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Copper-Clad Thermosetting Laminates for Printed Wiring
This standard is issued under the fixed designation D 1867; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 3. Terminology

1.1 This specification covers twelve grades of thermosetting 3.1 For definitions of terms used in this standard, refer to
laminate with copper foil bonded to one or both surfaces. Thesgéerminology D 1711.
combination forms are intended primarily for use in fabrication o
of printed (etched) wiring or circuit boards. 4. Classification
1.2 The values stated in inch-pound units are to be regarded 4.1 Base Laminate GradesWhere applicable, the dielec-
as the standard. The values given in parentheses are fuic material forming the base of the copper-clad laminate of
information only. the types listed in Table 1 and Table 2 shall conform to the
1.3 This standard does not purport to address all of theproperty requirements of that specific grade shown in Specifi-
safety concerns, if any, associated with its use. It is thecation D 709.
responsibility of the user of this standard to establish appro- 4.2 Copper Foil Surfaces-The surfaces shall be copper
priate safety and health practices and determine the applicafoil, either rolled or electrodeposited, having a minimum purity

bility of regulatory limitations prior to use. of 99.50 % (silver considered as equal to copper). The thick-
ness tolerances of the copper foil shall conform to the
2. Referenced Documents requirements of Table 3.
2.1 ASTM Standards: 4.3 Thickness Tolerance Classe€opper-clad laminates
D 709 Specification for Laminated Thermosetting Materi-are available in two classes of thickness tolerance. Class |
als? represents those tolerances of standard manufacturing practice.
D 1711 Terminology Relating to Electrical Insulatfon Class Il represents a closer tolerance product than Class I. Any
D 3636 Practice for Sampling and Judging Quality of Solidspecified class shall conform to the requirements shown in
Electrical Insulating Materiafs Table 4.
D 5109 Test Methods for Copper-Clad Thermosetting 4.3.1 For sheets of laminate equal to or greater than 18 by
Laminates for Printed Wiring Boardls 18 in. (approximately 2.3 % at least 90 % of all thickness test
2.2 Other Standards: measurements made upon any sheet of laminate shall be within
MIL-P-13949 Plastic Sheet, Laminated, Metal Clad (forthe limits specified in Table 4. For metric size sheets this 90 %
Printed Wiring Boards) requirement shall apply to sheet sizes of 0.5 by 0.5 m or 0.25
NEMA Publication Number LI-% m? area.

