
~o~oa  
E+o 
~E $+ 
E ° 
`o 0 ~o«~ 

~+o 
v~E 
loYic 
o` 

8~`e 
;$r ~ 
,~~~ n ~ 
!v;S ;~,,. 
~E° « 
,E~e 
~$E~ 
~~E. 
~~~o ~9~_ 
~~__ 
ivv E 
ee 

iM a= 
i~9~ ■ 

iNm C 
~<<° ~e«~ 
~M~~ 
I~OF 
(t 0~ 
~°~_ 
~o ~ :.._ 
; ~_» o~ 0 
!E«~ 
~ 

i `~ 
~ 
14 
ICn~ .~W~ 

I~~~ 
~04~ 

~~ ~» .ra` 

` ~E~ .,~~ 
~ow- 
:>~~ 
a o 

~~~5 
;~nd 
00 ~»~~ 

~9~A IqC 
«=E 

~` ~io« 
i~c~ 
»mM 

I~~o . a 
:ca« 
~e°« ~_v ~ 

id~° 
1 4~ ~ » ~C~~ :ooE .o 
;CS~ 
I~E; 
:W~„ 
~a~e 

0 ~ 
i~«o 

AMS 3598 ~ 
MATERIAL SPECIFICATIONS 	 . 	. ~ 

Issusd' 
80CIRTr OR AUTOMOTIVE ENOINHER8, Ina. 	48b.L~xlnpton Av~., • N~W YOfk17~ N.Y. Revls~d 

P'LASTIC SH~T~ COPPER FACED 
(31ass Fabric Reinforced Polytetrafluoroethylene 

l. ACKNOWLEDGMENTs A vendor ahall mention this specification rnmiber in all quotationa 
and When acknowledgin~ purchase ordera. 	 .. 	 .~.~ 

2. APPLICATIONt. Primarily for uae in etched, printed circnita uaed in electrical and 
electronic equipcnent.  Where continnous operating teanperatnre ~ill not exceed 400 F. 

3. MATERZAL AND FABRICATIONs "The aheeta ahall be constructed of laminationa of glas~ 
fabric thoroaghly impregnated ~rith a polytetr8fluoroethylene reain and properly 
sintered. ~Face eheeta of copper mag be applied to one or both facea.during the 
original ~intering of the laminate or in subaequent operation. 

!~. TECHNICAL R~QUIREI~RTTS: 

l~.l (3eneral: 

l~.l.l Colors. Unlesa otherKise specified, the color of the plaetic laminate ahall be 
natural. 

lt.1.2 Copper Faces: The facing material ahsll be electrolytically depoaited copper 

	

of not less than . 99.50~ purity. 	-• 	- 	 _ 	~~ 

Lt.2 Propertiess Unlesa otherwise specified, the product ahall conform to the follow- 
ing requirements; tests shall be performed on the product supplied and in accord- 
ance t~rith listed ASTM methoda, insofar aa practicable. Specimena ahall be con- 
ditioned in accordance with ASTM D618-5l~, Procedure A, prior to:testing. For 
specimena requiring removal of copper faces prior to teating, the conditioning 
Shall be performed after such removal. 

lt.2.l Flexural Strength, flatirise, psi, min 	 A3TM D790-l~9T 
~• 	 (See Note 1) 

Lengthwiae 	 13,000 
Cr08aWi8e 	 . 	 11,000 	 . 

1t.2.2 Compressive Strength, flatwiee, psi, min 	19,000 	ASTM D229-49 
(See Note 1) 

l~.2.3 Water Absorption in 21~ hr, ~, max_ 	 ASTM D570-57T 
Nominal Thickness,~in.:(See Note 2) 	 (See Note 1) 

~ 	 o.o3i 	. 	 ~. . 	~0.25 
0.062 	 0.10 

. 	 0.125 	. 	 .. 	- 	0..05 	 ~ . 

AERONAUTICAL 

~ 

Coarrl~ht 1959 ~ gool~ty  of Automotiv~ Eetln~~r~. Ine. 	 Prinbd In U. f. A. 
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4.2.~ 	Dielectric Strength, r~+hen specified, ASTM D7.li9-55T  
perpendicular to laminations, ahort (See Note 1) 
time, v per mil, min 

Nominal Thickness, in. (See Note 2) 

0.031 800 

0.062 700 

0.12~ 600 

lt.2.5 	Dielectric Strength parallel to ASTM D229-1~9 
laminations, step by step, kv per Tentative Reviaion 
in., min June 1951, Section 27c 

