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Annex

Copper-clad laminates for printed wiring boards - Halogenated modified or unmodified resin
system, woven E-glass laminated sheets of defined relative permittivity (equal or less than 3.7
at 1 GHz) and flammability (vertical burning test), copper-clad
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Copper-clad laminates for printed wiring boards - Non-halogenated modified or unmodified
resin system, woven E-glass laminated sheets of defined relative permittivity (equal or less
than 3.7 at 1 GHz) and flammability (vertical burning test), copper-clad
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Copper-clad laminates for printed wiring boards
—Halogenated modified or unmodified resin system, woven E-glass laminated sheets
of defined relative permittivity (equal or less than 3.7 at 1 GHz) and flammability
(vertical burning test), copper-clad

1. EAMEE - oFKIE, BIEE E N7 AHERAA 2 Hv iz, EES280.05mm 205 3.2mm O (FE
ERBERER) 2F 9207 AEBIEE 150CLL L, HFERITUT (1 GHz) MOFEER 0.007 LLT (1
GHz) O#HEFERERKIZ OV TRET 5,

2. SIAMA® ZoHOSIABKEY, KITRT,
7EB, ZNOO5IRBMKIE, TORFR GBRizEte,) ZEMAT 2,
JISC 6481 7'V > BCHRAR H SsRAR R IR 7 1
JISC6515 7'V > MEHRHASRIZ <
IEC 60194: 20006, Printed board design, manufacture and assembly - Terms and definitions

IEC 61189-2: 2006, Test methods for electrical materials, interconnection structures and assemblies
— Part 2 : Test method for interconnection structures.
IEC 61249-5-1: 1995, Materials for interconnection structures - Part 5: Sectional specification set for
conductive foils and films with or without coatings - Section 1: Copper Foil (for
the manufacture of copper-clad base materials).
IEC 61249-6-3: 200X, Materials for interconnection structures - Part 6: Sectional specification set for
reinforcement materials - Section 3: Woven E-glass (for the manufacture of prepregs

and copper-clad base materials).

3. MERUMR $ERBRBRT, FESImEICEIL 20 iEsreHic L - THERT 5.
3.1 BB 4.0BXEMEATE- T2 0, T T AEBIREN 150°CLL LD o 7 oAb S - B/
mHRMEE, 6.3 12k 5,

32 E&MIX< JISCO515 [ ETHHIEL T, EMINIISALEE LV,

3.3 E# IEC 61249-6-3 (ZHET D E AT AHERAT T E T AO—FETH HIKFFEERY 7 Al



4. MANRFE SFEFEEHROEIRFMEL R1I2XKD,

£ 1 BANRHE
LS HER IR TP
L < OEHTE IEC 61189-2 > 2E12 JIS C 6515 DIHREIZ L 5,
IEC61249-5-1 123 %,
TEIRAE T O INEVINE AL ER 1% 0D IEC 61189-2 > 2E03 10000 MQ LA E
FEEM () (EE)
F BT JIS C 6481 @ 5.10.4(1) Xi% 50000MQ LIk
IEC 61189-2 O 2E03
TEIRAE T O MBS AL ER 1% 0D IEC 61189-2 O 2E04 5000MQ-m Ll E
IRREHEHTER()
SRR JIS C 6481 ™ 5.9.4(1) X% 10000 MQ -m 2Lk
IEC 61189-2 0 2E04
HEEE= (1 MHz) JIS C 6481 ® 5.12 X% 4.0 LLF
IEC 61189-2 ® 2E10 (F#td) ()
FHEIER (1 MHz) JIS C 6481 ™ 5.12 3% 0.005 LL'F
IEC 61189-2 ® 2E10 (#atH1) ()
= JEE T OFFEER (1 GHz) JPCA-TMO001 |2 L 5, 3700 F
A COFEBIESE (1GHz) JPCA-TMO001 (2 L 5, 0.007 LLF
MEE (E& 0.5mm &) () IEC 61189-2 ® 2E11 (B&fH) () |30 kV/mm LA |
% IEC 60249-1 O 2.8
fit7 — 27 () IEC 61189-2 ® 2E14 60s L
femeE (EX05mmBll) () |IEC61189-2 ® 2E15 (#Etd) () [40kv LA L
125 °C TOREEH () IEC 61189-2 ® 2E07 (i) ¢) | 1000MQ DL E
125 °C TOERBIRIIE () IEC 61189-2 ® 2E07 (Baf+) () [ 1000MQ-m LL F
Mk ) HHE JIS C 6481 @ 5.11 X% 500 000 MQ LI |
P, IEC 611892 @ 2E17 (&) () [{ 00 MQ bl L

F() ZELNEZBMOBEICL->T, BBTHLNRTE D,
O BATE, BEAEFENHIARFECTHY, IEC IO HIRETTH %, IEC THA S5 £ T, JIS C 6481
DOEFIPRBR T EE BT 5,
() IEC 611892 K IE S, MBFENEMEND L&, TORBHEEZH NS,

5. SEEEEROIFEBIMESE
51 REE<EOMNMR IE<mix, EAEEFERRMERH > TUXR LR,

SHAEFEBIR OFIL < HiX, JIS C 6481 ™ 5.2 X IEC 61189-2 DFRER 571k 2MI8 (2 L » TRBR L 7= L &,
5.1.1~5.14 OHEEITEA LT IUT e 7220,



511 ACHERUER (M) ~ZLHKROZERIE, Z0ORES @EIXIES) ZHEL, R2i12k-T
Al S AR B,

%2 AZHRUER

K& &
(mm)
0.13~0.25
0.26~0.50
0.51~0.75
0.76~1.00
1.00 =z 30

Al AR K

~N B~ DD~

HIEIL, $ERERBROMIL mOEED 300 mm X300 mm (2% LT, ~Z KOk, EREEITHE
S FH 72 EEAVTREL, FHIAROEHICE > THEIEZ 7 7 A531F 3%,

7T A AR A O A E
JTAA | 1THEBZ29 LT

JTAB | 5EBX1TUT

7T AC |5LF

7 7AD |0

77 AX | ZELFEEROWBEIC LD,

WL FEAKOEEHN29 2L LDICHONTIE, RAET5,

MEIOER Y 7 A%, ZELFEERMOBEICLD, 2720, BEDRWEARIZIZZ T AAZEHT S,
512 Lb #ix<micix, EREEER LRS- UL b7,

513 9 SIE<\EICE, I AHESD 20 %EBIIEIOX TR UL b0, EWVi:
< (BE50um BLE) (220 T, RS THEEN 10 um 282 TIER 57220,

X AEED S %A, 722, 10 pm RFEOES O XTI T L IZAR IR0,

T AHE S D 5~20 % DRI DO E 10X, #E< BHOMEED 300 mm X300 mm (2% L THEFHR S M3
100mm £ THH-TH LV,

514 Bh i, @y, METRECERT I VAR @EER) OFETH LD, iE ToORBR/IT
KBt (T73Ix—vav) NEEMCE-oThilERI S5,

BEIX<EE (F7Ix—vay) IBEM IR - U b,

TUAR (BEER) OKRKGIZE DL, ROBETH-TH LW,

77 AA RN X BRRKES 15um ROHEKES 15mm

JIAB KON C ®wKEE 8um KUOEHRKEZ 15mm

77 AD BRES Sum KOHRKEZ 15mm

MEtOER 7 7 213, ZELEEMOBEICL D, L, BEDORWGAILIEZ 7 A AZ#HAT 5,



515 FEHESE HII<@EOEEEIIE, JIS C 6481 ™ 5.20 XX IEC 61189-2 DRER HE 2M12 12k - T
REBELI-L X, MEHFRMEOREERE BIZTum AT &5,

52 SHSEEMRWREONE HEfiEERKOBBREIL, @ ofE TRIC L 2 BRI TR
LRV, BHEICETOREANRH S TH LV, FEEREOLIRIE, VAR EEEiR), SUIBEE 7 v
LELIIBEIIICE o TAL B, FFLERICRAT D2 T AL D HIROENRZH - TH L,

53 SAERRMMIROES SFEFEEROESICHII 2500 ENIZIELYEEROBEICL 5, — I
0.8 mm RFHOMITENEI 2 EERVES L LT, 0.8 mm LA EORIIII 2 EATLIES LT 5, $REME
JEHRIE, JIS C 6481 @ 5.3.3 XL IEC 61189-2 DFRER 515 2D01 IZ K-> TR L7 & &, EIIIAHESIC
LT, MIWCE > THEER, SREROEREMNEORGE L, ZOFREXBZULRbRV, FEE
DIFENRWEEIX, “BER” OFREZHEAT 5,

