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MILITARY SPECIFICATION

PLASTIC SHEET, LAMINATED, METAL CLAD
{FOR PRINTED WIRING BOARDS),
GENERAL SPECIFICATION FOR

This specification is approved for use by all Departments and
agencies of the Department of Defense.

1. SCOPE

1.1 Scope. This specification covers the requirements for qualification and perfarmance of fully
cured, metal-clad laminated, plastic sheets {laminate) and semi-cured, (B-stage ), rasin preimpregnated
fabric (prepreg) to be used primarily for the fabrication of printed wiring for electricel and electrond
circuits (see3.l and 6.1}. For the purposes of this specification, the term "laminate" will be used
hareafter to denote metal-clad or unclad plastic sheets and the term"prepreg” will be used to denote
resin preimpregnated fabric (B-stage). The term “reinforced" or "reinforcement" will denote the media
to which the resin is applied, such as woven or non-woven fabric or paper.
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1.2.1 Type designation. The type designation shall be in the following form, and as specified
{see 3.7 and 6.2):

1.2.1.1 Laminates {reinforced and nonreinforced).

GEN 0310 CH/D1 A 1 C
T 1 1 T T T
} i | { t |
I | f | ! |
- 1 '

Hase Nominal Type and nominal G?Eéé'ﬁ?" ETE%E"E?'_ ETéEE_E?—"
material base weight of copper pits and thickness bow and
(1.2.1.1.1}) thickness foil dents tolerances twist

{1.2.1.1.2) {1.2.1.1.3) (1.2.1.1.4) (1.2.1.1.5) (1.2.1.1.6)

1.2.1.1.1 Base material. The base material for metal-clad laminates is identified by three letters,
with.the first Tetter representing the reinforcement, the second letter representing the resin, and the
third letter representing special considerations.

The reinforcements covered are: The resins covered are:

P far cellulase paper M and F for flame resistant epoxy

G for glass fabric woven E for non-flame resistant epoxy

N for glass fabric nonwoven B for non-flame resistant not strength

A for woven aramid fabric retention epoxy

Q for woven quartz fabric H for flame resistant hot strength

B for nonwoven aramid fabric retention epoxy

/; C for polyester glass fabric P and T for flame resistant polytetrafluoroethylene

nonwoven R. X, and Y for flame resistant palytetrafiucroethylene
for microwave applications [ for high temperature polyi-
mide

The first two letters of the base material shall be as specified on the applicable sheet {see 3.1).

[ Beneficial comments {recommendations, additions, deletions) and any pertinent data which may be of
| use in improving this document should be addressed to: Commander, US Army Laboratory Conmand

ATTN: SLCET-R-S, Fort Monmouth, NJ 07703 by using the self-addressed Standardization Document
l Improvement Proposal (DD Form 1426) appearing at the end of this document or by letter,

AMSC N/A FSC 5999
DISTRIBUTION STATEMENT A. Appraved for public release; distribution is unlimited.
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The third letter shall be as follows:

N - For natural) color of resin systen,
P - For coloring ajent or opacifier added to resin sysiem.
K - For natural color of resin system F aith a glass transistion temperature

between 110°C and 150°C and which {s formulated entirely of epoxy resin(s]
unmodified far neneral purpose or modifizd for chemical resistance.

L - For natural color of resin system ! with a glass transistion temperature
qreater than 250 C.

M - For coloring ajgent or opacifierf ajded to resin system £ w4ith 2 3lass
transition temperature betweea 110 C and 150 C and which is formulated
entirely of epoxy resin{s) unmodified for general purpose or modified for
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For natural color of resin system F with a qlass transistion temperature
Yetween 150°C and 200°C and which is formulated entirely of epoxy resin{s)
efther modified or unnodified for high temperature integrity and wide
operational latitude.

T - For aatural zolor of resin system F «with a glass transistion temperature
batween 170°C and 220°C and which is formulated of epaxy resinls) blended
with non-epoxy resin(s) far high temperature intagrity and wide
operational latitudz.

4 - For natural resin system | with a glass transistion temperature hetwoon
200°C and 253°C and which s formulated of polyimide resinis) unmodified,
nmodifiad or blended with nan-polyimide resin{s) for wide aperational
latitude.

MOTE: Drawings prepared before the third letter was incorporated into the
specification might nnt bear the third letter. In this case, the third letter
will be "N', without coloring ageat or opacifier,

1.2.1.1.2 lominal base thickness. The nominal base thickness is fdentified vy
four digits that Tndicate the thicknass of the base material in ten-thousandths of an
inch. (For example, 0310 represents a nominal base thickness of 0.031 inch.} The
vase thickness shall bhe the thickness of the laminated pliiastic sheet withaut the
metal claddiny.

1.2.1.,1.3 Type and neminal weight of copper foil. The type and naminsl weight of
the copper foll cladding 15 identifjed by tive designators as follows: The first and
faurth designators shall consist of the following letters to indicate the type of
copper foil cladding.

A - Rolled, wrought, [IPC-CF-150, £lass 5).

] tolled (treated)-

L - Drum side out, electrodaposited, (IPC-ZF-150, class 1}.

D - Drum side out (double treated] electrodeposited.

G - High ductility electrodeposfted, {IPC-CF-150, class 2}).
H - Hijh temperature elongation, {IPC-CF-150, class 3}.

J - Annealed electrodeposited (IPC-CF-150, class %).

K - Light cold rolled-wrought, {IPC-CF-150, class 6).

L - Anneiled-wrought., [IPC-CF-150, class 7).
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0 - Unclad.

M - As rolled-wrought-low temp, (IPC-CF-150, class 8).
N - Nickel

U - Aluminum

Y - Copper Invar copper

The second and fifgh designator shall {ndicate the nominal copper foil weight in ounces per
square foot {oz/ftf). The two indicators, which are separated by a Elant mark third
designator, shall use the actual numbers for cogper foil for 1 oz/ftc and greater and the
following letters for copper fofl under 1 oz/fte<,

E - 0,125 oz/ft2

Q - 0.25 oz/ft?

T - 0.375 oz/ft2
H - 0.50 ozlftz

M - D.75 pz/ft?

0 - Unclad

X - For any weight or thickness not expressed (e.g. 10 oz. copperfoil)
by a single digit designator.

NOTE: Letter H was previously desfgnated as letter "A" in MIL-P-13949F. For example, "CH/DL"
designates 0.50 oz/Fte copper, drum side out, on one side and 1 oz/ft¢ copper, drum side out
{double treated), on the other side. Base materfal that is unclad on both sides would be
desfgnated 00/00.

1-2.1.1.4 Grade of pits and dents. The grade of pits and dents is identified by either grade
A, 8, C, or D {see 3.7.1,1].

1.2.1.1.5 Class of thickness tolerance. The class of thickness tolerance 15 {dentified by
aither class 1, 2, 3, 4, or 5. [%ee 3.5.2.1 for laminates.)

1.2.1.1.6 Ciass of bow and twist. The c¢lass of bow and twist {s {dentified by efther class
Cor X. Class T Ts applicable to laminates with a thickness of 0.020 inch or greater, while
class X indicates bow and twist requirements are not applicable, see 3.7.2.
1.2.1.2 Prepreg type designation.
i GF [ 7628 R 28 09 41
T | T T T T
| | | | | | |
| | l i i i {
Prapreg Base | Welnforcement — Speclal “Wom{nal  “Nominal Womfnal resin
material material | style considerations resin flow el time content
(1.2.1.2.1) (1.2.1.2.2) = (1.2.1.2.3}) {1.2.1.2.4) (1.2.1.2.4.1) {1.2.1.2.5) (1.2.1.2.6)
PC GF | 7628 B 70 09 41
T T | -1 T T T T
[ i I i | ! ! |
I | I | I | |
| i | | {
Prepreg Base | Reinforcement Special Nominal Nominal NomTnal resin
material mater{al [ style considerations scaled flow e? time content
(1.2.1.2.1) ({1.2.1.2.2) t {1.2.1.2.3) (1.2.1.2.4) ( thickge:s , 1.2.1.2.5) (1l.2.1.2.6)
1,2.1.2.4.2



Downloaded from http://www.everyspec.com

MIL-P-13949G

1.2.1.2.1 Prepreg material. The preprey material is identified by the two-letter
symbol "PC" followed by a hyphen, designating the construction as a preimpregnated
reinforcement. The reinforcement, nominal resin flow, nominal scaled flow thickness,
nominal gel time, and nominal resin content are process parameters normally dictated
by the printed-wiring manufacturiny process. Unless design constraints dictate,
these values shall not be included on the master drawings, but shall only be
specified and used in procurement specifications by the printed-wiring board
manufacturer. Prepreg type designation prior to the date of revision G was nominal
resin flow only.

1.2.1.2.2 Base material system. The base material system is identified by two
letters, with the first letter representing the reinforcement ana the saecond letter
representing the resin type (See 1.2.1.1.1}).

1.2.1.2.3 Reinforcement style. The reinforcement style is identified by three or
four digits that indicate the tnickness, conastruction, and weight of preimpregnated
reinforcement fabric in accordance wita reinforcement style designations of table 1.
For example, "7628" represents reinforcement style 7628.

1.2.1.2.4 Special considerations. Special considerations in the preprey material
are identified by a letter that represents variations of the base material and which
of the two flow tests are specified.

HOTE: Qnly one flow test shall be specified, not both. The special considerations
and the letters representing thewm are:

Resin system Flow test Base material sp. cond.
Special considerations {see 1.2.1.1.1) {see 1.2.1.2.4) (sea 1.2.1.1.1)

ANY RESIN i or P
ANY SCALE d or P
RESIN
RESIN
RESIN
SCALE
RESIN
SCALc
RESIN
SCALE
SCALE
SCALE
RESIN
SCALE

X OUAMMFGCO-IOPZ0 X
MMM MMM T T =
aAERErrRCOCOqgHOODOr X

1.2.1.2.4.1 Nominal resin flow. When specififed by the special considerations
designator, the nominal resin flow is identified by a two digit number representing
percent. For example, "28" represents 28 percent nominal resin flow. The

?es1gnat1on “"XX" shall be used for the nominal resin flow of no-flow type prepreg
see 3.6.7).

1.2.1.2.4.2 Hominal scaled flow thickness. When specified by the special
considerations designator, the nominal scaled flow thickness is identified by a two
digit number that indicates the per ply pressed thickness of the test specimen in ten
thousandths of an inch. For example, 70 represents 0.0070 inca per ply pressed
thickness. The designation "XX" shall be used for the nominal scaled flow thickness
of no flow prepreg (see 3.6.8).

1.2.1.2.5 HNominal gel time. The nominal gel time is identified by a two-digit
number representing tens of seconds. For example, "09" represents 90 nominal seconds
of gel time. The desfgnation for type Gl prepregs snall be XX to indicate
ngnapplicability of this paragraph or other base materfals when the procurement
requirements specify {(see 3.5.4).

1.2.1.2.6 Nominal resin content. The nominal resin content is {dentified hy a
two-digit number wnicn indicates the nominal percent of resin impreynated in the
reinforcement fabric, XX may be used to represent that resin content is not a
procurement requirement {see 3.6.6).
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2. APPLICABLE DOCUMENTS
2

.1 Government documents.

2.1.1 Spacificatfons and standards., The following speci{fications an! standards i
Unless otherwise

2.1.1 pe ca
form a part of this specification to the extent specified herein.

specified, the fssues of these documents shall be those listed in the lssue of the
Department of Defense Index of Specifications and Standards (000155) and supplement
thereto, cited ia the solicitation.

SPECIFICAT[DNS
FEDERAL
A-A-113 -~ Tape, Pressure-Sensitive, Film O0ffice Usge.
QQ-5-571 - Splder, Tin Alloy: Tin-Lead Alloy, and Lead Alloy
MILITARY
MIL-S-8660 - Silicone Compound.
MIL-F-14256 - Flux, Soldering, Liquid {Rosin Base).

{See supplement 1 for applicable specification sheets.)

STAWDARDS
MILITARY
MIL-STD-130 - Identification Marking of US M{ilitary Property.
MIL-STD-202 - Test Methods for Electronic and Electrical Component Parts.

HIL-STD-45662 - Calibration Systems Requirements.

(Copifes of the specifications and standards required by contractors in connection
with specific acquisition functions should be obtained from the contrazting activity

or as directed by the contracting activity.)

2.2 OQther publications. The following documents form a part of th's specification
to the extent specified herein. Unitess atherwise specified, the issues of the
documents which are DOD adopted shall be those 1isted in the {ssue of the DODISS
spacified in the solicitation. VUnless otherwise specified, the {ssues of documents
not 1istad 1n the DODISS shall he the issue of the nongovernnent documents which 1s

current on the date of the solicitation.

AMERICAN SOCIETY FOR TESTING AND MATERIALS

D150-74 - AC Loss Characteristics and Dielectric Constant
(Pormittivity) of Solid Electrical Insulating Haterials.
0568-74 - Rate of Burning and/or Extent and the Time of Burning of
Fiexible Plastics in a Yertical Position.
D792-66 - Specific Gravity and Density of Plastics by Oisplacement.
{Appltcatian for copies should be addressed to the American Society for Testing and
Materials, 1916 Race Street, Philadelphia, PA 19103.}

NATIOMAL ELECTRICAL MANUFACTURERS ASSOCIATVION (NEMA)

LI-1-1943 - Test Method for Hot Pepl Strength at Equilibrium
Temperatures.

{Application for copies should be addressed to the Natfonal Electrical
Manufacturers Association, Industrial Laminate Section, Suite 300, 2101 L Street, NW,

Wwashington, DC 20037.]}
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THE INSTITUTE FOR INTERCONNECTING AND PACKAGING ELECTRONIC CIRCUITS (IPC)

IPC-A-0QQ - Guidelines For Acceptability for Printed Boards.
1PC-CF-150 - Copper Foil for Printed H1r1n3 Applications.

IPC-5-BU4 - Solderability Test Methods for Printed Wiring Boards.
IPC-T-50 - Terms and Definitions.

IPC-TH-650 - Test Methods Manual.

(Application for copies should be addressed to the Institute for Interconnecting
and Packaging Electronics Circuits, 7330 Norta Lincoln Ave, Lincolnwond, IL 60645.)

{Industry association specifications and standards are generally available for
reference from libraries. They are also distributed among technical groups and using
Federal agencies.}

2,3 0rder of precedence. In the event of a conflict between the text of this
specification and the references cited herein except for associated detail
specifications, specification sheets or M5 standards), the text of this specification
shall take precedence. Nothing in this specification, however, shall supersede
applicable laws and regulations unless a specific exemption has been obtained.

L
1
m
L)
o
=
=)
™
=1
[ k]
=

3.1 Specification sheets. The individual item requirements shall be as specified
herein and in accordance with the applicable specification sheets. Where there is no
specification sheet available, the individual reguirements shall be as specified in
camnlementary documents such as government drawings or orderin; data sheets {see
6.2). In the event of any conflict between requirements of tnis specification and
the specification sheets, or complementary document, the latter shall govern.
Anomalies or defects noted on panels or sneets (or both) defined in all fnspection
tables shall be recorded and the proper corrective action shall be initiated,

3.2 Qualification. Laminates and prepreg furnished under this specification snall
be prodiucts wnicn are qualified For 1isting on the applicable gualified products list
{QPL) at the time set for openiny of bids {see 5.3).

3.3 Terms and definitions. Terms and definitions shall be in accordance with this

specification (see 6.4) and IPC-T-50.

3.4 Material. Tne material shall be as specified herein, However, when a
definite material is not specified, a material shall be used which will enable the

laminates to meet the performance requirements of this specification. Acceptance or
approval of any constituent material shall not be construed as a guaranty of the
acceptance of the finfshed product.

3.4.1 Reinfarcement fabric. Construction of the reinforcement fabrics shall be in
accordance with table [. ATl other properties of applicable reinforcement fabric
shall be in accordance with 4.8.2.2. The reinforcement fabric shall be cleaned and
treated with a finish which will produce the required performance characteristics of
the laminate and prepreg in this specification (see 6.2r}.

