drill becomes higher



Fuert her, in such a case that adhesive layers are used to connect the
alumnumfoils to the base plate, the entry board becones a five-|ayered
structure, resulting in an increased manufacturing cost. In the disclosure
of =JP 62-214000, the paper thereof |ack# heat-resistance ability and paper
dust is generated during drilling, resulting in problenms in the -follow ng
procedures $&c¢h ths gqipratehehrideedinidl bPecomasr smaplehewhvithhowesailssl dsed in
JP 63- 11207, .it.is unavoi daple to have the sticking of chips produced when
drilling to:t°ﬁ8£émﬁe]si°@59laﬁ§’e‘?‘%.°fA§h‘|"ré+Ft‘1'16neoF"’é}§8€E’}‘°’ﬁ1 {there dittenbrenal
nmet hods, th h t] e I [ riLling | les. .. Further,
as the pattg{ogef%er&%c%i J(i)énr*at g E?‘Pr#g%j&}c?l?c%ctqn%%%rog F%%?gé'%tﬂ?% s‘f°zséL,tl?ﬂe
size of eachnoliecteadingrtitel adlbﬁéM@%e&?ﬁé |& st herpugbale Qf Tsﬁﬁth' es
i ncreases, the rotation speed of the drill becones higher 4 and the

di amet er of dehands,i las bee civeve sreakiaredrhonventbondlt entry bohads i still
deflection of the drill. Furthernore, there have been nore strict denands
for inprovi RGLRENfeTey2TTURAY o the i dr-LpiRg Praktiondhar fotabeer impaoved

al I owabl e h%inghtdﬂfllblﬁrrregkageé nocsé?lirt %ah%];u %.%CQ.S attempted to improve the

accuracy of the drilling position and to decrease the generation of

burrs.

SUMMARY OF THE INVENTION

In view of the foregoing disadvantages that are inherent in
conventional entry boards, the present invention aims to provide an
improved entry board for drilling small holes through a printed
circuit board, or the like, which enables easy introducing of a
drill, improving accuracy of dfilling position by restraining
slipping of a drill on the surface of the entry board, increasing
the number of work items ("works") to be drilled such as a printed

circuits board at one time, decreasing the number of drill

P

breakages and further decreasing the generation of burrs.

It is also an object of the invention to provide a method for
making the entry board mentioned above.

It is another object of the invention to provide a method of

drilling small holes by using the entry board mentioned above.



demands, as the above nentioned conventional entry boards are still being

used, accuracy of the drilling position has not been inproved and drill
br eakages occur when it is attenpted to i nprove the accuracy of the
dri 1 1ing position and to decrease the géneration of burrs. SUMVARY OF THE

| NVENTION I n view of the foregoing di sadvantages that are inherent in
conventional entThe Bb%t‘fed@ndt%eﬁth‘-s|%ﬂ¢eﬁF¢W1aﬁw by ¥ GAtdY Beprd
i mproved en bgard_f

|1 ted c t
bonr 4. Cor -t HedyEs r@ﬁgeﬂgﬁﬁsé’ L2yes %@fer SR B HE §r5~ﬁ%ﬁuwnﬁiﬁ°&' ng
accuracy of dgEbJ:ééJ‘Q: Qs mﬂugq/ frQstraidd g %Jauzepgggfafea @Mn?

surface of the entry oar easi ng the nunber

to be drill gefubitaln & 2alumiAlRdaLlde Wilspobedr éh ad @fﬂ]lﬂn@&ou‘ﬂﬁéteaﬁdélg the
nunber of drill breakages and further decreasing the generation of burrs.
It is al so @heovdiredotbf thﬂelaiynverﬁﬂeohon@eQr@@ieubea qreriedidioredrhli otpd he
entry board nentioned above, I s anot her ect of the invention_to

provi de a nEPhbR%f 2R |"ThFFﬁb“ ﬁﬁ@esf?oPEsthﬁyfffgﬁtn@“’E’F‘?é:eeﬁ?Y?r BFarB2 st i oned

above. than that of the back surface layer.

Because of the front surface layer having smaller hardness, a
drill can easily be introduced, accuracy of drilling position can

be improved and slipping of a drill on the entry board can be

P

restrained, vibration of a rotating drill caused by a thin drill
can be effectively. restrained and drill breakages can be decreased.
on the other hand, because of the back surface layer having higher
hardness, generation of burrs can be decreased.

Thickness of the front surface layer may preferably fall
within the range of from 5 to 100 uym and micro wvickers hardness
(Hv) of the front surface layer may fall within the range of from
20 - 50. Thickness of the back surface layer may preferably fall
within the range of from 30 - 200 pm and micro vickers hardnéss

(Hv) of the back surface layer may exceed 50, but does not exceed

140.

Roughening treatment may preferably be conducted on the
surface of the front layer to obtain a central average roughness
(Ra) of 0.15 - 0.30 ym. This treatment is effective to prevent a

drill from slipping when drilling and improves accuracy of drilling



5 _The above and ot her objects are acconplished by an entry board including
a front surface |ayer nmade of al um num or alum num all oy di sposed on a
drilling inlet side, a back surface |ayer nmade of al um num or al um num
al.l oy disposed on a drilling outlet sid® wherein both the |ayers are
bonded together or are joined by clad rolling, and wherein hardness of the
front surfapesitiwer. | SHswevdmsr hdminessabfoftheh&grbatk sanfdacelapgsmermoBecause
of the front surface |ayer having smaller hardness, a drill can easily be
i nt roduced, e&feehia@}YofcoatriPutRs Jevsi npyeverentherf nphoveecHinFys|AppthRy of a

drill on the enyry board.can be_restrained I bratiopn of a rotatin rill
caused by agfﬁﬁf%qri??s’t e e?l?eec??’g}"el W?%%FP& ﬁgﬂgﬁfﬂ‘%ﬂnﬂ %b%egﬁ?%bes
can be decr ¢g5eseddht! DR AIdCkn LS PSR UR Ak LiKUgRARKs SUr face | ayer
havi ng hi gher hardness, generation of burrs can be decreased. Thickness of

the front surfacehd apeve bjeptchaee adllsy adeddmpidshednby e meahge fofr hakiad tO
100 [err]mand mcro vickers hardness (Hv) of the front surface |ayer may
fall withinanhentzindwagtl. f r B 2@thodoincivdek ntiys s¢eps hef bildd soilire 4 ayer
may preferabl |1 within the range of from 30 - 200 %nland m cro vickers

f
har dness (I—l&’)‘i{%f“l ny, adley st P8 CMRPSELCRE R SHTIAGE YT ABE Fkceed

140. Al-Mn aluminum alloy to be composed of a back surface layer, and
then annealing them at the temperature of 200 - 260 °C. This
method easily enables one to differentiate hardness of both of the
layers by utilizing softening characteristics thereof.

Furthermore, the above objects are accomplished by a method

for drilling small holes through a printed circuit board. The
method includes the steps of preparing an entry board. The entry
board includes a front surface layer made of aluminum or an
aluminum alloy to be disposed on a drilling inlet side and a back
surface layer made of aluminum or an aluminum' alloy to be disposed
on a drilling outlet side. The front surface layer is gl\_.led
together by an adhesive layer or joined by clad rolling, and
hardness of the front surface layér is smaller than that of the
back surface layer. The method also includes the stef:s of placing
the entry board on piled printed circuit boards such that the back

surface layer contacts a printed circuit board, and drilling

—

through the printed circuit boards together with the entry board.