As received 32 (See Note 1) 
After lt8 hr ilrunersien in diatilled 
water at 122 F+!~ 10 

lt.2.6 	Dielectric Conatant at 1 megacy+cle, max 2.9 ASTM D150-5l~T 
(See Note 1) 

Ilt.2.7 Power ,  Factor at 1 megacy~le, max 	 0.0006 	ASTM D150-51tT 
(See Note 1) 

I

lt.2.8 Arc Reaiatance, ~ec, min 	 150 	
~See Note 1)T 

~ 

~lt.2.9 Solder Bath Resistance 

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

0.001.l~ As received 
After aolder float 

0.0028 As received 
After solder float 

1~.2.11 Insulation Resiatance, megohms, min 

l~.2.12 Solvent Reaietance 

l~.2.13 Heat Reaietance 

lt.2.1lt Copper Porosity 

Pass 	See Note 3 

See Note 1t 

4 
~ 

5 
5 
1,000 See Note 5 

Faas See Note 6 

Paas See Note ,7 

Paaa See Note 8 

Note 1. Removal of Co er: Prior to teating~ apecimens shall be immersed in vigorously 
aerated 0 deg Baume ferric chloride solution at 75 - 100 F until unxanted 
copper fa r~moved. Solution shall be renewed ~hen time of removal exceeda 15 
min. per 0.001l~ in. thicknesa of copper. After removal of copper, specimens 
shall immediately be rinaed for 1 hr in running water at 60 - 90 F 

~Note 2. For thicknesses not apecified~ u~e the value for the next loxer thickneae. 

/ 
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Note 3. Solder Bath Resistances Three etched apecimens 1 in. square by the thickness 
of the material shall be tested. The ~pecimens shall ~ie dipped in liquid flux 
(rosin in alcohol) and then floated on the surface of a bath oi +  molten aolder, 
with the copper face to be tested down. The aolder shall be at a temperatu.re  
of L~90 F+10. After 20 sec, the specimens shall be removed from the solder 
bath and examined. The material shall not soften, split, bliater, or delamin- 
ate. For material r~ri.th copper on both sides, three specimena shall be tested 
for each side. 

Note !t. Bond Strengths The atrength of the bond between the copper foil and the base 
laminate shall be detexmined at 70 - 85 F in accordance with the •following 
procedure on specimens as received and on specimena which have been floa~;ed on 
moltc~n solder in aecordance with Note 3. Etch four 1 x 4 in. apecimens, two 
in the lengthwise direction and two in the crosswise direction, in accordance 
with Note 1. Grasp the test specimen, on each end, between tr.e thumbs and 
forefingers and flex each side of the specimen 5 times.. During flexing, the 
center of the specimen shall deflect at least 1/!~ in. beyond the ends (flexing 
of specirrens over 0. 093 in. thick is not required). The copper foil ~hall be 
peeled. back from one end of the epecimen for approximately 2 in., with the 
line of peel perpendicular to the edge of the specimen. The apecimen ahall be 
supported in 8 horizontal plane With the peeled copper strip doKn between txo 
solid aupports ad~uated to provide a 3/!~ in. apan. The end of the peeled atrip 
shaZl then be clamped between two rubberfaced jaws. The ~aws shall cover the 
full width of the atrip and shall be cla¢nped parallel to the line of peel. The 
load shall be applied to the gripping tab, starting with no load, at a uniform 
rste not to exceed 2 in. per minute. The direction of the load applied to the 
tab shall not deviate from the perpendicv.lar by more than 5 degrees. The load 
required to produce aeparation of the copper foil fram the baae material ~hall 
be recorded as the bond strength. The full ~ridth of the atrip shall peel, 
otherwiae the results shall be discarded and the test repeated. For ~heets 
that are copper faced on both aides, eight specimens shall be tested, four on 
each side. 

An alternate method of teat followst The specimen ~hall be supported in a 
horizontal plane with the peeled copper atrip down between two solid supports 
adjnsted to provide a 3/lt in. span. The end of the peeled strip shall then 
be clarrped between rubber-faced ~aws to which ia attached a light container. 
The total Weight of the clmnp and the container shall not exceed 1 pound. 
The ~aws ahall cover the fu11 yridth of the atrip and shall be clamped parallel 
to the line of peel. Sand (or equivalent) shall be poured into tHe container 
at a rate of approximately 2 lb per min. until the strip begins to peel, and 
the container ahall then be r~reighed. The full iri.dth of the strip shall peel, 
otherwi~e the result~ ahall be discarded and the test repeated. For ahe~ta 
that are copper faced on b oth sides, eight ~pecimens shall be tested, four on 
each ~ide. 

