
AERONAUTICAL 

MATERIAL SPECIFICATIONS 
SOCIETY OF AUTOMOTIVE ENGINEERS, Ina. 	485 Lexington Ave. , New York 17, N.Y. 

AMS 3598A 
issued 6-15-59 

1Revisedll-1 -59  

PLASTIC SHEET, COPPER FACED 
Glass Fabric Reinforced Polytetrafluoroethylene 

1. ACKNOWLEDGMENT: A vendor shall mention this specification number and its revision 
letter in all quotations and when acknowledging purchase orders. 

2. APPLICATIONS Primarily for use in etched, printed circuits used in electrical and 
electronic equipment where continuous operating temperature will not exceed 400 F. 

3. MATERIAL AND FABRICATION: The sheets shall be constructed of laminations of glass 
fabric thoroughly impregnated with a polytetrafluoroethylene resin and properly 
sintered. Face sheets of copper may be applied to one or both faces during the 
original sintering of the laminate or in subsequent operation. 

4. TECHNICAL REQUIREMENTS: 

4.1 General: 

4.1.1 Color: Unless otherwise specified, the color of the plastic laminate shall be 
natural. 

4.1.2 Copper Faces: The facing material shall be electrolytically deposited copper 
of not less than 99.50% purity. 

4.2 Properties: Unless otherwise specified, the product shall conform to the follow-
ing requirements; tests shall be performed on the product supplied and in accord-
ance with listed ASTM methods, insofar as practicable. Specimens shall be con-
ditioned in accordance with ASTM D618-54, Procedure A, prior to testing. For 
specimens requiring removal of copper faces prior to testing, the conditioning 
shall be performed after such removal. 

4.2.1 Flexural Strength, flatwise, psi, min 	 ASTM D790-49T 
(See Note 1) 

13,000 
11,000 

19,000 

4.2.3 Water Absorption in 24 hr, %, max 
Nominal Thickness, in. (See Note 2) 

	

0.031 	 0.25 

	

0.062 	 0.10 

	

0.125 	 0.05 

Lengthwise 
Crosswise 

4.2.2 Compressive Strength, flatwise, psi, min ASTM D229-49 
(See Note 1) 

ASTM D570-57T 
(See Note 1) 
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ASTM DI.l~9-55T  
(5ee Note 1) 

1~.2.lt Dielectric Strength, ~+hen specified, 
perpendicular to laminations, ahort 
time, v per mil, min 

NominaZ Thickness, in. (See ATote 2) 

~ 	 0.031 	 800 

	

0.062 	 ?oo 

	

. 0.125 	 600 

Lt.2.5 Dielectric Strength parallel to 
laminations, step by s~ep, ke per 
in., min 	 ' 

As received 	 32 
After 1t8 hr im~ner~ien in di~tillecl 

' 	water at 122 F+!~ 	 10 

1t.2.6 Dielectric Constant at 1 megacycle, max 	2.9 

~1t.2.7 Power Factor at . l megacycle, max 	 Oo0006 

~1~.2.$ Arc Reaistance, sec, min 	 150 

4.2.9 Solder Bath Resistance 	 Pa~s 

4.2.10 Bond Strength, lb per in. ~ridth, min 
Nominal Foil Thickneas, in. 

O.C101.li. As received 	 ~t 
After :eolder float 	 4 

0.0028 As received 	 5 
After solder flos~ 	 5 

ASTM D229-~:9 , 
Tentative Revision 
June 1951, Secti.on 27c 
(See Note 1) 

ASTM D150-~l~T 
(See Note 1) 

ASTM D150-54T  
(See Note 1) 

ASTM D1~95-56T 
(See A1ote 1) 

See Note 3 

See ~Tote !t 

l~.2.11 Insulation Resi~tance, megohme, min 1,000 See Note 5 

l~.2.12 Solvent Resiatance Pass See Ido~e 6 

lt.2.13 Heat Reaistance 	 Pass See Note 7 

lt.2.7.1; Copper Porosit~ 	 Pass See Note 8 

Note 1. Rsmoval of Co ert F'x°ior to teating, apecimena shall be immeraed i~a vi.gorou~lp 
aerated 0 deg Ba~ume ferric chloride solution at 75 - 100 F uaztil un~,ranted 
copper fa removred, Solntion shall be renewed when time of removal exceeda 15 
min. per 0,001lt ino thicknesa of copper. After removal of copper, specimena 
ehall immedi~tely be rinaed f'or l hr in running xater at 60,~ 90 F 