This method enhances productivity of drilling with high accuracy.



-Rougheni ng treatnment nay preferably be conducted on the surface of the
front layer to obtain a central average roughness (Ra) of 0.15 - 0.30
[err]m This treatnent is effective to prevent a drill from slipping when
dr.il l'ing and i nproves accuracy of drillyng 6 position. However,

har dness of the front surface |ayer nost effectively contributes to

| nprovenent of thge agEACYn®T obhiér dékb:‘éc'tgg aP@Sifeh@lres JPEtREXresPRX t ant
contributions to such inprovenent include thickness and surface roughness.

The above olingehatic @ibl 3@ apparept i Sdvad thy folrewhngl dewnibakiduscatpeindn y
board. The nethod includes the steps of clad rolling a pure al um num al | oy
sheet to be cdofpestavestignsyrtprefergnae sadehen apreagieddgariRgf-al | oy to be
conposed of a back surface |ayer, and then annealing themat the
tenperature of 200 - 260 [err]C.  This nethod easily enabl es one to 1

differentiate hardness of Q%hh& &ng softening
characteristics thereof. Fﬁa%ﬁernnre %ﬁﬁﬁ ove objects are acconplished by
a method for drikkeng S4mal eh@&?&eé farreugrse%t@shﬁ Qe bEUAL Qﬁﬁ&dboar&_ he

met hod i ncludes the steps of preparing an entry board. The entry
for drilling small holes according to the first embodiment of the

present invention.

FIG.2 is an enlarged cross-sectional view of an entry board
for drilling small holes according to the second embodiment of the
present invention.

FIG.3 is a graph showing the relationship between hardness
{Hv) and annealing temperature (C°) of the front and back surface
layers according to the second embodiment.

FIG.4 is a schematic view showing drilling small holes through

a printed circuit board by using an entry board.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments of the present invention will now be
described, in detail, with reference to the accompanying drawings.
An entry board according to the present invention is made of
aluminum ér aluminum élloy. An entry board 1 according to the

first embodiment shown in Fig. 1 includes a front surface layer 2

made of aluminum or aluminum alloy and a back surface layer 4 made

—



board includes a front surface |ayer nade of alum numor an al um num all oy

to be disposed on a drilling inlet side and a back surface | ayer nade of

al umi numor an alum numalloy to be disposed on a drilling outlet side.

The front surface layer is glued togethgr by an adhesive |ayer or joined by
clad rolling, and hardness of the front surface layer is smaller than that

of the backogunfiamenlmysy altheniRt i0dbRl S@okACoE UG tiagetbepsSand | aed NQ
the entry board on piled printed circuit boards such that the back surface

| ayer contaghited tddethed By Malyl bf bdadhesigk davkling ohr enghothee Rahdit ed
circuit boards together with the entry board. This nethod enhances i

product i vi t ynoénelty Idoatg Wi ddtobighy aeC ghacsecond dmbidEimeRevenhand iat heg.
objects and features of the present invention will be apparent fromthe
foll owi ng det asl 2ckwedeyeptstomcotire heinadery icdadwrdliingf.er ence to the
attached draw ngs. BRI EF DESCRI PTION OF THE DRAWNG FIG 1 is an enl arged
cross-sectional TrewEIntarpusieey baatd & de &ei bPri ASRefed AfoResradtHdi ng

to the first enbodinment of the present invention.. ]
inlet side and the back surface layer 4 is to be disposed at a

drilling outlet side. Hardness of the front surface layer 2 should

be smaller than that of the back surface layer 4. The reasons are
as follows.

Though it is effective to reduce height of burrs if the
hardness of an entry board is high, the drill tends to slip when a
drill contacts the surface of the entry board, thereby decreasing
the accuracy of the drilling position. On the other hand, though
it is easy to keep the accuracy of centering the drill if the
hardness of an entry board is low, it is inevitable to increase the
generation of burrs. |

In the present invention, to accomplish these opposite
demands, i.e., a demand for improving accuracy of drilling position
by preventing slipping of a drill and a demand for décreasing the
height of burrs, as a front surface layer 2 to which a drill
contacts at first when drilling soft materials are used .to prevent
slipping of a drill, and as a back surface layer 4 hard layer
materials having a hardness higher than the front surface layer 2 ,

are used to prevent generating burrs.



FILG 2 is an enlarged cross-sectional view of an entry board for drilling
smal | holes according to the second enbodi nent of the present invention.
FIG 3 is a graph showi ng the rel ati onship between hardness (Hv) and

anneal ing tenperature (CJerr]) of the fgont and back surface |ayers
according to the second enbodinment. FIG 4 i's a schematic view show ng
drilling small hases rebaDtigldeRanis], Né@th @kl €hid timpoavendnt VEI tige ATcaBAEY
board. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Preferred

enbodi ment s off thaedpilddagt Peésikdani om avipirinhedy dacdbs doagddwhese Pethern with
reference to the_ acconpanying drawings. An entry board acc¢ording to the
present i nvéEPed Yherpanydiass Tapighy ntiuGrd 2y it Hmtae BRI AR oF Botrd 1
according ¢ il beShySIROhIPAe SANN: [ Brdachyd Wldflese s H00! nagy f ace
| ayer 2 madé oF al uiri hum dr alum num al oy and a back surtace layer made

of al um numgdarigkid.Nusidd @Me heibRt lbfOh BUle bédttes Zowdd) #harfmblress
toget her by way of an adhesive |layer 3. On the other hand, an entry board 1

accor di ng t rithbed egndikioedidstnt be il led #4 gne2time sanwbe | inaxeaseduct ure
joined by clad rolling. ) _
thereby enhancing drilling productivity. Further, decreasing the
height of burrs is effective for preventing the causing of damages
to circuits made of copper foils on a printed circuit board. Thus,

an improved entry board and a methoed for drilling small holes

-

through a printed circuit board by using the entry board has been
successfully developed.

Thickness of the front surface layer 2 should be determined
depending on a diameter of a drill to be hsed. Too thick of a
front surface layer relat;ve to the diameter of the drill causes
clinging on the drill due to its soft layer. Thus, the thickness
should be determined depending on a diameter of a drill to be used.
Generally, thickness of the front surface layers 2 falls within the
range of from 5 to 100 um, and preferably from 5 to 50 pm where a

diameter of a drill is not larger than 0.5 mm. The micro vickers

-

hardness (Hv) of the surface layer 2 falls within the range of from
20 to 50, more preferably from 25 to 40. It is necessarf to soften
materials of the surface layer so as to easily introduce the drill.
Easy introducing of the drill can prevent the drill from slipping

and can improve accuracy of drilling position.



The front surface layer 2 is to be disposed at a drilling inlet side and

t he back surface layer 4 is to be disposed at a drilling outlet side.