Note 5. Inaulation Reaiatance: 

(a) Teat Specimens, Circuits Three test apecimena 2 in. x 2~ in. by the 
thickneas of the material ahall be made aa aho~m in Figure 1, or be 
the equivalent. 

~ 
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(b) Te~~ e~ Prep~r~tiona Appl~ ~uitable resi~t to each t~at panel ~nd. 
de~elop Fi~ux°e 1 c~ir n~g ~pattex°n in ~cco~dance xritY~ best comm~x°ci~l pr~ctic 
Remo~~ ur~r~nted copper ia1 accordance r~rri~h RTote 1 exc~pt final riri~~ a~~ll 
be for 15 ° 20 minutea o Immedi~tel~r ra~anov~ iron ~alta by irruner~sing th~ 
~ret p~nel in 10~ oxalic acid a~ x°oa~n temper~ture gor 5° 10 min, r~ith oc= 
casional a~itationo Rinae panel f'or 1 hr in rvnning ~rater ~t 60 - 90 F 
and. 15 ~ 20 min, in ~uxini.ng r~~tex° ~t 170 = 190 Fo D~ gor 2= 2~ hx° in ~ 
gorced circul~ting air oeen maintained at 150 ~ 180 F~nd cool in a de~ 
siccator to ro~n temper~ture and approximately 50~ relative humidityo 
Drill neces$~a~ holes ~nd ~older lead ~i.re~ into the hole~ ueing ~ pencil= 
type soldering iron or gun and water=xrhite 9  unactiv~~ed rosin flux 9  fill~ 
ing f,D~e hole ~rl.th a plug of ~older, Remo ge exces~ flrnc ~nd other contffin~ 
inants b~r rin~in~ in a cleaal mixture of 90~ eth~nol ~tnd 10~ di~tilled 
~rater by ~olumeo Air dr~r, Care ehould be exerci~ed ~o s~oid toucY~ing 
critic~l ~reas og  t,h~ clean specimen ~rith bare hand~a 

(c) Ineul~~ion R.eai~t~ce Mea~uPementa Mownt t~~t ~p~ci.~nena in ~ circul~tir~= 
~ir hramidi~~ chan:ber pro~ri.ded t~ th suit~ble ~p~cimen 1~~cP ~~e in~ul~atog°s 
on the ch~mber) m~int~ined at 92~ ¢ 2 f~i and 11t9 F¢ I~ and expo~e gor 18 
hr ¢ lo Lo~rer the hramidit~ to 87~¢ 2~I r~ile holdin~ tl~~ ~emperffiture 
cons~ant ~nd ~tabili~e the a~cimen$ at thi~ condi~ion for 2= 24 t~oux°eo 
Apply 500 v DC bet~en ~ex~nin~l le~d~ and maint~in electri g~.cation tim~ 
~or 1 minute, I~nediat~ly thex°~~fter mea~ure in~ul~tion r~si~t~nce using 
~ megopun bx°idge (Gen~ral Radio ~rpe S~I~B ox° ~quiv~len~) o M~~~ur~n~nt8 
ah~ll be gar~ormed ~ile f,he FfiFi i~ 87~ ¢ lo 

ot~ bo Soleent R~ai~t~ncea A 1 x 6 ino specimen etcheci ~nd y°ina~ci ia1 accon°d~a~ ►c~ ~.th 
Note 1~ d y°3.ed sh~ll b~ de~reased im trichlorethyl~ne ~apor gox° 1/2 min,9 
~prayed ~;ri~~ recix°cul~ted degreaser ~olvent for 1~1/2 mino y  ~nd ~x~minedo 
2'he base lamina~e ~nd residnal ~urface ~dY~e~iee ~hall sho~r no d~l~nin~tion9 
~ofternin~ 9  blis~ering 9  ox° liftir~go 

ote 7, Hea~ Re~i~~~ces A 6 x 6 ina te9~ ~pecimen sh~ll be suppos°~ed ~er~icslly 9  on ~ 
non=metal. ic r~ck 9  in a hori~on~~l~f°l.o~r 9  mir~cix°culatin~ oven mm~ 350 F¢ 10 f'ox° 
1/2 ho~o 3'he pl~ne of the ~e~~ ~pecimen ~hall be parallel to the ~ir ~lo~r, 
A~ ~che end of ~hi~ period f,he Sp~cimen ah~ll be x°emoeed grom the o~~n ~d iYn= 
mediatel~ ~x~nined, Th~rc°~ shall be no ~~idence of blisteringo 