3.4.2 Resin systems. Resin systems used to produce laminates and prepreg under
this specT¥ication shall be either epoxy, poiytetrafluoroethylene, palyimide or as
specified in the individual specification sheets (see 3.1).
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TABLE I. Construction characteristics.

| I Fabric T Prepreg selection data |
| | {Not for performance requirements) |
| Fabric T Style 1 Thickness | Thread count | Weight 117 | ResTn confent T Nominal thickness
| range | | (lnches) | *3 1/ | (Ounces per | range nominal | range cured 3/
74 { | 1/ 2/ ! (WXF perTin.) | sq. yard) | as received | |
‘ | | | | £5 percent | | i

| | | | | | |
| T T | | T | I
| 61 ] 104 | .0010 | 60 x 52 | 0.56 ] 70-80 1 .0012 - .0022 !
| {(glass) | 106 | .0012 | 56 x 56 | 0.73 | 70 - 80 { .0015 - .0025
Y} | w070 | .0014 | 60 x 35 | 1.05 I 4/ | af I
l | 107 | .0015 | 605/ x 35 | 1.05 [ 3/ { &/ i
] ] 1080 | .0020 1 60 3 47 | 1.40 | s5- 70 | .0022 = .00%0 l
I } 108 : .0022 } 605/ x 475/ | 1.40 : 55 - 70 : .0022 - .0030 }

|

‘ T T | | T T ]
| 62 | 2112 | .0030 | 40 5 39 | 2.05 | 50 - 65 | .0030 - .0040 1
| {glass) | 112 | .0D36 ) 405/ x 395/ I 2.10 | 50 - 65 .0030 - .0040 !
l 6/ | 2113 | .0029 | 60 x 56 2.30 | 50 - 65 .0030 - .0040

| 2313 | .o0030 | 60 x 64 | 2.40 | 50 - 65 | .0030 - .0040 |
| | 113 | .0032 | 605/ x 645/ | 2.43 | 50 - 65 | .0030 - .0040 l
| | 2125 1 .0035 { 40 x 39 | 2.60 | 50 - 865 | .0035 - .0045
I | 1125 | .0039 | 40%/ x 39 | 2.60 ] a/ | a/ |
] | 2116 | .0036 ] 60 x 58 | 3.10 | 45 < 60 | .0040 = .0050 |
[ | 116 { .0038 | 605/ x 585/ | 3.10 | 45 - 60 ) .0040 - .0050 I
I | 1675 | .0040 | 40 x 32 | 2.90 | 45 - 60 | .0040 - .0050 |
I | 2119 | .0034 | 60 x 46 | 2.80 | 4/ | 4/ i
| | 119 | .0038 | 545/ x 505/ | 2.80 1 .1} | 3/ |
| | 2165 | .0040 | 60 _x 52 | 3.55 | 3/ | T/ I
| | 1165 | .0042 | 603/ x 52 | 3.55 | i/ 1 3/ ]
, | | | | [ | - |

T T | ] i T l
| 63 | 7628 | .0067 | 44 x 32 | 6.00 | 35-50 | .0062 - .0075 ]
| {glass) | 1528 | .0065 | 425/ x 325/ | 5.95 | 35-50 | .0062 - .0075
| 6/ | 7637 | .008% | 44 x 22 | 7.00 I 4/ I 4/ |
[ | 7642 | .0099 | 42 x 20 | 6.70 | LY | .Y |
| | | | . 1 i 1 !
! T I I T T ] |
| A | 120 | .0040 | 34 x 34 | 1.70 7/ | 50 - 65 | .0042 |
| (Aramid) | 108 | .0020 | 60 x 60 |l 0.80 7/ | 55-70 | .0022 l
| | 177 | .0030 | 70 x 70 | 0.93 7/ | 50 -85 | .0023 |
| | | | | | | |
‘ ‘ | i | | | |

Q 503 | .0050 | 50 x 40 1 3.30 7/ | 40 - 60 | .0050 [

| {Quartz) i 525 = .0030 = 50 x 50 { 2.00 7/ i 40 - 60 : .0030 :

1/ Based on finished goods state in which heat-cleaning and finishing have been applied.

2/ Tolerance 1s %20 percent on fabric ranges Gl and G2, tolerance is :10 percent on all other fabric
ranges.

3/ These values should not be used for computation of dielectric thickness {n board design or layout.
4/ Generally not available for use as prepreqg.

5/ Threads {or yarns) are multistrand {or pifed).

6/ Glass cloth shall be made from E glass filament.

1/ s10%.

8/ Extent of qualification only.

3.4.3 Copper foil. Copper foil shal) be in accordance with 1PC-CF-150. The copper foi) tolerance
by weight shail be class 1 for types C, D, H, and J and class Il for types A, B, K, L, and M as
. specified in table 11, unless otherwise specified (see 6.2).



Downloaded from http://www.everyspec.com

MIL-P-139495

TABLE II. Copper thickness and tolerance.

| [ | Tolerance I Nominal I7 I
JCopper INominal | by weight I thickness ~ | Toterance 1/ |
Iweight Iweigh% i percent 1 inches | inches -
ldesi3- loz/ft | | (mic¢crons, um) | (microns) |
nator | i CTass I [Class IT | | (approximately |
| | I | | 10 percent) ]
| T I | I [ |
| E I 2.146 | %10 | 5 | 0.00020 (5.0) | - |
I Q | 0.263 | +10 | t5 | 0.00036 (9.0) | --- !
| T 1 0.350 | +#£10 | £5 | o.po0052 (13.0) | --- i
1 H | 0.5 | +10 | 5 I 0.0007 (17.5) | 20.00v07 (1.75) |
I M | 0.75 | £10 | %35 | 0.0010 (25.0) | *0.00010 (2.5) |
| 1 [ 1.00 | =10 | 5 | 0.0014 (35.0) | *0,00014 (3.5} |
| 2 | 2,00 | 10 | +5 | 0.0028 (70.0) | *0.00028 (7.0) |
i 3 i 3.0 | =10 i 5 { 0.0042 (105.0) | *0.00042 {10.5) |
| 4 i 4.00 I 10 | %5 | 0.0056 {140.0} | £0.00056 (14.0) |
| 5 1 5.00 | +10 | 5 i 0.0070 (175.0) | 20.00070 (17.5) |
I 6 | 6.00 | £10 | &5 | 0.0084 (210.0) | #0.00084 (21.0} |
I 7 } 7.00 I £10 t t5 : 0.0098 (245.0) I *0.00098 (24.5) 1

1/ Derives by weight test method 2.2.12 of IPC-TA-650 or by microsection
in accordance with 4,.8.1.2.2.

3.4.4 Laminates.

3.4.4.1 Refnforced. Th rced inates shall consist of one or more layers
of reinforcement, preimpregn ftn tne applicable resin systeaw {see 1.2.1.1.1}
which may be overlayed with foil material on one or both sides and bonded toyether
and processed to meet the requirements of this specification. Unless otherwise
specified (see 6.2) or when double-sided ldwminate is to be used as a single-sided
laminate, double clad laminates shall have a mininum base thickness of 0.0035 inch,

and shall have two layers of fabric minfmunm

11

ﬂi

_nl
rel
ate

3.4.5 Prepreg. Prepreg material shall consist of a layer of reinforcement,
impregnated iEg a resin system {see 1.2.1.2.2) and tne polymer advanced to a B-stage
(semicured}, and shall meet the requirements specified herein.

1.4.68 Color, Color chall he as spacified by the procuring activity (sas
n

6
the color is not specified, the laminate or prepreg shall be furnished in natu
color. HNatural is the coler produced by the natural, undyed reinforcement and resin
system used.

3.5 Dimensions and tolerances of materials.

3.5.1 Length and width.

3.5.1.1 Length and width of reinforced metal-ciad laminate sheets, panels, and

prepreg sheets. Unless otherwise specified (see 6.2}, tne manufacturers’™ standard
sizes shall be acceptable. Standard size metal-clad laminates frowm whicn specimens
have been cut for tests required by this specification shall be acceptable, unless
particular diwensipons are specified [see 6.2). The permissible variations from the
specified length or width shall be as specified in table 111. Adjacent edges shall
be perpendicular within 0.003 incn per inch for laminate and 0.005 in per 1ncn for
prepreg.

3.5.1.2 Length and width of continuous length reinforced metal- clad laminates.
Unless otherwise specified (see 0.Z2), the manufacturers’ standard sizes shall be
acceptable. The tolerance for length and width of standard sizes will be 20.25 inch
per 12 inches of lengtn or width.

3.5.1.3 MWidth of prepreg rolls. Unless otherwise specified {see 6.2), rolls shall
pe supplied in the manufacturers ' standard widths +1.000, -0.500 fncn {inside of
seivedge).

(14}
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TABLE 111. Permissible variation in Tength or width.

| [“Permissible variation In Tength or width | T
| | {2 1nch) |
| Materfal | Panel size Sheets |
i i~ Less than 1 12 t0 2% 1 24 and Rny T
| | 12 inches | 1inches | over | |

] | | | |

] { | I I
| Laminates | 0.031 I 0.063 1 0.12% {+1.0,-0.01
| panels | | | | |
! i i I 1 T
E Prepreg t 0.063 l 0.125 = 0.188 { N/A {

3.5.2 Nominal thicknesses and tolerances.

3.5.2.1 Nominal thickness and tolerance of laminates. Unless otherwise specified, the nominal base
thickness (without metal cladding) and tolerances for laminates shall be as specified in table IV when

measured in accordance with 4.8.1.2. The thickness of the outer one inch of the trimmed lamfnate sheet
{as manufactured) or cut-to-size panel suppiied by the vendor shall not vary from the nominal by a
value greater than 125 percent of the specified tolerance. Double clad laminate shall have a minimum
base thickness of .0035 inch.

Class of tolerance shall be as specified in the type designation. For classes 1-4 mechanical
measurement in accordance with 4.8.1.2.1 shall be performed for all except the .0035 inches minimum
thickness requirement which must be measured in accordance with 4.8.1.2.2. For class S material, the
thickness shall be measured via microsection as specified fn 4.8.1.2.2. The same laminate will have a
greater nomina) base thickness when measured in accordance with 4.8.1.2.1 than when measured in
accordance with 4.8.1.2.2.

TABLE IV. Thickness and tolerances for laminates. 1/

I I Class 1 [ Class 2 [ Class 32/ 1 Class & iClass 52/ |
| Mominal thickness | PX 1 Reinforced | Reinforced |for microwavelreinforced |
| of base taminate [ paper base | Reinforced | 1 lapplication | - L
| without cladding | only I ] l i GR, GX, and i i i
l {1nches) [ i i | | GY [ [ I
| { | T ! | | |
| .0010 to .0045 I o--- | 0010 1 +0007 | +0005 1 --- |.0005|.0010]
| .0046 to .0065 | --- | £0015 | 0010 | #0007 i - |.0007!.0012|
| .0066 to .0120 | --- | 0020 | +0015 | 0010 | 00075 3/ |.0010].0015|
| .0121 to .0199 | --- i 0025 i 0020 i #0015 1 10010 {.00151.0020]
| .0200 to .0309 | --- | =0030 | *0025 | 0020 | +0015 1.0020(.00251
.0310 to .0409 | 0045 | 20065 | 0040 | %0030 | #0020 |.00301.0035)
| .0410 to .0659 | =0060 | =0075 | 0050 | +0030 | x0020 1.0030(.00351
| .0660 to .1009 | #0075 | %0090 | *0070 | 0040 | 0030 |1.00401.0045]|
| .1010 to .1409 | =0090 | =0120 | *0090 | +0050 | +0035 1.00501.0055|
| .1410 to .2500 | *0120 i #0220 i #0120 i #0060 i 20040 E.GGSOI.GOESE
I I I | | 1

1/ Tolerance value is determined by the nominal base thickness (1ess cladding). Tolerance is

apqlied over the base plus cladding with no additfonal tolerance for cladding thickness allowed.
Tolerance of c¢lass § materials is applied to the base thickness [see figure 1).

2/ These tighter toierances are avaiiabie only through product selection on most material types.
3/ For some base materials, materials below certain base thickness are not covered by this
specification, eg., types 6T, GX, and GY are not covered under .010 inch core thickness and core

thickness under .0035 inch are not currently covered for any double sided laminate.

6 Prepreg characteristics. When tested for properties in 3.6.1 through 3.6.10, the requirements

1 be Visted as specified in table 1 and the individual specification sheet for prepreg. When tests
performed by the procuring activity, prepreg should be properly stored {see 3.6.1) and should be
ted as soon as possible after receipt (not to exceed 10 days).

3.
shal
are
tes

3.6.1 Shalf 1ife. Material supplied shall be capable of meetfng the requirements specified hergin
for not 12ss than six months after receipt of shipment when stored at a maximum temperature of 4.5C
(40°F} and not less than three months after receipt of shipment when stored at a relative humidity

between 30 and 50 percent and a maximum temperature of 21.1°C (70°F)(see 6.9).
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3.6.2 Presence of dicyandiamide crystals. When tested in accordance with 4.8.2.1,
there shall be no presence of crystalline structures in the form of clusters or
glak?s. Individual, scattered "dicy” crystals shall not be cause for rejection (see

.10},

3.6.3 MWoven reinforcement, thread count, and fabric weight. When tested in
accordance with ¥.B.2.7, the requirements for thread count, and fabric weight shall
be as specified ({see tabie I} and cannot be used to determine properties for PTFE
based lamlnates, (grade GP, GR, GX, GT or GY) or any aramid reinfored laminate or
Prepreg.

3.6.4 Gel time. When tested fn accordance with 4.8.2.3, the gel time shal)
conform to the nominal time as specified {(see 1.2.1.2.5, 6.2 and 6.12).

3.6.5 VYolatile content. When tested in accordance with 4.8.2.4, the volatile

content shall not be greater than the property values shown in the specification
sheet for prepreg {see 3.1).

3.6.6 Resin content.

3.6.6.1 Resin content (by treated weight). MWhen tested in accordance with

.8.2.5.1 the nominal percentage [see 1,2.1.2.6) of resin content shall be within the
fange indicated in tabie 1 for the specified reinforcement styie, and the actual
resin percent shall not vary more than 5 percent from the nominal (see 6.2).

3.6.6.2 Resin content {(by burn-gut) except GP, GR, GX, 6T, GY,6 AE, Al or AB. \When
tested in accordance with 4.8.2.5.2 the nominal percentage [see 1.2.1.2.8) of resin
content shall bhe within the range indicated in table I for the speciffed
reinforcement style, and the actual resin percent shall not vary more than 5 percent
from the nominal (see 6.2).

3.6.7 Resin flow. When tested in accordance with 4.8.2.6.1, the percentage of
resin flow shall not vary more than &5 percent from the nominal percentage (see 6.2).

1. 6.7.1 Qoedn Flaw/Pan Flaw' racin WUhan tastnd In arcravdanss with A O 2 £ 1 1

- e oe L LR = LI} S iwnwmy nw 1w =32 lllo 'lll!.TII BT HOSLTU "N WUl UyaifrucC w i an 'TlU.L.UI&lL,
the diameter of the cTearance hole shal!l not be reduced less than .010 inch nor more
than .060 inch. This value shall represent 2 percent resin flow.

3.6.8 Scaled flow thickness. When tested in accordance with 4.8.2.6.2, the
nominal prepreg thickness per ply shall be within the range of the specified glass
reinforcement style listed 1n table I and the tolerance specified on the procurement
document by the Printed Wiring Board Manufacturer.

3.6.9 Electrical strength. When tested in accordance with 4.8.2,7.1, the minimum
electrical strength (perpendicular to laminations, short time) shall be as specified
(see 3.1).

3.6.10 Permittivity and loss tangent. When prepared in accordance with 4.8.2.7.2,
and tested in accordance with 4.8.3.T3, maximum permittivity and loss tangent at 1
megahertz (MHz) and 50 MHz shall be as specified (see 3.1}.

3.6.11 Chemical resistance. When tested {n accordance with 4.8.2.8, the maximum
absorption of methylene chloride shall be as specified (see 3.1).

31.6.12 Flammability (when applicable). When tested in accordance with 4.8.2.9
maximum burn Jength total and Tndividual burn times shall be as speciffed {see 3.1}.

3.7 Characteristics of laminates.

3.7.1 Clad laminate characteristics.

3.7.1.1 Surface finish of metal-clad surfaces.

1.7.1.1.1 Pits and dents. Grade of pits and dents shall be as specified {see
1.2.1 and 6.2]. Examination and determination of point count for pits and dents
shall be in accordance with 4.8.3.1. Requirements for pits and dents do not apply to
copper that has been treated on both sides.

—
(=)
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a. Grade A. The total point count shall be less than 30 for any 12-by 12-inch
area [see note).

b. Grade B, The tota) point count shall be less than 6 for any 12-by 12-inch
area. There shall be no pits or dents with the longest dimension greater
than 0.015% inch. Pits with the longest dimension greater than 0.005 inch
shall not exceed three in any square foot {panels only) (see note}

¢c. Grade C. The total point count shall be less than 100 for any 12-by 12-inch
area (see note).

d. Grade D, The total point count shall be less than 18 for any 12-by-12 inch
area (see note).

MOTE: The productibility of printed wiring boards made using laminates with
degrees of pits and dents {s significantly influenced by the metal pattern and the
process used ny the manufacturer to prouuce the pr1nteu wlrlng Doarus. UHIESS
design constraints dictate, this grade shall not be included on the master
drawings, but shall only be specified and used ¥n procureasent specifications by the
printed wiring board manufacturer.

3.7.1.1.2 MWrinkles. There shall be no metal-clad wrinkles as seen under normal or
corrected 20/20 vision.

3.7.1.1.3 Scratches. When tested {n accordance with 4.8.3.2, scratches on either
panels or she@lts Tess than 5 percent of the nominal foll thickness in depth and less
than 4 inches long are permitted. Scratches that are greater than 20 percent of the
nominal foil thickness in depth are not permitted on either panels or sheets.

