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MILITARY sPECIF1 CATION

PLASTIC SHEET, LANINATED, METAL CLAD
(FOR PRINTED WIRING LIOAROS),
GENERAL SPECIFICATION FOR

This specification is approved for use by all Oepartnr?nts and
agencies of the Department of Oefense.

1. SCOPE

1.1 a. This specification covers the requirements for qualification and per fon?!ance of fully
cured, metal-clad laminated, plastic sheets [laminate) and semi-cured, (B-stage ), resin preimp,egnated
fabric (prepreg] to be used pri!rdrily for the fabrication of printed wiring for electrical and electronic
circuits (see3.1 and 6.1). For the purposes of this specification, the term “laminate” will be used
hereafter to denote metal-clad or unclad plastic sheets and the term’’prepreg” will be used to denote
resin preimpregna ted fabric (B-stage). The te~m “reinforced” or “rein forcementa’ will denote the media
to which the resin is applied, such as woven or non-woven fabric or paper.

1.2 Classification.

1.2.1 T e designation. The type designation shall be in the following form, and as specified
(see 3.1y!nd 6.2):

1.2.1.1 Laminates (reinforced and nonreinforced).

GEN 0310
~ ~ ~ : + +

I f

-___&
I I I

Nomi’nal &&
+

Type and nominal
omter ial base weight of copper pits and thickness bow and
(1.2.l.l.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 n.ateri al. The base material for metal-clad laminates is identified by three letters,
w~th. the first letter representing the rein forcerrent, the second letter representing the resin, and the
third letter representing special considerations.

The reinforcements covered are: The resins covered are:

P for cellulose 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
O for woven auartz fabric H for flame resistant hot strength
6 for’ nonnovin aramid fabric retention epoxy

-’. C for polyester glass fabric P and T for flame resistant polytetrafluoroethy lene
nonwoven R, X, and Y for flame resistant polytetrafl uoroethylene

for microwave amalications 1 for hiqh temperature PolYi -,,

The first two letters of the base material St%;: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: Conrnander, US Army Laboratory Conmmnd
ATTN: SLCET-R-S, Fort Monnuuth, NJ 07703 by using the self-addressed Standardization Oocument
Improvement Proposal (00 Form 1426) appearing at the end of this document or by letter.

I
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The third letter shall be as follows:

N

P

K

L

M

G

T

J

For natural color of resin system.

For coloring a!?ent or opacifier attded to resin system.

For natural-color of resin system F dith a glass tra~sistlon temperature
between 110 C and 150 C and #hich is formulate entirely of ePOXY reSi n(s)
unmodified for qeneral p“rgose or modified for chemical resistance.

For natural color of resin system 1 with a glass transition temperature
greater than 250” C.

For coloring a’Jent or opacifierf add.?d to re~in system F with a glass
transition temperature between llO” C and 150 C and which is formulated
entirely of epoxy resin(s) unmodified for general purpose or !nOrttfied for
che’nical resistance.

For n.!t,jral. color of ~esjn systen F with a glass transition te!operature
between 150 C and 200 C and which is formulated entirely of epoxy resin($)
either nodtfiert or unmodified for hiqh tenper~ture integrity and Vide
operational latitude.

For natural color ~f resin system F with a glass transition tern erature
Ybetween 170” C and 220 C and which is formulated of ep$xy resin[$ blended

with non-epoxy resin [s) f~r hiqb temperature integritv a~fl ,vije
operational latitud!.

For-natural r~sin system I with a glass transistio? temper ~ture $et.d’?en
200 C and 269 C and Whtch is formulate4 of polyinide resin(s) unmodified,
nodifisd or blended with n?n-polyfmide resin(s) for wide operational
latitude.

:13TE: 13rawi”gs prepared before the third letter wa; incorporated into the
specification might not bear the thtrd letter. In this case, the thiri letter
will be “N”, without colorfng a3ent or opacifier.

1 .2.1.1.2 Itominal base thickness. The oomi”al base thickness is identified 5Y
four digits that indfcdte the th ickn.ess of ths hise material in ten-t fiousan’iths of an
inch. (For example, 0310 represents a no,ninal base thickness of 0.031 inch. ) The
Dase thickness shall be the thickness of the laminated pllstic sheet without the
metal cla Jd{nj.

1 .2.1.1.3 Type and nominal weight of c~pper foil. The type and n~min.sl #eight of
the copper fo~l 1 ddi ng is identifi d i designators as follows: The first and
fourth desiqnato; sashall consist of ;he ;oll;~ing letters to indicate the type of
copper foil cladding.

4-

B-

c-

rJ -

G-

H-

J-

K-

L-

Rolled, wro,~gbt, (l PC- CF-l SO, class 5).

Rolled (treated).

DrlJ!ll side Out, elect rod2positei, (I PC-2 F-150, class 1).

Drum sid.s out (double treated) elect redeposited.

!ligh ductility elect rod?pos. ited, (l PC- CF-150. class 2).

Hijh temperature elongation, [l PC- CF-15D, class 3).

Annealed electrode posited [I PC- CF-150, class 4).

Light cold rolled-wrought, (I PC-CF-150, class 6).

Annealed. wrou3ht. [I PC-C F-155, Clas$ 7).
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0 - Unclad.

H . As rol led-wrought-low temp. ( IPC-CF-150, class 8).

N - Nickel

U - Aluminum

Y - Copper Invar copper

The second and fff h designator shall indfcate the nominal copper foil weight tn ounces per
2square f oat ( ozlf t ). The tm indicators, which are separated by a lant mark third

3designator, Shal 1 use the actual numbers for co~per foil for 1 ozlft and greater and the
following letters for copper fofl under 1 ozlft .

E -0.125 ozJft2

Q -0.25 ozlftz

T -0.375 oz/ft2

H - 0.50 oz/ft2

M -0.75 Oz)ftz

O - Unclad

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

NOTE: Letter H ‘@s previously designated as letter “A’ in NIL-P-1394 F; . For example, “CH/01”
designates 0.50 oz/ft2 copper, drum side out, on one side and 1 oz/ft copper, drum side out
(double treated), on the other side. Base material that is unclad on both sides would be
desf gnated 00/00.

1.2.1.1.4 Grade of pits and dents. The grade of pits and dents is identified by either grade
A, B, C, or O (see 3.7.1.11.

1.2.1.1.5 Class of thickness tolerance. The c1 ass of thickness tolerance i $ identified by
either class 1, 2, 3, 4, or 5. iSee 3.5.2.1 for laminates. )

1.2.1 .1.6 Class of bow and twist. The class of bow and twist is identified by either class
C or X. Class C i s appl Icable to ~amlnates with a thickness of 0.020 Inch or greater, While
class X {ndicates bow and twist requirements are not applicable, see 3.7.2.

1.2.1.2 Prepreq type designation.

~

131T

I ,j~e[ ,“J_ 1 I I I

Prepreg Special Nominal cm na
material

m na resin
materfal I style considerations resin flow ~:l;ti:e N ‘ 4content

(1.2.1.2.11 (1.2.1.2.21 j (1.2.1.2.3) (1.2-1.2.4) (1.2.1.2.4.1) . .1.2.5) (1.2.1.2.6)

I 7628
y 7 ! +

/ I I

I id
I I

I I 1 I
Prepreg Base 1~ Special Nominal Nominal Ndm{nal resin

mater! al materfal consfderatfon$ scaled flow
(1.2.1.2.11 (1.2.1.2.2) [ (1?$:P2 .3) (1.2.1.2.4) ~J;i;k~~2) fi!2?’%5) (;%?.6)

. . . . .

3
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1.2. 1.2.1 Prepreg material. The prepreg ,material is identified by the two-letter
symbol “PC” followed by a hyphen, designating the construction as a prei,npregnated
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 manufacturing 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 b

{
the printed -ti iring board

manufacturer. Prepreg type designation prior to t e 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 f irst letter representing the reinforcement and the sscond letter
representing the resin type [See 1.2.1.1.1).

I 1.2. 1.2.3 Reinforcement style. The reinforcement style is identified by three or
four digits that tndic.ate the tnickmess, construction, and weight of preimpregnated
reinforcement fabric in accordance wit,l reinforcement style designations of table 1.
For example, “7628” represents reinforcement style 7628.

1.2. 1.2.4 Special considerations. Special considerations in the prepreg material
are identified by a letter that represents variations of the base material and which
of the two flow tests are specified.

I
I NOTE : Only one flow test shall be specified, not both. The

and the letters representing the,d are:

Resin system Flow test
Special considerations (see 1.2.1.1.1) (see 1.2.1.2.4)

R
o
N
.4
G

L
E
K
P
,Pl

ANY
At4Y
F
i
F
F
F
F
F
F
F

;
F

RESIN
sCALE
RESIN
RESIN
RESIN
sCALE
RESIN
sCALE
RESIN
sCALE
sCALE
SCALE
RESIN
SCALE

special considerations

Base material SP. cond.
(see 1.2.1.1.1)

:1 or P
Nor P
K

:
G
T
T
J
J
K
1.
i4

special considerations
digit number ;;gresenti nil
resin flow.
of no-fled type preprsg

1.2. 1.2.4.1 Nominal resin flow. Uhen speciffed by the
designator, the nominal resin flow is identified by a two
percent. For example, “28” represents 28 percent nominal
designation “XX” shall be used for the nominal resin flow
(see 3.6.7).

1 .2.1.2.4.2 Nominal scaled flow thickness. Uhen 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 inc? per ply pressed
thickness. The designation “XX” shall be used far the nominal scaled flow thickness
of no flow prepreg (see 3.6.8).

1.2. 1.2. S Nominal gel time. The nominal gel time is identified by a two-digit
number represent ing tens ot seconds. For example, “09” represents 90 nominal seconds
of gel time. The designation for type GI prepregs snail be XX to indicate
nonapplicability of this paragraph or other base mater fals when the procurement
requirements specify (see 3.0.41.

1 .2.1.2.6 Nominal resin content.
two-digit number wnicn Indicates Che
reinforcement fabric, XX may be used
procurement requirement (see 3.6.6).

The nominal resin content is identified by a
nominal percent of resin i(npregnated in the
to represent that resin content is not a

4
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● 2. APPLICABLE DOCU14ENTS

2.1 Government documents.

●

2. 1.1 Specifications and standards. The following specifications anl standards
form a part of thi s spec{ft catton to the extent spectfied herein. Unless otherwise
specified, the issues of these documents shall be those listed in t$e issue of the
Department of Oefense Index of Speciftcat{ons and Standards (0001SS1 and supplement
thereto, cited In the sollct tation.

SPECIFICATIOfl S

FEOERAL

, Film Office Use.A-A-113 Tape, Pressure-Sensitive,
W-S-572 : Solder, Tin Alloy: Tin-Lead hlloy, and Lead A11oY

MILITARY

!41L-S-8660 - Silicone Compound.
NIL-F-14256 - Flux, Soldering, Liquid (Rosin Base).

(See supplement 1 for applicable specification s$eet S.)

STAJOAROS

MI LITARV

MI L- STO.130 - Identification I+arking of US Military Property.
MI L-sTcl-202 - Test Methods for Electronic and Electrical Component Parts.
MIL-sTo-45662 - Cal fbrat{on Systems Requirements.

(Co Pf@s of the speclffcatfons and standards required by contractors in connection
with specific acquisition functions should be obtained fron the contracting ?.ctivtty
or as directed by the contracting activity. )

2.2 Other publ{c.ations. The folloving docunents form a part of tt’s specification
to the extent spec{ff d Unless otherwise specified, the issues of the
documents whtch are 0;0 !~~~~;~ shall be t+ose listed in the issue OF the 0091SS
specified in the solicitation. Unless otherwise specified, the issues Of documents
not listed in the 0001SS shall be the issue of the nongovernneqt doc,l~ents w$ic+ Is
current on ttie date of the solicitation.

AHERICA9 SOCIETY FoR TESTING AND NAT ERIALS

D150.74 AC Loss Characteristics and Dielectric Constant
(Permittivity) of Solid Electrical Insulating Materials.

0S63-74 Rate of Burning andior Extent and the Time of Burning of
Flexible Plastics in a Verti Cal Position.

0792-66 Speciffc Gravfty and Density of Plastics by Otspl acement.

(Application for copies should be addressed to the America” Society for Testing and
Materials, 1916 Race Street, Philadelphia, PA 19103. )

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (flE14A)

LI-I-1983 Test Method for Hot Peel Strength at Equilibrium
Temperatures.

(Application for copies s$ould be addressed to the Nat fonal EleCtri Cal
14anufacturers Association, Industrial Laminate Section, Suite 300. 2101 L Street, NU,
#ashington, OC 20037.1

5
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THE lNSTITIJTE FOR INTERCONNECT1N6 ANO PACKAGING ELECTRONIC CIRCUITS (l PC)

lPC-A-600 Guidelines For Acceptability for Printed Boards.
IPC-CF-150 - Copper Foil for Printed )lirinj Applications.
IPC-S-804 Solder ability Test Methods for Printed !.4i ring Boards.
IPC-T-50 - Terms and Definitions.
IPC-T14-650 Test 14ethods Manudl.

(Application for copies should be addressed to the Institute for Interconnecting
and Packaging Electronics Circuits, 73d0 rlorth Lincoln Awe, Lincoln wo7d, IL 60646. )

(Industrj association specifications and standards are generallj available for
reference from librdri es. They are also distributed among technical groups and using
Federal agencies. )

2.3 Order 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 INS standards],
shall take precedence.

the text of this specification
Nothing {n this specification, however, shall supersede

applicable laws and regulations unless a specific exemption has been obtained.

3. REQUIREMENTS

3.1 Specification sheets. The individual item requirements shall be as specified
herein and In accordance with th.? applicable specification sheets. Where there is no
specification sheet available, the individual requirements shall be as specified in
coon lementary documents such as government drawings or order in> data sheets (see
6.2!. [n the event of any conflict between requirements of this specification and
the specification sheets, or complementary document, the latter shall g.aver”.
Anomalies or defects noted on panels or sneets [or both) defined in all inspection
tables shall be recorded and the proper corrective dctio,l shall be initiated.

3.2 Q“dlificati~”. Laminates and prepreg furnished under this specification shall
be products wnicn are qualified for listing on the applicable qualified products list
(QPL) at the time set for openin~ of bids (see 6.3).

3.3 Terms and definitions. Terms and de fimitio”s shall be in accordance with this
specification [see 6.4) and lPC-T-50.

3.4 Material. Tne material shall be as specified herein. However, when a
de fini t-al is not specified, a material shall be used which will enable tile
laminates to meet the $erfor!nance requtre,nents of this specification. Acceptance or
aPPr Oval of anY Constituent material shall not be construed as a guaranty of the
acceptance of the finished product.

3.4.1 Reinforcement fabric. Construction of the reinforcement fabrics shall be in
accordance with table I Ii other properties of applicable reinforcement fabric
shall be in accordance ;ith 4.8.2.2. The reinforcement fabric shall be cleaned and
treated with d finish which will produce the required performance characteristics of
the laminate and prepreg in this specification (see 6.2r).

this
speci

3. 4.2 Resin systems. Resin systems used to produce laminates and prepreg under
?ecl fi cation shall be either epoxy, polytetra fluoroethylene, polyimide or as
led in the individual specification sheets [see 3.1].

6
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TAGLE 1. Construction characteristics.