Har dness of the front surface |layer 2 should be smaller than that of the
back surface | ayer 4. The reasons are d9 follows. Though it is effective to
reduce height of burrs if the hardness of an entry board is high, the d¥ill
tends to slip Whgs @odrthé KLk datsaddQagef aCecidl dHiexRess yeHuaod, mhier eby
decreasing the accuracy of the drilling position. On the other hand,

t hough it i prefeyably ke€yl tWwirhafCcuh&cyarife cantfebnngot ke dool hmi f thero
hardness of an entrg board is low, it is inevitable to increase the

gener ati on dfiakgrsshargnesse (BVbs%fmtth%YﬂIi @\-’PV Pbefﬁ,r@@#ﬁl p3Peeh e é]ébosi te

demands, i. a_demand for jnp n ccu 03|t|o
preventing sqqeﬁpf‘ﬂb ﬁ°e§dd5?+1 glﬁ a‘g’if% rmdgg S‘ﬁf'}‘/of
burrs, as a {qq SErfIﬁ‘f&J %X‘é‘f«a?s th%r)ﬁﬂéscé‘ (@Iv?rﬂilscq}lttﬁgﬁstﬁ% Jdr{g'ét ophen

dr|II|ng sof . matérial's are used to prevent slipping of a dr d as a
back surfacesdonyeb #o harod hayein #Rbesiadl $olbed Rgpa Sedwnessriggher skban the

front surface layer 2 are used to prevent generating burrs.
58 to 140. The back surface layer mentioned above can decrease the
height of burrs compared to that of burrs generated during

conventional drilling procedures or can at least restrict the

height of burrs to the same level of that of burrs generated during

——

conventional drilling procedures.

The preferable total thickness of the entry board 1 wvaries
depending on the diameter of the drill 8 to be used. The thickness
of the entry board 1 should be thick where the diameter of the
drill is large. On the contrary, the thickness of the entry board
1 should be thin where the diameter of the drill is small. Where
the diameter of the drill is not more than 0.5 mm, the total
thickness of the entry board 1 may preferably be 30 to 200 pm, moré
preferably 50 - 100 pm. As apparent from the above, the thickness
of the back surface layer 4 is determined by the thickness of the
front surface of the layer 2. . !

The surface roughness of the aluminum foil used as an entry
board which is now being used is generally 0.1 pm or the like in

the central average roughness (Ra) and causes no problems so far.



9 As a result, demands, such as the inprovenent of the accuracy of the

drilling p05|t|on on a printed circuit board whose pattern formed thereon
has rapidly reduced in size, the mnimzation of the height of burrs, and
the reduction of drill breakages, have ldeen satisfied. Since the height of

a burr becones |ower, the nunber of printed circuit boards to be drilled at
one tine carHdweviencr dased,caskertbby emmmgndrbrl smal lprioduest ithrbygh a
Further, decreasing the height of burrs is effective for preventing the
causi ng of cﬂﬁ*aﬁeg truitchPrsd vidR drhighspeperioirmane i8 prantrad cPVeRi t
board. Thus nproved entry bo rd tho for r|I | L. hol es
t hrough a prﬁﬁt%rbe cPrett s oardtoy® f gh? h& &t r aﬁSa g K %cgegn%nlf
successf ul | y.deuetongdse T %Ef@SSsueﬁ ;m. ch:QW;cﬁééE:Eaﬁfrdr@é@roE zfd‘QU%E oe

det erm ned depending on a di aneter of ril be used. Too thi
front surfacthd antkyr Bbadd \rﬁv&ﬁgtmrdlaaaafﬂceofoft Regiirillakbnesdi RS, ehuusgi Ng
on the drill due to its soft |ayer. Thus, the thickness should be

det er mi ned d¥geringipofhe dridhehen the frddil| conteche thedurlaeer dibeyeby
t hi ckness of the front surface |ay rs 2 fé§4l wi t hin, the range of from5 to
100 [err]m MHFEEPET deni FRERRY 5 o0 B [t APhnBPE S M anoler RFEVARHY | | |

i's not 'argeélféBT%g, ghgnluégy%e oErEh 'f%giEssurface layer 2 of the entry

board 1 is preferably roughened so that the central average

roughness (Ra) falls within the range of from 0.15 - 0.30 um. This

can prevent slipping of the drill and can improve the accuracy of

the drilling position.

When the central average roughness (Ra) of the surface is less
than 0.15 pym, slipping of a drill cannot be effectively prevented.
On the contrary, when the roughness exceeds 0.30 um, a burden to be
loaded to the drill when it contacts the entry board at first
becomes large and may cause drill breakages.

When drilling through a plurality of printed circuit boards
stacked one on another, if the drill is inserted in an inclined
state, large drilling position errors can occur at the lowermost
printed circuit board. In drilling small holes, a drilling
position error of 5 um is serious. Thus, it is iﬁportant to

roughen the surface of the entry board.



hardness (Hv) of the surface layer 2 falls within the range of from20 to
50, nore preferably from25 to 40. It is necessary to soften materials of

the surface |layer so as to easily introduce the drill. Easy introducing of
the drill can prevent the drill from sliZping and can inprove accuracy of
drilling position. 10 As for the back surface |layer 4, the thickness

thereof may prefgiapheniing kniM dd¥dackhes raderohe f610Fadl 18y0Q [eaBbldm
M cro vickers hardness (Hv) of the |ayer may preferably exceed 50, but does

not exceed 4@ tdbessilvetesaitonishntid@radbesinface yngeshaWardnh thiegbadk
m cro vickers hardness (Hv) falls within the range of from65 to 140, and

in the cl ad sugithed 1ayze shDwvradtnakbigse 30 && o aBolid nlidBakdde back surface
| ayer nentioned above can decrease the height of burrs conpared to thatt of
burrs generated thei agtmorbeartli sncadrdaingl ke nghertiosdu ersodimenin showh etast
restrict the height of burrs to the sane Ievel of that of burrs generated
during convelii-oralsdprdduyasd probkerilings th¥hérqntefspirip¢e tavesl 2t Rhdkhess of
the entry board 1 varies depending on the dianeter of the drill 8 to be
used. The t|pa§%ngyg£ac¢ layer 4, each made of aluminum or aluminum alloy foil,
by way of an adhesive layer 3. As for the materials of the front
surface layer 2 and the back surface layer 4, the compositions are
not limited so long as their hardness fall within the ranges
described above. Pure aluminum or other aluminum alloys can be
used. JIS 1085, 1N30, 1050, 1100 or 3003 aluminum is preferably
used. JIS 1085, 1N30 and 3003 aluminum are more preferably used
because they are excellent in rolling performance and are generally
used. An Al-Si aluminum alloy is not recommended to be used as
materials of the layers because the alloy includes Si which causes
heavy abrasion to the drill. Under the condition that the front
surface layer 2 is disposed at a drilling inlet side and the back
surface layer 4 is disposed at a drilling outlet side, each la&er
2 or 4 is not limited to one sheet.of an aluminum or an aluminum
alloy layer, but may include a plurality of laminated layers.
As for the adhesive layer 3, adhesive materials which do not
cause clinging to the drill by heat generated during drilling, such

as thermosetting acryl, polyamide, rubber, epoxy, urethane

adhesive, may be used. Urethane adhesive is preferably used in !}



of the entry board 1 should be thlck where the dianeter of the drill is

| arge. On the contrary, the thickness of the entry board 1 should be thin
where the diameter of the drill is small. Were the diameter of the drill
is not nore than 0.5 mm the total thicKhess of the entry board 1 nmay
preferably be 30 to 200 [err]m nore preferably 50 - 100 [err]m As

appar ent frddghhectilidsehigherarifochaness apfi 1dve chatk snmm@ethawé»ic&n¢aﬁ
determ ned by the thickness of the front surface of the |l ayer 2

surface rougfn&88 BFPIHYSarahthuid FOFI LG dasttih WPy BbaThe \ﬁﬁ‘?’ﬁﬁlY% now
bei ng used :%z}f'gan ﬁu:é/llg/ lrah 85" l'B.r EH@ Hrh;% o Epgmcfni [Pl /RYET 2gk

roughness ( causes no pro em; SO However, in a case that

the drillingaakssvellayeel €5idN¥rOUBin aher hﬂéﬁd i6icE64kds hwaréosi th a hi gher
performance is required, even if the surface materials of the entry board

to which a dril | Prefdrabdle hetlaidsi ol qidodusimd) the entrno boheder aceardimwss of
20 - 50, the entry board having such a surface of high flatness nay cause
sl i ppi ng of twhehdr ideconfepmbdriingnt| showmtiactBigt hé wil¥ amsy henalesiyibedwer i ng
t he accuracy of the drilling position. To prevent slipping, the surface
of the frontP®d@Fface | ayer 2 of the entry i