Crmadmhan ha b bur s fnielu {ndidmnatad (& 20 oerce +1 aftham
J\-lﬂb\-llc) Ut:l-"cl:ll Llll: I-“U I'I’lllsl:) }JICUIUUDIJ’ lllul\-ﬂl-cld LS - [ Y] Pclb\:lll.l’ Ull Cll-ll=l

panels or sheets shall be 1imited to no more than 5 scratches per square foot inside
the working area of either panels or sheets. The working area 15 considered the area
inside a one inch border of panels or sheets.

3.7.1.1.4 Solderabiiity. When laminates are tested as specified {n 4.8.3.3, the
metal-clad surfaces shall not exhibit nonwetting, nor greater thanm 5 percent
dewetting.

3.7.1.1.5 Metal surfaces processability. When specimens are etched as specified
in 4.7.1.3.2, e meta n e readily removable, as determined by
examination of laminate panels ?see 4.8.3.4) to be used for other testing (see
4.8.31.6.2}) Matal claddinag surface discelarations pr protective coating which

TiRswawabh s

cleaning processes.

For etched test specimens the metal cladding surface shall be readily removable when
etched per 4.7.1.3.2. There shall be not more than one piece of residual metal per
five square feet of surface examined and this piece may not have an area greater than
that of a circle 0.005 (.000018 square inch) in difameter. The etched test speciments
shall meet the requirements specifled in 3.7.1.2.

3.7.1.2 Appearance of base after metal removal. Following metal removal as
specified 1EB£.7.I.3.2. tThe base material shall be inspected in accordance with
4.

4.8.13,

11
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3.7.1.2.1 Surface and subsurface imperfections. Surface and subsurface
imperfections (such as weave Lexture, resin starvation, scorching, voids, opaque
foreign inclusions, forefyn matter, inclusions} shall be acceptable providing the
imperfections meet the following:

a. The reinforcement fiber is not cut or exposed.

b. The imperfections are non-conductive.

N P
[}

The imperfections do not propagate as a result

(2]

d. Voids are no greater than 0.003 inch in the lenjest dimensions. Surface
voids shall not occur in void clusters where more than 3 adjacent voids in
an .125-1nch diameter wide circle.

e. Foreign inclusions that are transiucent.

f. Opaque foreign inclusions are no greater tnan 0.023 inch in the longest
dimension and occur nu more frequently than two spots per 144 square incn.

3.7.2 Bow and twist. Class of permissible bow and twist snall be as specified in
the type designation. It is not applicable to metal-clad laminates with a base

thickness less than 0.020 inch. This requirement does not apply to doubie-sided
laminate with unequal claddinyg of 0.003 inch thickness or greater between tne two
sides, or single-sided laminate that is clad 0.004 inch or greater on a single s{de,
In addition, the bow and twist requirements do not pertain to single-sided laminate
made of materials GP, GR, GT, GX, and GY.

3.7.2.1 Sheets and panels witn both dimensions 12 fnches or greater. MWhen
measured as specified In 4.3.3.5.1, the bow and twist of netal-clad lTaminates shall
not exceed that shown in table V. Percentage of bow is given in terms of the lateral
dimensions {length and width) of the tested specimen, and percentage of twist is
given in terms of the diagonal dimension.

3.7.2.2 Panels with one or both dimensions under 12 inches. When measured as
specified in 4.8.3.5.2, the bow and twist of metal-clad laminates shall not exceed
that shown jin table V.

3.7.3 Thermal stress. When specimens are tested as speciffed in 4.8.3.6, neither
the etched surface nor the originally unclad surface, if applicable, shall show
charring, surface contamination, loss of surface resin, softening, delamination,
crazing, interlaminar blistering, or weave exposure. In addition, metal-clad
spacimens shall show no blistering or delamination of tne metal foil,

Measles shall be no yreater thaa 0.020 inch in any one direction and there shall be
no more than 2 measles per each side of 2 x 2 specimen. No laminates voids greater
than .003 inch.

3.7.4 Peel strength. When specimens are tested as specified in 4,8.3.7 through
4.8,3.7.3, TncTusive, the average peel strength for each clad side of each specimen
shall meet or exceed the minimum value specified (see 3.1). No individual valuz of
the values included in the calculation of the average peel strength shall be more
than 1 1/2 pounds per inch less than the specified minimum value.

3.7.5 Volume resistivity and surface resistivity. When specimens ara exposed to
the environmental conditions and tested as specified in 4.8.3.8, the ninimum volume
resistivity and surface resistivity for each specimen shall be as specified (see 3.1).

12
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TABLE V. Permissible bow and twist.

T | } Total varfation, maximum, percent i/ {
|
I Thickness | Test specimen T Laminate - Llass C ‘
‘ inches | max{mum |
{see table IV) | dimension 1 A1l weights of foll, | A11 wefghts on foil, l
1 I {fnches) | one side | two sides
| TATT other ITypes GP, GR, [ATT other ITypes LGP, GR, I
I types IGT. GX, GY gli types 6T, GX, GY I
I I ] I I |
I.OZOO to .0309 { 8 or less | 2.0 | N/A | 1.0 | -——— |
1 B to 12 | 2.0 | N/A | 1.5 | -—- |
) [ | 2.5 ! N/A | 1.5 | --- |
| | | l l l |
T | ] | ! | T
[.0310 to .0659 | B or less | 1.5 | N/A | 0.5 | 3.0
| | 8 to 12 | 1.5 | N/A | 1.0 ] 3.0 |
| | l 2.0 | NfA { 1.0 | 1.0 |
| i | | | ] |
T [} I i | | |
|.0660 and over | 12 or less | 1.0 | N/A i 0.5 | 1.5 |
I : : 1.5 } H/A = 0.5 ; 1.5 ‘

1/ Except when otherwise specified (see 3.1).
2/ These types are nonapplicable to bow and twist.

3.7.6 Dimensional stability. When specimens are tested as specified in 4.8.3.9,
the average of the absolute vatue of change in each direction shall meet the max{mum
value specified (seae 3.1). \Unless otherwise speciffed, class A shall be in effect
{see 3.1 and 6.2).

3.7.7 MWater absearptifon. When specimens are tested as specified in 4.8.3.10, the
average maximum water absorption shall be as specified (see 3.1).

3.7.8 Dielectric breakdown (parallel to laminations). When specimens are tested
as specified Tn 4.8.3.IT, the dieTectr{c breakdown shall be as specified {see 3.1).

3.7.9 Electrical strength (Perpendicular to laminations). When tested in
accordance with %.8.3.1Z, the avera?e minimum electrical strength (perpendicular to
Taminations) shall be as specified (see 3.1},

3.7.10 Permittivity and loss tangent. When tested in accordance with 4.8.3.13,
the permitETvity and Joss tangent shall be as specified (see 3.1).

3.7.11 {resonance){when applicable). When specimens are tested as specified iIn
4.8.3.14, gﬁe average minjmuam E shall be as specified (see 3.1).

3.7.12 Flexural strength. When specimens are tested as specified in 4.8.3.15, the
average minTmum fiexural strength shall be as specified (see 3.1).

3.7.12.1 Flexural strenqth at elevated temperature {(when applicable). When
specimens arE‘tEEfba'5§‘§pecTTTéH‘TH_ITUTI‘TSETT“fﬁE‘E?E?hgé1#%HTEEE‘?1exura\

strength at elevated temperature shall be as ;pecified {see 3.1}.

3.7.13 Arc resistance. When specimens are tested as specified in 4.8.3.16, the
average minimum arc resistance shall be as specified {see 3.1).

3.7.14 Flammability {when applicable). When specimens are tested as specified in
4.8.3.17 the max{mum burn length, total and fndividual burn times shall be as
specified (see 3.1},

13
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3.7.15 Fungus resistance. When specimens are tested as specified fn 4.8.3.18, the
Yaminates sﬁail resisE the growth of fungi and shall have a visual rating of "Q".

3.7.16 C(hemical resistance. When tested in accordance with 4.8.3.19, the maxinmum
absorption of metnylene chloride shall be as specified (see 6.2).

.17 Pressure vessel thermal stress. When specimens are tested as specified in
.20, the performance rating snall meet the value specified (see 6.2}.

3.7.18 Glass transition temperature (Tg). When specimens are tested as specifiad
in 4.9.3,2T,7the Tq shall meet the values specified (see 5.2),

3.7.19 Average coefficient of thermal expansian {CTE}. When specimens are tested
as specifi@d in 7.8.3.22Z, tne CIE saall meat the values specified (see 6.2).

3.8 HMarking of printed-wiring board materiais. Laminate and preprej sheets shall
have a lahel attached to the package. Prepreg rolls shail have 3 ifadel securely
attached to the coapatible protective bag eavelaping the roll and the two lahels (one
each} attached to the inside surface of the core mandrel at hoth ends. All Tabels
shall be in accerdance with MIL-STD-130, with the military specification number, type
designation, the manufacturer's source code {CAGE), and the lo%t number (see 1.2.1.1
or 1.2.1.2). 1In addition, prepreg ladels shall be marked with the date of
impregnation. A&17 Taheis shall be of such a character as to remain secureiy affixed
and legible during normadl handling.

Each full-size Jaminate sheet shall bz marked. Location of marking and type of
marking shall be as specified in the drawing data. The exact information in the
-marking shall be sufficient to maintain traceadility within the "oard manufacturer’'s

fFarilitias,
racrivirées.

Cut-ta-size pianels, of laminate shall be aarked as specified in the ordering data.
When anplicable, the need for marking, and location of the marking, the information
presented in the marking, and the type of marking shall he specified. Types of
acceptable marxings are:

A - Ink of non-corrosive types that shall remain leqible during normal
handiing, but readily removable prior to fabrication which will not affect
the physical electrical properties of the bise material.

B - Lahels that can bhe of 3 character that remain securely affixed and legible
during normal handling.

c - A metal embossing stamp.

3.9 MHorkmanship. Printed wiring board material shall be manufactured and
processed In accordance with the requirements of this specification. A1l printed
wiring board material shall be uniform in quality and free of defects which nmay
affect fabrication, 11fe or serviceability, in excess of those allowed in this
specification. The Taainates snall a2 free of wrinkles or cracks. The prepreg
sheets shall he free from tears and the prepreg rolls shall be 35.percent free fronm
tears, Unless otherwlse specified, there shall be two snlices (no cutouts) allowed
forkprepreg rolls per every 100 yards of prepreg and the splice shall be clearly
marked,
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4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified in the contract,
the contractor 1s responsible for the performance of all inspection requircments as
specified herein. Except as otherwise specified in the ctontract, the contractor may
use his own or any other facilities suitable for the performance of the inspection
requirements specified herein, unless disapproved hy the Gavernment. The Government
reserves the right to perform any of the fnspections set forth in the specification
where such inspections are deemed necessary to assure supplies and services conform
to prescribed requirements,.

%.1.1 Responsibility for compliance. All items must meet all requirements of
sections 3 and b. The Inspection set forth in this specification shall becoma a part
of the contractor's overall inspection system or quality program., The absence of any
tnspection requirements in the specification shal) not relieve the contractor of the
responsibility of assuring that all products or supplies submitted to the Government
for acceptance comply with all requirements of the contract. Sampling in quality
conformance does not authorize submission of known defective material, either
indic?t?d or actual, nor does it commit the Gavernment to acceptance of defective
material.

4.1.2 Test equipment and inspection facilities, Test and measuring equipment and
inspectiof Facilities of sufficient accuracy, quality and quantity to permit
performance of the raquired inspection shall be estahlished and maintained by the
contractor. The establishment and maintenance of a calibration system to control the
accuracy of the measuring and test equipment shall be in accordance with

HIL-STD-45562.

4.2 Classificatfon of inspections. The inspections specified herein are
classified as Follows:

a. Materials inspection (see 4.3).
b. Jualification inspection (see 4.5}).
€. Quality conformance inspection (see 1.6).

4.3 Materials {nspection. Materials inspection shall consist of certification
supportéd by verifying data, when specified {see 5.2), that the materials listed iIn
table VI, used in fabricating the metal-clad laminates, are in accordance with the
applicable referenced specification or requirements prior to such fahricating. This

verifying data is required for qualification.

TASLE VI. MHatartals fasnectian.

Hequirement Applicadle

| |

Haterial { paraqraph lspecificat1on !

] T |

|Reinforcement clothi 3.4.1 | --- !

IResin | 3.4.2 | --- I

|Copper foil | 3.4.3 | IPC-CF-15D i

[Pigment or dye 1/ | 3.4.5 : - ,
| [

1/ verification of pigment or dye type, {f present.

15
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4.4 Inspection conditions. Unless otherwise specified herein, all inspections
shall be performed In accordance with the test conditions specified in the "GENERAL
REQUIREMENTSY of MIL-STD-202.

4.5 Qualffication inspection. Qualification fnspection shal) be performed at a
laboratory acceptable to the Government (see 5.3) on sample units produced with
equipment and procedures norwally used in productfon.

4.5.1 Sample size. Sample sheets shall be selected from normal production for
each manufac%urers' hrand under a tyone (and4, for prepreg, a nominal cured thickness)
for which qualification is soujht. The number of specimens required per sheet and
their conditfoning shall be as specified in 4.7.1. The aumber of specinens (ses
table VI1) required for the individual test mathods shall be cut from the sheets and
inspected as specified (see 4.5.2). The insnections requiriny the full sheet shall
be perforped before the sheet §s cut into smaller specimens.

$.5.2 inspection routine. The sampie shail be subjacted to the inspections
specified. When the specimen {s to be used for more than one test, the order of
testing shall be as specified {n table YII.

4.5.3 Extent of qualification.

4.5.3.1 Extent of qualification for laminites. Quatification of double cisd shall
extend to single and unclad. Extent of qu ali?Tbation for laminates shall be in
accordance with tadles YIIIl throuja X11I, no other extentians shall be permitted.

4.5.3.2 Extent of qualification for prepreq. Extent of qualification for prepreijs
shall be in accordance with tables X1V throug4v XVIII.

4.5.4 Fallures. One or more fallures shall he cause for refusal to grant
qualification approval. Failure criterfa for specimens ¢hall be as specified in the
applicable method paragraph or requirement paragraph.

4.5.5 Retention of qualification. To retain qualification, the contractor shall
forward a report at 1Z-maonth Tntervals to the jualifying activity. The qualifying
activity shall establish the {nitfal reportfny date. The repart shall consist of:

2. A sunmary of the results of the tests performed for {nspection of all
product for delivery, group 3, indiciting as a minimum the number of Jots
that have passed and the number that have fafled. The results of tasts of
311 reworked lots shall be Jdentified and accounted for. The suwmary shal)
include hiqhs, lows and averages.

9. A summary of the results of tests pesrformed for periodic inspection, group £
fncluding the number and mode of failures. The summary shall iaclude
results of all perfodic inspections performed and completed during the
12-month period. 1f the summary of the test resylts indicates
nonconformance with specification requirements, and corrective action
acceptabie to the qualifying activity has nhot been taken, action may de
taken to remove the failfnj product fron the quilified products list.

Failure to submit the report within 60 days after the end of 2ach 12-month period may
result in loss of qualification for the product. In addition to the periodic
submission of iaspection data, the contractor shall immediateiy notify the qualifying
activity at any time during the 12-month period that the inspectfon data indicates
faflure of the qualified product to meet the requirements of this speci{fication.

Actual test data for groups 3 and T, shall be supplied when requested by the
qualifying activity. Extention of retention of qualffication shall be the same as

that shown in tables VIII theu XVIII. For example, {f production of GF sccurred

during a reporting period when GE was not produced, retention of qualification will
be extended to GE and requalification will not be necessary as long as GF production
meets the requirements of this paragraph.

16
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TABLE VII. Qualification inspection.

