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ABSTRACT

Thai Laminate Manufacturer Co., Ltd. manufacturers and sells prepreg and copper clad laminate,
which are two components vital to the production of printed circuit boards, or PCBs. Fiberglass is
coated by varnish and move through treater tower. It is heated into a semi cured stage prepreg.
Prepregs are articulated side by side with copper foils and transfer to hot press. A number of copper
clad laminates are copper clad wrinkles. Which can not be used for PCB. Then the objectives of this
project are to find causes and set up recommendations to reduce the copper clad wrinkles. Based on an
analysis of the cause and effect diagram, the parameters that are expected to effect the copper clad
wrinkles are the pattern of pressure in lamination, the percentage of elongation of copper foil at 180°C
and the edge of fiberglass. In laminate production test is manufactured on laminate thickness 1.14 -
2.06 mm. by using copper foil thickness 0.018 mm. The first test is set the pressure pattern 1 for
lamination and manufacture laminate. The first test result shows that the laminate production by using
varnish 262 and copper foil from vendor NY are copper clad wrinkles 2.35% of tester. The copper clad
wrinkles are equal to the original pattern of pressure for lamination from company. The second test is
set the pressure pattern 2 for lamination and manufacture laminate. The second test results show that
the laminate production by using varnish 264 and 072 and copper foil from vendor LT and CC
respectively are copper clad wrinkles decreasing to 0.79% and 2.08% from original pattern of pressure
in lamination from company. The third test is manufacture laminate by using varnish 162 and 264,
copper foil from vendor CC and the original pattern of pressure for lamination from company. The
third test results show that the laminate production by using high percentage of elongation of copper
foil is copper clad wrinkles more than using low percentage of elongation of copper foil. The fourth

test is manufacture laminate by using copper foil from vendor LT and CC at high percentage of

III



elongation and the pressure pattern 2 for lamination. The fourth test results show that copper clad
wrinkles are reduced in all varnish 063, 264 and 072 when compared with the original pattern of
pressure in lamination from company. The average of copper clad wrinkles in each varnish formula are
decreasing to 0.45%, 0.42% and 0.20% respectively but for varnish 262, the copper clad wrinkles are
increase. In addition, the laminate production by using prepreg from fiberglass without edge, varnish
264, the original pattern of pressure in lamination from company and copper foil from vendor LT and
CC are copper clad wrinkles increasing to 1.79% and decreasing to 0.03% respectively. In conclusion,
the pressure pattern 2 for lamination is compatible with varnish 063, 264, 072 and copper foil from

vendor CC in 8 — 11 percentage of elongation and vendor LT in 18 — 24 percentage of elongation.

Keywords : Copper clad laminate, Copper clad wrinkle, Lamination
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2.4 UHUAUIAIIIHAUAZHE [A3NS YONINDNY, 2549)

o 2 4 A A ) 1
UHURITUNALAEHD (Cause and effect diagram) Lﬂumﬁuﬁmﬁammauwuﬁizmw
y a A ' a >
‘ijiy‘l'ﬂ (Problem) NUA N (Cause) 1'N‘HNﬂﬂti‘]u‘lﬂ1ﬁ'ﬂﬂ1i}ﬂﬂiﬁlﬂﬂﬁiyﬂ’mu (Possible cause)
¥ = s U ot 4 Qr
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2.4.5 TORVBINUAILTAITUNAUAZHA
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w5 WANUAaNadwadinu 13denu
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2.5 in3esilenl¥lumsnanes
Tumsfinuniseldinsesiionganaxiia’laun 1n504 Differential scanning calorimeter

]
LHagn 99 Melt flow rate

2.5.1 1A 509 Differential scanning calorimeter (DSC) [Joseph D. Menczel and R. Bruce
Prime, 2009]
= o = = 4 g 9/ aa Y o 1 U
mala DSC Wumatiansuasiziasaleanuisunienlsnuediaunsnate
1A949 DSC IMAnM3YIUTUIRYINY Differential thermal analysis (DTA) Ingn1aNU559A20819
a v o @ A A1 w a o 1
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Pai @ 1 a @ a = ¥ ' 1w
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[ 9 [ = o A o ] s L =2 g 9/ 3/ J
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' a aw d e 4 o =] v o 1 1 o o
MU aaInA (milliwatts, mW) ot masans AU EnI Avdsuanudouny
a { ' o 4 4 4 aaa
gaungl n3 i 1a5en 1 mes Tuunsw (Thermogram) isFuisuionTos Inssad1adlual §Asorms
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EFN-DDS