First, materials to be a front surface layer 2 and a back
surface layer 4 are prepared. The components of the materials of
the front surface layer 2 and the back surface layer 4 are not
limited where the hardness falls within the range mentioned above.
Pure aluminum or the other aluminum alloys may be used. However,
as will be mentioned below, in order to be able to differentiate
the hardness of the front surface layer 2 and the back surface
layer 4 by annealing which will be performed after joining the
front surface layer 2 and the back surface layer 4 by clad rolling,
pure aluminum alloys such as JIS 1N30, 1050, 1100 may be used as 1
the front surface layer 2 and Al-Mn alloys such as JIS 3003, 3004
or Al-Mn-Mg alloy such as JIS 5182 may be used as the back surface
layer 4. 2An Al-Si alloy is not recommended to be used as materials
of the layers because the alloy includes Si which causes heavy
abrasion to the drill. Under the condition that the front surface
layer 2 is disposed on the drilling inlet side and the back surface

layer 4 is disposed on the drilling outlet side, each layer 2 or 4



board 1 is preferably roughened so that the central

falls within the range of fromO0.15 - 0.30 [err]m This can prevent
slipping of the drill and can inprove the accuracy of the drilling
pesition. Wien the central average roudihess (Ra) of the surface is |ess
than 0.15 [err]m inEping of a drill cannot be effectively prevented. On

t he contrarys Wplerd-iph

to the drill

when. it ntacts, the entry board at first becomes |arge and
may cause dPﬁﬁfag+%%ﬁ%gggég%ﬁkha&?fﬁ1ing through a plurality of printed
circuit boards spRGKednontQB-iibala mhfef A sIEbta G ohBSEEL

. . e Qﬁg&
inclined state, large drilling position errors can occur at the |owernopst

printed cir@uigndb@ab@dck shifddel Illa}v]éhg S50kl ph&S onedofll hhdtHG RAAI EhOD

error of 5 [errlmis serious.” T

us, it is inportant to roughen the

surface of tdlademblYyedoarihe clad ZoRaimgdaryngpet hendutiedcendér tthe hoomil

surface | ayer

2 enables one to easily distinguish the front surface |ayer

from the badendifionse | Bxaferabliyn aripaitioned #HoNe, (haaroliing fracedure

is conducted such that the front surface layer 2 becomes 5 - 100 um

in thickness and the back surface layer 4 becomes 30 - 200 pm in

thickness and the obtained entry board materials are wound toc be a

coil.

Then, the entry board materials are annealed. As shown in the

-

graph in Fig. 3 showing softening performance, a pure aluminum

alloy comprising the front surface layer 2 and Al-Mn alloy or Al-

Mn-Mg alloy comprising the back surface layer 4 are different in

the softening performance. By utilizing this characteristic, a

front surface layer 2 and a back. surface layer 4 which are

different in hardness can be obtained by controlling the

temperature conditions. Concretely, the annealing is conducted at

the temperature of 200 - 260 °C. By setting the temperature

mentioned above, as the softening the front surface layer 2 is

enhanced and the softening the back surface layer 4 is delayed, a

predetermined difference in hardness between both 1layers is

generated. Thus, the front surface layer 2 becomes softer than the

back surface layer 4. If the annealing temperature is lower than

aver age roughness (Ra)

ed J9gpRR Sheek feds VLWBENMEr F3¥RE RuburRedncdude 3 gaded

2



The entry board according to the first enbodi nrent shown in Fig. 1 is
produced by bonding the front surface |ayer 2 and the back surface |ayer 4,
each nmade of alum numor alumnumalloy foil, by way of an adhesive |ayer
3. As for the materials of the front sug ace |layer 2 and the back surface
| ayer 4, the conpositions are not limted so long as their hardness fal

wi thin the raoges,desttéehiatgy alfowethPuf etind LMdyRes) eilDtfey ked anfommed! oys
can be used. JI'S 1085, 1N30, 1050, 1100 or 3003 alum numis preferably
used. JI'S 10&8s, 1:30-safd LS008 tartanthifarapbials &hpreirdngseybeiaaenpEbeise
they are excellent in rolling, formance _and are generglly used. An -S
al Ui num al (% RS AEteR BeBfmerhice boBRFEREaRe ARENEr o & oo THRE PR o
because the all LN i i gh.ca rasi to,fthe_dri

Under the oo Resk PhEPEs dasdl A" (aTATES PERIRRR, 2 pRlls) 01k "Es Ohlad
dritling i nlgilessbafe A o Bee A 18U EAC Ak NEs Sebiedtl TRERCT At a Vi 110 NG
outl et side, each layer or Is not limted to one sheet of an al um num
or an al um num athéyanm4eling iy BBYa ivatlcHd@neallingaln twhich dmidalahgdis

| ayers. As for the adhesive |layer 3, adhesive materials which do not cause
clingi ng to adnstugted |imbya ireiledestatat edr dery g ar¢ontiimgous rineading in
thernnsettigﬁgg ryl, gﬁyyanide, r ubber, epoxy, grethane adhesi ve, nay be
used. Ureth €3dhB8RSA5Y pF%feﬁQﬂﬂlﬁuﬂ%%iYi ffonducted  while uncoiling.

However, the continuous annealing is preferable because of the
following merits. The materials positioned at the surface side of
the coil and the materials positioned at the innermost side of the
coil can be annealed at an even temperature. The required time for
annealing is short. When an aluminum alloy including Mg is used as
materials, in the batch annealing, it is required to conduct it in

an inert gaseous atmosphere so as not to cause precipitation of Mg

which looks white. However, in the continuous annealing, the
amnealing will be accomplished before causing precipitation of Mg,
because the required annealing time is short. Thus, the aluminum
alloy does not become whife. In a continuous annealing, the
annealing time may preferably be 5 - 60 seconds because less than
S seconds is not enough time to anneal them and exceeding 60
seconds may cause softening of the back surface layer 4. 1In a
batch annealing, the annealing time may preferably be 10 - 30 hours

because not more than 10 hours is not enough time to anneal them



13 light of its high performance and | ow cost. Though the thickness of the
adhesive layer is not linmted, the amount of the adhesive |ayer generally
falls within the range of from1 - 5 g/nferr]. The adhesive |ayer thicker
t han the above increases the cost. Prefyg able nmethods for producing the
entry board 1 according to the second enbodi mrent shown in Fig. 2 will now
be descri betuteletteedingt3o Mpiuesi ahy t¢dudee seftenirg uff fthee baakesufsawd a
back surface | ayer 4 are prepared. The conponents of the materials of the
front surfadeyeay®#r 2 and the back surface layer 4 are not limted where
the hardness falls within the range nenti oned above. Pure al um num or the
ot her al um num akh ®gsiegayo beougbed. thowuvrbace #F ®he | fasatpeurfansedaper &v, in
order to be able to differentiate the hardness of the front surface |ayer 2
and the bacléustr thek FhgFentrpy avfrede Rguanest WR#) bt Gdrf or Redl afteer

j oi ni the f t b I d
Lol 1 ng.  pursiarng: i 5F RebeBindy HE W56 1R beBEhy DYfch Bb-fadl
the front sugageibayes, AL -t F-bRY SsuteBe 3RayblrS2300R% 23004 e511
Al -M-M all oy such as JI'S 5182 may be used as the back surface

having a normal rough surface (Ra=0.1 um or the like) at the back
surface layer 4 side.