[ | R | i Applicable to [
| ] Requirement | Method 1| Specimen | Number of T I Laminate |
| Inspection | paragraph | paragraph | (form and | specimens | Pre- T [ 0.620 T T
{ | ] | dimension | to be | preg | Type | iach | Less than |
I | | | (incnes) | inspected | | PX | and | 0.020 inch |
| | | | | | | | over | |
| 1 | | | | | [ T

¥isual and dimensional inspection - - - - 13.1, 3.4, 3.5,14,8.1 I Complete | 1 ' x 1 x | x 1 X |

| 3.8 and 3.9 | | sampie | | | | | |
| | | I sheet | | i | | |
| Presence of dicyandiamide crystals - - - | 3.6.2 14.8.2.1 | dxwidth | 1 b X e e ] -a- |
| Thread count = - = = = - = = - - = - - - | 3.6.3 14.8.2.2 | | I S e e I
| Fabric thickness- - - - =~ = = = = = =« - - 1 3.6.3 14.8.2.2 l axdxthk | 3 | X | === | === | --- ]
| Fabric wefght - « - « =« - =« « - = = = & I 3.6.3 (4.8.2.2 | (ofas cutll Il X | = | == | --- |
| Gel time - = - = - =« - = 4 4 - 4 - - - . | 3.6.4 14.8.2.3 | Crushed | 3 [ S I | --- |
] | | | B-State | | | l | |
| | | | (200 +10 mg)| | I ] ] |
| Yolatile content- - - - = - - = « - - -~ - I 3.6.5 14.8.2.4 | 4xaxtok | 3 I S B B B |
i | 1 | {bias cut)l | | | 1 ]
| Resin content - - - - « - - = = - - - - - | 3.6.6 14.8.2.5 I dxdxtik | 3 [ R R I BT |
| Resin flow- = - = = = - = - = - =« = - . . 1 3.6.7 14.8.2.6 | dx4xthk | 4 [ S R e o BT |
| Mominal scaled flow thickness - - - - - - | 3.6.8 | --- | 7x5.%xthk  3/| 2 N S I B |
| Electrical strength - - - - « - « - - - - 1 3.6.2 | --- ] dxdxtht | 1 | B e T 1
| Pits and dents- - = - - = - - - - - - - - | 3.7.1.1.1 ]4.,8,3.1 | Complete | === 1 & 1 X | X |
| Wrinkles- = - = - = « = = - @ o 0 = = - & I 3.7.1.1.2 | --- | sample | 1 l —-- | X | X | X |
| Scratches - « - = « - - =« - 0 o4 o oo i 3.7.1.1.3  14.8.3.2 | sheet | | -~ | X | X | X |
| Solderability - - - = - - - =0 o - - - & I 3.7.1.1.4  14.8.3.3 | Indathk § 3 bomee X% \ X \
| Meta} surfaces processab111ty ------ | 3.7.1.1.5 [4.8.3.4 | 12x12xthk 3/| 3 fo--- 4 X | X | X |
| Appearance of base after metal removal- - | 3.7.1.2 | --- | 12x12xthk 371 3 l == 1 X | X | X |
| Surface and subsurface imperfections- - - | 3.7.1.2.1 ]4.8.3.4.1 | axaxthk | 3 | == | X | X | X |
| Bow and twist | [ | Complete | | | | | |
| Sheets/panels both dimensions | i | | | | ] | |
i 12 inches or greater- - - - - - - - - i 3.7.2.1 [4.8.3.,5.1 | 12x12xthk | 1 [ N i --- i
| Panels - both dimensions I | | | | | | | |
| under 12 inches - - =~ - - - = - - - . I 3.7.2.2 14.8.3.5.2 | Actual size | 1 [ P I ¢ [ --- !
| Panels - one dimension under 12 inches | 3.7.2.2 14.8.3.5.2 1 12 x smalier | 1 T L. | - |
I | | | dimension | | | | | |
| Thermal stress- - - - = = = = = = =~ = = & i | i i | | | | I
|  Unetehed specimens- - = « - - - - - . - I 3.7.3 [4.8.3.6 | 2x2xthk | 3 l --—- I % | X | X |
I  Etched specimens- - - = = = = =« = = - - | 3.7.3 i4.8.3.6 1 2x2xthx | k! | ===} & 1 X 1 X ]

See footnotes at end of table.
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TABLE VII. Quali{fication inspection - Continued.

AppiicasTe io

T I

81

A Bl s " — ————— ——— —— — R, . . W . WO s b e i i g s e s, e o

I | I ! I |
| Requirement | Method | Specimen | Number of | T Laminate |
Inspection | paragrapn | paragraph | {forw and | specimens | Pre- | T 0.020 1 |
i | | dimensfon | to be { preg | Type | inch | Less than |
l | | f{inches) | inspected | P PA | and ) 0.D20 inch |
| i 1 | i | i over | i
| T ] ] ! g ] i |
Peel strength: | | i 1 Tengthwisel | | | l
As recefved - - « « - - - = -« - o - - | 3.7.4 |4.8.3.7 | 2x3xthk | for each | | | | !
After thermal stress- - - = - = ~ « - - | 3.7.4 14.8.3.7.1 | (see fig 3}lclad sfde | --- | X ] X | X ]
At elevated temperature - - = = - - = « i 3.7.4 14.8.3.7.2 | Il crosswise | | | | |
After exposure to processing solution - | 3.7.4 14.8.3.7.3 | |for each | | i I |
i i lt1ad side | | 1 i ]
Yolume resistivity and surface | } ) | | | i | i
resistivity - - = - = = = = = = = = - i 3.7.5 14.8.3.8 | 4xdxthx | 6 b --- | X | X% | X |
| ] | or 2x2xthk | | | | | |
Dimensionai stability - - - = = = = = - - | 3.7.6 14.8.3.9 | 12x11xthk| 3 TR B SRR [ | X |
Water absorption- - - « « ~ = = - - . - - | 3.7 14.8.3,10 | 2x2xthk | 4 P-o | X | X { .- i
Dielectric breakdown (parallel to | i | | | | i | {
1aminations: 1 3.7.8 |4,8.3,11 | ! ! ! ] ! !
Step-by-step test - - - = - = = = - - o i 3.7.8 14.8.3.11.1 | 2x3xthk | 3 4 |- | [ l - |
Electrical strength - - - - = = = « = - - i 3.7.9 14.8,3.12 | dxdxthk | I (T e | X i
Pernittivity and loss tangent ~ -~ - - - - I 3.0 [4.8.3.13 | See 1/ | 3 - 1 &4 X | X |
Flexural strength - - - = = = - « = . - - I 3.7.12 14.8.3.15 | See ~ i6: T e XX | - |
i i i tabie AXV¥I |3 Tengthwisej | i i I
| 1 | I3 crosswise | | | | |
Flexural strength as elevated | I i l | | | i |
temperature - - -« - - - -~ - - - - - . | 3.7.12 14.8.3.15.1 | See | 3 | e | oo | X 240 —— |
| i { taple £X¥i  ( lengthwise | | | - |
Arc resistance- - - - - - - - - - . . - . I 3.7.13 14.8.3.16 | 2x2Zxthk | 3 | ==« | X | X | X |
Flammability (when applicable)- - - - - - | 3.7.14 14.8.3.17 | | I B i B | X |
| | | 0.3x5xthk| 3 Il - | X |} x ! .- |
Fungus resistance - - - = « - + = = = - - : 3.7.15 }4.8.3.16 = 2x2xthk i 1 l £ 1 £ 1 X | X |
l | | ! ! | | ! |
See 4.8.3.13.1, 4.48.3.13.2, 4.4.3.13.3, as applicable.
GB, GH, and GI only.
I/ 12x12xthk or dimensions to provide an equivalent area such as 9xlb6xthk.
One additional sampie will be prepared for initial voitage reading for step-by-step testing.
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TABLE VIII. Base materifal.
| Quajified | Extended to T
| GF | GE T
| GH | GB |
] GR | GP |
| Gy | 6T, G6X |
| GX | 6T |
I l I
TABLE IX. Hominal thickness.
| Jualified 1 Extended to
I |
[Any .020 inch and aver A1l .020 and over
IAny less than .020 inch|411 less than .0220 inch]|
| |

TABLE ¥%X. Typing of cladding.
[ Quaiified T Extended to
T T
| Any copper | AVl copper
I Y Y
]

TABLE XI. MNominal copper foll weight

JuatiTied ]

X

tanded to

Any copper welghtlAll greater copper welghts

For example: |

r
|
{
| |
|
|
|
I

0.375 az/ft2  10.375 o0z/ft? and greater
|0.5 oz/ft?
:0.75 0z/ft2 and greater

.
H 0.5 oz/Ftl
W 0.75 oz/ft2

and greater

———— i s ]

TABLE XII. Grade of pits and dents.

T Jualified

Extended to

B
A

|
[
| 2
I

I
|
|
1
l
I

|
!
A, C, D [
c |
4, C 1
1

TA3LE XIII.

Class of bow and twist.

Qualified

3

xtended to

T
T
: Any

T

T
a11 |
1

19
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TABLE XIV. Resin material {prepreg).

Qualified txtended to

I |
| T
i GE ]
I !

1
T
! GF
1

TABLE X¥. Reinforcement style.

Qualified Extended to
Any range Gl ARTT range LI
Any range G2 A1l ranje G2

| I
| I
| ]
| Any range 63 | A1l range G3
| 1
1 |
I |

Any range A A1l range A
Any range § A1l ranqge 9

.

TABLE XVI. Nominal scale flow.

Qualified 1 Extended to
I

| Any | Al
I |

TABLE XYI1. G&Gel time.

1 Qualified | Extended to :

1 )
1 Any | A1l |
| | |

¥VI1T_ desin content.
i Rualifield T Extended £o i
i

| Any | Al !
g | ]

20
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In the event that no production occurred during the reporting perfod, a report shall
be submftted certifying that the company still has the capabflities and facilities
necessary to produce the {tem. 1If during two consecutive reporting periods, there
has been no production, the manufacturer may be required at the discretfon of the

qualifying activity, to submit the product to testing fn accordance with the

qualification inspection requirements.

4.5.5.1 Modification of qualified products. No modifications of the composition
of any qualTfied product shall be made without requalification, except within the
following limitations:

a. The absolute amount of any component material {resin composition, curing
agent, opacifier, fire resistant additive, etc.) may be varfed within a
total amount of 2.5 percent of that component material.

b. The chemical sgecies of a coloring materfal may be chan%ed if the color is
not substantially changed, and if the absolute amount of the coloring
material is not changed by more than £2.5 percent.

¢. There shall be no additions or deletions to the composition.
The qualified product manufacturer remains responsfbile for continuing to meet all
requirements of the specification under which the modiffed product was originally
qualified.

4.6 Quality conformance inspection.

4.6.1 Inspection of product for delivery. Inspection of product for delivery
shall consSTst of groups R and B 1nspections.

4.6.1.1 Inspection lot. An inspection 1ot shal} meet the following criteria:

a. Material covered by a single specification sheet.
b. Same type designation so far as practicable.
c. Offered for inspection at one time.

d. One press lgad or 200 sheets, whichever {15 greater {the 200 sheets shall be
from consecutive press loads}.

a _ Fl . - A - - Y v -~ ) -~ -~
An inspection Jot T 11 be 250 yards or one roll which ever {s greater
it

ar
in accordance with 4.

L -]
-y

epregs sha
2.1,

P
2.

MW

6

4.6.1.2 Group A inspection. Group A {inspection shall consist of the inspections
specified in tabTe XIX.

4.6.1.2.1.1 Sampling plan for laminates. 100 percent of the inspection 1ot shall
be subjected to group A {nspection.

4.6.1.2.1.2 Sampling plan for prepreg rolls and sheets. One yard at the beginning
of a roll and every 250 1inear yards thereafter. Exampies: A 500 yard roll would
have 3 samples taken for group A and a 750 yard roll would have 4 samples taken. For
runs less than 250 yards a sample shall be taken at the beginning and at the end of

the roll. If a roll is not divisible by 250, then samples shall be taken at the
beginning, at 250 yard increments and at the end. Example: A 600 yard roll would
have 4 samples taken, at the beginning, at 250, 500 and 600 yard points. If the
prepreg is cut fnto sheets the same rules apply regardless of sheet size. Samples
shall be retained group group B fnspections.

4.6.1.2.2 Defects. If an {nspection lot {s rejected, the contractor may screen

out the defects and resubmit for refnspection. Such lots shall be separated from
uninspected lots and shall be clearly identified as reinspected 1ots.
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TABLE XIX. Group A {inspection.

— —— ——— —— — — . ———

T I 1 1 ] Applicable to T
| Requirement Method Specimen | Number of | Number of | J Laminate !

l Inspection { paragraph paragraph {form and | specimens | defects |Pre- 7 1 0.020 1 T
| | l dimension | to be | allowed | preg | Type | inch | |
[ | (inches) | inspected | | | Px | and | |
[ | | | | | | over | |
T ! { { | | | | I
Visual inspection « - = - = = = = =« = - . |3.1, 3,5.1.1, |4.8.1 Complete sheet] Al | 0 I X | x I X | |
13.5.1,2, 3.8, | ! ! ! ! ! ! !

land 3.9 1 | | | | | | |

Visual and dimensional {nspection | | | | | | ] ] | |
{prepreg) - « = = = = - o c - oo o . | | | | | 0 I S [RPORPE R [
Presence of dicyandiamide crystals- - - - | 3.6.2 14.8.2.1 14 inch x width] AN | ] | IS N [P R |
Pits and dents- - - - - = - - - - - - - . I 3.7.L.1. 14.8.3.1  [Complete sheet| All o beee 00X 0 X i
Wrinkles - - - = = = & o o ¢ - 2o o . I 3.7.1.1.2 | --- [Complete sheat] AN l 0 [ | X i |
SCratehes = = = = = = @ o o = = = o = = - : 3.7.1.1.3 14.8.3.2 iComplete sheeti ALl : v} } - i X (I | i

[ I ] {
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TABLE XX. Group B inspection.

1 X

[ i I | [ [ | Applicable to I
] | Requirement | Method | Specimen | Number of | Number of | [ Caminate

] Inspection | paragraph | paragraph | {form and | specimens | defects [Pre- T [ 0.020 1 T
| | } |  dimension | to be | allowed | preg | Type | inch | Less than |
| I | i (inches) | inspecced | | | PX | and | 0.020 inch |
l | | { | | | I | over | i
| | ! | | | | T [ ] T
| Yolatile content- -« - - - = - - = - - . | 3.6.5 {4.8.2.4 i4 x 4 x thk | 1 | 1] I & | —== ] == | .- |
! ! | Hbias cut) ! | i | ! i |
| Metal surfaces processability - - - - - { 3.7.1.1.5 14.8.3.4 |42 x wdth x thki | 0 | === | X I X i X |
| Appearance of base after metal removal- 1| 3.7.1.2 I o—s- 112 x wdth x tnkl | ) - | X I X | X |
| Surface and suosurface imperfections- - | 3.7.1.2,1 14.8.3.4.1 [12 x 12 x thx | 3 | 0 | -~ § % | X I X |
| Thermal stress: | | | ] | | | | | |
|  Unetched speciwens- - - - - - - - - - i 3.7.3 i4.8.3.6 2 x 2 x thk | 2 | 0 l -—- 1 X% i X i X i
| Etched specimens- - - - - - - - - - - I 3.7.3 14.8,3.6 2 x 2 x thk | 2 I 0 | === | X | X I X |
| Peel strength: | i | | i | | 1 1 1
I As recefved - ~ = « = - - - - - - - - | 3.7.4 14.8.3.7.1 12 x 3 x thk [1 length- | 0 | --- | X | X | X |
I | ! [ | wise | I I | I |
| After thermal stress- - - - - - - - - i 3.7.4 14.8.3.9.1 12 x 3 x thk 11 cross- | I -—- 1 X I X | X

i | | i |wise for | | | | | |
i | ] | leach clad | | | | | |
| { | i jside | | | | | |
| Permittivity (dielectric constant) i | | | | | | | | |
| and loss tangent (dissipation factor) | 3.7.9 and [4.8.2.7.3 {2 x 3 x .120 | 1 | ] | === | X I X | X ]
| (GX, &R, and GY only) | 3.7.10 | and | | | | | I | |
| i 4.8.3,13 | | ] | [ | | |
| Gel time {when applicable)- - - - - - - | 3.6.4 14.8.2.3 |Crushed 200¢ | 1 | 0 [ SR S N T

| | | |10 mg ! } | ! | | \
| Resincontent - - - - - = - - - - - . . I 3.6.6 [4.8.2.5 4 x 4 x thk ] 1 | ] I S R BT B |
| Resin flow- = - = = « = - = - - - = o & | 3.6.7 |4.8.2.6 i4 x4 x4plys | 1 | 0 I X | -ae | === | =-- |
| Pressure vessel thermal stress | | | I ! ! | | | |
|  (when applicable} - - - - - - - - - - | 3,7.17 14.8.3.19 14 x 4 x thk | 3 i 0 leee e | XL/ --- |
| ¥isual and dimensfonal- = - - - = = - . | 3.4 and 3.5 | I I | | | | |
| Bow and twist | i | | i | | | | i
!  Sheets/panels both dimensions 1 1 ] 1 | ] 1 | 1 |
I 12 inches or greater- - - -« - - - - I 3.7.2.1 [4.8.3,5.1 | 12xl2xthk | 1 | 0 | === | === | X | --- |
| Pamels - both dimensions | | | | | | | I | I
i under 12 inches - = « - = - - - - - i 3.7.2.2 14.8.3.5.2 | Actual size | 1 i 0 R I T |l --- |
| Panels - gne dimension under 12 inches | 3.7.2.2 14.8,3.5.2 | 12 x smailer | 1 | 0 | T | ---

l | | | dimension [ | | | i | |
| Scale flow (when applicabte)- - - -~ - - | 3.6.8 14.8.2.6.2 |7 x55xthk | 1 I 0 I B R i I
| Delta Tg {when applicable)- - - - - - - 1 3.7.18 14,8.3.21 las needed 1 1 ] 0 I 2 ] --- 1 X | X ]
: 3.7.16 :4.8.3.19 :.2 X 2 x thk t 1 { 0 : X : - I X l X ;

Chemical resistance {when applicable) - }

—

/ Applicable to .082 inch and thicker only.
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TABLE XXI. Group € inspectien.