Onset  184C
sgxo| Peak  235°C
mW| Endset 286°C
AH  6507Jg

/

.18

IS0 306 230 346 366 290 300 320 348 °C
16 08 e 12 24 26 2% 3¢ 3: Wik
(€1}

310 2.12 dedawamsnAREUAI DSC 31 2.13 1599 DSC

-L2r

fan: http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0104-14282016000100003
https://bose.res.in/~technicalcell/DSC.html

b 4 (-7 = =y Dy oy
2.5.2 19399 Melt flow rate [A3.23IANT AUTATUAN UAZAT.HIATA T3 A9H, 2544]
iionaansmsnudreslimsasnasugunimaoudedui Taviinsnagoum
Wmnasguimdouuuis Iiwesnate (Resin content) A1 Gel time 153nausaui lnaooniiogn
IWanudounazondons iy (Resin flow) HaZIABATING IHAUDASTU (Melt flow) I3A153ABAT
A A A a o ° ° ' = o (1] 2
ms lnavessyuindevuuir iwednara i1 ldTasmsiiurunimsmnudr Inasdunga
Y ] ] [ ¥
2011 VINUUN AT UATBISAUNS o1 TUnaaeui AT 89 MFR (Melt flow rate) o 11 1A5 04
MFR Inann1siauae szldanudeuununasdualeslunszuonnaaou (Piston) Haald
¥ 1 Ao 1 ° A 1 1l
intnnamumniMuanaasuuuena v ldissuinasumaltegnislunszuennaaeulva
W11 2970 (Die) 08T HANIINATBUAIIATEY MER UBNIINTIUITDIAATINS Inave s Ty
Y a A o A a 4 2 v ar .
ud2 awIseszyguualiveussuinaovuuAl Ivieina avasis N UAT (Softening

temperature)

31 2.14 19503 Melt flow rate

fan: http://elecmechpneumatic.tradeindia.com/melt-flow-rate-test-apparatus-3 184636.html
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2.6 Iivednaa (Fiberglass) [37.03. 3524 aawdotam, 2543]
Twosnmadagiii 2.15 dusugAundnlunswaaurunnen iesonidlTagfidh
fuldadusau dunua i lida W e 1daidegamaligs Tanuuduse uazasanwidn
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Aa ] ' ' o
s lganuediaumsnagTudegiiu

31 215 TWweSnana

flan: https://resin-express.com/wp-content/uploads/2017/06/large 337 Fiberglass Roll2.jpg
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919 uuniilad (Magnesite) A19121A 1oAY (Kaolin clay) Hulusi1 (Feldspar) 1aguousnd (Borax)
Fhudu wodurjsnunmiumssdaliveinara

mswdn Tlwesnaaunmimaouds fufu Teauey uazasiifluesdlsznou
g1 4 T lwmniifgamgiigeda 1000 °C viegan flunan 50 - 900 wit dauwauanunezgn
nasuazmuidhdaodu Fond s smiuezdunszuaumsiamie 1 ldduloudafion Taoes
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T v q9d Y Y o oA ¥y & Lo w 4 % v )
Wi liiugnunaneu udrdameneuanizgnuianusgnshinduumasuduiwdalnd

' ' a a ¥
uadesntlsznoudis q imsauauaammudrnaunsosadulonmiudalumn diae

15



d 4 = ] 5 o
Twesnaanldlumsndaunundmsniuldunnnsindulondauuy E - glass
. a { o o o & i a
(Electrical glass) Ao siavasunanimviuiluidulond @ ailuidon1¥lugaainnssu
ad U4 o o d 1
drannseiind Tasviuduloudwmedluiud Nvevves e naaslimsndoudlomsiaiin