The entry board 1 according to the present invention is placed
such that the back surface layer 4 contacts one or a plurality of
stacked printed circuit boards 5 as shown in Fig. 4 and then
drilled by a drill 8. 1In Fig. 4, the numeral 6 denotes a backup
board and the numeral 7 denotes a spindle.

(Embodiment 1)

This embodiment relates to a bonded structural entry board 1

as shown in Fig. 1.

As composing materials of the front surface layer 2, materials
denoted as JIS homogenized symbol “O” and “H14" of JIS 1ﬁ30
aluminum alloy, and materials denoted as JIS homogenized symbol “0”
of JIS 3003 aluminum alloy have been prepared. As composing
materials of the back surface layer 4; materials denoted_as JIS
homogenized symbol “H18” and “H19"™ of JIS 3003, JIS 3004 and JIS

5182 having thickness are shown in Table 1. The above mentioned



| ayer 4. An Al-Si alloy is not recommended to be used as materials of the
| ayers because the alloy includes Si which causes heavy abrasion to the

drill. Under the condition that the front surface layer 2 is disposed on
the drilling inlet side and the back surface |ayer 4 is disposed on the
drilling outlet side, each |ayer 2 or 4 14 is not limted to one sheet

of an al um ni® ha¥éferRdbd NEMLONClondeLshddl b2l tiey meEt Cdatdadal syfdes. addien,
t he above-nentioned materials for a front surface |ayer 2 and a back

surface | ayeflshgmegehigssd spaeolofHanstdrsis dox & hemdehed] stgltked. The cl ad
rolling may be conducted under the normal conditions. Preferably, as
nmenti oned above, ERRB Pareqigd pf obkelfirent ssurfagacliers i Rnehhtck HBurtasnat
surface |layer 2 becones 5 - 100 [err]min thickness and the back surface
| ayer 4 becol¥er3d WeDRFoPBirgtndsn shei imelabihd £RE RAdsAHBY Wt ©F BBard

materials are,_ wuynd to be a coil. Then, .the entry board terials are
anneal ed. ASCHFSHEi 1Y% SGr g?)‘ﬁ“ VALEPYS ki%'ngﬁo%% t§8fa}f%§ﬁ$g per f or mance

a
gluf e al um num al hgy, CHURLh Sdd Get D@k EP HoaBlE (RG] ANG a i2BTe Auddiafbl of or
made of materials denoted as JIS homogenized symbol “H18” of each
JIs 1100 and JIS 3003 aluminum alloy as comparisons.

Each entry board prepared above was used to drill through a
printed circuit board and then evaluated. The drilling was
performed as follows. The entry board, two pieces of 6 laminated
glass-epoxy layer each having thickness of 1.6 mm, and a backup
board made of a paper-phenol laminated layer having a thickness of

1.6 mm were piled one on another and were drilled under the

following conditions.

Drilling bit: 0.35 mm width
Rotation Speed: 80000 rpm

Sending speed: 1.6 mm/min.

The hardness and thickness of the front and back surface
layers of each entry board, the central average roughnéss (Ra) of
the front surface layer 2, the accuracy of drilling position after

drilling and the height of the burrs are shown in Table 1.

——



Mi-My al l oy conprising the back surface layer 4 are different in the
sof t eni ng performance. By utilizing this characteristic, a front surface
| ayer 2 and a back surface layer 4 which are different in hardness can be
ohtained by controlling the tenperaturetigonditions. Concretely, the
annealing is conducted at the tenperature of 200 - 260 [err]C By setting
t he tenperature mrhatnoess deaees Werdnkessid)icenaagmédirdedony ch fp@@miayer 2
is enhanced and the softening the back surface layer 4 is del ayed, a

pr edet er m neIPRALT MAEERCER AN Ar Yersir ibgt ARRAT ASYE ho f SSHERMADEY  JRIIFSEA,

Thus, the front surface |ayer 2 beconmes softer than the bagk surface |ayer
4. |If the antesl i?% e?‘enBlgﬁzf?ﬁ?e“nr%rl'g%eF%%ms %gang‘%)’egr?%, hodfiBgi ng
of both of t .¥eLS. Mds! t .per d Lol ifficult to
differenti at%ﬁ% 'eghar%ar(lﬂesssaggth%gﬁggh;e%e%of ie%g ﬁé%e G}r?g if the
tenperature exceeds 260[err]C, softening of the back surface |layer 4 is

al so perforned. Thus, it is also difficult to differentiate the hardness

bet ween them The annealing may be a batch annealing in which annealing is
conducted in a coiled state, or may be a continuous annealing in

-



whi ch annealing is continuously conducted while uncoiling. However,
conti nuous annealing is preferable because of the following nerits.
materials positioned at the surface side of the coi
pasitioned at the innernost side of thetgoil
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1700 holes NG; Drill breakage was occurred when 1700 holes were made.
4) Height of burr: Maximum height of burr after 1000 holes were made (jum).

1) Hardness: Micro Vickers Hardness (Hv)

2) Maximum drilling position error (m)

3) Drill breakage:

3000 hales OK; No Drill breakage was

REIMOA~ZEWMZ

Vo<t O

S) Unmeasured




layer 4. In order to roughen the surface of the front surface |ayer 2 such
that the central average roughness (Ra) is 0.15 - 0.30 [err]m rolling may
be perforned by using a roll having a rough surface (Ra=0.15 - 0.30 [err]m
at the front surface |ayer 2 side and @Qoll having a normal rough surface
(Ra=0.1 [err]mor the Iike) at the back surface |layer 4 side. The entry

- board 1 accdedbodinentt B¢ present invention is placed such that the bacl
surface |ayer 4 contacts one or a plurality of stacked printed circuit
boards 5 as showhbis fRpdipephdrelirdgsder | rreniryabarsd |1 goipgdPpy. clrd t he
nuneral 6 denotes a backup board and the nunmeral 7 denotes a spindle.

( Enbodi ment TPRI¥RY 2% FHEHR EhFifel%tes to a bonded structural entry board 1

as shown in Fig._1. As conposjn terials_of the front surf.ac 2,
mat eri al s denot e@® &8P E Wﬁl@%‘%ﬁagd’éﬁﬁﬁo"rm“& SYUheR< tl"iyer ’ ?Fg&{ﬁﬁ)

al um num al | a ter.al d I 0 ized s O JI'S
3003 al um nlﬁﬁ%igrll g% Ev dggen%lggglg%feagfoy]@a%ogg%%yr%'mt ég?%og;pg lﬁ]e
back surfacegkayfilstorMBreLbhdit Suded edyas 4)| 30Dz EEs YoB0bs"A1L8" and

"H19" of JIS 3003, JI'S 3004 and JI S 5182 having thickness are shown in
Table 1. Themphauaifent 801Wd and JIS 5182 of Al-Mn-Mg aluminum alloy were
prepared.

Each composing materials of the front and back surface layers
2 and 4 was clad-rolled under the normal conditions and annealed
under the conditions shown Table 1 to prepare entry boards. The
annealing was continuously conducted while uncoiling. The surface
of the front surface layer 2 was roughened by adjusting the surface
roughness of the press roll which contacts the front surface layer
2 during the final stage of the rolling procedure.

