UNCLAS]IFED ED
?2 58

Reproduced
by the

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGION 12, VIRGINIA

" UNCLASSIFIED




NOTICE: When govermment or other drawings, specl-
tications or other data are used for any purpose
other then in comnection with a definitely relsted
governwent procurement operation, the U. S,
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
sent may have formmlated, furnished, or in any way
supplied the said drawlngs, specifications, or other
dsta is not to be regardcd by implication or other-
vise as in eny mamer licensing the holder or any
otkher person or corporation, or conveying any rights
or permlssion to manufacture, use or sell any
patented invention that mey in any wey be related
thereto.



S S
“Studies and Surveys In The Fisld Of Printad Circuit Boards
E and Foll Clac Lueningtes” _
S i Fov: U.S. Army Signal Supply Agency =z
’ c' Fort Monmouth nt Office, Fort Monimouth, New Jersey o '9'?&_
© ™
; &\ j ,S_m:?%uly 1960 to 30 June 1961
N
-~
i
| f o
| v
|
B |
ITTON INDUSTRIES
. 5. ENGINEERING CO. DIVISION

MAR o 1962 l

R AT RT A O

A

|
| {
!
'w a TISIA B
o~ |
lg'.‘
e %

L
AT



STUDIES AND SJRVEYS IN THE FIELD

OF PRINTED CIRCUIT BOARDS AND

FOIL CLAD LAMINATES

FINAL REPORT,

1 JULY 1960 TO 30 JUNE 1961

LITTON INDUSTRIES
U.S. ENGINEERING CO DIVISION

VAN NUYS. CALIFORNIA

PREPARED FOR
U.S. ARMY SIGNAL SUPPLY AGENCY
FORT MONMOUTH PROCUREMENT OFFICE
PROCUREMENT MANAGEMENT DIVISION B

FORT MONMOUTH., NEW JERSEY

CONTRACT NUMBER: DA36-03% SC85383

ORDER NUMBER: 40605-PM-60-93-93

PREPARED BY /‘af"/é'” )’ﬂ Jacm«m -

u(,I-‘- IJ(JJ‘U i/,
P{\ f"‘

a// [(////1

DOLGLAS ,7

"POJ...b o Al T

APPROVED BY, wach/ / g‘// /:,7%1
_/' (JK ie \Ju‘f[‘;.

EN BRAL MANAGER

APPROVED BY




ey

P TR T

i1 1]

) P ] s -3

e

i

. ALy ‘L\ 1':. é /1 P72 L
\,": e.n " s'-' . T
e L‘**“* -*c- nlia of A study covoring f“n- areas ol

SEGEeerepont has boen prepee sl in ulsssid it .
interest in the vahmiiun oi foil ciad laminaies vasd for the mmmf.tut we of printed wiring hoor iz
This study, eenduelad by the 1 8, Haghmeesbee U wmie e 0 DT it 10T WT0E Tonorest
e - JTANTUAT SR 78 covers the desipn and construction of necessary testing wyaipment,
the establishmeni of iesiing procedures, and the gatherlng of expecimental data to provide more

complete information inr speeification reguirements for these materlals. .

This report in divided into five arcas of discussion ag iollows: Allowable limits per sguare tor
nicks, pin hotes and scratches on printed wiring boards; Study of insulation resistance on feil clad
laminates; Peel strength after dip solder; Peel strength at elevated temperatures; and a complete
evaluaiion of copper clad paper base epoxy laminates. Specimen preparation, tesiing methods,
an analysis of experimental data, an ! where appropriale, recommended specification provisions
are presenied under each task.

A

N

I

Niget b

BIPNY N TP

HELE R CiE L R R



o

o

(.13

Pt

©o

B et e T T VUV

TANLE OF CONTENTS

Task A - Allowable Limits Per Square Of Nicks, Pin Holes And

Scratches On Prinied Wiring Board , ... . .. e e
Approach ..., .. i e e e e e e e e i e e e e
Specimen Fabrication . .. .... ... .. ... e e e e e e
Measuring Equipment . . ....... e e e e .

Testing Procedure .. ............. e i e e
Analysis of Temperature Rise Measurements ., .. .. ... ...
Conclusions., . . v . v v v v v s v e v us e e e R
Task B - Insulation Reslatance . ... ... .. .... .. ' v
APPLOACh & v i v e e e e e e e e e e e e e
Specimen Fabrication .. . . ... .. .. . . . . i i e e
Design of Humidity Chamber. . . . .. .. .. . .. . . e
Testing Procedure . . . . . . it i i e et et e e e e e
Analysis of Insulation Test Results . . ... ... ... .............
Conclusions . . . . . .. . v i e e e e e e e e e
Task C - Peel Strenpth After Dip Solder, . .. ... ..............
ADDProaCh, . . v h o e e e e e e e e e e T
Specimen Fabrication . ... ... . . . o L e e
Test Procedures for Controlling Solder Deposit e
Analysis of Peel Test Results, . .. .. 0 o o o o .., .
Conclusions. . . . .. ... o v o e e e e e e e e e e

ii

11
78
81
81
81
82
85
90



Section

5.

5.1

TABLE OF CONTENTS (CONT)

Task D - Peel Strength At Elevated Temperature, . .. ...........

Approach. . . . .. . .. .. . oo e e e e e e e e e s
Specimen Preparation . .. ... .. .. o i s e
Design of High Temperature Test Chamber. .. ... ........... ..
Test Procedure . . ... .. . . . @ i it e e i e e e
Analysis of Elevated Peel Test Results, . . . ... .. ... ... .......
Conclusion. . . . . . . i i e e e e e e e e

Task E - The Physical, Mechanical And Electrical Property
Evaluation Of Paper Epoxy . . . . . .. . oo 0o i it i e e e e

PUrPOSE . e e e e e e e e e e e e e e e
General Data . .. . .. ... . e e e e e
Detailed Data. . . . .. .. o e e i e e
Analysisof Results. . . .. . ... . o i i e e
Appendix. . . ... L e

Appendix A - A Nou Destructive Test Yor Measuring Temperature
Rise On A Printed Circuit Board. . . . . ... ... .. .. .. ..

Appendix B - General Procedure For Preparing Test Specimens. .. ..

Appendix C - Insulation Resistance Test. .. ................ .,

1ii

173

173

173

266
268

269



Table

il

111

v

VI

Vil

VIII

IX

X1

XI1I

A1

Xiv

xv

XVl

XVl

XVII

LIST OF TABLES

Data sheet - Temperature vs Currenf on Paper Phenolic {1/16 Inch
Thickness - 1Oz Copper) 0oL 0 0

Dalac Sheet - ‘'Temperature vs Current on Paper Phoenolice (1/8 Inch

Thickness - T Oa. Copber) . ... 0 L e e e e e e

bata Sheet - Temperature vs Current on Paper Phenolic (1/8 Inch
Thickness « 2 0z, Copper) - v v n o oo e e e e e e

Date sheet - Terperature vs Current on Paper Epoxy (1/16 Inch

Thickuess - 1 Oz, Copper) . ... ... .. s i

Pata Shect - Temperature vs Current on Paper Epoxy (1/8 Inch

Thickness = 1Oz, Copper) o0 00 0 e e e i e

Data Sheet - Temperature vs Currenl on Paper Epoxy (1/8 Inch

Thickness = 2 0z Copper) L ... .. e e

DPata Sheel - Temperature vs Current on Glass Epoxy (1/8 Inch

Thickness -2 Q2. Copper) ... o0 . 00 o e e

Data sheet - Temperature vs Current on (lass Silicene {178 Inch

Thickness - 2 0z Copper) .. .. . 0 e ’

Data sheel - Temperature vs Current on Paper Epoxy (1/8 Inch

Thickness - 1 Oz, Copper) ., . o 0 e e e s s e e e e e

Data Sheel -~ Temperature vs Current on Paper Epoxy (1/8 Inch

Thickness - 1 Oz, Copper) . ..., . e e e e e e e e e e e e e

Data Sheet - Temperature vs Current on Paper Epoxy (1/8 Inch

Thickness - 2 Oz, Copper) . .. ... e

Data Sheet - Temnerature vs Current on Paper Epoxy (1/8 Inch

Thickness - 2 Oz, Copper) . .o e

Pata Eheet - Temperature vs Current on Glass siiicone (1/8 Inch

Thickness - 2 On Coppery e e

bata Sheet - Temperalure vs Current on Glass Silicone (178 Inch

Thickuess - 2 0z Copper) oo oo oL o

Temperalure Rise vs Current on Paper Phenolie (1/8 Inch

Thickness ~ 1 Oz Copper) ... .00 0

Temperatore Rise vs Curvent on Paper Phenolic (1/8 Inch

Thickness - 2 0z, Coppey) . L oo oo e

Page

16

17

19

20

21

23

25

27

28

29

31

32

<
-3

60

62



Table

AIX

XX

XX1

XX11

XXIII

XXIV

XXV

XXV1

XXV

XXVill

XXIX

XXXI

XXXII

XXXIIT

XXXIV

XXXV

XXXVI

LIST OF TABLES (CONT)

Page

Temperature Rise vs Current on Paper Epoxy (1/8 Inch
Thickness - 2 0z2. Copper) . . . ... i it it it it i it et e e ... 65
Temperature Rise vs Current on Glass Epoxy (1/8 Inch
Thickness - 1 0z. Copper) . .. ... ... 0. innnn.. ceve... 68
Temperature Rise vs Current on Glass Epoxy (1/8 Inch
Thickness - 2 0z. Copper) . .. ... ..., e 70
Temperature Rise vs Current on Glass Silicone (1/8 Inch
Thickness - 1 Oz. Copper) . .. ... o0 e et e e e 73
Temperature Rise vs Current on Glass Silicone (1/8 Inch
Thickness - 2 Oz, COPPEY) L . i . it i vttt it ittt i et e e 75
Insulation Resistance Test Results of Test Pattern 6225 7
(100 Volts D.C.) . v i i e ettt ettt e s it e e e e e 92
Insulation Resistance Test Results of Test Pattern 55110
(100 Volts D3.C.) .. it it it e it it e s it e et s e e e 95
Insulation Resistance Test Results of Test Commercial Comb
Pattern (100 Volts D.C.) . . . . . . . . .. ... e e e e e e et e e e 97
Insulation Resistance Test Results of Test Pattern 6225
(500 Volts D.C.) . i it it it et e e s et e e e e e e e e e 100
Insulation Resistance Test Results of Test Pattern 55110
(300 VOolts D.C.) . . i it i it i e e it e e e e e et e e e 102
Insulation Resistance Test Results of Test Commercial Comb
Pattern (500 Volts D.C. ) . v v v v it it i it e s et e e e e e 104
Insulation Resistance Test Results of Paper Epoxy and Glass
Teflon (100 Volts D.C. ). o vt ittt it e s e e et e e et et i e e e 121
Insulation Resistance Test Results of Paper Epoxy and Glass
Teflon (500 Volts D.C. ). . . v ittt i sttt e e et e e e it 124
Calculated Surface Resistance Values on Bullseye Specimens., ... ... .. 131
Peel Strength Test Results After Solder Dip and Chemical Etching
of Paper Phenolic {1/32 Inch Thickness - 1 Oz. Copper) ... ......... 138
Peel Strength Test Resuits After Solder Dip and Chemical Etching
of Paper Phenolic (1/32 Inch Thickness - 2 Oz, Copper) . ........... 140
Peel Strength Test Results After Solder Dip and Chemical Etching
of Paper Phenolic (1/8 Inch Thickness - 1 Oz, Copper) . ... ......... 142

»
Peel Strength Test Results After Solder Dip and Chemical Etching
of Paper Phenslic {(1/8 Inch Thickness - 2 Oz. Copper), , ..., . ....... 144



Table

Liv

LV

LVl

LvVII

LVIO

LIX

LX

LXI

LXII

LXIII

LXIV

LXV

LXVI

LXVII

LXVII

LXIX

LXX

LXXI

LIST OF TABLES (CONT)

Page
Peel Strength Test Results of Paper Epoxy of Manufacturer A
(Testedat 2480 F.). .. .. v i vt i it nr s n e o e e e e e 184
Peel Strength Test Results of Paper Epoxy of Manufacturer B )
(Tested at 2480 F.) . .. .. i it i ittt sttt c i annn . 186
Peel Strength Test Results of Paper Epoxy of Manufacturer D
(Testedat 248° F.). .. .. .. v.vvunun et e e e 188
Peel Strength Test Results of Glass Epoxy of Manufacturer A
GE (Tested at 2840 F.) . . i v it vt it ittt n e an e Ceaeee .. 190
Peel Strength Test Results of Glass Epoxy of Manufacturer B
GE (Tested at 2840 F,) ........ S £ P
Peel Strength Test Results of Glass Epoxy of Manufacturer C
GE (Testedat 2840 F.) .. .. . .. i ittt ettt ens e e 193
Peel Strength Test Results of Temperature Resistant Glass
Epoxy of Manufacturer A - GB (Tested at 2840 F.)... .. .. veaee e ... 194
Peel Strength Test Results of Temperature Resistant Glass
Epoxy of Manufacturer B- GB(Testedat284° F.). .. .. ........... 185
Peel Strength Test Results of Temperature Re51stant Glass
Epoxv of Manufacturer C - GB(Testedat 284° F.)........... ... 196
Peel Strength Test Results of Flame Retardant Glass Epoxy .
of Manufacturer A - GF (Testedat 284° F.) .. ............ e 197
Peel Strength Test Results of Flame Retardant Glass Epoxy
of Manufacturer B- GF (Testedat284° F.) ............ e .. 198
Peel Strength Test Results of Flame Retardant Glass Epoxy
of Manufacturer C - GF (Testedat 284% F.) . ... ... .0 v v v v e nn.. 199
Peel Strength Test Results of Giass Melamine of Manufacturer A
(Testedat 2840 F.) . v i it i it i st ettt et ettt s esennans 200
Peel Strength Test Results of Glass Silicone of Ma.nufacturer A
(Tested at 2840 F. ). . .. i it ittt ittt et et et e e ve. 201
Peel Strength Test Results of Glass Teflon of Manufacturer B
(Tested at 3930 F. ). . ottt st i ittt s e et et et e enans 202
Peel Strength Test Results of Glass Teflon of Manufacturer E
(Tested at 3930 F. ). . . v it ittt ittt sttt tr et e e e e 203
Summary of Peel Strength Test Results Performed at Elevated
Temperatures on 1 0z. Specimens., . .. .. v it v it it ittt rneens 204
Summary of Peel Strength Test Resulis Performed at Elevated
Temperatures on 2 0Z. SPeCIMONE ., & . . v v it v b bt e e s st s e nsnes 205

vii



Table
LXXII
LXXIII
LXXIV
LXXV
LXXVI
LXXVII
LXXVIII
LXXIX
LXXX
LXXXI
LXXXI
LXXXIII
LXXXIV
LXXXV
LXXXVI

LXXXVII

LXXXVIO

LXXXIX

XC

XCI
XC I;
XCIX
XC1v

XCV

LIST OF TABLES (CONT)

Commercial Physical Property Results on Paper Epoxy (PX). ..

Copper Foil Resistivity Values of Manufacturers A & B
Copper Foil Resistivity Values of Maavfacturers A, B, &D .,

Peel Strength of Manufacturer A (1/32 Inch Thickness) . ... ..

Peel Strength of Manufacturer B (1/32 Inch Thickness) .......

Peel Strength of Manufacturer D (1/32 Inch Thickneés) o u
Peel Strength of Manufacturer A (1/16 Inch Thickness) ... ...
Peel Strength of Manufacturer B (1/16 Inch Thickness)
Peel Strength of Manufacturer D (1/16 Inch Thickness) . . .
Peel Strength of Manufacturer A (3/32 Inch Thickness)
Peel Strength of Manufacturer B (3/32 Inch Thickness) .. ..
Peel Strength of Manufacturer D (3/32 Inch Thickness)
Peel Strength of Manufacturer A (1/8 Inch Thickness). . .
Peel Strength of Manufacturer B (1/8 Inch Thickness). .. ... .
Peel Strength of Manufacturer D (1/8 Inch Thickness). ......

Peel Strength of Manufacturer A (1/4 Inch Thickness). .. .. .

Peel Strength of Manufacturer B (1/4 Inch Thickness). .. .. ...

Peel Strength of Manufacturer D (1/4 Inch Thickness). . .

Volume Resistivity and Surface Resistance Test Resuits
of Manufacturer A (1/16 and 3/32 Inch Thickness) .,

Volume Resistivity and Surface Resistance Test Results
of Manufacturer B (1/16 and 3/32 Inch Thickness)

Volume Resistivity and Surface Resistance Test Results
of Manufacturer D (1/16 and 3/32 Inch Thickness)

Volume Resistivity and Surface Resistance Test Results

of Manufacturer A and B (1/8 Inch Thickness) . .. ...........

Volume Resistivity and Surface Resistance Test Results
of Manufacturer D (1/8 Inch Thickness)

--------

Water Absorption Test Results of Manufacturer A ...........

viii

------

-----

----------

« s 3 3

------

------

Page
207
211
225
227
227
228
229
230
231
232
233
234
235

235
236
236
237

237
238
239
240

241



Table
XCV1

Xcvil

Xcvig

XCIX

CI
clI
CII
CIv
cv
CVI
cvIl
CVIII
CIX
cX
CX1

CXII
CXIII
CYIV
CXV
CXVI
CXVII
CXVIN
CXIX

CXX

LIST OF TABLES (CONT)

Water Absorption Test Results of Mamufacturer B ... ....... v e

Water Absorption Test Results of Manufacturer D
(1/16 and 3/32 Inch Thickness) . . . .« v v v v v v v v e v v e v nn s e e

Water Absorption Test Results of Manufacturer D

.(1/8 Inch Thickness) . .. . .. .t iv v i v i e vnn e e

Dielectric-Breakdown Test Results of Manufacturer A . ...... s e
Dielectric Breakdown Test Results of Manufacturer B .. ... ..... v
Dielectric Breakdown Test Results of Manufacturer D .............
Dielectric Constant Test Results of Manufacturers A, B, &D ........
Dissipation Faclor Test Results of Manufacturers A, B, &D ........

Flexure Test Results of Manufacturer A (1/32 Inch Thickness)........

Flexure Test Results of Marnufacturer A (1/16 Inch Thickness), .. .. ...
Flexure Test Results of Manufacturer A (3/32 Inch Thickness)........
Flexure Test Results of Manufacturer A (1/8 Inch Thickness) ........
Flexure Test Results of Manufacturer A (1/4 Inch Thickness) ..... ...

Flexure Test Results of Manufacturer B (1/32 Inch Thickness)........
Flexure Test Results of Manufacturer B (1/16 Inch Thicknress). .. ... ..
Flexure Test Results of Manufacturer B (3/32 Inch Thickness). ..... ..
Flexure Test Results of Manufacturer B (1/8 Inch Thickness) ........
Flexure Test Results of Manufacturer B (1/4 Inch Thickness), ........
Flexure Test Results of Manufacturer D (1/32 Inch Thickness)........
Flexure Test R_esults of Manufacturer D (1/16 Inch Thickness).. ... . .
Flexure Test Resul;ts of Manufacturer D (3/32 Inch Thickness)........
Flexure Test Results of Manufacturer D {(1/8 Inch Thickness) ........
Flexure Test Results of Manufacturer D (1/4 Inch Thickness) ........
Flammability Test Results of Manufacturers A, B,andC ...........

Summary of the Physical Property Test Results of
Paper Base Epoxy Laminate. . . .. . oo v v vt it v it v i v oo e v

ix

Page

245

247

248
249
250
251
253
254
255
295
256
256
257
257
258
258
259
259



10.
11.
12.
13.
14,
15.
16.
17.
18.
19.
20.
21.
22,
23.
24.
25.

LIST OF ILLUSTRATIONS

Test Pattern A" .. ....... ....

Test Pattern"B"” . . ., . ... ... ...

Test Pattern"C" . ........... e

Basic Circuit For Measuring Temperature Rise In A Copper

Conductor , .. .......... e e

------------ LI SR SR BT B 4

Test Set Up For Measuring Temperature Rise ... ......... ... .

Modified Test Set Up For Measuring Temperature Rise On Production

Type Circuit Boards . . . ... ..... .
Thermistor Bead Holding Device ...
Temperature Rise Test Chamber . ..
High Current Termination Terminal .
Temperature vs Current of Board No.
Temperature vs Current of Board No.
femperature vs Current of Board No.
Temperature vs Current of Board No.
Temperature vs Current of Board No.
Temperature vs Current of Board No.
Temperature vs Current of Board No.
Temperature vs Current of Board No.
Temperature vs Current of Board No.
Temperature vs Current of Board No.
Temperature vs Current of Board No.
Temperature vs Current of Board No.
Temperature vs Current of Board No.
Temperature vs Current of Board No.

Temperature vs Current of Board No.

- Temperature vs Current of Board No.

10
12
13
14
33
34
35
36
37
38
39
40
41
42
43

45
46
47



Figure
26.
27.
28.
29.
30.
31,
32.

33.

34.

35.
36.

317.

38.

39.

40.

41.
42.
43.

44.

45.

46.

LIST OF ILLUSTRIATION (Cqnt'd)

Page
Temperature vs Current of BoardNo. 9 .. ...... e e e e 49
Temperature v5 Curventof BoardNo. 10 . ..., ... ..., ... .. . 50
Temperature vs Current of BoardNo. 11............. e e e 51
Temperature vs Current of Board No. 12 .. ............ e 52
Temperature vs Current of Board No. 13 ....... .. e e 53
Temperature vs Current of Board No. 14 ..., .. .. ............ 54
Various Conductor Line Widths on Production Type Circuit
Boards . ...... e e e e e e e e 59
Design Chart for Determining Current Carrying Capacity and
Temperature Rise for 1 oz, Copper Conductors. . . ............ 9
Design Chart for Determining Current Carrying Capacity and
Temperature Rise for 2 cz. Copper Conductors. .. ............ 80
Wiring and Plug Acrrangement of the Modular Side Panels .. .... .. 83
Inside View of Humidity Test Chamber Showing Specimen
Holder Arrangement .. ......... ... e e e e e e 83
Missimers Model M3.3 Modular Test Chamber ... ............ 84
Special Design of A Specimen Holder for Use in Surface Resistance
Measurements Under Humidifying and Temperature Cycling Test
ConditionS . « . o i s e e e e e e e 86
Mounting Board For Test Specimens ......... e e e e e 87
Electrode Connector Designs for Insulation Resistance
Measurements . . . .. . i vt ittt e e e e e e e e 88
Humidity Chamber Portable Side Panel. . . . ... .......... e 89
Measuring Circuit for Surface Resistance. . . .. .. .. .. ... ... 90
Surface Resistance Test Specimens After Humidity Test . . .. .. S 91
Insulation Resistance vs Time of Test Pattern 6225 at 100 Volts D.C.
(Glass Epoxy Types GE, GBandGF.) .............. s e e 107
Insulation Hesistance vs Time of Test Pattern 6225 at 100Volts D, C,
(Glass Epoxy Types GE, GBandGF.) ..................... 108
Insulation Resistance vs Time of Commercial Test Pattern at 100
Voilts D.C. (Glass Epoxy Types GE, GBand GF.) ............ 109

xi



LIST OF ILLUSTRATIONS (Cont'd)

417. Insulation Resistance vs Time of Test Pattern 6225 at 100

Volts D.C. (Laminate Types PP, GM andGS.} ... .... ... ...... 110
48. Insulation Resistance vs Time of Test Pattern 55110 at 100 Volts

D.C. (Laminate Types PP, GM and GS.) . ... ... ...« ... 111
49, Insulation Resistance vs Time of Commercial Test Pattern at 100

Volts D.C. (Laminate Types PP, GMand GS.} .. ..... .. ... .... 112
50. Insulation Resistance vs Time of Test Pattern 6225 at 500 Volts

D.C. (Glass Epoxy Types GE, GBand GF.) .. ... ... ... ... 113
51. Insulation Resistance vs-Time of Test Pattern 55110 at 500 Volts

D.C. (Glass Epoxy Types GE. GBandGF.) ... ............... 114
52. Insalation Resistance vs Time of Commercial Test Pattern at 500

Volts D.C. (Glass Epoxy Types GE, GBandGF.). ............. 115
53. Insulation Resistance vs Time of Test Pattern 8225 at 500 Volts

D.C. (Laminate Types PP, GMandGS.).............. e 116
54. Insulation Resistance vs Time of Test Paitern 55110 at 500 Volts

‘D.C. (Laminate Types PP, GM andGS.). . ... ..« v e i 117
55. Insulation Resistance vs Time of Commercial Test Pattern at 500

Volts D.C. (Laminate Types PP, GMand "3.). .. ... . cv .. 118
56. Insulation Resistance Test Patterns ., ., . ... ... .. ... ... ....... 119
57. Insulation Resistance vs Time of Paper Epoxy (PX) ............. 126
58. Insulation Resistance vs Time of Glass Teflon (GT) .......... ... 127
59. Insulation Resistance vs Time of Paper Epoxy (PX) .. ... ........ 128
80. Insulation Resistance vs Time of Glass Teflon (GT) . ............ 129
61. Surface Resistance vs Time of Glass Epoxy Bullseye Specimens

(Types GEand GB) . . . . . . . . . i ittt it ittt e e e 133
62. Surface Resistance vs Time of Paper Phenolic Bullseye Specimens

(Type KX X P) . v ot ittt i e e ettt e e e et e e i e e e e 134
€3. Peel Strength Specimens After Solder Dip. . ... .. ... ... ... 164
64. Peel Strength vs Solder Film Thickness of 1 Oz. Copper Specimens

(Manufacturer A) . .. v it vt i it et v et et et e e ettt e 165
65. Peel Strength vs Solder Film Thickness of 2 Oz. Copper Specimens

(Manufacturer A) . .. v v it i it e e et e e e 166

xii



LIST OF ILLUSTRATIONS (Cont'd)

Figure Page
66. Peel Strength vs Solder Film Thickness of 1 Oz. Copper Specimens
(Manufacturer B) .. . v v i vt vt it b e ts et et sttt a e 167
67. Peel Strength vs. Solder Film Thickness of 2 Oz. Copper Specimens
{(Manufacturer B) .. . v vt it i vt e st et s o i e 168
68. Peel Strength vs Solder Film Thickness of 1 Oz. Copper Specimens
(Manufacturer C) .. .. . it ittt it it e it et s it e e s aas 169
69. Peel Strength vs Solder Film Thickness of 2 Oz. Copper Specimens
(Manufacturer C) .. .....cvvv v enn e e e e e . 170
70. Peel Strength vs Solder Film Thickness of 1 Oz. Copper Specimens
- (Manufacturer BandE) , . ............... e e e e 171
T1. Peel Strength vs Solder Film Thickness of 2 Oz. Copper Specimens
(Manufacturer Band E) . . . . ... . v ittt ittt e in e 172
72. Front View of the Elevaied Temperature Peel Test Chamber . ... ... 174
73. Elevated Temperature Test Chamber. .. ... .. ... ... ... ... 176
74. Electrical Circuit for Test Chamber . .. ... ................. 177
75. Sargent-Slomin Electrolytic Analyzer for Use in Copper Foil
Resistivity Determination. . . ... ... ... ... ... ... . ..., . 209
76. Automatic Dip Solder Machine. . . ... ... ....... e e e e e e e 212
7. Dillon Testing Machine for Peel Strength Determination . .. ....... 214
78. Conditioning Oven for Temperature Cycling of Peel Test Specimens . . . . 215
79. Etched Specimen Patterns for Peel Strength. Volume Resistivity
and Surface Resistance Tests . . . .. .... .. ... i 216
80. Laboratory Balance for Use in Weighing Water Absorption . ..... ..., 218
81. Dielectric Breakdown Test Set Up . . . .. .. .. ... v vne 220
82, Dielectric Constant and Dissipation Factor Specimen with Electrodes. . . 220
83. Dielectric Constant and Dissipation Factor Test Set Up........... 222
84. Dielectric Breakdown Speciinen with Electrodes. ............... 222
85. FlexureTest Machine . . . . ... ... . it i inen s 223
86. ‘Flammability Test Set Up .. ... ... . it 224
87. Project Performance and Schedule Chart ........... e e 265

xiii



1. Introduction

1.1

1.2

1.3

1.4

Purpose - This report has been prepared to present the results of a study of some of the
physical, mechanical and electrical properties of foil clad laminates for printed wiring
boards, and where appropriate, to submit recommendations for specification revisions,

based on the data taken.

Background - The successful utilization of printed circuitry in electronic systems. partic-
ularly for military applications, demands careful evaluation, not only of the completed

.boards. but of the base material from which they are manufactured. In order to conform

with the Department of Defense Standardization Program, acceptance standards for both
the basic copper clad laminates and the printed circuit boards made therefrom must be
established on an industry wide basis. These standards must fulfill a two-fold purpose:
(1) to ensure that acceptable material is being used to produce acceptable boards. and

(2) that the standards so established must allow the industry to produce these boards with-
out the risk of excessive scrappage because of too many restrictions.

Evaluation of foil clad laminates and printed wiring boards requires examination of phys-
ical, electrical and mechanical properties. In some of these areas. both criteria for
allowable limits and acceptable testing techniques exist. In other areas they may not exist
or may be subject to question by the consumer or the industry. The problem. then is two-
fold; (1) complete criteria for allowable limits must be established, and (2) testing method
must be developed or evaluated from the standpoint of practicability and reproducibility
over a wide range of different types of material produced by many different manufacturers.

Because of the widespread interest in the use of paper base epoxy in the printed circuit
field in the last fcw years. it has become necessary to evaluate this material with respect
to physical, electrical, and mechanical properties in order to establish property values
for the various parameters measured in MIL-P-13949B.

Scope - The scope of this study has been broken down into five tasks. Task A is concerned
with establishing criteria for allowable limits per square, for pin holes, nicks and
scratches on printed wiring boards. The work accomplished and reported under this task
is concerned with fabrication of test specimens, completion and testing of the circuit de-
sign for measuring temperature rise in a copper conductor. testing of the specimens and
cvaluation of the effect of the temperature increase by making peel strength measurements
on specimens already tested. Task B is concerned with the evaluation of ""bullseye’ and
“comb patterns’' presently used by the military and commercial organizations for measur-
ing insulation resistance of copper clad laminates, and to establish a method of measuring
insulation resistance which is practicable and reproducible when tested in a humidity cham-
ber at specified conditions. (10 cycles of method 106-MIL-STD-202A). The work accom-
plished under this task includes the modification of the insulation resistance test design.
special cleaning procedures for the bullseye and comb pattern test specimens. and analysis
of the experimental data. Task C is concerned with the collecting of peel strength data on
copper clad laminate test specimens after dip solder, and to evaluate the reproduceability
of these results by comparing them with values obtained when controlled amounts of solder
are used. Task D is concerned with perforining peel strength tests at elevated tempera-
tures in accordance with the test method in MIT-P-13949B. 7 he work accomplished under
this task involves specimen preparation and design and construction of a peel strength
chamber., Task E is concerned with the complete evaluation of paper base epoxy laminates
in accordance with the requirements of MIL-P-13949B, so that this material can be includ-
ed in the next revision of the specification.

