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AUTOMOTIVE PRINTED CIRCUITS-SAE J771c

SAE Standard

Report of Electrical Equipment Committee approved June 1961
and last revised April 1975.

SCOPE-This report relates to recommenda-
tions and. specifications governing the .

classification,

camposition, test proce-

dures, and properties of printed circuits
camonly used to replace cable in autcmo-

tive low voltage systems.

It is not appli-

cable to miniature circuits for solid state
devices, high impedance or high voltage

functions.

BASE MATERITALS

(b) Minimum physical properties:

(1) Impact strength: 1.

(69.4 N°'my/m) notch (1/4 in

sample notches at 73°F (22.

3 ft-1b/in
(6.35 mm) bar
8°C)) (AST™M D

256, Methods of Test for Impact Resistance

of Plastics and Electrical
Materials.
(2) Flexural strength:

Insulating

11,220 psi

-The base insulating ma-

terials fall into three categories: Pheno-

lic Laminates,

Plastic Molding Materials,

and Flexible Pllastic Films of the type

which will meef

the following flame retar-

dancy requiremeant.

FLAME RETAHRDANCY-Flame resistance of
the material uded for base or overlay

shall be equal

to or better than phenolic

laminates, acrylonitrile butadiene;, styr-
ene, or polyestler films from polyethylene

terephthalate,
by ASTM D 635,
Rigid Plastics

respectlvely, as measured
TestS for Flammability of
Over 0.127 cn (0.050 in)

in Thickness, gr ASTM D 568, Test for

Flammability of

Plastics 0.127 cm (0.050

in) and Uider in Thickness.

l. PHENO
laminate base

C LAMINATES-When plastic
terial is used, the quali-

ty characteristtics and tolerances ‘mist con-
form to the following:
(a) Paper laminate thoroughly impregnat-

ed with thermos
er and properly
(b) The mater

otherwise speci

(¢) Thickness
mm) unless othg

etting phenplic resin bind-
cured.

ial shall‘be opaque unless
fied,

(77.36 MPa) (&STM D 7907
(3) Tensile strength:
MPa) (ASTM D 638, Method)of

7750 psi (53.4

Test for Ten-

sile Properties of Plastics).
(4) Heat distortion tsllEperature 225°F
)

(107.2°C) at 264(psi(1.8

(AS™ D 648,

Method of Tegt\ for Deflectjon Temperature

of Plastics Under Load).
The materials in paragraj

bhs 1 and 2

shall not be subjected to femperatures in

excess\of 225°F (107.2°C).

3. “Flexible PLastic Filp-When flexible

plastic film is used, the
teristics and tolerances m
the following:

(a) Tensile strength: 17
MPa) (minimum), AS™ D 882,
Test for Tensile Propertie
tic Sheeting (Method A-100
per minute.)

(b) Tensile modulus: 450

quality charac-
st oconform to

L 000 psi (117.2
Methods of

5 of Thin Plas-
g elongation

L 000 psi (3.1

GPa) (minimum), AST™ D 882 |(Method A-100%
elongation per minute).
(c) Tear initiation: 2000 1lb/in (226

Nem) (minimum) Graves, ASTM

D 1004, Method

of Test for Tear Resistance of Plastic

Film and Sheeting.
(d) Thermal coefficient

bf linear expan-

shal) be 0.062 in (1.58 sion: 15 x 10°¢ (maximum) [0-120°F (21-
rwise specified. (Refer 49°C).

to item E under-Pesicm—Ceonsiderations+) —{e}Moistureabsorption, water immer-
strength shall not be less sion: 1less than 0.5%, 24 h.

(d) Flexural

than 13,000 psi (89.6 MPa) with the grain

or less the 11,

000 psi (75.8 MPa) across

the grain (ASTM D 229, Testing Rigid Sheet
and Plate Materials Used for Electrical
Insulation, and AST™ D 790, Method of Test
for Flexural Properties of Plastics).

2. Plastic Molding Materials—-When
plastic molding material is used, the
quality characteristics and tolerances
must conform to the following:

(a) The material must be opaque in
cross section of 0.062 +0.005 in (1.58
+0.13 mm) thickness.

(f) Dielectric strength

500 v/mil (19.

7 kV/mm) minimum per AST™ D 149, Methods
of Test for Dielectric Breakdown Voltage

and Dielectric Strength of

Electrical In-

sulating Materlals at Commercial Power

Frequencies.

() Melting point: more than 350°F

(177°C) .

(h) Thickness to be 0.00
minimum.

COPPER

3 in (0.08 mm)

1. Printed circuit grade electrode-

posited copper foil with:
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(a) 99.8% minimum purity per ASTM E 53-

48.