T T | T I AppTicable fo |
| | Sampling perfod | Requirement | Method [ [ Laminate [
| Inspection 1 [ 3 1T12 T3 T paragrapn | paragraph | Pre- T | 0.020 | |
| Imonti|monthlmonth|monti| | | preg | Type | incih | Less than |
I | | | | | J | | PX 1 and | 0.020 inch |
| i | | | | [ I [ | over | |
T ] | T | | | | | | | ]
| Solderapility- - = = = = = = = = - = - = . & ===l X === ] ---| 3.7.1.1.4 |4,8.3.3 | -— | X | % | X i
| Peel strength | i | ] i I | I | | |
| At elevated temperature- - - - - - - - - - b —-= 1 X | === ] --- | 3.7.4 | 4.8.3.7.2 1 ===} X | % | X |
|  After exposure to processing solution- - - | -~ | X | -== | === | 3.7.4 P 4.8.3.7.3 1 - | X | x | X |
| Volume resistivity and surface | | | | | | 1 | | | |
| resistivity- - « = - = = = - o o oo .o o l === -1 X | === 3.7.5 1 4.838 | -—- | X | x | X |
| Dimensional stabilfty- - - - = - = =« = « - - { X | == | | 3.7.6 | 4.8.3.9 | - | X | --- | X |
| Water absorption - - « - - - - - - .- . L. Voo b X ] == | e= ) 3,77 | 4.8.3.10 | === | -=—- | X —-- |
| Dielectric breakdown (paraliel to | | | | | | | | | | |
{ taminations}: i | [ { { | | | | | |
| Step-by-step test- - - - = « - - « - - - - l == | X | ——- | === | 3.7.8 | 4.8.3.11,2] == | X | x | - |
| Electrical strength- - - - - - = = = = = . . == 1 X | === 1---] 3.7.9 1 4.8.3.12 { % | --- | --- | X i
| Permittivity and loss tangent factor 1/ - - | X | «-- | «ee | -ccc | 3.7.10 1 4.8.3.13 | X | === | === | X |
n | Q (resonance) (when applicable}- - - -"- - - bem e b X == 1 3.7.11 | 4.8.3.18 | === | ——- | X | --- |
i Flexural strength- - - « = = < - - - -« - - faee ] === | X ) == ] 3.7.12 ] 4.B.3.15 | =« ] ==} X | I )
| Flexural strength at elevated temper- [ | I | | I | | f I
| atures (types GB, GH, and 6 only) = - = = {4 === | X | === | -—— | 3.7.12 | 4.8.3.15.1| ==~ | == | % | - |
| Arc resistance - - = - = - = & 4 4 - - . - - | ===l -—- | X | -——-} 3.7.13 | 4.8.3,16 | -—- | X | x | X l
| Flammability (when applicable} - - - - -« - - I X e | mee | === | 3.7.14 | 4.8.3.17 | x | X | X | % |
ll Fungus - - - = = = = = = = = 4 =« = - 2 . - | mee | mae | === | X II 3.7.15 } 4.&.3.18.1; -—-- fl - } X } .- :

1/ Applicable to .062 inch and thicker only.
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4.6.1.3 Group B inspection. Group B inspection shall consist of the inspections
specified {n EaEle YX and the sample shall be selected from sheets that have been
subjected to and passed the group A {nspection.

4.6.1.3.1 Sampling plan.

4.6.,1.3.1.1 Sampling plan for laminates. The sample shall consist of 2 sheets (as
pressed} minimum. Randomly sefected.

4.6.1.3.1.2 Sampling plan for prepreg rolls and sheets. The samples pulled for
group A inspectTon shall be used Tor group © ¥Tnspection.

4.6.1.3.2 Rejected lots. If an inspection 1ot of prepreg Is rejected, the
previous contTnuous Tot [rol11) 1s also rejected, the contractor may screen out the
defects and resubmit for reinspection. Such lots shall be separate from new lots and
shall be clearly fdentified as rejected lots.

4.6.1.3.3 Rejected lots. If an inspection Tot of lTaminate s rejected, the

contractor may screen out defects and resubmit for refnspectfon. Such Tots shall be
separate from new lots and shall be clearly identified as rejected lots.

4.6.1.3.4 Disposition of sample sheets. Sample sheets which have been pulied for
group B inspection and have passed group B inspection shall be held for group C
inspection.

4.6.2 Perfodic inspection. Periodic inspection shall consist of group C. Except
where the results of these inspections show noncomplfance with the applicable
requirements {(see 4.6.2.2.4), delivery of products which have passed groups A and B
shall not be delayed pending the results of these perfodic fnspections. Results of
group C shall apply for all lots shipped unti} the next periodic inspection (group C).

4.6.2.1 Group C fnspection. Group C fnspectfon shall consist of the inspections
specified in table . roup C fnspection shall be made on sample sheets selected
from inspection lots which have passed the groups A and B inspection. One monthly
group C and one quarterly group C every 12 month shall be performed at a DESC

approved laboratory.

4.6.2.1.1 Sampliin lan. Sample sheets shall be selected from the first Jot and
thence from each samplgng period's production of sheets covered by a sfngle
speci{fication sheet and thickness range in accordance with table XXITI or table

XXIII. Sample sheets selected shall be representative of production as applicable to
sheet thickness and foil cladding, and may not be the same sheet thickness and foil
cladding used for qualification.

4.6.2.1.2 ODefectives. I[Ff the number of defectives exceed the number allowed 1n
table XXII or table XXIII, the sample shall be considered to have fafled.

4.6.2.1.3 Disposition of sample units. Unless otherwise specified (see 6.2},
sample sheets from which specimens have been cut and have passed all the group C
inspection may be delivered on a contract or order, 1f the 1ot 15 accepted (see
3.5.1).

4.6.2.1.4 Noncompliance. If a sample fafls to pass group C inspection, the
manufacturer shall notlfy the qualifying activity and the cognizant inspection
activity of such faflure and take corrective action on the materials or processes, or
both, s warranted, and on all units of product which can be corrected and which were
manufactured under essent{ally the same condftfons, with essentially the same
materials, processes, etc., and which are considered subject to the same faflure.
Acceptance and shipment of the product shall be dfscontinued until corrective action,
acceptable to the qualifying activity has been taken. After the corrective action
has been taken, group £ inspectifon shall be repeated on additforal sample units {(all
inspections, or the inspection which the orfginal sample fafled, at the option of the
qualifying activity). Groups A and B inspection may be reinstituted; however, final
acceptance and shipment shall be withheld until the group C inspection have shown
that the corrective action was successful. In the event of failure after
reinspection, information concerning the faflure shall be furnished to the cognizant
inspection activity and the qualifying activity.
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4.6.3 Inspectior of packaging. The inspection of the preservation, packing, and
container marking shall e in accordance with the requirements of section 5.

TABLE XXIT. Sampling pian for group € inspection {laminates).

T I
|

Acceptance

number

Total number of sheets
produced during each

Sample
sampling period s

ize

160G or Tess - = - « - - - .
191 to 1,030 inclusive- - -
1,001 to 10,000 inclusive -
10,001 or more

[Vl

[T, B ¥

—— e ] e

|
|
I
!
T
i
!
|
|
|

_———————

TABLz XXI!1. Sampling plan for group € inspection (prepren).

T ] [ T
| Total linear yardaqe | 1/ | |
| prodiced during each | Sample | Accentance|
| sampiin) period ! size ! numder !
i | | |
T T | T
l 800 or less - - - - - - - - | 2 i 0 [

301 to 22,000 - - - - - - - | i | 1 |
{ 22,000 or more- - - - - - - i 5 i 2 :

1/ Each sample shall be 2 Yinear yards.

4.7 Methods of inspection. The methods of inspection shall be as specified herein.

4.7.1 Specimens.

4.7.1.1 Number. The number af specimens from each sanple sheet shall be as
specified fn table VII, qualification testing. When more than one conditioning
procedure {is specified for a particular test {(see 3.1}, the number of specimens to be
inspected shall be equally divided among the conditioning procedures specified.

¥.7.1.2 Form and dimensions. Form and dimensions of specimens shall he as
described in the applicable test method and table ¥Il.

4.7.1.3 Praparation, Specinans shall) be cut, sawed, or machined from the sample
sheet usiny the manufacturer's recommended technigue. A width of at Jeast 1 inch from
the edge shall not Se used for specimens. When applicahie, the direction of grain,
langthwise and crosswise shall be clearly defined. Further preparation shall be as
dafined in the test method.

4.7.1.3.1 Tolerances. Tolerances on specimen thickness shall be in accordance
with table I¥, unless otherwise specified, other dimensions shall bhe t3 percent,

4.7.1.3.2 Etching process and etchant removal for copper fojl sneciaens {sae
3.7.1.1.5). TUaTess otherwise specified, any standard procadure may 5e used.
Wowever, method 2.3.5, 2.3.7 or 2.3.7.1 in accordance with IPC-TM-650 shall he used
as a referea. This process leaves the bonding layer, which may hava haen usad
between the foil and the base material, intact on the faces of the specimens.

4.7.1

.
[ R, br | 1
Laege J.1

4 Conditioning. Specimens shall be canditionad before test, as specified
i

[
h
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TABLE XXIY. Conditioning tolerances and testing information.

[ = Conditioning tolerances = Testing conditions 4{
| Conditioning | | ! 1 T
| procedure | Time | Temperature | Humidity | Remarks {
| | | c | | |
| | i | l [
| I ] ] | i
IC (room temperature }-0, * indefinitel £5 | t5 | -
= and humidity) t hours { 1 : :
IC (elevated temper- |-, *2 hours | Y] | +2 ITest shall be made in the humidity |
= ature and humidity : } : :chamber. Forced air shall be used. |
|
i | | | | T
iD {room temperature) [-0, +1/2 hour | +5 | +5 |Start test within 1 minute after |
| | ] | |removing speciumen from water. After |
| I | | | immersion conditioning, surfae water|
| | | | Ishall be removed by wiping tne I
{0 (elevated temper- 1-0, +2 hour | 2 | £5 Ispecimen with a damp cloth, followed |
t ature) 1 = t tby wiping with a dry cloth. l
| | ] [ ] )
1€ (low temperature) |-0, +6 minutes | 2 | t5 IStart test immediataly after the |
| | ! | lcycling has been completed. ]
IE (aigh temperatura) -0, *6 minutes | t2 | t5 |For tests at elevated temperature l
| | | 1 Itests shall be made at the |
t ! 1 i Iconditioning temperature. |
| | I [
T I T
F |1n accordance with IPC-TM-650, method 2.6.3, class 3. Measurements shall be made |
]
l

=at high humidity after 1.5 hours minimm at the 25°C portion of the final cycle.
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. 4.7.1.4.1 Designation. The type of conditianing required shall be desfgnated as
ollows:

Condition A - As received; no special conditioning.

Condition C - Humidity conditioning.

Condition D - Immersion conditioning in distilled water.
Condition E - Temperature conditioning.

Condftion F - In accordance with IPC-TM-650, method, 263 class 3.

Measurements shall be made at high humidity.

Condition des - Desiccation conditioning; cou]!ng over siiica gel or calcium
chioride in a desiccator at 23 °C 25 C for 16 to 20 hours.

4.7.1.4.2 Procedures. The conditfoning procedure required, with the exception of
conditions A and des, shall be indicated by the following combination of symbols.

a. A capital letter indicating the type of conditioning.
b. A number indicating in hours the duration of the conditioning.
€. A number indicating in degrees centfgrade the conditioning temperature.

d. A number indicating relative humidity, whenever relative humidity is
controlled.

The numbers shall be separated from each other by a stant mark, and from the capital
Tetter by a dash. A sequence of conditions shall be denoted by the use of a plus {*)
sign between successive conditions.

4.7.1.4.3 Conditioning tolerances and testing information. Unless otherwise
specified {see J.TT, conditioning toleérances and additiona)l testing information shall
be &s specified in table XXIV.

4.7.2 Property values. When specimens are tested as specified herein, and in the
appiicabte specification sheet {see 3.1), the values obtalned from a set of specimens
for a specific property shall be averaged and that average shall conform to the
specified requirements except those for thermal stress (see 3.7.3), peel strength
(see 3.7.4) and volume resistivity and surface resistivity (see 3.7.5).

4.8 Test methods.

4.8.1 Visual and dimensiona)l inspections. Laminates and prepregs shall be
examined To verTTfy thal the mater¥al, dimensions, unfformity, marking, and
workmanship are in accordance with the applicable requirements {see 3.1, 3.4, 3.5,

3.8 and 3.9).
4.8.1.1 Oimensions {see 3.5).

4.8.1.1.1 Length and width. The maximum and minimum length and width shall be
determined to the nearest 0.05 inch for standard size sheets and to the nearest 0.005
inch for cut-to-size panels.

4.8.1.2 Thickness (see figure 1}. A1l measurements shall be made to the nearest
0.0001 inch for bases under 0.020 inch and to the nearest 0.0005 inch for bases 0.020
inch and greater.

4.8.1.2.1 Class 1-4 materfials. For Class 1-4 materfals, thickness shall be
determined using standard caTipers with an accuracy of 0.0001 inch or equivalent
mechanical device. For compressable materials such as PTFE, (Grades SP. GR, GT, GX
and GY} the thickness shall be determined with a Toad of 25 +2 1bf/in® when a
precisfon of .0002" or greater is required. 1In accordance with 2.1.6 of IPC-TM-650.

~)y
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4.8,1.2.2 Class 5 materfals. For Class 5 materials, thfckness shall be determined
by microsection Tn accordance with IPC-TM-650, method 2.1.1. Three microsections
shall be done on each specimen. Each microsection shall be located at independent
corners of the specimen and no closer than one inch from any edge. The base
thickness shall be measured 1n accordance with figure 1 and taken at the closest

point between metal claddings.

4.8.2 Prepreg inspections.

4.8.2.1 Presence of dicyandiamide crystals {see 3.6.2). The presence of
dicyandiamide crystals shall be measured as specified In IPC-TM-650, method 2.1.10.

4.8,2.2 Woven reinforcement, thread count, and fabric weight [see 3.6.3). The
thread count, and Tabric weTght shall be measured as specitied Tn TPC-TH-b650, methods
2.1.7 and 2.3.12 respectively.

p—

4.8.2.3 Gel time (see 31.6.4). Gel time shall be measured as specified in
IPC-TM-550. method 7. 3.14.

4.8.2.4 Volatile cantent {see 3.6.5). Volatile content shall be measured in
accordance with TPC-TH-850, method 2.3.19 except the circulating air oven shail be
225°C #2°C for 30 minutes *1 minute for polyimide. A1l others shall be 163°C 22°C
for 15 ¢1 minute for all others.

4.8.2.5 Resin content.

4.8.2.5.1 Resin content (treated weight method). Resin content (treated wefght)
{see 3.6.6.1) shall be measured as specified In IPL-TM-650, method 2.3.16.1.

4.8.2.5.2 Resin content (by burnout) (see 3.6.6.2). The fina) weight obtained in
4.8.2.4 shall be used as the Tnitlal welght for this test. Resin content shall be
measured in accordance with [PC-TM-650, method 2.3.16. The referee test method will
be the burn out method 1n accordance with IPC-TM-650, method 2.3.16.

4.8.2.6 Flow.

4.8.2.6.1 Resin flow (see 3.56.7). Resin flow shall be measured in accordance with
IPC-TM-650, method 2.3.17.

4.8.2.6.1.1 Resin fiow/"no flow" resin (see 3.6.7.1). Resin flow/"ne flow” resin

shall be measur&d In accordance with IPC-TM-650, method 2.3.17.2.
4.8.2.6.2 Scale flow thickness (see 3.6.8). Scale flow per ply thickness shall be
tested in accordance with IPC-TM-BbOU method 2.4.38.

4.8.2.7 Standard test specimen for electrical strength, permittivity and loss
tangent of prepreg. Bias cut two squares of materfal 12 Inches by 12 Inches. Cut
the squares not closer than 1 fnch from any edge of the roll or sheet as suppifed.
A1l lcose particles and projecting fibers shall be removed from the squares. The two
squares shall be placed one con top of the other and laminated §n accordance with the
vendor's recommended press cycle. The specimen shall then be removed from the press
and cooled to room temperature. The outer 1 fnch of the specimen shall be cut off.
This standard test specimen shall be used to determine electrical strength,
permittivity and loss tangent.

4.8.2.7.1 Electrical strength {see 3.6.9). Three 4-1nch square specimens shall be
cut from the specimen prepare 0 determiné electrical strength (see 4.8.2.7) and

then prepared and tested in accordance with 4.8.3.12.

4.8.2.7.2 Permittivity and loss tangent (see 3.6.10}. Specimens permittivity
shall be punched from the specimen prepared to determine Toss tangent (4.8.2.7), and
then prepared and tested in accordance with 4.8.3.13.

4.8.2.8 Chemical resistance (see 3.6.11). Chemical resistance shall be measured
in accordance with IPC-TM-650, test method 2.3.4.2.
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4.8.2.9 Flammability. The test for flammability shall be measured in accordance
with IPC-THIR50, mefﬁoé 2.3.9.