References - The following documents have been used to start the work reported on. Spec-
ifications and standards marked with an asterisk (*) are considered of particular irterest

to the tasks.




MILITARY SPECIFICATIONS

*MIL-P-13949B
MIL-P-22324 (Ships)

*MIL-P-55110

*MIL-R-978 (Ships)

MILITARY STANDARDS

*MIL-STD-202A

*MIL-STD-275A

FEDERAIL SPECIFICATIONS

*1,-P-406B

Plastic Sheet, Laminated, Coppesr Clad (for Printed
Wiring)

Plastic Sheet, Laminated, Thermosetting, Paper Base,
Epoxy Resin

Printed Wiring Boards

Reports and- Microfilm: Research and Development
(for Electronic Equipment)

Test Methods for Electronic and Electric Component
Parts; Method 106A, Moisture Resistance; Method 302,
Insulation Resistance

Printed Wiring for Electronic Equipment

Plastics, Organic: General Specifications, Test
Methods

Method 7031 Water Absorption Test

Method 2021 Flammability of Plastics over 0. 050

*American Society for Testing Materials

Designation D570-54T

Designation B193-49

Miscellaneous Publications

*SCL-6225

*SCL-2101K

Books and Pamphlets

Inch in Thickness

Water Absorption of Plastics

Method of Test for Resistivity of Electrical Conductor
Materials

Design Requirements for Auto-assembled Army Signal
Electronic Equipment

Signal Corps Technical Requirement; Technical Reports

“Instruction Manual, Model 610A, Multi-Purpose Electrometer and Accessories”. Keithley

Instruments, Inc.

"Instruction Manual, Sargent-Slomin Analyzers, Catalog Nos. 26459-85", E. H. Sargent & Co.

"Do's and Don'ts for Fabricating Laminates'', General Electric Company.

“"Manual Instructions, Dillon Test Machine', Model M-Serial 577 by W. C. Dillon and Company.
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"Operating Instructions, for Type 544-B Megohm Bridge', General Radio Company.
"Directions for Kelvin Bridge Ohmeter No. 4285", Leeds & Northrup Company.

"Instruction and Operating Manual for Vacuum Tube Voltmeter, Model 412A", Hewlett-Packard
Company. )

“Instructions for The Operation of, Missimers Model M3. 3 Modular Test Chamber, Missimers
Incorporated.

Progress Rejorts

"Characterization of Metal-Insulator Laminates”, by D. S. Hoynes, April 1953 through April 1954,

National Bureau of Standards Report No. 3392.

"Characterization of Metal-Insulator Laminates', by D. 8. Hoynes, January 1955 through
December 1955, National Bureau of Standards Report No. 4283.

"Specification Development Report on Elevated Temperature Bond Strength of Copper Foil Clad
Plastic Laminates for Printed Circuitry", Lab Project 5315-161 Final Report, 12 December 1958,

Bureau of Ships.

"Specification Development Report on Elevated Temperature Bond Strength of Copper Foil Clad
Plastic Laminates for Printed Circuitry'. Lab. Project 5315-161, Progress Report 1, Bureau of
Ships Problem No. ST-161, 14 August 1958,

“Evaluation Report of Electrical Resistance of Foil Clad Phenolic and Epoxy Laminates'', Lab.
Project 4960-C-61.5-100, Final Report, Problem No. 1101-C-61,5-100 Allotment 600008/56.
Bureau of Ships, 28 December 1956.

"Insulation Research Program', Progress Report June 1 to September 1, 1959, University of
Delaware.

“"Insulation Research Program', Progress Report, September 1, to December 31, 1959. Univer-
sity of Delaware.

"Insulation Research Program', Progress Report, January 1, to April 25, 1960, University of
Delaware.

“"Insulation Resistance Program", Summary of Investigations and Results, Joint ASTM-EIA- NEMA
Project, May 20, 1060, University of Delaware.

"Minutes of Joint Steering Committee on Insulation Research’, May 25, 1960, University of
Delaware, Newark, Delaware.

"Resistivity - Its Meaning and Significance", by Milton G. Young, Symposium Paper, Sponsored
by the American Society of Testing Materials, ASTM Meeting at Detroit, Michigan, October 6,

1960.

"Use of Low Cost Foil-Clad Paper Base Epoxy Laminates for Printed Wiring Boards", H. L.
Uglione, Jr. Insulation, September 1960.

Progress Reports and Communications

Contract No. DA36-039 SC85383, Letter to Commanding Officer U. S. Army Signal Equipment
Support Agency, Fort Monmoutii, New Jersey, Attention: Mr. A. Z. Orlowski, from U. S.
Engineering Co. Division Litton Industries, July 27, 196J.




First Quarterly Progress Report, "Studies and Surveys in the Field of Printed Circuit Boards and
Foil Clad Laminates" 1 July 1960 to 30 September 1260. Contract No. DA 36-039 SC85383.

Second Quarterly Progress Report, "Studies and Surveys in the Field of Printed Circuits and Foil
Clad Laminates 1 October to 31 December 1960. Contract No. DA38-039 SC85383.

Third Quarterly Progress Report, "Studies and Surveys in the Field of Printed Circuit Boards
and Foil Clad Laminates" 1 January to 31 March 1961. Contract No. DA36-039 SC85383.

1.5 Conferences - A meeting was held on July 5 and 6, 1960 between representatives of the
U.°S. Engineering Co. and USASESA to discuss the tasks assigned under the contract. As
a result of this meeting, it was decided that work on Task E, the evaluation of paper epoxy
should be started immediately, rather than left until last as had been criginally planned.
On July 8. a meeting was held between representatives of U. S. Engineering Co. and Mr.
D. S. Hoynes of the Bureau of Standards. This discussion covered previous work done in
measuring and evaluating current carrying capacities of varying widths of printed circuit
conductor lines. Copies of the reports covering this work were obtained. On July 11, a
meeting was held at the University of Delaware with Professor M. A. Young, concerning
a research program being conducted under a joint industry sponsorship on insulation re-
sistance of copper clad material. Although their measurements were being taken at a
constant temperature and humidity, as opposed to the variable conditions required by
Method 106 of MIL-5TD-202, considerable valuable information was received on techniques
of measurement on parts under humidity chamber conditions. On September 8 and 9, a
meeting was held at U. S. Engineering Co. with Miss Sarah Rosen of USASESA. This
meeting covered discussions of the progress made, and plans for balance of the work on
all the tasks, with particular emphasis on the evaluation of copper clad paper base epoxy.
On October 10 through 12, a meeting was held at U, S. Engineering Co. with Mr. A. Z.
Orlowski of USASESA. General discussions were held concerning the progress of the pro-
gram. At this meeting, following an inspection by the USASESA representative, permis-
sion was granted to allow the Delsen Co., a local Engineering Testing Company to
subcontract the dielectric testing necessary for the completion of Task E. the evaluation of

paper epoxy.

On October 23 through 27 visits were made to the following companies to determine if any
work was being done which might be of value or be worth including in this program:

Martin Company - Denver, Colorado. Talked to Mr, Frank Lane and Mr. Lew Charles,
They stated that the only work which had been done which might be of value was some
earlier work on current carrying capacity of conductor lines, but the report was not im-
mediately available.

Sperry Utah Engineering Laboratories - Salt Lake City, Utah. Talkedto Mr, T. A.
Roberts. Standards Engineer. No work being done which would be of value.

Boeing Airplane Company - Seattle, Washington. Visited Mr. J. D. Rough. Mr. Bob
Cockrell. Boeing has done a considerable amount of work on material evaluation, but
unfortunately, it does not fail into the present requirements of MIL-P-139498, and there-
fore would be of little use.

From December 4 through 16, a series of visits were made to other companies and mili-
tary installations, as well as USASESA. These are outlined below:

Dec. 7 - A repeat visilt was made to Professor Young at the University of Delaware to re-
view measurement techniques of Insulation resistance in the humidity chamber, and pick
up any additional data which may have been accumulated since the last visit.

e e MED A W




Dec. 11 and 12 - A meeting was held with USASESA representatives during this period to
discuss progress of the various tasks, and particularly the final data on the evaluation of
copper clad paper epoxy. Some suggestions for tabulating the data were made and final
specification values were discussed. . '

Dec. 13 - Visited Wright Air Development Depot at Dayton. No Material evaluation work
which would be suitable for this study is being done there.

Dec. 14 - Indianapolis. Nava) Avionics Facility, Mr. Donald Martz. Considerable active
printed wiring board research going on at this facility, but no data was available which
would fall within the scope of this study.

From March 21 through March 30, the following visits were made:
Sperry Company, Great Neck, N. Y.

General_Electric LMD, Syracuse, N. Y.

Chrysler Missile Division

Burroughs Company. Detroit, Michigan

Collins Radio Company, Cedar Rapids, Ia.

On June 8 and 9 a meeting was held at the U, S. Engineering Co. with Mr. A. Z. Orlowski
of USASESA. The third quarterly progress report was reviewed, and final plans were
made for completing the program.

2. Task A - Allowable Limits Per Square of Nicks, Pin Holes and Scratches on Printed Wiring
Board,

2.1 Approach

To measure and :valuate the effect of cross-sectional area reduction on the current
carrying capacity of a specified length of conductor, a series of artworks were designed
to produce printed wiring boards with conductor lines of different widths, having increasing
degrees of area reduction represented by notches of measured depth. By plotting the in-
crease in temperature of the conductor at the point of reduction against the current through
the conductor, a series of curves were established, allowing the comparison of the temper-
ature effect of successively deepening notches with a line having no reduction. It had been
originally planned to use a 40°C. rise as an arbitrary upper limit for temperature increase,
but it became apparent that tests should be performed to the point of destruction. (The
point of destruction is defined as the point at which there is a separation of the copper from
the base material due to heat developed by a current overload.) After temperature testing,
pull tests were made on the individual circuit lines to determine at what point the tempera-
ture increase which developed at the point of reduction began to effect a degradation of the
bond strength of the copper to the base laminate.

Temperature rise tests were also performed on production type circuit boards which
had nicks, pin holes, and scratches in the circuit. The data on temperature rise versus
current were recorded and a tentative design chart for determining current carrying ca-
pacity and temperature rise for 1 and 2 oz. copper was drawn.

A tentative non-destructive electrical test for evaluating the pffect of nicks. pin holes
and scratches on printed wiring boards is presented in Appendix ®at the back of the report
under a given set of electrical and physical conditions. This test will provide a standard
for determining the degree of reduction which may be safely allowed per square, or per
given length of conductor.



2.2 Specimen Fabrication

Artwork was produced for three types of test patterns which were printed and etched
on various types of copper clad laminates. Each pattern was marked with letters A, B and
C respectively. The three types of test patterns are illustrated in Figures 1, 2 and 3.
The percent reduction of width for each conductor was measured at the notched area. (See
Figures 1, 2 and 3.) The dimensions of each test pattern were checked on an optical com-
parator and it was established that the test patterns were within 0. 1 Mil of the required
dimensions. The conductor width, at the notch area for each type of test patiern is given

below:
PATTERN "A"
Strip No. Conductor Width in Inches at Notch
1 0. 100 (No reduction)
2 0. 090 (10% reduction)
2 0. 080 (20% reduction)
4 0. 070 (30% reduction)
5 0. 060 (40% reduction)
6 0. 050 {50% reduction)
PATTERN "B"
Strip No. Conductor Width in Inches at Notch
1 0. 047 (no reduction)
2 0. 035 (25% reduction)
3 0. 024 (50% reduction)
4 0. 020 (80% reduction)
PATTERN "C"
Strip No. Conductor Width in Inches at Notch
1 0. 047 (No reduction)
2 0. 035 (25% reduction)
3 : 0. 024 (50% reduction)
4 0. 020 (60% reduction)

Pattern "'C'" has five individual notches in Strips 2, 3 and 4. (See Figure No. 3.)
These additional notches in each strip of Pattern "'C' were added to see what effect this
might have on the temperature rise of each copper conductor.

The general procedures for printing and etching the test specimens are outlined in
Appendix B of the report. After the boards have been prepared, as outlined in Appendix B,
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2.3

2.4

terminals were soldered to cach copper strip of each test board. The distance helween
terminals was 3. 000 inches. The cross-sectional area of the terminal chosen was large
enough to carry the maximum current used during the temperature versus current meas-
urments without effecting the resulls. The specimens were recleaned and bagged in a

- polyethylene bag after the terminals had been soldered in place.

Additional test specimens were produced where nicks, pin holes, and scratches were
inscribed in several production type circuit patterns. The general printing and etching
procedures for these test boards are outlined in Appendix B at the back of the report.

Measuring Ecuipment

The basic circuit layout for measuring temperature rise is illustrated in Figure No.
4. Figure No. 5 shows the completed test equipment set up for measuring temperature
rise in a copper conductor. Figure No. 6 shows the test setup for testing test boards 15 to
21. The following equipment was used for measuring temperature rise:

i. Model 931 D.C. Ampere Meter

2. 20 Amp. Shunt

3. 8 Ohm, 50 Watt Rheostat

4, Two (125V-25Amp) Knife Switches

5. One 6 volt Battery (130 Ampere hours)

6. Fenwal Temperature Meter {(Model 58301-5)

7. Thermistor Bead Sensing Device (Fenwal No. GB34P92)

8. TW #8 Solid-Copper Wire

§. Universal Timer (Model 167)

10. Jagabi Carbon Pile Rheostat (Model #10-.018 to 1. 8 ohms Resistance).

Testing Procedure

The following test procedures were used to collect experimental data on temperature
rise versus current for test patterns A, B and C as illustrated in Figures 1, 2 and 3 of the
report and test boards 15 through 21. The test board was placed in the sample holder and
the two circuit wires with connectors were positioned on the respective terminals of the
conductor to be tested. This can be seen in Fipures No. 5 and 6.

The {ollowing test procedure was followed for test boards 1 through 14.

The thermistor bead sensing probe was placed in the middle of the conductor at the
point of area reduction and secured with a plastic adhesive. While the adhiesive was drying
(20 minutes to dry), the Fenwal temperature meter was turned to on position to measure
the ambient temperatures around the conductor test area. An 8 ohm rheostat was used in
the circuil to better control the lower currcnt range {1 {6 5 amps). The ambient tempera-
ture was recorded and current was allowed to flow in the copper conductor. Temperature
readings were taken at 1 ampere intervals.

It took 5 te 6 minutes for the current to stabilize before the temperature was recorded
Measurements were made up {o a temperature rise of 40°C above ambient. When the
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measurements were completed on one conductor of pattern A, Bor C {see Figures 1, 2 or
3), the thermistor probe was swiitched to the next conductor. The adhesive around the

thermistor probe was removed by using methyl ethyl ketone solvent. The same procedure,
as described above. was repeated on each successive conductor to be tested. :

To obtain data on conductor lines or production type boards, the above testing pro-
cedure was altered to allow measurcments regardless of conductor configuration. Test
boards 15 through 21 were then tested by the following procedure.

The degree of cross-section area reduction was established for nicks or pin holes by
physical measurement of the reduced area on an optical comparator, The area reduction
generated by a scratch was established by measuring the width of the scratch on the com-
parator. and the depth using a sharp pointed probe on a dial indicator with a surface plate
and height gage.

The test board was then placed in the specimen holder. (See Figure No. 8.) The
thermistor bead was put in the thermister bead holding device as shown in Figure No. 7.
This holding device enabled the thermistor bead to be positioned at any desired point on the
test board where a temperature measurement was to be made, and was designed to insure
firm contact with the surface of the conductor. After the thermister bead was positioned
at the desired measuring point on ihe conducior, ine iwo €lecivode wire connsclors werse
positioned on both sides of the thermistor bead. (Distance between electrodes varied be-
tween 0. 730 inch to 1. 50 inches.) Figure No. 9 shows the high current terminal that was
used as elecirodes, A visual inspection was made to see that proper physical contact was
made between electrodes and the surface of the copper conductor. From this point the
testing procedure was performed in the same manner as the test procedure for test boards
1 through 14, except that the application of a plastic adhesive was not necessary because of
the thermistor bead holding device which supported and held the bead itself, (See Figure

No. 7.)

Analysis of Temperature Rise Measurements

Fourteen test boards were tested and data coliected and presented in Tables [ to XIV.
The temperature versus current data is plotted and reporied i Figures 10 to 31. The test
time reported in Tables I to XIV refers to the time required for each temperature to sta-

bilize.

The tabular and graphical data reported on the fourteen test boards include the fol-
lowing types of base laminates, copper weight and type of test pattern used on each test

toard.

Test \ .
Board Laminate Approx. Test

No. Bage Laminate Thickness Weight Pattern

1 Paper Phenolic (PP) 1/16 in, 1 0z, . A

2 Paper Phenolic (PP) 1/8 in. 1 oz. A

3 - Paper Phenclic (PP) 1/8 in, 2 oz, A

4 Paper Epoxy  (PX) i/16 in, 1 oz. A
5 Paper Epoxy (PX) 1/8 in, 1 oz. A

8 Paper Epoxy {(PX) 1/8 in, 2 oz. A

11
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Test

Board Laminate Approx. Tost -~
No. Base Laminate Thickness Weight Pattern
7 Glass Epoxy (GE) 1/6 in.M 2 oz. A
8 Glass Silicone (GS) 1/8 in. 2 0z. A
9 Paper Epoxy  (PX) 1/8 in. 1oz, B

10 Paper Epoxy  (PX) 1/8 in. 1 oz. C

11 Paper Epoxy  (¥X) 1/8 in. 2 oz. B

12 Paper Epoxy  (PX) 1/8 in. 2 07, C

13 Glass Silicone (GS) 1/8 in. 2 0z, B

14 Glass Silicone (G5) 1/8 in. 2 oz. C

The Paper Phenolic and Paper Epoxy base laminate board material showed no dif-
ference i the effect of temperatu~ ¢ “ise an the copper conductor. Test boards 1to 8 using
Paitern "A" (Figure No. 1) showed that a variation in the conductor line width of 8558 to
0. 100 inch at the notch had very litile effect on temperature rise in the conductor. 05~

A smaller conductor line width was made (See Pattern "B, Figure No. 2) in order to
see if there would be any further temperzture difference as a result of reducing the line
width of a copper conductor from £=%F to 0. 020 inches. See boards 9, 11 and 13 for test
data. 0. 047

Pattern "C" (See Figure No. 3) was made to evaluate the effect of multiple notched
areas in a copper conductor. Test boards 10. 12 and 14 test results showed that multiple

i O

notched areas had no effect on temperature rise.

Peel strength measurements were made on conductors which had been measured for
temperature rise. To compare the peel sirenpgth data of the tested boards, peel strength
tests were performed on test boards not tested for temperature rise values. Table XV
shows the peel strength data on boards 1 to 8 not tested for temperature rise values,
Tahle XVI shows the pcel strength values on test boards 1 to 9 respectively and boards 11
and 13 subjected {u iemperature versus current measurements,

Comparing both tables with respect to peel strength test results. the following re-
sults were:

Increased Peel Strength

Material After Test (lbs/inch width)
1 0z. - Paper Phenolic (XXXP) 0. 60 lbs.
2 0z. - Paper Phenolic (XXXP) 1,00 lbs.
1 oz. - Paper Epoxy (PX) No change
2 oz. - Paper Epoxy  (PX) No change

e
o
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Increased Peel Strength

Material After Test {Iba/luch widin)
2 oz. - Glass Epoxy (GE) 1.00 lbs.
2 oz. ~ Glass Silicone (GS) 2.00 lbs.

The slight increase in peel strength of those boards subjected to heat produced from
the current was probably caused by some additional curing of the bonding resin.

Figure No, 32 shows various conductor line width on production type circuit boards.

Line widlhs shown in Figure No. 1 vary from €=hmr8=0680. of an inch.
0,020 7o 0,100

In order to establish the temperature at which a copper conductor would separate from
the base laminate. several tests were performed on 1 and 2 oz. copper test specimens.
The test results are as follows:

Conductor

Copper Width Current Temperature
Laminate Type Weight at Notch (Amperes) °F)
Paper Epoxy (PX) 1 oz. 0.020 Inch 9.0 350
Paper Epoxy  (PX) 2 oz. 0. 035 Inch 9.0 350
Paper Epoxy (PX) 2 oz. 0.035 Inch 13.5 375
Glass Silicone  (GS) 2 oz. 0. 035 Inch 15.0 350
Glass Silicone {GS) 2 oz. 0. 047 Inch 17.5 475-500

All five tests were performed on 1/8 inch thick material and the pattern used was
"C'". The point at which the temperature was read was at the point of destruction. The
point of destruction being defined as the point at which there is a visible sign of separation
of the copper conductor from the base material.

Results on test boards 15 through 21 are reported in tables XVII through XXIII. These
test board patterns differed {from test boards 1 through 14 in that nicks, pin holes, and
scratches were deliberately inscribed at random on production boards to obtain closer data
on actual production parts. The board number, type of base laminate, copper weight, and
temperatures at which copper discolored are given below:

. Copper Temperature at which
Board No. Base Laminate Weight Copper Discolored
15 Paper Phenolic  (PP) 1 0z. 2100F
16 Paper Phenolic (PP) 2 -oz. 2000¢
17 ~ Paper Epoxy (PX) 2 oz. 192-200°F
18 Glass Epoxy (GE) 1 oz. 206-238°F
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Figure No. 32. Various Conductor Line Widths on Production Type Circuit Boards
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2.6

The test results on boards 15 through 21 show an average temperature rise above
ambient fur 1 and 2 oz. copper of 65°C. , measured at the points of maximum conductor
cross-scctional reduction. This point, while indicating the first visible evidence of damage
to the conductor from heat, is still well below the actual temperature of destructive separ-
ation of the conductor from the base laminate. In view of this, it would seem that the orig-
inal premise of an allowable temperature rise of 40°C above ambient was reasonable, and
is derated sulliciently to allow an adequate safety margin. It is recommended that this
figure be retained as a maximum allowable temperature rise above ambient for both 1 and

2 ounce copper conductors.

From the data presented in Tables XVII through XXIII and data plotted in Figures No.
33 and 34, a maximum of 40°C temperature rise above ambient for both 1 and 2 oz. copper

is recommended for both of these copper weights.

Conclusions

The following conclusions are based on the work performed and test results reported
under Task A:

1. A 50% reduction in conductor cross-secction area has very little effect on the apparent
temperature increase of copper conductor line width from 0. 047 to 0. 100 of an inch,
within a range of current values which do not aliow an overall increase in temperature
beyond 40°C above ambient.

2. Multiple notches in a single copper conductor apparently will not have any further effect
on temperature rise than a single notch in a copper conductor. (When the area of the

notch is the same in each case.)

3. A 40°C temperature rise for both 1 and 2 oz. copper (above ambient) for conductor line
width of . 020 to . 100 or greater was found to be a safe temperature rise limit without
destruction to either the copper conductor or base laminate.

4. It is apparent, both from temperature rise values established from special copper con-
ductor test strips. and from conventional boards tested that copper conductors produced
on various base laminates will vary in temperature rise and itemperature at which the
copper conductor will lift from the base material. It is most logical to assume (based
on temperature rise, peel strength data, and destructive tests) that the base laminate

resin and reinforcement have an influence on the temperature rise of a copper conductor,’

peel strength and temperature at which a conductor will separate {rom the base laminate.

The following statements can be made about the influence of paper and glass base laminates
on temperature rise, peel strength and temperature at which copper conductor will 1ift from
the base laminate:

a} 1and 2 oz. copper on a paper base laminate (using a phenolic resin system) gives a
lower peel strength than glass base laminate when subjected to temperature rise vs cur-
rent measurements.

b) 1 and 2 oz. copper conductors on glass base laminates (using epoxy or silicone resin
system) will give approximately 1 to 2 pounds per inch width greater pull strength when
tested after temperature rise measurements.

¢) T'and 2 oz. copper conductors on glass base laminates carry more current than the same
copper conductors on paper base laminates.
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Glass »oinfarcing material acts as a betler heat sink than paper reinforcing material.

One nossible reason for this, is the heat capacity value for giass is higher than naner. The
type of resin system will eifect temperature rise measurement but the reinforcing material
plays a greater role in influencing the current carrying capacity of a copper conductor be-

fore destruction.

To assure reliability and minimize the possible effects of long time application of elevated
temperatures which could cause ultimate degradation of the bond to failure, the following
specification limitations are recommended.

i. For any given 1 inch length of conductor, individual nicks or pin holes or combination
of nicks and pin holes which expose the base laminate, or any scratch shall not reduce
the cross-section area of the conductor by more than 30%.

2. For any given 1 inch length of conductor no combination of nicks or pin holes which ex-
pose the base laminale, or any scratch shall be acceptable when the cross-section area
at the point of maximum reduction shows a temperature increase in excess of 40°C when
examined in accordance with the procedure outlined in Appendix B.

3. Task B - Insulation Resistance
3.1 Approach

The primary purposc of this task is to evaluate "bullseye” and "comb’ patterns presently
being used in industry for measuring insulation resistance. to establish a method which is
both practicable and reproducible in laboratories for measuring insulation resistance under
humidity chamber conditions, and to compare the reproduciability of results obtained from
bullseye palterrs with the various comb patterns being used. when measured under these

conditions.

To accomplish this. a conventional humidity chamber designed to reproduce the temperature
and humidity requirements of M1L-5td-202 has been redesigned and modified to allow the
simultancous testing and measurement of a number of samples while undergoing condition-
ing. Special precautions were taken in the redesign {» minimize the possibility of any er-
roreous readings resulting from leakage to the chamber or between specimens.

3.2 Specimen Fabrication

The bullseye and comb patlern tesl specimens were prepared according to steps outlined in
Appendix B atl the end of the report. The test specimens were not cleaned and dried as
outlined in Appendix B hut two allernate cleaning procedures were used. The purpose of
having two different cleaning procedures was to see what effect. if any. a variation of
cleaning after elching would have on insulation resistance of the test specimens.

The two procedures are outlined below:

3.2.1 Identification of Test Boards with Respect o Cleaning

Test boards 1 throupgh 30 and 111 through 126 (see Table XXXII for test board type
and other information) were cleaned by the following method:

1. Washed with tap water at 60 to 90°F jor several minutes.
2. Scrubbed with Grade FF Pumice {o remove resist and wipe with a lint free cloth

moistened wilh methyl ethye ketone (MEK). (Care was exercised to avoid
abrading the adhesive layer with the pumice. )
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3. Tmmersed in 10% oxalic ealution at 60-800F for 15 to 20 minutes. Solution was
agitated periodically.

4. Scrubbed with a plastic bristle brush under running water. (60-90°F tempera-
ture).

5. Rinsed in distilled water and dry with filtered air.

2]

. Specimens were than handied with nylon lint-free gloves and dried for one hour
in an air circulating oven at 80° +3°C,

Tast Boards 31 through 110 were cleaned by this procedure:

1. Scrubbed with pumice or Ajax and Tempico brush,

2. Rinsed 1-2 minutes in spray water rinse.

3. Rinsed 4-6 minutes in running water rinse.

4. Immersed in versene solution (1 oz. per gallon) for 2-4 minutes.
5. Rinsed 2-4 minutes in hot (min. 155°F) deionized water.

6. Blown dry with clean filtered air and then bagged immediately.
All handling during cleaning was done with white cotton gloves.

3.3 Design of Humidity Chamber

The basic re-design of the chamber involved the replacement of two walls with removable
modular units containing all of the necessary internal connections, feed-thru leads, and
external tie points for electrical measurement. The internal connections consist of three
spring contacts for each test board. These were originally mounted on four teflon strips,
with twelve test board positions per strip. Preliminary measurements indicated that too
much electrical leakage was occurring in the system and it was necessary to reduce the
number of positions per strip and to cut each teflon strip into three pieces to provide air
gaps. Original 20 gauge teflon insulated wire was replaced with teflon insulated shielded
coaxial cable (Type RG-142V). These steps reduced the leakage to 0.03 to 0.04 x 10-11
amperes which was small enough to have no measurable effect on final insulation resistance
values.

The teflon coaxial cables were led through the wall of the module, three for each specimen
position, and brought out to a plexiglas terminal board mounted on the outside of the unit.
Three banana plug jacks were provided for each internal specimen position and the teflon
coax leads were soldered to these jacks. Heavy grounded copper bus bars were provided
on the terminal boards to allow all positions except the one actually under measurement to
be grounded. This grounding minimized the possibility of any stray currents affecting re-
sistance readings. The specimen identification or location was done as follows: One panel
was marked I, the other II. Each row was lettered, starting with letter A. Panel 1. con-
sisting of four rows, was marked A, B, C and D. In each row numbers 1 through 14 were
marked helow each set of three hanana plug positions. For example, a specimen identified
as 1-B4 would mean panel I in row B position 4.

For the wiring and plug arrangement of the modular side panels, inside view of humidity

test chamber showing specimen holder arrangement, and the humidity chamber Model
M3. 3, see Figure No. 35, 36 and 37.
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Figure No. 35. Wiring and Plug Arrangement of the Modular Side Panels

Figure No. 36. Inside View of Humidily Test Chamber Showing

Specimen Holder Arrangement STBLE REPRODUCTION

T POS
BE‘.;OM CorY FURNISHED ASTIA
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3.4

The fvilowing information can bc soon in Fignees 38, 39 40 and 41:

1. Special design of the insulation resistance specimen holder.

2. The mounting board for test specimens.

3. The electrode comnector design for the insulation resistance measurements,

4, Humidity chamber portable side panel.

Testing Procedure

3.4.1

3.4.2

Equipment - Because of the critical nature of the measurements which had to be
made and the need for delicate and precise readings, the choice of instrumentation
was vital.

Fortunately a program was already underway at the University of Delaware,
sponsored jointly by EIA. ASTM and NEMA under the guidance of Professor M. A.
Young. which also required the measurement of insulation resistance under cham-

ber conditions.

A rigorous survey of available instrumentation had already been made and the re-
sulls of this study were made available to us through reports and consultation. As
a result it was decided to measure current and voltage through the samples rather
than resistance and calculate the resistance values later. A Keithley Model 610A
Electrometer was used to measure current, and the voltage was supplied by a DC
Power Supply with the voltage constantly monitored by a Hewlett-Packard Model
412A Vacuum Tube Voltmeter.

Procedure - The Keithley Electrometer, Power Supply and the VTVM were turned
on fo allow a warm-up period of 30 minutes for the instruments. During any period
when measurements on the test specimens were not being taken. leads of all speci-
mens were shorted to the ground to prevent a build-up of electrostatic charge which
is caused by air friction in the humidity chamber. Figure No. 42 shows the basic
electrical circuit. At the end of 30 minutes. each specimen was disconnected from
ground and current readings were taken. The specimenwas energized with 500 volts
for one minute before the current was read. Measuring insulation resistance by the
indirect method enables an aecuracy of ® 6% at 1014 ohms range to be reached
{current measured with a Keithley Electrometer Model 610A). At the end of each
current reading the specimen just tested was grounded before the next specimen was
measured. The 500 volt line voltage was monitored continuously with a Hewlett-
Packard Model 412A Voltmeter. Referving to Figure No. 42, leads 1 and 2 are
merely changed for measuring volume resistance. The insulation resistance meas-
urements were performed on the bullseye test pattern by applying the potential
across the outer and center ring of the bullseye pattern.