£ 3 AERABMROLKESRUHEE

AL mm
X< ZRNTDE S I EBUES B S TR
(Z B EL (R, mmEsR A e
INTRE & INFRIE & e e Es | EESE S
0.05 LIk 0.10 LL'F +0.03 +0.02 +0.01
0.10 ##8x 015 LL'F +0.04 +0.03 +0.02
0.15 ¥z 030 LT +0.05 +0.04 +0.03
030 #iEx 050 LL'F +0.08 +0.05 +0.04
0.50 ##Bx 080 LL'F +0.09 +0.06 +0.05
080 Bz 1.00 LT 0.80 #ifx 1.00 LL'F +0.13 +0.09 +0.07
1.00 Bz 130 BT (¢ 1.00 Z#8x 130 LT +0.17 +0.11 +0.08
130 ##8x 170 UL'F +0.20 +0.13 +0.10
1.70 8z 210 UF +0.23 +0.15 +0.12
2.10 Bz 260 LT +0.25 +0.18 +0.15
260 Z#Bx 320 LLF +0.30 +0.20 +0.15

EG BRICIE, EX080mm A S LDIIONTIE, Sl AEDEISZEAT 208 L,

HWE EIROFEZEL, REFERONES 25 mm UNIEH L, £7-, #aEic k- T, Lz
T3 FoXFVOWEN S 13 mm INIZITEA L2V, 7270, FRZOHMIOEAT T, FFRZED 125 %
PINTRITIIZZR B 720,



54

2MOL IC k> TR L7- & &, BAITTTHBMEEZBZ IR B0,

&4 RYRUBLH

RYRBRUBLAh HEEEEROK Y RO Ui, JIS C 6481 @ 5.22 XL IEC 61189-2 DB 71k

= EFHMO s %
R Bk RS IR IHE P o)
(mm) (mm) PSR AR | AR E A
KORORCI | JISC6481 | 0.8 LI E13LLF 350 AT 20T 1.5 LUF
D 522 i 350 Z#B % 500 LAF 1.8 LT 1.3 LLF
IEC 61189-2 500 &8 % 1.5LLF 1.0 LR
D2MO01 |13 %8Bz 17T 350 LA 1.50LF 1.0LLF
350 Z#8 % 500 LLT 13T 0.8 LAF
500 =8 % 1.O0LLT 0.5 LLF
1.7 %% 3200F 350 LA 1.0 0.5LLTF
350 Z#8 % 500 LLF 0.8 LLI'F 0.4 LIF
500 &z 0.5 LT 0.3 LLF
& Y KORUNOFFMEIL, A ERERER CIEEIE< E S 105 pm (915 g/m?)LAN, i SRR E R
DL JEE DFEN 70 um (610 gm> AN D & DIZ T AT %,
IS OHEPAE B 8L R LSRR ORI, SENEEHOWEICE D,

55 A< DERICETIHME HII< X IIN LRI ROBREFRZOWNOHFRMIL, B51CLD, &
NHOFRMT, BET 077 A VELOMIEICHEAT 5, n—7 B 7 7 A A EFRY —n—T 177
A NDOFIEL DFEDOTHFMEIL, BSDD7L 150 arixHEEL TP,

&5 @AXBIEFZALEAS

5.7.3(2) X1 IEC
61189-2 ® 2M14

BT N/mm
e R 15 TP
L ES
12 um LU 18 pm 35 um 70 pm LA 1
101 g/m? LLF 152 g/m? 305 g/m> | 610 g/m> LA E
A< Bl X I LIRS (FER) JIS C 6481 0.6 ULk 0.7 LAk 0.8 LIk 0.9 LLE
5.7.3(1) XX IEC fEa, 1IN,
61189-2 O 2M13
20 BRI OBER S (12477 ILE%) | JIS C 6481 O 068k | o7k | o8k | 09Lik

A, 1N,

20 BRI OEEEE O )

IEC 61189-2 @
2C05

fZav, I niaun,

W52 ENELNGE,

FCO) CoFEMIEB L, TEC 61189-2 OFRER 1L 2M14 (20 ORI OBME % DHIZ < 31 X 1T LR E) TR £

THIENTX S,
WE SR TOMIILFIZ TN LIRS ORIEIL, $HIE< ORI H 2 BE TR EMZSINE L 7= ) O 2 57
EREZ 3mm A EE L TITHY Z EmMTE D,




56 ITHREMIHRUEMEMIE SRR, EEFOHRET 250100 - TEUL R Y AT
ITH, FIREMIMEE, HE LAV,

Gl TRE T B, AREBIROES 282 TiX2 bV, FUARBITFIZL A ROBICER LR
RIS BN D - T B2,

BT ONTZRITE, ANV—FR—=NOoEZ2FEZHA EHETLIHLORH > TUT R HRN,

57 SHEREWE THEZEMHOMNESBERSIORT, HELZEME, JISC 6481 D 5.16 (2L > CTRBR L
728 &, BOIWWEAS LTI O\, FREY 7 AWML, SELYEEMOBEICL S, 72771,
ZELEEBOBEN 2 VEERX, 77 AAZBEHT S,

® 6 TEREM
B %
Kt HER TR HREI T A R E
~SHEZRENE JIS C 6481 @ 5.16 (%) A +0.05
B +0.03
C +0.01
X ZWELEEMOWEICL D,

EC) MMBVLESLMEE, E-0.5/150 &35,

58 ¥—F (BR) #

581 RKREMNLGS—EHOTE o — MOTELE ZELYFEFHOBEICL D, RENLT— MO
FETRIZ K D,

—  915mm x 1220 mm

— 1065mm x 1 155 mm

— 1065 mm x 1 280 mm

— 1000 mm x 1 000 mm

— 1000 mm x 1200 mm

582 Y—IMHOTEMEE > — MOTEHFEZEIT mm &35,

583 Y—FHOEAE L — FMOBEAEL 3mm/ mUTET5,

59 Hhy M
591 Ay rHDOTE v MOHEL, ZELEEROBEICE D,




592 Ay FHOTEHEBEERE BEAZOMHBEICL Ay FHECHE L-ERBKRO, ESROEOF
BEIL, RTICLD, BAEOHHETIRESINZ2WEASIZIE, BELOEEZH WD

K7 hy bHOTERERE

B mm
JR——, ‘ TREDX Sy
T AL 15 in B
300 LLF +2.0 +0.5
300 %8 % 600 LA T +2.0 +0.8
600 % 8 . +2.0 +1.6

593 Ay MHMOEAE BEAEOMRICLDZ Dy M-HECOW L-SERBROEAE L, ES8ICLD
JEAE O CTHRE SN WEA I, EESOMEEHAWS

®8 hy MHOERE

BT mm/m

. . HEMEOX Sy
e BRIk - —
FEYE AL = in b
B OB E JIS C 6481 ® 5.3.2 Xi% 3 LT 2 IR
IEC 61189-2 @ 2M23

6. X< HREROIFTRHSE

m,%ﬁ TyF U ENERBAICE, RISRTHOED b REWREEDOKREND > TULR LR,

REIZIE, FR4EUEOREREEHND

%m%&ﬁi1¢$mPfﬁo REORIREIL, RETLIMEHIE L DL T 50, XL, ZE

WEER OB EIC K

FHEDKIE (ﬁ%‘ﬁ@ H, BlEOXRT, A4 FRUOEY) TROLDIFZITANLND,

— R Twiewn, UIEH L TWRWT T A ik

— EEMEORVEY,

—  EMEECHIR L2V K

— FFEHORY

— & 15 mm R ORER i < 9°C, £E D 300 mm X 300 mm OEIKEFE YL 7= 0 FH 1 ELUTOL
D

—  0.50 mm & H X 2R WERHELIS D AFE A 7R )

— B &0.15~0.50 mm OO RFERLEY T, LED 300 mm X300 mm OEHAEFEY 72 0 F 2 @EULT
RNV
0.15 mm R DR FEALEMITHRE L2,

— KA F (NEAA FXUIREAA K) 1%, £Z0.075 mm K& L, EEOFEHTOER 3.5 mm OH
OHFZ 3ELLES - TR B0,



6.2 HBHFAE fhiF R X%, JIS C 6481 ™ 5.8 T IEC 61189-2 DEER 5L 2M20 12 L > THER L7~ L X,
FOICHA LTI B,

£ 9 ghlfsmS
BAf N/mm?