Note 2. For thickn~ssea not specified, u~e the value for the next lower thicknessa 

~ 
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Note 3. Solder Bath Resistances Three etched apecimens 1 in. square by the thickness 
of tre material shall be tested. The specimens ahall be dipped in liquid flvx 
(rosin in alcohol) and then float~ed on the surface of a bath of molten aolder, 
with the copper face to be te~ted down.~ The aolder ~hall be at a temperature 
of Lt90 F+10. After 20 sec, the specimens shall be removed from the solder 
bath and examined. The material ahall not aoften, split, blister, or delamin- 
ate. For material with copper on both sides, three apecimens shall be tested 
for each side. 

Note l~. Bond Strengths The atrength of the bond between the copper foil and the base 
laminate shall be detexmined at 70 -~5 F in accordar~ce with the following 
procedure on specimens ae received and on specimena which hane been floated on 
molten solder in accordance witn Note 3. Etch four l x~t in. specimens, two 
in the lengthwise~direction and two in the croaswise direction, in accordance 
with Note 1. Grasp the test specimen~ on each end~ between the thumbs and 
forefingers and flex each side of the specimen 5 times._ During flexing, the 
center of the specimen ahall deflect at least 1/!t in. beyond the enda (flexing 
of apecim:ens over 0.093 in. thick is not required). The copper foil ~hsll be 
peeled back from one end of the epecimen for approximately 2 in., ~rith the 
line of peel perpendicular to the edge of the apecimen. The apecimen ahall be 
supported in a horizontal plane Wi:th the peeled copp~r atrip doKn between tWo 
solid aupports ad~usted to provide a 3~4 in. apan. The end of the peeled atrip. 
shaZl then be clamped between t~o rubberfaced ~aws. The ~aWa ahall cover the 
full width of the strip and shall be claQnped parallel to the line of peel. The 
load shall be applied to the gripping tab, ~tarting with no load, at a uniform 
rate not to exeeed 2 in. per minute. The direction of the load applied to the 
tab shall not deviate from the perpendicular by more than 5 degrees. The load 
required to prod.uce separation of the copper foil fram the baae material ahall 
be recorded as the bond strength. The full width of the strip shall peel, 
otherwiae the resulta shall be diacarded and the test repeated. For ~heets 
that are copper faced on both aides, eight specimens shall be tested, fonr on 
each side. 

An alternate method of test followsz The apecimen ahall be supported in a 
horizontal plane with the peeled copper atrip down between two solid aupports 
adjusted to provide a~/!t in. span. The end of the peeled strip shall then 
be clamped between rubber-faced 3a~rs to which is attached a light container. 
The total xeight of the clamp and the container shall not exceed 1 pound. 
The ~awa ahsll cover the full ~ridth of the strip and shall be clamped parallel 
to the line of peel. Sand (or equivalent) ehall be poured into the container 
at a rate of approximately 2 lb per min. until the ~trip begins to peel, and 
the container shall then be w~eighed. The full xidth of the atrip shall peel, 
otherwi~e the resulte ahall be discarded and the teat repeated. For eheets 
that are copper faced on b oth sides, eight specimens shall be teated, four on 
each ~ide. 

Note 5. InBUlation Reaistance s  

(a) ~Teat ~S ~ecimens~ Circuit: Three test apecimen$ 2 in. x 2~ in. by the 
th—  ~.ekness of the material ah&11 be msde aa ahown in Figure l~ or be 
the equiealent. 
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(b) Teat S ecimen Preparationt Apply suitable resist to each te~t panel and 
develop Figure 1 wir ng pattern in accordance saith best commercial practice~ 
Remove uriwanted copper in accordar:ce With Note 1 except final rinse shall ', 
be for 15 - 20 m'lnute~. Immediately remove iron salts b~* immersing the 	1 
wet panel in 10~ oxalic acid at roaan temperature for 5- 10 min. with oc- 
casional agitation. Rinse panel for 1 hr in running water at 60 - 90 F 
and 15 - 20 min. in running water at 170 - 190 F. Dry for 2- 2; hr in a 
forced circulating air oven maintained at 150 - 180 F~nd cool in a de- 
siccator to roan temperature and appraximately 50~ relative htunidity. 
Drill neceasary holes and aolder lead wires into the holes u$ing a pencil- 
type soldering iron or gun and water-white, unactivated rosin flux, fill- 
ing ttte hole wi.th a plug of solder. Remove excees flux and other contair.- 
inants by rinsing in a clean mixt~:re of 90~ ethanol and 10~ distilled 
water by volume. Air dry. Care ehould be exercised to avoid tauchir.g 
critical areas of the clean specimen xith bare hand~. 