4.3.2 The deviation of any single thickness test measure-
ment value (see Practice D 3636) from the nominal overall
1 This specification is under the jurisdiction of the ASTM Committee D09 on thickness !'Sted_ in Table 4 shall not exceed 125 % of the
Electrical and Electronic Insulating Materials and is the direct responsibility oftolerance listed in Table 4.
Subcommittee D09.07 on Flexible and Rigid Insulating Materials. 433 Any overall laminate thickness not listed in Table 4
Current edition approved Sept. 10, 2001. Published November 2001. Originall . K
published as D 1867 — 61 T. Last previous edition D 1867 — 96. ’éhall_ meet the tolt_eranCt_e requirements of the next highest
2 Annual Book of ASTM Standardgol 10.01. nominal thickness listed in Table 4.
jAnnual Book of ASTM Standardgol 10.02. 4.3.4 For cut panels (for example, laminate sheets cut to
Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700 0
Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS. ar_ea less than 2.3for less than 0.25 Fﬂl at Ie.as.t 98 % of a”. .
5 Available from National Electrical Manufacturers Association, 2101 L St., thickness tleSt megsurements shall be within the SpECIerd
N.W., Washington, DC 20037. overall laminate thickness tolerance values of Table 4.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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TABLE 1 Base Laminate Grades TABLE 4 Thickness Tolerance of Copper-Clad Sheet, +in.A
Note 1— A cross reference table of grade designations (see Table 2) Class | Class II
appears here for reference purposes only. The ASTM grades shown are Grades Grades
most closely associated with the NEMA and the military grades listed in Nominal FR-4
this table. There is no requirement, stated or implied, in this ASTM Ooveraﬁ FR-4, FR5 | XXXP FR-5
specification that the ASTM grade must meet the specification require-| gminate XXXP, XXXPC CEM-1, CEM=31 XXXPC G-10
> . FR-2, FR-3 FR-6, G-10, FR-2
ments of the NEMA or the military standards listed. Thickness, G-11 FR-3 G-11
S CFR-1
ASTM Grade Type in.
- - 1oz 1 oz, 2 Sides 2, All Weights All All
XXXP  Paper base, phenolic resin I side |34 50z10r2 lor2 Weights 1| Weights 1
XXXPC  Paper base, phenolic resin B Sides Sides or 2 Sides|or 2 Sides
FR-2 Paper base, phenolic resin, flammability rated
FR-3  Paper base, epoxy resin, flammability rated Y32 0.004 0.0045 0.0065 0.003 0.004
FR-4  Glass woven fabric base, epoxy resin, general purpose, flam- Yoa 0.005 0.0055 0.0075 0.0035 | 0.005
mability rated Y16 0.0055 0.006 0.0075 0.004 0.005
FR-5 Glass woven fabric base, epoxy resin, temperature resistant, Y32 0.007 0.0075 0.009 0.005 0.007
flammability rated Ys 0.0085 0.009 0.012 0.006 0.009
FR-6 Random glass fiber base, polyester resin, flammability rated Y32 0.0095 0.010 0.015 0.007 0.010
G-10  Glass woven fabric base, epoxy resin, general purpose Y16 0.010 0.011 0.019 0.008 0.012
G-11 Glass woven fabric base, epoxy resin, temperature resistant Va2 0.011 0.012 0.021 0.009 0.012
CEM-1 Glass woven cloth surfaces, cellulose paper core, epoxy Ya 0.012 0.012 0.022 0.009 0.012
resin, flammability rated CFR-1
CEM-3 Gla§§ woven cloth surfaces, non-woven glass core, flamma- 0.0085 NAC NA NA NA 0.0015
bility rated _ _ 0.015 NA NA NA NA 0.002
CFR-1 Gla§§ polyester non-woven fabric base, epoxy resin, flamma- 0.020 NA NA NA NA 0.002
bility rated 0.030 NA NA NA NA 0.003
A Conversion factor: 0.001 in. = 0.0254 mm; 1 oz = 28.349 g.
B CFR-1 laminate thickness as listed is without copper foil in accordance with
TABLE 2 Grade Cross References MIL-P-13949. Tolerance values for CFR-1 apply to the dielectric layer only.
ASTM Grade NEMA LI-1 Grade MIL-P-13949 Grade © Not applicable.
XXXP XXXP PP
XXXPC XXXPC PP .
FR-2 FR-2 7. Warp or Twist
FR3 FR3 Px 7.1 Th twist of lad laminate shall meet th
FR-4 FR-4 GF 2 e warp or twist o copper-.ca aminate shal m_ee e
FR-5 FR-5 GH requirements of Table 6. The maximum values shown in Table
gRl-g gRl-g e 6 are percentage values applicable only to sheet sizes as
ol o1l oB manufactured and to sheets cut such that neither length nor
CEM-1 CEM-1 width is less than 18 in. (457 mm). The values shown are
(C:E'\F;'f CEM-3 o percentages based upon 36-in. (914-mm) dimension sheets.
8. Blistering
TABLE 3 Copper Foil Thickness 8.1 No blistering shall occur due to exposure of specimens
Norminal S : of the material to air at the temperatures and times shown in
Nominal Weight, I ickness Tolerance, in. . . X .
e Thickness, Table 7. This requirement applies to copper-clad specimens
o in. Plus Minus and to laminate from which all of the co has b hed
pper has been etched.
¥ 0.0007 0.00007 0.00007
; g-gg;g 8-888‘7‘ g-gggg 9. Workmanship and Surface Requirements
3 0.0042 0.0004 0.0004 9.1 Grades XXXP, XXXPC, FR-2 and FR-6 Qnly
4 0.0056 0.0006 0.0006 9.1.1 Copper surfaces shall be free from defects which may
5 0.0070 0.0007 0.0007

affect serviceability of the laminate. Such defects in copper
surfaces include blisters, wrinkles, cracks, dents, and scratches.
9.1.2 The copper shall not contain any pin holes having
average diameter greater than 0.015 in. (0.381 mm).
9.1.3 Pin holes in the copper exceeding average diameter
5.1 Orders for copper-clad laminates shall specify the grad8-005 in. (0.127 mm) shall not be present in concentration
of laminate base (see 4.1); the type of copper foil (either rolle@xceeding one perit o _
or electrodeposited); the nominal weight of the copper foil (see 9.1.4 Th? number of lnC_|USI0nS n COpper.W_hlch.are Igrger
4.2): one- or two-side cladding; nominal overall laminate than 0.020 in. (0.508 mm) in length shall be limited in a single

2 . . . .
thickness; and the thickness tolerance class (see 4.3). ft_ of Iamm_att_a and in any single sheet of approximately 0°5 m
size. The limits are:

9.1.4.1 5in any one % and
9.1.4.2 10 in any one 0.5 Tisize sheet.