B FRBR 1 FFARAE
B ‘ m
(B 1.0 mm B k(i) | E7 T 250 B

B7ih JIS C 6481 O 5.8 |3 Bl 7w

T TEC 61189-2 0> 2M20
fﬁi, BE LW
&) {1
(B 1.0 mm B L3 )

6.3 WHRME AL, JIS C 6481 ™ 5.15 XX IEC 61189-2 DB /714 2C08 (& X 0.05 mm Z##8 % 0.3 mm
T, %2006 (B 03mm Z#2 32mmUUT) ICXkoTRERL-E X, &10ITHEEG LT LR
BN,

ZELEEMOBEN 2WEEIL, FV—0 &7 5,

£ 10 W%l
e BRIk X5
MR A JIS C 6481 @ 5.15 X% FVL0 FVLI
IEC 61189-2 @ 2C06

KERY EotBo 7 L—=3 o J R 10 FPLAAN 30 FHLLN
S5 1OFEND, FH10EgEREO T L—I T 50 FPLAN 250 FP LA
e D& F
2EIEDRETRY EoT-H%D T v—A  JHEHE 30 FPLAN 60 LI
OMWBEFTOTL—I T T a—A( 7 L L
T4 oy a—RERKSEDLHETY 2L L

HE XoyoRE (FV-0, FV-1) 1%, UL ##EOEE (V-0, V-1) & “Flammability” @ “F” ZBML7H DT
H5,



6.4 WEKE WAL, JISC 6481 D 5.14 LT IEC 61189-2 DREE FIE 2N IC L > CTRER LT- & X, &
1 ICEE LT b0,

& 11 BKE
. . JEx A
e AR 7R (mm) %)

W7k == JIS C 6481 ? 5.14 X% 0.05 LA E 020 i 2.00 LL'F
1IEC 61189-2 ® 2N02 0.20 Lk 030 i 1.50 IR

0.30 LA_E 0.40 R 1.20 LR

0.40 LA E 0.50 R 1.00 AR

0.50 LAE 0.60 i 0.80 LL'F

0.60 LA L 0.80 i 0.70 LL'F

0.80 LA L 1.00 Rii 0.50 LLF

1.00 L E 120 SR 0.50 LA'F

1.20 UL E1.60 Riifi 0.40 LLF

1.60 UL E2.00 SR 0.25 AR

2.00 L E2.40 i 020 LLF

240 LI L 320 R 020 LI'F

65 =E—XYV4Y I—XVU27E, IEC 61189-2 DER 1L 2N01 Xk IEC 60249-1 DRERH1E 4.2 (fF
K IEC 61189-2 DFER /715 2NO1 N HIE SNT-3HE1E, TORBRAE) Lo THRBRLEZLE, B1210HE
B LT b7,

® 12 S—XYv¥9

Tk BT IE FrAE
=Xy IEC 61189-2 D 2NO01 i STEORBRAICI =Y IR0, 3D H 1 {d
IEC 60249-1 & 4.2 DAREW OGS, BRBEEZITI,

2B H OREBR T3 ORI I =AY 73720,
3EORBA I, RO HEAR 22,

6.6 HSRAEBEERUVUELLE V7 AGBEEROELEL RI3ITEA L2TUER B0,

£ 13 HSRAEBRERUVELE

HEE BT 15 RS
H T AR E JIS C 6481 ? 5.17.1 X1% 5.17.5
H LI 150 °C UL E

IEC 61189-2 ® 2M10 X% 2M11
JIS C 6481 ™ 5.17.2, 5.17.3 X%
5174 DWFR
HLE (EEHEE) JIS C 6481 M 5.18 X%
IEC 61189-2 ® 2M03

170 °C LA |k

HE L2
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7. AERUERT WETROMMEERICHEEOBZIANLWE JICEEL, ToAEREO LTV ERT

&7
>

ROFHEEGITHAROWHIETHD X HIZRRT 5, L, SEREETOFRRTIIRMENRE

TOARMEOH HHE (EMoTmME, #IXBRNRRDEERLE) 1T, BT LIIRKTT 5,

a)
b)
V]
d)
e)
f)

)
h)

a)
b)
©)
d)

iy (7R L)
BEproJrmtt (HE5m G ofRnism) zKkEe 8 TRRT 5, ]

RESKRVES

LIRS

%E

BLUEZEE L T Z O

BEFEA T2 oS (liEn v FESTHY 25 IZHRITE 25H61F, AL TS LW,)

fign y NS

EEER  EUERICIE, RONFEZE E R TIER 520,
g (BlER L)

R (kg ROES

T RS

&
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Copper-clad laminates for printed wiring boards
—Non-halogenated modified or unmodified resin system, woven E-glass laminated sheets
of defined relative permittivity (equal or less than 3.7 at 1 GHz) and flammability
(vertical burning test), copper-clad

1. EAME CoBKIE, BHEL E VT AMMERAG A AV 2, EE230.05mm 225 3.2mm OEEAME: (F
EABERER) 2G24T AERBIRE 150CLL L, HFFESR37 LT (1 GHz) RUFEEIES 0.007 LLT (1
GHz) O/ ~u 77 ) —EREBRIZ OV THET 5.
B, ~ul 7 ) —HERERER & 1X, JPCA-ES01 XX IEC 61189-2 O#RER 51 2C12 ([ X W HIE L,
5% (C1), B3 (Br) OEHENZTILEI 0.09wt% (900ppm) LA T C, = D& HEREN 0.15wt% (1500ppm)
LLTOHDEW S,

2. BB ZoBREOBIABEEZ, KIORT,
7E, ZNOO5IHBEIE, ZORHR GBMzET,) Z#EMAT 5,
JPCA-ES01 ~m 7 7 U —SaRFE @ iR 7 1k
JISC 6481 7'V > MECHAR A S BRFEE AR BR 7 14
JISC6515 7V o MEHAR FASRIE <
IEC 60194: 20006, Printed board design, manufacture and assembly - Terms and definitions

IEC 61189-2: 2006, Test methods for electrical materials, interconnection structures and assemblies
— Part 2 : Test method for interconnection structures.
IEC 61249-5-1: 1995, Materials for interconnection structures - Part 5: Sectional specification set for
conductive foils and films with or without coatings - Section 1: Copper Foil (for
the manufacture of copper-clad base materials).
IEC 61249-6-3: 200X, Materials for interconnection structures - Part 6: Sectional specification set for
reinforcement materials - Section 3: Woven E-glass (for the manufacture of prepregs

and copper-clad base materials).

3. MHRUER SEERBRIT, FEXImmiceix< 20 i ehic X - Tk 2.
3.1 WEBHR 4.0BXEMEZEZ SO0, BT RAEBIREN 150CUL Lo a7 ) —{bE s

AR, MR, 6.3 12X B,

32 &R JISCO6515 ITHET 281X < T, ERSNIIS AEE LV,
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3.3 X%

4. ERHIEE SEEREROES

HOREIEIS, ®1ICK D,

£ 1 ESRHE

IEC 61249-6-3 (ZHET D E 7 AR UL E T T 2AD—FETH DIERLFBERY 7 Ak

et

ERTT 1k

R

#iix < OIBUE

IEC 61189-2 @ 2E12

JIS C 6515 DIFEIZ L 5,
IEC61249-5-1 |2 L %,

TE{EAE T CoInBINEALE % D
FEER () (ER)

IEC 61189-2 ¢ 2E03

10000 MQ UL k=

ek

JIS C 6481 @ 5.10.4(1) X I%
IEC 61189-2 © 2E03

50 0000MQ ULk

TEIRAS 1 T OMBIMBAL L% O
RIS ()

IEC 61189-2 > 2E04

5000MQ -m Ll E

IRFERRHTR JIS C 6481 ? 5.9.4(1) XiZ 10000 MQ +m LA
IEC 61189-2 O 2E04

thEEEER (1 MHz) JIS C 6481 ™ 5.12 X% 4.0LLTF
IEC 61189-2 ® 2E10 (BEtd) ()

FHEIEH: (1 MHz) JIS C 6481 ™ 5.12 % 0.005 LLF
IEC 61189-2 ® 2E10 (fat) ()

mEE TORFEEE (1GHz) JPCA-TMO001 (2 L %, 3.70F

= A COFEERE (1GHz) JPCA-TMO01 (2 L %, 0.007 LL'F

MiEE (EX 0.5 mm #iH) ()

IEC 61189-2 ® 2E11 (#5FF) ()
1% IEC 60249-1 D 2.8

30 kV/mm KL |k

it 7 — 2% () IEC 61189-2 ® 2E14 60s L

M (2 0.5mm LLE) () IEC 61189-2 ® 2E15 (i) () [40kv DL E

125 °C TORMEH () IEC 61189-2 ® 2E07 (Biits) () [1000MQLL k-
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JPCA Standard

Copper-clad laminates for printed wiring boards
- Halogenated modified or unmodified resin system, woven E-glass laminated sheets
of defined relative permittivity (equal or less than 3.7 at 1 GHz) and flammability

(vertical burning test), copper-clad
JPCA-HCLO1

1 Scope

This part of IEC 61249 specifies requirements for properties of woven E-glass laminated sheet of a thickness of
0.05mm up to 3.2mm, of defined flammability (vertical burning test), copper-clad. The glass transition
temperature is defined to be 150°C minimum. The relative permittivity is equal or less than 3.7 and the
dispassion factor is equal or less than 0.007 at 1 GHz.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced document
(including any amendments) applies.