The insulation resistance readings on test patterns in MIL-P-55110 and SCL-0225
were taken by applying the potential across opposite leads on the test patterns
respectively, making a two-electrode system,

The dimensions of the bullseye and comb test patterns are as follcws:

1. Bullseye Pattern - The upper electrod2s are in the shape of a cirele, 2 inches
in diameter. A 1/4 inch wide guard is located concentrically v.ith respect to the
upper electrode and spaced 1/4 inch from it. The bottom elec -ode is 3 inches

in diameter with the shape of a circle,
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Figure No. 41,

Humidity Chamber Portable Side Pancl
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Figure No. 42. Measuring Circuit for Surface Resistance

2. Comb Pattern - This pattern is made up of five individual comb patterns, three
having b copper conductors and two with 3 conductors. All 5 combs are meshed
into one large pattern as shown in Figure No. 43 (Specimens I-H7 and H9), All
of the individual conductors are 0.031 inch in width. The air gap between each
conductor is 0,050 Inch, and the length of each conductor is 1.3800 inches.

3. Insulation Test Pattern - (Per SCL-6225) was followed as described in Military
Specification No. SCL\%&' {(see Figure No. 56 for test pattern design).

4, Insulation Test Pattern - (Per MIL-P-556110) was followed as described in
Military Specification No. MIL-P-55110, (See Figure No. 58 for test pattern
design.)

3.5 Analysis of Insulation Test Results

Tables XXIV through XXIX show test results for two Military and one commercial comb
test pattern.

Included in the comb pattern values are the insulation resistance (in megohms), measured
at 100 and 500 volts DC ior the test pattern from MIL-P-55110 and SCI1:-6225 and a com-~
mercial comb paiiern. Each test pattern is marked with the military specification num-
ber or the abbreviation com. for the commercial comb test pattern.

The military patterns as detailed in SCL-6225 and MIL-P-55110 have a conductor line

spacing of 0.030 in. , and the specified voltage for 6225 is 100 volts DC. To enable a com-
plete comparison to be made between these three patterns and the bullseye pattern,
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Figure No. 43. Surface Resistance Test Specimens After Humidity Test
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mmqm ements were taken on the comb patterns at both 100 volts and 500 volts DC. Fipgures
44 through 46 show the curves for incuiztien r ~fetanee verens time (measured ai 100 volis
DC) for test patterns 6225, 55110 and com. The three base laminales on which test pat-
terns were made. were general purpose glass epoxy (GF), temperature resistant glass
epoxy (GB). and flame retardant glass epoxy (GF). The curves in Figures 44 through 46
arc identified according to laminate type. Comparing these curves in Figures 44, 45 and
46. the insulation resistance of all three test patterns (measured at 100 volts DC) on glass
epoxy (GE) had an initial insulation resistance lower than either of glass epoxy types GB
and GF. The final insulation resistance readings, at the end of ten days humidity cycling,

of all three glass epoxy types were approximately the same 2 x 10° megohms.

Figures 47 through 49 show insulation resistance versus time (measured at 100 volts DC)
for test patterns 6225, 55110 and commercial comb pattern on paper phcnolic (PP), glass
melamine (GM) and glass silicone (GS) base type laminates., The most significant differ-
ence in Figures 47, 48 and 49 is that glass melamine has a lower insulation resistance at
the end of the 10 day humidity cycling than either of the paper phenolic or glass silicone
laminates. This value was 1.00 x 104 megohms compared to 2. 00 x 10% megohms ior giass

epoxy types GE. GB and GF. paper phenolic and glass silicone.

Figures 50 through 52 show curves for insulation resistance versus time {measured at 500
volts DC) for same type of test patterns on base laminates as in Figures 44 through 46.
There was a larger variation during the 10 day humidity cycling of insulation resistance
readings at 500 volts than at 100 volts for the three types of glass epoxy laminates,

The final resistance readings (after 10 day humidity cycling) of all three test patterns onthe
glass epoxy base laminates (types GE. GB and GF) varied more widely when measured at
500 volts than at 100 volts.

Figures 53 through 55 show insulation resistance versus time (measured at b 0 volts) of the
same insulation test patterns as in Fipures 44 through 52 but on base laminates of paper
phenolic, glass melamine and glass silicone. Compariig these resistance curves it can be
seen the paper phenolic base laminate gives a higher insulation resistance value at the end
of the ten day cycling than either the glass melamine or silicone laminates. see table be-

low:

Laminate Type Insulation Resistance (Megohms)

Paper Phenolic (PP) =-----cecnu-- D R 313,000

Glass Melamine (GM) and
Glass Silicone  (GS) «------ e S 48,300

Figure 56 shows the test patterns that were used for measuring insulation resistance on
the various laminated base materials.

To evaluate the test pattern laid out in MIL-P-55110 niore completely. a number of read-
ings were made using a modified version of this paliern, made symmetrieal by providing
the same pad and conductor configuration at each end of the pattern. Subsequently. com-
parative samples made in accordance with the test pattern were cycled for ten days.

The test results {rom these boards are tabulated below. Comparison with the 55110 re-
sults tabulated in Table XXV and XXVIII show close enough correlation to allow the results
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MNO.~ 55110 PATTERN

COMMERCial. PAT TERN

Figure No. 56. Insulation Resistance Test Patterns
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cbtained on the modified pattern {o be used lor this task.

tabulated belnw:

INSULATION RESISTANCE (In Megohms)

START OF TEST

Comparative results are

CONCLUSION OF TEST

o

Material Test Modified Regular Modified Regular
Volt Pattern Pattern Pattern Pattern
GE 500 2.36 x 10° 2. 44 x 10° 3.2 x 10° 4.61 x 10°
GE 100 2.41x107 1.40 x 107 2.69 x 10°  3.41x 10°
GB 500 1.52 x 16° 1.75 x 108 1.14x 10°  1.25x 10°
GB 100 4.13 x 10° 2.11 x 10° 2.58x 10° 1.0 x 10°
GF 500 1.80 x 10° 1.40 x 10° 1.12x 10°  1.18x 10°
GF 100 4,86 x 10° 3.41 x 10° 3.24x 10° 2,11 x 10°
GM . 500 1.3 x 107 1.3 x 107 5x 10 7.11 x 10*
GM . 100 2.77 x 107 3.61 x 107 L7ix10? 2,13 x 10
GS 500 2.94 x 10° 2,75 x 10° 1.64x 100 1.55x 10%
G5 100 4.9 x 10 5.4 x 107 3.82x 10°  2.11x 10°
PX 500 7.60 x 107 2.41 x 10" 2.12x 10°  2.01 x 10°
PX 100 2.56 x 107 264 x 10 2.13 x 10°  2.11 x 10°
GT 500 3.33 x 109 3.14 x 10° 1.33 x 10°  1.41x 10°
GT 100 1.93 x 109 1.70 x 10° 1.49 x 10°  1.38 x 10°

From the data presented in Tables XX1V through XXIX, and Figures 44 through 55, the
correlation between all of the {est patterns and base materials were fairly consistent in
insulation resistance values when all 100 voll DC measurements are compared with each
other and 500 volt DC measuremenis are compared with each other.

Tables XXX and XXXI show the insulalion resistance test values of paper epoxy and glass
teflon measured at 100 and 500 volts DC. Figures 57 through 60 show insulation resistance
versus time of four different test patiern designs (6225, 55110, Com. and Bullseye) on
paper epoxy and glass teflon base laminates. The initial resistance readings of the glass
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teflon specimens were higher than the paper epoxy specimens. Other than this one varia-

both at 100 and 500 volts DC was accomplished for paper epoxy and glass teflon base
laminates.

Test boards 111 through 126 were bullseye test specimens on several types of base lam-

inates, tested to cstablish the technique for measuring insulation resistance under humidity
conditions. the effect of different cleaning procedures and to compare insulation resistance
values for reproducibility of results between bullseye patterns and the comb patterns. See
Table XXXII for the surface resistance values reported in megohms, and Figures 61 and 62

for the change in surface resistance values during 10 day humidity cycling condition.

There was very little effect on the insulation resistance measurements when employing the
two types of cleaning procedures as described in paragraph 3. 2 of this Task. The paper
epoxy and glass teflon insulation test specimens were cleaned by the second cleaning
method as described in paragraph 3. 2.1 of this T'ask. This method is more practical in
production and will still produce clean surfaces of any test specimens which would be tested
for insulation resistance.

Bases on this work under Task B, an insulation resistance test procedure to give reproduc-
ible insulation resistance test results is described in Appendix C at the end of this report.

3.6 Conclusions

1. The measurement of insulation resistance under humidity chamber conditions can be
eliectively accomplished on either a comb pattern or a bullseye pattern. A number of
reasons however, dictate the strong recommendation that the bullseye be used in pref-
erence to the comb, these are:

a) The bullseye may be used not only for insulation resistance, but also for volume and
surface resistivity. This is not practical with a comb.

b) When the comb pattern line spacing is less than . 060 inches, and measurements are
made with 500 volt potential, more erratic results are obtained.

¢) When wires must be soldered to the pattern for external connection to measuring
equipment. there is more possibilily of flux or solder contamination between con-

ductors.
d) The bullseye pattern is niore easily standardized.
2. The following factors, based on the work performed in this Task, should be followed
in order to properly design a humidity cabinet which will give consistent ard reproduc-
ible insulation resistance readings (under any humidifying conditions).

a) All conductors inside the chamber should be teflon insulated shielded coaxial cable.

b} Any insulation material needed for internal chamber fixtures should be made of
teflon because of its high electrical resisiance and water repellant qualities.

i

c) All terminal clectrode connections should be designed so that they may be grounded
either during {esting o when idle. (Grounding is necessary to prevent stray
electrostatic charges from building up on the test specimen surface.)

d) A current leakage history of each functional part of the test chamber should be per-
formed to determine the degree of current leakage that is taking place when using
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10.

a 500 volt DC power source. Measurements should be made without samples con-
neeted Lo the electrodes and under the same humidily conditions used in testing,

e} Current leakage should be at least one power of 10 less than the current required
for the sample being iested.  {This means the conditioning cabinet and coaxal leads
should have a currend leakape rate less than material being tested in order to give
gund representative insulation test values for material being tested. )

The instrumentation for measurimf insulation resistance (surface and volume resist-
ance) to an accuracy of =6% at 10 4 ohms range can be accomplished by the indirect
method. The resistance values are figurcd by measuring the current with a Keithley
Electrometer Model 610A and dividing the current reading info the DC voltase applied
{o the test specimen, (It should be kept in mind that the voltage supply must be ac-

curalely known, )

It was found that either cleaning procedure, as stated in paragraph 3. 2.1 cleaned the
copper surface well enough to reduce contamination and enable pood test results.

Specimens to he measured should be pre-conditioned at 80° £3°C for one hour in an
air circulaling oven and handled with lint free gloves. This pre-conditioning is neces-
sary to insure uniform readings of specimens at start of test.

Insulation test patterns 6225, 55110 (as described in Military Specifications SCL-6225
and MIL-P-55110 respectively). and the commercial comb pattern on hase material
vlass epoxy types GE, GBI and GF paper phenolic and glass silicone. had rinal insula-
tion resistance values (al the end ol 10 day cycling) within 25% of each other when
measured at 100 volts DC.

The insulation resistance of glass melamine when measured at 100 volts RC was about
100 times lower than the laminates mentioned in conclusion 6.

Insulation resistance measurements made at 500 volts DC were not as consisteut as at
100 volts DC. This was probably due to an incorrect air gap between conductors.
(The air gap was only . 030 in. which is 50% lower than what is generally required for
500 volt DC measurements when insulation resistance values are required.)

The insulation resistance values of test patterns 6225, 55110 and commercial comb
patterns on paper epoxy and glass teflon (measured at 100 and 500 volts DC) were

within 15% of each other.

The glass epoxy GB bullseye specimens copper clad on one side give a hicher surface
resistance reading than copper clad on two sides.




4, Task C - Peel Strength After Dip Solder

4.1

4.2

4.3

Aoproach

To perform peel strength tests on specimens tested after solder dip in accordance with test
method specified in MIL-P~-13549B, To evaluate reproducibility of test results by compar-
ing results using specified method with results obtained by introducing such variables as
(a) controlled amounts of solder deposited on specimens and {(b) removal of excess solder

by some suitable means,

To accomplish the above approach, two procedures are discussed; (1) vertxcal solder dip,

Pl Tes vaa

and (2) chemical etching of a solder deposited film on copper,

Specimen Fabrication

The peel strength test patterns were made as specified in MIL-P-13949B. The base mate-
rials used for the peel strength specimens were as follows:

1. Phenolic resin - paper base (type PP)

2. Epoxy resin - paper base (type PX)

3. Epoxy resin - glass fabric base (type GE, GB & GF)

4, Silicone resin ~ glass fabric (type GS)

5. Melamine resin - glass fabric (type GM)

6. Teflon resin - glass fabric (type GT)
Five specimens, 1" x 3" x 1/8" thick were made for each of the material types as specified
above and additional five specimens 1I'' x 3" x 1/32" thick made of paper base phenolic and
paper base epoxy base materials. In all cases, one complete series of specimens were
made with one oz. copper one side and one complete series with two 0z, copper one side.

Five specimens were prepared for each type of material from at least three manufacturers.
The printing, etching and cleaning of the specimens were done as outlined in Appendix b at

the back of the report.

Test Procedures for Controlling Sol@g&]}e_pp_g_i}_

The solder bath temperatures are as specified in MIL-P-13949B. To establish a method
which could be related to production procedures a dip solder approach was used to relate
effect of the solder deposit on peel strength values. The following procedures are dis-

cussed below:

4.3.1 Vertical Solder Dip - Several test specimens of each base laminate (1 and 2 oz.
copper) out of a group of five specimens were first cleaned as outlined in Appendix B,
The surface of the copper peel strip on the base laminate was coated with a flux
before dip soldered. Specimen was then vertically dipped into the solder bath. The
immersion time for each specimen was dependant on the type of base material as
specified in MIL-P-13949B. While the specimen was being removed from the solder
bath, a silicone rubber scraper was used to remove the excess solder from the
copper surface, Tests indicated tnat a solder fil range of 0.1 to 0.8 MIL was ob-
tained (film tolerance of + 0.2 MIL) on the surface of the copper when the above
procedure was followed,
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4.3.2 Chemical Etcliing of Solder Deposited Film on Copper - The balance of three speci-
Tens of cach group of five specimens ner vendor be ‘cach base material were solder
dipped by immersing the specimen horlz,ontally with the copper siirface face down to
the solder bath in accordance with the procedure in MIL-P-13949B, Dipping the
specimen in this fashion allowed approximately a 14-18 MIL solder film to be depos-
ifed on thie copper surface of the test specimen. Initialiy, several specimens were
etched with varving concentrations of hydrochlerie acid (HCL) and sodium hydroxide
solutions (NAOI). The concentration of boih solutions was varied from 25 to 757 but
was found to be impractical to use as an etchant to etch away the solder film from
the base copper because of chemical attack to the base laminate and copper adhesive
in some cases. After further investigation a commercial lead-tin stripper solution
No. 1101 was found which was noan-corrosive to the base copper, and showed no evi-
dence of chemical attack on any of the test specimens, The rate of etehing away a
solder film from the base copper was found to be 1 MIL per 10 minutes of soaking.

Although the rate of etching away the solder film from the copper strip was uniform,
the original test specimens had an irregular solder film thickness on each specimen,
with varmations of solcder film thickness from one end of the specimen to the other
ranging from 1 and 4 MILS, Therefore, only a uniform rate of etching away the
solder film was achieved. Knowing the rate of etching the solder film awav from the
copper strip, an estimated time for arriving at a per-determined solder film thick-
ness was achieved only to the extent that the original unetched solder film copper
strip test specimen was fairly uniform in solder film thickness. The base copper
thickness was measured first and then the total thickness of both copper and solder
film was measured. Several readings were taken per specimen to arrive at an aver-
age solder film thickness at the point the peel strip was peeled,

4.4 Analysis of Peel Test Results

The dip soldering and chemical etehing operations were performed on 225 test specimens
as described in paragraph 4.3. The peel strength test results of these test specimens are
reported in Tahles 33 through 50. In the column marked Chemical Etching Solution, (see
tables 33 through 50) those specintens marked with a number 1101 have been chemically
etched before peel testing. The other specimens were either tested in "as dipped"” condi-

tion or wiped.

Figpure No, 63 shows two specimens of glass epoxyv (GE) and two of glass melamine (GM)
before and after peel testing, respectively. The peel strength test results reported 1n
Tables 33 through 50 were plotted in Figures 64 through 71 to show the variation of peel
strength (1bs./inch-width) with varying amounts of solder on the copper surface.

The graphical results show that with increasing solder film thickness on a copper test
strip the peel strength increases. It should be noted that the peel strength increases at a
faster rate with 1-5 MILS of solder film on the copper than any further inerease of solder
film thickness (Figures 64 - 69). Because of a large variation ol peel strength test results
on the base laminates tested, no reproducibility basis could be arrived at between the types
of base materials tested, (refer to paragraph 4.2 for laminate types). Because there was
an appreciable variation between the peel test results on the base laminates tested. only a
band showing an approximate upper and lower limit could be shown, (Figures 64 throuch 71,

The glass teflon peel test data showed very low peel strength as compared to the rest of
the peel test results, (sce Figures 70 and 71). This is undoubtedly due to the normal diffi-
culties involved in bonding to a fluorcarbon surface because of the nonwetability character-

istics of this material,
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Figure No. 63.
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Conclusions

The following conclusions are based on test data performed and reported under this Task,

1. The original intent of this Task was to evaluate the reproducibility of results obtained
on bond strength of copper foil after dip soldering, After evaluating the data obtained
from more than 200 samples, the results are so scattered that it is only possible to
state that the results reproduce in general, only to the extent that there is a consistent
increase in bond strength with increase in thickness of solder film. This general in-
crease probably results from two main factors (1) some additional curing of the bonding
resin by the heat of the solder pot, and (2) an increased amount of force necessary to
bend the extra layer of solder, while simultaneously separating the copper from the

base laminate,

2. The wide scattering of results, not only within each range of solder thickness, but also
for each type of material, thickness of material and weight of copper, undoubtedly stems
from all or a combination of the following factors:

(1) Variations in laminating conditions of the original material,
(2) Localized variation in thickness of the copper foil.
(3) Localized variation in thickness of the solder film,

(4) Variation in additional cure of bonding resin generated by (2) and (3) above,

{5): Minor variations in test procedure.

5, Task D - Peel Strength at Elevated Temperature

5.1

5.2

5.3

Approach

To perform peel strength tests at specified elevated temperatures in accordance with test
method specified 1., 3iL-P-13949B, The basic test chamber design and specimen fabri-
cation is discussed. The peel strength test results are reported and an analysis of the
data made in the following pages,

Specimen Preparation

The peel strength test pattern was made as specified in MIL-P-13949B and the hase mate-
rials are the same as specified in MIL-P-13949B. Two additional base materials (hot
specified in MIL-P-13949B) are included in the peel strength testing, paper epoxy and glass
teflon, Specimens were 1" x 3" x 1/32" thick and 1" x 3" x 1,/8" thick (pattern per MIL-P-
13949B) for all materials. One set of specimens had one oz, copper on one side and an-
other set of five specimens had two oz, copper on one side. Five specimens for each type
material from at least three manufacturers were tested for each condition.

The test specimens were processed according to the procedure set forth in Appendix B at
the back of the report,

Design of High Temperature Test Chamber

Figure No., 72 shows the completed high temperature peel strength test chamber. The metal
chamber is lined with 1/4 inch asbestos board and equipped with a tempered glass in the
door as shown in Figure No. 72, The two aluminum blocks (see Figure No, 72) are part of
the test specimen fixture which holds the specimen in position during the peet test. Not
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5.4

5.6

shown in Figure No, 72 are two teflon spacers which go between the test specimen and the
specimen fixture, A high strength wire was fastened to the jaws of the clamping device
(clamping device is shown in Figure No. 72). The wire has a spring clamp at the other end
which clamped to the = copper foil. A thermostat probe was inserted near the iest
specimen. The heat was supplied by a 600 watt resistance coil heater which is fastened
inside the chamber, Calibration was performed to find the right dial setting on the rheostat
to correspond to the temperature reading desired.

For measuring the temperature in the test chamber a Fenwal Bead No, GB34P9 and teflon
wire plus a temperaiure meter indicating temperature directly was used to monitor the test
peel temperature. (See Figure No, 72,) For the dimensions and overall detailed design of
the test chamber, see Figure No. 73. It should be noted that the test chamber is portable
and was bolted to the test plate on the peel tester {see Figure No, ).

72
See Figure NO, 74 for the electrical circuit hook-up,

Test Procedure

The elevated peel test chamber was heated to the desired test temperature and allowed to
reach equilibrium before the specimen was put in the chamber. The test specimen copper
strip was peeled bark enough to allow the clamp in the test chamber to take hold of the peel
strip. The specimen was then placed in the specimen device and the two Allen head screws
were tightened down on the teflon spacers between screw and test specimen, The chamber
door was clused and the specimen allowed to soak for one hour before performing the peel
test. All tests were performed at the elevated temperature in the oven. (Test temperature
was held at : 20 F.) For comparison, some of the test specimens were soaked in an air
circulating oven for 1 hour before peel testing, It took 30 seconds to transfer the specimen
from oven to test chamber, and very little difference was found in the peel test values.

Analysis of Elevated Peel Test Results

Tables 51 through 69 show the peel test results. A summary of both 1 and 2 oz. peel test
results for all the materials are in Tables 70 and 71. Referring to these two summary
tables, it can be seen that the peel strength for all of the test speciments was reduced by
approximately 50%, comparing with those as specified for MIL-P-13949B. The peel
strength data for the 1/32" material was lower than the 1/8" because at elevated tempera-
tures the 1/32" material will give more than the 1/8" material because of a smaller cross
sectional area.

Conclusions

The foliwoing conclusions are based on test data reported:

1., The pecl test elevated test chamber design was satisfactory to fulfill test requircments
set forth in MIL-P-13949B,

This chamber design did not have a circulating air system, cousequently elevated pecl
‘tests were performed without circulating air and test speciments were pre-conditioned
for one hour in a circulating air oven. Very little difference was observed when two
like test speciments were tested at the same temperature, but conditioned differently.

2. There was slight discoloration of all laminate base types when pulled at the specified
test temperaturc,

3. The elevated peel test results of all copper clad laminate speciments (1 and 2 oz, coppey)
showed approximately 50 to 70% reduction in peel strength value,
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TABLE LI

PEEL STRENGTH TEST RESULTS OF PAPER PHENOLIC OF MANUFACTURER A
(TESTED AT 248° F.)

Laminate | Copper Test | Peel Peel Test
Spec.| Thickuess Foil Wt, Base Manufacturer | Temp.{ Strength Value Per
No. {Inch) (0z.) Laminate °F | (Lbs/Inch) | .MIL-P-13949B
Paper
Phenolic
1 1/32 | (rpP) A 248 1.75 6
Paper
Phenolic
2 1/32 1 (rp) A 248 2.10 6
Paper
Phenolic
3 1/32 1 (PP) A 248 1.85 6
Paper
Phenolie
4 1/32 1 (PP A 248 1.95 6
Average Peel Test Value 1.91 - 6
Paper
Phenolic
5 1/32 2 (PP) A 248 1.10 7
Paper
Phenolic
6 1/32 2 (PP) A 248 1.95 7
Paper
Phenolic
7 1/32 2 (PP) A 248 2.00 7
Paper
Phenolic )
8 1/32 2 (rp) A 248 1.10 7
Average Peel Test Value 1.54 7
Paper
Phenolic
9 1/8 1 (PP) A 248 3.00 6
Paper
Phenolic
10 1/8 1 (PP) A 248 3.40 6
Paper I
Phenolic
11 1/8 1 (PP) A 248 3.70 6
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TABLE LI (CONT)

PEEL STRENGTH TEST RESULTS OF PAPER PHENOLIC OF MANUFACTURER A

(TESTED AT 248° F,)

Laminate Copper Test Peel Peel Test
Spec. | Thickness Foil Wt, Base Manufacturer | Temp.| Strength Value Per
No. {Inch) (0z.) Laminate ya (Lbs/Inch) MIL-P-13949 B
Daper
Phenolic
12 1,8 1 (PP) A 248 3.10 6
Average Peel Test Value 3.30 6
*Paper
Phenolic
13 1,8 2 (PP) A 248 3.76 7
Paper
Phenolic )
14 1,8 2 (PP) A 248 4,04 1
Paper
Phenolic
15 1/8 2 (PP) A 248 4.15 7
Paper
Phenolic
16 1,8 2 (PP) A 248 3.94 7
Average Peel Test Value 3.75 7
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TABLE LII

PEEL STRENGTH TEST RESULTS OF PAPER PHENOLIC OF MANUFACTURER B

(TESTED AT 248° F.)

Laminate | Copper | Test Peel Peel Test
Spec. | Thickness | Foil Wt} Base Manufacturer | Temp. | Strength Value Per
Na, {(Inch) (Oz.) Laminate F {Lbs/Inch) | MIL-P-13949 B
Paper
Phenolic
1 1/32 1 (PP) B 248 1.62 6
Paper
Phenolic
18 1/32 1 (PP) B 248 1.00 6
Paper
Phenolic
19 1/32 1 (PP) B 248 1.00 6
Paper
Phenolic |
20 1/32 1 (PP) B 248 1,20 6
Average Peel Test Value 1.21 6
Paper
Phenolic
21 1/32 2 (PP) B 248 3.00 7
Paper
Phenolic
22 1/32 2 (PP) B 248 3.40 7
Paper
Phenolic
23 1/32 2 (PP) B 248 3.20 7
Paper
Phenolic
24 1/32 2 (PP) B 248 3.90 7
Average Peel Test Value 3,38 7
Paper
Phenolic
25 1/8 1 (PP) B 248 3.62 6
Paper
Phenolic
zo 1/8 1 (PP) B 248 2,48 ]
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TABLE LII (CONT)

PEEL STRENGTH TEST RESULTS OF PAPER PHENOLIC OF MANUFACTURER B

(TESTED AT 248" F.)

r—‘ Laminate Copper Test Peel Peel Test
Spec., | Thickness Foil Wt, Base Manufacturer | Temp, | Strength Value Per
No, (Inch) (Oz.) Laminate “F (Lbs/Inch) MIL-P-13549D8

Paper
Phanolic
217 1,8 1 {PP) B 248 3.81 6
Paper
Phenolic
28 1/8 1 (rp B 248 3.0 6
Averape Peel Test Value 3.41 f
Paper
Phenolic
29 1/8 2 (PP) B 248 5.00 7
Paper
Phenolic
30 1/8 2 (PP) B 248 2.00 7
Paper
Phenolic
31 1/8 2 (PP) B 248 5.10 7
Paper
Phenolic
32 1/8 2 (PP) B 248 4.80 7
Average Peel Test Value 4,98 7
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TABLE LIl

PEEL STRENGTH TEST RESULTS OF PAPER PHENOLIC OF MANUFACTURER C

(TESTED AT 248° F.)

Laminate Copper Test Peel Pecl Test
Spec.| Thickness Foil Wi.| Base Manufacturer] Temp, | Strength Value Per
No. (Inch) (0z.) Laminate F (Lbs/Inch) | MIL-P-13949B
Paper
Phenolic
33 1/32 1 (PP) C 248 2.00 6
Paper
Phenolic
34 1/32 1 (PP)\ Cc 248 2.00 6
Paper
Phenolic
35 1/32 1 (PP) C 248 2.00 6
Paper
Phenolic
36 1/32 1 (PP) C. 248 2,58 6
Average Peel Test Value 2.14 6
Paper
Phenolic _
37 1/32 2 (PP) C 248 6,00 7
Paper
Phenolic
38 1/32 2 (PP) C 248 6.50 7
Paper
Phenolic
39 1/32 2 (PP) C 248 4,95 1
Paper
Phenolic
40 1/32 2 (PP) C 248 4,89 7
Average Peel Test Value 5.58 7
Paper
Phenolic
41 1/8 1 (PP) C 248 2.99 6
Paper
Phenolic
42 1/8 . 1 (rPpP) C 248 2.00 6
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TABLE LI (CONT)

PEEL STRENGTH TEST RLSULTS OF PAPER PHENOLIC OF MANUFACTURER C

(TESTED AT 248" F.)

Laminate Copper Test Peel Peel Test
Spec.| Thickness Foil Wt, | DBasc Manufacturer | Temp. | Strength Value Per
No, (Inch) (0z.) Laminate F (Lbs/Inch) | MIL-P-139498
Paper
Phenolic
43 18 1 (PP) C 248 3.00 6
Paper
Phenolic .
44 18 1 {PP) C 248 2.1 6
Averave Peel Test Value 2.68 6
Paper
Phenolic
45 1,8 2 (PP) cC 248 5.95 7
Paper
_ Phenaolic
46 1,8 2 (PP) C 248 6.40 -1
Paper
Phenolic
47 1,8 2 (PP) C 248 5.55 7
.'aper
Phenolic
48 1,8 2 {PP) C 248 5.00 7
5.73 7

Average Peel Test Value
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TABLE LIV

PEEL STRENGTH TEST RESULTS OF PAPER EPOXY OF MANUFACTURER A

(TESTED AT 248° F.)

Laminate Copper Test Peel Peel Test
Spec.| Thickness Foil Wt, | Base Manufacturer | Temp. | Strength Value Per
No. (Inch) (Oz.) Laminate F (Lbs/Inch) | MIL-P-13949B
Paper
Epoxy
49 1/32 1 (PX) A 248 2,18 9
Paper
) Epoxy ,
50 1/32 1 (PX) A 248 2.00 9
Paper
Epoxy
51 1/32 1 (PX) A 248 2.49 9
Paper
Epoxy :
52 1/32 1 (PX) A 248 2.90 9
AveragePeel Test Value 2.54 9
Paper
Epoxy )
53 1/32 2 (PX) A 248 3.00 13
Paper
Epoxy
54 1/32 2 (PX) A 248 3.00 13
Paper
Epoxy
55 1/32 2 (PX) A 248 3.49 13
Paper
Epoxy
56 1/32 2 (PX) A 248 3.52 13
U E
Average Peel Test Value 3.25 13
Paper
Epoxy
97 1/8 1 (PX) A 248 4,00 9
Paper
_ Epoxy
58 1/8 i (PX) A 248 4,00 9
Payper
Epoxy _
59 1/8 1 (PX) A 248 4.00 9

i Refer to Task E on Peel Strength Values in the Summary Table on Physical Properties

of Paper Epoxy
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TABLE LIV (CONT)

PEEL STRENGTH TEST RESULTS OF PAPER EPOXY OF MANUFACTURER A

(TESTED AT 248° F.)