4.3.3 Llaminate inspections.

4.8.3.1 Pits and dents (see 3,7.1.1.1). Pits and dents shall be located visually
using 20/20 vision on the complete sampTe sheet. The Jongest dimension of each
defect located shal) be measured with a suitable reticle on the minimua 4Y magnifier,
with referee inspections at 10X. The exterior 1 inch border of full size sheets and
.25 inch border of cut panels shall be excluded From the inspections.

4.8.3.1.1 Point system for pits and dents. The point system shall be as follows:

Longest dimension {inch) Point vilue

0.005 to 0.710

FA M NANA
V.ull VU U,JUCJd

incl

inciu
0.021 to 0.0230 i

i

~ e )

7.931 to N.7240
Jver 0.340 . -

e
-]
B e =« = = = 2 = = = = &= = = =
-

U
u
U
4
- T 30

4,8.3.2 Scratches {(see 3.7.1.1.3). Scratches shall be measured in accordance with
IPC-TM-530, methad Z2.T.9.

4.8.3.3 Solderability (see 3.7.1.1.4). Specimens shall be tested in accordance
with IPC-5-8B03, Prior ta testing, specimens shall be cleaned as follows: Specimans
3-by 3-inch thickaess, shaill be cut, wiped with iseproypl alcoel and tpaersed in a
20 percent oy wvalume splution of hydrochloric acid, technical grade, 22 F Baume,
maintained at 70 F #10°F for a period of 15 secands. The speciqens spall e rinsed

with a cold water spray rinse for 5 seconds and blown dry with filtered, oil free
compressed aifr.

4.3.3.4 Heta) surfaces processability (see 3.7.1.1.5). Prior to etching specinens
snall be tested in accordance #1th IPT-TM-A50, method 2.3.1.1 "(Chemical Cleaning of
Metal Clad Laminate). For this test, etching of panels {n accordance with 4.7.1.3.2
is mandatory. Etched laminate panels shall be examined by normal or corrected 22/20
vision for unetched residual mnatal. The nunher of pieces of residual metal shall be
deternined, and the area of each piece shall be determined using ninimum 3X
mignification with a suitadle reticle, with referee inspections at 10X.

testing for eB¢h characteristics oF m2tal clal sirfaces [see 4.9.3.%F, the etched
panels shall be inspected to verify that no sudbsurface fmperfections in excess of
those allowed in 3.7.1.2 are present. The panels shall bea inspected using an aptical
apparatus or aid which provides a mininum magnification of 4¥. Referee magnificatian
shall be accomplished at 10X,

4.8.3.4.1 VYisual inspection for subsurface fimperfections {sece 3.7.1.2). After

4.8.3.5 dow and twist {see 3.7.2).

4.8.3.5.1 Sheets and panels with hoth dimensions 12 inches ar greater. Fahvricate
a 12-by 12 incn specimen from a sheat or panel 1n a manner that will not impart
additional bow or twist ts the specimen. ({Fer example, when shearing, test spacinen
sheared edges shall be tnose on the shear deck side of each cut}). The bow and twist
shalt be measured in accordance with IPC-TM-650, method 2.4.22.

4.3.3.5.2 Pancls Wwith one or both dimensions under 12 inches. |If both dimensians
are under 12 Tnches, use an as-received panel as the test specimen. If one diaension
is over 12 inches, cut back to 12 inches as described in 4.9.3.5.1. The bhow and
twist shall be measured in accordance with IPC-TM-650, method 2.4%.22.
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4.8.3.6 Thermal stress (see 3.7.3).

4.8,3.6.1 Preparatfon of unetched specimens. The specimens should not be preﬁared

b* shearing or bTanking sTnce this wiT| cause delamination along the edges, whic
will manifest itself due to the thermal stresses introduced in the solder float {see

4,8.3.6.3c). The edges shall be cleaned and smoothed by 1ight abrasion or other
suitable means. The metal surface of the unetched specimens shall be cleaned by
11ght abrasion, or other suitable method, and fluxed with rosin flux conforming to
type R, MIL-F-14256. Ffor two-sided clad laminates, separate specimens shall be
prepared for each side.

4.8.3.6.2 Preparation of etched specimens. Specimens shall be taken from etched
?Ee;s sggg 4.8.3.4}. Specimens shall be Fluxed with rosin flux conforming to type R,
-F-1 .

4.8.3.6.3 Procedure. Specimens shall be stressed in accordance with the following
procedure:

ns in an afr-circulating oven maintained between 121°C (250°F) and
F) for 6 hours, minimunm.

a. Dry'spec
€ (3 ¢

im
149 00
b. Place specimens in a desiccator and allow to cool to room temperature.

c¢. Each specimen shaii be removed from the desiccator and within 10 minutes
floated for 10 +1, -0 seconds on the surface of a solder bath maintained at
287°C ¢6°C (550 °F +10 F), measured one inch below the surface. The specimens
shall be held in intimate contact with the solder surface and agitated by
gentle downward pressure using tongs or equivalent.

NOTE: Laminates under 0.020 {nch thick are prone to bowing or curling upen
contact with solder. The following handling instructifons apply:
1. For etched specimens, mount each specimen to a 3-by 3-inch piece of
corrugated cardboard using staples.
2. For unetched single-clad specimens, mount each specimen to a 3-5y 3-{nch
piece of corrugated cardboard by slipping two opposite edges into slits
cut parallel and 1.5 inch apart 1n the cardboard.

3. Unetched double-clad specimens including those of unequal cladding
thicknesses, do not require mounting.

d. The specimens shall be removed from the bath and allowed to cool to room
temperature. Mounted specimens may be removed from the supporting cardboard.

e. The etched specimens shall be examined by normal or corrected 20/20 visfon
with backlighting procedures for degradatfon (see 3.7.3).

f. As a referee, the etched or unetched specimens shall then be microsectioned
in accordance with IPC-TM-650, method 2.1.1 (except there are no
plated-through holes}. The microsections shall be examined for unacceptable
degradation (see 3.7.3) and laminate volds. Laminate voids greater than
0.003 1nch are rejects. The mfcrosections shall be examined at a
magnification of 100X. Referee inspections shall be accomplished at a
magnificatfon at 200X. Automatic {gang mounting) microsectioning techniques
may be used.
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4.8.3.7 Peel strength (see 3.7.4). The peel strength shall be inspected iIn
accordance with IPC‘IE-GSU, method Z.4.8. For qualification testing the specimen
shall be {n accordance with figure 3. For quality conformance testing the specimen
shall be prepared by etching and the 1ine widths shall be as shown in figure 3.
{nafil heads on line optional). A1l foil weights under 1 oz shall be plated up to
1l oz but the peel strength shall be inspected using the values of the original foil
weight.

4.8.3.7.1 Peel strength after thermal stress. The peel strength shall be
inspected in accordance with IPC-TM-650, method 2.4.8.

4.8.3.7.2 Peel strength at elevated temperature. The peel strength shall be
inspected in accordance with IPC-TH-850, method 2.4.8.2.

4.8.3.7.3 Peel strength after exposure to process conditions. The peel strength
shall be inspected In accordance with [PC-TM-650, method 2.4.8.

4.8.3.7.4 Peel strength as received. The peel strength as recefved shall be
-inspected in accordance with IPC-TM-650, method 2.4.8.

4.8.3.8 Volume resistivity and surface resistivity (see 3.7.5). Volume

resistivity and surface res{stivity shall be measured in accordance with IPC-TM-650,
method 2.5.17.1

4.8.3.9 Dimensional stability (see 3.7.6). The test for dimensional stability
shall be performed In accordance with IPC-TM-650, method 2.4.39.

4.8.3.10 Water absorption {see 3.7.7). The metal foil shall be completely removed
by etching as specified 1n #.7.T.3.2. Specimens shall then be tested in accordance
with IPC-TM-650, method 2.6.2.1.

4.8.3.11 Dielectric breakdown {parallel to laminations)(see 3.1 and 3.7.8).

4.8.3.11.1 Step-by-step test. The step-by-step test shall be performed in
accordance with IEC—‘H-ESO. method 2.5.6 except the increments shall be 1n accordance
with table XXV.

TABLE XXY¥. Voltage increase for step-by-step tests.

F—Breakdown voltage % Tncrement of increase |

]
i Kilovolts { KiTovolts {
| 12.5 or less | 0.5 |
i Over 12.5 to 25 inclusivel 1.0 |
| Over 25 to 50 inclusive | 2.5 |
| Over 50 ta 100 inclusive | 5.0 |
% Over 100 } 10.0 :

4.8.3.12 Electrical strength {perpendicular to laminations) (see 3.1 and 3.7.9).
Electrical strength (perpendicular to TamTnations shall be measured 1n accordance
with IPC-TX-650, method 2.5.6.2.

4.B.3.13 Permittivity and loss tangent (see 3.7.10). Accurate determination of
permittivity and Toss tangent requires the proper use of methods appropriate to the
base material. Limitations of specimen capacitance and a Tow loss tangent of the
base material dictate the selection of method. The standard reference for the theory
and practice of dielectric loss measurements {s ASTM D 150, which provides the needed
data for corrections necessary for such phenomena as fringing, edge corrections, etc.
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4.8.3.13.1 Measurement of base materials GR, 6X, and GY at x-band frequency. The
permittifvity and Toss tangent of base materials GR, GX, and GY shall be determined by
the method given in appendix A.

4.8.3.13.2 Base material other than GR, GX, and 6Y, 0.020 inch and over in
thickness. The permittivity and Toss tangenf shall be measured in accordance with
- 0, method 2.5.5.2. Other equivalent methods may be used {f they give
resu\ts of acceptable atcuracy.

4.8.3.13.3 Prepreg and base materials other than GR, GX, and GY, Jess than 0.020
fnch in thickness., Prepreg and base materials other than tR, EX, and GY Jess than
g.gzg inch in thickness shall be measured in accordance with IPC-TM-650, method

.5.5.3.

4.8.3.14 Q (resonance) (when applicable) (see 3.1 and 3.7.11). The § shall be
measured in accordance with IPC-TM-0580, method 2.5.28.

4.8.3.15 Flexural strength {3.7.12). The metal cladding of the specimens shall he

completely removed by etching 1n accordance with 4.7.1.3.2. The specimens shall be
tested in accordance with method 2.4.4 of IPC-TM-650 with the specimen dimensions and

test spans and speeds as shown in table XXVI.

TABLE XXYI. Dimensions of flexural strength specimens
and test spans and speeds.

| | Specimen dimensions Testing |
| Nominal thickness| Width | Length an [ Speed |
a {inches) I {inches) ; {inches) l(inches)l(in/min):
| T T { I |

Up to .0309 ] - | --- | --- I o--- |
| .0310 to .0409 | 1.00 | 2.50 | 0.625 1 0.020 |

.0410 to .0659 | 1.00 | 3.00 | t.000 | 0.030 |
] .0660 to .1009 | 1.00 | 3.50 | t.500 | 0.040 |
| .1010 to .1409 | 1.00 I 4.00 | 2.000 | 0.050 |
= .1410 to .2500 { 0.50 l 5.00 = 3.000 : ¢.080 }

4.8.3.15.1 Flexural strength at elevated temperature (when applicable)
{see 3.7.12.1). The metal cladding of the specimens shalj] be compietely removed by
etching in accordance with 4.7.1.3.2 and cut with the length direction, cut with the
grain of the laminate. The specimens shall be conditioned as speciffed (see 3.1) and
tested in accordance with method 2.4.4.1 of IPC-TM-650 at elevated temperature as
specified (see 3.1}.

4.8.3.16 Arc resistance (see 3.7.13). The metal cladding of the specimens shall
be completely removed by etching as specified 1n 4.7.1.3.2. End point or fajlure
occurs when a conducting path is formed across the surface and the arc disappears
into the material. Specimens shall be tested in accordance with method 2.5.1 of
IPC-TM-650.

e ] 1% T ame=bd T e £oibkoo e I e e [ EP— T o [ 5 . i S Sy L R I R
20+ k7 riauiaoi i Ly Lwnen appiitdpi€e]) LS5PF J.1 anu J. l 1%) . IIIE ITIELGII clauu1ng
of the laminated specYmens shall be completely removed by etching in accordance with

4.7.1.3.2.
4,8.3.17.1 Method for prepreg and laminates under 0.020 {nch.

a. Specfmen preparatfon. A total of six specimens shall be prepared, three .5
by 5 inch pleces cut in the lengthwise direction and three .5 by 5 inch
pieces cut 1n the crosswise direction. A hole approximately 0.125-inch in
diameter shall be made in the approximate center of the narrow dimension of
the specimen at a point aﬂproximateli 0.5 fnch from the edge. A thin wire
shall be fastened to the hole and a 25-gram weight maximum, attached to the
wire so that the weight hangs 5 £0.25 fnches below the sample.
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b. Procedure. The flammability test shall be conducted in accordance with
-TM-65%0, method 2.3.9.

4.8.3.17.2 Method for laminates 0.020 inch and greater. A total of ten specimens,

5.0 inches {127 mmJ in Tength by U.50 inch (12.7 mmJ In width shall be prepared for
testing in accordance with IPC-TM-650, method 2.3.10.

4.8.3.18 Funqus resistance (see 3.7.15). Specimens shall be tested in accordance
with method 2.6.1 of IPC-TM-650.

4.8.3.19 Chemical resistance (see 3.7.16). Chemical resistance shall be measured
in accordance with IPC-TM-650, method Z2.3.%.3.

4.8.3.20 Pressure vessel thermal stress (see 3.7.17). The pressure vessel therma)
stress shall be tested in accordance with TPC-TM-650, method 2.6.16.

a T - d 4 o
4.8.3.21 nsition temperature (

ass tra g
in accordance with TPC-TM-850, method 2.4.24

r 11
ali [}

e Tg sha @ measured
s applicabl

m o
.

4.8.3.22 Average coefficient of thermal expansion (CTE) {see 3.7.19). The CTE
shall be measured Tn accordance with IPC-TM-850, method 2.4.41 or method 2.4.41.1 as
applicable.

5. PACKAGING.

5.1 Preservation. Unless otherwise specified in the contract (see 6.2), clean and
dry metal-clad laminates shall be Interleaved with noncorrosive sheets to prevent
abrasion., Unless otherwise specified in the contract (see 6.2), prepregs shall be
unit packed and sealed in polyethylene bags in a manner that will afford adequate
protection against corrosion, deterjoration, and physical damage during shipment and
storage. The unit packs shall be in a manner that wil) afford adequate protectian
against corrosion, deterioriation, and physical damage during shipment from the suppy
source to the first receiving activity. This may conform to the contractor's
industrial (commercial} practice when such meets the requirements specified herelin.
The unit contractor shall be as specified in 5.2.

5.2 Packing. The metal-clad laminates and preimpregnated fabric shall be packed
in shippTng containers in a manner that will afford adequate protection against
damage during direct shipment from the supply source to the first recefving
activity. These packs shall conform to the applicable carrier rules and regulations
and may be the contractor's commercial practice 1f these requirements are met.

5.3 Marking. 1In addition to any special marking required on the contract or
purchasé ordér (see 6.2), each unit pack and exterior container shall be marked with
the following information (when applicable):

2. Specification number and‘type of material.

b. Manufacturer's material designation and 1ot number.

€. Quantity, unit of fssue, and roll or sheet dimensions.
d. Gross weight and cube. 1/

e. Date packed. 1/

f. Contract number.

g. Manufacturer's [contractor's) name and address.

h. MName and address of consignee. 1/

1/ Required for shipping containers only.
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{. Cloth batch number and contractor's designation. 2/
j. Resin batch number and contractor’'s designation. 2/

k. Date of manufacture (1mpregnation) and manufacturer's recommended storage
conditions {see 3.6.10}. 2/

5.4 General. Exterior contafners shall be of a minfmum tare and cube consistent
with the protection required and contain equal quantities of {dentfcal {tems to the
greatest extent practicable.

6. NOTES

6.1 Intended use. The printed-wiring materials included herein have combinations
of electrical and mechanical properties suitable for various military printed-wiring
requirements as indicated in the applicable specification sheet. Thin metal-clad

1aminates supplied in accordance with this specification are fntended to be used
primarily for the fabrication of rigid multilayer and printed-wiring boards for

electrical and electronic circuits. Resin preimpregnated glass cloth material
supplied in accordance with this specification are intended to be used for bonding
the individual layers of multilayer printed-wiring boards together.
6.2 Ordering data. Acquisftion documents should specify the following:

a. Title, number, and date of this specification.

b. Applicable specification sheet (see supplement 1}.

¢. Complete type designation (see 1.2.1).

d. Coior of base materiai, if required {see 3.4.6).

e. Sheet or roll dimensions, if other than that specified in 3.5.

f. gl;owable splfces or cutouts en rolls, 1f other than that specified in
.5.1.3.

g. 1If discoloration of the clad surface is not permissible (see 3.7.1.1.6).
h. Type of metal cladding, 1f other than that specified in 3.4.3.