JISC6481 Test methods of copper-clad laminates for printed wiring boards

JISC6515 Copper foil for printed wiring boards

IEC 60194: 2006, Printed board design, manufacture and assembly - Terms and definitions

IEC 61189-2: 2006, Test methods for electrical materials, interconnection structures and assemblies

—Part 2 : Test method for interconnection structures.

IEC 61249-5-1: 1995, Materials for interconnection structures - Part 5: Sectional specification set for
conductive foils and films with or without coatings - Section 1: Copper Foil (for
the manufacture of copper-clad base materials).

IEC 61249-6-3: 200X, Materials for interconnection structures - Part 6: Sectional specification set for
reinforcement materials - Section 3: Woven E-glass (for the manufacture of
prepregs and copper-clad base materials).

3 Materials and construction

The sheet consists of an insulating base with copper foil bonded to one side or both.

3.1 Resin System

The resin system is the modified multifunctional epoxide, or modified epoxide, or any other kind of resin system,
with halogenated, woven E-glass laminate with a glass transition temperature of 150°C minimum. Resin
system should be modified to satisfy the electrical properties requirement of 4.

The flame resistance of the material is defined in terms of the flammability requirements of 6.3.

3.2 Metal foil

The metal foil is made of copper as specified in JIS C 6515, copper foil (for the manufacture of copper-clad
materials). The preferred foils are electrodeposited copper of defined ductility.
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3.3 Reinforcement

The reinforcement of the board is attained by woven E-glass as specified in IEC 61249-6-3 or Low relative

permittivity of woven glass fabric that is kind of E-glass is also an option.

4 Electrical properties

The electrical property requirements are given in Table 1.

Table 1 — Electrical properties

Property

Test method

Requirement

Resistance of foil

2E12 of IEC 61189-2

As specified in JIS C 6515, IEC 61249-5-1

Surface resistance after damp heat while in the

(under consideration) (3)

humidity chamber () (optional) 2EQ3 of IEC 61189-2 >10 000 MQ
Surface resistance after damp heat and 5.10.4(1) of JISC 6481 0r
recovery 2E03 of IEC 61189-2 250 000 Ma2
Volume resistivity after damp heat while in the
humidity chamber () 2E04 of IEC 61189-2 >5 000 MQm
Volume resistivity after damp heat and recovery 52'2'6%12)]? flélg gﬁggg >10 000 MQm
Relative permittivity after damp heat and 2%15 (Z:f‘::zsc(:: 6614$ ;g_r 2 <40
recovery (1 MHz) (under consideration) (3)
Dissipation factor after damp heat and recovery 2%15 gf\::gsc? (?14$ ;g_r 2 20,005
(MHz) (under consideration) (3)
Relative permittivity at high frequency (1 GHz) JPCA-TMO001 <37
Dissipation factor at high frequency (1 GHz) JPCA-TMO001 <0.007
. 2E11 of IEC 61189-2

Electric strength - : 3
(only for material thickness < 0.5 mm ) (1) (unc;egc;c;r;égeégtzlzg)_ 1( yor 230 kvimm
Arc resistance (1) 2E14 of IEC 61189-2 >60s
Dielectric breakdown 2E15 of IEC 61189-2 S 40KV
only for material thicknesses >0.5 mm under consideration -

ly f ial thick 0 ! d ideration) (*
Surface resistance at 125°C () (uzn%?; ;;IEE eesr;:iggizﬁ) > 1000 MQ
Volume resistivity at 125°C (1) 2E07 of IEC 61189-2 >1 000 MQm
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Property Test Method Requirement
Normal 5.11 of JISC 6481 or >500 000 MQ
Insulation resistance (2) 2E17 of IEC 61 189-23
After boiling (under consideration) (°) > 1000 MQ

Note: (1) The requirements shall be subject to agreement between user and suppleoer.
(2) The test method is widely used in Japan and is being proposed to IEC standard. JIS C 6481 will be applied until publication of IEC

standard.

(3) The revised test method of IEC 61189-2 will be applied after IEC 61189-2 is revised and test method is added.

5 Non-electrical properties of the copper-clad laminate

5.1 Appearance of the copper-clad sheet

The copper-clad face shall be substantially free from defects that may have an impact on the fitness of the

material for use for the intended purpose.

For the following specific defects the requirements given shall apply when inspection is made in accordance
with the test method 5.2 of JIS C 6481 or 2M18 of IEC 61189-2. The specification of 5.1.1 to 5.1.4 shall be

satisfied.

5.1.1 Indentations (pits and dents)

The size of an indentation, usually the length, shall be determined and given a point value to be used as a
measure of the quality in Table 2.

Table 2 — Indentations (pits and dents)

?:ne Point value for each indentation
0.13-025 1
0.26 — 0.50 2
0.51-0.75 4
0.76— 1.00 ’
over 1.00 30

The total point count for any 300 mm x 300 mm area laminate shall be calculated to determine the class of the

material.

Class Total points
Class A More than 17, 29 maximum
Class B More than 5, 17 maximum
ClassC 5 maximum
ClassD 0
Class X To be agreed upon by user and supplier

Note: More than 29 is not acceptable.

The required class of material shall be specified in the purchase order. Class A applies unless otherwise

specified.
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5.1.2 Wrinkles

There shall be no practically harmful wrinkles in the copper surface.

5.1.3 Scratches

Scratches deeper than 20 % of the nominal thickness of the foil thickness are not allowed. Regarding thicker
copper foil that is more than 50um, scratches with a depth more than 10um is not acceptable.

Scratches with a depth less than 5 % of the nominal thickness of the foil shall not be counted unless this depth
is 10 um or more.

Scratches with a depth between 5 % and 20 % of the nominal thickness of the foil are permitted to a total
length of 100 mm for a 300 mm x 300 mm area.

5.1.4 Raised areas

Raised areas are usually impressions in the press plates used during manufacturing but may also be caused
by blisters or inclusions of foreign particles under the foil.

Raised areas caused by blisters or inclusions are not allowed.

Raised areas being impressions of defects in press plates are permitted to the following extent:

Class A and X material Maximum height of 15 um and maximum length of 15 mm;
Class B and C material Maximum height of 8 pm and maximum length of 15 mm;

Class D material Maximum height of 5 pm and maximum length of 15 mm.

5.1.5 Surface waviness

When examined in accordance to the test method 5.20 of JIS C 6481 or 2M12 of IEC 61189-2, the surface
waviness in both the machine and cross machine direction shall not exceed 7 um.

5.2 Appearance of the unclad face

The unclad face of single side clad sheet shall have the natural appearance resulting from the curing process.
Small irregularities in colour are allowed. The gloss of the unclad face shall be that given by the press plate or
release foil used. Variations of gloss due to the impact of pressure of gases released during the curing are
allowed.

5.3 Laminate thickness

The laminate thickness may be ordered to include or exclude the copper foil contribution as specified in the
purchase order. As a general rule laminates less than 0.8 mm are measured excluding copper, and laminates
greater or equal to 0.8 mm are measured including copper. If the copper-clad laminate is tested in accordance
with the test method 5.3.3 of JIS C 6481 or 2D01 of IEC 61189-2, the thickness shall not depart from the
nominal thickness by more than the appropriate value given in Table 3. The fine tolerance shall apply unless
another tolerance is ordered.
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Nominal thickness excluding metal foil, Nominal thickness including metal foil Tolerance requirement
(material intended for (material intended for single or double +mm
multilayer boards) sided boards)

mm mm Coarse Fine Extra fine
>0.05<0.10 0.03 0.02 0.01
>0.10<0.15 0.04 0.03 0.02
>0.15<0.30 0.05 0.04 0.03
>0.30<0.50 0.08 0.05 0.04
>0.50<0.80 0.09 0.06 0.05
>0.80 < 1.00 () >0.80<1.00 0.13 0.09 0.07
>1.00<1.30 () >1.00<1.30 0.17 0.11 0.08

>1.30<1.70 0.20 0.13 0.10
>1.70<2.10 0.23 0.15 0.12
>210<260 0.25 0.18 0.15
>260<3.20 0.30 0.20 0.15

Note: (4) Generaly, material thicker than 0.80mm had better apply nominal thickness including metal foil.