I
Fabric 1 Style I Th ickness I T bread count
range I (Inches) I *3

gl i I ~/ ~/ I (UXF per~(n. )

1 I I
I I I
i 104 i .Onlo I 60x52

(g$s) I 106 I .0012 ~ ;5 x56
I 1070 I .0014
I 107 I .0015 I 6@~;535
j ;:y I .0020 1 60 47

.0022 j 60?7 X 47?1
1 I I

1 [
i 2112

(9;ss) I 112
I 2113
I 2313
I 113
I 2125
I 1125
I 2116
I 116
I 1675
I 2119
I 119

\ 405j

\ :x

I 6027
140
I 40?5
I 60
I 60d
I 40X
I 60
I 54?7

, 1 1
i 7628 i .0067 i 44

(9;:ss) { +52; I .0065 1 4Q? ;23gl
~1 .0089 I 44?.22

I 7642 I .0099 I 42x2U
i I 1.

i 120 i .0040 j 34;;
(A;amid) ~ ;;; I .0020

.0030 I 70X70
I I I

.oo5n 150X40
(@Oartz) ~ ~5 : .0030 ~ 50X50

I vrepreg selectlon aata
1 (Not for performance requirements) \

)iht 11 I Rei Ickness
;;ujces p~r I ra;g~ %i%l ~ r~g~cured If
;q. yard) I as received I
~5 percent I I I

I i I
0.56 i 70-80 i .0012 - .0022
0.73 \ 70-20 I .0015 - .0025 I
1.05 41 ~1
1.05 / i
1.40 ! 5$! 70 I .0022 :’.0030 I
1.40 I 55-70 I .0022 - .0030 I

I

I

I

i .0030 - .0040
, :::;:; ;:;$

I .0030 - .0040
I .0030 - .0040
I .0035 - .0045

I .0040 !’.0050
I .0040 - .0050
I .0040 - .0050

+$
rl
~t

I

I

!
I

I

1

6.00 i 35-50 i .0062 - .0075 i
5.95 \ 35;,50 j .0062 ~,.0075
7.00 I
6.70 I gl ~ ~1

1 I

1.70 7/ I 50-65 i .0042 I
0.80 ~1 I 55-70 I .0022
0.93 ~1 ~ 50-65 I .0023 I

I I
3.30 71 I 40- tjfl \ .0050 I
2.00 ~1 j 40-60 I .0030 j

Based on finfshed goods state in which heat-cleaning and finish!ng have beefi applied.

Tolerance is *2O percent on fabrfc ranges G1 and G2, tolerance is *1O percent on all other fabric
ranges.

These values should not be used for computation of dielectric thickness in board design or layout.

Generally not available for use as prepreg.

Threads (or yarns) are multi strand (or P1 fed).

Glass cloth shall be made from E 91aSS fflaMent.

*1 OZ.

Extent of qualification only.

3.4.3 Copper foil. Copper foil shall be in accordance WI th IPC-CF-150. The copper foil tolerance
by weight shall be class I for types C. O. H, and J and class II for tyPes A, 8. K. L., and M as
specified in table 11, unless otherwise specified (see 6.21.

7
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Iweight
ldesiq-
/“at(lr

~E

/!
IH
IM
11
12
13

/:
16
17

ominal
eigh
Zlft 2

3.146
0.263
0.350
0.5
0.75
1.00
2.30
3.00
4.00
5.00
6.00
7.00

MI L-P-13949G

TABLE 11. Copper thickness and tolerance.

Tolerance I Nominal 1/ I
by weight I thickness – Tolerance ~1
percent inches i inches

-c-ldss 1

●lo
* 10
*lo
* 10
*1O
* 10
*lo
●1O
*lo
* 10
+10
* 10

I [microns, ,m) I [microns]
lass 11 I (approximately

I 19 percent]
i

*5 I 0.00020 (5.0) I ---
*5 I 0.00036 (9. ol I ---
●5 I 0.00052 (13.0) I ---
*5 I 0.0007 (17.5) I *o.130tliJ7 (1.751
●5 I 0.0010 (25. o) I ●O. OOO1O (2.5)
*5 1 0.0014 (35.0) I ●0.00014 (3.5)
●5 I 0.0028 (70.0) I 40.00028 (7.0)
*5 I 0.0042 (105.0) I *0.00042 (10.5)
45 I 0.0056 (140.0) I *0.00056 [14.0)
*5 I 0.0070 (175.0) [ *0.00U70 (17.51
*5 I 0.0084 (210.0) I *0.00084 (21.0)
*5 I 0.c3098 [245.0) I *0.0i3098 (24.5)

~1 Oerives by weight test method 2.2.12 of IPC-TA-650 or by micro section
in accordance with 4.8.1.2.2.

3. 4.4 Laminates.

3.4 .4.1 Reinforced. The reinforced laminates shall consist of one or more layers
of reinforcement, preimpregnated #ftn tne applicable resin systei,! (see 1.2.1.1.1)
which may be overlayed with foil material on one or both sides and bonded together
and processed to ,neet the requirements of this specification. Unless otherwise
specified (see 6.2) or when double-sided Idminate is to be used as a single-sided
laminate, double clad laminates shall have a minimum base thickness of 0.0035 inch,
and shall have two layers of fabric mini,num.

3. 4.5 Pre re
*“

Preprey material shall consist of a layer of reinforcement,
impregnate a resin system (see 1.2.1.2.2) and tne polymer advanced to a B-stage
[semi cured), and shall meet the requirements specified herein.

3.4.6 Color. Color shall be as specified by the procuring activity (see 6.2). If
the color=ot speciffed, the laminate or prepreg shall be furnished in natural
color. Natural is the color produced by the natural ,
system used.

undyed reinforcement and r.ssin

3.5 Dimensions and tolerances of materials.

3. 5.1 Length and width.

3. 5.1.1 Length and width of reinforced metal-clad laminate sheets,
prepreg

panels, and
sheets. Unless otherwise specified [see 6.2) ~rs’

sizes shall be acceptable.
standard

Standard size metal-clad laminates from uhicn specimens
have been cut for tests required by this specification shall be acceptable, unless
particular dimensions are specifjed (see 6.2). The permissible variations from the
specified length or width shall be as specified in table Ill. Adjacent edges shall
be perpendicular within 0.003 incn per inch for laminate and 0.005 in per inch for
prepreg.

3. 5.1.2 Length and width of continuous length reinforced metal- clad laminates.
Unless otherwise specifi d ( 6.2 ) , the manufacturers’ standard sizes shall b
acceptable. The toleran; e f~;elength and width of stdnddrd sizes will be ●0.25einch
per 12 inches of Iengtn or width.

3.5. 1.3 Width of prepreq rolls. Unless otherwise specified (see 6.2), rolls shall
be supplied in the manufacturers” standard widths +1.000, -0.500 {ncn (inside of
selvedge).

8
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TABLE 111. Permissible varfatfon in length or width.

I I Permlsslbl e variat!on in length or wfdth ! r
I (, f“~h)
~ Material !

I I
Panel S{ ze Sheets

1 LeSS thafl I 12 to I 2’3 and I Any r
I I 12 inches I inches \ over I I

II I I I r
~ ~e;;tes I 0.031 \ 0.063 ; 0.125 :+1.0,-0.01

I I I I I r
~ Prepreg I 0.063 ~ 0.125 ~ 0.188 \ N/A ~

3.5.2 Nominal thicknesses and tolerances.

3.5.2.1 Nominal thtckness and tolerance of laMinateS. Unless otherwise specified, the nominal base
thickness (wit bout metal claddi ngl and tolerances for T’aminates shall be as specified in table IV when
measured in accordance with 4.8.1.2. The thickness of the outer one fnch of the trimned laminate sheet
[as manufactured) or cut-to-size panel supplied by the vendor shall not vary from the nominal by a
value greater than 125 percent of the specified tolerance. Oouble 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 in 4.8.1.2.2. The same laminate wfll have a
greater nominal base thickness when measured fn 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. ~~

I Nominal thickness

I :[$%: %%
, (f”ches)

I .0010 to .0045
I .0046 to .0065

I :W : ::;3

I ::$!: : ::%
I .0410 to .0659
I .0664 to .1009
I .1010 to .1409
I .1410 to .2500

Cla,
Px

paper base
only

---
.-.
---
---
---
*OO4 5
.0060
*007 5
*0090
*0120

1 I class 2 I c lass 3 2(
1 Ret nf arced I Ret nforte~

Reinforced 1
I

I I

*0010
*0015
*0020
:0025
*0030
*0065
*007 5
*O09U
*0120
*0220

*0007
*OO1O
*0015
*0020
*002 5
*0040
*0050
*0070
*0090
*0120

*0005
*0007
~olo
*0015
*0020
+0030
*0030
*0040
*0050
:0060

cl ass 4 I cl ass 5 21 I
>r mi crowavel rei nf orc~d \
>plication I -
;R. GX. and I II
;Y”
----+++

--- I.OOO5I.OO1OI
--- 1.0007!.00121

*00075 y I. OOIOI. OO15I
*OO1O 1.00151.00201
*0015 1.00201.00251
*0020 I .00301 .00351
*0020 1.00301.00351
*0030 I .00401 .00451
*0035 1.00501.00551
*0040 ~.0060~.0065j

~1 Tolerance value is determined by the nominal base thickness (less cladding). Tolerance i S

!
ap lied over the base plus cladding with no additional tolerance for cladding thickness allowed.
To erance of class 5 materials is applied to the base thfckness (see figure 1].

2/ These tighter tolerances are available only through product selection on most material typeS.
~1 For some base materials, materials below certain base thickness are not covered by thls

R
s edification, eg. , types GT, GX, and GY are not covered under .010 inch core thickness and core
t ickness under .0035 inch are not currently covered for any double sided laminate.

3.6 Prepreg characteristics. Uhen tested for properties in 3.6.1 through 3.6.10, the requirements
shall be 1 fsted as specified in table 1 and the fndfvfdual sPeCiffcatfofl $heet for PrePre9. Uhen tests
are performed by the procuring actfvf ty. prepreg shOuld be PrOperly stOred (see 3.6. 1) and should be
tested as soon as possible after receipt (not to exceed 10 days).

3.6.1 Shelf life. Materf al SUPP1 fed shall be capable of meet{ng the requirements specified herein
for not less than six months after receipt of shipment when stored at a maximum temperature of 4. 5-C
(40.FI and not less than three months after receipt of ship?ent w?en stored at a relative humiditY
between 30 and 50 percent and a maximum temperature of 21.1 c (70 F)(see 6.9).

‘o
9
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I
3.6.2 Presence of dicyand{ amide crystals. 14hen tested in accordance with 4.8.2.1.

there shall be no presence of cry stalli ne structures {n the form of clusters or
flakes. Individual, scattered “dicy”
6.10).

crystals shall not be cause for rejection (see

3. 6.3 Uoven reinforcement, thread count. and fabric weight. When tested in
accordance wfth 4 2 the requirements and fabric weight shall
be as specified (~e; ~a~le 11 and cannot be”~s~hr~; d;;;%;ne properties for PTFE
based laminates, (grade GP, GR, GX, GT or GY) or any aramid rein fored laminate or
prepreg.

I 3.6.4 Gel tfme When tested in accordance with 4.8.2.3, the gel time shall
conform t-; inal time as specified (see 1.2.1.2.5, 6.2 and 6.121.

I 3. 6.5 Volatile content. Uhen tested In accordance with 4.8.2.4, the volatile
content shall not be greater than the property values shown fn the specification
sheet for prepreg (see 3.1).

3.6.6 Resin content.

I 3.6.6.1 ~. When tested in accordance with

I

4. 8.2.5.1 the nomina
‘f

ercentage (see 1. 2.1.2.6) of resin content shall be within the
range indicated in tab e 1 for the specified reinforcement style, and the actual
resin percent shall not vary more than 5 percent from the nominal [see 6.2).

3.6.6.2 Restn content (by burn-out) except GP, GR, GX, GT, GY, AE, Al or AB. !Jhen
tested in accordance with~
content shall be within the” r~n~e”tndicated in table I for the sp;c;fiei

o resin

ret” forcement style, and the actual resfn 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) .

3.6.7.1 Resin flow/”no flow’ resin. i4hen tested in accordance with 4.8.2.6.1.1,
the diameter OF the clearance hole shall 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
nomf”al prepreg [ckness per ply shall be within the range of the specified glass
reinforcement style listed in table 1 and the tolerance specified on the procurement
document by the Printed Wiring Board Manufacturer.

3.6.9 Electrical strength. !4hen tested in accordance with 4.8.2.7.1, the minimun
electrical strength [perpendicular to laminations,
(see 3.11.

short time) shall be as specified

3.6.10 Permtttivity and loss tangent. !4he” prepared in accordance with 4.8.2.7.2,
and tested in accordance with maximum permittivity and loss tangent at 1
megahertz [t4Hz) and SO MHz shali ~e”as’ specified (see 3.1).

3.6.11 Chemical resistance. When tested in accordance with 4.8.2.8, the maximum
absorption Ot methylene Ch loride shall be as specified (see 3.1).

3.6.12 Flammability (when applicable]. Uhen tested in accordance with 4.8.2.9
maximum burn length total and Indlvidua ( burn times shall be as specified (see 3.1).

3.7 Characteristics of laminates.

3. 7.1 Clad laminate characteristics.

3.7. 1.1 Surface finish of metal-clad surfaces.

3.7. 1.1.1 Pits and dents. Grade of pits and dents shall be as specified (see
1.2.1 and 6.21. Lxamfnat ion and determination of point count for pfts 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.

10

Downloaded from http://www.everyspec.com



● a.

b.

c.

d.

NOTE :

0

0

MI L. P-13949G

Grade 4. The total point count shall be less than 30 for any 12-by 12. fnch
~ee note).

Grade B. The total 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 (panel S onl Y] (See note)

Grade C. The tOtal Potnt count shall be less than 100 for any 12-by 12-inch
~ee note).

Grade O. The total point count shall be less than 18 for any 12-by-12 inch
~ee note).

The oroducttbilit.v of vrinted wfrtng boards made usin9 laminates w{th
degrees of pits and dent_s Is significantly-influenced by the-metal pattern and the
process used by the manufacturer to produce the printed wirfng boards. Unless
design constraints dictate, this grade shall not be included on the master
drawings, but shall only be specified and used in procure,nent specifications by the
printed wiring board manufacturer.

3 .7.1.1.2 !drinkl es. There shall be no metal-clad wrtnkles as seen under normal or
corrected 2012u vlsl On.

3.7. 1.1.3 Scratches. When tested in accordance with 4.8.3.2, scratches on either
panels or sheets less than 5 percent of the nominal foil thickness in depth and less
than 4 tnches 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.
Scratches between the two ranges previously lndfcated (5 - 20 percent] on either
panels or sheets shall be limited to no more than 5 scratches per square foot inside
the working area of either panels or sheets. The worktng area is considered the area
inside a one Inch border of panels or sheets.

3.7.1 .1.4 Solderabllit~. !dhen laminates are tested as specified in 4.8.3.3, the
metal-clad surfaces shall not exhibit nonwetting, nor greater than 5 percent
dewetting.

3.7 .1.1.5 Metal surfaces process abilit . ‘4hen specimens are etched as s eciffed
In 4.7.1.3.2, t he metal clad
examination of laminate panels”‘i ?s~la~!8:3.4) to be used for other testing (gee

eyreadily removable, as determined Y

4.8.3.6.21. Metal claddfm
7

surface discolorations or protective coating which
adversely affects PUB fabr cation shall be readily removable by standard chemical
cleaning processes.