(b) Maximum oxygen content 0.1% per

ASTM E 53-48.

(c) Minimum elongation of 4%,
transverse and longitudinal.

both
Measurement

shall be made using a 2 in (50.80 mm) gage
length with an extension rate of 2 in/min

(0.85 mmy/s) .

(d) Tensile strength: Iongitudinal
25,000 psi (172 MPa) minimum, transverse—
25,000 psi (172 MPa) minimum.

(e) Bulge height: For test method, see
Appendix. Bulge height shall be 0.180 in
(4.57 mm ) minimum.

(f) Resistivity;

The resistivity shall

+0.005 in (+0.13 mm) .
(+0 03 mm) for every inch
1 in (25.4 mm).

Add +0.001 in

(25.4 mm) over

(c) Line width and spacing tolerance:

+0.010 in (+0.25 mm) . Line
ances do not include nicks

width toler-
, pin holes,

- and scratches. These imperfections are

acceptable provided the line is not re-
duced by more than 20% in a local area.

(d) Warpage on phenolic laminate: Meas-
ured according to ASTM D 709, Specifica-
tion for Laminated Thermosetting Materials;

0.025 in/in (0.025 mm/mm) .

Closer warp

tolerances may limit the selection of raw

materials or make necessary unusual manu-
facturing operations or shipping proce-

ot exceed 0.1594
(g) The foil shy
inclusions or oth
(h) The foil sh;

treatment which i§

D 2/m® at 68°F (20°C).
nll be free of any lead
or foreign materials.
1l have an antitarnish
compatible with the

subsequent bonding or lamination process

and which will of
ficant increase i
ance between the
component.

2. Thicknesse:
in (0.034 mm),
kg/m?2) ; 0 0027 in
2 oz/ft (0.610 kq
mm), which is 3 o
choice of thicknes
of the thinnest
the current-carry:
specific applicat!
oration of the coj

fer no additional signi-
h the electrical resis-
foil surface and any

5 employd may be 0.00135
which is 1 oz/ft? (0.305
(0.069 mm), which is
;/m?); or 0.004 in (0.102
7/Et? (0.915 kg/m?).

5s is made on the basis
bpper foil that will meet
Ing requirements for any

jons (see Fig. 1). Discol-
per faces shall not be

considered objectionable.
COATING-On phenplic laminate or) molded
plastics, a scrat¢h resist protective

insulating coatin
to all foil side

require contact w
The coating film ¢
cuits with flexib]

film shall be bonded

surfaces~which will not

jth other camponents.
pr oVérlay used on cir-
le_plastic base must be

dures.
(e) Panel thickness (0.
mm): Tolerance witheoppe

D62 in or 1.58
r foil:

No. ol Sides

Tolerance

ox/#? kg/m?

in mm
] 0.305 L +0.0035 +0.14
L} 0.305 2 +0.0060 +0.15
2 04610 1 +0.,0060 +0.15
2 0.610 2 +0.0065 +0.16

(f) Bond strength: Normal
testing method to be used:
wmiversal testing machine
ing the foil fram the lami.
5 deg (0.083 rad) of the p|
the face of the sample. Ja
foil across entire foil wij
results to pounds per inch
metre) . Bond strength to b

I peel strength
a suitable
(Fig. 2) pull-
nate within
.rpendlcular to
ws must grip
dth. Convert
width (newton/
hse material

4 1b/in (0.45 N'm) of widy

h minimm (6 lb/

firmly bonded suchrthat—thefoldendurance—in <668 ¥m—of width=average) on 10
(see Physical Test Requirements) will be

maintained.

DESIGN CONSIDERATIONS

1. PRACTICAL
DIMENSIONS

TOLERANCES ON CRITICAL

(a) Hole diameters:

Up to 0.500+0.

004 in (12.7+0.10 mm)

0.500 to 1.000+0.005 in (12.7-25.4

+0.13 mm)

Over 1.000+0.006 in (25.4+0.15 rm)
For slots and notches, consider both
length and width as hole diameters.
(b) Hole-to-hole centerline tolerance:

samples, one line each.

(g) Registration of circuit pattern to

part: +0.015 in (0.38 mm).

2.” GOOD PRACTICE (line widths, spac-

ings, etc.™)

/
IThe 0.060 in (1.52 mm)

minimum conduc~

tor widths and spacing refer to printed
circuits camonly used to replace cable

in automotive wiring. Mini
for solid-state devices, e

ature circuits
tc., will nor-

mally have special requirements and spe-

cifications determined by

the function.


https://saenorm.com/api/?name=ef60150d11fdb1e4ca9d2694268d2b9f

(a) Minimum width of conductor: 0.060

in (1.52 mm). (

See Figs. 1 and 3 for

special application and typical patterns.)
(b) Minimum spacing between conductors:
0.060 in (1.52 mm).
{c) Minimum distance between copper
conductors and edge of board: 0.060 in

(1.52 mm) .