6.1 The laminate shall meet the requirements shown in 9.1.5 The unclad laminate surface shall have a semi-gloss or
Table 5. dull finish.

A Conversion factor: 0.001 in. = 0.0254 mm; 1 o0z/ft? = 0.305 kg/m?.

5. Ordering Information

6. Detailed Requirements
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TABLE 6 Maximum Warp or Twist for All Grades, % based on 36-in. dimension

Class | Class Il
Range of Laminate Clad 1 Side, Clad 2 Sides Clad 1 or 2 Sides  Clad 1 Side Clad 2 Sides

Thickness, in. Y%, 1, 0or 2 0z %2, 1, or 2 oz Copper Y%, 1, 0r2 0z Y, 1, or 2 0z %2, 1, or 2 oz Copper
Copper Glass Paper Copper CFR-1 Copper Glass Paper
0.004 to 0.018 20 8 NAA NA 15 6 NA
0.019 to 0.031 15 6 NA NA 12 4 NA

Y32 t0 Yea 12 5 6 NA 10 2 5
Over ¥4 to Vs 10 5 6 NA 5 1 2.5
Over Y16 t0 ¥s 8 3 3 NA 5 1 25
Over ¥s to ¥4 5 1.5 1.5 NA 5 1 1.5

“Not Applicable.

TABLE 7 Blistering Exposure Conditions TABLE 9 Times and Temperatures for Solder Float Test

Grade Temperature, °C min Overall Composite Thickness, in. (mm)
XXXP, XXXPC, FR-2 118 to 122 30 up to %6 (1.6) %6 (1.6) and over
Grades
FR-3 11810 122 €0 Time Temperature Time Temperature
FR-4, FR-5, FR-6, G-10, G-11, CEM-1, CEM-3, 138 to 142 60 ' ep o ' ' Qp o '
s F (°C) s F (°C)
CFR-1
XPC, XXXPC, and 10 475 £ 4 5 500 = 4
FR-2 (246.1* 2) (260 *+ 2)
FR-3 5 500 = 4 5 500 + 4
9.2 Grades FR-3, FR-4, FR-5, CEM-1, CEM-3, G-10, G-11, (260 = 2) (260 2)
and CFR-1 FR-4, FR-5, CEM-1, 20 500 * 4 20 500 = 4
CEM-3, FR-6, G-10, (260= 2) (260 * 2)

9.2.1 Copper surfaces shall be free from defects which may ¢ 11 ang cFr1
affect serviceability. Such defects include blisters, wrinkles;
and cracks. The copper surfaces shall be free from other defects ) ) )
as required in 9.2.2. 9.2.5 Scratches are |mperf_ect|ons in the copper surface_ that

9.2.2 Pits are small holes occurring as imperfections that dg0 not extend through the entire thickness of the copper foil. A
not penetrate entirely through the copper foil. Dents are_scrgtch is considered to be an |mp¢rfgct|on in a copper surf_ace
depressions in the copper foil that do not significantly decreast €ither the length or width dimension is between 0.2 and 4 in.
the thickness of the copper foil. Pits and dents are limited by 42 @hd 100 mm) and its depth dimension is between 5 and 20 %
point count system in which the maximum total allowableOf the copper foil thickness. Imperfections with any depth
point count for pits and dents is 35 pef {877/nf). Pits and ~ greater than 20 % of the copper foil thickness are considered to
dents carry various point counts depending upon the longe$€ cracks. . _
dimension of the pit or dent.Table 8 and Table 9 provides point 9-2.5.1 An imperfection of any length or width that has a
count values for various dimensions. depth dimension smaller than 5 % of the copper foil thickness