For etched test spectmens 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 ptece may not have an area greater than
that of a circle 0.005 (.000018 square inch) in diameter. The etched test specimens
shall meet the requirements specified in 3.7.1.2.

3.7.1.2 Appearance of base after metal removal . Following metal removal as
specified in ‘7. /.~. Z,Z, the baSe material Shall Se inspected in accordance with
4.8.3.4.

11
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3.7. 1.2.1 Surface and subsurface imperfections. Surface and subsurface
imperfections [such as weave texture, resin starvation, scorching, voids, opaque
foreign iflclu SfOns, foreign 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.

c. The imperfections do noL propagate as a result of thermal stress test.

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

e. Foreign inclusions that are translucent.

f. Opaque foreign inclusions are no greater tnan 0.020 inch in the longest
dimension and occur no more frequently than two spots per 144 square inch.

3. 1.2 Bow and twist. Class of per,nissible bow and twist sflall be as specified in

I the type Designation. It is not applicable to metal-clad laminates with a base
thickness less than 0.020 inch. This requ~reroent does nat apply to dauble-sidsd

I laminate uitn unequal cladding 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 side.
In addition, the bow and twist requirements do not pertain to single-sided laninate
made of materials GP, GR, GT, Gx, and GY.

3. 7.2.1 Sheets and panels witul both dimensions 12 imches or greater. When
measured as specified {n 4.8.3.5.1, the bow and twist of ,netal -clad laminates shall
not exceed that shown in table V. Percentage of bod 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 in table V.

3. 7.3 Ther:nal stress. When specimens are tested as specified in 4.8.3.6, neither
the etched surface nor the originally unclad surface, if applicable, shall show

I charring, surface contamination, loss of surface resin, softening, delamination,
crazing, inter laminar blistering, or weave exposure. In addition, metal-clad
5P2Cimen S shall show no blistering or delamination of the metal foil.

Measles shall be no greater tha,l 0.020 inch in any onz direction and there shall be
no more than 2 measles per each side of 2 x 2 spec inen. 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, inclusive, the average peel strength for each clad side of each specimen
shall meet or exceed the minimum value specified (see 3.1]. No individual valu! of
the values included in the calculation of the averags peel strength shall be more
than 1 1/2 pounds per inch less than the specified minimum value.

3. 7.5 Volume resist ivity and surface resist ivity. When specimens ars exposed to
the environmental cond itions and tested as specif led in 4.8.3.8, the ,nini,num volume
resist ivity and surface resist ivity for each specimen shall be as specified (see 3.1).

12
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I

o

TABLE V. Permissible bow and twist.

I I I Total variatfon, maximum, percent ~1 r

I Thickness ~ Test specfmen ~
I

Lam{ nate - c lass c

I[segnilgfe IV) ~ d7;;l%~” ~ All g~~g$~;eof fo{l, ~ Al 1

I

weights on foil,
(Inches) two s{des (

i py;::”y’ ‘p‘R;p ‘herpyG::’G;”[
IGT GX, &Y ~/1 ty~es

1.0200 to
I I I 1 r

.0309 \ ; :: ~;ss N/A 1.0 I ---
::: I NIA i

! 2.5
I

I I NIA i:: I :::
I I I I

T I I
1.0310 to .0659 \ ~ ;; ~;S5 1.5 I N/A I 0.5 I 3.0 I

NIA
I I 1

1.0 3.0
::: I NIA / 1.0 / 3.0 I

1 I I I I I r
1.0660 and over ~ 12 or less I 1.0 I NfA 0.5 I 1.5

1.5 ~ MIA I 0.5 I 1.5 i
I I I

~/ Except when otherwise specified (see 3.1).

~1 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 value of change in each direction shall meet the maximum
value specffied (see 3.1). Unless otherwise specified, class A shall be In effect
(see 3.1 and 6.2).

3. 7.7 Hater absorption. Uhen specimens are tested as speciffed in 4.8.3.10, the
average maximum water absorption shall be as specified (see 3.1).

3.7.8 Olelectric breakdown (parallel to laminations). When specimens are tested
as specffied in 4. M.3. 11, the Ielectric breakdown sharl be as specified (see 3.1).

3. 7.9 Electrical strength (Perpendicular to laminations). Uben tested in
accordance with 4 3 he avera e minimum electrical

?
strength [perpendicular to

laminations) shali ~e”as’ specified see 3.1).

3.7.10 Permittivtty and loss tangent. Uhen tested in accordance with 4.8.3.13,
the permittfvity and loss tangent shalT be as specified (see 3.1).

3.7.11 (resonance )(when applicable).
4.8.3.14,

Uhen specimens are tested as specified in
e average minimum Q shall be as specified [see 3.11.

3.7.12 Flexural strenqth. Uhen specimens are tested as specified in 4.8.3.15. the
average minimum lexura} strength shall be as specified (see 3.1).

3.7.12.1 Flex”rcl strength at elevated temperature (when applicable). When
specimens are testes lrl 1 4 5 5 15 1 he average mlnlmum
strength at elevated ;~m~~;;tur~ sh~ll “b; ;S ;p;cified (see 3.1).

Texural

3.7.13 Arc resistance. Uhen specimens are tested as specified In 4.8.3.16. the
average minimum arc resistance sha!l be as specified (see 3.1).

3.7.14 Flammability (when applicable). Uhen specimens are tested as specified in
4.8.3.17 the maximum burn length, total and individual burn times shall be as
specified (see 3.1).

13
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3.7.15 Fungus resistance. i{hen specimens are tested as specified in 4.8.3.18, the
laminates shal I resist he 3r0wth Of fungi and shall have a visual, t-atinq of “o”.

3.7.16 Chemical resistance. Uhen tested in accordance with 4.8.3.19, the maximum
absorption of methylene chlortde S! IJ1l he as specified (see 6.2).

3.7.17 Pres S.Ure vessel thermal stress.
4.8.3.20,

Nhen specitinens are teste.$ as specifi’?d i~
he performance rat Ing shall meet the value specified (see 6.2).

3.7.18 Glass etransition temperature (Tg).
in 4.9.3.21,

!4hen specimens are tested as specified
Ig shall neet t:le values s?ecified [see 6.2).

3.7.19 Average coefficient of thermal expanslqn (CTE). !4hen specinens are tested
as specifies In q.8.3. i2, tne Llk s;lall meet tn e val,~es specified (see 6.2).

3.9 !~arkin~ of printed-airing board mater i~ls.
have a label attached to

Laminate and prepreu sheets shall
he package. Prepreg rolls shall have I laiel securely

attached to the compatible protective bag eavel~ging the roll and the two labels [one
each) attached to the inside surface ~f the care ,na?drel at both ends. 411 labels
shall be in accordance with f41L-STD-139, with the military specification number, type
desiqnati~n, the manufacturer’s source code lC4\E), and the lot number (se? 1 .2.1.1

1

or 1.2.1.2).
i,npregnati on.

In addition, prepreg labels shall be marked xitb the date of
411 la$els shall be of such a character as to renain securely affixed

and legible during normal handling.

Each full-size laminate sheet shall be mark?d. Location of marking a~d type of
markinq shall be as specified in the drawing data. The exact information in the

marking shall be sufficient to maintain traceability within tbe ~oar.t nan,Jfacturer’s
facilities.

C~t-tO-size p3nels, of laminate shall be marked as spec\fi?d in the ~rderi~g data.
Uhen applicable, the need for marking, and location of the marking, the information
presented in the narking, and the type of marking shall be specified. Types ~f
acceptable aarkings are:

A- Ink of non-corrosive types that shall remin legible during normal
handling, but readily renovable prior to fabrication which will not affect
the physical electrical properties of the blse material.

0- La5els that can be of a character that remain securely affixed and legible
durin.> normal handling.

c- 4 m.stal emboss in] stsmp.

pr~;~ss%%%%;a”ce with the requirements of thfs specific.at!on. All priqted
Printed wiring boarl material sh~ll be manufactured a“d

wiring board material shall be unifor:n in quality and fre? of defects which nay
affect fabrication, life or serviceability, in excess of those allowed in this
specification. T5e la.rfn~tes s,!all se free of %rinkles or cracks. The prepreq
sheets shall he free from tears and the prepreg rolls shall be 35-percent free fron
tears. unless otherwise specified, there shall be t~o splices (no cutouts) allowed
for prepreg rolls per every 100 yards of prepreg and the splice shall be clearly
marked.

Downloaded from http://www.everyspec.com



NIL- P-13949G

●
4.

4.
the ,
spec
use
reab

QUALITY ASSURANCE PRoVISIONS

Responslbflity for inspection. lJnless otherwise specified in the contrac
,ntractor is responsible t he performance of all inspection requirements
‘ied herein. Except aseot;~rwise specified In the contract, the contractor
s own or any other facilities suf table for the performance of the inspectil

,ements specified herein, unless disapproved by the Government. The Government
res’erves the r{aht to oerform anv of the fnsoections set forth in the Soecffication

;s
nay,

dhere such i“sp~ctiins- ire deeme> necessary \o assure supplies a?d serv”ices conform
to prescribed requirements.

$. 1.1 Responsibility for Compliance. 411 items must meet all requirements of
sections 3 and T he inspection set forth in this specification shall becomz a Part
of the contra cto;’s overall inspection systea or quality program. The absence of any
inspection requirements in the specification shall n~t relieve the contractor of the
responsibility of assuring that all products or supplies submitted to the Government
for acceptanc2 COCIPIY with all requirements of the contract. Sampling in q,lality
conformance does not authorize submission of kn~dn defective nateri al, either
indicated or actual, nor does it Connit the Government to acceptance of defective

1’ material .

4. 1.2 Test equipment and inspection facilities. Test and veasurinq equipment and
inspection tacllttl es or s,utt Iclent accuracy, qualfty and qu~ntity to permit
performance of the required <nspect{on shall be e tabl ished and maintained by the
contractor. The establishment and ma fntenanc+ of B calibration SYStem to control the
accuracy of the measuring and test equipment shal be in accordance with
!41L-STO-45562.

4.2 Classification of inspections. The inspec
classified as foil Ow$:

a. Materials inspection (see 4.3).

b. qualification Inspection (see 4.5).

c. Qualfty conformance inspection (see .4.6).

ions specifiei herein are

4.3 !4aterials inspection. Materials {nspection shal
supported by verif ying data, when specified (see 5.2),
table VI, used in fabricating the metal-clad laminates,
applicable referenced specification or requirements pri
verifying data is required for qualification.

consist of certification
hat the materials listed in
are i“ accordance with the
r to such fabricating. This

T49LE VI. ftaterfals insoectlofl.

I IR equlrement [ 4ppllca Dle I
!4aterial I paragraph ~specification I

I
I \

1
iaetnforcement cloth[ I
lResin

3.4.1 i ---
3.4.2 ---

Icopper foil 3.4.3 I lPC-CF-15~ /
lPigment or dye ~1 \ 3.4.6 I ---

~f Verification of pigment or dye type. If present.

o
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4.4 Inspection conditions. Unless otherwise specifies herein, all i~spections
shall be performed in accordance with the test conditions specified in the “GENERAL
REQUIREMENTS” of 141L- STD-202.

4.5 Qualification {nspectton. Qutliffcatfon {nspectlon shall be per forved at a
laboratory acceptable to the Government (see 6.3) on sanple units produced with
equipment and procedures normally used i!! production.

H~~5;jn.~_ra~~P1’ sheets shall
be selected from normal production for

u~der a ty~e (an4, for preoreg, a nominal cured thickness)
for which qualification is sought. The number of specimens required per sheet an4
their conditioning shall be as specified in 4.7.1. The number of specimens (see
table VII) .equ{ red for the individual test m.?t!!~ds shall be cut from the sheets an4
inspected as specified (see 4.5.2). The inspections requir{n> the full sheet shall
be per forxed before the sheet is cut into snaller specimens.

I
4 .5.2 lnspzction routine. The saaple shall be subj?cted to the inspections

sDecified. \{hen the specimen is to be used for more than one test. the order of
testing shall be as specified fn table VII.

4.5.3 Extent of q!jaliffcatfon.

I
4. 5.3.1 Extent of qualification for laminite<. Qv*lificati On of d~uble c134 s!Iall

extend to single and unclad. Extent of quali~ cation for laminates shall be in
accordance with tables VIII throu]~! X111, ~o other extensions shall be permitted.

4.5.3.2 Extent of qualification for prepreg-. Extent of qualification for preprejs
shall be in accordance with tables throug> XVIII.

4 .5.4 Failures. ~ne or more failures shall ~e cause for refusal to grant
qualification approval. Failure criteria for specimens s$all be as $peciffed in the
applicabl@ method paragraph or requirement paragraph.

4.5.5 Retentfon of qualification. To retain qualification, the contractor s;all
forward a report at 12-month intervals to the qualifying activity. The qualifying
activity shall establish the initial reportinj date. The report shall consist Sf:

a. A sunmary of the results of the tests per forned for iflspection of all
product for delfv?ry, group 9, ln~ic~ting as a min{mum the n,lmber of lots
that have passed and the nunher t!!at have failed. The results of tests of
311 reworked lots shall be identified and accounted for. The summary shall
include hiq~s, 10US and averages.

b. .4 sunmary of the results of tests per f~rmed for periodic inspection, group C
including the number and mode of failures. The summary shall include
results of all per!odic inspections per for!oed aqd completed during ths
12-month period. If the summary of the test res,Jlts indicates
nonconformance wfth specification requirements, and corrective action
acceptable to the qualifying activity has not been taken, action may Se
taken to remove the failing product fro? the qulltffe.i products list.

Failure to subnft the report within 60 days after the end of each 12-mont!! period nay
result in loss of qualification for the product. In addition to the periodic
submission of inspection data, the contractor shall ~mmedfately notify the q,lalifying
activity at any tine during the 12-mont!! period that the inspection data indfcates
failure of the qualified product to neet the requirements of this specification.

Actual test data for qrotips d and C, shall be supplied when requested by t$e
qualifying activity. Extent ion of retention of qualification shall be the same as
that shown lo tables VIII thru XVIII. For example, if production of GF occurred
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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TAELE VII. Qualification inspection.

Inspection

Visual and dimensional inspection - - - -

Presence of dicyandiamide crystals . - -
Thread count ----------- ---
Fabric thickness- . - - - - - - - - - - -
Fabrlcweiyht ----------- ---
Gel time ----------- -----

VOlattlecOntent. - - - - - - . - - - - .

Resin content --------- -----
Resin flow ----------- -----
Nominal scaled flow thickness - - - - - -
Electrical strength . - - - - . - - - - -
Pits and dents --------- -----
Urinkles ------------ -----
Scratches ----------- -----
Solderability- - ----- ---- - --
Metdl surfaces processability - - - - - -
Appearance Of base after metal removal- -
Surface and subsurface Imperfections- - -
Bow and twist

Sheets/panels both dimensions
12 inchesorgreater- . - . . - . - -

Panels - both dimensions
under 12 inches--- --------

Panels - one dimension under 12 inches

Themal stress --------- -----
Unetched specimens- - . - - - - - - - -
Etched specimens- - - - - - - - - - - .