(d) Minimum distance from a hole to the
edge of the board should equal the diame-

ter of the hole

and should never be less

than the thickness of the base material.
(e) Where conductor pad diameter is to

be used for circuit mounting and ground-

ing conductor, diameter should exceed

screw head diam
in (2.29 mim). C
should be as la
no case less th

maximum ambient temperature does not ex-
ceed 175°F (50°C), each cycle is to con-

sist of:

15 min at -3°F (-34.5 + 1.7%C)

15 min at 75 + 59 (24 +

2.8°C)

15 min at 175 + 3% (80 + 1.7°%)

15 min at 75 + 5°F (24 +
For printed ciruits used

- 2.8°C)
in appllcatlons

where the maximum ambient temperature is
greater than 175°F (80°C) but does not
exceed 250°F (121°C), the third 15 min of
each cycle will be at 250 + 3°F (121 +

1.7°c).

2. PHYSTICAT~No fractures of the con-

ductors permitted on flexi

le circuits

Eter by a minimum of U.090
bnductor fillet radii

rge as possible, and in
an 0.03 in (0.76 mm) R.

(f) Maximum distance from edge of lamp

socket hole to
laminate or pl
0.030 in (0.76
tance from edg
copper foil pa
shall be 0.065

(g) A radius
corners, notchy
not be less th

(h) Additi
(Figs. 3-5).

tors after cond
(77°C), and 100
using a low vol]

ropper foil pad on phenolic
tic molded bases shall be
) (Fig. 4).
of lamp socket hole to
on flexible plastic films
in (1.65 mm) (Fig.5).

hall be applied to all

, and slots, and shall
0.03 in (0.76 mm) R.
layout considerations

ilc: 200,000 minimum resis-

between any two conduc—
itioning for 24h at-170°F
% relative humidity, when
tage type resistance meter.

Moisture present on sample‘surface to be

wiped off or bl
air prior to th

(b) Millivol]
ducted at ambie)

own off with compressed
e resistance check.

t drdp:r Tests to be con-
ht. Yoom temperature of 75

+5F (24 + 2.8

CY in draft free area.

or on rigid circuits properly attached to
the supporting structure after condition-
ing separate samples’as” follows:

(a) After 50 heat'cycles
quirement 1(c).

in test re-

(b) After two humidity cycles. One cycle

to consist¢of, 100 h at 1005
midity at ‘100°F (37.8°C),

. relative hu-

followed by

14 h at\room ambient conditions.

(e)“After being subjected to five con-

tinuous cycles as follows:
4 2.9°C) at 95-100% relatiy
2 h. Temperature then to b
ally to 160 + 5°F (71 +2.8
relative humidity over a 1
then maintained for an addi
The temperature is then to

at the 95-100% relative I
period of 6 h. This would ¢
cycle. After campletion of
parts examination should bs
following 1 h minimm rest
conditions. If the printed
tested is used in an applid
maximun ambient temperaturg
than 175°F_(80°C) but does
250°F (121 C), at the cap!

100 +5°F (37.8
re humidity for
e raised gradu-
PC) at the same
h period and
tional 3 h.

be lowered

‘gradually to 100 +5°F (37.8 +2.8°C), while

nidity, over a
ronstitue one
five cycles,
 initiated

at room ambient
circuit being
ration where the
e is greater
not exceed
letion of the

(1) Maximum permissible millivolt drop

preceding five cyctes 1t

hall be subject-

from any component contacting the foil on
any printed circuit board or flexible
plastic film shall be 5.0 mV at 2.0 A
before conditioning.

(2) Maximum millivolt drop from any
component to the foil after one humidity
cycle of 100 h at 100% relative humidity
at 100°F (37.8%C), must not exceed 10.0
mv at 2.0 A.

(c¢) Continuity of all electrical con-
nections and circuits must be maintained
after 25 thermal shock cycles. For printed
circuits used in applications where the

ed immediately to an additional flve con~
tinuous cycles as follows: =30 + 3 %
(-34.5 + 1.7°C) for one hour. Temperature
then to be raised gradually to 250 + 3°F
(121 + 1.7°C) over a 3 h period and then
maintained for one hour. The temperature
is then to be lowered gradually to -30