(c) Insulation Resistance Mea~urementt Mount test apecimens in a circulating- 
air humidity cham.ber provided w th aui.table specimen lead r+i.re insulators 
on the chamber) maintained at 92~ + 2 HIi and 149 F+ 4 and expose . for 18 
hr ♦ l. Lower the humiditp to 87~+ 2~i while holding the temperature 
constant and stabilize the apecimens at this c ondition for 2- 24 hours. 
Apply 500 v DC bettiteen terminal leads and maintain electrificatien time 
for 1 minute. Immediately thereafter mea~ure insulation resistance using 
a megohm bridge (General Radio Type 5~14B or equivalent). Measurerr,erts 
~hall be performed Hhile the F~I is 87% + 1. 

ote 6. Solvent Reaiatances A 1 x 6 in. specimen etched and rinsed in accordance Ki.th 
Note 1 an dried shall be degreased in trichlorethylene vapor for 1/2 min., 
sprayed with recircvlated degreaser aolvent f,or 1-1/2 min., and examined. 
The base laminate and residnal surface adhesive ahall ahow no delamination, 
softening, blistering, or lifting. 

ote ?. Heat Resistances A 6 x 6 in. test specimen ahall be supported vertically, on a 
non-metal i~ c rack~ in a horizontal-f1oW~ air-circulating oven at 350 F+ 10 for 
1/2 hour. The plane of the teat apecimen ahall be parallel to the air flow. 
At the end of this period the specimen ahall be removed from the oven and im- 
mediately exmnined. There shall be no evidence of blistering. 

8. Copper Porosity: One half of a standard size ~heet shall be vapor degreased 
and air dried. Lightly scrub the copper eurfaces ~ith a slurry of p~tmiice and 
water~ rinse thoroughly, and air dry. Hanclle board so that the copper sur£acea 
are free of fingerprinte~ duat~ etc. Examine in a dark rovm, using ultra- 
violet light, for fluorescent reain apots. There ahall be aot more than 3. 
resin spota, apaced not less than 1 in. apart, for each 18 x 18 in. area of 
copper. No resin apot shall have an included area greater than that of a 1/2 
in. diameter circle. 

. QUALITYs The product ahall be uniform in quality and condition and free from 
blieters, cracks, holes, cuts, ~rrinkles, delamination, unbonded areas, corrosion, 
excesa bonding material, and other imperfectiona. Diacoloration of the copper faces 
ehall not be considered ob~ectionable. The bonded copper facea ahall be of auch 
amoothnes9~as to present no viaible evidence of the underlying glaas fabric weave. 

~ 
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6. SIZES AND TOLERANCESs 

6.1 Length and. Widtht Shall not vary more than + 1.0 in., -0 fran that ordered except 
where test apecimens have been removed; no more than !~ aq ft shall be cut from each 
thickness in a shignent for testing, and the size of the portion of material re- 
moved shall be stated on the outeide of the package. 

b.2 Thickneas: 

6.2.1 Copper face standard thicknessea and tolerances , shall be as followa: 

Nominal Thickness 
	

Tolerance, Inch 

	

Inch 
	

Flus 	Minus 

	

0.001lt 	 0.000l~ 	0.0002 

	

0.0028 
	

0.0007 	0.0003 

6.2.2 Sheet Thicknesas The total thickneas of the finished aheet, including copper 
faces, shall be in accordance with the folloWi.ng; unless otherwise specified, 
material conforming to the normal thickness tolerances shall be fnrnished. When 
other thiclrneases are specified~ the tolerance for the next greater thickneas 
shaZl be used. 

6.2.2.1 Normal Thickness Toleranceas 
Tolerance, Inch, Plus and Minus 

Idominal Thicknes~ 	C~~ er on One Side Onl 	Cop er on Both Sides 

	

Inch 	 0.001 in. 0.002 in. 0. O1 in. 0. 02~in. 