I
Requirement I Method
paragraph ~ paragraph

I
I

.1, 3.4, 3.5, i4,8.l

.8 and 3.9 I

3.0. ?
3.6.3
3.6.3
3.6.3
3.6.4

I
14.8.2.1
14.8.2.2
14.8.2.2
(4.8.2.2
14.8.2.3
I

3.6.5

3.6.6
3.6.7
3.6.8
3.6.9
3.7.1.1.1
3.7.1.1.2
3.7.1.1.3
3.7.1.1.4
3.7.1.1.5
3.7.1.2
3.7.1 .2.1

3.7.2.1

3.7.2,2
3.7.2.2

3.7.3
3.7.3

i
14.8.2.4
I
14.8.2.5
14.8.2.6
I ---
1 ---
14.8.3.1
I ---
14.8.3.2
14.8.3.3
14.8.3.4
I ---
14.8.3.4.1

I
14.8.3.5.1

i4.8.3.5.z
14.8.3.5.2

I
14.8.3.6
14.8.3.6

Specimen
(form and
dimension
(inches)

Complete
sample
sheet
4xwidth

4x4xthk
(oias cut)

Crushed
B-S ta te

(200 ●1O ,ng]
4x4xt,)k

[bias cut)
4x4xtnk
4.x4xthk

7x5.5::hk;/

Complete
sample
sheet
3x3xthk

12x12xthk 3/
lh12;;::th;/

Complete

12x12xthk

Actual size
12 x smaller
dimension

2x2xthk
2x2xth/.

N.berof~ _%%%
specimens I Pre-
to be I preg Type I t;ch
Inspected I Pi I and

1

3

3

3

:
2
3

1

ix

I
lx
IL

11
lx

I
Ii

1.4

1!

/ -:-
1 ---
I ---
I ---
I ---
I ---
/ ---

I
1 i ---

1 I ---
1 I ---

I
3 I ---
3 I ---

I over
~

I

--- / ---
--- I ---
--- I ---
--- I ---
--- / ---

I
--- ~ ---

--- I ---
--- I ---
--- I ---
--- j -i-

i

; 1:
x lx
x
x!:
xix

I
--- [ x

--- I x
--- [ x

I

Less than
0.020 inch

x

---
---
.-.
---
---

---

---
---
---
---

x
x
x

---
. . .

x
x

See footnotes at end of table.
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TADLE VI1. Gualiftcatfon ~nspection - Contfnued.

Inspection

Peel strength:
As received ------------- .
After thermal stress- - - - - - - - - .
At elevated temperature - - - - . - - -
After exposure to processing solution -

Volume resfstivity and surface
resistivity ---------- .-. .

Dimensional stability - - - - - - - . - -
Mater absorption- - - - - - - - - . - - .
Dielectric breakdown (parallel to

laminations:
Step-by-step test - - - - - - - - . - -

Electrical strength - - - - . - . - - . -
Per,nittivi ty and loss tangent - - - - - -
Flexural strength - - - - - - . . - . . -

I Flexural strength as elevated
I temperature --------------

l Arc resistance --------------
~ Flammability [hen applicable)- - - - --

I
Requirement 1 Method
parayrapn ~ paragrdph

I

~

3.7.4
3.7.4
3.1.4
3.7.4

3.7.5

3.7.6
3.7.7

3.7.8
3.7.8
3.7.9
3.7.10
3.7.12

I

3.7.12

3.7.13
3.7.14

/4.8.3.7
14.8.3.7.1
14.8.3.7.2
14.8.3.7.3
I
1
14.8.3.8

;4.8.3.9
I4.8.3.1O

14.8.3.11
14.8.3 .11.1
14.8.3.12
14.8.3.13
14.8.3.15
I

I
14.8.3 .15.1

14.8.3.16
;4.8.3 .17

14.8.3.18i Fungus resistance - - - - - - - - - - - - [ 3.7.15
1

Specimen
( for,.! dnd
dimension
(inches)

2x.3xthk
(see fig 3)

4x4xthk
or 2x2xthk

12xllxthk
2x2xthk

2x3xthk
4x4zthk
See 11
See –

able LVVI

See
3D1.? iWi

2x2xthk

i3.5x5xthk
2x2xthk

Mumber of
specimens
to be
i nspec.te.3

1engthwi S(
or each
lad side
crosswise

or each
lad side

6

3 fl
3
3 1/

Iengthwis[
crosswise

Ien thwise
;

3
1

See 4.8.3.13.1, 4.8.3.13.2, 4.d.3.13.3, as applicable,
GB, GH, and GI only.
12x12xthk or dimensions to provide an equivalent area such as 9x16xthk.
One additional sample will be prepared for initial voltdJe reading for step-by-step testing.

.

Pre-
preg

.

---

..-

.-.
---

---
..-
---
. . .

---

.-.

. . .

..-
A

—

. .

Type
PI,

x

x

x
x

x
.-.

i
x

---

x
-..

x
1

caole to
mfnate

020 J
i~ch I Less than
and 1 IJ.020 inch
over
~

x

x

x

x
---

x
x

x

x

x
.-.

---
x
x

-..

---

x
x

---
x

●
I
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TABLE VIII. Base mater tal.

Qualified I Extended to r
GF rE
GH I ;8
GR ~ GP
GY GT, GX
Gx I GT

TABLE IX. :Iomioal thickness.

I Uualltved 1 Extended to r
I
lAny .320 tnch and aver 1411 .020 and over
lAny le5s than .020 inch~411 less than .920 inchl

TABLZ Y.. Typing Of cladding.

E t d d r
~

Iltl d I

~ Any copper i All copper I
Y Y

TABLE XI. Noainal cop per foil weight

1 qualirled 1 kxtendel to r
1A ny copper weigh tl All
lFor examPle:

greater copper weights I
I

I I
IT 0.375 az/ft2 19.375 ozlft~ and greater
IH 0.5 oz/ft2 10.5 c.zlftz and greater
IN 0.75 Ozlftz \O.75 0zlft2 and greater

T4BLE XII. ~.

I Qualified I Extended to r

IB I A, C, D
1A c
10 I 4, c

TA3LE X111. Class of bow and twist.

1 qual it ied I t.xten<ea to r

I Any I 411 I

o
19’
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TABLE XIV. Resin material (prep re9).

1 lifi d I E d d r
~

GF GE
/ ;I

TABLE XVI. Xominal scale flow.

lo
uallf{ed I Extended to I

Any I Al 1 ,/
1

TABLE XVII. Gel time.

I Qualified I Extended to I

I Any I Al 1 I

XVIII. Zesin cootent.

I .?ualfffed I E.iten Jed to I

I Any I Al 1 I

20
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●

●

In the event that no production occurred during the reP0rt$n9 Per fOd. ~ rePOrt shall
be submitted certifying that the company still has the capabilities and facflftie5
necessary to produce the item. [f during two consecutive reporting pertods. there
has been no production, the manufacturer may be required at the discretion of the
qualifying activfty, to submft the Product tO testfn9 fn accordance wfth the
qualification inspection requirements.

4.5. 5.1 Modification of qualified products. No modifications of the compasttton
of any qualif fed product shall be made without requalification, except within the
following limitations:

a. The absolute amount of any component material (resin composition, curing
agent, opacffier, ffre resistant additive, etc. ) may be varied within a
total amount of *2.5 percent of that component material.

b. The chemical s ecies of a coloring material may be than ed if the color is
Ynot substantial lY changed, and if theabsolute amc.””to$ the coloring

material is not changed by more than *2.5 percent.

c. There shall be no additions or deletions to the composition.

The qualffied product manufacturer remains responsible for continuing to meet all
requirements of the specification under which the modiffed product was originally
qualified.

4.6 Qualfty conformance inspection.

4.6.1 Inspection of product for delfvery. Inspection of product for delivery
shall consist ot groups A and Inspect Ions.

4.6. 1.1 Inspection lot. An inspection lot shall meet the following criteria:

a.

b.

c.

d.

Matertal covered by a single specification sheet.

Same type designation so far as practicable.

Offered for inspection at one time.

One Dress load or 200 sheets, whichever ts greater (the 200 sheets shall be
from” consecutive press loads).

An inspection lot for prepregs shall be
in accordance with 4.6.1.2.1.2.

4.6. 1.2 Group A inspection. Group A
specified in table Xix.

4.6. 1.2.1 Sampling plan.

250 yards or one

tnsvection shall

4. 6.1.2.1.1 Sampling plan for laminates. 100 percent
be subjected to group inspection.

roll which ever is greater

consist of the inspections

of the inspection lot shall

4. 6.1.2.1.2 Sampling plan for prepreg rolls and sheets. One yard at the beginning
of a roll and every linear yards thereafter. Examples: A 500 yard roll would
have 3 samples taken for group A and a 7S0 yard roll would have 4 samples taken. For
runs less than 250 yards a sample shall be taken at the beg fnning and at the end of
the roll. If a roll is not divisible by 2S0, 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, S00 and 600 yard points. If the
prepreg is cut into sheets the same rules apply regardless of sheet sfze. Samples
shall be retained group group B inspections.

4.6. 1.2.2 Oefects. If an inspection lot is rejected, the contractor maY screen
out the defects and resubmit for reinspection. Such lots shall be separated frOM
uninspected lots and shall be clearl Y identified as reinspected lots.

●
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TABLE XIX. Group A inspection.

I I I I I I APP1 i cable to
I Requirement I Method I Specimen I Number of I Number of I I

[nspectton ~ paragraph j paragraph I
Laminate

(form and I specimens 1 defects lPre-
I dlmenslon I to be

1 20 I
I allowed I preg ~ ~pe ~ ~~h I Less than

I I I (inches) I inspected I
II

I 0.020 Inch
I over I

I I 1 I I
Visual inspection - - - - - - - - - - - .

Visual and dimensional inspection
(prepreg) ---------------

Presence of dicyandiamide crystals- - - -
Pits and dents ------------ -.
Wrinkles ------------- ---
scratches ----------- . . . . .

13.10 3.5.1.1,
13.5.1,2, 3.8,
~and 3.9

I
I 3.6.2
I 3.7.1 .1.1
I 3.7.1.1.2
I 3.7.1 .1.3

i4.8.l iC~plete sheet[ All ~ o ix(x ixix

I 1 I I I
I

[

I

/ /
/

Ill
/

14.8.2.1 14 fnchxwidthl All I
lx 1--. /_

]4.::;.1 lCcxnplete sheetl All
lx 1--- l.-. / :::

:
lComplete sheetl

1--- I x [; I x

~4.8.3.2
Al 1 10 l---lx

\Cwplete shcetl All I O j--- ~ x I x 1:
I
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TABLE XX. Group B inspection.

●

I I I I I I APP1 f cable to
I Requirement I Method I Specimen I Number of I Number of I I

InspectIon ~ paragraph
Laminate

I paragraph I ( form and I specimens ~ ~fi~~js lPre- 1 100201
I dimension I to be

/
I preg ~ j;pe ~ j~h I Less than

i [inches] I inspecced I I 0.020 inch
I II I over I

I i I I
Volatile content. - - - - - - - - - - - I 3.6.5 ~4.8.2.4 14x4 xthk I 1 I O

I(blas cut)
1,4 l--- l_- ~ ---

112 X wdth x thkj
I 1

Metal surfaces processability - - - - - I 3.7.1 .1.5 14.8.3.4
Appearance of base after metal removal- I 3.7.1.2 I ---

10
112 x wdth x tnkl

I--.1X1X
i {I

Surface and subsurface imperfections- - I 3.7.1 .2.1 14.8.3 .4.1 ~12 X L2 X thk I 3
l---lx

1!I
Thermal stress:

\---jx 1:1X

Unetched speci,~ns- . - - - - - - - - i 3.7.3 14.13.3.6 i2x2xthk I 10 lx
Etched specimens- - - - - - . - . . - I 3.7.3 14.8.3.6 12 X2xthk

\:::/;
; 1:

Peel strength: i
o x

i
14.d. J.7. L \2 x 3 X thk

I i i
As received ------------ -13.7.4 11 length- I O I--. }xjx x

I wise I I
After thermal stress- - - - . - - - - 1 3.7.4 14.8.3.9.1 12 x 3 x thk 11 cross- [ l--. jx~xlx

Inise for

/
I leach clad I

/
I

]side I / / /
Permfttivity (dielectric constant)

and loss tangent (dissipation factor] I 3.7.9 and
(GX, GR, and GY only]

14.8.2 .7.3 12 x 3 x .120 I 1
I 3.7.10 I and

:0 ~-..~x~xlx

14.8.3.13 I I I I I
Gel time (when applicable)- - - - - - - I 3.6.4 14.8.2.3 [Crushed 200* ~ 1 0

I 10 mg
lx i_

i
I --- I ---

Resin content ----------- -- I 3.6.6 14.8.2.5 14x4 xthk 1
Resin flow ------------- -- 13.6.7 /4.8.2.6 14 X4 X4 P1YS; 1

lx 1 ..- \_- i ---
I ;

Pressun vessel thermal stress
lx 1 -.. I --- I ---

(when applicable) - . - - . - - - - - ! 3.7.17 14.8.3.19 14x4 xthk I 3 10
Visual and dimensional- . - - - . - - - I 3.4 a“d 3.5 I

/ --- I --- I xA/~ ---

Bow and twist ! /I I I I I
Sheets/panels both dimensions I I

14.8.3.5.1 1
I :

12 inches or greater- - - . . - . - I 3.7.2.1
/

12x12xthk I 1
Panels . both dimensions

o I --- / --- ~ x ---

under 12 inches - - - - - - - - - - I 3. 7.2.2 14. LI.3.5.2 I Actual size 11 /0
Panels - one dimension under 12 inches I 3.7.2.2 14.8.3 .5.2 I 12 x smaller I 1

1 ---1--- lx I ---
0 l-.- f--- lx

SCale flow (when applicable)- - - - - - \ 3.6. d
I dimension / ‘--I

14.8.2.6.2 17 x S.5 x thk [ 1 I O
Oelta Tg (when applicable)- - - - - - - 1 3.7.18 14.8.3.21 Ias needed I 1 ) o

lx 1 --- [_- I ---

Chemfcal resistance (when applicable) - ~ 3.7.16 14.8.3.19 12 X 2 x thk [ 1
Iil---lxlx

o lx~-.-lxlx
I

Al Applicable to .362 inch and thicker only.
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TABLE XXI . Group C inspection.