Note The thickness and tolerances are not applicable to the outer 25 mm of the trimmed master sheet or the
outer 13 mm of the cut-to-size panel as manufactured and delivered by the supplier. At no point shall
the thickness vary from the nominal by a value greater than 125 % of the specified tolerance.

5.4 Bow and twist

When the copper-clad laminate is tested in accordance with the test method 5.22 of JIS C 6481 or 2M010of
IEC 61189-2 the bow and twist shall not exceed the values given in Table 4.

Table 4 — Bow and twist

Property Test method Nominal thickness Panel dimension Requirement
mm longest side %
mm
Copper foil on one Copper foil on both
side sides
Bow and twist 5.22 of JISC 6481 >08<1.3 <350 <20 <15
or
2MO01 of IEC >350 < 500 <1.8 <13
611892 >500 A5 <10
>1.3<17 <350 <15 <1.0
>350 < 500 <13 <0.8
>500 <1.0 <0.5
>1.7<32 <350 <1.0 <05
>350 < 500 <0.8 <04
>500 <05 <0.3

NOTE The requirements for bow and twist apply only to one sided copper-clad laminates with maximum foil thickness of 105 um (915 g/mz)
and double sided copper-clad laminates with maximum foil thickness difference of 70 um (610 g/mz).

Requirements for laminates with copper foil configurations beyond these limits should be subject to agreement between purchaser and

supplier.




5.5 Properties related to the copper foil bond

Peel strength requirements are given in table 5. These requirements apply to copper foil with a normal profile
depth. In the case of low or very low profile copper foil, the requirements shall be at least 50 % of that given in
table 5 as a minimum.

Table 5 — Peel strength

Property Test method Requirement
Thickness of the copper foil
<12pm 18 um 35 um > 70um
(<101 gimd) (152 g/m?) (305 g/m?’) 610 g/md)
Peel strength as received 5.7(1)of JISC > 0.6 N/mm > 0.7 N/mm > 0.8 N/mm > 0.9 N/mm
6481 or 2M13 of
IEC 61189-2 No blistering or delamination
Peel strength after 5.7(2) of JISC > 0.6 N/mm > 0.7 N/mm > 0.8 N/mm > 0.9 N/mm
6481 or 2M14 of
heat shock of 20's IEC 611892 No blistering nor delamination
Blistering after 20 s heat shock 2C05 of IEC No blistering nor delamination
) 611892

NOTE (5) This property can be conducted by using 2M14 of IEC61189-2 2M14 “Peel strength after 20 s heat shock” at the same time.

NOTE In case of difficulty due to breakage of the foil or reading range of the force measuring device, the measurement of peel strength at high
temperature may be carried out using conductor widths of more than 3 mm.

5.6 Punching and machining

Punching is not applicable. The laminate shall, in accordance with the manufacturer's recommendations, be
capable of being sheared or drilled. Delamination at the edges due to the shearing process is permissible
provided that the depth of delamination is not larger than the thickness of the base material. Delamination at
the edges of drilled holes due to the drilling process is not permissible. Drilled holes shall be capable of being
through-plated with no interference from any exudations into the hole.

5.7 Dimensional stability

The dimensional stability requirements are given in Table 5. When specimens are tested in accordance to JIS
C 6481 5.16 the observe tolerance shall be as specified in Table 6. The nominal dimensional stability value
shall be as agreed upon between user and vendor. The tolerance range agreed upon between user and
supplier shall be class A, unless otherwise specified on the purchase order.

Table 6 — Dimensional stability

Property Test Method Class Requirement
%

Dimensional Stability 5.16 of JIS C 6481 (°) + 0.05

+ 0.03

+ 0.01

X|O|w| >

As agreed upon between user
and supplier

NOTE (6) Aging condition shall be E-0.5/150.




5.8 Sheet sizes
5.8.1 Typical sheet sizes

Sheet size is a subject of agreement between user and supplier. However, the recommended sizes are listed
below:

- 915 mm x 1220 mm
— 1065 mm x1155mm
— 1065 mm x 1280 mm
— 1000 mm x 1000 mm
— 1000 mm x 1200 mm

5.8.2 Tolerances for sheet sizes

The size of sheet delivered by the supplier shall not deviate more that +20/-0 mm from the ordered size.

5.8.3 Rectangularity for sheet sizes

Rectangularity for sheet sizes shall be equal or less than 3mm/m.

5.9 Cut panels
5.9.1 Cut panel sizes

Cut panel sizes shall be, when delivered, in accordance with the specification given by the purchaser.

5.9.2 Size tolerance for cut panels

For panels cut to size according to the purchaser’s specification, the following tolerances for length and width
shall apply as given in Table 7. Tolerances indicated as normal shall be in effect unless otherwise specified by
in the specification given by the purchaser.

Table 7 — Size tolerance for cut panels

Panel size Tolerance requirement
mm mm
Normal Close
<300 +20 +05
>300 < 600 +20 +0.8
>600 +20 +16

5.9.3 Rectangularity of cut panels

For panels cut to size according to the specification given by the purchaser, the following requirements for
rectangularity shall apply as given in Table 8. Tolerance indicated as normal shall be in effect unless otherwise
specified in the purchasing specification.
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Table 8 — Rectangularity of cut panel

Property Test method Requirement
mm/m
Normal Close
5.3.2 of JIS C 6481 or
Rectangularity of cut panels <3 <2
2M23 of IEC 61189-2

6 Non-electrical properties of the base material after complete removal of the copper foil

6.1 Appearance of the dielectric base material

An etched specimen shall be inspected to verify that no surface or subsurface imperfections of the dielectric
material exceed those given below. The panels shall be inspected using an optical aid apparatus which
provides a minimum magnification of 4X.

Referee inspection shall be conducted at 10X magnification. Lighting conditions of inspection shall be
appropriate to the material under inspection or as agreed upon between user and supplier.

Surface and subsurface imperfections (such as weave texture, resin starvation, voids, foreign inclusions) shall
be acceptable provided that the imperfections meet the following:

— the reinforcement fibres are not cut or exposed;

— the foreign inclusions are not conductive;

— the imperfections do not propagate as a result of thermal stress;

the foreign inclusions are translucent;

opaque foreign fibres are less than 15 mm in length and an average number of no more than 1.0 per 300
mm x 300 mm area;

opaque foreign inclusions other than fibres shall not exceed 0.50 mm. Opaque foreign inclusions less than
0.15 mm shall not be counted. The number of opaque foreign inclusions between 0.50 mm and 0.15 mm
shall be no more than two spots per 300 mm x 300 mm area;

voids (sealed voids or surface void) have a longest dimension less than 0.075 mm and there should not be

more than three voids in a 3.5 mm diameter circle.

6.2 Flexural strength

When the laminate is tested in accordance with the test method 5.8 of JIS C 6481 or 2M20 of IEC 61189-2 the
flexural strength shall be as given in Table 9.

Table 9 — Flexural strength

Test Method

Requirement

5.8 of JIS C 6481 or
2M20 of IEC 61189-2

Property
Flexural strength Length
(applicable to sheets direction
21.0 mm in thickness)
Cross
direction

Flexural strength
Length direction
Elevated temperature
(applicable to sheets
21.0 mm in thickness)

> 250 N/mm?

Not specified

Not specified




6.3 Flammability

When the laminate is tested in accordance with the test method 5.15 of JIS C 6481 or 2C08 (thickness = 0.05
<0.3 mm) or 2C06 (thickness >0.3 < 3.2 mm) of IEC 61189-2 the flammability shall be as given in Table 10.

The performance class of V-0 shall be in effect unless otherwise stated in the purchase order.