9.2.3 Pinholes are small holes occurring as imperfectiont$ considered not to be a nonconformity.
that penetrate entirely through the copper foil. A pinhole 9.2.5.2 The concentration of_scratches shall not exceed 5/ft
having an area equivalent to a 0.005-in. (0.127-mm) diamete®4/Mf) of the copper-clad laminate surface.
circle is a defect. A maximum of one such pinhole is allowable 9-2.5.3 Do not include in the number of scratches any that
in a 5-f (0.46-nf) area of laminate. Pinholes of smaller area@Ppear within 0.5 in. (13 mm) of any sheet edge.
are also defects and the aggregate sum of the areas of all9-2.5.4 _The laminate shall be free from any scratches that
smaller pinholes in a 5tpiece of laminate is limited to the €xceed 4-in. (100-mm) length. The laminate shall be free from
equivalent area of a 0.005-in. diameter circle. any scratches having depths greater than 20 % of the copper
9.2.4 Inclusions are foreign particles which may or may notfoil thickness. _
be enclosed in the mass of copper foil. Inclusions, having 9-2:6 Surface finish of the copper foil shall not exceed a
longest dimension 0.005 in. (0.127 mm) or more, are defect§?ughness of 20 um (0.0005 mm) arithmetic average.
which are not allowed. Inclusions having longest dimension 9-2.7 The requirements of 9.2.1-9.2.6 do not apply to any
between 0.001 and 0.005 in. (0.0254 and 0.127 mm) arortion of a laminate sheet which is within 0.5 in. (13 mm) of
permitted providing the concentration of such minor defectny edge of the sheet.
does not exceed 5 perfof copper-clad laminate area. 10. Sampling

10.1 Unless otherwise agreed upon by the purchaser and the
seller, sample the laminate to be tested in accordance with
Practice D 3636. The selection of inspection levels and accept-
able quality level (AQL) shall be agreed upon between
purchaser and seller.

TABLE 8 Point Count Values for Pits and Dents

Longest Dimension Point

in. mm Value

0.005 to 0.010 inclusive
0.011 to 0.020 inclusive
0.021 to 0.030 inclusive
0.031 to 0.040 inclusive
greater than 0.040

0.127 to 0.254
0.279 to 0.508
0.533 to 0.762
0.787 to 1.016
greater than 1.016

11. Number of Tests

11.1 In case of failure under any of the tests specified, two
additional sheets may be tested. If both additional sheets

~N AN

w
o
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provide results in conformance to these specifications, the laharking shall appear at least once in any 3 by 3 in. (75 by 75
or shipment of laminate shall be judged in conformance to thisnm) section of the laminate. All grades of CFR 1 and grades
specification. If any of the test results from the additionalFR-6 with copper on two sides need not be so marked.
sheets are not in conformance with this specification, the lot or 13.3 If the laminate is flammability rated, use a red color for
shipment shall be regarded as not meeting the requirements gfe internal marking of 13.2. If the laminate is not flammability
this specification. rated, use some color other than red for the marking of 13.2.

12. Test Methods 13.4 Mark shipping containers with:

12.1 Unless otherwise specified, determine all of the prop- 13.4.1 The ASTM gradg (from Table 1),
erties called for in this specification in accordance with Test 13.4.2 The clasg of laminate (fr.om Tab'le 4),
Methods D 51009. 13.4.3 The nominal overall laminate thickness,
12.2 Unless otherwise specified, use only test results and not 13.4.4 The nominal weight of copper foil cladding,
test measurements (see Practice D 3636) to judge conformancel3.4.5 The cladding: one or two sides,
to the requirements of the tables set forth in this specification. 13.4.6 The dimensions of the sheets,
13.4.7 The manufacturer’s name,

13. Packaging and Product Markin
ging J 13.4.8 The quantity of material, such quantity being defined

13.1 Package Iaminate in containers to ensure acceptance By the purchase order or the contract for procurement, and
common, or other, carriers for safe transportation at lowest rate 13.4.9 The purchase order number or contract num’ber '

to the point of delivery. Package the laminate so as to protect
the copper surfaces from damage and to prevent the Iamina&e
from sliding or shifting position during transportation. 4. Keywords

13.2 Unless otherwise specified, mark each full size sheet of 14.1 circuit board; copper-clad laminate; printed circuit
laminate internally with the manufacturer’s identification. Suchboard; printed wiring board; thermosetting laminate

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