! I I I Appl
I Sa,npl ing period

tcable to
I Requirement I Method I Laminate

Inspection 36 I paragraph I Pre- 1
~month~month; !nonth; m.a”thl ‘aragrap” I

I 0.020 I
I preg j fipe j ::il I Less than

I
1111 /

I 0.020 inch
I I I over I

I
Solderability - - - - - - - - - - - - - - - - I --- I X ~ --- I --- I 3.7.1.1.4 I 4.8.3.3
Peel strength

I--- lxlxlx

At elevated temperature- - - - - - - - - . ~ --- i X i --- i --- / 3.7.4 I 4.8.3.7.2 ~ --- ~ X i X I X
After exposure to processing solution- - - I --- I X I --- I --- I 3.7.4 t 4.8.3.7.3 ~ --- I x I x I x

Volume resistivity and surface
resistivity ----------- ----- l --- l -.-lx!--- ~ 3.7.5 14.8.3.8 l---lx 1 x ! x

Dimensional stability. - - - - - - - - . - - I X I --- I I 3.7.6
Mater absorption ---------- -...~---~ x ~---~--.~ 3.7.7

I 4.8.3.9 I --- i x I --- I

Dielectric breakdmin (parallel to
I 4.8.3.10 [ --- ~ --- [ x I -!-

Iaminationsl: 1111
step-by-step test- - - - - . - - - . - - . I --- I X I --- I --- ~ 3.7.8

I I

Electrical strength- - - - - - - - - - . . . I --- I x I --- I --- I 3.7.9
I 4.8.3.11.21 --- ! x 1 x I ---

Permittivity and loss tangent factor ~/ - - I X I --- I --- I --- I 3.7.10
I 4.8.3.12 I X I --- I --- I X

Q [resonance) [when applicable)- - ---- - I --- I --- I x 1 --- 1 3.7.11
I 4.8.3.13 I x I --- I --- I

Flexural strength- - - - - - . - - - - - - -
I 4.8.3.14 I --- I --- I X I -!-

i --- { --- ~ X ~ --- I 3.7.12
Flexural strength at elevated temper-

I 4.8.3.15 ~ --- I --- I x I ---

atures (types GB, GH, and G] only) - - - - I --- I X I --- I --- ! 3.7.12
Arc resistance ----------- ---- I --- I --- I x I --- I 3.7.13

I 4.8.3.15.11 --- / --- ! x / ---
I 4.8.3.16 I --- I X I X I X

Flanrnability (when applicable) - . - - - - - I i I --- I --- I --- I 3.7.14
Fungus --------------- ---- I --- I --- I --- I x j 3.7.15

I 4.8.3.17 I X Ixlxl
I 4.8.3.18.1! --- ~ --- I X I ---

~J Applicable to .062 inch and thicker only.
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●
4.6. 1.3 Group B inspection. Group B inspection shall constst of the

speclffed (n table XX and he sample shall be selected from sheets that
subjected to and passed the group A inspection.

inspections
have been

4.6. 1.3.1 Sampling plan.

4.6. 1.3.1.1 Samplfng plan for laminates. The sample shall consist of 2 sheets (as
pressed) minimum. Handomly selected.

4.6. 1.3.1.2 Sampling plan for prepreg rolls and sheets. The samples pulled for
group A fnspect70n shall be used for group B inspection.

4.6. 1.3.2 Rejected lots. If an inspection lot of prepreg is rejected, the
previous continuous lot [roll ) fs also rejected, the contractor maY screen out the
defects and resubmit for retnspectfon. Such lots shall be separate from new lots and
shall be clearly identified as rejected lots.

4.6. 1.3.3 Rejected lots. If an inspection lot of laminate Is rejected, the
contractor may screen out defects and fesubmit for reinspection. Such lots 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 pulled for
group B inspection ana have pa5Sed group inspection shall be held for group C
{nspection.

4. 6.2 Periodic inspection. Periodfc {nspection shall consist of group C. Except
where the results of these inspections show noncompliance 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 periodic inspections. Results of
group C shall apply for all lots shipped until the next periodic inspection (group C).

4. 6.2.1 Group C inspection. Group C inspection shall consist of the inspections
specified in table XXI. Group C inspection shall be made on sample sheets selected

●
from {nspection 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 Sampling plan. Sample sheets shall be selected from the first lot and
thence from each sampl fn9 period’s production of sheets covered by a single
specification sheet and thickness range in accordance with table XXII 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
claddin9 used for qualification.

4.6.2 .1.2 Oefectives. If the number of de fectfves exceed the number allowed in
table XXII or table flII, the sample shall be considered to have failed.

4.6.2 .1.3 Disposition of sample units. Unless otherwise specified (see 6.2),
sample sheets from whfch specimens have been cut and have passed all the group C
inspection may be delivered on a contract or order, if the lot is accepted (see
3.5.1).

m.a~~;~~~I!~~r ~~he qualifying actfvfty and the cog”tzant inspection
If a sample fails to pass group C inspection, the

activity of such failure and take corrective action on the materials or processes, or
both, as warranted, and on all units of product which can be corrected and which were
Manufactured under essentially the same condition%, with essentially the same
materials. processes, etc. , and which are considered subject to the same failure.
Acceptance and shipment of the product shall be discontinued until corrective action,
acceptable to the qualifying activity has been taken. After the corrective action
has been taken, group C inspection shall be repeated on additional sample units (all
inspections, or the inspection which the original sample failed, 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
reins peCtf On, information concerning the failure shall be furnished to the cognizant
inspection activity and the qualifying activity.

●
25
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4. 6.3 lnspecti o.? of packaginl. The inspection of the preservation, packing, and
contain?r marki ng shall be in accordance with tee requivem.?nts of section 5.

TABLC XXII. Sainpling plan for group C inspection (laminates).

\ Total number of sheets i i I
produced during each I Sample j 4:.2; ::; ace

I sampling period I size
,

1 I I
11000 rless--------l2 19
I 1.91 to 1,030 inclusive- - - I 4 1
I 1,001 to 10,000 inclusive - I 5
I 10,001 or more

;2
1s13

TABLi XXIII. Sampling plan for group C inspection (prep reg).

I I r
Total linear yardage 1/ I
produced d’lring eac$ I SaiTple ~ 4:;:jJ:nce~
sampling period ~ size

l;:; ::l’’’ --------- ; ~ y /22,000 -.----. [
lZ2,0000r m0re-------l 5 I 2 I

l_/ Each sample shall he 2 linear yards.

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

4.7.1 Specinens.

4 .7.1.1 Number. The number of Specinels from each sample sheet shall be as
specified l~? VII, qualification testing. I(he” more thaa one conditioning
proceduve is specified for a particular test (see 3.1), the ~u~ber of s.peci~en$ to be
insp?c ted shall be ?qxally divided among the condition i”.j Droced,, re$ sp?cified.

%. 7.1.2 Form and dimensions. Form and dimensions Df specimens shall he as
described in the applicable test method and table VII.

$. 7.1.3 Preparation. Specimens shall be cut, Sa,.{cd, or machined fro~ the sample
sheet using the ,manufacturer’s recommended techn{qxe. A width of at least 1 inch from
the edge shall not >e !Ised for specimens. when applicable, the direction of grain,
lengthwise and crossdise shall be clearly defined. Furttier preparation shall be ~s
.i?fined in the test method.

4 .7.1.3.1 Tolerances. Tolerances on Speci”!en thickness shall b@ in accordance
with table Iv, unless otherwise specified, o:>er dimensions shall be *j percent.

4. 7.1.3.2 Etc5i”g recess and etchant remov~l for copp
3.7.1.1.5). unless ~lllerw, se Specifi

er foil speci,xens (see
J, any standard

Iloaever,
pr3cedurs nay 5e used.

method 2.3.5, 2. 3.7 or 2.3.7:1 in accordance dith I PC-TM-650 shall be used
as .3 referee. This process leaves the bondinq layer, which may hav? bee” FJS?4
between the foil and the base material, intact on the faces of the specimens.

4 .7.1.4 Conditioning. Specimens shall be conditioned before test, as speclfierl
(see 3.1).

26

I

Downloaded from http://www.everyspec.com



MIL-P-13949G

● TABLE XXIV. Conditioning tolerances and testing information.

Conditioning tolerances I Testing conditions

Conditioning I 1 I
procedure Time I Tenqrature I Humidity I Remarks

/ I

IC (r.om temperature j-::u;~indefinitel ●5 I *5 ---

! and humidity)
I

IC (elevated temper- 1-0, ‘2 hours / *2 / *2
I ature and humidity ~

~:~:b:~ll be mdde in the humidity I
Forced air shall be used. I

/ / l’”
1 I
ID (roan temperature) ~-0, +1/2 hour ~ *5

i
I ●5 lStart test wtthin 1 minute after I

Iremoving speciuwn from water. After I
I

i
I I Iimnersion conditioning, surf aCe waterl

Ishdll be removed by wiping tne

lo ~:~::ted ‘emper- ~-o. ‘2h0u’ [ ‘Z \ *5
Ispecimen witha damp cloth, followed ~
Iby wiping with a dry cloth.

I I I I I
I

~E (low temperature) \-O, ‘6ainutes I *2 *5 lStdrt teSt immediately after the I

IE (Idghtemperaturs] ;-0, ‘61ninutes ] *2
IcyCling has been canpleted.

●5 lFor tests at elevated temperature I
Itests shall be made at the

I I I Iconditioning temperature. I

I I r
IF Iln accordance with IPC-Tt4-65fJ. method 2.6.3. class.3. Measurements shall be made I

Iat high humidity after 1.5 hours mini,num at the 25 C portion of the final cycle. i

●
I
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4. 7.1.4.1 Oesfgnatfon. The tyPe of condltfo”fng requf red shall be designated as
follows:

Condition A .

Condition C -

Conditfon D -

Conditfon E -

Condftion F -

Condition des -

As received; no special conditioning.

Humidity conditioning.

Immersfon conditioning in distilled water.

Temperature conditioning.

In accordance with IPC. Tt4.650, method, 263 class 3.
Measurements shall be made at high humidity.

Desiccation conditio”fng; cooling over silica gel or talc
chloride fn a desiccator at 23-C *5° C for 16 to 20 hours.

um

‘4. 7.1.4.2 Procedures. The condftfoming procedure required, with the exception of
conditions A and ales, shall be indicated by the following combination of symbols.

a. A capital letter indicating tbe type of conditioning.

b. A number indicating in hours the duration of the conditioning.

c. 4 number indicating in degrees centigrade the conditioning temperature.

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

The numbers shall be separated from each other by a slant mark, and from the capital
letter 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 3 1) diti onlng tolerances and additional
be as specified in ~a;;~ XXIV.

testing information shall

4. 7.2 Property values. When specimens are tested as specified herein, and in the
applicable spec{f fcation sheet (see 3.1), the values obtained 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 resist ivity and surface resistivity (see 3.7.5).

4.8 Test methods.

4. 8.1 Visual and dimensional inspections. Laminates and prepregs shall be
examined to verify that the material, imensions, uniformity, marking, and
workmanship aye In accordance with the applicable requirements (see 3.1, 3.4, 3.5,
3.8 and 3.9).

4.8. 1.1 Dimensions (see 3.5).

4.8. 1.1.1 Length and width. The maximum and minimum length and width shall be
determined to the nearest 0.6 5 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). All measurements shall be made to the nearest
0.0001 inch for bases under 0.020
inch and greater.

~nch and to the nearest 0.0005 inch for bases 0.020

4. 8.1.2.1 Class 1-4 materials. For Class 1-4 materials, thickness shall be
determined Using standard cali pers with an accuracy of 0.0001 inch or equivalent
mechanical device. For compressible materials such as PTFE, (Grades P, GR, GT, GX

$and GY) the thickness shall be determined with a load of 25 *Z lb f/fn when a
precision of .0002” or greater is required. In accordance with 2. 1.6 of I PC-TM-650.
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4.8. 1.2.2 Class 5 materials. For Class 5 materials,
by mfcrosectfon

thfckness shall be determined
tn accordance with lPC-TM-650, method 2.1.1. Three mfcrosectlons

shall be done on each specfmen. Each mfcrosectfon shall be located at independent
corners of the specimen and no closer than one fnch from any edge. The base
thickness shall be measured fn accordance with ffgure 1 and taken at the closest
pOfnt between metal claddf”gs.

4. 8.2 Prepreq inspections.

4.8.2.1 Presence of dicyandfamide crystals (see 3.6.2). The presence of
dfcyandi amide crystals shall be measured as specified in I PC-TM-650, method 2.1.10.

4. 8.2.2 Uoven reinforcement, thread count, and fabrfc weight (see 3.6.3). The
thread count, and i ht
2. 1.7 and 2.3.12 re~p~c~f~~l~.

shall be measured as specified fn lPC - TTFF50, methods

4.8.2.3 Gel time (see 3.6.4). Gel time shall be measured as specfffed fn
[PC-TM-650, method 2.3.18.

4.8.2.4 Volatfle content (see 3.6.5). Volatfle content shall be measured in
acc~rdan~e with 1 Pc --- U 2.3.19 except the circulating afr oven shall be
225 C *2 C for 30 mfnutes :lm;in~te for ~olyj~fd~. All others shall be 163-C *2° C
for 15 *1 minute for all others.

4. 8.2.5 Resfn content.

4.8.2 .5.1 Restn content (treated weight method]. Resfn content (treated weight)
(see 3.6.6.1) shall be measured as specfffed fn PC-T!4-650, method 2.3.16.1.

4.8.2 .5.2 Resin content (by burnout) (see 3.6.6.2). The ffnal weight obtafned in
4. 8.2.4 shall be used as the in ftfal weight for this test. Resin content shall be
measured {n accordance wfth I PC-TM-650, method 2.3.16. The referee test method will
be the burn out method in accordance with I PC-TN-650, method 2.3.16.

4.8.2.6 ~.

4.8.2 .6.1 Re$fn flow (see 3.6.7). Resfn flow shall be measured in accordance wfth
I PC-TM-650, method 2.3.1/.

4. 8.2.6.1.1 Resfn flow/”no flow” res<” (see 3.6.7.1). Resfn flowl”no flow” resfn
shall be measurea in accordance with lvL .- b5U , 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 lPC .- method 2.4.38.

4.8.2.7 Standard test specimen for electrical strength,
tangent of prepreg. Bias cut

permit tfvfty and loss
two squares of material fnches by 12 fnches. Cut

the squares not closer than 1 fnch from any edge of the roll or sheet as supplied.
All loose part fcle$ and projecting ffber$ shall be removed from the E.q”ares. The two
squares shall be placed one on top of the other and lam fnated ~n accordance with the
vendor’s recommended press cycle. The specfmen shall then be removed from the press
and cooled to room temperature. The outer 1 fnch of the specfaen shall be C“t off.
This standard test specimen shall be used to determfne electrical strength,
permittfvfty and loss tangent.

4.8.2 .7.1 Electrical strength (see 3.6.9). Three 4-fnch square Specfmens shall be
cut from the specimen preparefl to determtne electrical strength (see 4.8.2.7) and
then prepared and tested fn accordance with 4.8.3.12.

4. 8.2.7.2 Permfttfvfty and loss tanqent (see 3.6.10). Specfmens permfttivity
shall be punched from he specimen prepared to determfne loss tangent (4.8.2.71, and
then prepared and tested In accordance with 4.8.3.13.

4.8.2.8 Chemfcal resistance [see 3.6.11). Chemical resistance shall be measured
in accordance wfth lPC-TN-650 , test method 2.3.4.2.
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The test for flammability shall be measured in accordance
wi%’iwT:4~2.3.9.

4 .9.3 Laminate inspections.

4.8. 3.1 Pits and dents (see 3.7.1.1.1). Pits and dents shall be located visually
using 20/2!3 vision on the complete sample sheet. The longest dimension of each
defect located shall be neas. u?ed with a suitaale reticle on the ,ninlmu,n 41 maqnifi e?,
with referee inspections at 10X. The exterior 1 inch border of full size sheets and
.25 inch bord?r of cut panels shall be excluded From the inspections.

4 .13.3.1.1 Point system for pits and dents. The point system shall be as follows:

Langest di:nension (inch) Point V31UF

0.005 to 0. ’310 inclusive . - - - - - - - - - - - - . 1
0.011 to 0.023 inclusive - . - - - - - - - . - - - - 2
0.021 to 0. ’330 inclusive - . - . - - - . - - - - - - 4
0.031 to O.Q$Q incldsive - - - - - - - - . - - - - . 7
dver9.34CI ----- ----------- ----- 30

4.8. 3.2 Scratches (see 3.7.1.1.3).
IPC-T14-550, ,metfiod z. I.9.