	

0.031 	 0.0065 	0.0075 	0.0075 	0.0085 

	

0.062 	 0.0075 	0.0085 	0.0085 	a.0095 

	

0.125 	 0.012 	0.013 	0.013 	0.0~4 

6.2.2.1.1 At least 90~ of the aheet shall be within the tolerance given and at no 
point shall the thickness vary frami the nominal thicknesa by a value 
greater than 125~ of the specified tolerances. 

6.2.2.2 Cloae Thickneas Tolerances: 
Tolerance Inch Plus and Minus 

Nominal Thickneas 	Co er on One Side Onl 	Co er on Both 3 des 

	

Inch 	 0.001 in. 0.002 in. 0.00 in. 0.0028 in. 

	

0.031 	 0.00l~ 	o.00l~5 	0.0045 	0.006 

	

o.obo 	 0.0055 	0.006 	0.006 	0.007 

	

0.125 	 0.008 	0.008 	0.008 	0.010 

6.2.2.2.1 Specified tolerancea ahall be furnished over 100~ of the ares of the sheet. 

6.2.3 Warp and Twiats Shall not exceed the following valuea, based on 36 in. length, 
when determined in accordance raith ASTM D229-L~9 or D~09-55T: 

Maximtun Deviationa Inches 
Co eronOneSde 	Co~ ronBoh iea 
.00 in. 0.00 in. 	Bo ' c n~c eas 

	

7.2 	8.6l~ 	' 	2.16 

	

5.4 	 6.48 	 2.16 

	

3.6 	 4.32 	 1.08 

Nominal Thickneas 
Inch 

0.031 to 0.01~5, inci 
Over 0.0lt5 to 0.062, incl 
Over 0.062 to 0.125, incl 
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6.2.3.1 When it ie desired to compare the actual deviation for any length xith the 
perml8aible deviation for that length, the following forn►ula may be used: 

D= 0.00077 x D36 x L2 

Wheres 

D 	~ pennissible deviation from the atraightedge in inches Por the given 
length. 

D36 ~ maximum deviation in inchea for 36 in. length (fram table above). 

L 	~ the given length in inche~. 

7. REPORTS s  

7.1 UnlesB otherKi.se apecified, the vendor of the product ahall furniah ~rith each 
shipnent three copiea of a report atating the product meeta the requix~menta of 
thia specification. This report ahall include the purchase order munber, materisl 
apecification number, vendor~s identification ncunber, aize, thicknea~, and quan- 
tity. 

7.2 IInleas otherKise specified, the vendor of finiahed or aemi-Piniahed parta ahall 
furniah with each shignent three copiea of a report Showing the purchase order 
number, material specification m~mber, contractor or other direct supplier of 
material, part number, and quantity. When material for making parta is produced 
or purchased by the parts nendor, that vendor ahall inspect each lot of material I 
to determine conforniance to the requirements of thia specification, and ahall 
inclade in the report a statement that the material confonns~ or ahall include 
copies of laboratory reports showing the resulta of testa to deteimine conformanc~. 

8. IDENTIFICATION: IInlee~ otherWise apecified, each sheet shall be marked on one 
corner r~rith ANLS 359~, sheet thicknesa, normal or close thickneas tolerance, copper 
foil thickneas, manufacturer~a identification, and month ar~d year of manufactnre. 

9. PACKAGIN(~s 

9.1 Packaging shall be accamiplished in auch a manner ae to eneure that the product, 
during ahip~r ►ent and storage, rrill not be pennanently distorted, and ~rill be pro- 
tected against damage fram exposure to W~ather or any normal hazard. 

9.2 Each package ahall be permanently and legibly marked to give the following infor- 
mations 

PLASTIC SHEET~ COPPER FACED 
GLASS FABRIC REINFORCID POLYTETRAFLOUROETHYLEATE 
AI~dS 3598A 
PURCHASE ORDER NUNIBER 
SIZE AND NUMBER OF 3i ET 
PIUN~ER AI~1D THICKNESS OF COPPER FAC S 
NaRMAL OR CLOSE THICKNESS TOLERANCE 
MAIdUFACTURER~S IDENTIFICATION 
MONTH AND YEAR UF MANUFACTURE 

~ 
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