Laminate Copper Test Peel Peel Test
Spec. | Thickness Foil Wt, | Base Manufacturer | Temp. | Strength Value Per
No. (Inch) (0z.) Laminate ' F (Lbs/Inch) MIL-P-13949R
Paper
Epoxy
60 1.8 I (PX) A 248 4,99 9
Averace Peel Test Value 4.24 9
Paper
Epoxy
61 18 2 (PX) A 248 5.60 13
Paper
Epoxy
G2 1/8 2 (PX) A 248 5.20 13
Paper
Epoxy
63 178 2 (PX) A 248 5.25 13
Paper
Epoxy
64 1/8 2 (PX) A 248 5.45 13
Average Peel Test Value 5.38 13

1 Refer to Task E on Peel Strength Values in the Summary Table on Physical Properties

of Paper Epoxy
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TABLE LV
PEEL STRENGTH TEST RESULTS OF PAPER pPOXY OF MANUFACTURER B
(TESTED AT 248°F.)
Laminate Copper | Test Peel 1Peel Test
Spec. | Thickness Foil wWt, Base [Manufacturer| Temp. |Strength Value Per
No. {Inch) (0z.) Laminate F (Lbs/Inch) MIL-P-13949B
Paper
Epoxy
65 1/32 1 (PX) B 248 2,00 9
Daper
Epoxy
66 1/32 1 (PX) B 248 2.49 9
Paper
Epoxy :
. 87 1/32 1 {(PX) B 248 3.50 9
Paper
Epoxy
68 1/32 1 (PX) B 248 3.10 9
Average Peel Test Value 2.7 9
Paper
Epoxy
69 1/32 2 (PX) B 248 5.52 13
DPaper
Epoxy
70 1/32 2 (PX) B 248 5.50 13
Paper
Epoxy
1 1/32 2 (PX) B 248 6.00 13
Paper
Epoxy
72 1/32 2 (PX) B 248 6.10 13
Average Peel Test Value 5.77 13
Paper
Epoxy
73 1/8 1 (PX) B 248 4,00 9
Paper
Epoxy
74 1/8 1 (PX) B 248 5.50 9
Paper
Epoxy
5 1/8 1 (PX) B 248 5.00 9

1 Refer to Task E on Peel Strength Values in the Summary Table on Physical Properties
of Paper Epoxy
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TABLE LV (CONT)

PEEL STRENGTH TEST RESULTS OF PAPER EPOXY OF MANUFACTURER B

(TRSTED AT 248° I,)

[ Laminate Copper Test | Peel Peel Test
Spec, | Thickness Foil Wi, Base |[Manufarturer| Temp.| Strength Value Per
No, (Inch) 0z.,) Laminate °F (Lbs/Inch) MIL-P-139493

Paper
Epoxy
76 1/8 1 {(PX) B 248 5.00 9
Average Peel Test Value 4.88 9
Paper
Epoxy
77 1/8 2 (PX) B 248 6.00 13
Paper
Epoxy
78 1/8 2 (PX) B 248 2.95 13
Paper
Epoxy
9 1/8 2 (PX) B 248 5.84 13
Paper
Epoxy
80 1/8 2 (PX) B 248 5.90 13
Average Peel Test Value 5.93 13

1 Refer to Task E on Peel Strength Values in the Summary Table on Physical Properties
of Paper Epoxy
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TABLE Lv)
PEEL STRENGTH TEST RESULTS OF PAPER EPOXY OF MANUFACTURER D
T (TESTE'") AT 248°F.)
Laminate Copper | ' Test [ Peel , Peel Test
Spee.| Thickness Foil Wt, Base |Manuiacturer| Temp.| Sirength © Value Per
Nu. Inch) (0z.) Laminate P (Lns/mch) MIL-P-13848D
Paper
Epoxy
81 1/32 1 (PX) D 248 3.00 9
Paper
Epoxy
82 1/32 1 (PX) D 248 2.70 9
Paper A
Epoxy
83 1/32 1 (PX) D 248 2.00 9
Paper
Enoxy
84 1/32 1 (PX) D 248 2,99 9
Average Peel Test Value 2.67 9
Paper
Epoxy
85 1/32 2 (PX) D 248 3,70 13
Paper
Epoxy
86 1/32 2 (PX) D 248 3.84 13
Paper
Epoxy
s 1/32 2 (PX) D 248 3.98 13
Paper
Epoxy
88 1/32 2 (PX) D 248 3.7 13
Average Peel Test Value 3,81 13
Paper
Epoxy
89 1/8 1 (PX) D 248 3.70 8
Paper
Epoxy
90 1/8 1 (PX) D 24 3.51 9

1 Refer to Task E on Peel Strength Values in the Summary Table on Physical Properties
of Papcr Epoxy
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TABLE 1.VI (CONT)

PEEL STRENGTH TEST RESULTS OF PAPER EPOXY OF MANUFACTURER 1)
(TESTED AT 248° F.)

Averapge Peel Test Value

B Laminate (‘.‘oppﬁerr Test Peecl - Peel Test
Spec. | Thickness Foil Wt. Base |Manufacturer| Temp.| Strength Value Per
No. (Inch) (Oz.) | Laminate T (Lbs/Inch) | WMIL-P-130401

Paper
Epoxy
91 1/8 1 (PX) D 248 3.00 9
Paper
Epoxy
92 1/8 1 (PX) D 248 3.51 9
Average Peel Test Value 3.44 9
Paper
_ Epoxy
a3 1.8 2 (PX) D 248 6.25 13
Paper
Epoxy
94 1,8 2 (PX) D 248 6.14 13
Paper
Epoxy
95 1/8 2 (PX) D 248 5.84 13
Paper
, Epoxy
96 1/8 2 (PX) D 248 .9.90 13
6.03 13

1 Refer to Task E on Peel Strength Values in the Summary Table on Physical Troperties
of Paper Epoxy
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PEEI STRENGTH TEST RESULTS OF GLASS KPOXY OF MANUFACTURER A-GE

TADRILE LY

{TESTED AT 284° F.)

Laminate Copper 'ﬂnét Peel Peel Test
Spec, | Thickness Foil Wt. Base |Manufacturer] Temn.| Sirength Vaiue Per
No. (Inchy) (0z.) Laminate F (Lbs/Inch) | MIL-P-1394918
Glass
Epoxy
a9 1 32 1 {GE) A 284 3.84 7
Class
Epoxy
98 1732 1 (GE) A 284 3.48 1
Glass
Epoxy
99 1/32 1 (GE) A 284 3.64 7
(Glass
Epoxy
100 -1,/32 1 (GE) A 284 3.60 7
Average Peel Test Value 3.64 7
Glass
Epoxy
101 1,32 2 (GE) A 284 4,02 9
Glass
Epoxy
102 1,32 2 (GE) A 284 4.14 9
Glass
Epoxy
103 1/32 2 (GE) A 284 4,18 9
Glass
Epoxy
104 1/32 2 (GE) A 284 4.25 9
Average Peel Test Value 4.14 9
Glass
Epoxy
105 1/8 1 (GE) A 284 7.50 7
Glass
Epoxy
106 1/8 1 {GE) A 284 (.00 i
Glass V o ]
Epoxy
107 1/8 1 (GE) A 284 6.40 7

A EETHY
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TABL B LVIL (CONT)

PEEL STRENGTH TEST RESULTS OF GLASS EPOXY OF MANUFACTURER A-GE

(TESTED AT 284°F.)

Laminate Copper Test Peel Peel Test
Spec. | Thickness Foil Wt. Bagse |Manufacturer{ Temp. | Strength Value Per
No, {Inch) (Oz.) Laminate F (Lbs/Inch) MIL-P-13949B
Glass
Epoxy
108 1/8 1 (GE) A 284 6,70 7
Average Peel Test Value 6.65 i
Glass
Epoxy
109 1/8 2 (GE) A 284 5.60 9
Glass
Epoxy
110 1/8 2 (GE) A 284 5.20 9
Glass
Epoxy -
111 1/8 2 (GE) A 284 5.45 9
Glass
Epoxy
112 1/8 2 (GE) A 284 5.00 9
Average Peel Test Value 5.30 9
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TABLE LVIII

PEEL STRENGTH TEST RESULTS OF GLASS EPOXY OF MANUFACTURER B-GE
(TESTED AT 284° F.)

Laminate Copper Test Peel Peel Test
Spec.| Thickness | Foil Wt, Base ([Manufacturer | Temp. { Strength Value Per
No. {Inch) (0z.) Laminate °F (Lbs/Inch) MIL-P-13949RB
Glass
Epoxv
113 1/8 1 (GE) B 284 2.00 7
Glass
Epoxy :
114 1/8 1 (GE) B 284 2.49 7
Glass
Epoxy
115 1/8 1 (GE) B 284 2.00 7
Glass
Epoxy
116 i/8 1 (GE) B 284 2.00 7
Average Peel Test Value 2,12 1
Glass
Epaxy
117 1/8 2 (GE) B 284 4.25 9
Glass
Epoxy
118 1/8 2 (GE) B 284 4.18 9
Glass
Epoxy
119 1/8 2 (GE) B 284 4.04 9
Glass
Epoxy
120 1/8 2 (GE) B 284 4.40 9
Average Peel Test Value 4,22 9

s
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TABLE LIX

PEEL STRENGTH TEST RESULTS OF GLASS EPOXY OF MANUFACTURER C-GE

(TESTED AT 284° F.)

Laminate Capper Test Peel Peel Test
Spee, | Thickness Foil Wt. Base |Manufacturer | Temp. | Strength Value Per
No. {Inch) (Oz.) Laminate F (Lbs, Inch) | MIL-P-13949B
Glass
Epoxy
121 1.8 1 (GE) C 284 3.51 i
Glass
Epoxy
122 1,8 1 (GE) C 284 2.49 7
Glass
Epoxy ;
123 1.8 ! (GE) C 284 2.50 7 l
]
Glass 1
Epoxy !
124 1.8 1 (GE) C 284 2.49 7 J
1
Average Peel Test Value 2.74 7
Glass
Fpoxy
125 1.8 2 (GE) C 284 3.51 9
Glass
Epoxy
126 18 2 (GE) C 284 4.05 3]
Glass '
Epoxy i
127 1.3 2 (GE) C 284 3.10 a |
Glass
Epoxy
128 1/8 2 (GE) C 284 3.50 9
Average Peel Test Value 3.54 9




TABLE LX

PEEL STRENGTH TEST RESULTS OF TEMPERATURE RESISTANT GLASS EPOXY

OF MANUFACTURER A-GB (TESTED AT 284° F.)

| Laminate Copper - Test | Peel Peel Test
Spec. | Thickness Foil Wt. Base |Manufacturer | Temp. | Strength Value Per
No. (Inch) (0z.) Laminate F. (Lbs/Inch)| MIL-P-13949B
Epoxy
Glass
129 1/8 1 (GB) A 284 3.51 7
Epoxy
Glass
130 1/8 1 (GB) A 284 4,00 7
Epoxy
Glass
131 1/8 1 (GB) A 284 3.00 7
Epoxy
Glass
132 1/8 1 (GB) A 284 3.00 7
Average Peel Test Value 3.38 7
‘ Epoxy
Glass
133 1/8 2 (GB) A 284 3.84 9
Epoxy
lass
134 1/8 2 (GB) A 284 4.03 9
Epoxy
Glass
135 1/8 2 (GB) A 284 3.25 9
Epoxy
3 Glass
136 | 1/8 2 (GB) A 284 3.74 9
- Average Peel Test Value 3.1 9
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TABLE LXI

PEEL STRENGTH TEST RESULTS O TEMPERATURE RESISTANT GLASS EPOXY

OF MANUFACTURER B-GB (TESTED AT 284° F.)

Laminate Copper Test Peel Peel Test
Spec, | Thickness Foil Wt. Base Manufacturer | Temp. | Strength Value Per
No. {Inch) (0z.) Laminate T (Lbs/Inch) |’ MIL-P-13949B
Epoxy
Glass .
137 1:8 1 (GB) B 284 1.05 1
Epoxy
Glass
138 1/8 1 (GB) B 284 1.15 7
Epoxy
Glass
139 1/8 1 (GB) B 284 2.00 7
Epoxy
Glass
140 1,8 1 (GB) B 284 2.00 7
Average Peel Test Value 1.55 7
Epoxy
Glass
141 1/8 2 (GB) B 284 2.45 9
Epoxy
Glass
142 1/8 2 (GB) B 284 2.75 9
Epoxy
Glass
143 1/8 2 (GB) B 284 3.00 9
Epoxy
Glass
144 1/8 2 (GR) B 284 2.94 9
Average Peel Test Value 2.85 9
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TABLE LXII

PEEL STRENGTH TEST RESULTS OF TEMPERATURE RESISTANT GLASS EPOXY

OF MANUFACTURER C-GB (TESTED AT 284" F.)

Laminate Cupper Test Peel Popl Test
Spec, | Thickmess Foil Wi, Base |Manufacturer| Temp. | Strength Value Per
No. (Inch) (0z.) | Laminate °F (Lbs/Inch) | MIL-P-13949B
Epoxy
Glass
145 1/8 1 ({GB) C 284 2,34 7
]
Epoxy
Glass
146 1/8 1 (GB) C 284 2.49 7
Epoxy
Glass
147 1/8 1 (GB) C . 284 2,61 7
Epoxy
Glass
148 1/8 1 (GB) C 284 2.84 7
Average Peel Test Value 2,57 1
Epoxy
Glass
149 1/8 2 (GB) C 284 3.74 9
Epoxy
Glass
150 1/8 2 (GB) C 264 3.46 9
Epoxy
Glass
151 1/8 2 ({GB) C 284 3.59 9
Epoxy
Glass
152 1/8 2 (GB) Cc 284 3.64 9
Average Peel Test Value 3.61 9

106
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TABLE LXIII

PEEL STRENGTH TEST RESULTS OF FLAME RETARDANT (GTLASS EPOXY

OF MANUFACTURER A-GF (TESTED AT 284" F.)

Average Peel Test Value

Laminate Copper Test Peel Peel Tegst j
Spec. | Thickness Foil Wt. Base |Manufacturer | Temp. | Strength Value Per
No. (Inchy) (0z.) Laminate F ' (Lbs/Inch) | MIL-1-1394913
Epoxy
Glass
153 1/8 1 (GF) A 284 2.08 7
| Epoxy
Glass
154 1/8 1 (GF) A 284 2.01 7
Epoxy
Glass
155 1/8 1 ({GF) A 284 1.60 7
Epoxy
Glass
156 1/8 1 (GF) A 284 1.90 7
Average Peel Tast Value 1.89 1
Epoxy
Glass
157 1/8 2 (GF) A 234 2.90 9
Epoxy
Glass
158 1/8 2 (GF) A 264 3.00 9
Epoxy
Glass
159 1/8 2 (GF) A 284 2.56 9
Epoxy
Glass
160 1/8 2 (GF) A 284 3.00 9
2.86 9
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TABLE LXIV

PEEL STRENGTH TEST RESULTS OF FLAME RETARDANT GLASS EPOXY

OF MANUFACTURER B-GF (TESTED AT 284° F.)

Laminate Copper Test | Peel Peel Test
Spec. | Thickness Foil Wt, Base |ManufacturerjTemp. | Strength Value Per
No. (Inch) (0z.) Laminate F (Lbs/Inch) MIL-P-13949R
Glass
Epoxy
161 1/8 1 GF) B 284 2,00 7
Glass
Epoxy
162 1/8 1 (GF) B 284 2.00 7.
Glass
Epoxy ,
163 1/8 1 (GF) B 284 1.52 7
Glass
Epoxy
164 1/8 1 (GF) B 284 2.00 7
Average Peel Test Value 1.88 1
Glass
Epoxy
165 1/8 2 GF) B 284 2.00 9
Glass
Epoxy
166 1/8 2 GF) B 284 2.00 9
Glass
Epoxy
167 1/8 2 (GF) B 284 2,00 g
Glass
Epoxy
168 1/8 2 (GF) B 284 2.00 9
Average Pe * Test Value 2.00 g9
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TABLE LXV

PERXL STRENGTH TEST RESULTS OF FLAME RETARDANT GLASS EPOXY

OF MANUFACTURER C-GF (TESTED AT 284° F.)

Laminate Copper Test Peel Pecel Test
Spec., | Thickness Foil Wt, | Base |Manufacturer|Temp. | Strength Value Per
No. (Inch) (0z.) Laminate °F | (Lbs/Inch) MIL-P-~1394013
Glass
Epoxy
169 1/8 1 (GF) C 284 5.00 7
Glass
Epoxy
170 1/8 1 (GF) c 284 4,00 7
Glass
Epoxy
171 1.8 1 (GF) C 284 5.00 7
Glass
Epoxy
172 1/8 1 (GF) C 284 5.00 7
Average Pcel Test Value 4,75 ()
Glass
‘ Epoxy
173 1/8 2 (GE) Cc 284 5.28 9
Glass
Epoxy
174 1/8 2  (GF) (o 284 5.38 9
Glass
Epoxy
175 1/8 2 (GF) C 284 5.00 9
Glass
Epoxy
176 1/8 2 (GF) C 284 4.85 9
Average Peel Test Value 5/1.3 9
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TABLE LXVI

PEEL STRENGTH TEST RESULTS OF GLASS MELAMINE OF MANUFACTURER A

(TESTED AT 284° F.)

Laminate Copper Test Peel Peel Test
Spec. | Thickness Foil Wt. Base [Manufacturer | Temp. | Strength Value Per
No, {Inch) (0z,) Laminate °F (Lbs/Inch) MIL-P-138491
Glass
Melamine
177 1/8 1 (GM) A 284 4,00 9
1 Glass
| Melamine!|
178 | 1/8 1 (GM) A 264 4.00 9
Glass
Melamine
179 1/8 1 (GM) A 284 3.83 9
Glass
Melamine
180 1/8 1 (GM) A 284 3.85 9
Average Peel Test Value 3.92 9
Glass
Melamine
181 1/8 2 (GM) A 284 3.00 9
Glass
Melamine
182 1/8 2 (GM) A 284 4,00 9
Glass
Melamine
183 1/8 2 | (GM) A 284 3.00 8
| Glass }
Melamine
184 1/8 2 {GM) ‘ A 284 3.50 9
Average Peel Test Value 3.38 9
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TABLE LXVII

PEEL STRENGTH TEST RESULTS OF GLASS SILICONE OF MANUFACTURER A

(TESTED AT 284° F.)

Laminate Copper Test Peel Peel Test
Spec. | Thickness Foil Wt. Base |Manufacturer| Temp.} Strength Value Pg:l;
No. (Inch) (0z.) Laminate °F (I.bs/Inch) MIL-P-133493
Glass
Silicone
185 1/8 i (G5) A 284 2.72 5
Glass
Silicone
186 1/8 1 (GS) A 284 4.00 5
Glass
Silicone
187 1/8 1 (GS) A 284 3.85 5
Glass
Silicone
188 1/8 1 {(GS) A 284 3.00 5
Average Peel Test Value 3.39 5
Glass
Silicone
189 1/8 2 (GS) A 284 5.50 5
Glass
Silicone
180 1/8 2 (GS) A 284 5.34 5
Glass
Silicone
101 1/8 2 (GS) A 284 5.00 5
(Glass
Silicone
192 1/8 2 \GS) A 284 5.00 5
Average Peel Test Value 5.21 5
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ABLE LXVII

PEEL STRENGTH TEST RESULTS OF GLASS TEFLON OF MANUFACTURER B

(TESTED AT 393  F.)

Laminate Copper Test Peel 1 Peel Test
Spee. | Thickness Foil Wt. Base |Manufacturer |Temp. | Strength Value Per
No. (Inch) (Oz.) | Laminate °F (Lbs/Inch) | MIL-P-1394913
Glass
; Teflon
163 | 1/8 1 GTY B 393 2.49 5
Glass
Teflon
194 1/8 1 (GT) b 333 2.30 5
Glass
Teflon
195 1/8 1 (GT) B 383 1.99 5
Glass
Teflon
196 1/8 1 (GT) B 303 2.44 5
Average Peel Test Yalue 2.31 5
Glass
Teflon
197 1/8 2 (GT) B 393 3.50 6
Glass
Teflon
198 1/8 2 (GT) B 393 3.80 6
Glass
Teflon
199 1/8 2 (GT) B 393 3.46 6
| Glass
Teflon
200 1/8 2 {(GT) B 393 3.50 6
3.50 6

Average Peel Test Value

1 See Proposed MIL-P-13949C Specifications
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TABLE LXIX

PEEL STRENGTH TEST RESULTS OF GLASS TEFLON OF MANUFACTURER E

(TESTED AT 393° F.)

Laminate Copper Test Pecl 1 Peel Test
Spec. | Thickness Foil Wt. Base [jManufacturer] Temp. | Strength Value Per
No. {(inch) (0z.) Laminate °F (Lbs/Inch) MIL-P-13949B
”
| Glass
Teflon
a 201 1/8 1 (GT) E 393 1.00 5
i
! Glass
Teflon
202 1/8 1 (GT) E 393 0.49 !
Glass
Teflon
203 1/8 1 (GT) E 393 1.00 5
Glass
Teflon
204 1/8 1 (GT) E 393 1.57 5
Average Peel Test Value 1.01 5
Glass
Teflon
205 1/8 2 (GT) E 393 2.00 6
Glass
Teflon
206 1/8 2 (GT) E 393 1.60 6
Glass
I Teflon
207 1/8 2 (GT) E 393 1.50 6
} Glass
Teflon
208 1/8 2 (GT) E 393 1.50 6
1.65 6

Average Peel Test Value

1 See Proposed MIL-P-139498C Specification
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TABLE LXX

SUMMARY OF PEEL STRENGTH TEST RESUL'LS PERFORMIEL)

AT ELEVATED TEMPERATURES ON 1 OZ, SPECIMINES,
Base Laminate Manu- { Laminate Copper | Test Averaged Peel Peel Test
facturer|Thickness Foil Temp.| Strength Value Value Per
(Inch) Wwt. (0z,) °F (Lbs./In.-Width | MIL-P-13944B
Paper Phenolic (PP A 1/32 1 248 1.91 6
Paper Phenolic (PP} A 1/8 1 248 3.30 6
Paper Phenolic (PP} B 1/32° 1 248 1.21 6
Paper Phenolic (PP) B 1/8 1 248 3.41 6
Paper Phenolic (PP} C 1/32 1 248 2.14 6
Paper Phenolic (PP)| C 1/8 1 248 2.68 6
Paper Epuxy (PX)* A 1/32 1 248 2.54 9
Paper Epoxy (PX)* A 1/8 1 248 4.24 9
Paper Epoxy (PX)* B 1/32 1 248 2.1 9
Paper Epoxy (PX)* B 1/8 1 248 4.88 9
Paper Epoxy (PX)* D 1/32 1 248 2.67 9
Paper Epoxy (PX)* D 1/8 1 248 3.44 9
Glass Epoxy (GE) A 1/32 1 284 3.64 7
Glass Epoxy (GE) A 1/8 1 284 6.65 7
Glass Epoxy (GE) B 1/8 1 284 2.12 7
Glass Epoxy (GE) Cc 1/8 1 284 2.74 7
Glass Epoxy (GB) A 1/8 1 284 3.38 7
Glass Epoxy (GB) B 1/8 1 284 1.55 7
Glass Epoxy (GB) c 1/8 1 284 2.57 7
Glass Epoxy (GF) A 1/8 1 284 1.89 7
Glass Epoxy (GF) B 1/8 1 284 1.88 7
Glass Epoxy (GF) c 1/8 1 284 4.75 7
Glass Melanmine (GM) A 1/8 1 284 3.92 9
Glass Silicone (GS) A 1/8 1 284 3.39 5
Glass Teflon (GT) B 1/8 1 303 2.31 5
GlassTefion (GT) E /8 i 383 1.01 5

* Refer to Task E on Peel Strength Minimum Values in the Summary Table on Physical Properties
of Paper Epoxy
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TABLE LXXI

SUMMARY OF PEEL STRENGTH TEST RESULTS PERFORMEI)
AT ELEVATED TEMPERATURES ON 2 OZ, SPECIMINES,

Base Laminate M:anu- |Laminate Copper Test Averaged Peel Peel Test
facturer{Thickness Foil Temp. | Strength Value Value Per
{Inch) Wwt. (0z.) 'F (Lbs./In.-Width) | MIL-P-13949B
Paper Phenolic (PP) A 1/32 2 248 1.54 7
Paper Phenolic (PP) A 1/8 2 248 3.75 7
Paper Phenolic (PP) B 1/32 2 248 3.38 7
Paper Phenolic (PP) B 1/8 2 248 4,98 7
Paper Phenolic (PP) C 1/32 2 248 5.58 1
Paper Phenolic (PP) C 1/8 2 248 5.73 7
Paper Epoxy (PX) * A 1/32 2 244 3.25 13
Paper Epoxy (PX) * A 1/8 2 248 5.38 13
Paper Epoxy (PX) * B 1/32 2 248 5.77 13
Paper Epoxy (BPX) * B 1/8 2 248 5.93 13
Paper Epoxy (PX) * D 1,32 2 248 3.81 13
Paper Epoxy (PX) * D 1/8 2 248 6.03 13
Glass Epoxy (GE) A 1/32 2 284 4.14 9
Glass Epoxy (GE) A 1/8 2 284 5.30 9
Glass Epoxy (GE) B 1.8 2 284 4.22 9
Glass Epoxy (GE) C 1/8 2 284 3.54 9
Glass Epoxy (GB) A 1/8 2 284 3.171 9
Glass Epoxy (GB) B 1/8 2 284 2.85 9
Glass Epoxy (GB) C 1/8 2 284 3.61 9
Glass Epoxy (GF) A 1/8 2 284 2.86 9
Glass Epoxy (GF) B 1/8 2 284 2.00 9
Glass Epoxy (GF) C 1/8 2 284 5.13 9
Glass Melamine (GM) A 1/8 2 284 3.38 9
Glass Silicone (GS) A 1/8 2 284 5,21 5
Glass Teflon (GT) B 1/8 2 1393 3.59 )
Glass Teflon (GT) E 1/8 2 393 1.65 6

* Refer to Task E on Pecl Strength Minimum Values in the Summary Table on Physical Properties
of Paper Epoxy ’
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Uash b - The Physical, Mechanical and Electrical Property Evaluation of Paper Epoxy

6.1

6.2

-

Purpose - This report has been prepared to present the final results and conclusions on the
phvsical, mechanical and elecirical properties of copper clad paper base epoxy laminate,
cevaluated in accordance with the requirements of MIL-P-13949B. The information has
been analyzed and a tentative data sheet prepared for inclusion in this specification.

Goneral Data

6.2.1 Background - Existing military specifications have not provided for the use of foil
clad paper base epoxy materials, In many cases, these materials have properties
which make their use more desirable than other approved materials, particularly

where a high degree of machineability is required at a relatively modest cost.

€6.2.2 Scope - The tests performed were all conducted in accordance with the requirements
of MIL-P-13949B and were carried out on copper clad paper base epoxy laminuates of
five different thicknesses (1/32 in. to 1/4 in.) {rom four different suppliers. During
the course of the testing, the original manufacturer C was dropped and anocther
substituted because on non-delivery of base material. Copper thickness of both one

.ounce (0.0014 inch) and two ounce (0.0027 inch) nominal were used onboth one and two sides.

The following individual tests were performed:
1. Foil resistivity
2. Solder Dip
3. Peel Strength
4. Volume resistivity
5. Surface resistance
6. Water absorption
7. Dielectric breakdown
8. Dielectric Constant
_9. Dissipation factor
10. Flexuial Strength
11. Flammability

The basic tests were conducted in accordance with MIL-P-13949B, LP-406B and
ASTM B-103,

Standard printing and etching techniques typical of the photo-etch process were used
to produce test samples as indicated in Appendix B, and extreme care was exercised
to reduce the possibility of specimen contamination to a minimum. After the tests
were completed the data was itemized in a suitable manner for evaluation.
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€.3 Detailed Data

6.3.1 Literature Survey on Copper Clad Paper Base Epoxy Material

A complete literature survey was made which included the following:
1. Military Specifications
2., Military Standards
3. American Standard of Testing Materials
4. Maunufacturers of Paper Epoxy (Copper Clad)
5. Libraries and Government Information Centers

The search indicated that the published data on paper base epoxy was of little value,
as far as eliminating any of the tests described in MIL-P-13949B because testing
done was not necessarily conducted in accordance with this specification. For this
reason, it was decided to perform all of the basic tests required in MIL-P-13949B
to establish enough data to add this type of copper-clad laminate material to MIL-
P-13949B. Table LXXII includes the published physical properties of laminates
from four manufacturers who are producers of paper base epoxy laminating
material, These data indicated to what degree each manufacturer's paper base epoxy
compares (o the other according to their own figures. These data are used to com-
pare the re 'ults obtained by our own tests on paper base epoxy (Copper Clad).
Comparing we various physical properties in Table LXXII, it may be seen that peel
strength, solder dip and flammability values for all four laminates are approximately
the same. The water absorption of laminator C has a higher value than the other
water absorption values. The tests in Table LXXII were reportedly performed in
accordance with A.5,T.M. methods by each manufacturer.

TABLE LXXII

Commercial Physical Property Results on Paper Epoxy (PX)

Manufacture Water Peel Solder Dip
of Absorption Strength Flammability (1/161Inch Copper
Paper Base \1/16 Inch (Lbs/Inch Test Laminated Resistivity
Epoxy Thick Thick) 500°F Solder)
Laminate)
A 0.30% 18:& 82; Self Ext. 10 Sec. Not Reported
‘ 10-(1 az.
B 0.35% 11-%2 oz.; Self Ext. 15 Sec. Not Reported
8-(1 oz.) _
C 0.55% 9-(2 0z.) Self Ext. 15 Sec. Not Reported
8.5-(1 oz.
D 0.38% 13-(& 0(;%)) Self Ext. 10 Sec, Not Reported

6.3.2 Fabrication, Conditioning and Test Procedures

6.3.2.1 Fabrication - All specimens were fabricated in accordance with the pro-
cedures outlined in Appendix B.
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6.3.2.2 Conditioning and Test Procedure

6 3.2,2,1 Copper Foil Resistivity Conditioning Condition A - The specimen

was tested as received with no special conditioning.

Test Procedure

1'

Measurement of resistance and temperature - Weight re-
sistivity is the electrical resistance of a body of uniform cross
section of unit length and unit weight. In the metric system the
units are expressed as "'ohm, meter and gram."

The resistance of the specimen was measured with a Leeds and
Northrop Kelvin Bridge Ohmeter No, 4285 which has an ac-
curacy of :+ 0.1% percent.