ot~ ~o Copper Po~°o~it~rs One h~l g  og  a~t~nd~rd ~i~e aheet ah~ll be ~~pox° de~r~~8~~ 
~nd air dY°i.~da ~ Lfghtly scrub ~he copper surface~ xrlth a alurs~ of pn~nic~ rand 
~ratea° y  ~°in~e ~hor~ou~4ily 9  ~d air d~e Han~~ bo~x°d ~o ~~~~ ~h~ coppe~ ~urPs~~~e 
~re gz°~e of ~in~~r~Y°inte 9  du~t 9  etco Ex~mine in ffi d~rk room 9  usiaig ultr~= 
~f.ol~t light 9  fox° fluoreec~n~ r~si.az apot~ a Ther~ ahall be no~ ~os°~ t~~ 3 
resin epo~~ 9  ~p~c~d no~ 1~~~ ~h~nn 1 ino ~pax°ty ~ox° ~~c4~ 18 x 1~ ir~o c~~~ oP 
coppero RTo r~~in apo~ sh~ll h~ve ~ includ~d ~r~~ gx°~a~~r ~h~xa ~h~t of 8 1/2 
in, diffineter cis~cl~, 

, QtJALI~Ya The pr~oduc~ ah~ll b~ ranifox qn in qu~lit~ ~und comdition r~d Q~~~ from 
blia~e~°~ 9  cr~ck~ 9  hol~s~ 9  cu~~ 9  e~inkl~~ 9  del~snin~tion 9  unbond~d ~re~~ 9  cos°~oaio~9 
~xce~s bondira~ m~~~ri~1 9  ~d o~,hes° impe~ec~ions o Di~colo~~~ion of tY~~ cop~r f~ffice~ 
~h~l mo~ b~ cor~id~x°ed ob~ectionabl~o The bonded cop~~ f~ce~ aY~a~ll b~ of s~uc~ 0 
~►oot~~~~s ~~ ~o preseat no ~i.alble ~eidence of ~he uaiderl~r'lrn~ gl~a~ P~bY°ic ~~eea 

~ 

~ 

~ 
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6. SIZES AND TOLERANCES: 

6.1 Length and. Widths Shall not vary more than + 1.0 in.~ -0 frcrn that ordered except 
~here test apecimena have been removed; no more than !t sq ft shall be cut from each 
thickness in a shipment for testing~ and the aize of the portion of material re- 
moved ahall be stated on the outeide of the package. 

6.2 Thicknesss 

6.2.1 Copper face standard thickneases and tolerances shall be as followas 

~ 

Nominal Thickness 
	

Tolerance, Inch 

	

Inch 
	

Plus 	Minus 

	

0.001l1 	 0.000l~ 	0.0002 

	

0.0028 
	

0.0007 	0.0003 

6.2.2 Sheet Thicknesas The total thickness of the finished sheet, including copper 
faces, shall be in accordance with the folloxing; unless other►a~ise specified, 
material confozming to the normal thickness tolerancea ahall be furnished. When 
other thicknesses are specified~ the tolerar:ce for the next greater thickneas 
ehall be used. 	 , 

6.2.2.1 Idormal Thickness Tolerances: 
Tolerance, Inch, Plus and Minus 

Nominal Thicknesa 	Co er on One Side Onl Cop er on Both Sides 

	

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

	

o.o3i 	 o.0065 	0.0075 	0.0075 	0.0085 

	

0.062 	 0.0075 	0.0085 	0.0085 	0.0095 

	

o.i25 	 o.oi2 	o.oi3 	0.013 	0.014 

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

6.2.2.2 Close Thickneas Tolerances: 
Tolerance Inch Plus and Minus 

Idominal Thicknese 	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~ 	0.0045 	0.0045 	o.00b 

	

0.060 	 0.0055 	0.006 	0.006 	0.007 

	

o.i25 	 0.008 	0.008 	0.008 	o.oio 

6.2.2.2.1 Specified tolerancea shall be Purnished over 100~ of the area of the aheet. 

6.2.3 Warp and ~i.att Shall not exceed the follow~ing valu~s, based. on 36 in. length, 
When determined in accordance with ASTM D229-1t9 or D709 -55T: 

Nominal Thickne8a 
~ 	 Inch 

o.o3i to 0.01~5, ~ci 
Over 0.0lt5 to 0,062, incl 
Over 0.062 to 0.125, incl 

M~aximwn Deviations Inche~ 
Co er on One S e Onl 	Co er on Both ides 
.00 in. 0.00 in. 	Bo 	c n~c ess 

	

7.2 	 8.6l~ 	 2.16 

	

5.4 	 6.48 	 2.16 

	

3.6 	 4.32 	 1.08 
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