1 . g a 4 1
Benn Sizing nunthuiniery e ldidulodrs 4 asgy

2.7 ¥11N34% (Varnish) [R. S. Khandpur, 2006]
1 a & 3 ~ ¥ o A a o v ~ ey H
hemiisaonie gy Iliwes naamendailuuruwsmsn guaaidveaien
Nilvszdudfmuaganmvesdudi ilesninnsguaumsnanuduiuinsdidansoiindoe
& 1 = ¥ a & v o ad a A g a W o o
YuegiuyHavesgashe1nis Hldvnmsihdnendssuiuesdlszneunan wauny lames
-] - ) w1 aan @ 1 |
WoSuuudonentisauiudhazate uazdasulfnsmmudadiundosns
ad a4 A g a o o o ; A A
anendsFunodwesUseinnimes Tuksa (Thermosetting polymer) ABDINOHIU
= g’ = <] L ' =) L]
nszuaunsHaaudr lunsusn selinnuudssanunmuiluediauin Tuawisadugyl uag 'l
o w L) i n' = oo = a o o é
annsarhaaun1Fni1ld sieadisduinannlfasorveusFusudavi 1iuds (Hardener) Huilu
) 1 a o a A =y 9y a g ad - A a
ausalgnsonlunsnlasuanwsduninwaradnmad idunwaradnuds dRendsaull
wannaenalss lesilunis o dnnalugaamassuiioniunlddluasisonilszan
: ; oA o : : '
(Adhesives) W30l ¥0i50ndn0819M 1971 waraAn¥eN 52 a 1Y (Plastic adhesives) A 1U1TDIFOL
Uszamuda naradn uaz Tang diFoudanu 18 uensimiunlfifluasientszamudadagn
o ¥ a A s 9 = ] o A ar A a A
i lFlusuddmnssudu q Sndreoildlunugemhunsosdns ilesnnnaadniyon
¥ v
Uszamumariifiguauiialunsiudaniuiunss nudsusanszunn nudensnansouvasIsAl
sy o3 [
188 uozfigauanidlumsdlunuin i sunsanzvioda’ld
¥ a a o o { A Y : : i
eniinnannnsihdnends Funauiua1siyenTos (Curing agent) e 11 1Agas
3 P wa o v 4 & ad a ana A a
hennguaiatiunameeguu Ilweinaa egaunginldlumsifalgisvmsegumglivae
o g a a aan 1 v a
Mmswsouienids nar lumsfead§isomSenarlunswaudiudsenenais  ihdeiu
_ \ ﬁ'. ol g ) = I ey g = 4
uazasIANLAY (Filler) MAvas T lwherniiy sxlinaneguauinveaienniisdie iesnnms
a aaa ] a4 4 w @ A a &
nalFaservesdnendisauszieitesnunisiaiiseddvesumna (Molecular orientation) 9
= A A o — ' i ¥ a o
Tnssadrmdnvesdiendisdulinnuadosdeniwiougs dohomiisldsunimioudszunm
a = v A [ 1 4 < =
180 — 100°C fianisnasumaaiunaaanmad uaia 1asuanuiouds liisos 9 Aezifians
| o N 3 o d a [~ 4 " =
wou ToaTassadrumoluilvaes q uasdatlunaradnuisluinga (Fully cure) uaninangumngil
' - a A 9 Py d w %‘ a o [~ a d o
asneuiszifiamsden loslnssaduiauysal dnhwndsnezdlunargdnudsnainise
=) g 4 ar ar 1 1 { Y
vaoumal laonnsuiie 1a5un1MuToU (Semi cured stage) AAUFUUHUNT NI ANTN151F oY To g

] 3 _ 4 d‘. oy T _
Tnssardranlszana 20% - 30% miniu sifamsiyen v laseadeiiauysal lumsnaausuailiug
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2.8 UHUNBINAI (Copper foil) [Clyde F. Coombs, JR, 2008]
noawasa s Id1 1485991080 Sedinisldnouasedreunivnaoly
a 4 a d o o °
gadmnssunsnaanieeld Il wazsidnnsetind anwawisalunmsirlddeziinag
ﬂ‘. y = ar Y Lo 3 y ar

waswlauieneuastims@elunu Tanenaudu newnsannsada 3a vugl1dle ldTunnu
9 ] [ v g/ <
Fou AnunUIvBILHUNBIAsdINannuR UL I tasauudanss

anuuanARvewHunewnIilFlugamnnssumsnaauiufiuwasesdidansoting
=) 3 o w Y v v ~ 9 o ] 1 a '
Aeawansanazdetinalumsldnuverunewas uiunewasildnuediuunsnatoiog
aeslszinnfie ukunewaIn 189191153a (Rolled copper) azununouasnldsinnisyu

y 1 v 3 = dy A =® a =
(Electro-deposited copper: ED) AMNIANA19UBIIHUN DAy atidonosdsdualshldlu
a 1 o o 3 o v = g =) Y @ A a
mskaalinnuuanmenuun aatumsih lflddesdenlimingauruaunnaa
1 q'l =oa 94 ] a'. = -] T

uHuNeAINNeLs I 1dhe udunsuaindaldnInmsyu vieununowas ED
& - @ wa a A a )
(HBININUMINBAUIPUANTAAN ] 910 ANVYFYTSVUNUA (Surface roughness) Uag InTIa319

i o = y o 1 { | ]
1n5% (Grain structure) 1uAy FudlonSoufouiuuruneaasi ldnnmsaeenui uiuneag
<y v ¥ a L a ° ' a &
nlavinmsguezIdlassaiiunsuiuiven anuaguszuunuiaiuayend uazlinsiyouTos
ar ¥ et '
wusznelulaseadninann
dy 1 l:. o Ll ad

uonnniununewasi ldvnmsyudiansomicld8anatsuuuawnssuisng

HAR 19 WHUNBILAYTTA HTE Aoukumouasiimswauanistadaiguygil 180°C (High
. &2 . ' o a o

temperature elongation) %I IWAANILUAN (Cracking) Ao lunune A vMLINTNUTY tazl)