Since the resistance of the specimen is affected by the temper-
ature, it was necessary to make sure the variation in temper-
ature was kept within 1° F,

The copper foil specimens, prepared for this test, measured

12 inches by 1/2 inch by .0014 inch. There were two 1 oz.
copper strips on a base board of paper base epoxy (13 x3 x1/186
inches).

These copper foil strips were produced by etching away 1 oz.
copper which was in the unmasked area on the base laminate.
The strip pattern was cleaned according to Appendix B. The
leads were clamped on each end of the copper strip foil and the
resistance was recorded.

(Temperature was read at time of resistance measurement.)

Measurement of Weight - T : copper foil specimens were
weighed per MIL-P-13949B section 4.5.2.3 and also done by
electrolytic method. Figure No. 75 shows a Sargent-Slomin
electrolytic analyzer which was used in the electrolytic method.
Two methods were used to compare the different resistivities of
the same specimen. The following procedure was used to de-
termine the weight of the copper foil on the specimens.

The specimens were carefully inspected for particles of
metallic copper, especially along the edges. If copper was pre-
sent on the edges, it was removed by scraping witl: a razor

blade.

The specimens were washed with distilled water and placed in
a Pyrex tube containing 5 ml of dilute HNO3 (2 vols concentrated
HNOg to 3 vols of Hp0).

This volume was sufficient to cover the entire specimen. At the
end of 1/2 hour, the specimen was removed and thoroughly
washed, using 25 ml of distilled water.

This solution was then transferred to a 180 ml electrolytic
beaker, the final volume being 40 - 45 ml. After adding 0.8 m!
of concentrated NH4OH, the beaker was placed in the electro-
deposition rack. The platinum electrodes used were as follows:

Anode - 52 mesh gauze Cathode - 52 mesh gauze

Diameter - 18 mm Diameter -~ 30 mm
Height -15 mm Height - 35 mm
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Thie electrodes were cleaned in dilnte HNOg and washed with
distilled water,

The cathode was then dipped in ahsolute ethyl alcohol, dried in
an oven at 1109C, cooled, and weighed., A microchemical
balance with optical lever and special magnetic dampening was
used for all weighiugs. The balanee had a sensitivity of 0.001
milligram per scale division.

The cathodes used in the determinations were especially made
50 as to have a large areca with mininmum weight.

(Approximate weight - 3 grams.)

Special Pyrex supports with electrolytic beakers kept the elec-
trodes located properly. A variable speed Pyrex stirrer was
used to agitate the solution. A rectifier was employed as a
direct current source. A potential of 2.8 volts was applied for
1 hour at room temperature, At the end of this time the sides
of the beaker and the exposed areas of the electrodes were
washed down with about 5 ml of distilled water.

Electrolysis was continued for an additional 30 minutes (total
90 minutes). Without breaking the current, the electrodes were
thoroughly washed with distilled water as the beaker was slowly

lowered. The cathode was dipped in absolute elhyl aleohol, dried

in an oven at 110°C, cooled and weighed, and the amount of
copper determined by difference.

Three times during the electrolysis, 10-20 milligrams of pure
urea was added to the solution.

The cathude was prepared for the next analysis by removing
the copper with dilute HNOg, washing with distilled water.
dipping in absolute alcohol, drying and weighing.

Measurement of Lengih - the gage length of the specimen is the
distance between the cutting marks on the copper foil caused by
the knife marks oxr the potential clamps. This gage length,

L; and total length of copper {oil sirip, Loy, were measured and
the values recorded. The copper foil strip was measured to an
accuracy of 0.001 inch, using an optical comparator.

Calcuiations - The weight resistivity of the test specimen at a
given temperature was calculated as follows:

= -2 ___ R
CW 1 Lz X
where CW = weight of test specimen in grams
L1 = gage length, used_ fo deternmiine R in meters
L2 = length of test specimen in meters
RX = measured resistance in ohms

Since the specimens had a uniform cross section, the weight
per unil length and the resistance per unit length would be the
same over any segmenied lengii of tiie specimien. Anuthes
formula with the temperature correction is as foliows:
R .
‘w20 = X x ¥ 4 0.0008 (1-20° C)
1 2
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Where T is the measured temperature at time of resistance
meastramont.

Table LXXIII shows the copper~foil resistiviwy values of manu-
facturer A and B calculuied by both techniques. As shown,
there was very little difference found between using the method
of MIL-P-139491 or the electrolytic method. Although some
adhesive is removed and weighed with the copper foil as it is
peeled off, there was very little difference in the resistivity
values, with or without the adhesive, As can be scenfrom
‘Table LXXIII, the values are approximately 0.0110 ohm-
gram/meter square larger than the maximum limit allowed per
{0.15840 ohms-gram/meier sqguare) MIL-P-13240R The
possible testing ervors were re-checked and no errors could be
{raced.

TABLE LXXIII

COPPER FOIL RESISTIVITY VALUES OF MANUFACTURERS A AND B

Manufacturer Composite Copper Foil Resistivity Vaiue Resistivity Value
(Copper Clad Material Weight Per MIL-P-13948B Per Electrolytic
Both Sides) Thickness {Ounces) Ohms-(Gram/Meter Method-Ohms (Gram/
(Inches) Square at 209 C Meter Square) at 200 C
A 1/16 1 oz. 0.1698 0.1682
A 1/16 1 oz. 0.1708 0.1690
B 1/18 1 oz, 0.1729 ' 0.1710
B 1/16 1 oz, 0.1789 0.1772
6.3.2.2.2 Solder Dip Test

Conditioning

1. Condition A - The specimen was tested as received except
cleaning off any dirt, grease, etc., per Appendix B,

Test Procedure

The copper surlace of the specimen was cleaned with pumice and
colton, and coated with an activated resin flux. The specimen was
then placed foil side down, on the surface of the solder bath at a
temperature of 500 F 1 10V F (paper base epoxy solder bath
temperature)

Figure No. 76 shows the automatic dip solder machine that was
used for the test. Upon removal of the specimen from the soldev
bath, the specimen was cooled to room temperature (239 C + 59 Q)
and examined for blistering or delamination of the foil or laminate.
The solder was skimmed prior to dipping in order to remaove the
surface oxide,
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Figure No. 76.

- Automatic Dip-Solder Machine
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6.3.2.2.3 Peel Strength Test

_Conditi oning

1. The peel strength was determined fur each specimen [ollowing
the conditioning procedures listed below. Different specimens
were used for each of the conditioning cycles. Figure No. 77
shows the Dillon testing machine that was used for the peel

atrength determined,

a. Ambient Temperature - Condition A - as received.

)

I~

)T’.\ .2.

ip - This conditioning was done per pavagraph 3.3,

past

1t
from

b, Sopide

c. Elevated Temperature - The specimens were put into an air
circulating oven at 1400C for 1 hour. The specimens were
then removed and inspected for any blistering or «delamination
of the copper foil, If there was no blistering or delamination.
peel strength measurements were performed,

Figure No. 78 shows the conditioning oven that was used for
the elevated temperature conditioning of the specimens.

Test Procedures

1. Measurcments

a. The copper foil was stripped from the surface of the lami-
nate sufficiently to allow the installation of the gripping tab,
usually about 1/2 inch. The loading rate should nol exceed
12 1bs. per minute and the pull speed at 2 ¢ 1710 inches per
minute,

Figure Mo, 79 shows the etched 1/8 inch peel strength
patterns, The peel strip was 1/8 inch wide and approxi-

mately 2 inches long. The test procedure was conducted in
accordance with paragraph 4.5.2.5 MIL-P-139498B,

2. Calculations

There are no calculations for this test. The peel strength value
was read directly from the testing machine.

'6.3.2.2.4 Volume Resistivity and Surface Resistance

Conditioning

1. Sixteen samples from each of three manufacturers were pre-
pared for each of three different thickness of material, 1./186,
3/32 and 1/8 inch. Sample preparation and cleaning was done
in accordance with Appendix B. Bample size and configuration
was in accordance with paragraph 4.5.2.6 of MIL-P-13249R,
except that etched copper rings and bullseyes were used. rather
than conductive silver paint.
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Figure No. 77. Dillon Testing Machine For Peel Strength Determination



Figure No. 78. Conditioning Oven For Temperature Cycling Of Peel Test Specimens
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Figure No. 79. Etched Specimen Patterns For Peel Strength, Volume Resistivity
And Surface Resistance Tests
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Test Procedure

1. Samples were placed in the modified humidity chamber in the
same manner as detailed earlier for measuring the insuiation
resistance values for Task B.

2, After conditioning in the chamber, in accordance with MIT.-P-
139498, measurements of surface and volume resistance were
made using the same equipment, and the same techniques outlined

in Task B.
3, Volume resistivity was caleulated as follows:
L
where:
r = volume resistivity in megohmcentimeters
R = measured volume resistance in mmegohms
A = area of guarded electrode in square centimeters
L. = average thickness of specimen in centimeters

4. Surface resistance was measured in megohms,

6.3.2.3 Water Absorption Test

Conditioning

1. At least four specimens per thicknoss of the specified maternal to he
tested were required for this test. After all the specimens were
machined smooth on the edges, they were dried in an oven for 1 hour at
+ 6 - 0 minutes at 105V C 4 20 C,

Test Procedure

1. Measurements

a. After conditioning of the specimens, they were cooled in a desiceator
at 23° ¢ + 5° C for 16 to 20 hours and immediately weighed upon re-
moval to 0.0001 grams. The dimensions of the specimens were mea-
sured with a micrometer. The specimens were thenimmersed in
distilled water maintained at a temperature of 23° c+ 2° C. At
least 50 ml of distilied water was employed for immersing cach speci-
men. After an immersion of 24 hours + 1/2 hour - 0 hours, each
specimen was removed from the waier, the surface moisture quickly
absorbed by a dry cloth, and the specimen reweighed. The test was
conducted in accordance with L-P-406B8, method 7031. Figure No. 80
shows the laboratory balance where the specimens were weighed.

2. Calculations

4. The percentage lncrease in weight afier imimersion calculated to the
nearest 0.01 percent was calculated as follows:

Increase in weight, % =

New weight (W) - conditioned weight x /00
(Wy) x 100 W, — WAl
e
Conditioned weight {W7) M
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6.3.2.4-

Dielecirie breakdown

1. ¢

All specimens were tested with the copper foil remaved. Prior to

conditioning, specimens were cleaned with a soft rag and isopropyl alcohol,

2, Spemmvns for all tests were conditioned f01048 hoirs in msullc il water
at 50°C (D 48/50) and cooled for 1/2 hour at 23°C (D 1/2/23°C). Con-
ditioning, and lesting were scheduled in such a way thal all specimens were
removed from the elevated temperature bath within the scheduled tolerance
of plus 2 heurs and from the room temperature bath within the specified

tolerance of plus 1/2 hour.

3. Measurements

All measurements were taken following the step-by-step test in method 4031
of LP-406 and section 4.5.2.8.2.2 of MIL-P-13949B. Figure 81 shows the
dielectric breakdown test setup and Figure 82 shows the dielectric break-
down specimen with electrodes.

6.3.2.5. Dielectric Constant and Dissipation Factor Test

1.

Conditioning

Dielectric constant and dissipation factor determination were made by
the standard procedures as outlined in LP 406, Method 4021, as m wdified
by MIL-P-13949B, paragraph 4.5.2.9, Eelectrodes were painted va both
sides of each specimen using Du Pont No. 4817 silver conductive paint.
(An equivalent conductive paint could be used). The 1/32 and 1/16 inch
specimens had 2 inch diameter electrodes painted on one side and 3 inch
diameter electrodes painted on the other side. The 3/32, 1/8, and 1/4
inch specimens had 3 inch diameter eiectrodes painted on one side and

4 inch diameter electrodes painted on the other side.

Measurements and Calculations

Values of capacitance and Q were obtained for each specimen using a
Boonton @ Meter, the values of dielectric constant were then calculated
from the following relations:

P
Cd + Cv

K = Dielectric constant of the material.

= Measured capacitance of the specimen,

= Edge correction for elecirodes of unequal size as defined by
equations 31, paragraph 14.d of ASTM D150-54T.

C_ = Equivalent vacuum capacitance using the same electrode geometry.
D= VCI XVQV
Q1 x C x QZ

C. = Capacitance of ins!runient tuned without the specimen.
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Figure No. 81. Diclecivie Breakdown Test Setup
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6.3.2.6

6.3.2.7

C.. = Capacitance of instrument tuned with the specimen.

[\

«
1l

Capacitance of the specimen (Cl - Cz).

W of the instrument tuned without the specimen.

o
]

QZ = Q of the instrument tuned with the specimen.

Q Change in @ (Q1 - Qz)

I

Specimens were 4 by 4 inches by the thickness. Electrodes were painted
on the specimens and allowed to air dry a minimum of 96 hours prior to

conditioning.

Figure 83 shows the dieleclric cunstant and dissipation factor test set up.

Figure 84 shows the specimen with electrodes for these two electrical test
determinations.

Flexure Test

1. Conditioning - The copper was removed from all specimens by etching.

2. Test Procedure ~ 1€ specimens from each of three vendors were tested
for material thickness of 1/32 in,, 1/16 in., 3/32 in., 1/8 in, and 1/4 in.
Eight specimens were cut from the crosswise direction and 8 lengthwise.
Sample size wag in accordance with Table XI of MIL-P-13949B,

Tesis were conducted on Flexure Test Machine illustrated in Figure 85.

Flammability Test -

Conditioning
1. The specimen was tested in the as received condition.

Test Procedure

1. Dimensions - At least three specimens were cut to 6 inches in lengih by
0.5 inch in width by the thickness, The copper foil was etched and cleaned
according tu Appendix B,

2. Positioning of Specimen - The conditioned specimen was marked by
scribing two lines 1 ineh and 5 inches from one end of the specimen. The
specimen was then clamped in a support at the end farthest from the 1-
inch mark Wit(l)l its longitudinal axis horizontal and its transverse axis
inchincd at 45 to the horizontal. Under the test specimen there was a
piece of 20-mesh bunsen burner gauze about 5 inches square in a hori-
zontal position 1/4 inch below the edge of the specimen, with 1- 2 inch uf
the specimen extending beyond the edge of the gauze.

3. Ignition of Speeimen - A Bunsen burner with a flame 1/2 to 371 inch in
height was placed under the free end of the tes: specimen and adjusted
so the flame tip was just in contact with the specimen. At the end of 30
seconds fthe flame was removed and the specimen allowed to barn. A
stop watch was used to time the flame when it reached the ‘“irst mark on
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Figure No, 83. Dielectric Constant And Dissipation Factor Test Setup
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Figure No. 85. Flexure Test Machine

the specimen and time observed when the fline reached the 4-inch mark.

SPECIMEN When the pastie did not continue to bura after the first ignition, the

burner was placed under ihe frec end for a second period of 30 seconds
immediately following the extinetion of the flame. When the specimen did
not comtinue to burn to the 4-ineh mark ofte r the second ignition, the spec-
imen was reported self-extingwshing, Figure No, 86 shows the flamma-
bility test setup.

6.4 Analysis of Resulls

6.4.1

6.4.2

Foil Resistivity

.’l
Table LXXIII (page E:i:g* veportsithe resubis ol 1 and 2 ounce copper foil resistivities.
Asitcanbe seenin Tubl LXXIII, the resisuvity values performed per MIL-P-13949B
holds a greater value for 1 and 2 vunce copper thanas staled in MIL-P-13949B. Not
all of the resistivity values performed by the elecirolylic method ave reported. it
was decided to disconlinue running the clectrolytie method hecause Task E of the
contract is only concerned with MIL-P-139198 test procedures. It would appear that
the resistivity values tested by {he electrolytic method does not vary from the re-
ported resistivities performed per Mii.-P’-139498. The averages reported for each
vendor source in Table LXXIV are in turn averaged and one value reported for
copper resistivity in Table LXXIII.

Solder Dip

All of the copper-clad paper-basce epoxy lamiinates tested showed no blisters or
delaminations of cither the copner foll or himinate itselt,




Figure No. 86 Flammability Test Set Up
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TABLL 1.XXIV

COPPER FOIL, RESISTIVITY VALUES OF MANUFACTURERS A, B AND D

Resistivity Value

et et pumd  pumd  gemnd pemed SO

Manutacturer Composite Copper Foil Resistivity Value
(Copper Clad Material Weght Per MIL-P 139498 Per Fleetrolvtie
Both Sides) Thickness (Ounces) Ohms-({Gram Meter Method-Ohms (Gram
{inen) Square) At 20 C Moter Square) At
20 C
A 1,716 1 oz, 0.1648 0.1687
A 1.16 1 oz, 0.1708 0.16090
A 1 16 1 oz. 0.1698 | ceeaa
A 1716 1 oz. g.1602 L eea
A 3. 32 2 oz, o.17%0 | aeen.
A 3,32 ? arz, 0.1696 | aee-.
A 3,32 2 0z. 0.17114 | ee-.-
A 3,32 2 oz. 01723 ] eeea.
Average Value 0.1709
B 1.16 1 oz 0.1729 0.1710
B 1.16 1 oz. 0.1789 0.1772
B 1 16 1 oz 0.1676 | eeeea
B 1,16 1 oz. 0.1692 | wee..
B 3.32 2 oz. 0.1724 | eeaas
B 332 2 nz. 0.17%0 | eeee-
B 3,32 2 oz. 01730 ] eeeaa
B 3.32 2 oz. 0.175% | ecaea
Average Value 0.1731
D 1,16 1 nz, 0.1723 | ee--a
D 1/16 1 oz. 01723 | eeaa-
D 1/16 1 o0z, 01756 | ceea-
D 1716 1 oz. 01704 | ece..
D 3,32 2 oz. o1t aeaaa
D 3/32 2 oz. 0.1 1 eeans
D 3,32 2 az. 01717 | eeana
D 3,32 2 oz, 01732 | eea-s
Average Value 0.1723
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6.4.3

6.4.4

6.4.5

6.4.6

The materials included the following:
1. Manufacture A, B and C sources
a. 1/16 inch - 1 oz, copper clad both sides
b. 3732 inch - 2 oz, copper clad Loth sides
c. Base laminate material was paper base epoxy,
The test procedure has been described in paragraph 6.3.2.2.2,

Peel Strength

The speceimens were conditioned and tested aceording to paragraph 6.3.2.2.3.

Tables LXXV to LXXXIX show the peel strength results of manufacturer A, B and D.
The after solder dip, temperature cycling and elevated temperature conditions had
very little effect on the 1 and 2 ounze copper peel strips. The 1 oz. copper values
averaged around 10 1bs. per inch width while the 2 oz. copper values averaged 13.5
1bs. per inch width. These values represent averaged values of all three vendors

A, Band D,

Volume Resistivily and Surface Resistance

Tables XC to XCIV show the test results of volume resistivity and surface resistance
on paper base epoxy. The test procedure was performed per MIL-P-13949B. Values
which were too high or low with respect to the overall values reported were not
averaged. It should be noted that Vendor A's resistance values were lower than
those of Vendors B and D. One reason for this could be in variation of resistance
per lot of material for this type of paper epoxy laminate.

Water Absorption

The test procedure has been described in paragraph 6.3.2.3 in the report. Tables
XCV to XCVIII give the water absorption results of manufacturers A, Band D
respectivelyv. The results showed consistent values for all three tables. The
following percent absorption values are averages of (16 samples) of both 1/16 and
3/32 inch material of manufacturers A, B and D.

Manuwfacturer A B D
1/16 inch - 1 oz. ) 49% 44% .58%¢
3/32 inch - 2 oz. .35% : 29% .35%

It is interesting to note that the 1/16 inch - 1 oz. laminate of manufacturer D percent
absorption value is about the same as reported in Table I on page 8. The com-
mercially published percent absorption value of manufacturer D is .55% for 1/16 inch
laminate.

Dieiectric Breakdown

These tests were performed by the Delsen Cornoration of Glendale, California for
U.S. Engineering Company. Tables XCIX to CI show the dielectric breakdown fest
resulis of Vendors A, B and D on paper epoxy laminate.

226



TAB

Lo LYYV

PEEL STRENGTH OF MANUFACTURER A (1/32 INCH THICKNESS)

___ Paper Bass Epoxy Laminate

Specimen Composite Copper Copper After After After Condition
Number Material Clad Folil Solder Temperature Elevated A
Thickness Weight Dip: Cyeling Tempera- | (Lbs/Inch
{inch) {Ounces) (Lbs/Inch | {Lbs/Inch ture Width)
Width) Width) (Lbs/Inch
. Width)
1 1/32 1 Side 1 oz. 10.4 11.0 11.0 12.0
2 1/32 1 Side 1 oz. 10.5 10.5 10.5 12.0
3 1/32 1 Side 1 oz. 10.0 10.5 11.0 11.0
4 1/32 1 Side 1 oz, 10.5 10.5 11.0 11,5
5 1/32 i Side 1 oz, 11.0 11.0 11.0 i1.0
6 1/32 1 Side 1 oz. 10.0 11.0 11.0 11,5
7 1/32 1 Side 1 oz. 11.0 11.0 10.5 115
8 1/32 1 Side 1 oz. 10.5 11.0 11.0 12.G6
Average Peel Strength Values 10.4 10,8 10.9 1.?
9 1/32 1 Side 2 oz, 13.0 15.0 16.5 16.0
10 1/32 1 Side 2 oz, 14.0 15,5 15.0 17.0
11 1/32 1 Side 2 oz, 11.5 15.5 17.5 16.5
12 1/32 1 Side 2 oz. 11.0 15.5 17.0 15,5
13 1/32 1 Side 2 oz, 12.5 15.0 16.0 16.5
14 1/32 1 Side 2 oz, 12,5 15.5 18.0 18.0
15 1/32 1 Side 2 oz, 11,5 14.5 16.0 18 6
16 1/32 1 Side 2 oz, 11.5 14.5 17.0 16.5
Average Peel Strength Values 12.2 15,1 16.6 16.5
TABLE LXXVI
PEEL STRENGTH OF MANUFACTURER B (1/32 INCH THICKNESS)
Paper Base Epoxy Laminate
1 1/32 1 Side 1 oz. 9.5 10.0 10.0 10.0
2 1/32 1 Side 1 oz. 8.5 10.0 10.0 10.0
3 1/32 1 Side 1 oz, 10.0 10.0 8.0 9.5
4 1/32 1 Side 1 oz, 10.0 9.0 9.0 9.5
5 1/32 1 Side 1 oz. 10.0 9.5 9.5 10.0
6 1/32 1 Side 1 oz. 10.0 10,0 10.0 10.0
i 1/32 1 Side 1 oz. 9.0 8.5 10.0 9.5
8 1/32 1 Side 1 oz, 10.0 10.0 10.0 10.0
Average Peel Strength Values 9.8 9.8 9.7 9.8
9 1/32 1 Side 2 oz. 14,5 14,5 14.0 15.0
10 1/32 1 Side 2 oz, 14.0 14.5 14.0 14.5
11 1/32 1 Side 2 oz, 14,0 14.5 14.0 15.0
12 1/32 1 Side 2 oz, 14,5 14.5 14.0 15.0
13 1732 1 Side 2 oz. 14,0 14,5 14.0 15.0
14 1,/32 1 Side 2oz, 14,56 14,5 14.0 15.0
15 1/32 1 Side 2 oz, 14,0 14.5 13,5 15.0
16 1/32 i Side 2 oz, 15.0 14,5 ‘14,0 15,5
Average Peel Strength Values 14.3 14.3 14.0 15.0
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TABLE LXXVII

PEZL STRENGTH OF MANUFACTURER D (1-32 INCH THICKNESS)

Paper Base Epoxy Laminate

Specimen Compasite Copper Copper Alter After After Condition
Number Material Clad Fail Solder Temperature Elevated A
Thickness Weight Dip Cycling Tempera- (Lbs ‘Inch
(Inch) (Ounces) (Lbs/Inch (Lbs/Inch ture Width)
Width) Width) (Lbs Inch
Width)

1 1,32 1 Side 1 oz. 10.2 9.5 10.0 10.5
2 1732 1 Side 1 oz. 10.5 10.0 9.5 10.5
3 1,32 1 Side 1 vz, 10.5 10.0 10.0 10.0
4 1/32 1 Side 1 oz. 10.0 10.0 10.0 10.0
0 1,37 1 Side 1 nz. 10.5 10.0 9.5 10.0
B 1. 32 1 Side 1 oz. 9.5 9.5 10.0 10.0
q 132 1 Side l oz, 10.0 10.5 10.0 9.5
8 1 32 1 Side 1 oz. 9,5 9.5 9.5 10.0
Average Peel Strength Values 10,1 10.0 9.8 10.1
9 1,32 1 Side 2 oz. 12.0 15.5 14.0 14.5
10 1/32 1 Side 2 oz. 12.0 5.0 13.5 15.5
11 1,32 1 Side 2 oz, 12.5 15.0 14.0 15.0
12 1,32 1 Side 2 oz, 12.0 15.0 i3.0 14.0
13 1,32 1 Side 2 oz. 12.5 13.5 13.5 16.0
14 1/32 1 Side 2 oz. 13.5 14,0 14.0 15.5
135 1/32 1 Side 2 ¢z, 11.0 13.5 13.5 16.0
16 1,32 1 Side 2 oz. 15.0 13.5 14,5 15.0
Average Peel Strength Values 12.6 14.6 13.7 15.2
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TABLE LXXVII
PEEL STRENGTH OF MANUFACTURER A (1/16 INCH THICKNESS)

Poper Base Epoxy Laminate

e —

Specimen Composite Copper Copper After After After Condition
Number Material Clad Foil Solder Temperaiui. Elevaied A
Thickness Weight Dip Cyeling Tempera- | {Lbs/Inch
(Inch) {Ounces) (Lbs/Inch (Lbs/Inch ture Width)
Width) Width) {Lbs/Inch
Widih)
1 1/16 2 Sides loz, | ==--- 104 ] eeeee ] e
2 1/16 2 Sides toz, | -e--- .o} e b e
3 1/16 2 Sides 1oz. | -w--- 104 ] eeeae{ eeees
4 1/16 2 Sides 1oz, | =v--- 10,00 | —eeee b emee-
5 1/16 2 Sides loz,. | =-w-- 10.4¢ F --—-- | eeee-
6 1/16 2 Sides loz, | ===n= 11,0 | emee ] eeaa
7 1/16 2 Sides loz.,. | ~=--- 105 0 | ee-e- ] ---e-
8 1/16 2 Sides loz, ] ===-= 108 ] emeee b e
9 1/16 2 Sides loz, | =-=-- 11,5 | emeem ] eem--
10 1/16 2 Sides 1 oz. ——me- 11,0 | eeeee ] eeees
11 1/186 2 Sides 1oz, ]| -=-=- 10,5 | eeeem ] eeaa-
12 1/16 2 Sides loz. ] =-=-=~ 10,6 ] e} emaa-
13 1/16 2 Sides 1oz, | =wen= 10,4 ] cemee ] eeae-
14 1/16 2 Sides loz, | ==m-= 11.6 | meeemf aea-a
15 1/16 2 Sides loz,. | ~=ae- 104 | ~---- e
16 1/16 2 Sides loz. | ==e-w 104 | ceeee | aeae-
Average Peel Strength Values 10.6
11 1/16 2 Sides 2 oz. 18.0 16.0 15,5 17.0
18 1/16 2 Sides 2 oz. 16,0 16.0 16.5 17.5
19 1/18 2 Sides 2 oz. 16.0 17.0 1.5 16.0
20 1/18 2 Sides 2 oz. 16.0 17.0 18.0 18.0
21 1/18 2 Sides 2 oz, 16.0 18.0 17.0 18.0
22 1/16 2 Sides 2 oz. 17.0 18.0 17.0 18.0
23 1/16 2 Sides 2 oz, 16.0 16.0 15.5 17.0
24 1/18 2 Sides 20z 117.0 17.9 117.0 16.5
25 1/16 2 Stdes 2 oz. 17.0 18,0 17.0 17.5
26 1/16 2 Sides 2 oz, 17.0 17.0 17.0 17.0
27 1/18 2 Sides 2 oz 16.0 18.0 16.0 18,0
28 1/16 2 Sides 20z 16,0 16.0 17.0 18.6
29 1/16 2 Sides 2 oz. 17,0 17.0 16.0 18.0
30 1/16 2 Sides 2 oz. 11.0 16.0 17.0 17.0
31 1/16 2 Sides 2 oz. 17.0 16.0 17.0 117.0
3 1/16 2 Sides 2 oz. 16.0 16.0 16.0 17.0
Average Peel Strength Values 16.4 16.7 16.7 1.3
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TABLE LXXIX
PEEL STRENGTH OF MANUFACTURER B (i /16 INCH{ THICKNESS)

Puper Base Epoxy Laminate

Specimen Composite Copper Copper Alfter After After Cenelitinn
Number Material Clad Foil Solder Temperature Flevated A
Thickness Weight Dip Cyeling Tempera- (I.bs ‘Inch
(Inch) (Ounces) (Lbs/Inch (Lbhs/Inch ture Width)
Width) Wdth) (I.bs/Inch
Width)
1 116 2 Sides loz, | e=-=- 84 | ee--- ] ceea-
2 1/16 2 Sides loz. | ==e-- 8.8 ] ~---= | -----
3 1,16 2 sides 1 oz. - 88 bl e e
4 1/16 2 Sides loz, | =-=--- 9.5 ] eee-- | -----
5 1,16 2 Sides loz, | ==--- ) L B e L T e
G 1/16 2 Sides loz, | =ee=- B.8 | memee b aea--
7 1/16 2 Siudes loaz, | =-==w- 9.9 | eemee ] eeee-
g 171G 2 Sides loz, | w=e-- B4 | eeeee ] eene-
9 1,16 2 Sides loz, | ==--- 88 | eeeee | eeee-
10 1/16 2 Sides loz, | =---- 88 | eeeee ] eee--
11 1/16 2 Sides loz. | wec-w- B8 | emeee | eee--
12 1/16 2 Sides oz, | =---- g8 | eeeme | eee--
13 1/16 2 Sides loz., | -==u- 90 | memee | eene-
i4 1/16 2 Sides 1oz, | ece-- 100 | meeae | aee--
15 1/16 2 Sides loz., | -===- 88 | ceree | ecee-
16 1/16 Z Sides loz.,. | «--=m- 84 0 | eeeaes | -----
Average Peel Strength Values 8.9
17 1/16 2 Sides 2 ve., 14.0 13.0 14,0 11.0
18 1,16 2 Sides 2 0z, 15.0 16.0 15.0 16.0
19 1/16 2 Sides 2 oz. 14.0 13.9 13.5 17.0
20 1/16 2 Sides 2 0z, 15.0 13.5 13.5 16.0
21 1/16 2 Sides 2 oz. 15,0 13.5 14.0 18.0
22 1/16 2 Sides 206, 14.0 14.0 14,0 135.0
23 1/16 2 Sides 2 vz, 15.0 14.0 14.0 14.0
24 1/16 2 Sudes 2 oz, 14.0 14.0 13.0 15,0
25 1/16 2 Sides 2 oz. 15.0 13.0 16.0 15.0
25 1/16 2 Sides 2 oz, 15.0 14.0 15.0 14.0
27 1/16 2 Sides 2 oz, 13.0 13.0 14.0 15.0
28 1/16 2 Sides 2 oz, 13.0 13.0 13.0 16.0
29 1/16 2 Sides 2 oz, 13,0 14.0 14.0 17.0
30 1/16 2 Sudes 2 oz, 14.0 14.0 15.0 15.0
31 1/16 2 Sides 2 oz, 14.0 14,0 13.0 15.0
32 1/16 2 Sides 2 oz, 14,0 14.0 13.0 15.0
Average Peel Strength Values 14.2 13.8 14.0 15.6
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TABLE LXXX