Table 10 — Flammability

Property Test Method Requirement
Flammability 5.15 of JIS C 6481 or 2C06 of IEC 61189-2 Designation
FV-0 FV-1
Flaming combustion time after each application of the flame for <10s <30s

each test specimen

Total flaming combustion time for the 10 flame applications for each <50s < 250s
set of five specimens

Glowing combustion time after the second removal of the test flame < 30s < 60s
. ) . . None None

Flaming or glowing combustion up to the holding clamp

Dripping flaming particles that ignite the tissue paper None None

NOTE The representation of designation “FV-0, FV-1" is to add “F” to “F-0, F-1” in that of UL standard.

6.4 Water absorption

When the laminate is tested in accordance with the test method 5.14 of JIS C 6481 or 2N02 of IEC 61189-2
the maximum water absorption shall be as given in Table 11.

Table 11 — Water absorption

Property Test Method Thickness Requirement
mm %

Water absorption 5.14 of JIS C 6481 or > 0.05<0.20 < 2.00
2N02 of IEC 61189-2 > 020<0.30 150

> 0.30<0.40 <1.20

> 0.40<0.50 <1.00

> 0.50<0.60 <0.80

> 0.60<0.80 <0.70

> 0.80<1.00 <050

> 1.00<1.20 <0.50

> 1.20<1.60 <040

> 1.60<2.00 <025

> 2.00<240 <0.20

> 240<3.20 <020
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6.5 Measling

When the laminate is tested in accordance with the test method 2N01 of IEC 61189-2 or 4.2 of IEC 60249-1
Test method 2NO1 of IEC 611892 shall be used after it is published in future. The presence of measels allowed shall be
as given in Table 12.

Table 12 — Measling

Property Test method Requirement
Measling 2NO01 of IEC 61189-2 or No measling on three specimens. If one out of
4.2 of IEC 60249-1 three specimens fails, the test has to be
repeated.

No measling on three specimens of the second
test is permitted.

No blistering or delamination on any of the three
specimens is permitted.

6.6 Glass transition temperature and cure factor

The requirements for glass transition temperature and cure factor are found in Table 13.

Table 13 — Glass transition temperature and cure factor

Property Test method Requirement
Glass transition temperature 5.17.1,5.17.5 of JIS C 6481 or >150°C
2M10, 2M11 of [EC 61189-2
5.17.2,5.17.3,5.17.4 of JIS C 6481 >170°C
Cure factor 5.18 of JIS C 6481 or Not specified

2M03 of IEC 61189-2

7. Packaging and identification

Boards for shipping and storage shall be packed in a proper way so that the boards will not be damaged. The
package shall identify clearly the following subjects using enduring ink on its surface. If the identification on the
surface of a package may give rise some problems to identify the boards (e.g., directivity, different copper foil
construction, etc.) identification shall be made on each product:

a) Name or Grade of the product etc.

b) Directivity of the product [longitudinal (direction of product flow) direction may be identified by an arrow]

¢) Size and thickness of boards

d) Thickness of copper foil

e) Quantity

f) Name of manufacturer or its abbreviation and/or symbol

g) Production date or its abbreviation (Date may be omitted if the production lot number can easily identify date
of production.)

h) Production lot number




8 Ordering information

Orders shall include the following details:

a) Name or Grade of the product etc.

b) Size (including directivity) and thickness
c) Thickness of copper foil

e) Quantity
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JPCA Standard

Copper-clad laminates for printed wiring boards
- Non-halogenated modified or unmodified resin system, woven E-glass laminated
sheets of defined relative permittivity (equal or less than 3.7 at 1 GHz) and

flammability (vertical burning test), copper-clad
JPCA-HCL21

1 Scope

This part of IEC 61249 specifies requirements for properties of woven E-glass laminated sheet of a thickness of
0.05 mm up to 3.2 mm, of defined flammability (vertical burning test), non-halogenated copper-clad. The glass
transition temperature is defined to be 150°C minimum. The relative permittivity is equal or less than 3.7 and
the dispassion factor is equal or less than 0.007 at 1 GHz.

The maximum total halogens contained in the resin plus reinforcement matrix is 0.15 wt% (1500 ppm) with a
maximum chlorine of 0.09 wt% (900 ppm) and maximum bromine being 0.09 wt% (900 ppm) as determined by
the test method specified in JPCA-ES01 - Test method for halogen-free materials.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced document
(including any amendments) applies.

JPCA-ES01 Test methods for halogen-free materials

JISC6481 Test methods of copper-clad laminates for printed wiring boards

JISC6515 Copper foil for printed wiring boards

IEC 60194: 2006, Printed board design, manufacture and assembly - Terms and definitions

IEC 61189-2: 2006, Test methods for electrical materials, interconnection structures and assemblies

— Part 2 : Test method for interconnection structures.

IEC 61249-5-1: 1995, Materials for interconnection structures - Part 5: Sectional specification set for
conductive foils and films with or without coatings - Section 1: Copper Foil (for
the manufacture of copper-clad base materials).

IEC 61249-6-3: 200X, Materials for interconnection structures - Part 6: Sectional specification set for
reinforcement materials - Section 3: Woven E-glass (for the manufacture of
prepregs and copper-clad base materials).

3 Materials and construction

The sheet consists of an insulating base with copper foil bonded to one side or both.

3.1 Resin System

The resin system is the modified multifunctional epoxide, or modified epoxide, or any other kind of resin system,
with non-halogenated, woven E-glass laminate with a glass transition temperature of 150°C minimum. Resin
system should be modified to satisfy the electrical properties requirement of 4.

The flame resistance of the material is defined in terms of the flammability requirements of 6.3.
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3.2 Metal foil

The metal foil is made of copper as specified in JIS C 6515, copper foil (for the manufacture of copper-clad

materials). The preferred foils are electrodeposited copper of defined ductility.

3.3 Reinforcement

The reinforcement of the board is attained by woven E-glass as specified in IEC 61249-6-3 or Low relative
permittivity of woven glass fabric that is kind of E-glass is also an option.

4 Electrical properties

The electrical property requirements are given in Table 1.

Table 1 — Electrical properties

Property

Test method

Requirement

Resistance of foil

2E12 of IEC 61189-2

As specified in JIS C 6515, IEC 61249-5-1

Surface resistance after damp heat while in the

humidity chamber () (optional) 2EO03 of IEC 61189-2 >10 000 MQ
Surface resistance after damp heat and 5.10.4(1) of JISC 6481 or

recovery 2E03 of IEC 61189-2 >50000 MQ2
Volume resistivity after damp heat while in the

humidity chamber () 2E04 of IEC 61189-2 > 5000 MQm
Volume resistivity after damp heat and recovery 523;‘151())? flélg 2161438;_3r >10 000 MQm
Relative permittivity after damp heat and 2;(2) %ff‘::ESCC 661423 ;g_r 2 <40
recovery (1 MHz) (under consideration) (3)

Dissipation factor after damp heat and recovery 2%:3 c;ff.::ESé) g‘? ;g_r 2 <0.005
(1MHz) (under consideration) (3)

Relative permittivity at high frequency (1 GHz) JPCA-TMO001 <37
Dissipation factor at high frequency (1 GHz) JPCA-TMO01 <0.007
Electric strength Gl IEC 61. 189-2

(only for material thickness < 0.5 mm ) (1) (undze ;o;)fr}gdceé%tlzc;rg_?) or =30 kV/imm
Arc resistance (1) 2E14 of IEC 61189-2 >60s
Dielectric breakdown 2E15 of IEC 61189-2 S 40KV

(only for material thicknesses >0.5 mm) (1)

(under consideration) (3)




Table 1 (continued)

Property Test Method Requirement
Surface resistance at 125°C (1) 2E07 of lE.C 61 1-89_23 >1 000 MQ
(under consideration) (%)
e o 2E07 of IEC 61189-2
Volume resistivity at 125°C (') (under consideration) (3) >1 000 MQm
Normal 5.11 of JISC6481 or 2500 000 MQ
Insulation resistance (2) 2E17 of IEC 61 189—23
After boiling (under consideration) (°) > 1000 MQ

Note: (1) The requirements shall be subject to agreement between user and suppleoer.
(2) The test method is widely used in Japan and is being proposed to IEC standard. JIS C 6481 will be applied until publication of IEC
standard.
(3) The revised test method of IEC 61189-2 will be applied after IEC 61189-2 is revised and test method is added.

5 Non-electrical properties of the copper-clad laminate

5.1 Appearance of the copper-clad sheet
The copper-clad face shall be substantially free from defects that may have an impact on the fitness of the
material for use for the intended purpose.