" ar :i o s
anueouauile 19 ugurgliga

31 2.16 wrume A

mn: http://i.ebayimg.com/00/s/MjAzWDMwMA==/z/VvBAAOSWEK9UBS5Bb/$_35.JPG?set_id=2
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2.9 wAININEITY
INBNAITYBIUTHN Shenzhen Core -Tex Composite Materials Co., Ltd gWan 1o -
NATE UNUNBILAI WIIWSN tazunua a1 lng ludlsemaiu nandemsRaunumowasdy
v
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(-! i = = s " ar o é )
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WUNIUUDZIATBITNS (Semi-automatic) D1VTHUNIVINMITAANTINT AU UUNIAY UHUWSINSAN
¥
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o o T o o ¥ da a A A A a '
dudeeingaunrua Tasarsasrvaeuiluilszdimaasiniinisndaa iNondn@oemsinaunu
v 9 Y ' 1A ﬁ v A = & w
NoAY D1esrvaeuud N lulidaudleulumstaides adsasnaeuns AU unToedns
(A1 Tension) TUNITAUNUNDAUIAIDENININATINNTANUMUITANHI B 13 111DINUAUNDAUAY
kY 2 g o Y a ] o 9
19110 M3 ldusanen limngavesm Iinaurdumeaadyla
M SVUNUNDIUAINTANVVIINIA 9 (18 pm HIDAINTIT) TLHINNTLVIUMTHIAIN-
o . . A a <3| ° § 2 o a )
1% (Lamination process) 815 uians nailusuiuuin vazdieduganisvhafiuduud,
WUNTITFUBEAUININVOVVDIUNUNBUAL Ao I NUMITIRaurUN oAy 14 T9A73
¥ = a o _y o
asavaeuLazliulagasheniisvieliu Tusunsulumshalimdu
TudiuvesununoId M uuRUNBAININMUNLIN 9 MsiaenldununeLal
= A. S =t ﬁ:{ = Qs é é = " s 9
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[R. S. Khandpur, 2006]

18



Unn 3

as o ] o o
IBAUHUNTITIVY

) e 1 = " = 5
msfnulyrimsifasesdvvewmunewmslumsndauiumiiualszneudoiunow

aauanalunini 3.1 il

L ANYINTZUIUMIHAALNUATILA ]

[ UMYy aNNeITeINUNTNALKUND A }

[ AUMAUNAUBINTTINATOUTUVDUHUNBILAY ]

y

a a o Ad g oA ¥
[ ﬂﬂﬁﬂQH'lQﬂlﬁglﬁlﬂQﬁ“ﬂuﬂu17‘“1]?]‘iﬂﬁ'lﬁ‘nﬁNﬂuﬁfﬂn13@1ﬂiﬂﬁ51@ J

[ 50 Tsunsulumsyhaiiimey ]

NARBIHAALAUATILAY

fuurTdunannas Tiiaaaq

wua umsifiasesduveupy

yonsanaIni el

[ USuTdsunsulumsyhaiiusuimunz ay "“_

[ PonuruneuaIne g lumsnanurualiug

!

[ MN1SNARDINAALHUMTIUALAZ AT IZYHA ]

et

1 2 = a
AN 3.1 UHUAITUABUTTAUHUNT I



3.1 ANMINIZUIUMIHAAUKUAIUA
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3.4 naassmgamgivewsduurliiwesnaaiiduduisenlvalnssadieiu
{ a v ? a o A A '
dmimsninaa ldluusazgasihomisldvdh Idissuimdoveguu e inaa

¥ 3 x
HYAvDNI vIntuii1 lUnaaeudlein3 09 DSC (Differential scanning calorimeter) Lﬁﬂ‘r‘l’lt‘,}ﬂlﬂ{]n
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4 g A4 A a A k3 . tJ A
FudusFwnan1son ToaTnser313 (Starting cure temperature) 1A YBYOYAUNYUNIIHULS

1 Ly ' H ) 4 g
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3.5 Wuzduuumslaanuadumsmhaiingu

3.5.1 YsugtuuumsIdanuaulumshadudunoun 1 Tasmsmuanuaulinag
Y ad 4 ' o a 9w <4 w L -
250 psi noudagan N FUIZeoUA Uszuia 5 Ui A208A51N15NUN1IWAY 30 psi AOUIT

a 9 A

A Y VR a . | = ad A 9
wazunuAY IHDIANNAUgIga 370 psi noudsguugiinsFuzGuduwdonToelassada
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gangluruaIiuavz ey lugie 180-200 °C T90ANNUAUAUNINY 100 psi LAINAADINAALANY
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