PEEL STRENGTH OF MANUFACTURER D (116 INCH THICKNESS)

Paper Base Epoxy Laminate

Specimen | Composite Copper Copper Alter Aftey Altey Copelitinn
Number Material Cind Foil Solder Temperature Flevated A
Thickness Weight Ihp | Cyeling Tempera- | (Lbs Ineh
{Inch) {Ounces) (Lbs“Incls | (Lbs Taeh ture Wielth)
Width) { Wulth) (I.hs Tneh
Wiith)
1 1.16 2 Sides 1 or, 10.0 10.0 10.0 10.0
2 116 2 Sides 1 oz, 10.2 11,0 10.2 104
3 116 2 Sides 1 oz, 10.0 10.5 10.0 10.0
4 116 2 Sides 1 oz. 10.0 10.0 10.4 10.0
3 116 2 Siudes 1 oz, 10.2 10.0 10.4 10,4
6 I.16 2 Sides 1 oz, 10.0 10.0 10.0 10.0
T }-16 2 Sides 1 oz, 10.0 10.5 10,2 10.4
3 1.16 2 Sudes 1 oz. 10.0 10.0 10.0 1n.0
9 116 2 Sudes 1 oz, 11.4 10.5 11.2 11.6
10 1. 106 2 Sudes 1 ow, 11.6 11.0 2.0 12.0
11 116 2 Siudes 1 oz, 11.6 10.5 12.0 12,0
12 1 16 2 Sudes 1 oz, 10.0 11,0 10.4 10,4
13 1:16 2 Sides i 0z, 11.0 10.5 I1.4 11.6
14 116 2 Sudes 1 oz, 11.2 11.5 1.6 11.6
15 116 2 Sydes ] oz, 10.4 11.0 10.4 0.4
16 1.16 2 Sudes 1 oz, 11.0 10.0 11.06- 11.0
Averape Peol Strength Valurs 10.5 10.5 10.7 1n.7
17 1-16 2 Sules 2 oz, 13.0 14.0 il.0 IENE
18 1.16 2 Sudes 2 0z, 14.0 135 13.0 I4.0
19 116 2 Sudes 2 oz. 13.0 14.0 12.0 13.0
20 1.16 2 Sudes 2 oz, 13.0 11.0 14.0 110
21 1,16 2 Sides 2 nz, 14.0 12.5 12,5 15,0
22 116 2 Sides 2 0z, 14.0 13.5 12.5 15.0
23 115 2 Sides 2 oz, 13.0 3.0 12.0 14.0
24 116 2 Sides 2 0z, 13.5 14.0 13.0 11,0
25 116 2 Sides 2 oz, 14.5 13.0 14,0 14,0
26 1. 16 2 Sicdes 2 re, 14.5 13.0 13,0 15.0
27 1.16 2 Sudes 2 oz, 13.5 13.5 12,0 15,0
28 116 2 Sides 2 nz. 13.0 14.0 13.0 14,0
29 1:16 2 Sides 2 oz, 13.0 14,0 13.0 14,0
30 1:16 2 Sudes 2 0z, 14.0 13,0 13.5 15,0
31 1,16 2 Sides 2 oz, 13,0 13.0 13.0 in.0
32 116 2 Siudes 2 oz, 14.0 14.0 12.5 15.0
Average Peel Strength Values 13.6 13.5 12,9 14.5




TABLE LXXX1

PEEL STRENGTH OF MANUFACTURER A (3/32 INCH THICKNESS)

Paper Base Epoxy L:mmgg‘:}rte

Specimen Composite Copper Caopper Alter After After Condition
Number Material Clad Foil Solder Temperature Elcvated A
Thickness Weight Dip Cyeling Tempera- | (Lbs Tnch
(Inch) {Ounces) (Lbs/Inch | (Lbs/Inch ture Wiclth)
Wicith) - Width) (L.bs - Inch
Width)
1 3/32 2 Sides 1 oz. 10.0 11.0 11.0 12.0
2 3/32 2 Sides 1 oz. 10.0 10.0 12.0 10.0
3 3732 2 Sides 1 oz, 9.0 9.0 11.0 11.0
4 3732 2 Sides 1oz, 9.0 9.0 12.0 12.0
5 3/32 2 Sides 1 oz. 10.0 10.0 11.0 10.0
6 3/32 2 Sides 1 o, 10,0 9.0 11.0 10.0
7 3/32 2 Sides 1 oz. 10.0 10,0 12, 11.0
8 3/32 2 Sides 1 oz. 10.0 10.0 12.0 12,0
9 3/32 2 Sides 1 oz, 9.0 9.0 11.0 11.0
i0 3/32 2 Sides 1 oz, 9.0 10.0 12.0 11.0
11 3/32 2 Sides 1 oz, 10.0 9.0 11.0 12.0
12 3/32 2 Sides 1 oz. 9.0 9.0 10.0 12.0
13 3/32 2 Sides 1 oz, 10,0 11.0 11.0 11.0
id 3/32 2 Sides 1 oz. 10,0 9.0 11.0 10,0
15 3,32 2 Sides 1 oz. 9.0 10.0 11,0 11.0
16 3732 2 Sides 1 0z. 9.0 9.0 11.0 11,0
Average Peel Strength Values 9.5 9.6 11.2 11.1
37 3,32 2 Sides 2 oz. ————— 16.0 . .
18 3/32 2 Sides 200, | eeee- 18.0 P
19 3/32 2 Sides 202, | ----- 180 | ccewe | ecaa.
20 3/32 2 Sides 20, | ----- 188 | ccece | eeeem
21 3/32 2 Sides 202, | ----- 1720 | eeeee | aee-.
22 /32 2 Sides 20z. | ee--- 168 | e | cao-.
23 3/32 2 Sides 20z, | eceas 170 | ceeee | aeaas
24 3/32 2 Sides 20z, | eeeea 16,0 | ceeee | aeaao
25 3732 2 Sides 206, | eeame 16,0 | amaes | aoaoo
26 3/32 2 Sides 20z, | cowes 16.8 1 eeeea | eea-.
27 3/32 2 Sides 20z, | ememe | eeee- S R
28 3/32 2 Sides 2o0%, | eee-- 170 ] eceee | aece-
29 3/32 2 Sides 202, | -e--- 16,8 1 cceee ] cnewe
30 3/32 2 Sides 20z, | ---=-a 160 1 e ] eeee.
31 3/32 2 Sides 20z. | e---- 164 | cemee ] cerea
32 3/32 2 Sides 20z. | ese-- 64 | ceee ] aeees
Average Peel Strength Value 16.4
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TABLE LXXXII

PEEL STRENGTH OF MANUFACTURER B (3/32 INCH THICKNESS)

Paper Base Epoxy Laminate

B
Specimen Composite Copper Copper After After After Condition
Number Material Clad Foll Solder Temperature Elevated A
Thickness Weight Dip Cycling Tempera- | (Lbs/Inch
{Inch) {Ounces) {Lbs/Inch | (Lbs/Inch ture Width)
Width) Width) (Lba/Inch
Width)
1 3/32 2 Sides 1 oz. 8.5 10.0 8.0 12.0
2 3/32 2 Sides 1 oz, 10.0 11.0 10.0 11.0
3 3/32 2 Sides 1 oz. 8.5 11.0 11.0 10.0
4 3/32 2 Sides 1 oz. 110 10.0 10.0 11.0
5 3/32 2 Sides 1 oz. 10.0 10.0 10.0 11.0
6 3/32 2 Sides 1 oz, 10.0 10.0 9.5 11.0
7 3/32 2 Sides 1 oz. 11.0 10.0 10.5 11.0
8 3/32 2 Sides 1 oz. 11.0 9.5 9.0 12.0
9 3/32 2 Sides 1 oz. 10.0 10.0 10.0 12,0
10 3/32 2 Sides 1 oz. 8.0 9.5 9.0 10.0
11 3/32 2 Sides 1 oz, 9.0 11.0 10.0 11.0
12 3/32 2 Sides 1 oz. 10.0 10.0 11.0 11.0
13 3/32 2 Sides 1 oz, 10.0 10.0 9.0 11.0
14 3/32 2 Sides 1 oz. 9.5 9.0 10.0 11.0
15 3/32 2 Sides 1 oz. 10.0 9.0 10.0 11.0
16 3/32 2 Sidea 1 oz. 10,0 10.0 10.0 i1.0
Average Peel Strength Values 10.0 10.0 9.9 12.1
17 3/32 2 Sides 202, | =eee- 140 = | e;eme | aaa--
18 3/32 2 Sides 20z, | ~~-e- 140 ]| ea;cee ]| emee-
19 3/32 2 Sides 20z, | ea-e- 140 0} cecee | eeea-
20 3/32 2 Sides 202, | =we-- 13.5 | emeee ] camaa
21 3/32 2 Sides 202, | ~e-e- 13.0 | eeeee | emee-
22 3/32 2 Sides 2 oz, - 140 | cevae ] aeeaa
23 3/32 2 Sides 202, | ----- 140 | aeaa- ———
24 3/32 2 Sides 20z, | ecec-- 140 = | comem | aeeaw
25 3/32 2 Sides 208, | me--- 140 b eeder | ceaaa
26 3/32 2 Sides 202, | ceae- 140 0 | eeemn ] eeae-
27 3/32 2 Sides 20z, | e~ee-- 140 | ceeee ] amana
28 3/32 2 Sides 20z, | ----- 140 = | eeeme | come-
29 3/32 2 Sides 20z, | ~-a-- 140 = ] ecemme | cceen
30 3/32 2 Sides 202, | =eve= 13.0 | ceeme | aeeao
31 3/32 2 Sides 20z. | en--- 140 =} eeecem b accea
32 3/32 2 Sides 202, | ewe-- 130 ] eemee ] adaa-

Average Peel Strength Value

—
2
.
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TABLE LXXXII!

PEEL STRENGTH OF MANUFACTURER D (3/32 INCH THICKNESS)

Paper Base Epoxy Laminate

o
Specimen Comiposite Copper Copper After After After Conditinn
. Number Material Clad Foil Solder Temperature Elevated A
Thickaess Weight Dip Cyveling Tempera-| (Lbs Inch
{Inch) {Ounces) {Lbs/Inch | (Lbs‘Inch ture Width)
Width) Width) (Lbs Tuch
Wicth)
1 3/32 2 Sides 1 oz. 9.0 9.0 10.0 11.0
2 3732 2 Sides 1 oz. 9.0 10.0 6.0 10.0
‘3 3/32 2 Sides 1 oz, 10.0 10.0 9.5 10.0
4 3/32 2 Sides 1 oz. 8.5 9.0 8.5 9.0
5 3/32 2 Sides 1 oz, 8.5 10,0 10.0 B.5
8 3/32 2 Sides 1 oz. 8.0 10.0 9.0 9.5
N 3/32 2 Sides 1 oz. 10.0 10.0 9.0 10.0
8 3/32 2 Sides 1 oz. 8.5 9.0 9.0 9.0
] 3/32 2 Sides 1 oz, 10.0 9.0 10.0 9.0
10 3/32 2 Sides 1 oz. 0.0 9.0 9.0 10.0
11 3/32 2 Sides 1 oz. 9.5 10.0 9.0 9.0
12 3/32 2 Sides 1 oz. 8.0 10.0 9.0 9.0
13 3/32 2 Sides 1 oz. 10,0 8.5 10.0 10.0
14 3/32 2 Sicles 1 oz. 9.5 9,0 9.0 8.5
15 3/32 2 Sides 1 oz. 8.5 9.0 10.0 9.0
18 3:32 2 Sides 1 oz. 8.5 8.0 10.0 9.0
Average Peel Strength Values 9.3 0.4 0.4 9.4
17 3/32 2 Sides 2 oz, 12.0 13.0 10.8 12.0
18 3/32 2 Sides 2 oz, 12,0 12.0 11.0 12.0
19 3/32 2 Sides 2 oz, 12,2 13.0 11.6 12.0
20 3/32 2 Sides 2 oz, 12,2 12.0 11.6 12.4
21 3/32 2 Sides 2 oz, 12.8 12.0 11.6 12.8
22 3/32 2 Sides 2 oz. 12.2 12.0 11.6 12.0
23 3/32 2 Sides 2 oz, 11.2 13.0 12.0 11.2
24 3/32 2 Sides 2 oz. 11.6 12.0 10.8 11.6
25 3/32 2 Sides 2 oz. 11.4 11.5 10.8 11,6
26 3/32 2 Sides 2 oz, 12.0 13.0 11.6 12.4
21 3/32 2 Sides 2 oz. 12.0 12.0 10.8 12.0
28 3/32 2 Sides 2 oz, 12.0 13.0 1p, 12.0
28 3/32 2 Sides 2 oz. 11.6 10,5 12.0 1.6
30 3/32 2 Sides 2oz, 12,6 14,0 11.6 12.8
31 /32 2 Sides 2 oz, 12.0 12.0 12.4 12.0
32 3/32 2 Sides 2 oz. 12.0 12.0 11, 12.0
Average Peel Strength Values 11,9 12.3 11.3 12.6
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TABLE LXXXIV

PEEL STRENGTII OF MANUFACTURER A (1 -8 INCH THICKNESS)

Paper Base Epoxy Lamunate

Specimen Composite Copper Copper Ater After Alter Conrition
Number AMaterial Clad Foul Solder Temperature Elevated A
Thickness Weight Dip Cvehing Tempera- tH by Inch
tIneh) {(Ounces) {L.bs:Inch (1.bs Inch ture Wirdth)
Wicdth) Wdth) (1.bs Ineh
Wiedth)
1 1 4 1 Side 1 oz, 10,0 11.0 10.5 11.0
2 1 # 1 Sule ! os. 9.5 11.0 10.5 il.0
3 18 1 Sude 1 oz, 9,0 11.0 10.5 V1.0
4 1 8 i sude 10z, 8.5 10.5 10.5 1.5
5 18 1 Sude i oz, 10.0 11.0 10.0 11.5
6 1 & 1 Side 1 oz, 9.0 11.0 10.5 11.0
i 1.8 1 Side 1 0z, 9.5 11.0 10.5 11.0
8 ) 1 Side 1 0z, 9.5 10.5 10.5 11.5
"
Averare Pvel Strength Values 9.4 10.9 10.5 11.3
9 18 1 Sle 2 oz, 14.0 14.5 14.0 16.6
10 1 H 1 Side 2 07, 15,0 14.0 11.0 1.0
1t o H 1 Sule 2 nz, 14.0 14.5 15.0 17.0)
12 " 1.H b Sule 2 0z, 14,0 14.5 15.5 16.4
13 1-8 1 Sude 2 nz, 15.0 15.0 16,0 17.0
14 18 1 Siude 2 0z, 15.0 14.0 15.0 16.0
15 1-8 1 Side 20z, 15.0 14.0 15.5 15.0
16 I 8 1 Side 2 oz, 11.0 14.0 14.0 16,0
Average Peel Strength Values 14.5 14.2 14.8 16.1
TABLE LXXXV
PEEL STRENGTH OF MANUFACTURER B (1-8 INCH THICKNESS)
Paper Base Epoxy Laminate
1 1.8 1 Side 1.0z, 9.5 10.5 2.0 0.
2 1,8 1 Side 1 oz, 9.5 10.5 9.0 1n.5
3 1/8 1 Sude 102, 9.5 10.0 9.5 10,5
4 1-R 1 Sicde 1 oz, 9.5 9.5 a5 105
5 1:8 1 Side 1 07, 9.0 10.0 9.0 in.a
6 1 8 1 Side 1 oz, 8.5 10.0 9.0 10,0
7 1-8 1 Side 1 oz, 8.5 10.0 9.0 10,5
8 1.0 1 Sicde 1 oz, 9.0 9.5 9.5 i0.n
Averare Peel Strencth Values 8.1 10.0 9.2 104
] 1 4 1 Sude 2 nz, 13.5 12.0 11.0 vl
i0 1-8 1 Side 2 oz, 12.0 12.5 14.0 14.0
11 1,8 1 Side 2 oz, 13.0 13.0 12.5 14.0
12 l._8 1 Side 2 oz, 12.0 12.0 13.0 13.5
11 1/8 1 Side 20z, 12.0 11.5 12.0 14.0
14 i, 8 1 Side 2 oz, 12.0 11.0 12.0 145
S 18 1l Side 20z, 12.5 11.0 12.0 1.0
16 1/8 1 Side 2 oz, 13.0 12.0 12.5 14.0
Averare Peel Strenpgth Values 12.5 119 12.6 i
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TABLE LXXXVI

PEEL STRENGTH OF MANUFACTURE D (18 INCH THIC:ZWESS)

s Laminatc

Paper Base Epoxy [
Specimen Composite Copper Copper After Alter After Condition
Numbrer Material Clad Fuoil Solder Temperature Elevated A
Thickness Weight Dip Cyeling Temperi- {I.bs Inch
{Inch) {Ounces) (I.hs Inch (I.hs-Inch ture Wilth)
Width) Width) (I'bs Inch
Width)
| 1 8 1 Sude 1 oz, 9.5 10.5 9.0 10,0
2 1.8 1 Sude 1 oz, 8.5 10.0 9.0 10.0
3 i8 1 Sude 1 oz, 10.0 10.0 9.5 10,5
4 18 1 Sicie i oz. 10.0 9.5 8.5 10.0
5 1-8 1 Side 1 ue, ) iv.u 9.0 10.5
6 1.8 1 Side 1 oz, 9.0 10.0 9.0 10.0
7 18 1 Side 1 0z, 9.5 10.5 9.5 10.0
8 18 1 Sude 1 az. 8.5 9.5 9.5 10.5
Averare Prel Strenpgth Values 9.3 10.0 9.1 10.2
9 1.8 1 Side 2 oz, 11,0 12.0 12,5 13.0
10 1.8 1 Sice 2 oz, 10.5 12.0 12.0 13.0
11 1 8 1 Side 2 oz, 9.5 12.5 13,0 13.5
12 1 8 I Side 2 oz, 9.5 12.0 12.0 11,0
1 [ ] | Side 2az, 10,5 3.0 12,5 1.0
14 | o | side 2, 11.0 1:4.0 12,0 Yi.h
15 18 1 Side 2 ou, 11.0 12.5 13.0 13.0
16 18 1 Side 2 nz, 10.5 13.0 12.5 14.0
S
Average Perl Strength Values 10,6 12.5 12.5 13.4
TABLE LXXXVII
PEEL STRENGTH OF MANUFACTURER A (1 4 [I.CIl TRICKNESS)
Paper Base Epoxvy Laminate
1 14 1 Sude 1 0z, 12.5 12,5 12.5 12.5
2 1 4 1 Sude 1 0z, i2.h 12.5 12.0 12,5
3 1,4 1 Sule 1 0z, 12.0 13.0 12.5 12.0
4 1-4 1 Sude 1 oz, 12.0 12.5 12.0 12.0
] 1,41 1 Sude 1 ve, 12.5 13.0 13,0 [12.5
6 1 4 1 Sude 1 oz, 12.5 12.5 12.0 13.0
7 14 1 Sude 1 o7. 13.5 13.0 12.5 13.5
8 1:4 1 Siude 1 nz, 13.0 13.0 12.5 12.5
Averare Pcel Strength 12.6 i2.8 12.4 12.5
9 1.4 1 Side 2 oz, 14.0 13.5 14.0 19,5
10 1/4 1 Side 2 oz. 14.5 13.0 15.0 14.5
I 1/4 i Side 2 oz, 15.0 12.5 14.0 15.0
12 174 1 Side 2 oz. 13.5 13.0 14,0 16.5
13 1/4 1 Side ? nr_ 1448 13.2 10.0 5,5
14 Y 1 Side 2 oz, 13.0 13.0 14.0 15.0
15 i L) i 3iue Z oz, 14.0 i4.0 15.0 16.0
16 J 1/4 i Side 2 oz, 14,5 13.5 15,0 15.0
Averare Pecel Strength Values 14,1 13.8 14.5 i5.4
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TABLE LXXXVill

PEEL STRENGTH OF MANUFACTURER B (i1/4 INCH THICKNESS)

Paper Hase Epoxy Laminate

Specimen Composite Copper Cuapper After Aftey After Condlition
Number Material Clad Foil Solder Toemperature Elevated A
Thickness Welght Dip Cyveling Tempera- (I.bs/Inch
(Inch) (Ounces) (1.bs/Inch (Lbs/Inch ture Width)
Width) Wiclth) {Lhs/Inch
Width)
1 1/4 1 Side 10z, 0.0 9.5 8.5 10.0
2 1/4 I Side 1 0z. 9.5 10.5 8.5 10.0
3 1/4 1 Side 1 oz, 10.0 9.5 8.0 10.0
4 1.4 I Side 1oz, 9.5 9.5 8.5 10.0
5 1/4 1 Side 1 oz. 9.5 9.5 1.0 10.0
6 1/4 1 Side 1 oz, 9.0 9.5 8.0 10.0
7 1/4 1 Side 102, 8.5 9.5 8.5 10.0
] 1/4 1 Side 1 oz. 8.5 0.5 9.0 10.0
Average Perl Strength Values 9.1 0.6 8.6 10.0
9 1/4 1 Side 2 o0z. 13.5 14.0 14.0 14.0
10 1/4 1 Side 2 oz. 12.0 14.0 13.0 14.0
11 1/4 1 Side 2 oz. 12.5 13.0 13.0 14.0
12 1/4 1 Side 2 oz, 13.5 12.5 14.0 15.5
13 1/4 1 Side 2 oz, 13.0 13.0 13.0 14.0
14 1/4 1 Side 2 oz, 13.5 14.0 14,0 14.0
15 /4 1 Side 2 oz, 12.0 13.0 13.0 14.0
16 1/4 1 Side 2 oz, 13.0 13.5 13,0 14.5
Average Peel Strength Values 12.9 13.4 13.4 14.3
TABLE LXXXIX
PEEL STRENGTH OF MANUFACTURER D (1/4 INCH THICKNESS)
Daper Base Bpuxy Laminaie
1 1/4 1 Side 1 oz, 9.0 9.5 9.0 10.5
2 1/4 1 Side 1 oz. 9.5 13.0 9.0 10.5
3 1/4 1 Side 1 oz. 8.0 0.5 9.5 10.5
4 1/4 1 Side 1 oz. 0.5 11,0 9.5 10.5
5 1/4 1 Side 1 oz. 10.0 10.5 9.5 11,0
6 1/4 1 Side 1 oz, 9.0 10.0 10.0 10.5
7 1/4 1 Side 1 oz. 10,0 10.0 9.5 10.5
8§ 1/4 1 Side HETR ic.0 10.0 9.5 10.5
Average Pcel Strength Values 9.4 10.4 9.4 10.5
9 1/4 1 Side 2 oz. 12.0 12.0 13.0 13.5
10 1/4 1 Side 2 oz, 11,5 11,0 12.0 14.0
11 1/7. 1 Side 2 oz, 12.0 12.0 12.0 14,0
12 1/4 1 Side 2 oz, 11.5 12.0 12.0 13.5
13 1/4 1 Side 2 oz, 12.0 12.0 12.0 13.0
i 154 i 3ide Z v, 11.0 12.0 i3.0 18,0
15 1/4 1 Side 2 oz, 11.0 12.0 13.0 13.0
16 1/4 1 Side 2 oz. 12.0 11.0 12,0 13.0
Average Peel Strength Values 11.6 11.8 12.4 13.4
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TABLE XC

YOLURME RESISTIVITY AND SURFACE RESISTANMCE TEST RESULTS OF

MANUFACTUIGER A (1716 AND 3732 INCH THICKNESS

Paper Base Fpoxy Laminale

Copper Composite Surflace

Specimen Copper Foil Material Volumce Resistivily Resistance
Number Clad Weight Thickness Ry Ry

(Qunces) (Inch) {Mcgohm-Centimeters) (Mepohms)
1 Two Sides ioz. 1/16 1.4x 1()8 5x “}5
2 Two Sides 1oz 1/16 4.3 % 1()8 5 x l()5
3 Twn Sides 1o, 1718 1.29 x 108 5x1 >
4 Two Sides 1oz, 1,16 2.16 x 108 2 x IUE)
5 Two Sides 1 oz, 1/16 1.20 % 103 4 x lus
s Two Sides | 1 oz, 1/16 3.23 x 10° 3.5 % 10°
1 Two Sides 107, 1,16 2.48 x 108 5 x 105
" Two Sides 1 o7 1/16 2.69 x 108 8 x '105
9 Two Sides 1 oz, 1/16 1.85 x 1()8 7 x 105
10 Two Sides 1oz, 1/16 4.97 x 108 7x 105
11 Two Sides 1oz 1/16 4.97 x 108 7x10°
12 Two Sides 1 o7, 1/16 0.99 x 108 Tx 1()5
13 Two Sides 1oz, 1716 0.£1 x 108 8 x l()5
Average Value 2.49 x 108 5.70 x 105
14 Two Sides | 2 oz /32 6.15 x 10° 2.0 x 10°
15 Two Sides 2 oz, 3/32 6.50 x 108 1.6 x 10°
16 Two sides 2 oz, 3/32 7.17x 1()8 0.8 x 105
17 Two Sides | 2 oz, 3/32 9.47 x 10 1.3 x 10°
18 Two Sides 2 oz, 3732 1.17x 10-8 2.0 x 105
19 Two Sides 2 oz. 3/32 8.60 x 108 2.0 x 10°
20 Two Sides 2 oz, 3/32 7.81x 108 0.53 x 105
21 Two Sides | 2 oz 3/32 7.27 x 10 0.72 x 10°
22 Two Sides 2 oz, 3/32 8.10 x ll)8 1.8x 10°
23 Two Sides 2 oz, 3/32 10.70 x 108 3.0 x 105
24 Two Sicles 2 oz, 3/32 9.40 x l()8 0.8 x 105
25 Two Sides 2 oz, 3/32 8.00 x 108 2.0x 105
26 Two Sides 2 oz, 3/32 6.50 x 1()8 2.0x 105
27 Two Sides 2 oz, 3/32 7.00 % 108 2.0x 105
28 Two Sides 2 oz, 3/32 8.60 x 10° 1.0 x 10°
25 TwoSiies | Zue | 3/52 9.47 x 10° 5.0 x 107
Average Value 8.00 x 108 1.83 x 105
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TABLE XCI

VOLUMEF, RESISTIVITY AND SURFACE RESISTANCE TEST RESULTS OF
MANUFACTURER B {1 16 AND 3,32 INCH THICKNESS)

Paper Base Epoxy Laminaie

' Copper Comyposile S (qee
Specimen Coppor Foil Material Volume Resistivity Resistanee
Number Clad Weight Thickness Ry RS
l (Ounces) {Inch) {Megohnm- Centimeters) {Mepgolhims)
1 Two Sides | 1oz, 1716 3.40 x 10 20.4 x 107
. 2 Twn Sides | 1oz, 116 5. 38 x 10° 27,0 x 107
I | Twn sden | 1o, 1oL 5.4 x 0P ar oy
4 Two Sides 1as, b1 NG N m” RIS |m‘-"
‘ 5 I Two Sides | <10 1-16 5.6 x 10" 200 x 10°
' 6 Two Sides 10/, 1716 6,47 X 108 22.8 x 105‘
7 Two Sides 1oz, 1716 4.98 x 108 33.4 x 1()5
B Two Suhes | lez. | 1/16 a. x 10" 29.4 x 10°
9 Two Sides 1oz 1/16 5.40 x 108 IR, 6 x l()s
10 Two Sides 1o, 1.16 11.95 x 10“ 20.0 x 105
11 Two Sides 1oz, 1,16 T.18 X 108 14.2 x lﬂr,
12 Two Sudes ] 1 oz, 1. 16 4.98 x 1Uu 16,2 ~ “)5
13 Two Sides 1 02, I 16 5.86 X 1‘0M 23.3 x 1()5
H Two Sides 1oe. 1.16 | 5.3mx10® 22.8x 10"
15 Two Sides 10z, 116 5.38 x )10a 24.2 ~ 110‘5
16 Two Sudes 1o, 1,16 7.18 x M)H 21. 8 x 10‘5
Averape Value 5.95 x l(l)H 21. 6 x Ws
17 1 Two Sides 2 oz, 3-32 5.37 x H’)H I7.8x 1“5
n Tao Sides | 2 an, 3,32 7.11 x 10" 13.9 5 10°
19 Two Sides 2 or., 3,32 T.81 x 108 21.7 x lur
20 Two Sides 2 az, 3732 6.1% x 108 12.2 & “)5
21 Two Sides | 2 on 3,32 7.17 x 10° 218 x 107
; 22 L Two Sudes, 2 as. 3 32 6.72 x I()” - 25.6 ¥ 1()5
23 Two Sides 2 vz, 332 6.95 x lnu 200 A lu_
24 Two Sides RNV 3 32 (.53 x M)ﬂ 14.9x 105
25 Two Sides | 2 o, 3,92 35.00 x 10" 334 x 107 !
26 Two Sules 2 ar. 3 32 BG. 0O X ]l()‘H 56,8 x 1‘115 :
217 Two Sides 202, - 3732 6.72 x WH 12.5x 105 l
28 Twes Sides 2 az, 3732 2.74 x 108 16,7 x 105
26 Two sules 2 07. 3,32 97.50 x l‘(l8 20.4 X 105
30 Two Sides 2 0z, 3732 6.15 x 1‘08 | 16.7 x 105
31 | Two Sides 2 vz, 3,32 6.33 x 1‘08 | 5.8 x 105
I‘ 3z I Twosides | 202, 3/32  6.63 x 10° 13.2 x 107
! | Average Value 0.57 x 103 _ M8 6x 105
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TABLE XClI

YOLUME RESISTIVITY AND SURFACE KESISTANCE TEST RESULTS OF

MANUFACTURER D (1. 16 AND 3,32 INCH THICKNESS)