1. Surface finish, if other than that specified 1n 3.7.1.

j. Dielectric constant (see 3.1, 3.6.10, and 3.7.10) and tolerance required.
k. Materials certification data, if required (see 4.3).

1. 100 percent inspection of permittivity and los tangent, if required (see
table XXII).

m. Gel time with tolerance.
n. Inspection of packaging (see 4.6.3).
0. Praservation, if other than that specified (see 5.1).

p. Special marking, location and type {e.g. sheet numbers - traceability} {f
required (see 3.8 and 5.3).

q. Disposition of sample sheets, if other than that specified in 4.6.1.3.13,
4.6.2.1.4, and 4.6.2.2.3.

r. Generfc glass cloth finish and/or request for glass cloth finish
j{dentification, 1f required.

s. Class of dimensfonal stabflity, if other than class A (see 3.1 and 3.7.6).

27 Required for resin preimpregnated glass cloth materials only.
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t. MNominal resin content {(see 3.6.6).

u. Prepreg thickness {as received), {f required.
v. Reinforcement style.

w. Nominal resin flow or scale flow.

x. Chemical resfstance.

Y. Pressure vessel,

z. Tg and CTE.

6.3 Qualification. With respect to products requiring quatification, awards will
be made only for such products as have, prior to the time set for opening of bids,
been tested and approved for inclusion in the applfcable qualified products 11ist
whether or not such products have actually been so l1isted by that date. The
attention of the contractor is called to this requirement, and manufacturers are
urged to arrange to have the products that they propose to offer to the Federal
Government tested for qualification, in order that they may be eligible to be awarded
contracts for the products covered by this specification. The activity responsible
for the qualified products 1ist is the US Army Electronics Research and Development
Command, ATTN; DELET-R-S, Ft. Monmouth, NJ 07703; however, information pertaining to
qualification of products may be obtained from the Defense Electronics Supply Cen%er
{DESC-E), 1507 Wilmington Pike, Dayton, OH 45444.

6.3.1 Copies of SD-6 "Provisions Governing Qualifibation“ may be obtained upon
application to Commanding Offfcer, Naval Publfcation and Forms Center, 5801 Tabor
Avenue, Philadelphia, PA 19120.

6.4 Terms and definitions. Terms and definitions shall be as specified herein and
IPC-T-50. In the event of confifict, IPC-T-50 shall govern.

6.4.1 F1i11. The f111 consists of the threads of the reinforcing glass fahric that
run crosswise 1n the basic roll of glass fabric when woven or processed. Sometimes
also called woof. The resulting laminated base materfal is usually not as strong in
the fill direction as in the warp direction.

6.4.2 HMetal foil. Metal fofl is a very thin sheet of metal.

6.4.3 Coefficient of thermal expansion. Coefficient of thermal expansion 1s the
unit change In dimension of a materTal, for a unit change fn temperature.

6.4.4 Minimum averaqe thickness. The minimum average thickness is the thinnest
permissibTe thickness. Tt is based on the arithmetic average of several thickness
measurements when the minimum {ndividual thickness requirement 1s specified.

6.4.5 Dimensional instability. Dimensional instabflity 1s a processing-induced
physfcal change in dimension of etched Taminates.

6.4.6 Dimensional stability. Dimensfonal stabi1ity is freedom from distortion;
caused by such factors as temperature changes, humidity changes, age, and handling.

36




Downloaded from http://www.everyspec.com

MIL-P-13949G

6.4.7 Plied yarn. Plied yarn is a yarn formed by twisting two or more single
yarns in dne operation.

6.4.8 Marp (fabric). The warp consists of the threads of the reinforcing glass
fabric that run In the machine or rolled direction of the basic roll of glass fabric
when woven or praocessed.

6.4.9 Aramid. Aramid for reinforcement for laminates and prepregs are wholly
linear aromatic polyamide polymers.

6.4.10 E-Glass. E-Glass is the description given to electrical grade ($i02)
fibers specially compounded from a silica base to Tmprove electrical propertles and
moisture resistance.

6.4.11 Quartz. Quartz fibers are based on a crystaliine form of silica generally
of much higher purity than the composition in E-Glass. Because of its crystalline
nature it has a much higher operating temperature range and a much lower coefficient

of thermal expansfon than E-Glass.

6.5 Sheets. Sheets are the standard size sheet produced by the indfvidual
manufacturer in his normal production, before being cut to customers dimensions.

6.6 Bow or twist. When the base material does not contain reinforcement such as
glass fabric and 1s flexible, and when sheets are copper-clad on one side only, the
bow or twist 1s excessfve, as indfcated by a pronounced tendency to curl.

6.7 Lot identification number. The 1ot identification number is established by
the manGfacturer to permit traceability of individual sheets with re?ards to major
production operations such as press load, treater run, and raw materials.

6.8 Punching. Contractors should make available all necessary information on
thelr materlals which they designate as punchable, such as, recommended temperatures,
minfmum hole sfze, toois, etc. MIL-P-55110 requires clean-cut holes. If punching is
the method to be used, care must be taken to assure that a suftable material is
specified and that the best punching practice is employed.

6.9 Handling and storaqge.

6.9.1 Prepreg. 1f improperly handled or stored, prepreg is very susceptible to

damage. Durin% handling and storage adequate packaging support shouid be provided
for both rolled and sheeted material 1n order to prevent creasing, crazing, or
wrinkiing of the material. Prepreg will absorb moisture when exposed In an
uncontrolled environment which can render the mater?al unusable as bonding materfal.
Moisture acts as a plasticizer to prepreg causfng laminate voiding due to higher than
normal resin flows during lamination. Therefore, prepreg should be protected by
mofsture proof bags at 2l) tipes prior to use, For storage longer than 30 days,
prepreg shouid be stored at 5°C #2°C (40°F #5 F) at less than 50 percent reTative
humidity. Prepreg stored under these conditions should be stabtlized without opening
the mofsture proof bag a minimum of four hours pricr to processing. For storage less
than 30 days, prepreg may be stored in a controlled environment of 20°C £2°C (68°F
35°F) at 40 *10 percent relative humidity. Also, prepreg should he stored in the
absence of a catalytic environment (such as UY 1ight or excessive radiation). For
aramid fibers consult the manufacturer.

6.9.2 Laminate. Laminates should be stored flat in a cool dry environment.
Laminates should be supported over thefr entire surface area to prevent bow and
twist. Also, the corners should be protected to prevent crimping. 5ingle sided
laminates are more susceptible to moisture absorption than double sided material when
in storage. Moisture absorption could be the cause of materfal defects during
processing 1f the moisture {s not removed by baking prior to processing.

6.10 Superseded specifications. Superseded specifications and material types are
l1isted in table XAVII. For example: MIL-P-13949E/4 type FLGF materfal and
MiL-P-55617B type 6F material are now incorporated into one specification sheet
MIL-P-13949/4, type GF with the thickness differentiated by part number.
MIL-6-556368 types PC-GE, PC-GF, and PC-GI are now MIL-P-13949/11, /12, and /13
respactively (see table XXVil).
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TASLE YXVII. Type equivalents in superseded specifications,

MIL-P-13249F MIL-P-139409¢E MIL-P-535173 MIL-G-555368B

MIL-P-13949/1 PX
MIL-P-13949/¢ G3

I

[

|

[

| MIL-P-13949/1 FL PX
|

I MIL-P-139493/3 GE
[

|

|

|

[

|

MIL-P-13949/2 FL GB

MIL-P-13919/3 FL GE TL &E .-
MIL-P-13949/4 GF MIL-P-13949/4 FL & TL GF ae-
MIL-P-13942/5 GH 41L-P-13949/5 FL 5 .- -
MIL-P-13949/6 GP MIL-P-13949/6 FL GP -
MIL-P-13949/7 § MIL-P-13949/7 fL 6R .- .-
MIL-P-13939/8 & MIL-P-13%49/8 FL GT .- .
MIL-P-13943/9 6X MIL-P-13949/9 FL 6Y --- ---
MIL-P-13949/10 51 MIL-P-13949/10 FL 1 TL 61 .-

IL-P-13949/11 PC GE .- - pe 4
MIL-P-13949/12 PC GF R ——— PC 4F
MIL-P-13949/13 PC 61 - - P 61

——— e e e e e e ]
1
[}
i

]
|
| MIL-P-13949/14 aY
I

6.11 Gel time. The nominal gel tim2 and tolerance are a process parameter to be
estahlisfed by the printed-wiring board manufacturer to coincide with the
manufacturing process necessary to meet the mechanical and electrical desijn
requirements. A tolerance of 215 percent {s considared reasonable and shall he used
unless another specific tolerance is specified on the acquisition document by the
printed-wiring board manufacturar.

6.12 Dimensional stability. The dimensinnal stahiltity, or maxinum ¥ and ¥ axis
dimensional cnange in inchnes per inch, of lTaminates during testing and the
manufacturing pracess is qgreatly dependent on the reinforcement selection used to
achieve the nominal base thickness. The reinforcement selection should be made in
agreement between the metal clad laminate manufacturer and the printed wiring hoard
manufacturer so that the printed wiring board manufacturer may take into
consideration the opportunity to compensate the manufacturing artwork to accommodate
chanjes in X and Y dimensions. Dimensional stability values more stringent than
Class B may not be obtainadle and should only be specified on the procurement
specifications by the printed wiring board manufacturer in agreement with the netal
clad laminate manufacturer,

5.13 New specification sheet. A dew specification sheet may be written by
supplying the FolTowing:

a. A proposed specification sheet {3522 an existing specification shoet).

h. The difference(s) between the pronosal and existing specification sheets, why
are they necessary, and how are they better.

¢. A list of Dol contracts or systems, in which the proposed specification sheet
material has heen used.

This information shail be forwarded to: Conmnmander, US Army Electronics Rasearch and

Development Command, ATTN: BELET-R-S, Ft. Monmouth, NJ 07703 and Defensa Electronics
Supply Center, ATTN: DESC-EMA, Dayton, 04 45444.52391,

6.14 Subject term {key w~ord) listing.

Plastic sheet, laminated, copper clad

6.15 Changes from previous issue. Asterisks are not used in this revision to
identify changes «1th respect to the pravious issue, due to the extensiveness af the
chanjes.
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FIGURE 2. Presence of dicyandiamide.
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~o |25 —8—0321.005
] l
[} T
| ' ! il
| I
|

Inches mm
.005 0.13
| .032 0.81
.125 3.18
3.000 : | i il 250 6.35
| .437 11.10
l | 562 14.27
.750 19.05
.937 23.80
1.062 26.97
1.250 31.75
1.437 36.50
BRI | | 1.562 33.67
| ! I 1.750 44.45
i [ 2.000 50.80
__ 3.000 76.20

.250
§ TYP

'* —o 250 | | 10 ' )

o 4370 *
-—.562
.——.750 —e»
-—— 937 ——-
- 1.062 ——
- 1.250 ———»
-— (437 —
- 1562 ————@»
1.750 -
2.000 -

(Y

NOTES :
1. Dimensions are in inches,
2. Metric equivalents are given for general information only.

FIGURE 3. Specimen form and dimensions for peel-strength test.
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SILVER PLATED PHOSPHOR
BRONZE SPRING

BANANA PLUG \‘5 | SILVER DISC
! | ; § ~ SPECIMEN

R~

BANANA PLUG #q’j (?/BANANA PLUG

FIGURE 4. Test fixture - permittivity and loss tangent.
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HEWLETT- PACKARD AUTOMATIC
8690A ORB SWEEP OSCILLATOR LEVEL
B694A OR B FREQUENCY UNIT CONTROL
DIRECTIONAL DIRECTIONAL TEST 10db .
COUPLER DETECTOR ATTENUATOR
HOI - 789C (NEG) H.P 789C (NEG) FIXTURE H. B B49IB
FREQUENCY CRYSTAL
METER DETECTOR
H.P X532B H.P 423A(NEG)
CRYSTAL MATCHED LOAD
DETECTOR RESISTOR
H.P 4234 (NEG) 115234
SWR SWR
METER NO. 2 METER NO. |
H.P 4I5E H.P 415E
NOTES:

1. A1l coaxial cable connections,
2. Equivalent makes and models of equipment may be substituted where it can be

shown that equivalent results are obtained.

3. Alternate test setups may be used provided that eguivalent results are obtained.

FIGURE 5.

X-band dielectric constant test setup.
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.001
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.100
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i

0.03
0.05
2.18
2.54
3.63
5.08
5.44
6.35
12.7¢
25.40
38.10
50.80
68.58
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FIGURE 6. Measuring equipment.

143
a3 [e—. 1001 00! 1.002
+.002 4 &
.250 —
2000 [P =T - +.001
$.002 ¥

—={ pe— 0861 .001

e—————— |.500 £ DOl————o 200

1.00I

500
T.002
2141 002
NOTES : 2.700x 002
1. Dimensions are in inches.

2.

FIGURE 7. Resonator circuit.
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——2.00 ———o
FLI:azs-gr?El\JnNc ~ .50 f=-1.00 —
.56LG. 4 REQD ‘
]
( '2] I 35 f Inches mm
D l 073 1.85
l .;12 2.84
.25 6.4
| .35 8.9
hd 270 .50 12,7
: .56 14.2
2.00 1.00 25.4
2.00 50.8
073 -T2UNF
FLH SCREW 2.70 68.6
.56 LG. 4 REQD
]
|
A [l

DETAIL -D

DETAIL-A

OSM-248 SERIES
CONNECTOR.
OsSM-72i2
SUBASSEMBLY
WITHOUT CLAMPING
PLATES.

o,

DETAL-B

.12 —40 UNC
RDH 5CREW .2516
4 REQD

FIGURE 8.

ALUMINUM CLAMPING BLOCK,
2 REQD

TEST SPECIMENS

DETAIL-C-

3 0Z.COPPER FOIL
(CONNECTED TO OSM -~

248 CONNECTOR)

RESONATOR CIRCUIT

| |
]
l DETAIL-C-

| \ALUMINUM CLAMPING

BLOCK. REF

COUNTERSINK
.50 DIA BALL BEARING

CLAMPING FORCE

ASSEMBLY

Test fixture construction
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———3.022 -
fee——2 86|
fe—————2.736 -
2.61)
e——1.973 ——
——| . 049 —e
— 41
- 286
\ 161 120 DIA 2 HOLES
125! Reat- [ e—. |25 195
i vy
|
- o+— : .I20DR &CSKO
1]
BL,—, F FOR .112-40 FLH
: 77or b & c 3 or—— SCR. 4 HOLES
l'* sosd LT L4 bl |
645 3g 1] Lore  ored 37 193 081 DR 8 CSKO
T 262 ] --262 250 FORO7T3-72 FLH
-262+ ' - SCR. 4 HOLES
574 - 574
-l 699 | 699 |- DETAIL—A-
MATERIAL— ALUMINUM
Inches mm Inches mn I—REQD
.073  1.85 ,385  10.03
.076  1.93 411 10.44
.081  2.06 574 14.58
112 2.84 .645 16.38
.120  3.05 .699  17.75 3.022 —
125 3.18 770 19.56
37 3.48 895 22.73 - 2.861 —
185 3.68 1.049  26.64
61 4.09  1.973 50.11 . 2.736 ——*
193 4,90 2.611  66.32 2 61| ——e=]
195 4.95 2.736 69.49
.250  6.35 2.861 72.67 - | 97 3 ———]
.262  6.65 3.022 76.76
286 7.26 ~—1.049—
A
.286-+
120 DIA 2HOLES 161 !
195+ = 125+ fta ' ! I PY
.12 ~40UNC-28B M &) —_
4 HOLES }.895
= - oS - s .7';0‘
—E3— - )
_ —og—"
073 -72uNF-28—" I |_ oy 137 T—.o*re [ 645
- =250 -262-e
574 —tw—»
DETAIL-B- —{ .699 699 |
MATERIAL— ALUMINUM
| - REQD
FIGURE 8. Test fixture construction - Continued.
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-

"N\ =87
r.l25 \-\F.-.osz

s

_|25.’-" I‘-.l25

nd LI25

231
be-.125

e 2.700 ————o~ £ ii2 -40UNC-2B
2 HOLES
DETAIL-C-
MATERIAL — ALUMINUM
2-REQD
120 DIA
;‘ -250 \; HOLES
‘ Iy Il
500 31O @ B @ i
Ve o l-030
et—| 0 49 -8

ht———— | 9T 3 ———
oo 2 897 ————————f

e 3,022 "
DETAIL-D-
MATERIAL — PTFE WOVEN F
4 REQD
NOTES:

1. Dimensions are in inches,

2. HMetric equivaients are given for génera
3. \Unless otherwise specified, tolerances are .02

and +.002 (0.05 mm) for three place decimals,

FIGURE 8.