For the following specific defects the requirements given shall apply when inspection is made in accordance
with the test method 5.2 of JIS C 6481 or 2M18 of IEC 61189-2. The specification of 5.1.1 to 5.1.4 shall be
satisfied.

5.1.1 Indentations (pits and dents)

The size of an indentation, usually the length, shall be determined and given a point value to be used as a
measure of the quality in Table 2.

Table 2 — Indentations (pits and dents)

?’rl\fne Point value for each indentation
013-025 1
0.26—0.50 2
051-0.75 4
0.76—1.00 14
over 1.00 30

The total point count for any 300 mm x 300 mm area laminate shall be calculated to determine the class of the
material.

Class Total points
ClassA More than 17, 29 maximum
Class B More than 5, 17 maximum
ClassC 5 maximum
ClassD 0
Class X To be agreed upon by user and supplier

Note: More than 29 s not acceptable.




The required class of material shall be specified in the purchase order. Class A applies unless otherwise
specified.

5.1.2 Wrinkles

There shall be no practically harmful wrinkles in the copper surface.

5.1.3 Scratches

Scratches deeper than 20 % of the nominal thickness of the foil thickness are not allowed. Regarding thicker
copper foil that is more than 50um, scratches with a depth more than 10um is not acceptable.

Scratches with a depth less than 5 % of the nominal thickness of the foil shall not be counted unless this depth
is 10 um or more.

Scratches with a depth between 5 % and 20 % of the nominal thickness of the foil are permitted to a total
length of 100 mm for a 300 mm x 300 mm area.

5.1.4 Raised areas

Raised areas are usually impressions in the press plates used during manufacturing but may also be caused
by blisters or inclusions of foreign particles under the foil.

Raised areas caused by blisters or inclusions are not allowed.

Raised areas being impressions of defects in press plates are permitted to the following extent:

Class A and X material Maximum height of 15 um and maximum length of 15 mm;
Class B and C material Maximum height of 8 pm and maximum length of 15 mm;

Class D material Maximum height of 5 pm and maximum length of 15 mm.
5.1.5 Surface waviness

When examined in accordance to the test method 5.20 of JIS C 6481 or 2M12 of |IEC 61189-2, the surface
waviness in both the machine and cross machine direction shall not exceed 7 um.

5.2 Appearance of the unclad face

The unclad face of single side clad sheet shall have the natural appearance resulting from the curing process.
Small irregularities in colour are allowed. The gloss of the unclad face shall be that given by the press plate or
release foil used. Variations of gloss due to the impact of pressure of gases released during the curing are
allowed.

5.3 Laminate thickness

The laminate thickness may be ordered to include or exclude the copper foil contribution as specified in the
purchase order. As a general rule laminates less than 0.8 mm are measured excluding copper, and laminates
greater or equal to 0.8 mm are measured including copper. If the copper-clad laminate is tested in accordance
with the test method 5.3.3 of JIS C 6481 or 2D01 of IEC 61189-2, the thickness shall not depart from the
nominal thickness by more than the appropriate value given in Table 3. The fine tolerance shall apply unless
another tolerance is ordered.



Table 3 — Nominal thickness and tolerance of metal-clad laminates
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Nominal thickness excluding metal foil, Nominal thickness including metal foil Tolerance requirement
(material intended for (material intended for single or double +mm
multilayer boards) sided boards)

mm mm Coarse Fine Extra fine
>0.05<0.10 0.03 0.02 0.01
>0.10<0.15 0.04 0.03 0.02
>0.15<0.30 0.05 0.04 0.03
>0.30<0.50 0.08 0.05 0.04
>0.50<0.80 0.09 0.06 0.05
>0.80<1.00 () >0.80<1.00 0.13 0.09 0.07
>1.00<1.30 () >1.00<1.30 0.17 0.11 0.08

>1.30<1.70 0.20 0.13 0.10
>1.70<2.10 0.23 0.15 0.12
>210<260 0.25 0.18 0.15
>2.60<3.20 0.30 0.20 0.15

Note: (4) Generaly, material thicker than 0.80mm had better apply nominal thickness including metal foil.

Note The thickness and tolerances are not applicable to the outer 25 mm of the trimmed master sheet or the
outer 13 mm of the cut-to-size panel as manufactured and delivered by the supplier. At no point shall the
thickness vary from the nominal by a value greater than 125 % of the specified tolerance.

5.4 Bow and twist

When the copper-clad laminate is tested in accordance with the test method 5.22 of JIS C 6481 or 2M010of
IEC 61189-2 the bow and twist shall not exceed the values given in Table 4.

Table 4 — Bow and twist

Property Test method Nominal thickness Panel dimension Requirement
mm longest side %
mm
Copper foil on one Copper foil on both
side sides
Bow and twist 5.22 of JISC 6481 >08<13 <350 <20 <15
or
2M01 of IEC >350 < 500 <18 <13
61189-2 >500 <15 <1.0
>13<17 <350 <15 <1.0
>350 < 500 <13 <0.8
>500 <1.0 <05
>17<32 <350 <1.0 <05
>350 < 500 <0.8 <04
>500 <05 <0.3

NOTE The requirements for bow and twist apply only to one sided copper-clad laminates with maximum foil thickness of 105 um (915 g/mz)
and double sided copper-clad laminates with maximum foil thickness difference of 70 um (610 g/m2).

Requirements for laminates with copper foil configurations beyond these limits should be subject to agreement between purchaser and
supplier.




5.5 Properties related to the copper foil bond

Peel strength requirements are given in table 5. These requirements apply to copper foil with a normal profile
depth. In the case of low or very low profile copper foil, the requirements shall be at least 50 % of that given in
table 5 as a minimum.

Table 5 — Peel strength

Property Test method Requirement
Thickness of the copper foil
<12pm 18 um 35 um > 70um
(<101 gimd) (152 g/m?) (305 g/m?’) 610 g/md)
Peel strength as received 5.7(1)of JISC > 0.6 N/mm > 0.7 N/mm > 0.8 N/mm > 0.9 N/mm
6481 or 2M13 of
IEC 61189-2 No blistering nor delamination
Peel strength after 5.7(2) of JISC > 0.6 N/mm > 0.7 N/mm > 0.8 N/mm > 0.9 N/mm
6481 or 2M14 of
heat shock of 20's IEC 611892 No blistering nor delamination
Blistering after 20 s heat shock 2C05 of IEC No blistering nor delamination
) 611892

NOTE (5) This property can be conducted by using 2M14 of IEC61189-2 2M14 “Peel strength after 20 s heat shock” at the same time.

NOTE In case of difficulty due to breakage of the foil or reading range of the force measuring device, the measurement of peel strength at high
temperature may be carried out using conductor widths of more than 3 mm.

5.6 Punching and machining

Punching is not applicable. The laminate shall, in accordance with the manufacturer's recommendations, be
capable of being sheared or drilled. Delamination at the edges due to the shearing process is permissible
provided that the depth of delamination is not larger than the thickness of the base material. Delamination at
the edges of drilled holes due to the drilling process is not permissible. Drilled holes shall be capable of being
through-plated with no interference from any exudations into the hole.

5.7 Dimensional stability

The dimensional stability requirements are given in Table 5. When specimens are tested in accordance to JIS
C 6481 5.16 the observe tolerance shall be as specified in Table 6. The nominal dimensional stability value
shall be as agreed upon between user and vendor. The tolerance range agreed upon between user and
supplier shall be class A, unless otherwise specified on the purchase order.

Table 6 — Dimensional stability

Property Test Method Class Requirement
%

Dimensional Stability 5.16 of JIS C 6481 (°) + 0.05

+ 0.03

+ 0.01

X|O|w| >

As agreed upon between user
and supplier

NOTE (6) Aging condition shall be E-0.5/150.




5.8 Sheet sizes
5.8.1 Typical sheet sizes

Sheet size is a subject of agreement between user and supplier. However, the recommended sizes are listed
below:

- 915 mm x 1220 mm
— 1065 mm x1155mm
— 1065 mm x 1280 mm
— 1000 mm x 1000 mm
— 1000 mm x 1200 mm

5.8.2 Tolerances for sheet sizes

The size of sheet delivered by the supplier shall not deviate more that +20/-0 mm from the ordered size.

5.8.3 Rectangularity for sheet sizes

Rectangularity for sheet sizes shall be equal or less than 3mm/m.

5.9 Cut panels
5.9.1 Cut panel sizes

Cut panel sizes shall be, when delivered, in accordance with the specification given by the purchaser.