Scratches shall be n?asured in accordance with

4.9. 3.3 Solderability (see 3.7.1.1.4). Specimens shall be tested in accordance
riith IPC-S-0U4
3-by 3-inch thickog~;;

[0 test 119. sPe CTmen S shall be cleaned as follows: Specimns
sh~ll be c~t, wipe’z with Isoproypl alco,lol aad immersei in a

20 percent by vc’luae sglutio” of hy$rochl~ric acid, technical grade, 22-F aaurne,
naintd ined at 73 F +10 F for a peviod of 15 secands. The specilens shall >e rinsed
with a cold water spray rinse for 5 seconds and blown dry with filtered, oil free,
compressed air.

4.3.3.4 Metal surfaces process ability (see 3.7.1.1.5). Prior to etchin T speci-nens
snail tie tested In accordance #ith IPC-TM-E 50, meth~d 2. 3. 1.1 ‘“[Chemical Cleaning of
‘.letal Clad Laminate). For this test, et C!Iing of panels In accordance wit!! 4 .7.1.3.2
is mandatory. Etched laminate panels shall be examined 5Y normal or corrected 23/?0
vision for unetched residual netdl. The number of pieces of residual metal shall be
determined, and the area of elch piece shall be determined #using n{ni,num $X
vagnificatio” with a suita>le reticle, with referee inspections at lf3X.

4.9. 3.4.1 visual inspection for subsurface imperfections (see 3.7.1.2). ,After
I testing for etch characteristics of metil c13i surfaces [see he etched

panels shall be inspected ta verify that no subsurface imperfe~t;o;s ;n excess of
those allowed in 3 .7.1.2 are present. Th? panels shall be inspected using an optical
apParatus or lid whic~ provides a mininum magnification of 4Y. Referee magnification
shall be accomplished at 10X.

4.8. 3.5 30W and twist (see 3.7.2).

4.s. 3.5.1 Sheets and panels with both di,nens ions 12 inches ar greater. Fa’)ricate
a 12. by 12 inch speclrnen from a sheet or panel in a ,nanner that WI II not impart
additional 50.w or twist ta the speci,nen. {For example, when s$e?rin,j, test sp~c inen
sheared edges shall be those on the shear deck side of each cut). The b~w an~ twist
shall be measured in acc0r4ance with IPC-T14-650, methad 2.4,22.

4.!3. 3.5.2 Panels with one or both dimensions ,under 12 inches. If both dimensions
are under 12 l“ches. , ,use an as-received panel as the test specimen. If one d{,nension
is over 12 inches, cut back to 12 inches as described in 4.9.3.5.1. The bow and
twist shall be measured in accordance with IPC-T!!-650. nethoi 2.$.22.
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4.8.3.6 Thermal stress (see 3.7.3).

●

I

4. 8.3.6.1 Preparation of unetched specimens. The specimens should not be pre ared
b shearing or

i
bl kf ng since this will cause delamination along the edges, whit I

w 11 manifest its~ff due to the thermal stresses {ntroduced in the solder float (see
4.8.3 .6.3c]. The edges shall be cleaned and smoothed by light abrasfon or other
suitable means. The metal surface of the “netched specimens shall be cleaned by
light abrasfon, or other suitable method,
type R, MI L-F-14256.

and fluxed with rosin flux conforming to
For two-sided clad laminates, separate specimens shall be

prepared for each side.

a.

b.

c.

4. 8.3.6.2 Preparation of etched specimens. Specimens shall be taken from etched

Gft!::l::::.4”8 ”3”4)” ‘Pecimens ‘ha”
be fluxed wfth rosin flux conforming to tYpe R,

4. 8.3.6.3 Procedure. Specimens shall be stressed tn accordance with the following
procedure:

Dry spectm$ns in an air-circulating oven maintaf”ed between 121-C (250” F) and
149° C (30D F) for 6 hours, mtnimum.

Place specimens in a desiccator a“d ?,11ow to cool to room temperature.

fach spectmen shall be removed from the ales. fccator and wtthfn 10 IIIlnUte S
flosted for 10 :1, -0. seconds on the surface of a solder bath maintained at
287 C *6 C (550 F *1O F). measured one inch below the surface. The specimens
shall be held {n intimate contact with the solder surface and agitate~ by
gentle downward pressure using tongs or equivalent.

NOTE: Laminates under 0.020 inch thick are prone to bowing or curling upon
contact with solder. The following ha”dlf”g instructions apply:

d.

e.

f.

1.

2.

3.

For etched specimens, mount each specimen to a 3-by 3-inch piece of
corrugated cardboard using staples.

For unetched single-clad specfmen~, mount each specf men to a 3-by 3-inch
piece of corrugated cardboard by slipping two opposite edges into slits
cut parallel and 1.5 inch apart in the cardboard.

Unetched double-clad soecimens includina those of uneaual claddin9
thicknesses, do not re~iire mounting. -

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

The etched specimens shall be examined by normal or corrected 20/20 Vi SfOn
with backlighting procedures for degradation (see 3.7.3].

As a referee, the etched or unetched specimens shall then be micro sectioned
in accordance with I PC-TM-650, method 2. 1.1 (except there are no
plate d-throu h holes). The mlcrosections shall be examined for unacceptable
degradation ?see 3.7.3) a“d laminate voids. Lamf”ate voids greater than
0.003 inch are rejects. The mfcrosections shall be examined at a
magnification of 100X. Referee inspections shall be accomplished at a
magnification at 200X. Automatic (gang mounting] mfcrosectioning techniques
may be used.
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4.8.3.7 Peel strength (see 3.7.4). The peel strength shall be inspected in
accordance with lPC .- 0, method ‘Z.4.8. For qualification testing the specimen
shall be in accordance with figure 3. For quality conformance testing the specimen
shall be prepared by etching and the line widths shall be as shown fn figure 3.
(nail heads on line optional). All foil weights under 1 oz shall be plated up to
1 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 lPC-Tf4-65 O, method 2.4.8.

4. 8.3.7.2 Peel strength at elevated temperature. The peel strength shall be
inspected in accordance with I PC-TM-650 , 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 IPC-TR- 650 , method 2.4.8.

4.8. 3.7.4 Peel strength as received. The peel strength as received shall be
inspected in accordance with lPC-TM-6S0, method 2.4.8.

4.8.3.8 Volume resist ivity and surface resist ivity [see 3.7.5]. VO1 ume
reslstivity~ce with lPC-TM-650.
method 2 .5.17.1

4.8:3.9 Dimensional stability (see 3.7.6]. The test for dimensional stability
shall be pertormed In accordance with M-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 specitl I Specimens shall then be tested in accordance
with I PC-TM-650, meth~d 2?6.~.;.” “ “

4.8.3.11 Dielectric breakdown (parallel to lami”attons) (see 3.1 and 3.7.6).

4. 8.3.11.1 Step-by-step test. The step-by-step test shall be performed in
accordance with IPC-TM-65 O, method 2.5.6 except the increments shall be in accordance
with table XXV.

T4BLE XXV. Voltage increase for step-by-step tests.

1 Breakdown voltage Increment of increase I
~

Kilovolts xi lovolt~
I
I 12.5 or less 0.5
I Over 12.5 to 25 fnclustvel 1.0
I Over 25 to 50 inclusive I 2.5
I Over 50 to 100 inclusive I 5.0
! Over 100 10.0

4. B.3.12 Electrical strength (perDendlcular to laminations) (see 3.1 and 3.7.9).
Electrical strength [perpendicular to laminations shall be measured in accordance
with IPC-T!4-650, method 2.5.6.2.

4.8.3.13 Permit tivity and loss tangent (see 3.7.10). Accurate determination of
permit tivity and 10ss tangent
base material.

he proper use of methods appropriate to the
Limitations ofr~$~ct%n capacitance and a low loss tangent of the

base material dictate the selection of method. The standard reference for the theory
and practice of dielectric loss measurements is ASTM O 150, uhich 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 mater tals GR, 6X, and GY at x-band frequency. The

permit tivity ana 10ss tangent of base materials GR, X, and GY shall be
the method given fn appendix 4.

determined by

4.8.3 .13.2 Base materfal other than GR, GX, and GY, 0.020 Inch and over tn
thickness. The permitti vlty and 10ss tangent shall be measured in accordance with
~0, method 2.5.5.2. Other equivalent methods ❑ay be used if they give
results of acceptable accuracy.

4.8.3 .13.3 Prepreg and base mater fal$ other than GR, GX, and GY, less than 0.020
fnch fm thfckne$s. Vrepreg and base mater tals other th GR d Y 1 th

in th{ckness shall be measured fn accordance a~fth’IPC~Tfl~650, m~~;ad
an

0.020 fnch
2.5.5.3.

4.8.3.14 Q (resonance) [when app l{cable) (see 3.1 and 3.7.11). The Q shall be
measured In accordance with I PC-TM-650 , ❑ethod 2.5.20.

4.8.3.15 Flexural strength (3.7.12). The metal cladding of the specfmens shall be
Completely removed by etching in accordance with 4.7.1.3.2. The specimens shall be
tested fn accordance wfth method 2.4.4 of IPC-TM.650 wfth the specimen dimensions and
test spans and speeds as shown fn table XXVI.

TABLE XXVI. Ofmensf Ons of flexural strength specimens
and test spans and speeds.

I I Specimen dimensions I Testing I
] Nomfnal thickness s I s d

(inches) i lfnc;~s) j (~;~;!s) j[f~~~es)~(i~t;{n)~
1

●
I up to .0309

I :8;;::: :::!:
I .0660 to .1009
I .1010 to .1409
I .1410 to .25oO

---
1.00
1.00
1.00
1.00
0.50

i ---
I 2.50
I 3.00
I 3.50
I 4.00
I 5.00

i ---
I 0.625
I 1.000
I 1.500
I 2.000
I 3.000

i --- i
I 0.020 I
I 0.030 I
I 0.040 I
I 0.050 I
I 0.080 I

4.8. 3.15.1 Flex. ural strength at elevated temperature (when app lfcable)
[see 3.7.12.1). The metal cl addi ng of the specimens shall be COMP1 etely removed by
etching fn accordance wfth 4. 7.1.3.2 and cut with the length dfrectfon, cut with the
grain of the laminate. The specfmens shall be canditfoned as speciffed (see 3.1) and
tested in accordance wfth method 2.4.4.1 of I PC-TM-650 at elevated temperature as
specffied (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 speciffed in 4.7.1.3.2. End point or faflure
occurs when a conducting path is formed across the surface and the arc disappears
{nto the mater fal. Specfmens shall be tested in accordance wfth method 2.5.1 of
I PC-TM-650.

4.8.3.17 Flammability (when app lfcablel (see 3.1 and 3.7.14]. The metal cladding
of the laminated specfmens shall be completely removed by etchf
4.7.1.3.2.

ng in accordance with

4.8. 3.17.1 Method for prepreg and lam fnates under 0.020 fnch.

a. Specfmen preparation. A total of six s.pecfmens shall be prepared, three .5
pieces cut fn the lengthwise dfrectfon and three .5 by 5 inch

piece sn~ut fn the crasswise dfrectfon. A hole approximately 0.125 -fnch fn
dfameter shall be made tn the approxfmite center of the narrow dfmensfon of
the specfmen at a pofnt a proxfmatel
shall be fastened to the ~ole a“d a t5~~:ain:g,:;~m~ ~;~;~eit~cig)”: f{;e
wire so that the tie fght hangs 5 *0.25 jnches below the sample.
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b. Procedure. The flammability test shall be conducted fn accordance with
~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 mm) in length 50 i h [lZ 7 1
testing in accordance with IPC-; M-650, ~~thod ~.3~0.

In width shall be prepared for

4.8.3.18 Fungus resistance (see 3.7.15). Specimens shall be tested in accordance
with method 2 .6.1 of I PC-TM-650.

4.8.3.19 Chemical resistance [see 3.7.16). Chemical resistance shall be measured
in accordance with lPC-TM-650 , method 2.3.4.3.

4.8.3.20 Pressure vessel thermal stress (see 3.7.17). The pressure vessel thermal
stress shall be tested fn accordance with IPC-TM-65 O, method 2.6.16.

4.8.3.21 Glass transition temperature (Tg) [see 3.7.18). The Tg shall be measured
In accordance with lPC-Tt4-650 , method 2.4. Z4 or method 2.4 .25 as applicable.

4.8.3.22 Average coefficient of thermal expansion [CTE) (see 3.7.19). The CTE
shall be measured In accordance with IPc-TM-650 , method 2.4.41 or method 2. 4.41.1 as
applicable.

5. PACKAGING.

5.1 Preservation. Unless otherwjse 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, deterioration, and physical damage durfng shipment and
storage. The unit packs shall be in a manner that will afford adequate protection
against corrosion, deterioration, and physical damage during shipment from the suppy
source to the first receivin9 activitv. This may conform to the contractor’s
industrial (commercial ) praciice when- such meets- the requirements specified herein.
The unit contractor shall be as specified in 5.2.

5.2 Packin
+“

The metal-clad laminates and preimpregnated fabric shall be packed
in shipp ng containers in a manner that will afford adequate protection against
damage durfng direct shipment from the supply source to the first receiving
activity. These packs shall Conform to the applicable carrier rules and regulations
and may be the contractor’s commercial practice if these requirements are met.

5.3 Markin
+

In addition to any special marking required on the contract or
purchase or er (see 6.2), each unit pack and exterior container shall be marked with
the following information (when applicable):

a.

b.

c.

d.

e.

f.

9.

h.

Specification number and type of material .

Manufacturer’s material destgnatiin a“d lot number.

Quantity, unit of issue, and roll or sheet dimensions.

Gross weight and cube. ~/

Oate packed. ~1

Contract number.

Manufacturer’s [contractor’s) name and address.

Name and address of consignee. ~1

AI Required for shipping containers only.
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i. Cloth batch number and contractor’s designation. ~f

J. Resin batch number and contractor’s designation. II

k. Date of manufacture limpre nation) and manufacturer’s recommended st0r89e
conditions (see 3.6.10). jl

5.4 General. Exterior containers shall be of a minimum tare and cube Consistent
with the protection required and conta$n equal quantities of identical Items 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
laminates supplied in accordance with this specification are intended to be used
primarily for the fabrication of rigid multi layer 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 multi layer printed-wiring boards together.

!
6.2 Ordering data. Acquisition documents should specify the following:

a.

b.

c.

d.

e.

f.

9.

h.

i.

J.

k.

1.

m.

n.

0.

D.

q.

r.

s.

Title, number, and date of this specification.

Applicable specification sheet (see supplement 1).

Complete type designation (see 1.2.1).

Color of base material, if required [see 3.4.6).

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

Allowable splices or cutouts on rolls, if other than that specified in
3.5.1.3.

if discoloration of the clad surface is not permissible (see 3.7.1.1.6).

Type of metal cladding, if other than that specffied in 3.4.3.

Surface finish, if other than that specified in 3.7.1.

Dielectric constant (see 3.1, 3.6.10, and 3.7.10) and tolerance required.

Materials certification data, if required (see 4.3).

100 Dercent inspection of permittivity and 10S tangent. if requf red [See
table XXIII.

Gel time with tolerance.

Inspection of packaging (see 4.6.3).

Preservation, if other than that specified (See 5.1).

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

f

Disposition of sample sheets, If other than that specified {n 4.6.1.3.3,
4.6.2.1.4, and 4.6.2.2.3.