Test fixture construction - Continued.
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APPENDIX A

X-BAND EFFECTIVE STRIPLINE DIELECTRIC CONSTANT AND DISSIPATION FACTOR
FOR COPPER CLAD GLASS WOVEN FABRIC GR, GX, AND GY LAMINATES,

10. SCOPE

10.1 Scope. This method is {ntended for the rapid measurement of the x-band (8.00
to 12.40 GHz) relat{ve effective stripline dielectric constant (permittivity) and
dissipation factor (loss tangent) of nominal 0.03125 fnch and 0.0625-1nch copper-clad
glass cloth reinforced GR, GX, and GY laminates {see 40.3, 40.4, 40.5, and 40.5).
Measurements are made under actual striplfne conditions using a resonant strip
circuft which is separated from the ground planes by sheets of the material to be
tested (see 40.7). Further information about this method may be found in the
standard method of the American Socfety of Testing and Materfals, Designation
D3380-82, Standard Method of Test for Permittivity (Dielectric Constant) and
Dissipatfon Factor of Plastfc-Based Microwave Circuit Substrates. This appendix 1s a
mandatory part of the specification. The information contained herein is intended

20. APPLICABLE DOCUMENTS
This section is not applicable to this appendix.
30, TESTING

30.1 Test specimen. A1l copper cladding shall be removed from the materfal to be
tested by any standard etching process, including rinsing and drying. The test
specimen shall consist of a set of two sheets (or two packets of sheets) 2.0-by
2.7-inches minimum in area, each sheet (or packet) having a nominal thickness of 60
mils. One test sheet (aor packet) shall be placed fn the test fixture on each side of
the resonator circuit (see 30.3). The test fixture is designed to accommodate four
0.03125-inch or two 0.0625-inch dielectric sheets.

30.2 Suggested apparatus. The principle components required for the test setup
consist of the test fixture described 1n 30.3, a microwave signal source, an accurate
means of measuring the signal frequency, and an accurate method of determining
half-power points of the specimen resonator's resonant characteristic. The method of
determining the half-power pofnts depends partly on the type of signal source used.
If the power Input to the test fixture 15 maintained constant as the frequency is
varied, then an SWR meter may be used to determine the half-power points at the
output of the test fixture. This may be accomplished by using a2 leveled sweep
generator or by using a tunable klystron {at a considerable savings) and manually
adjusting the power input to the test fixture to a prescribed level by use of a
varifable attenuator. A typical equipment 11st is shown below. Equivalent makes and
models of equipment may be substituted where 1t can be shown that equivalent results
are obtained. For example, if a leveling system fs not used and the power output of
the klystron varies widely with frequency, a ratiometer (HP516B or equal) may be
substituted for the two SWR meters. If dielectric constant only is desfred, it is
not necessary to level the input.

Hewlett Packard Equipment, or equivalent.

Sweep Oscillator H.P. B690A or B

X-Band Frequency PTug fn Unit H.P. 8694A or 8

Directional Detector H.P. 789C {Neg)

Frequency Meter H.P. X532B

Crystal Detector (2) H.P. 423A (HNeg}

Matched Load Resistor for one Crystal Detector H.P. 11523A

SWR Meter (2) H.P. 415E

Directional Coupler HD1-789C (Neg)

10 d3 Attenuator H.P. 84918
1000 No. Billon Force Gauge, Compression Model 14041, *1 percent Full Scale
Accuracy. Vice or press that will exert 1,000 pounds force on the test
fixture and opens at least 5 inches to accept the force gauge and test
fixture

Semi-rigid Co

v

L scmmec d dn &
maveoyuiueg L

121 Cable and Connectors

ax
o o -1 [, N [ i ' 1 ¥Aan A
Coaxial Adapters {2} H.P, K281A

The measuring equipment shall be connected as shown on figures 5 and 6.
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40. WOTES

40.1 DNfelectric constant. The dielectric of a stripline circuit affects the
electrical response of all the circuits printed on {t. Velocity of propagation,
wavelength, and characteristic impadance al) vary with dielectric constant. If the
dielectric constant varies from the desiqgn, value, the performance of such circuits
is degraded.

40.2 Dissipation factor. The attenuation and Q (figure of merit) of strinline
circuits are a runction of combined copper and dfelectric 12ss, An exceedingly high
dissipation factor leads to loss in signal strenjth an1 to degraded performance of
frequency selective circuits such as filters.

in this method a qreat saving in the time and cost of testinj {s achieved by using
a permanent strip circuit pattern which is part of the test fixture. With this
fixture, variations in dissipation factor due to the dielectric can be monftored but
not the additional loss due to copper bonding and processing.

40.3 Test accuracy. With some reduction in accuracy, tests can be performed on
any dielectric thickness which can be stacked to a total thickness of %0 t6 mils.

40.4 Band measurements. The test equipment can ba modified for L, S, and C band
measuraments at some additional cost.

40.5 Frequency ranges. Accepted frequency ranges for the varfous bands are:

L 1.12 - 1.70 GHz
s 2.50 -  3.90 Giz
¢ 3.95 - 5.85 GHz
X 39.00 - 12.4%0 GiHz

40.5 Other copper-clad dielectric materials. This methed can be adapted for
measureménts of oLher copper-clad dietectric materials. sl may have to be determined
for each new material.

40.7 Nonisotropic materfals. For nonisotropic materfals, test methods in which
the electric fielg T8 not imposed on the dielectric in a stripline configuration can
give misleading values of dielectric effective stripiine constant and Yoss. This
test method measures an effective stripline dielectric constant.

45.8 Clamoiny force, A 100J)-pound force has been found necessary to achieve
intimate contact between the dielectric sheets, resonator, and ground planes.
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TWQ FLYID, THREE TERMINAL METHOD FOR THE MEASUREMENT OF
DIELECTRIC PROPERTIES AT 1 MHz

10. SCOPE

10.1 Scope. This appendix describes the method required to determine the
dielectric constant and dissipation factor. The main advantage of the two fluid
method 1s that unknown dielectric properties are determined independent of physical
dimensions. The accuracy of the test is limited by the accuracy of the capacitance
and loss determing circuits of the bridge used. This appendix is a mandatory part of
the specification. The information contained herein is intended for compliance.

20. APPLICABLE DOCUMENTS

This section is not applicable to this appendix.

a0, TESTING

30.1 Test specimen. Specimens shall be 3.25-by 3.25-Tnches x thickness. Al]
copper c¢ladding shall be removed by etching of 4.7.1.3.2., Specimens shall be
thoroughly cleaned prior to conditioning. If D-24/23 is the specified conditioning
procedure, specimens removed from the water bath for measurement shall be submerged
in distilled deionized water to preserve the conditioning. Measurement shall take
ETace within a reasonable amount of time after removal from the conditioning bath.

here the base thickness 1s less than 0.015 inch, stocked specimens shall be used
such that the base thickness 1s greater than 0.015 finch.

30.2 Suggested apparatus. The following apparatus, or equivalent, shall be used:

Boonton Electronics 75B8-58 Direct Capacitance Bridge and Instruction Manual,
Balsbaugh LD-3 Micrometer Electrode, Three Terminal Cell.

Supply of 1 Centistoke Dow-Corning Silicone Fluid, Type 200.

One “"Low" bridge to cell lead with a female BMC connector at the bridge end and
a General Radio Type 874 at the cell end.

One "Hi" bridge to cell lead with a female BNC connector at the bridge end and a
banana plug at the cell end with the shield trimmed back 1/2 inch so that it
cannot short against the banana plug.

Smal) beaker to catch overflow from cell.

Forceps to remove or position specimens in celil.

Filter funnel and ring stand.

Filter paper.

30.3 Measuring procedure. The measuring procedure shall be as follows:

a. Turn on bridge and allow 1 hour to warm up before using and perform
preliminary adjustments as specified in the manual.

b. Adjust electrode spacing within the cell such that the spacing is 50 percent
greater than specimen thickness.

c. Connect "Low" Tead to bridge and cell.
d. Connect "Hi" lead to bridge, but do not insert banana plug into cell.

e. Set “"Divide G, Multiply R® switch to 1,000, "Multiply C" switch to 1,
“"Capacitance” dial to zero, and "Conductance" dial to zero.

f. Alternately adjust "R/G Zero" and “C Zero", coarse and fine dials to obtain
a null, zeroing the instrument.

g. Connect banama plug to cell.
h. Alternately adjust “Capacitance” and “"Conductance"” dials to obtain null.
i. Read the capacitance 1n picofarads and record as Cl.

J. Disconnect banana plug.
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30.3 Test fixture. The resonator circuit shown on figure 7 shall be etched on one
side of material of similar type to that being tested, clad two sides with
1-ounce/foot¢ copper, 0.0113 fnch nominal overall thickness (0.0035 £9.9007 inch
dielectric thickness), x-band dielectric constant equal to the nominal value of the
type being tested with a tolerance of *0.05 (measured by stacking sufficient plies to
obtain 0.130 £0.010 {nch spacing including central resonator), using a photo resist
and etching method capable of reproducing circuit dimensions with $0.001 inch
tolerance. All copper shall be removed from the other side of the laminate. The
test fixture shall be constructed as shown an figure 8.

30.4 Measuring procedure for the test setup shown on figure 5.

30.4.1 Determination of cavity resonant frequency. The test fixture containing
the test specimens shall be placed in the clamping fixture and a 1,000-pound force
(see 40.8) applied through a calibrated force gauge to a 2-square Inch area centered
directly over the resonaat circuit as shown In the assembly of figure 8.

The resonant freguency of the circuit shall be found by scaaning the signal generator
over the expected transmissfon range of the test resonator. The frequency generator
shall be precisely adjusted to the frequency which produces a maximum reading of the
SAR ieter No. 1. The frequency meter shall then be adjusted for a minimum reading of
the SWR Meter No. 2. Record the resonant frequency. The input selectar of the SUWR

s mrammmia o omicom A P

Meter No. 1 should be set for low impedance input far proper squire las detection.

30.4.2 Determination of cavity nalf-power points. With the incident signal having
been set to maximum resonator transmission, adjust the gain of the SWR Meter Ho. 1
until the meter reads 0 d3., The freguency of the sweep oscillator shall then be
adjusted to give 3 dB readings both above and below the maximum transmission
frequency. Measure each freguency with the freguency meter and record the resu
fy, above the maximum transmission frequency and fp, below.

Tde:
T LD,

30.5 Calculations.

30.5.1 Stripline dielectric constant. At resonaance the electrical lenjgth of the

resonator circulf 75 an Tntagral number of half wavelengths., The effective stripline

dielectric constant can be calculated from the frequency of maximum transmission as
folloss:

ne 2 1

2 {L + at) r2

(L]
1]

Wwhere n is the number of half wavelengths along the rasonant strip of length L, al is
the total effective increase in lengta of the‘resonan6 strip dues to the fringing

fiald at the ends of the resonant strip, ¢ is 3 x 101% ecm/s and fp 1s the
maasured resonant (maximum transmissfon} frequency.

For example, for the specified 1.5300-inch resonator, the parameters at x-band are
ns=4,L - 1.,5000 inch x 2.540 cm/inch, al - 0.05%0 inch x 2.530 ¢m/inch, and the
formula for ' becomes:

230.4 x 1013

F2
r

This example applies only to a 0.125-inch ground snacing. L is a function of ground
plane spacing.
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The value of al, a correction for the fringing capacitance at the ends of the
resonator element is affected by the value of the ground plane spacing and is also

affected by the degree of anisotropicity of dielectric constant of the material being

tested. The degree of anisotropicity is affected by the amount and orientation of
fiber and by the difference between dielectric constant of fiber and matrix polymer.
Because of this a al value for use with a particular type of material should be
determined experimentally by the following procedure:

Prepare a series of resonator circuit cards having patterns in which only the
resonator element length is varied to provide n values of 1, 2, 3, and &4 at close ¢t
the same frequency. For the example, lengths of 0.39 inch, 0.79 inch, 1.17 inch an
1.50 inch are used. Actual lengths of egach resonator element are determined by an

optical comparator or other means capable of accuracy to 0.001 or smaller.

d

For each of at least three sets of typical specimen pairs of the material to be
measured, measurements of f,. are obtained at each L value Plot Lf./n on the

Y axis versus f./n on the X axis or preferably use a numeric linear regression
analysis procedure to determine the slope of the least squares fit through the four
data points. The slope is equal to the negative value of aslL.

The alL values for each of the specimen pairs may then be averaged to provide a
suitable working at value.

This procedure for determining al should alsy be performed with specimen pairs at
extremes of thickness variation expected in day to day testing. The result will
indicate adjustment needed 1n the al for calculation of dielectric constant to
correct for second order effects of specimen thickness.

30.5.2 <Calculation of effective dielectric dissipation factor. A value of
effective dTeVectric dissipation factor (tan & ) which TncTudes the loss of the
dielectric and the loss due to the copper-dielectric bond of the fixed resonator
{probably in the order of .0001 to .0002), can be obtained by subtracting a
calculated value of copper loss from the measured reciprocal ] of the resonant
circuit. The calculations are as follows:

1 1
Tan 6 = _—
q Qe
f1 - f2
2 -~ 0.00086
fr

#here 1 = f) - fp is the total loss due to the dfielectric, the copper, and the

] fr
copper-dielectric interface; the value 0.0006 is the calculated loss due to the
copper resonator strip, (Ref: 5.8. Cohn-IRE Transactfons, MTT-3 (119-126) March,
1955}; f; and f, are the frequencies of the two 3 dB points on the resonance
curve; and f,. is the maximum transmission frequency of the strip filter.

30.6 Report.
The report shatl contain the following:

a. Measured thicknesses of individual specimen cards.

b. Maximum transmission {resonant) frequency. f..

c. The frequencies of the two 3 dB points on the resonance curve.
d. Calculated effective stripline dielectric constant.

e. Calculated effective dielectric dissipation factor.

f. Direction in which test Was performed.
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Insert specimen into cell. If D-24/23 is the specified conditioning
rocedure, remove specimen from the water bath and immediately dry 1t with a
int free towel or cloth, and insert it inte the cel1)l without delay teo

preserve the conditioning.

Readjust zero with "R/G Zero" and "C Zero", coarse and fine dials and, If

necessary, with appropriate changes of "Divide G, Multiply R", "Multiply C®
switches as specififed in the manual.

Connect banana plug.
Alternately adjust "Capacfitance” and "Conductance” dfals to obtain a null.
Read the capacitance in picofarads and record as C3.

Remove specimen from cell. If D-24/23 is the specified conditioning
procedure, immediately immerse it in a container of distilled or detfonized
water to preserve the conditioning.

Repeat steps [j) to {p) inclusive for each specimen.

Place small beaker under overflow tube of cell to catch excess 1iquid.
F111 cell to overflow tube with 1 centistoke sflicone fluid.

Disconnect banana plug.

Readjust zero with "R/G Zero” and "C Zero", coarse and fine dials and, f
necessary, with appropriate changes of "Divide G, Multiply R", "Multiply C"
switches as specified 1n the manual.

Connect banana plug.

Alternately adjust "Capacitance® and "Conductance” dfals to obtain a null.
Read the capacitance in picofarads and record as C2.

Read the conductance 1n micromhos and record as Gl.

Disconnect banana plug.

Insert specimen into cell. If D-24/23 is the specified conditioning

rocedure, remove specimen from the water bath and immediately dry it with a
int free towel or cloth, and insert it into the cell without delay to

preserve the conditioning.

5
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Connect banana plug.

Alternately adjust "Capacitance” and "Conductance” dials to obtain a null.
Read the picofarads and record as C4.

Read the conductance in micromhos and record as G2.

Remove specimen from cell.

Repeat steps (z) to (ag) inclusive for each specimen.

Empty siticone fluid from cell.

Filter fluid through filter paper before returning to container.

Blow cell dry with clean compressed afr.

53



Downloaded from http://www.everyspec.com

MIL-P-13949G
APPENDIX B

30.4 Calculations.

39.4.1 Dielectric constant. The dielectric constant shall be calculated as
follows:

1 aCl X £4 x (C2 - c1)
K = .__[C1 +

Cl X C4 . (aC2 X C3)

Where:
K = Dielectric constant of specimen

Cl s VYalue as recorded in 30.3 (1}
C2 - Yalue as recorded in 30.3 {x)
£3 = value as recorded 1n 30.3 (o}
C4 - value as recorded in 30.3 {ae)
C0 = C1/1.00058

sCl = {(C3 - Cl

302 = (L4 - T2

30.4.2 ODissipation factor. The dissipation factor shall be calculated as follows:

(kK X c0) - c4)
D = 02 + (o2 - 01}
aC?
Where:
D = Dissipation factor of specimen
Dl = G1/{uwX C2)
02 = G2/{uX C4&)
Gl = Value as recorded in 30.3 (y}
G2 = value as recorded in 30.3 (af)
= 2 X frequency in MHz -~ 6.2832

All other terms are as defined in 30.4.1

30.4.3 Specimen thickness. The specimen thickness shall be calculated as follows:

Ta X K X ac?
s = — @
€4 X (K - X2}
Hhere:

Ts = total specimen thickness

0.1766 X d2
Ta = e = Cell spacing
co
d « Diameter of guarded electrode = 2.5 inche
K2 = Dielectric constant of silicone fluid = CZICO

A1l other terms are as defined in 30.4.1. Accurate determination of electrical

thickness required the effective diameter to be determined to the nearest .001
inch.
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