+ 3°F (-34.5 + 1.7%) of a 3 h period and
then maintained for one h. This would
constitue one cycle. After campletion of
five cycles, the printed circuit would be
placed in room ambient conditions for a
minimm of 1h before examination for
fractures or delaminations.
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(d) After being subjected to one cycle
of vibration in each of three mutually
perpendicular directions. Each cycle shall
be as follows: The printed circuit shall
be mounted or fastened as it normally
would be in the application and contain
all components and attachment devices.
This assembly is then exposed to a tem—
perature of -30 + 3°F (-34.5 + 1.7°C) for
1 h. The assembly is then immediately sub-
jected to a simple harmonic motion having

an amplitude of
0.03 in.
excursion. The

0.015 in. (0.38 mm) and

(0.76 mm) peak-to-peak maximum

frequency shall be varied

uniformly between the limits of 10 and 55

HZ. The entire
and returning t
ed in approxima
shall be applie
During this por

ple shall not be

';apgp from 10 to 55 HZ

to zero using a flat rigid sheet between
the plates.

3.2 Clamp the specimen securely be-
tween the plates of the circular hydraulic
bulge tester with the uncdated (bright)
side of the material facing dowrward.

3.3 Admit the hydraulic fluid to the
bulging chamber between the plates.

3.4 Observe and record the maximm
bulge height at burst.

RISE PLUS AMBIENT MUST NOT EXCEED 225 F (107 C}

b 10 HZ. shall be travers-
Fely 1 min. This motion

1 for a period of 30 min.

tion of the test the sam-

subjected to any tenmper-

ature other thah room ambient. Examina-
‘tion of the sample shall be after the

third cycle.
If the sample

being tested is used in

an application where the maximum ambient

temperature is

jreater than 175°F (80°C)

but does not expeed 250°F (121°C), at the
completion of the preceding three cycles,

it shall be sub
additional thre
be similar to
conditioning te)
+ 3°F (121 + 1.
(=34.5°C) . Exam
be after all si

(e) Method fo
of copper mater
printed ciruits

METHOD FOR DETE

jected immediately to an

> cycles. These sycles will
the first three except the
rperature shall be 250

7°C) instead of -30°F
ination of the sample. shall
x cycles are completed.

r determining ductility

ial intended fOp ‘use in

: See Appendix

APPENDIX
RMINING DUCTILITY OF COPPER

MATERTAL INTEND

EDFOR USE IN FLEXIBLE

CURRENT, AMPS

CONDUCTOR WIDTH, IN {mm)

B01
© 005
GO
0.020
0030

.0045

0.060

0.090

0150
0.200

0.250
0.300
0.350
0400

PLASTIC FIILM PRINTED CIRCULTS
1. Apparatus-The apparatus used shall

conform to that

described in ASTM D 2210-

64 Modified, Standard Method of Test for
Bursting Strength of Leather, with Bulge

Diameter of 1.2

50 in (32 mm), so that the

output shaft turns at 10 rpm.

2. Test Specimens-From the samples se-
lected to determine the ductility pro-
perty, cut at least three specimens 3-1/2
in (90 mm) square from sections located
approximately at equal distances across
the width of the material.

3. Test Procedure:

3.1 Set the bulge height indicator
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CROSS SECTION, SGQ MILS
¢ (SQ MILLIMETERS)

FOR USE IN DETERMINING CURRENT CARRYING CAPACITY AND SIZES OF COPPER
CONDUCTORS FOR VARIOUS TEMPERATURE RISES ABOVE AMBIENT. CURVES ARE DE-
RATED A NOMINAL 109 TO ALLOW FOR VARIATIONS IN PRODUCTION TECHNIQUES

FIG. 1 - CONDUCTOR THICKNESS AND WIDTH
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100:] REDUCTOR 100:1 REDUCTOR MOTOR V4 HP (186 W)
1750 RPM

6

MICRO LIMIT SWITCH
PULLEY 43 (120) pIA
LIMITING CAM 4
PULLEY 32 (95) DIA
\ PULLEY 22 (70) Dia
35 (953) 1D
\ NYLON BUSHING \

J -—i
i6
(794 ' Lien
F 02

1 .

] ( , T

| oo1s Luen ; |

! (038 ! 2 .
RELEASE é

)
N DECIMAL SCALE
SWITCH l O TOS5LBI(OTO3kq) N\
' RATE OF- PULL |
I3 1.25 IN/MIN {0.53 mm /s) i
ON
FOR 257 (648)

©

1
' . 3 (12.7} ' .
' _—L[ R

8 (203 ——»| r' , fe———— 105 (267 4l (108)—-(

10 (254) [ 27 (686)

r—1
L]

pe——

I

FIG. 2 - BOND'STRENGTH TESTER

FIG. 3 - CONDUCTOR PATTERNS: RECOMMENDED TYPI-
CAL SECTION, WIDE CONDUCTOR LINES AND FILLERS
IN AREA OF PADS AND LANDS
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