Generfc glass cloth finish and/or request for glass cloth finish
identification, if required.

Class of dimensional stability, if other than class A (see 3.1 and 3.7.6).

21 Required for resfn preimpregnated glass cloth materials only.
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t. Nominal resin content (see 3.6.6).

u. Prepreg thickness (as received), if required.

v. Reinforcement style.

w. Nominal resin flow or scale flow.

x. Chemical resistance.

Y. Pressure vessel .

z. Tg and CTE.

6.3 Qualification. With respect to products requ{rf”g qualification, 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 applicable qualified products list
whether or not such products have actually been so listed 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
Government tested for qualification, in order that they may be eli ible
contracts for the products covered by this specification. ?The act vfty
for the qualffied products list is the US ArmY Electronics Research and
Command, ATTN: DE LET-R-S, Ft. 140nmouth, NJ 07703; however, information pertainin ~ to
qualification of products may be obtained from the Defense Electronics Supply Cen er
(OEsC-E), 1507 Uilmfngton Pike, Dayton, OH 45444.

Federal
to be awarded
responsible
Development

6.3.1 Copies of sO-6 “Provisions Governing Qualification” may be obtained “pan
aPPlf Catf On to Commanding Officer, Naval Publication 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 co” flfct, lPC-T-50 shall govern.

6.4.1 Fill. The fill consists of the threads of the reinforcing glass fabric that
run cross= in the basic roll of glass fabric when woven or processed. Sometimes
also called woof. The resulting laminated base material is usually not as strong in
the fill direction as in the warp direction.

6.4.2 f4etal foil. Metal foil fs a very thin sheet of metal.

6. 4.3 Coefficient of thermal expansion. Coefficient of thermal expansion is the
unit change in dimension of a mater fal, for a unit change in temperature.

6.4.4 Minimum average thickness. The minimum average thickness is the thinnest
permissible ickness. It is based on the arithmetic average of several thickness
measurements when the minimum individual thickness requirement is specified.

6.4.5 Dimensional instability. Dimensional instability is a processing-induced
physical change in dimension of etched laminates.

6.4.6 Dimensional stability. Dimensional stability is freedom from distortion;
caused by such factors as temperature changes, humidity changes, age, and handling.
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●
6.4.7

yarns in

6.4.8

●

-ion!’’” ‘“” s a yarn formed by twisting two or more s{ngle

Warp (fabric). The warp consists of the threads of the reinforcing 91 ass
fabric that run in he machine or rolled direction of the basic roll of glass fabric
when woven or processed.

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

6.4.10 E-Glass. E-Glass is the description given to electrical grade (S102)
fibers spe~compounded from a silica base to improve electrical properties and
moisture resistance.

‘“4””w“ Quartz fibers are based on a crystalline form of silica generally
of much hig er purfty 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 expansion than E-Glass.

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

6.6 Bow or twist. When the base material does not contatn reinforcement such as
glass fabric and is flex fble, and when sheets are copper-clad on one side only, the
bow or twist is excessive, as indicated by a pronounced tendency to curl .

6.7 Lot identification number.
the manufacturer to permit

The lot identification number is established by
traceability of Individual sheets with re ards to major

production operations such as press load, ?treater run, and raw mater als.

6.8 PunChin
4“

Contractors should ❑ake available all necessary information on
their ma er a s which they designate as punchable, such as, recommended temperatures,
mfnfmum hole size, tools, etc. M1L-P-55I1O requires clean-cut holes. If punching is
the method to be used, care must be taken to assure that a suitable material is
specffied and that the best punching practice is employed.

6.9 Handling and storage.

6.9.1 Prepreq. If improperly handled or stored, prepreg is very susceptible to
dama e.

!
O“rin~ handl I“g and storage adequate packaging support should be provided

for oth rolle and sheeted material in order to prevent creasing, Craztng, or
wrinkling of the material . Prepreg will absorb moisture when exposed in an
uncontrolled e“vfronment whfch can render the material unusable as bonding material.
Moisture acts as a plasticizer to prepreg causing laminate voiding due to higher than
normal resin flows during lamination. Therefore, prepreg should be protected by
mofsture proof bags at all ti~es prior tg use: For storage longer than 30 days,
prepreg should be stored at 5 C *2 C (40 F *5 F) at less than 50 percent relatfve
humidity. Prepreg stored under these conditions should be stabilized wtthout opening
the moisture proof bag a minimum of four hours prior to Processing. For storage less
than 30 days, prepreg may be stored {n a controlled environment of 20”C *2-C (68° F
*5” F) at 40 *1O percent relative humidity. Also, prepreg should be stored in the
absence of a catalytic environment (such as UV l{ght or excessfve radiation). For
aram{d fibers consult the manufacturer.

6. 9.2 Laminate. Laminates should be stored flat in a cool dry environment.
Laminates should be supported over their entire surface area to prevent bow and
twist. Also, the corners should be protected to prevent crimping. Single sided
lam{ nates are more susceptible to ❑oisture absorption than double sided material when
in storage. Moisture absorption could be the cause of material defects during
processing if the moisture fs not removed by baking prfor to processing.

6.10 Superseded specifications. Superseded specifications and material types are
listed fn table XXVII. For example: MI L. P-13949 E/4 type FLGF material and
MI L. P-55617B type GF material are now incorporated into one specification sheet
HIL-P- 13949/4, type GF with the thickness differentiated by part number.
141L-G-55636EI tvDes PC-GE. PC-GF. and PC. GI are now f41L-P- 13949/11. /12. and /13

‘o respectively
-..——.
[see table ~XVIl~.-
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TABLE XXVII. Type equivalents in superseded specifications.

I I
MI L- P-13949F MI L- P-13949E

I
I XI L-P-13949/l
I MIL- P-139491Z
I 41 L-P-13949/3
I fiIL-P-13949/4
I NIL-P-13943/5
I MI L-P-13949/6
I t41L-P-13949/7
I f!IL-P.13949/a
I MI L-P-13943/9

[ !j;::$:;::f:;;;

I NIL-P-13949/12
I !41L-P-13949/13
I MI L-P-13949/14

,
[

Px
GJ
GE
GF
GH
GP
SR
:1
Gx
GI
Pc
Pc
Pc
:Y

MI L-P-13949/l
MI L-P-13949/Z
MI L- P-139 !9/3
,.,l L-p-13949/4
YIL-P-13349/5
;4[L-P-13349/6
MI L-?-13949/7
WI L- P-13949/t3
M[L-P- 13949/9
MI L-P-13949/lo

---
---
---
---

FL Px
FL GE
FL GE
FL :F
FL 2!1
FL GP
FL LR
FL GT
FL G’i
FL G1

MI L-P-556173

---
---

TL GE
TL GF

---
---
---
---

TL CI
I ---

---
1 ---

---

I
MI L- G-55536B I

I

---
..-
---
---
---
---
..-
---
---

1

6.11 Gel time. The nominal gel tin? and tolerance are a process pard!neter to be
established by th e printed-wiring board maaufactllrer to coincide with the
manufacturin.1 orocess necessary to meet the mechanical and electrical design
requirements 4 tolerance ~f ~15 percent is consid?rs.i reason .sble and s$ail be used
unless another specific tolerance is specified on the acq,~i sition document by the
printed-wiring board ma”ufacture~.

6.12 Dimensional stability. The dimensional stability, or maxi nu:n X ~,d Y axis
dimensional change In Inches ?er inch, of laminates during testing and t$e
manufacturing process is ~reatly dependent on the reinforcement selection ased to
achieve the nominal base thickness. The rein forceme~t selection should be made in
agreement between the metal clad Ia:ainate manufacturer and t$e printed ‘vi ring board
manufacturer so that the printed wiring board manufacturer may take int O
consideration the opportunity to compensate the ~an~facturing artwork to accom~~date
changes in X and Y dimensions. Dimensional stability values msre stringent than
Class B may not be obtainable and should only be specified on the procurement
specifications by the printed wiring board manufacturer in agreement with the lmetal
clad laminate manufacturer.

5.13 Vew specification sheet. 4 ,Aew specification sheet vay be written by
supplying the tol lowing:

a. 4 proposed specification sheet (ss? ~n existing specification sh~et).

II. The difference(s) between the pro~osal and existinl specification sheets, why
are they necessary, and Ockw are tney better.

c. A list of DoD contracts or systens, in which the proposed specification sheet
material has been used.

This in f~rmation shall b: forwarded to: C9nmander, IIS Army Electronics Xzsearc!! and
Develop,nsnt Conmand, Al TN: 13EL ET-R-S, Ft. Vonmouth, NJ 077!33 and De fen Se Electronics
Supply Center, 4TTM: OESC-EH,4, Dayton, 04 45444 .52!31.

6.14 Subject term (key dordl listin~.

Plastic sheet, la,ni na ted, copper clad

6.15 Changes from previous issue. Asterisks are not used in this revision to
identify changes .+ith respect to the previous issue, due to the extensiveness ?f the
changes.
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eb\/
vw—

MAGNIFICATION

POLARIZING FILTER,
TURNED 90 DEGREEs

PREPREG

POLARIZING FILTER

FIGURE 2. Presence of dicyandiamide.

40

Downloaded from http://www.everyspec.com



MI L-P-13949G

4 -.125 -0

3 o

&-
TYP

K

—

1
!5

)-.437-

+.56

I

-.750 —

0-.032 i.005

—

II

I

Inches
.005
.032
.125
.250
.437
.562
.750
.937

1.062
1.250
1.437
1.562
1.750
2.000
3.000

NOTES :
1. Oint?ns ions are in inches.
2. Metric equivalents are given for general information only.

m
0.13
0.81
3.18
6.35

11.10
14.27
19.05
23.80
26.97
31.75
36.50
39.67
44.45
50.80
76.20

FIGuRE 3. Specimen form and dimensions for peel -strength test.
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PHOSP!’IOR

BANANA Sc

N
POLYSTWEN
SUPPORT

BANANA PLUG

I I

FIGuRE 4. Test fixture - permit tivity and loss tangent.

42

I

●

Downloaded from http://www.everyspec.com



MIL-p-13949G

( I

DIRECTIONAL DIRECTIONAL TEST 10db
COUPLER DETECTOR

FIXTURE
ATTENuATOR

HOI - 789C (NEG) H. P 7F39c (NEG) H. i? 84916

IaFREOUENCY

a

CRYSTAL
METER OETECTOR

H.F? x5328 H.l? 423A(NEG)

w L-J
MATCHEO LOAD

RESISTOR
11523A

clSWR
METER NO. 2

H. I?415E
m

NOTES:
1. Al 1 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 equivalent results are obtained.

●

FIGURE 5. X-band dielectric constant test setup.

43

Downloaded from http://www.everyspec.com



MI L-P-13949G

Inches
.001
.002
.086
.100
.143
.200
.214
.250
.500

1.000
1.590
2.000
2.700

m

0.03
0.05
2.18
2.54
3.63
5.08
5.44
6.35

12.70
25.40
38.10
50.80
68.58

[
2mo
:.002

i
.500

2.002

J_

NOTF<,

FIGURE 6. Measurinq equipment.

.143
.Iooi .001

.143

<l r i ,&
*.CQ2

.m2 5“
*I”

An !
.250

–—-—+.001
—

I

LI.500*DO14 *5%

0-as6i Dol

‘+ ‘p t

+.214TD02
m 2.700t .002

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

FIGURE 7. Resonator circuit.
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‘o
.112 -40 uNC

FLH SCREW

>

.56 LG. 4 REOO
e~

--

e

.073 -72 UNF
FLH SCREW

>

.56 LG. 4 REQO

(

OETAIL-0,

e,, m..-.- c.. m,” Ii 1;1

—2.00 —

* 1.00 -

7.35

T
2.70

2.00

11

Inches

.073

.112

.25

.35

.50

.56
1.00
2.00
2.70

n-i pTEST SPECIMENS

ml
1.85
2.84

:::
12.7
14.2
25.4
50.8
68.6

3 OZ. COPPER FOIL
(CONNECTEO TO OSM -

CONNECTOR.
248 CONNECTOR)

OSM-7212
wJOnaaLr.l DLt RESONATOR CIRCUIT

PLATES.

OETAIL-B
ALUMINUM CLAMPING

.I12-40uNC
mnu crmrw 9=.4 c

BLOCK. REF

.,”, , ““, .-.. .-” --

4 REQO

-

t CLAMPING FORCE

ASSEMBLY

FIGuRE 8. Test fixture construction
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.125-

J3M---T--
G“770 .395L

.645 .145 .137-
.262.

.574

Inches
.073
.076
.081
.112
.120
.125
.137
.145
.161
.193
.195
.250
.262
.286

1~85
1.93
2.06
2.84
3.05
3.18
3.48
3.68
4.09
4.90
4.95
6.35
6.65
7.26

MI L-P-13949G

E:=

.120DIA 2HOLES

+

‘J”’9:200R acsl(o
FOR .I12-40FLH

.-: SCR. 4 HOLES

~_

.193

A

.081 DR aCSKO

.250
FOR.073-72 FLH
SCR. 4 HOLES

Inches
.395
.411
.574
.645
.699
.770
.895

1.M9
1.973
2.611
2.736
2.861
3.022

ml
10.03
10.44
14.58
16.38
17.75
19.56
22.73
26.64
50.11
66.32
69.49
72.67
76.76

.120 DIA 2 HOLES7

Y-
.195

t--
.I12-40UNC-2B —

4HOLES
._

&k.073 -72 UNF-2B -
.193

.250

~ .699 ~ OETAIL-A-
MATERIAL- ALUMINUM

1- REOD

OETAIL- B-

MATERIAL– ALUMINUM
I -REOD

FIGURE 8. Test fixture construction - Continued.
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I

.005 SLOT

“ I

.le7

.125

Y

, .062

——— —-- ——-— —--—
T

2.000

.125&t25 2700 125} ‘.125 .,12:4::;C-2B

2 HOLES

Inches
.005
.062
.112
.125
.187

2.000
2.7oo

m

0.13
1.57
2.84
3.18
4.75

50.80
68.58

DETAIL- C-

MATER\AL;E:~UMINUM

●
.250 .120 DIA

4 HOLES
I 1

.500

“k-

+ ?

J

:

+-+
Inches ~

r+k.l,, ~L.030

.030 0.76

.120 3.05

1,049
.125 3.18
.250 6.35

1.973 .500 12.70

2.897
1.049 26.64
1.973 50.11

3.022 2.897 73.58
3.022 76.76

DETAIL- D-

MATERIAL- PTFE WOVEN FIBERGLASS LAMINATE
4 REQD

NOTES:
1. Dimensions are in inches.
2. lletric equivalents are given for general information only.
3. Unless otherwise specified, tolerances are t.02 (0.5 nun) for two Place decimals

and i.002 (0.05 mm) for three place decimals.

FIGURE 8. Test fixture construction - Continued.
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APPENDIX k

X-BAND EFFECTIVE ST RI PLINE DIELECTRIC CONSTANT ANO OISSIpATl ON FACTOR
FOR COPPER CLAO GLASS MOVEN FABRIC GR, GX, ANO GY LAN INATES.