The above-mentiéned entry boards were used to drill through a
printed circuit board under the same conditions applied to the
first embodiment and then evaluated.

The materials, homogenization, hardness and thidkness of the
front and back surface layer of each entry board and the central
average roughness (Ra) of the front surface layer 2 are shown in
Table 2. The accuracy of the drilling position after drilling and

the height of the burrs are shown in Table 3.



17 JI S honogeni zed synbol
honogeni zed synbol "H' stands for a hardened state. Each nmaterial of t Re
front surface layer 2 and back surface | ayer 4 were conbined as shown in

Table 1 and bonded by way of an adhesi
pr epar
subst ance nade of materi al
JI'S 1100 and JI'S 3003 al umfnu
prepared above was used to |dr

entry boards.

eval uat ed.

pi eces of 6 |am nated gl as
and a backup board nmade of
t hi ckness of 1.6 nm were pi
foll owi ng conditions.

Al so,

The drilling
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The entry board, two
ed | ayer having a
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wi dt h Rotati on Speed:

foil, the hamogenization corresponds to "H24" and *"H28" of Aluminum.

for mid-hardness in Aluminum

cro Vickers Hardness (Hv)

7) Though there is no JIS standard

6) Hardness: Mi



The hardness and thickness of the front and back surface |ayers of each
entry board, the central average roughness (Ra) of the front surface |ayer
2, the accuracy of drilling position after drilling and the height of the
burrs are shown in Table 1. 18 The nmid2 o vi ckers hardness (Hv) was
measured by the Dynam c Super M cro Hardness Measuring Apparatus of

SH MADZU SEI SAKUSYO, LTD. (Model: DUH 201) under the conditions of a |oad:

5 gf, holding tine: 5 seconds and | oadi ng speed: 0.3375 gf/second. 19
[err] 20 ( Enbodi nent 2)
\
TABLE 3
Evaluation
Sample No. Max. drilling position Drill breakage 9) Height of
error (um) 8) burr 10)

E 11 35 3000 holes OK 5 '-

M 12 30 3000 holes OK 5 |

B 13 50 3000 holes OK 5

o 14 45 _ 3000 holes OK 4

D 15 40 3000 holes OK 4

I 16 45 3000 holes OK 5 |

M 17 50 3000 holes OK - 4

E 18 40 3000 holes OK 4

N 19 55 3000 holes OK 4

T 20 55 3000 holes OK 3 | '

8)Maximum drilling position error (1m)
9)Drill breakage: 3000 holes OK: No drill breakage was occurred when 3000 holes were
made.
10)Height of burr:  Maximum height of burr after 1000 holes were made (um)



Thits enbodi ment relates to an entry board 1 joined by clad rolling as shown
in Fig. 2. As conposing naterials of the front surface layer 2, JI'S 1N30
which 1is a pure alum num alloy was prepared. As conposing materials of
t he back surface layer 4, JI'S 3003 and B3 3004 of Al - M alum num all oy
and JI'S 5182 of Al -M-M alum num alloy were prepared. Each conposing

mat eri al s of the Hsr ondexmtdod)afriemsTalflesel [-a\Ber the emtdylbomsi @cadrdhd dad
under the normal conditiogns and anneal ed under the conditions shown Table 1

to prepare ehffyP5GaFRS. 1Y ekl i AGTSRES VEoritd iR Sc SHdUEtBd hite e
uncoiling. T 8s€érﬁ;ofna%§r91§s t %@iéﬁ@r&tft EHH?%‘%d' a¥£r1 %rggﬁa%eo&ghened by

adjusting the s ace roughness of € press ro whi ¢ ontacts the front

surface layer 2 diirided thBeehtAbodt@UOlri DEidPlshDy MREEAWESraiflf to |
above-nentioned entry boards were used to drill through a printed circuit

board under the paseembnimtentisnappblwdbs oat ieordt r surfarkodiayent nadd tdfen
eval uated. The nmaterials, honogenization, hardness and thickness of the
front and bagkuwsinupaee alapipumgplloy: foche rdispeacd atne dhbliiag ialetaidege

h Ra) ,of ,the front surface | ‘e shown_in Table 2. The |
ncciracy of M 4ot ROTHSE CRET PER)ShARERG: S SLHELHE GLo8(eq Be

burrs are Sh@i\ébés@d-r@@laedgilling outlet side, wherein the front surface layer
is bonded to the back surface layer by way of an adhesive layer or
joined by clad rolling, and wherein the hardness of the front
surface layer is smaller than that of the back surface layer, the
following effects can be obtained.

Since the entry board is mainly made of aluminum foil, a drill
can be kept clean and heat generated during a drilling procedure
can be efféctively diffused.

Since the front surface layer is made of soft materials, a
drill can easily be inserted into the surface of the front surface
layer, slipping of a drill can be prevented, accuracy of the
drilling position can be improved, drill breakages can be preveﬁted
and vibration of a rotating drill, e.g., caused by é thin drill,
can be restricted.

Since the back surface layer is made of a harder material,
burrs can be pre#ented from being generated. Thus, it enables one
to drill through a plurality of materials to be drilled at one

time, thereby enhancing the productivity. As the height of burrs



21 [err] 22 TABLE 3 Eval uation Sanpl e No. Max. drilling position‘

Drill br eakage 9) Hei ght of error ([err]m 8)
burr 10) E 11 35 3000 holes K 5
M- 12 30 243000 holes K 5 B
13 50 3000 hol es &K O
45 are restricfgdpoasdrestipoped above, iy ig effectlfg to prevent45he
3000 hol es
hol es OK g%eakagg ﬁF %ogpei7foll formxngOCch&ats on a prlntegoﬁérggges K
4 E 180ard. Thus#Oreduced pattern circuit3d08fh el @?fegﬁlvely prevefitdy

- 19 55 3000 holes K

from being destroyed.

The above effects can be surely and stably obtained under the
condition that the thickness of the front surface layer is 5 ~ 100
pm, the micro vickers hardness (Hv) of the front surface layer is
20 - 50, the thickness of the back surface layer is 30 - 200 um,
and the micro wvickers hardness (Hv) of the back surface layer
exceeds 50, but does not exceed 140.

If roughening surface treatments are performed such that a
central average roughness is 0.15 - 0.30 um, slipping of the drill
when drilling can be prevented, thereby further enhancing accuracy
of drilling position. Furthermore, it enables one to easily
distin&hish the front surface layer from the back surface layer in
actual use -- thus, preventing improper placement of the_entry
board upside down.