Paper Muse Epoxy Laminate

Surtace

Copper Composite
Specimen Copper Foil Material Volume Resistivity Resistance
Number Clud Weight Thickness Ry Rg
{Ounces) (Inch) (Mezohm-Centimeters) {(Mrpohms)
1 Two Sides | 1 oz, 1/16 1,030 x 108 28.6 x 10°
2 Two sides | 1 oz 1/16 0.996 x 10 25.0x 107
3 Two Sides | 1 oz. 1/16 0.938 x 10° AR R
4 Two Sides | 1 oz, 1/16 0.770 x 10° 17.25 5 107
5 Two Sides | .1 vz. 1/16 0.938 x 107 13.15 x 10”
6 Two Sides 10z, 1/16 1,019 x IU8 22,70 % 1()5
7 Two Sides | 1 oz 1.16 0.702 x 108 22,70 x 10°
Two Sides | 1 oz 1/16 0.925 x 108 50.00 x 10°
9 Two Sides | 1 oz 1/16 0.572 x 108 13.15 x 10°
10 Two Sides 10z, 1/16 0.874 x 108 21.30 x 105
1 Two Sices | 1 oz 1/16 1.010 x 108 18.85 x 10°
12 Two Sides | 1 oz 1,16 0.862 x 108 91.0 x 10°
13 Two Sudes 102, 116 1.078 x 10’.l 15.62 x lfl5
14 Two Sides | 102 1/16 0.996 x 10° a1.70 x 10°
15 Two Sides | 1 02, 1,16 0.328 x 10% 55.50 x 10
16 Two Sides | 1 o2, 1116 1.028 x 108 46.70 x 10°
Average Value 0.910 x 108 28.0 x 10°
17 Two Sides | 2 0z 3/32 1.130 x 10% 51.5 x 10°
18 Two Sides | 2 oz. 3/32 1.148 x 108 42.7 x 107
19 Two Sides | 2 oz. 332 1,075 x 10® 48.0 x 10°
20 Two Sides | Z oz, 3/32 6.730 x 10° 40.3 x 10°
21 Two Sides | 2 oz 3/32 1.195 x 108 42.4 x 10
22 Two Sides | 2 oz 3/32 0.796 x 108 27.4 x 10°
23 Two Sides 2 oz, 3/32 0.606 x 108 34.95 x 105
24 Two Sides | 2 oz 3/32 1.025 x 10° 87.71 x 10”
25 Two Sides | 2 oz 332 0.488 x 108 61.00 x 107
26 Two Sides 2 vz, 3/32 1.025 x 108 43.50 x 1”5 )
27 Two Sides 2 oz, 3,32 0.895 x 108 91.0 x lll':'
28 Two Sides | 2 oz. 3/32 0.934 x 10® .86.3 x 10"
29 Two Sides | 2 oz 3/32 1.048 x 10 80.7 x 10°
30 Two Sides | 2 oz 3/32 1.076 x 10° 74.7 x 10°
31 Two Sides | 2 oz 3/32 0. 642 x 10° 53.2 x 10
32 Two sides | 2 oz. 3/32 0.812 x 10° 4.7 %10
Average Value 0.915 x 10° 35.5 x 10°
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TABLE XCIII

VOLUME RESISTIVITY AND SURFACE RESISTANCE TEST RESULTS OF
MANUFACTURER A AND B (1/8 INCH THICKNESS)

Paper Base Epoxy Laminite

Copper Composite Surlace
Specimen Copper Foil Material Volume Resistivity Resistance
Number Clad Weight Thickness Ry Ry
(Ounces) {Inch) (Megohm-Centimeters) (Mecobms)
1 Two Sides 10z, 1/8 1.30 x 10B 4.1 x 1()fj
2 Two Sides 1oz, 1/8 1.35 x 10 2.5 x 107
3 Two Sides | 1oz 1/8 2,45 x 10° 3.4 x 107
4 Two Sides 10z, 1/8 3.40 x 108 6.3 x 1()5
5 Two Sides 1 o0z. 1/8 4.00 x l()8 3.4 x 107
6 Two Sides | 1 oz 1/8 3.24 x 10° 10.0 x 10
7 Two Sides | 10z 1/8 a.65 x 108 6.0 x 10
Two Sides 10z, 1/8 1.75 x 108 5.0 x 1()3
9 Two Sides | 1 0a. 1/8 2.50 x 10° 6.3 x 10°
10 Two Sides 1oz, 1,8 2.45 x 108 4.7 x lll:"
11 Two Stdes 1 oz, 1/8 3.08 x 108 T.3 x 1“5
12 Two Sides 102, 1/8 2.79x 10H 10,4 ~ l“'.,
13 Twa Sides 1oz, 1°8 1.85 x 1\)8 7.0 x 1()5
14 Two Sides 1oz, 1.8 3.46 x 1()8 6.5 x 1():—’
15 Two Sides 1 o2, 1°8 1.65 x 108 9.0x 1’
16 Two Sides 1oz, 1/8 2.7 x 108 B8] x l()'—’
Average Value for Manufacturer A 2.42 x 108 5.98 x 105
17 Twn Sides 10z, /8 4.58 x 1o? 100N ln'r’
18 Two Sides | Lo 1/8 5.08 x 10° 26.9 x 10° :
19 Two Sides | 1 on. 1/8 6.40 x 10° 15.6 x 10” i
20 Two Sides 1 oz. 1/8 5.01 x 108 40.6 x ln'r’
21 Two Sides 102, 1/8 6.15 x 108 | 43,8 x 10°
22 Two Sides 1oz, 1.8 6.67 x 108 i 8,47 x ]“.-)
23 Two Sides | 1 oz 1/8 6.16 x 10° . 40.0x 107
24 Two Sides 1oz, 1/8 8.43 x 1()8 | 39.1 x ll)'
25 Two Sides | 1 oz 1/8 6.96 x 10° 45.5 \ 10°
26 Twao Sides 10z, 1/8 4.93 x 108 46.7 x 105
21 Two Sides | 1oz 1,8 6.96 x 10° 51.5 x 10
28 Two Sides | 1 oz 1/8 6.67 x 10° a2 x 0”
29 Two Sides 1 o0z, 1/8 6.067 x 108 25.9 x 1”5
30 Two Sides | 1 o0z 1/8 5.34 x 10° 53.2 % 10°
31 Two Sides 1oz, 1/8 8.00 x 108 605 x ](l:—’
32 Tvo Sides | 1 o 1/8 6.40 x 10° 19.5 x 1n°
Average Value for Manufacturer B 6.28 x 108 35.0 x l()5
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VOLUME RESISTIVITY AND SURFACE RESISTANCE TEST RESULTS OF

TABLE XCIV

MANUFACTURER D (1/8 INCH THIUKNESS)

Paper Base Epoxy Laminate

Copper Composite Surface

Specimen Copper Foil Material Volume Resistivity Resistance
Number Weight Thickness Ry RS

(Ounces) (Ineh) {(Megohm-Centimeters) (Megohms)
1 Two Sides | 1 oz. 1/8 1,040 x 10% 32.41 x 10°
2 Two Sides | 1 oz 1/8 0.828 x 10° 17.62 x 10°
3 Two Sides 1 oz. 1/8 0.928 x 108 33.14 x 105
s Two Sides | 1oz, 1/8 0.725 x 10° 18.23 x 10°
5 Two Sides 1 oz. 1/8 1.000 x 108 24.78 x 1()5
6 Two Sides 1 oz, 1/8 1.400 x 108 22.34 x 105
7 Two Sides | 1oz 1/8 1.768 x 10° 29.70 x 10”
8 Two Sides | 1oz, 1/8 0.973 x 108 31.60 x 107
9 Two Sides | 1 oz. 1/8 0.974 x 10° 27.27 x 10°
10 Two Sides | 1 oa. 1/8 1.275 x 108 38.44 x 10°
11 Two Sides 1 oz, 1/8 1.250 x IOEl 33.62 x 1(35
12 Two Sides | 1 oz, 1/8 1.346 x 108 35.40 x 1C°
13 Two Sides 1 oz. 1/8 1.234 x 108 33.15 x 10:.J
14 Two Sides 1 oz. 1/8 1.040 x 108 34,00 x 105
15 Two Sides 1 oz, 1/8 0.986 x 108 29.40 x 105
1€ Two Sides | 1 oz. 1/8 1.740 x 108 28.75 x 10°
Average Value 1.160 % 108 29.30 x 105
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WATER ABSORPTION TEST RESULTS OF MANUFACTURER A

TABLE XCV

Paper Dase Epoxy Laminate

Comyposite
Specimen Material Copper Copper
Number Thickness Clad Foil Weight Manufacturer & Absorption
(Inches) (Ounces)
1 1/16 Double 1 oz. A 0.49
2 1716 Double 1 oz. A 0.46
3 1/18 Dauble 1 oz, A 0.78
4 1/16 Double 1 oz. A 0.44
5 1/16 Double 1 oz. A 0.51
G 1/186 Double 1 oz A 0.52
7 /16 Double 1 oz, A 0.49
8 1716 Double 1 oz. A 0.54
9 1/16 Dauble 1 oz. A 0.24
10 1/16 Double 1 oz. A 0.45
11 1,16 Double 1 oz. A 0.52
12 1716 Duuble 1 oz. A 0.52
13 1,16 Double 1 oz. A 0.47
14 1716 Double 1 oz A 0.52
15 1/16 Double i oz A 0.46
16 1/16 Double 1 oz. A 0.49
Average Value 0.49
17 3,32 Double 2 oz. A 0.38 "
18 3/32 Double 2 oz. A 0.39
19 3/32 Double 2 oz. A 0.37
20 3/32 Double 2 oz. A 0.31 I
21 3.32 Double 2 oz. A 0.45 |
22 3/32 Double 2 oz. A 0.27
23 3/32 Double 2 oz. A 0.31
24 3/32 Double 2 oz. A 0.40 i
25 3/32 Double 2 oz. A 0.32 !
26 3/32 Double 2 0z. A 0.33
27 3/32 Double 2 oz. A 0.32
28 3732 Double 20z, A 0.31 ;
29 3/32 Double 2 oz. A 0.34
30 3/32 Double 2 oz. A 0.39 5
31 3/32 Double - 2-0Z, A 0.36 '
32 3/32 Double 2 0zZ. A 0.34
Averape Value 0.35
22 T 1/4 [ Single 1 oz. A 0.35 ]
34 1/8 Single 1 0z A 0.34 '
35 /8 Single 1 oz. A .30
36 1/8 Singlo 1 oz. A 0.37
37 1/8 Single 1 oz, A 0.43
38 1/8 l Single 1 oz. A 0.44
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WATER ABSORPTION TEST RESULTS OF MANUFACTURER A

TABLE XCV (CONT)

Paper Base Epoxy Laminate
Composite
Specimen Material Copper Copper
Number Thickness Clad Foil Weight Mapuwfacturar & Absorption
(Inches) (Ounces)
39 1/8 Single 1 oz. A 0.46
40 1/8 Single 1 oz. A 0.30
41 1/8 Single 1 oz. A 0.25
42 1/8 Single 1 oz. A 0.30
43 1/8 Single 1 oz. A 0.28
44 1/8 Single 1 oz. A 0.34
45 1/8 Single 1 oz. A 0.32
46 1/8 Single 1 oz. A 0.40
47 1/8 Single 1 oz. A 0.36
48 1/8 Single 1 oz. A 0.33
Average Value 0.35
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TABLE XCVI

DSORPTION TEST RESULTS OF MANUFACTURER B

Paper Base Epoxy Laminate

Composite
Specimen Material Copper Copper
Number Thickness Clad Foil Weight Manufacturer & Absorption
(Inches) (Ounces)
1 1 16 Double 1 oz, B 0.42
2 116 Double 1 oz. B 0.42 ;
3 1. 16 Double 1 oz. B 0.47
4 i-16 Double 1 oz. B 0.45
5 1716 Double 1 oz. B 0.44
6 116 Double 1 oz. B 0.42
T 1 1o Double 1 oz. B 0.46
8 1. 16 Double 1 oz, B 0.38
9 116 Duuble 1 oz. B 0.47
10 116 Double 1 oz. B 0.44
1 | 1716 Double 1 0z, B 0.40
i2 . 116 Double 1 oz. B 0.41
13 IR Dovble 1 oz. B 0.45 [
i : IR Double 1 oz. B 0.42 ,
15 _’ 1 i6 D:uble 1 oz, B 0.45 |
16 ; 1 16 Double 1 oz, B 0.52 i
Average Value 0.44 |
1 1
i i 382 Double 2 vz. B 0.29 :
14 332 Double 2 0z, B 0.36 !
10 3 32 Double 2 02. B 0.37 '
26 3 32 Double 2 oz. B 0.27 '
21 3oa2 Doubls: 2 oz, B 0.28 '
22 J 32 Double 2 oz, B 0.26 :
23 332 Double 2 oz. B 0.29 :'
24 3. 32 Double 2 oz. B 0.28 ;’
25 3732 Dcable 2 oz, B 0.26 i
26 ¥ou2 Double 2 oz, B 0,30 ¢
27 332 Double 2 vz, 3] IR :
24 ¥ Double 2 oz, B w24
29 NoLu Double 2 0z, B 0,27
30 332 Double 2 oz, B 0.25
31 KPR [ouble 2 oz, B 0.27
3 342 Double 2 ¢z, B 0.26
Average Value 0.29
33 1/8 Single 1oz, B 0,32
24 1 Single 1 oz, B 0.35
35 ; 174 sSingle 1 ve. B 0.27 i
36 18 Single 1 oz. B 0.28 '
37 i Single 1 oz, B 0.32
38 } 4 Simule 1 oz. B .23
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TARLE XCVI (CONT)

WATER ABSORPTION TEST RESULTS OF MANUFACTURER B

Paper Base Epoxy Laminate

Compuosile
Specinen Material Copper Copper
Numbher Thickness Clad Foil Weight Manufacturer & Absorplion
(Inches) {Ounces)
39 1/8 Single 1 vz. B 0.34
40 1/8 Single 1 oz. b 0.26
41 1/8 Single 1 oz. B 0.22
412 1/8 Sinale 1 oz, B 0.29
43 1/8 Sinule 1 oz. B 0.33
44 1/8 Sinule 1 oz. B 0.26
45 1/8 Single 1 vz. B 0.29
46 1/8 Single 1 oz. B 0.24
47 1/8 Single 1 oz. B ‘ 0.33
18 1/8 Single 1 uz. B | 0.36

Average Value 0.29
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TABLE XCVI!

WATER ABSORPTION TEST RESULTS OF MANUFACTURER D (1/16 AND 3/32 THICKNESS)

Paper Base Epoxy Laminate

Compuosilte Copper
Specimen Material Copper Foil Weight Manulacturer "I Absarption
Number Thickness Clad (Ounces)
(Inch)
1 1/16 Double 1 oz. D 0.44
2 1/1€ Double 1 oz, D 0.45
3 1/16 Double 1 oz. D 0.54
q 1716 Double 1 oz, D 0.56
9 116 Double 1 oz. D 0.45
6 1716 Double 1 oz, D 0.42
7 116 Double 1 vz, D 0.43
8 1/16 Double 1 vz, D
9 1,16 Double 1 oz. D *0.43
10 1/16 Double 1 oz. | 0.44
1 1/16 Double 1 vz. D 0.39
12 1716 Double 1 oz, D 0.45
13 1716 Double 1 oz. D 0.41
14 1/16 Double 1 oz. D 0.36
15 1/16 Double 1 oz. D 0.41
16 1/16 Double 1 oz. D 0.37
Average Value 0.44
17 3/32 Duuble 2 vz. D 0.21
18 3/32 Double 2 oz, D 0.17
19 3732 Double 2 vz, D 0.29
20 3732 Double 2 vz, D 0.22
21 3732 Duuble 2 oz, D 0.27
22 3/32 Double 2 oz. D 0.25
23 332 Double 2 oz. D 0.24
24 3/32 Dguble 2 oz, D 0.26
25 3/32 Double 2 oz. D 0.22
26 3/32 Double 2 oz. D 0.30
27 3/32 Double 2 vz. D 0.19
28 /32 Double 2 oz, D
2 3/32 Double 2 oz. D 0.25
30 3/32 Double 2 oz. D 0.15
31 3/32 Double 2 oz. D 0.30
32 3/32 Double 2 oz. D 0.20
Average Value 0.24

¢ SPECIMEN NOT TESTED BECAUSE OF BEING DAMAGED
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TABLE XCVIII

WATER ABSORVPTION TEST RESULTS OF MANUFACTURFR D (1 8 INCH THICKNI'SS)

Paper Base Epoxy Laminate

Composite Copper
Specimen Material Copper Foil Weight Manufacturer 5 Absorplion
Number Thickness Clad {Ounces)
{Inch)

1 1.8 Single 1 vz, D 0 4
2 | 8 Siple 1 o/, n 0,39
3 18 Sinple 1 oz, D u, 34
4 s Single 1 o2, n 0.25
5 1-8 Single 1oz, D 0.24
f 1.8 Sgic 102, n 036
7 18 Single 1 ve, n 0.32
B 1.8 Smgle } oe. n 0.34
9 18 Cingle 1 oz, D 0,37
10 18 Single 1 0z, D 0.33
11 1.8 Suiple 1 oz, n 0.3
12 18 Single 1or. $] U. 34
13 1.8 Single 1 o0z, D V.20
14 1/8 Single 1oz, r 0.27
15 1/8 Single 1oc. » 0.30
16 1.8 Single 1oz, D 0.33
Average Value 0, 32
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TABLE XCIX
DIELECTRIC BREAKDOWN TEST RESULTS OF MANUFACTURER A

Taper.Juse Epoxy Luminate

— eed  EES

Compuosile Copper
Specimen Malerial Cupper Foil ecakdown
Nunmber Thickness Clad Welght Vollage
{Inch) {Cunces) (Kilovolts)
1 1732 Single 1 oz. 32.5
2 1/32 Single 1 o2, 31.5
3 1/32 Single 1oz, 32.5
4 1/32 Single 1 oz 32.5
5 1/32 Single 1 oz. 30.0
Average Value 33.0
6 1/16 Dougle 1 oz, 45.0
1 1/16 Double 1 oz, 45.0
8 1/16 Douable 1oz, 40.0
9 1/16 Double 1 oz, 40.0
10 1/16 Double i oz. 45.0
Average Value 43.0
1 3/32 Single 1 oz, >55.0
12 3/32 Single 1 o, >55.0
13 3/32 Single 1 oz, >55.0
14 3/32 Single 1 oz, >55.0
15 3/32 Single 1 oz, >55.0
Average Value >55.0
16 1/8 Single 1 oz. 55.0
17 i/8 Single 1 oz. >55.0
18 1/8 Single 1 oz, >55.0
19 1/8 Single 1oz, 50.0
20 1/8 Single 1oz, . >55.0
Average Value >54.0
21 1/4 Single 102, 50.0
22 1/4 Single 1 oz, >55.0
23 1/4 Single 1 oz. 50.0
24 1/4 Single 1 oz, >55.0
25 1/4 Single 1 oz. 55,0
Average Value >53.0
Note: >indicates a value greater than that shown.
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TABLE C
DIELECTRIC BREAKDOWN TEST RESULTS OF MANUFACTURER B

Paper Base Epoxy Laminate

Composite Copper
Specimen Material Copper Foil Breakdown
Number Thickness Clad Weight Voltage

| {Inch) {Ounces) {Kilovolts)
1 1/32 Single 1 o0z, >55.0
2 1/32 Single 1 oz, >55.0
3 1/32 Single 1 o2. >55.0
4 1/32 Single 1oz >55.0
5 1/52 Single 1 a7, >55.0
Average Value >55.0
6 1/16 Double 1 oz. 5.0
1 /16 Double 1 oz, 55.0
8 1/16 Double 1 oz, >85.0
9 1/16 Double 1 oz. >55.0
10 1/16 Double 1 oz. >55.0
Average Value >53.0
11 3/32 Single 1 ov. >55.0
12 3/32 Single 1 oz. >55.0
13 3/32 Single 1 oz. >55.0
14 3.32 Single 1oz, 55.0
15 3-32 Single 1 oz, >55.0
Average Value >55.0
16 1,8 Single 1 vz, >55.0
117 1/8 Single 1 oz. >55.0
18 1/8 Single i cz. >55.0
18 1/8 Single 1 oz, >55.0
20 1/8 Single 1 oz. >55,0
Average Value >55.0
21 1/4 Single 1 oz, >55.0
22 1/4 Single 1 oz. >55.0
23 174 Single 1 oz, >55.0
24 1/4 Single X oz, >55.0
25 /4 Single 1 oz. >55.0
Average Value >55.0

Note: »>indicates a value greater than that shown.
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TABLE Cl

DIELECTRIC BREAKDOWN TEST RESULTS OF MANUFACTURER D

Paper Base Epoxy Laminate

pmevt pendd SN

Composite Copper
Specimen Material Copper Folil Rreakdown
Number Thickness 3 Clad Welght Valtage
{Inch) f (Ounces) (Rilovolts)

1 1,32 | Smgle 1 oz. >55.0
2 1,32 Single 1 oz, =53.0
3 1,732 Single 1 oz, >55.0
4 1/32 Single 1 oz. »55.0
5 1732 R Single 1 o2, >55.0

Aversge Value >55.0
6 1/18 Double 1 oz. >55,0
7 1/16 Double 1 oz. >55.0
8 1/16 Double 1 vz, 55.0
9 1/16 Double ioz. 550
10 1/16 Double 1 oz, >55.0

Average Vilue >55.0
n 3/32 Single 1 oz. : >55,0
12 3/32 Single 1oz, >55.0
13 3/32 Single 1 oz. »55.0
14 3/32 Single 1oz, >55.0
15 3/32 Single 1 oz, >55.0

Average Value >55.0
16 1/8 Single 10z, >55,0
17 1/8 Single 1 oz. 255,90
18 1/8 Single 1oz. »55.0
19 1/8 Single 1 oz. ,>»55.0
20 1/8 Single 1 0z. >55.0

Average Value >55.0
21 1/4 Single 1 0z, >55.0
22 1/4 Single 1 0z. >55.0
23 1/4 Single 1 oz. >55.0
24 1/4 Single 1 oz. >55.0
25 1/4 Single 1 oz, >55.0

Average Value >58.0

Note: >indicates a value greater than that shown.
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6.4.7

>
18
L

Dieleciric Constant and Dissipation Factor

Tables CII and CIII show the test results of dielectric constant and dissipation factor
for Veudors A, B and D.

Flexure- Test

These tests were performed in accordance with MIL-P~13949B and reported in
Tables CIV to CXVIII. The overall test results were consistent from one vendor to
another. There was an average of 400 P.,S.I, variation between lengthwise and cross-

T
wisc flexure strength values,

B Flammabilily Test

This procedure has been deguribed peir paragraph 6.3.2.7. As can be geen from

Table CXIX, all of the paper base epoxy specimens {rom manufacturers A, B and
C were self-extinguishing., This agrees with the manufacturers' test of being self-

extinguishing. :

The sumimary of all the physical property test results on paper epoxy are reported in
Table CXX.
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TABLE Cll

DIELECTRIC CONSTANT TEST RESUL.TS OF MANUFACTURERS A, B, AND D

Paper Base Epoxv Laminate

Material Copper
Specimen Thickness Copper Fuil Dielectric
Number (Inch) Clad Weight Manufacturer Constant
{Ounces) ' (One Meeacyeie)

1l 3732 Single 1 vz. A 1.2
2 J a2 Sinule 1 oz. A 4.2
K} 3732 Single 1 oz. A 4.2
4 3 32 Single |l oz. A 4.2
5 3’32 Single 1 oz. A 4.2

Average Value 4.2
6 1. § Single 1 oz. A 4.3
7 1:8 Single 1 vz. A 4.2
8 178 Single 1 oz. A 4.3
9 1-8 Single 1 oz. A 4.2
10 1-8 Sinpgle 1 oz. A 4.2

Average Value 4.2
11 3 32 Sintle 1 oz, B 4.3
12 332 Simule 1 oz, B 4.3
13 31°32 Single 1 oz, B 4.3
13 J 2 Single 1 oz, B 4.3
15 3 32 Sinzle 1 oz. B 4.3

Average Value 4.3
. 1 A Sande 1 vz. B 4.2
17 1w Sinzle 1 vz, B 4.2
1M | & Smgle 1 oz. B 4.1
19 3} Single i oz, B 4.2
AL l 1 B Single 1 oz. B 4.2

Average Value 4.2

r

ot 3 a2 Sing’e i oz. D 4.9
ye 3 a2 Singtle 1 oz. D 4.9
23 J-32 Single 1 oz, D 5.0
21 N Sinale 1 oz, D 5.0
25 3732 Single 1 oz. D 1.9

Average Value 1.9
26 1.8 Single 1 vz, D 4.8
27 1’8 Siugle 1 og. D 4.7
28 1/8 Single 1 vz, D 4.8
29 i’8 Single 1 oz. D 4.8
30 i/8 Single 1 oz. D 4.7

Averarn Valuye 1.2
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TABLE CIlI

LISsSIPATION FACUTOR TES T RESULTS OF MANUFACTURERS A, B, ANDD

Papor Base Eposy Lamindate

Material Copper
Specimen Thickness Copper Foil Dicleetrice
Nuimnbes {Inch) Clad Weight Manufacturer Constant
(Ounces) (One Megacycle)

1 3732 smele 1 oz. A 0.637
2 s a2 Single 1 oz, A 0.037
3 3 32 Single 1 vz, A 0.037
< 3 32 Single \oaz, A 0.038
s 332 Sinule 1 oz, A 0.038

Average Value 0.038
6 18 Single l vz, A 0.040
ki 1 8 Single 1 oz A 0.039
8 18 sSmgle 1 oz, A 0.0.8
9 18 Sing e 1 oz, A 0.038
10 18 Single 1 oz, A 0.038

Average Value 0.039
11 332 sSinele 1 oz B 0.040
12 3 32 Single 1 az, B 0.039
13 3 32 Single i vz, B 0.039
14 332 S e 1 oz. H 0.039
15 342 Single 1 vz, B 0.039

Average Value 0.038
16 18 Sinicle 1 vaz. B 0.038
17 18 Sinple 1 oz, B 0.039
18 1 8 Swple 1 vz, B 0.039
19 16 Sule 1 vz, B 0.039
20 1 R Stuple 1 vz. b 0.039

Averapge Value  0.038
2 332 Single 1 vz, D 0.047
22 3/32 Sinple 1 vz, D 0.048
23 3.32 Single 1 ve. D 0.048
24 132 Single 1 vz, D 0.047
25 3 32 Single 1 vz, D 0.047

Average Value 0.048
26 1.8 Single 1 oz. D 0.047
27 1.8 Single 1 oz. D 0.047
28 18 Single 1 oz. D 0.048
29 1°8 Single 1 oz. D (.048
30 I 1.8 Single 1 oz. D {.048

Average Value 0.047
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TABLE CIV

FLEXURE TEST RESULT: OF MANUFACTURER A (1/32 INCH THICKNESS)

Paper Base Fpoxy Lanunate

Lengthwise Values
Specimen Copper Copper Composite Break:ing Load Maximum Maximum Fiber
Number Fail Clad Material {+ounds) Defleetion Stress-8
: Thickness (Inch) (P.S.1.)
1 One Side | 1 oz, 1/32 32 .070 30.720
2 One Side | 1 vz, 1/32 32 .075 an 120
3 One Side | 1 oz, 1,32 32 075 30.720
4 One Side | 1 oz. 1/32 32 .070 30.720
5 One Side | 1 o0z, 1732 33 .070 31.680
6 One Side | 1 oz. 1/32 a3 .070 31 G8O
7 One Side | 1 oz. 1/32 3 .070 31.680
8 One Side | 1 oz, 1/32 33 080 31.680
Average Value 31,200
Crosswise Valucs
9 One Side | 1 o2z, 1/32 26 .070 24,960
10 One Side | 1 oz. 1732 32 .070 30,720
11 One Side 1 oz, 1732 28 .070 26,680
12 One Side | 1 oz, 1,32 2% .075 25,020
13 One Side | 1 oz, 1,32 28 075 2(,880
14 One Side | 1 oz. 1,32 27 .070 25,920
15 One Side | 1 oz, 1/32 kK] .080 31,680
16 One Side | 1 oz. 1/32 27 075 25,0¢0
Avcrage Value 217,360
TABLE CV
FLEXURE TEST RESULTS OF MANUFACTUREI A (1716 INCH THICKNESS)
Paper Base Epnxy Lamnate _ o
Lengthwise Values
1 One Side | 1 oz, 1/16 58 - 22,272
2 One Side 1 nz, 1/16 58 R 22,2172
3 One Side | 1 oz. 1/16 56.5 - 21,696
4 One Side 1 oz, 1/16 56 - 21,504
5 One Side 1 oz. 1/16 56 - 21,904
6 {ine Side 1 oz, 1/16 56.5 - 21,696
7 One Side 1 oz, 1/16 55 - 21,120
8 One Side | 1 oz 1/16 55 e 21,120
Average Value 21.640
Crosswise Yalues
9 One Side | 1 oz, 1/16 45 - 17,280
10 One Sude | 1 oz, 1/16 45.5 - 17.472
11 One Side | 1 oz. 1/16 48 - 18,432
12 One Side | 1 oz, 1/16 40.5 - 19,008
3 One Side | 1 o7, 1/16 49 - 18,816
14 One Side | 1 oz, 1/16 417 40 18,048
15 One Side | 1 oz, 1/16 45 .140 17,260
16 One Side | 1 oz. 1/16 48 140 18,432
Average Value 18,000
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TABLE CVI

FLEXURE TEST RESULTS OF MANUFACTURER A (3732 INCH THICKNESS)

Paper Base Epoxy Laminate

Lenpgthwise Values

Specimen Copper Copper Composite Breaking Load Maximum Maxinwum Fiber
Number Foil Clad Material {Pounds) Deflection Stress-8
Thickness {1neh) (P.S.1.}
1 One Sude 1 oz, 3/32 92 180 23,500
2 One Side 1 oz, 3/32 94 .180 25,100
3 One Side 1 oz, 3.32 05 .180 25,300
4 One Side 1 oz, 3.32 926 .185 25,600
5 One Side 1 oz, 3,32 04 .180 25,100
O One Suder 1 02, 3,32 00 180 2“.”“0
7 One Side 1 nz. 3732 93 .180 24,800
] One Side 1 o, 3,32 93 .180 24,800
Average Value 24.700
Crosswisce Values
1] One Sude 1 oz. 3/32 73 .1H0 19,450
10 One Side 1 oz, 3/32 75 180 19,900
11 One Side 1 oz, 3/32 81 185 21,550
12 One Side 1 oz, 3732 76 1170 20,200
13 One Side 1 oz, 1:32 R2 180 21,800
14 One Sude 1 oz, 31/32 6 1170 20,200
15 One Side 1 oz, 3,32 &0 .180 21,300
16 One Siche 1 oz, 3732 ) a0 20,200
R N C
Averapge Value 20,386
TABLE CVlI
FLEXURE TEST RESULTS OF MANUFACTUREI A {18 INCH THICKNESS)
Paper Base Epoxyv Lanunate
Lengthwise Valucs -
1 One Side 1 oz, 1,8 122 260 21,424
2 One Side 1 oz. 1/8 119 .245 22,848
3 One Side 1 oz, 1/8 120 .240 23,040
4 One Side: 1 oz, (V4] 119 250 22.348
5 One Sude 1 oz, 1,8 110 .250 22 H48
6 One Side 1 oz, 1/8 114 L2560 21. 484
7 One Side 1 oz, .8 119 .260 2,648
8 One Side 1 oz, 1/8 118 25) 22 656
Averace Value 22.800
Crosswise Values