5.9.2 Size tolerance for cut panels

For panels cut to size according to the purchaser’s specification, the following tolerances for length and width
shall apply as given in Table 7. Tolerances indicated as normal shall be in effect unless otherwise specified by
in the specification given by the purchaser.

Table 7 — Size tolerance for cut panels

Panel size Tolerance requirement
mm mm
Normal Close
<300 +20 +05
>300 <600 +20 +0.8
>600 +20 +16

5.9.3 Rectangularity of cut panels

For panels cut to size according to the specification given by the purchaser, the following requirements for
rectangularity shall apply as given in Table 8. Tolerance indicated as normal shall be in effect unless otherwise
specified in the purchasing specification.

Table 8 — Rectangularity of cut panel

Property Test method Requirement
mm/m

Normal Close

5.3.2 of JIS C 6481 or
Rectangularity of cut panels <3 <2
2M23 of IEC 61189-2
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6 Non-electrical properties of the base material after complete removal of the copper foil

6.1 Appearance of the dielectric base material

An etched specimen shall be inspected to verify that no surface or subsurface imperfections of the dielectric
material exceed those given below. The panels shall be inspected using an optical aid apparatus which
provides a minimum magnification of 4X.

Referee inspection shall be conducted at 10X magnification. Lighting conditions of inspection shall be
appropriate to the material under inspection or as agreed upon between user and supplier.

Surface and subsurface imperfections (such as weave texture, resin starvation, voids, foreign inclusions) shall
be acceptable provided that the imperfections meet the following:

the reinforcement fibres are not cut or exposed;

the foreign inclusions are not conductive;

the imperfections do not propagate as a result of thermal stress;
the foreign inclusions are translucent;

opaque foreign fibres are less than 15 mm in length and an average number of no more than 1.0 per 300
mm x 300 mm area;

opaque foreign inclusions other than fibres shall not exceed 0.50 mm. Opaque foreign inclusions less than
0.15 mm shall not be counted. The number of opaque foreign inclusions between 0.50 mm and 0.15 mm
shall be no more than two spots per 300 mm x 300 mm area;

voids (sealed voids or surface void) have a longest dimension less than 0.075 mm and there should not be
more than three voids in a 3.5 mm diameter circle.

6.2 Flexural strength

When the laminate is tested in accordance with the test method 5.8 of JIS C 6481 or 2M20 of IEC 61189-2 the
flexural strength shall be as given in Table 9.

Table 9 — Flexural strength

Property Test Method Requirement
Flexural strength Length 5.8 of JIS C 6481 or = 250 Nimm?
(applicable to sheets direction 2M20 of IEC 61189-2
21.0 mm in thickness)
Cross Not specified
direction
Flexural strength Not specified

Length direction
Elevated temperature
(applicable to sheets
21.0 mm in thickness)
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mm mm
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Table 8 — Rectangularity of cut panel

Property Test method Requirement
mm/m

Normal Close

5.3.2 of JIS C 6481 or
Rectangularity of cut panels <3 <2
2M23 of IEC 61189-2
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6 Non-electrical properties of the base material after complete removal of the copper foil

6.1 Appearance of the dielectric base material

An etched specimen shall be inspected to verify that no surface or subsurface imperfections of the dielectric
material exceed those given below. The panels shall be inspected using an optical aid apparatus which
provides a minimum magnification of 4X.

Referee inspection shall be conducted at 10X magnification. Lighting conditions of inspection shall be
appropriate to the material under inspection or as agreed upon between user and supplier.

Surface and subsurface imperfections (such as weave texture, resin starvation, voids, foreign inclusions) shall
be acceptable provided that the imperfections meet the following:

the reinforcement fibres are not cut or exposed;

the foreign inclusions are not conductive;

the imperfections do not propagate as a result of thermal stress;
the foreign inclusions are translucent;

opaque foreign fibres are less than 15 mm in length and an average number of no more than 1.0 per 300
mm x 300 mm area;

opaque foreign inclusions other than fibres shall not exceed 0.50 mm. Opaque foreign inclusions less than
0.15 mm shall not be counted. The number of opaque foreign inclusions between 0.50 mm and 0.15 mm
shall be no more than two spots per 300 mm x 300 mm area;

voids (sealed voids or surface void) have a longest dimension less than 0.075 mm and there should not be
more than three voids in a 3.5 mm diameter circle.

6.2 Flexural strength

When the laminate is tested in accordance with the test method 5.8 of JIS C 6481 or 2M20 of IEC 61189-2 the
flexural strength shall be as given in Table 9.

Table 9 — Flexural strength

Property Test Method Requirement
Flexural strength Length 5.8 of JIS C 6481 or = 250 Nimm?
(applicable to sheets direction 2M20 of IEC 61189-2
21.0 mm in thickness)
Cross Not specified
direction
Flexural strength Not specified

Length direction
Elevated temperature
(applicable to sheets
21.0 mm in thickness)




6.3 Flammability

When the laminate is tested in accordance with the test method 5.15 of JIS C 6481 or 2C08 (thickness = 0.05
<0.3 mm) or 2C06 (thickness >0.3 < 3.2 mm) of IEC 61189-2 the flammability shall be as given in Table 10.

The performance class of V-0 shall be in effect unless otherwise stated in the purchase order.

Table 10 — Flammability

Property Test Method Requirement
Flammability 5.15 of JIS C 6481 or 2C06 of IEC 61189-2 Designation
FV-0 FV-1
Flaming combustion time after each application of the flame for <10s <30s

each test specimen

Total flaming combustion time for the 10 flame applications for each <50s < 250s
set of five specimens

Glowing combustion time after the second removal of the test flame < 30s < 60s

Flaming or glowing combustion up to the holding clamp None None

Dripping flaming particles that ignite the tissue paper None None

NOTE The representation of designation “FV—0, FV—1" is to add “F” to “F-0, F-1” in that of UL standard.

6.4 Water absorption

When the laminate is tested in accordance with the test method 5.14 of JIS C 6481 or 2N02 of IEC 61189-2
the maximum water absorption shall be as given in Table 11.

Table 11 — Water absorption

Property Test Method Thickness Requirement
mm %

Water absorption 5.14 of JIS C 6481 or > 0.05<0.20 < 200
2NO02 of IEC 61189-2 > 0.20<0.30 <150

> 0.30<0.40 <1.20

> 0.40<0.50 <1.00

> 0.50<0.60 <0.80

> 0.60<0.80 <0.70

> 0.80<1.00 <0.50

> 1.00<1.20 <0.50

> 1.20<1.60 <040

> 1.60<2.00 <025

>2.00<240 <0.20

>240<3.20 <0.20
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6.5 Measling

When the laminate is tested in accordance with the test method 2N01 of IEC 61189-2 or 4.2 of IEC 60249-1
Test method 2NO1 of IEC 61189-2 shall be used after it is published in future. The presence of measels allowed shall be
as given in Table 12.

Table 12 — Measling

Property Test method Requirement
Measling 2NO01 of IEC 61189-2 or No measling on three specimens. If one out of
4.2 of IEC 60249-1 three specimens fails, the test has to be
repeated.

No measling on three specimens of the second
test is permitted.

No blistering or delamination on any of the three
specimens is permitted.

6.6 Glass transition temperature and cure factor

The requirements for glass transition temperature and cure factor are found in Table 13.

Table 13 — Glass transition temperature and cure factor

Property Test method Requirement
Glass transition temperature 5.17.1,5.17.5 of JIS C 6481 or >150°C
2M10, 2M11 of IEC 61189-2
5.17.2,5.17.3,5.17.4 of JIS C 6481 >170°C
Cure factor 5.18 of JIS C 6481 or Not specified

2M03 of IEC 61189-2

7. Packaging and identification

Boards for shipping and storage shall be packed in a proper way so that the boards will not be damaged. The
package shall identify clearly the following subjects using enduring ink on its surface. If the identification on the
surface of a package may give rise some problems to identify the boards (e.g., directivity, different copper foil
construction, etc.) identification shall be made on each product:

a) Name or Grade of the product etc.

b) Directivity of the product [longitudinal (direction of product flow) direction may be identified by an arrow]

¢) Size and thickness of boards

d) Thickness of copper foil

e) Quantity

f) Name of manufacturer or its abbreviation and/or symbol

g) Production date or its abbreviation (Date may be omitted if the production lot number can easily identify date
of production.)

h) Production lot number




8 Ordering information

Orders shall include the following details:

a) Name or Grade of the product etc.

b) Size (including directivity) and thickness
c) Thickness of copper foil

e) Quantity
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