If the method for making an entry board including the steps of

clad rolling a pure aluminum alloy to be a front surface layer and

-

an Al-Mn aluminum alloy or Al-Mn-Mg alloy to be a back front
surface layer to form a laminated board and thereafter annealing
the laminated board at the temperature of 200 - 260°C is employed,
the hardness of the front and back surface layers can be easily

differentiated by utilizing softening characteristics thereof by

o,



T, 20 55 3000 holes K 3 8) Maxi mum
drilling position error ([err]m 9)Drill breakage: 3000 holes OK; No drill
br eakage was occurred when 3000 hol es were made. 10)Hei ght of burr: Maxi mum
hei ght of burr after 1000 holes were ne2e ([err]m 23 As understood from
Tables 1 - 3, the entry board according to the present invention is
effective t@%eﬁllﬁf‘ﬁel?ra")(’i ARSI Bafﬂﬂiseidt itomivatesy stagei ghthus B‘t‘i‘r E8LERd
drill break es entr boar mal. | gole ordlng

to the presentri nv%rr’m oﬁggh &é‘g %a'fur aﬁt {”éec? :‘bgclgaﬁgrés 1300 um num or
al umi num al | oy tes bﬁmedbﬁéﬁﬁ%gaf’& mene{ddeld Bovdli8! @éﬁ&%ﬁﬂ;ﬁﬁ spiiface

| ayer made of al um num or "alum numalloy to be di sposed at a ' ng

out | et side hoMesr ethiwddyd f4 optisted agerduirerbdaxdporgird dfilliaghbasda spéf ace
| ayer by way of an adhesive layer or joined by clad rolling, and wherein

t he har dnespesfformed fwidiy asiykdhn@echeaast- is smaller than that of the back

surface | ayer, tyo Lolloutng, cllecls can e oPLALISh: 3 NGRL06 SNl Y, boar @

specific embodiments, the invention is not limited to such
embodiments and as would be apparent to those skilled in the art,
various substitutions and modification within the scope and spirit

of the invention are contemplated. i



can be kept clean and heat generated during a drilling procedure can be
effectively diffused. Since the front surface layer is made of soft

materials, a drill can easily be inserted into the surface of the front
surface layer, slipping of a drill can P@ prevented, accuracy of the
drilling position can be inproved, drill breakages can be prevented and
vi bration ofwhatr dsatlaigredr ikt, e.g., caused by a thin drill, can be

restricted. Since the back surface |ayer is nade of a harder nateri al
burrs can be prevented from being generated. Thus, it enables one to dril

through a plural ity of terjals to be drilled ne tine her ehy
enhanci ng the prg.duc% \ﬁnnt%ﬁy %aﬁ%§°ﬁe 8¢ ﬁﬂiﬁs&f‘*% cgirughr'sélsntq"i cted as
mentioned above, 5i krdrit Shiffdd YEyd:OmREE WENA 1 AuRGAKEER Rl SOTRPROf Bb]
forming circuits on a printed circuit board. Thus, reduced pattern circuits
can be effedispelsydpiteveriretilinpmniet ngiddesandyed. The above effects can be
surely and stably obtained under the condition that the thickness of the
front surface | apePa¢k sgrfacg@dayer made of aluminum or aluminum alloy to be
disposed at a drilling outlet side, said back surface layer being
joined to said front surface layer;
wherein hardness of said front surface layer is smaller than

that of said back surface layer.

2. An entry board for drilling small holes, comprising: 1

a front surface layer made of aluminum or aluminum alloy to be
disposed at a drilling inlet side; and

a back surface layer made of aluminum or aluminum alloy to be
disposed at a drilling outlet side, said back surface layer being
joined to said front surface layer by clad rolling:;

wherein hardness of said front surface layer is smaller than

that of said back surface layer.

3. The entry board for drilling small holes as recited in
claim 1, wherein micro vickers hardness (Hv) of said front surface
layer is 20 - 50, and wherein micro vickers hardness (Hv) of said

back surface layer exceeds 50 but does not exceed 140.

I



[err]m the micro vickers hardness (Hv) of the front surface layer is 20 -
50, the thickness of the back surface layer is 30 - 200 [err]m and the

m cro vickers hardness (Hv) of the back surface | ayer exceeds 50, but does
nat exceed 140. If roughening surface t2patnments are perforned such that a

central average roughness is 0.15 - 0.30 [err]m slipping of the drill when
drilling can be ptevenseshtdyhebaby fdr (dia11endadieillg halesir &€ rerfitdai ihi ng
posi tion. Furthernore, it enables one to easily distinguish the front

surface | ayelaimoin whersiackicty vdcketnyperdnesaidiival ofismid fronts supfacent i ng
| nproper placenent of the entrg{ board upside down. If the nmethod for neking
an entry boddeFni? &l ng PheAnst #perein 6"1’-&6°r%’rq’ﬁeﬁ§ %a’iﬂﬂeésal(%‘ﬁ’l Fmfaktoy to

be a front Uchage: Laxen .90 letlis b HulThbuAl oY Qly Agghh- My al oy to

be a back front sur yer to orm a 1-am nate oar thereafter
annealing the | am nated board at the tenperature of 200 - 260[err]C S
enpl oyed, the hardness of the front and back surface | ayers can be easily
differentiated b§.ut Thezemgrysdbeedi fior clhrdlacher sretlilc holheranfrdaited 25

claim 3 or 4, wherein the micro vickers hardness (Hv) of said front

surface layer is 25 - 40.

6. The entry board for drilling small holes as recited in
claim 3, wherein the micro wvickers hardness (Hv) of said back

surface layer is 65 - 140.

7. The entry board for drilling small holes as recited in
claim 4, wherein the micro vickers hardness (Hv) of said back

surface layer is 58 -~ 140.

8. The entry board for drilling small holes as recited in
claim 1, 2, 3, 4, 5, 6 or 7, wherein thickness of said front
surface layer is 5 ~ 100 um and thickness of said back surface

layer is 30 - 200 um.

9. The entry board for drilling small holes as recited in

claim 1, 2, 3, 4, 5, 6, 7 or 8, wherein a surface of said front

I
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anpealing in an easily handled |lamnated state. Thus, an entry board can
be efficiently manufactured by such a sinple nethod. If the entry board
menti oned above is used for drilling small holes through a printed circuit
board, the drilling can be performed w t28a hi gh accuracy. Although the

I nvention has been described in connection with specific enbodi nents, the

i nventi on i ssuofadei ayex isoraugtbn&irdadh nihatScéittadSavdrdhd Peughieaketa)t 0
those skilled in the art, various substitutions and nodification within the
scope and spifi?-1f -t Re3?i¥ention are contenpl at ed. 26 What is claimed
is: 1. An entry board for drilling small holes, conprising: a front
surface | ayer made of alum numor alumnumalloy to be disposed at a

drilling infet side: achinBackosYdans LAYSLAPYBagh BlUNAUTLEL By num

alloy to be disposed at a drilli1ng out
bei ng j oi nedhbDesaicdmbE08ing Whbaseegsayer; wherein hardness of said front
surface layer is smaller than |
clad rolling a pure aluminum alloy composing a front surface
layer and an Al-Mn alloy or an Al-Mn-Mg alloy composing a back
surface layer; and
annealing the front surface layer and the back surface layer

at a temperature of 200-260 °C.

11. The method for making an entry board for drilling small
holes as recited in élaim 10, wheréin micro vickers hardness (Hv)
of said front surface layer after annealed is 20-50, micro vickers
hardness (Hv) of said back surface layer after annealed exceeds 50

but does not exceed 140.

12. The method for making an entry board for drilling small
holes as recited in claim 11, wherein the micro vickers hardness

(Hv) of said front surface layer after annealed is 25-40.