9 One Sude 1 oz, 1/8 107 300 20,544
10 One Sude 1 oz. 1/8 105 .260 20,1060
il One Sude 1 oz, 1/8 107 .230 20,544
12 One Side 1 oz, 1/8 108 .250 20,7306
13 One Syde 1 oz, 1/8 109 .250 20,924
14 One Side 1 oz. 1/8 107 .250 20,544
15 One Siude 1 oz, 1/6 107 .260 20,5414
16 One Side 1 oz, 1/8 103 250 19,776
Averaze Value 20,472
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TABLE CVIIl

FLEXURE TEST RESULTS OF MANUFACTURER A {1/4 INCH THICKNESS)

Paper Base Epoxy Laminate

Lengthwise Values

uas  maes SOES DD

Specimen Copper Copper Composite Breaking Load Maximum Maximum Fiber
Number Foil Clad Muaterial {Pounds) Deflection Stress-8

Thickness {Inch) (P.S.1.)
1 One Side 1 oz. 1/4 : 112 310 21,504
2 One Side 1 oz, 1/4 108 340 26,736
3 One Side 1 oz, 1/¢ 115 350 22,080
4 One Side 1 oz, /4 116 370 22,272
5 Qne Side 1 v, /4 ) 107 330 20,%44
B One Side 1 o7, 1/4 125 .400 24,000
7 One Side 1 oz, 1/4 108 .340 20,736
8 One Side 1 0z, 1/4 122 .385 23,424
Average Value 21,012

Crosswise Valurs
0 Oune Side 1 oz, 1/4 83 .300 15,936
10 One Side 1 oz, 1/4 08 .365 18,816
11 One Side 1 cz. 1/4 08 .370 18,816
12 One Side 1 oz, 1/4 87 .310 16,704
K] One Side 1l oz. 1/4 a8 325 16,806
14 One Side i oz, 1/4 08 375 18,816
15 Oue Side 1 oz, 1/4 88 .360 16,806
it Onc Sude ! oz, 1/4 20 319 17,280
Avcerage Vilue 17,520

TABLE CIX
FLEXURE TEST RESULTS OF MANUFACTURER B (1/32 1 1 THICKNESS)
aper Base Epoxy Laminate

Lengthwise Values
! One Siude 1 vz, 1,32 34 .070 32,640
2 One Side 1 os. 1/32 34 .070 32,640
3 Once Sde l oz, 1/32 30 .065 28,800
4 One Side l oz, 1/32 27 .030 25.920
5 One Sude 1l oz, 1/32 28 .G65 27,880
6 One Stde 1 0w, 1/32 29 075 27,840
7 One Side 1 oz, 1/32 29 .070 27,840
8 One Siude 1 oz, 1/32 29 .070 - 27,840
i Average Value 28,800

Crosswise Valucs
9 One Side 1 oz, 1/32 23 .060 22,080
iv One Sude 1 vz, 1/32 25 060 24,000
11 One Sude ive, 1/32 25 060 24,000
2 Oune Side 1 oz, 1/32 23 .050 22,080
13 One Siude 1 oz. 1/32 23 .050 22,080
14 One Side 1 oz. i/32 24 .060 23,040
15 One Side 1 oz. 1/32 26 060 24,960
16 One Side 1 oz, 1/32 28 .060 26,480
Average Value 23,640
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FLEXURE TEST RESULTS OF MANUFACTURER B (1-16 INCH THICKNESS)

TABLE CX

Paper Base Epoxy Laminate

- Lengthwise Values

Specimen Copper Coapper Composite Breaking Load Maximom Maximum Fibor
Number Foul Clad Material (Pounds) Deflection Stress-S
Thickness {Ine-h) (P.5,1.)
} One Side 1 oz. 1/16 55 150 21.120
2 One Sude 1 oz, 1,16 51 150 19,544
3 One Stde 1 oz. 1/16 53 150 20,902
4 One Side 1 oz. 1-16 51 145 149,544
5 One Side 1 oz, 1/16 19 140 18.816
6 One Siude 1 pz. 1/16 54 140 20,736
ki One Side 1 oz, 1,16 52 140 19968
8 One Sude 1 oz. 1/16 52 145 10,968
Average Value | 20,014
Crosswisce Values
it One Suic ! oz, 1/16 42 130 16,128
10 One Side 1l oz, 1-16 48 140 18,432
1l One Sude 1 oz, 1716 45 140 17.280
p Onc Side 1 nz, 1,16 44.5 JA30 17.088
13 One Side 1 oz. 1716 4.5 U35 18,240
14 One Side ! oz, 116 45 130 17,280
15 One Side 1 ca. 1°16 45 130 17,280
16 One Side 1 oz. 1,16 45 JA30 17.280
Avcrage Value 17.376
TABLE CX1
FLEXURE TEST RESULTS OF MANUFACTURER B (3-32 INCH THICKNESS)
f’:\pﬂr Base Epoxy Lanunate
Lengthwise Values
| One Sule 1 oz, 3 3 ) 200 22.600
2 One Side 1 0z, 33 K .200 22,100
k] One Sude 1 oz, 132 a3 105 22,100
4 e Side 1 nz. 3 32 w7 200 23.200
5 One Svile 1 0z, 3 a2 KRG 200 22,000
G One Side 1 0z, 3,32 Bh MUY 22,600
? One Side 1 oz. 3 32 B3 190 22.100
8 One Side 1 oz. 3,32 817 .200 23.200
Averave Vilue 22,600
Crosswise Values
] One Side | 1 oz. 3/32 67 .180 17,650
10 One Side ioz. 3/32 71 180 18.900
11 Onc Side 1 oz. 3722 70 170 18,690
12 One Side 1 oz. 3/32 69 170 18,400
13 Nne Side 1oz, 3/32 69 170 18,400
14 Cre Side 1 oz. 3/32 66 .160 i7,500
15 One Side 1 oz, 3/32 65 .150 11,300
i6 One Side 1 oz, 1/32 66 160 17,600

Average Value

18,092
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FLEXURE TEST RESULTS OF MANUFACTURER B (1/8 INCH THICKNESS)

TABLE CXll

Faper Base Epoxy Laminate

Lenpthwise Values

Specimen Caopper Capper Composite Breakineg Load AMaximum Maximum Fiber
Number Fiml Clad Material {Pounds) Deflection Stress-8

Thirkness {Inch) (1.5.1.)
1 One Side 1 o0z, 1,8 109 .240 20,094
i One 5:ude 1 oz, 1/8 109 240 22,924
3 One Spehe 1 0z, 1-8 107 .240 20,544
4 One Side 1 oz, 18 115 260 22,080
L) One Side 1 oz, 1/8 110 .230 21,120
6 One Side 1 o2, 1. 8 107 WA 20,54
7 One Side \ oz, 1.8 16 L2480 22,2712
8 One Side 1 oz, 18 112 .240 21,004
Averace Value 21,240

Crosswisc Values
0 One Side 1 02, 1-8 02 200 17,664
10 Qe Siude 1 oz, 1.8 20 240 17,240
11 One Side 1 oz, 1:/8 64 240 16,124
12 One Side 1 oz, 1.8 92 240 176604
13 One Sde 1 04, 18 91 .240 17,472
14 One Sude 1 oz, 18 92 .220 17,6t:4
14 e Sidte 1 ny, 1 8 90 220 17.280
6 One Sude 1 oz. 18 00 220 17,280
Averaze Value 17.200

TABLE CXall
FLEXURE TEST RESULTS OF MANUFACTURER B (1-4 INCH THICKNESS)
Paper Rase Epnxy Lanunate
Lengthwise Values

] One Side 1 o, 1/4 114 370 21 . RAH
2 One Saude 1 nz, 1.4 108 370 20,74
3 e Sulde 1 nz. 174 119 400 22 1M
4 Oner Sale 1 na. 1-4 115 L340 22,000
H Ope Side I oz, 14 105 45 n6n
f Ones Siche 1 02, 14 112 Jtun 21.504
7 One Sule 1 nz, 1 4 111 .370 21,312
K One Hade 1 o, 14 110 LA00 21,120
Averagze Value 21 456

Crosswisr Values
9 One Sude 1 oz, 1/4 89 345 17.04H
10 One Side 1 oz. 1/4 04 .365 1H,0:4H
11 One Side 1l oz, 174 84 310 16,178
12 Qi Side 1 0z, 1/4 89 .3h0 17.088
13 One Side 1 oz. 1/4 89 .340 17,044
14 One Side 1 oz, 1/4 94 .350 18,0448
19 One Side 10z, 1/4 02 .350 17,664
16 One Siude 10z, 1/4 94 .350 18,048
Averare Valee 17.400
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FLEXURE TEST RESULTS OF MANUFACTURE D) {1/32 INCH THICKNESS)

TABLE CXIV

Paper Base Epoxy Lanunate

Lengihwise Values

Specumen Cappey Copprr Composite Breaking Load Maximum Maninaan Tiher
Number Kl Clacl Material {(Pounds) Deflection Stresw.d

Thickness {ineh) (1810
1 One Side 1 nz, 1,02 10 .0%0 28,5700
2 One Sidde | o2, 1,32 10 070 20 000
3 One Side 1 oz, 1/22 '8 .Gii0 27.000
4 One Snive 1 vz, - R 13 000 21 500
5 One Sule 1 oz, 1./32 18 050 27,000
6 One Sude ! ae. i-432 10 060 29,500
7 Ones Sl 1 i, /42 i8 Lon% 27.000
8 One Sigde 1 0z, 1,32 19 070 2R,500
Averare Vilue 27,917

Crosswisc Yalues
] One Sude 1 o2, 1/32 19 .0170 22,%00
10 One Side 1 v, 1,32 19 06% 22.500
11 One it ! o, 1.732 10 LOR% 28,500
12 Qe Sule 1 e, 132 i) 060 25,500
13 One Sade 1 ne. 1 32 18 060 27.000
14 One Side 1 nz, 1.32 17 060 23,300
15 Oue Sude 1 on. 1,32 17 L0065 25,500
16 One Side l oL, 1,32 19 L0600 22.500
Average Value 24 037

TADLE CXV
FILEXURE TEST RESULTS OF MANUFACTUREL ) (1 710 INCIH TIHHCKNESS)
Paperr Bane Epoxy Lammate

Lengthwise Values
i Ouee Siddee i, 1/16 ne 120 10,004
2 Onae Side 1 os. 116 52 0 IR
3 (e Side 1 nz, 1716 5 .130 111,50+
4 One Siede 1 oz, 1736 52 A5 10004
5 (ne Sidle 1 ns. 1,16 52 49 19,908
6 One Side 1 02, 1,16 51 040 10,514
? e Sieler 1 0z, 1,16 51.% REL] 10.770
(] One Stele 1 s, 1786 a2 REE 10 4G p
Averapge Value 19 Hls

Crouswise Yalues
2 One Side 1 oz, 17316 44 40 16496
10 One Side 1 naz. 1/16 42.5 .130 16,320
11 One Sutie 1 0z, 1/16 44.5 ] .1%8 17,0848
12 Oue Swle 10z, 1/16 42 130 16,124
13 One Siude 1 oz, 1/16 i .140 16,8946
14 One Sude 1o 1716 44 130 16,806
19 One Sude 1 oz, 1716 43 135 16,512
16 Onc Swde ! oz 1716 43 138 16,512
I TR
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TABLE CXV1

FLEXUNRE TEST RESULTS OF MANUFACTURRER D (3/32 §

Paper Rase Epnxy Laminate

Lengthwise Values

Specimen Conper Coapper Composite Breaking Load Maximum Maximum Fiber
Number Fuil Clad Material (Pounds) Deflection Stress-8

' Thickness (Ineh) {P.S.1.)
1 One Sude i oz, 3/32 72 IR0 22.500
2 One Side 1 oz, 3/32 15 .180 23.450
3 Oune Side 1 oz. 3/32 4 .185 23.100
4 One Side 1 oz, 3/32 72 .180 22,500
5 One Side 1 oz. /32 4 .180 23,100
6 One Side 1 oz, 3,32 74 1170 23.100
7 One Siude 1 oz, 332 74 170 23,100
8 One Side 1 oz. 3/32 73 170 22,800
Averare Volue 22,056

Crosswisc Valucs
0 One Side 1 o, 3/32 Gl A0 19,700
10 Onc Sule 1 0z, 3/32 il 160 19,050
11 One Sule 1 oz, 3,32 63 165 19.700
12 One Side 1 oz, 3/32 63 -.170 19,700
13 One Side 1 oz, 3,32 62 160 19.3%5
14 One Sude 1 0z, 3/32 64 170 20,000
15 Onr Side 1 oz, 3/32 62 165 19,375
16 One Stede 1 oz, 3,32 62 .160 19,375
Average Value 10,580

TABLE CXVil
FLEXURE TEST RESULTS OF MANUFACTUREIR D (1/8 INCH THICKNESS)
Paper Base Epoxy Laminate

Lengthwise Values
1 One Side ! oz, 1/8 101 .240 10,392
2 One Side 1 oz, 1/8 06 220 18,432
3 Once Side 1 vz, 1/8 94 .220 18,048
4 One Side 1 oz, i/8 101 .230 19,392
5 One Side 1 nz. 1/8 101 .230 19,392
6 One Side 1 oz, 1/8 08 220 18,816
7 One Sude 1 oz, 1/8 100 .280 19,200
8 One Side } oz, 1.8 09 .240 19,008
Averape Value 18,960

Crosswise Values
9 One Side | 1 oz 1/8 I 18 180 14,976
10 One Siede 1 oz, 178 76 220 14.092
11 One Side 1 oz. 1/8 17 230 14.784
12 Qiic Side 1 0z, 1/8 78 1480 14,976
13 One Side 1 oz, 1/8 74 .200 14.208
14 One Side 1 oz, 1/8 81 .210 15,552
15 One Side 1 oz, 1/6 18 200 14.976
16 On2 Side 1 0z, 1/8 83 220 15,936
Averapge Value 15,001
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TABLE CXVII

FLEXURE TEST RESULTS OF MANUFACTURER D (1,4 INCH THICKNESS)

Paper Base Epoxy Laminate

Lengthwise Values

Specimen Copper Copper Composite Breakiig Load Maximum Maximum Fiber
Number Foil Clad Material {(Pounds) Deflection Ahress-8
Thickness {Inch) {(P.5.1)
1 One Side i oz, 14 115 .360 22.080
2 One Side 1 oz. 1,4 110 .360 22.848
3 One Side 1 va. 1.4 111 .340 21,312
4 Oue Side 1 oz, 1,4 114 L3060 21,8838
5 One Side 1 oz. 1.4 120 .380 23,040
i One Side 1 oz, 1:4 107 REI 20,544
7 One Side 1 oz. 1/4 i22 .38C 23,424
8 One Side 1 oz, 1.4 105 310 20,160
Averace Vialue 21.912
Crossvise Values
8 One Side 1 oz. 14 v2 .34 17,664
10 One Side 1 oz. 1-4 L] .360 19,008
11 One Siude 1 oz. 1.4 1] .540 17,472
12 Cne Side 1 oz. 1.4 82 .295 15,744
13 One Side 1 oz. /4 YH .365 18,816
14 One Side i oz, 1:4 09 L300 19,008
15 One Side i oz, 1.4 949 .375 19,008
16 One Side 1 oz. /4 94 .345 18,048
Average Value 18,006
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TABLE CXIX

FLAMMABILITY TEST RESULTS OF MANUFACTUEERS A, B, AND C

Paper Base Epoxy Laminate

Manufacture Composite Copper Foil Self Extinguishing
{Cupper Clad Material Weight or
Both Sides) Thickness {Ounces) Burn Rate Time
{Inches)
A 1/16 1 oz. 16 Specimens Run - All Seli-Ext.
A 3/32 2 oz. 16 Specimens Run - Ali Seli-kxt.
B 1716 1 oz, 16 Specimicns Run - All Sclf-Ext.
B /32 2 0z, 16 Specimens Run - All Seli-Ext, :
C 1716 1 cz. 16 Specimens Run - All Self-Ex1. !
C 3/32 2 vz, 16 Speciniens Run - Al Seli-Ext. J
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TABLE CXX

SUMMARY OF THE PRYSICAL PROVENTY TEST RESULTS OF

DAV BASE

EPOXY LAMINATE

TADBLE 1L,

Property values

Conditioning .
Property (o be lested procedure Type PX
{see table 1X) {secd.5.1.41t0 | 132 0nch] 1716 inch] 3/32 ineh] 178 ineh] 1.4 inch
4.5.1.43., incl) thick thick thick thick thick
Copper-foil resistivity . at 20” C. avers | A
age, maxhmum, ohms (gram/meter 3, 17210
square).
Solder dip: ;
Unviched speeimens. oo ven A A NO BLISTRING NOR DELAMIMATION
Etched specimens, ..., ... acunte A P NO INTEHRLAMINAR BLISTERING
Pecl strongth, mininium, pmmda per i ‘ 1
nch width:1»
1-0z copper:
Alter solder dip. . ... ..., vas. A 10,1 9.0 9.5 8.3 10.4
After temperature eyeling. . ooene 3) 10,2 10,0 9.7 10.3 10.9
Alter clevated Lemiperature., .. .. v | E-1/140 10,1 10. 4 10.1 9.6 10. 1
2-02, Coppr:
Alter solder dip. . ............. ‘e A 13.0 14.7 143 12.9% 12.8
Alter temperiture eycling. .. ... (3) 14,7 14.3 14.2 12.9 12.8
Alter elevaled temperature. ... K-1/140 14.7 1.5 1141 13.3 o1 13.4
Velume resistivity, ninimum, neg- C-96/35/90 3.15x107 |5, lGxIO 3.28x10
. nhmecentimoters. ‘
Surface resistance, minimum, wegohms| C-96/35,/90 18.4x10° 1H,Gx ‘l‘OS 23.4x10% ... j
Water absorption, average, maXimum, E-1/100.des V. 457 9,290 0. 320 ]
percent, +D-24/23
Dielectric breakdown (paraliel to lami-
nations), average, minimum, kilovolts:
Step-hy-slepiest, ..., e e . l)-dw%.l 47.7 50.3 59.0 84 7 4.4
2
Diclectric constant, averiyge maxinwum, D-48/50. D | 4.47 4. 40 .
At 1 mepaceycle, -—;133 ]
D-24/23 e L.
Dissipation factor average. maximem, D-48/50:D 0.042 0.04)
at 1 megacycle, —;/23‘
D-24/23
Flexural strepgth average, minimum,
paizd ‘
T e 1T S A 29300 20.500 | 23.400 |21.000 | 21.7%0
Crosswist..... it e, A 25.300 17.350 19.350 17.550 17,600
Flexural strongth at clevated l('mpm -
ture., aver: 'kc minamum, l)( reent, Ry
of condition=A value oldained on test:
Longthwise ... ... o iieiians F-1,7150
ATC resistunce, averape, minimum, N-48,%0.D
scconds. -—2/‘2‘3
FLanmmabhility, averapge. maximum, A
laur ning Lime in seconds I
|

1]Fm‘ any ope thickness, one-hall the

No Dlistering nor delamination shall be evident upon remowvied trop the solder pot ur the oven,

_of cycling.

Conditioning shall consist ol five eyeles before test,

s ;/-ss.-;,'zs

imbier of speciniens

For

20

shall e cat crorawise

Paper-lese | yne,

woveture shall he: B -
{

or it the end

lOOn

and one-hall cut leagihwise.
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APPENDIX A - A NON-DESTRUCTIVE TEST TO EVALUATE THE EFFECT OF NICKS,

PIN HOLES AND SCRATCHES ON PRINTED WIKING CCHNDUCTCRS.

Scope - This test estabhishes criteria and a technique for evaluating the effect of nicks, pin holes
and scratches on printed w:ring conductors so that allowable cross-section reducticn may be es-
tablished on any given printed wiving board. ‘This test may be used either to evaluate a specine
line reduction condiction with a g1ven current, or to establish dimensiona! criteria so the maxi-
mum allowable reduction of a specific system may be established with subsequent inspection by
physical measurement to ensure compliance with standards established by this test,

Equipment Needed for Testing - The {nilowing equipment was used to establish the test procedure.

P o FEL R

gquivatent items may ve subsiituted as necessury.

1, A Weston Model 831 D.C. Ampere Meter (scale division of 1/2 ampere)
2. 20 amp. shunt

3. 8 phm, 50 watt Rheostat

4, Two (125 'V, 26 amp.) Knile swucnes

5. One 6 volt Battery (130 an:pere hours)

6. Fenwal Temjcrature Meter (Model 58301-5)

7. Thernustor Beud (Fenwal No, GB34P92)

8. TW #8 Solid Copper Wire

9. Universal Timer (Model 167)
10, Jagab Pile Rheostat (Model #10 - ,018 to 1.8 ohms resistance)

11, Thermistor Bead Holding Device (see Figure No, 7}
'2. Two Electrode Ternunal Posts (sec Figure No. 9 in Task A ol the report)
13. One 6 volt Battery Booster

14. Test Board Chamber - tina chinber may be constructed as in Figures No, 4 and € in
Task A of the report)

The basic and pictonial electrical cireust hook-up 15 constructed as 1llustrated in the tollowing
pages: 9 v/0

Positioming of Test Board - Place the cirecut board in an enclosed test area that will nrevent anv
air curreats from affecting lemperature rise measurements, When the circuit board has been
pusitioned in the test enclosure, a tead thernustor 1s positioned directly over the copper conductor
and neld firmly so that the bead makes firm physical contact with that portion cf the copper con-
ductor that 13 to be tested,

The two electrodes (see Figure No. 6 1n Task A of the report) are placed on opposite sides of the
thermistor beads (make sure that the distancc between electrodes does not exceed 1.50 inchos).
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Electrical Test Procedure - Refore current is allowed to flcw in the conductor, the teniperature
meter s furned un to measure the ambient temperatare in the conductor test area, This is re-
cerded after an elapsed time of 3 or 4 minutes., The knife switches in the circuit are closed,
daliowing cuivent to fiow through the copper conductor. Temperature rise readings are taken at 1
amp intervals, The curvent flow is controlled by the carbon pile rheostat. For amperage values
exceeding 5 amps, the 8 ohm rheostat is removed {rom the circuit, (see Figure No, 6 in Taxk A

ol the report), stabilize before taking the temiperature reading, Temperature rise nieasurements
are taken for each ampere increment up to a teraperature rise of 4U°C above ambient, The tem-
perature should be allowed to stablilize for approximately five minutes after each change incurrent
hetore reading.

Acceptunce Conditions for Passing or Faihing the Tested Circuit Board - The prineipal factor whicl:
will deternune whether or nnt the degree of line reduction is acceptable is the amount of current
required tormise the concuctor tomperature to 400C above umbient, If this current value is in ex-
cess of that which will flow in the conductnr during normal use (with an allowance for surge
cutrents). than the degree of line reduction can he considered acceptable and my be used to estab-
Lish physical limats whieh may be measured on subsequent boards 1n the same systenm.

It must be noted, however, that if any of the following conditinns develup during testing, then the
part should be considered as failing, regardless of the amount of current which passed through:

1. Discoloration of copper at point of maximum reduction.
2. Ihscoloration of base lanmunate around test area,
1. Lafting o1 wrinkling of the conductor from the base lanunate.

[t shoald be pomted out that the evaluation of the effect of mieks, pin holes and seratches on printed
wiring conductors s effected by muny variables., A review of the data collected in Task A makes
itappear that there s econsiderably more leway than had been previously considered. There are.
however, other qualifying factors which must be taken into consideration. In the first place. con-
ductor hine wadth reduction in excess of 30 ts 25% are cutside the bounds of good manufacturing
practice and should not normally be acceptable,

Another factor. and one which was unfortunately outside the scope of this study. 1s the possibility
ul long -term degradaton, or gradual deterioration on the bond between the reduced conductor and
the base material over extended periods of time at temperatures somewhat less than 400C above

amnent.

To assure rehiabihity and mummize the possible effects of long time application of ele-ated temper-
atures which could cause ulimate degradation of the bond to failure, the following specifications
limitations are recompicded.

I, Forany miven 1 aneh leaeth of conductor, individual nicks or pin holes or combination ot
mcws and pn holes which expose the base lanunate, v any serateh shall not reduse the
cross-section area of the conductor by more than 307,

2. For any given 1 anch length of conductor no combination of nicks or pin holes whick OX08L
tiie vase laminate, or any scrutch shall be acceptable when the cross-section ares at the
poit of maximum reduction shows a temperature inerease in exeess of 40°C when
~eamned in aeenrdance with the procedure outlined in Appendix . A



APPENDIX B - GENERAL PROCEDURE FOR PREPARING TEST SPECIMENS

Visual Inenection - The sheet material of copper-cvlad plastic laminate, in as-received condition,
was ispected for superficial defects such as seratches, pits, blisters, dents and viner defects
which maght e observed by visual inspection. If any of the above defects occurred exceeding re-
quirements per MIL-P-13349B, the sheet material was rejected and sent back to the manufacturer

for repiacement,

Machining - The required number of specimens were cut by a saw from the entire sheet for each
test, The specimens for Task A were cut to 3 size 4.50" x 2,75 x thickness of material,

Cleaning - Those specimens that requured a specific pattern, atter having been machined, were
thorouchily serubbed, usme a prade FFF pumice and a wad of moistened cotton, This was done to
muninuze scratehes when serubbing lengthwise and crosswise, The specimens were then rinsed
with warm water (approximately 90UF) until the specimen would hold an unbroken f{ilm of water,
The specimen was then dried with filtered air. After drying, the specimens were carefully handled
from the edges and placed 1in a suitable clear rack for the next process operation, Lint-free gloves
were used at all times for handling.

RS T o LIREY W o W vy

Sensitizing - All specimens requiring a specific pattern were sprayved with a Kodak Thots Risict
solution, using a Binks No, 20 production spray gun. The time of spraving was approximately two
seconds, The specimens werc then remuved and put aside to dry. It was neceseary that the sensi-
tized surfaces be undisturbed while drying i an infra-red oven s 150°F for a minimum of one-
half hour,

Printing - After the sensitizing solution had inoroughly dried, the specimen. along with a negative
of the pattern required, was placed in o vacuum frame with the coated side up and the required
negative emulsion down to ensurce emuls:on to emulsion contact, The specimen was exposed to an
ultra-vivlet hight for 2-1 2 minutes undcr a vacuum pressure of 28 wiches.

Developing - The spectmen was then removed from the vacuum frame and placed in the developer
(trichloroethylene) for two munutes, After this it was removed and allowed to cool before dipping
for approximately one second. It was then removed from the dve and immediately washed in a
spray of warm water (800 to 100°F) until oalv the required pattern remained on the copper fnil
(approximately one minute), Following tins, the excess water was removed with a warm blast of
ar and the specimen was set aside to dry for approximately one hour,

Eiching - The specimens after beng thoroughly dried were placed in an oscillating head spray
etching macinne (422 Baume Ferrie Chloride) (or three o six nunutes until all of the excess
copper was rvinuved.  The temperature of the etchi ‘g snalution was maintained at around 75 to 1Q0CF,

Cleaning and Drving - The specimens were then removed from the etching tank and immediately
washed 1n cold runmng water for 135 nunutes nummum, They were then washed in a 10 percent
oxalic acid snlutinp fnllawed by a2 5 munute rinse in coid running water, after which they vere
thoroughly rinsed with distilled water. The excess water was removed with clean absorbent cotton
and a warm air blast, All specimens were then placed in an oven at 80°C : 3°C for one hour nuni-
mum and then allowed to cool. The specimens werc bagged from this point on to prevent contanu-
nation,
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APPENDIX C - INSULATION RESISTANCE TEST

Scope - The purpose of this test 1S 10 set the requirements that will give reproduciblc and con-

Sistent insulation test resuits,

Equipment Required - The following types of equipment were used to establish the data for this
test. Rquivalent substitutes may e made as necessary.

1. A Huumidity Test Chamber that will control the humidity and temperature within the
limits as specified in MIL-8TD-202, (See Figures 35, 36 and 37 in Task B of the report),

2. Test specimen holders and electrode connectors similar to those shown in Figures 38
and 40 in Task B of the report,

3. Teflon insulated coasial cable (Type RG-142V).

4. Keithley Model 610A Electrometer (used to measure current).

5. A 50U volt DU POWETr SUpply, \Rejiniey puwes Suppls T2~ 20044 ar anual),

wge— =

6, A Hewlett-Packard Model 412A Vacuum Tube Volumeter.

7. Appropriate test leads for wiring of electrical circuit.

Nute: An accurate megOhmmeter capable of measuring resistance up to 1014 ohms

with an accuracy of - 6(?), and also capable of providing a sustained voltage of 50CV D.C.
may be substituted for items 4, 5 and 6,

Specimen Dreparatich - i_'m' most accurate results, testing should be started as soon after speci-
men manufacture as possible,

‘Lhe specimens are labricated as stated in Appendix B to simplify production. The following clcan-
ing operation 1y recominended:

1. Serub with pumice or Ajax and Tampico brush
2. Riuse 1 - 2 munutes 1n Spray water rinse
3. Rinse 4 - 6 manutes in runngng water rinse

4. Immerse i versene solution (1 oy, per gallon) for 2-4 minutes

5. Rinse 2 - 4 muutes in hot (min. 155°F) deionized water

6. Blow dry with clean filtered air, or blot dry with kimwipe and bag immediately,
LA handloey durmge elesnie chould be with white cotton or synthetic fiber gloves )
7.

2 see ~ . A~ ~ . -
Put the specimens i an air circulating oven for | hovr at 83° + 3C beiore puttine the
specimens 1 the hundity test chapsber

Test Procedure - ‘lurn the i\'t“lﬁllt’y Electrumeter, Pawer Supply and the VTVM or Megohmefer ai
sufficiently ahead of t~5t }0 allow @ warme-yp period of 30 minutes. Ground the specimens at ali
times, Refor to Figuie No. 42 for the basic electricai hook-up circuit, To initiate testing the
specimen is enermzed with 500 volts for one minute before th‘e current is read. Measuring the
insulation resistance by the indirect method enables an accuracy of + 8% at 1014 chms range to be

[
)]
(9]




reached (current measured with a Keithley SBlecivrometer Maodel 610A). At the end of each current
reading the specimen just tested is grounded beiore the next specimen 1s measured. The 500 volt
Line voltage is montored continuously with a Hewlett-Packard Model 4124 Voltmeter. Heterring
ta Figure No, 42, change leads | and 2 for measuring volume resistance. The insulation meastire-
ments are performed by guarding the back electrode and zpplying the portenuial ucrons e uuis,
and ceater ying of the bullseve pattern. Those insulation resistanca test patteras that are not of a
bullseye pattern design, the insulation readings are performed by applying the poteatial across
opposite leads of the respertive test pattern. In this case it is a two-electrode system and ot o
three-electrode svstem wihen measuring insulation resistance with this type of pattera desizon,
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