10. SCOPE

10.1 Sco e.
-6+

This method is intended for the rapid measurement of the x-band (8
to 12.40 Hz relative effective striplfne dielectric constant (permfttivity) and
dissipation factor (loss tangent) of nominal 0.03125 inch and 0.0625-inch copper-c
glass cloth reinforced GR, GX, and GY laminates (see 40.3, 40.4, 40.5, a“d 40.6).
Measurements are made under actual strip li”e conditions using a resonant strip
circuit which is separated ‘from the ground planes by sheets of the material to be
tested (see 40.7]. Further Information about thfs method may be found in the
standard method of the American Society of Testing and Materials, Designation
03380-82, Standard Method of Test for Permfttivity [Dielectric Constant) and
Dissipation Factor of Plastfc-Based Microwave Circuit Substrates. This appendix i
mandatory part of the specification. The information contained herein is intended

.00

lad

sa

for compliance.

20. APPLICABLE 00 CEMENTS

This section is not applicable

30. TESTING

to this appendix.

30.1 Test specimen. All copper cladding shall be removed from the mj$gr:j:tto be
tested by any standard etching process, tncluding rinsing and drying.
specimen shall consist of a set of two sheets [or two packets of sheets) Z. O-by
2.7-inches minimum in area, each sheet [or packet) having a nominal thickness of 60
roils. One test sheet (or packet) shall be placed in 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 in 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 points depends partly o“ the type of signal source used.
If the power input to the test fixture is maintained constant as the frequency is
varied, then an SUR meter may be used to determine the half-power points at the
output of the test fixture. This may be accomplished by using a 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
variable attenuator. A typical equipment list is shown below. Equivalent makes and
models of equipment may be substituted where it can be shown that equivalent results
are obtained. For example, if a leveling system is not used and the power output of
the klystron varies widely with freque~cy, a radiometer (H P516B or equal) may be
substituted for the two SUR meters. If dielectric constant only is desired, it is
not necessary to level the input.

Hewlett Packard Equipment, or equivalent.

Sweep Oscillator H.P. 8690A or B
X-Band Frequency Plug fn Un{t H.P. 8694A or B
Oirection,al Oetector H.P. 789c (Neg)
Frequency Meter H.P. X532B
Crystal Oetector (2) H.P. 423A (Neg)
Matched Load Resl$tor for one Crystal Oetector H.P. 11523A
SUR Meter (2) H.P. 415E
Oirecti.anal Coupler HO1-789C (Neg)
10 d8 Attenuator H.P. 84918

1000 No. Oillon Force Gauge, Compression i40del 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 Coaxial Cable and Connectors
Uaveguide to Coaxfal Adapters (2) H.P. X281A

The measuring equipment shall be connected as shown on figures 5 and 6.
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APPENDIX 4

●
40. :IOTES

40.1 Of electric constant. The dielectric of a stripline cfrcuit affects the
electrical response of all the circuits printed on it. Veloctty of propagation,
wavelength, and characteristic impadance all vary with dielectric constant. If the
dielectric constant varies from the design, value, the performance Of such Circuft$
is degraded.

40.2 Dissipation factor. The attenuation and Q (f fgure of merit) of Stri91ine
circuits are a function of combined copper and dielectric 13ss. An exceedingly high
dissipation factor leads to loss in signal strength anl to degradei performance of
frequency selective circufts such as filters.

In this method a great saving in the time and cost of testinq is ~chieved by using
;fp:~~;nent strip circuit pattern which is part of the test fixture. kilth this

variations in dissipation factor due to the dielectric can be monf tored but
not the additional loss due to copper bonding and processing.

40.3 Test accurac
~

with some reduction fn accuracy, tests can be uerformed on
anY dielectr c t c ness which can be stacked to a total thickness of 60 *6 roils.

$9.4 Band measurements. The test equipment can be rnodiffed for L, S, and C band
measurements at some additional cost.

413.5 Frequency ranges. Accepted frequency ranges for the various bands are:

L 1.12 - 1.70 GHz
s 2.50 - 3.90 G3Z
c 3.9s - 5.95 GHz
x 3.00 - 12.40 G:lz

40.5 Other copper-clad dielectric materials. This method can be adapted for
:naasure,nents ot oth er copper-clad d

●
ieiectric materials.

for each ?ew material.
AL may have to he determined

40.7 tionisotropfc materials. For noni sotropic materials, test nethods fn which
the eleCtrl C tf Id 1 t Imposed on the dielectric in a strip line configuration can
give mislead ingev31u~sn~f dielectric effective stripline constant and loss. This
test method meas,lres an effective strip line dielectric constant.

40. S Clam~in J force. A 10oJ-pound fo.ce has been found necessary to lchleve
intimate contact between the dielectric sheets, resonator, and ground planes.

●
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APPENDIX B

TuO FLUID, THREE TERMINAL 14[THOD FDR THE MEASUREMENT OF
DIELECTRIC PROPERTIES AT 1 MHz

10. SCOPE

This 8ppendix describes the method requf red to determine the
stant and dissipation factor. The main advantage of the two fluid

method is that unknown dielectric properties are determ{”ed 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 “ot applicable to this appendix.

30. TESTING

30.1 Test specfmen. Specimens shall be 3.2?-by 3.25 -fnches x thfckness.
copper cl add

All
ing shali be removed by etching of 4.7.1.3.2. Specimens shall be

thoroughly cleaned prior to conditioning. If o-24f23 is the speciffed conditioning
procedure, specimens removed from the water bath for measurement shall be submerged
in distilled deionized water to preserve the conditioning. Measurement shall take

lace within a reasonable amount of time after removal from the conditioning bath.
~here the base thickness is less th?,” 0.015 Inch, stocked specimens shall be used
such that the base thickness is greater than 0.015 inch.

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

Boonton Electronics 75B-S8 Oirect Capacitance Bridge and Instruction Manual.
Balsbaugh LO-3 Micrometer Electrode, Three Terminal Cell .
Supp~~o:f 1 Centi stoke Oow-Corning Silicone Fluid, Type ZOO.
one “ bridge to cell lead with a female BNC com”ector at the bridge end and
a General Radio Type 874 at the cell end.
One “Hi” bridge to cell lead w<th 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.
Small beaker to catch overflow from cell.
Forceps to remove or position spec{mens i“ cell.
Filter funnel and ring stand.
Filter paper.

30.3

a.

b.

c.

d.

e.

f.

9.

h.

i.

j.

Measuring procedure. The measuring procedure shall be as follows:

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

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

Connect “Low” lead to bridge and cell.

Connect “Hi” lead to bridge, but do not insert banana plug into cell.

Set “Oivlde G, Multiply R“ switch to 1,000, “Multiply C“ switch to 1,
‘Capacitance” dial to zero, and “Conductance” dial to zero.

Alternately adjust “RIG Zero” and “C Zero”, coarse and fine dials to obtain
a null, zeroing the instrument.

Connect banana plug to cell.

alternately adjust “Capacitance” a“d “Conductance” dial s to obtain null .

Read the capacitance in picofarads and record as Cl.

Disconnect banana plug.

52

Downloaded from http://www.everyspec.com



MI L- P-139$9G

APPCMOIX A

● 30.3 Test fixture. The resonator circuit shown on figure 7 shall be etched on one
side of rnate$ial of similar type to that being tested, clad two sides #ith
I-ounce/foot copper, 0.0113 fnch nomfnal overall thick ne$s (13. QQ~5 ‘9.0007 fnch
dielectric thickness), x-band dielectric constant equal to the nominal value of the
type being tested with a tOlerance Of *13.05 (mess’1re4 bY stackinq sufficient P1ie S tO
obtain 0.130 *0. ~10 inch spacing Inclu!iing central resonator), usfng a photo reSi St
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 on figure 8.

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

30.4.1 ~etermi nation of cavity resonant frequency. The test fixture containing
the test specimens shall !J 1 in the clamping fixture and a 1,000-pound force
[see 40.8) applied througheapc~; ;brated force gauge to a 2.square inch arsa centered
directly aver the resonant c{rcuit as shown (n the as<emhly of figure 8.

The resonant fre “ency of the circuit shall be found by scanning the signal 9enerat0r
!over the expecte transmission range of the test resonator. The frequency generator

shall be precisely adjusted to the frequenc Y which produces a ma~inum readin9 Of the
SAR i4eter No. 1. The frequency meter shall then be adjusted for a ninimum reading of
the S14R Meter No. 2. Record the resonant frequency. The inpllt selec tar of the SUR
i4eter No. 1 should be set for low impedance input for proper squ~rc la.+ detection.

30.4.2 Determination of cavity half-power pOfnt S. With the incident si3nal having
been set to maximum resonator transmission, adjust the gain of the SUR 14eter IJo. 1
until the meter reads O dY. The fre~,l?ncy of the sweep o$. cfll ator shall then be
adjusted to give 3 dB readings both above and below the maxim,Jn transmission
frequency. Measure each frequency with the frequency meter and record the results:
fl. above the maximum transmission frequency and fz, belo~.

30.5 Calculations.

●
30.5.1 Strfpline dielectric cans tant. 4t resonance the electrical len~th of the

resonator circuit i i t I number of half wavelengths. The effective $.trip line
dielectric constantsc~~ b: ~~f~ulated from the freqtiency of maximum transmission as
follods:

nc 2 1
c’.

2 (L + AL) ~2

Uhere n is the number of half wavelengths alon~ the resonant strip of length L, AL ts
the total effective increase in lengta of the resonan strip due t’J the fringing

ifield at the ends of the resonant strip, c is 3 x 101 cmls and fr i$ the
mzasured resonant [maximum transmission) frequency.

For example, for the specified
n=4, L - 1.5000 inch x 2.540
formula for ‘ becomes:

c’

This example applies only to a
plane spacing.

1.5900-inch resonator, the parameters at x-band are
cinlinch, hL - 0.0550 inch x 2.540 cmlinch, and the

230.4 X 1013

0. 25-inch ground snacin9. AL s a fUn Cti On of 9r0Und

I
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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 a~isotropicity 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 to
the same frequency. For the example, lengths of 0.39 inch, 0.79 inch, 1.17 inch and
1.50 inch are used. 4ctual lengths of each resonator element ~re determined by an
optical comparator or other means capable of accuracy to 0.001 or smaller.

For each of at least three sets of typical specinen pairs of the material to be
measured, measurements of fr are obtained at each L value Plot Lfrln on the
Y axis versus frln 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 AL.

The ,iL values for each of the specimen pairs may the” be averaged to provide a
suitable working AL value.

This procedu~e for determini~g AL ~hould also be performed with specimen pairs at
extremes of thickness variation expected in day to day testing. The result will
indicate adjustment “ceded in the AL for calculation of dielectric constant to
correct for second order effects of speci~en thickness.

30 .5.2 Calculation of effective dielectric dissipation factor. 4 value of
effective ZfTelectric di ssipation factor [tan 6 1 includes the loss of the
dielectric a“d the loss due to the copper -dielect~iccbond 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 neasured reciprocal ‘J of the resonant
circuit. The calculations are as follows:

fl - fz
. — -

fr

#here ~ . f~ - f~ is the total loss due
f.

0.0006

to the dielectric, the copper, and the

copper ~dielect~ic interface; the value 0.0006 is the calculated loss due to the
copper resonator strip, [Ref: s.9. Cohn-[RE Transactions, MTT-3 (119-126) March,
1955); fl and f2 are the frequencies of the two 3 dB points on the reso~ance
curve; and fr is the maximun transmission frequency of the strip filter.

30.6 w.

The report shall contain the following:

a. Measured thicknesses of individual specimen cards.

b. Maximum transmission (resonant) frequency, fr.

c. The frequencies of the two J dB points on the resonance curve.

d. Calculated effective strip line dielectric constant.

e. Calculated effective dielectric dissipation factor.

f. Otrection in which test das performed.
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●

k.

1.

m.

n.

o.

P.

q.

r.

s.

t.

u.

v.

w.

x.

Y.

z.

aa.

ab.

ac.

ad.

ae.

af.

a9.

ah.

a{.

a~.

ak.

Insert specimen into cell .

MIL- P-13949G

APPENDIX B

If 0-24/23 is the specified conditioning

!f”t free towel or cloth.
rocedure, remove specimen from the water bath and immediately dry it wtth a

and insert it into the cell wtthout delay to
preserve the condttfoning.

Readjust zero with “R/G Zero” and “C Zero”, coarse and fine dtals and, if
necessary, with appropriate changes of “Dfvfde G, f4ultl Ply R“, “$fultl PIY C“
switches as specified in the manual .

Connect banana plug.

Alternately adjust “Capacitance” and “Conductance” dials to obtain a null.

Read the capacitance in plcofarads and record as C3.

Remove specimen from cell . If rJ.24f23 is the specified conditioning
procedure, immediately immerse it in a container of distflled or deionfzed
water to preserve the conditioning.

Repeat steps (j) to (p) inclus!ve for each spec{men.

Place small beaker under overflow tube of cell to catch excess liquid.

Fill cell to overflow tube with 1 cent fstoke sil icOne fluid.

Disconnect banana plug.

Readjust zero wtth “R/G Zero” and ‘C Zero”, coarse and ftne dials and, if
necessary, wfth appropriate changes of “Divfde G, Multiply R“, “Multipl Y C“
switches as specified in the manual.

Connect banana plug.

Alternately adjust “Capacitance” and “Conductance” dfals to obtafn a null .

Read the capacitance in picofarads and record as C2.

Read the conductance in mfcromhos and record as G1.

Disconnect banana plug.

Insert specimen into cell. If 0-24/23 {s the specified condfttonfng
~w~edure. remove specimen from the water bath and immediately dry it with a

free towel or cloth, and insert it into the cell wfthout delay to
preserve the conditioning.

dials to obtain a null.

Readjust zero with “RIG Zero” and “C Zero”, coarse and fine dials and, if
necessary, with appropriate changes of ‘Divide G. f4ultfPlY R“. “Multf PIY C“
switches as specified in the manual .

Connect banana plug.

Alternately adlust “Capacitancem and “Conductance’

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 silicone fluid from Cell.

Fflter fluid through filter paper before

Blow cell dry wfth clean compressed afr.

return!ng to container.
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30.4 Calculations.

33.4.1 Dielectric constant. The dielectric constant shal
follows:

Ir AC1 X C4 X (C2 - Cll
K=m cl+

AC1 X C4 - (AC2 X C3)
L

Uhere:

X . Dielectric constant of specinen
Cl . value as, recorded in 30.3 (i)
C2 . value as recorded in 30.3 (x)
C3 . Value as recorded in 30.3 (o)
C4 . Value as recorded in 30.3 (se)
CO . c1/1.00058

ACl . (C3 - cl
AC2 . (C4 - C2 I

be calculated as

30 .4.2 Dissipation factor. The dissipation factor shall be calculated as follows:

[

(K X CO) - C4)
0=02+ 1(22 - 01}

AC2

Uhere:

O . Oissi patio” factor of specimen
D1 a G1/(uX C2)
02 = G2/(LIX C4)
G1 . Value as recorded in 30.3 (Y)
G2 . value as recorded in 30.3 (af)

. . 2 X frequency in MHz - 6.2S32
All other terms are as defined in 30.4.1

30 .4.3 Specimen thickness. The specimen thickness shall be calculated as follows:

TaXKXAC2
1s .

C4 X (K - K2)

!4here:

Ts . total specimen thickness

0.1766 X d2
Ta . . Cell spacing

co

d . Oiameter of guarded electrode . 2.5 inches
X2 . Dielectric constant of silicone fluid . C21C0
All other terms are as defined in 30.4.1. Accurate determination of elect rica’
thickness required the effective diameter to be determined to the nearest .001
inch.
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