13. The method for making an entry board for drilling small
holes as recited in claim 11 or 12, wherein the micro vickers

hardness (Hv) of said back surface layer after annealed is 58- 140.
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t hat of said back surface layer. 2. An entry board for drilling small

hdl es, conprising: a front surface |ayer nmade of al umi num or al uni num al | oy
to be disposed at a drilling inlet side; and a back surface |ayer nmade of
alumi num or alumnumalloy to be disposgd at a drilling outlet side, said
back surface | ayer being joined to said front surface |ayer by clad

rol 1ing; wherei nLhar dhessetods @bt riiakdny snrdntce beamet fos dmidllliey siwld t hat
of said back surface layer. 3. The entry board for drilling snmall holes as
recited in &P4e as wpetEd in cleini éker bl haldineds 130y Wherekn Bhe r elad
surface layer_|s 20 - 50, and wherein cro vickers %ardness Hv) . of said

back surfacéf’P‘ Y T3 PEBGRT Bﬂtt%egg%ﬁlff’ee?cg qtrie4 ront sﬂfff e 3ﬁ‘Péergant ry
board for diebbhdy $MR!od19IPSnAS theCLALkAsCLRI m%%b%%r :2alL Clovdn ckers

hardness (Hv) of said front surface layer 1s 20 - , ereln cro
vi ckers har deesmed 40 -0206qinfl back surface | ayer exceeds 50 but does not

exceed 140. 5. The entry board for drilling small holes as recited in
15. The method for making an entry board for drilling small \

holes as recited in claim 10, 11, 12, 13 or 14, wherein a surface

of said front surface layer is roughened after or before said

annealing such that central average roughness (Ra) of the surface

becomes 0.15 - 0.30 um.

16. The method for making an entry board for drilling small
holes as recited in claim 9, 10, 11, 12, 13, 14 or 15, wherein said

annealing is continuously performed while unceoiling for 5 - 60

seconds.

17. A method for making an entry board for drilling small !
holes, comprising the steps of: _

preparing an entry board having a front surface layer made of
aluminum or aluminum alloy to be disposed at a drilling inlet side
and a back surface layer made of aluminum or aluminum alloy to be
disposed at a drilling outlet side, said back surface layer being
joined to said front surface layer, wherein hardness of said front

surface layer is smaller than that of said back surface layer;

* c L n S *



clLaim3 or 4, wherein the mcro vickers hardness (Hv) of said front surface
Iayer Is 25 - 40. 6. The entry board for drilling small holes as recited in
claim 3, wherein the mcro vickers hardness (Hv) of said back surface |ayer
is, 65 - 140. 7. The entry board for dr3dpling small holes as recited in
claim4, wherein the mcro vickers hardness (Hv) of said back surface |ayer
is 58 - 140. 8. ghechy reailoantry Wodtd bhi B0psiPdlithobEs saacker igrdatied
claiml1, 2, 3, 4, 5 6 or 7, wherein thickness of said front surface |ayer
is 5 - 100 [cdrmchatakdards cRﬂeé}Qabf sgidl dbbek k surkdcrc eldvprercdntagls - sz6g

[err]m 9. The entr%_l%ﬁﬁrdfor ill{ng small holes as recited in claiml1,
2, 3, 4, 5, sackeqp efHi i ﬁ"i“f e?Bf said front 28 surface |ayer
i s roughened suc %{ﬂ agE (Ra) is 0.15 - 0.30
[err]m 10. A ma?ﬁi 8‘1‘@91& rd'%\aéﬁaent r{l/ﬁggg or drilling small holes,

conprising the steps of:

18. A method for making an entry board for drilling small
holes, comprising the steps of:

preparing an entry board having a front surface layer made of
aluminum or aluminum alloy to be disposed at a drilling inlet side !
and a back surface layer made of aluminum or aluminum alloy to be
disposed at a drilling outlet side, said back surface layer being
joined to said front surface layer by clad rolling, wherein a
hardness of said front surface layer is smaller than that of said
back surface layer;

placing said entry board on a plurality of stacked printed
circuit boards so that said back surface layer contacts said
stacked printed circuit boards; and

drilling said printed circuit boards.

T y
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clad rolling a pure alum num all oy conposing a front surface |ayer and an

At-Mh alloy or an Al-Mh-My all oy conposing a back lLayer; and
annealing the front surface |ayer and the back su W@SH@E?HA%taé
tenperature of 200-260 [err]C. 11. The 3tet hod f or{f mak mg_:pan\v '\t) ard for
drilli ng small holes as recited in claim10, wher&e= ek “*m ardness

(Hv) of said front surface |ayer after annealed is 20- 50 m cro vickers
har dness (Hv) of said back surface | ayer after anneal ed exceeds 50 but does

not exceed 140. 12. The net hoPTORFeE G ah EHP Board for drilling small

holes as recited in claim 11, wherein the mcro vickers hardness (Hv) of
said front surface |ayer after annealed is 25-40. 13. The nmethod for making
an entry board foaNdENtRY BOARDEiOR briETNas svaL Hodes) X hasraodlopr 12,
wherein the m cr oMAXINGe rEE hsaMENENS A MEYHOD EOR ORIGIINGS SMABL cidrager after
anneal ed i s 58-THRGUGK A PRINED TImCUIzt ROBRD BY WEXMG GAIR ENTRY Hoamrnd f or
drilling small holes as recited in claim10, 11, 12, or 13, wherein the

clad An entry board for drilling small holes having a front surface
layer made of aluminum or aluminum alloy to be disposed at the
drilling inlet side and a back surface layer made of aluminum or
aluminum alloy to be disposed at the drilling outlet side. The
back surface layer is adhered or joined by clad rolling to said
front surface layer. The hardness of the front surface layer is

smaller than that of the back surface layer.

(Figure 1)
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rolling is performed so that thickness of the front surface | ayer becones 5
- 100 [err]mand the thickness of the back surface | ayer becones 30 - 200
~[err]m 15. The nethod for making an entry board for drilling small holes
as>recited in claim10, 11, 12, 13 or 14, wherein a surface of said front
surface | ayer is roughened after or befote said annealing such that central
aver age roughness (Ra) of the surface becones 0.15 - 0.30 [err]m 16. The
met hod for nmaking an entry board for drilling small holes as recited in
claim9, 10, 11, 12, 13, 14 or 15, wherein said annealing is continuously
performed while uncoiligg for 5 - 60 seconds. 17. A nethod for nmaking an
entry board for drilli smal | holes, conprising the steps of: preparing an
entry board having a front\surface |ayer made of al um num or al um num al | oy
to be disposed at a drillinggnlet side and a back surface | ayer nade of

al umi num or al um num al | oytecbe disposed at g drilling outlet side, said
back surface | ayer b@ & DN saiy ™ORN unf ade Yayer, wherein
hardness of said frogg. hat of said back

N a0e Nayisr ) os) er N h
o nees ol o ,
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30cplacing said entry board on a plurality of stacked printed circuit

boards so that said back surface | ayer contacts said stacked printed

CIrCUIt boards; and drilling said printed circuit boards. 18. A method for
maki ng an entry board for drilling small holes, conprising the steps of:
preparing an entry board having a front zurface | ayer made of al um num or
alum numalloy to be disposed at a drilling inlet side and a back surface

| ayer made of al umighum or alum numalloy to be disposed at a drilling

outl et side, said ck_sirface |avér bein joined to said front surface

| ayer by clad rollilng,._wherein a h ss jof said front surface layer is
smal l er than thal df sai kK sur er; pIaC|ng sald entry board gn a
plurality of stgckdd printed CY ?qks@ur QQESwaye¢l yer
contacts said stacKed printed c an rilling said printed
circuit boards.: ront

surface
layer 2

ace
t boar
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200 260
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An entry board (1) for drilling small holes having a front surface layer (2) made of aluminium or aluminium alloy to
be disposed at the drilling inlet side and a back surface layer (3) made of aluminium or aluminium alloy to be
disposed at the drilling outlet side. The back surface layer is adhered or joined by clad rolling to said front surface
layer. The hardness of the front surface layer is smaller than that of the back surface layer.
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