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11

2.1

2.1.1

2.1.2

2.1.3

3.1

Measurement Philosophy—The familiar static charge generated and discharged when moving about inside a
vehicle or exiting from a vehicle has assumed greater significance with the increase of vehicular electronic
components. Tests simulating the electrostatic discharge of humans, in common use by various industries,
were examined and it was determined that they were not applicable to the automotive environment. As a
consequence, test tailored to the automotive environment were developed.

Tests that simulate an electrostatic discharge (ESD) into a vehicular electrical system are based on the human
ESD model. The ESD model consists essentially of a capacitor formed by a person to his surroundings and
discharged through a path that includes that person’s resistance as well as vehicle loads. Sensitive electrical
devices can be adversely affected by energy either injected or radiated from electrostatic discharges.

ESD gengrates collapsing radiated EM fields as a result of the rapid high-voltage charge transfe

fields are

an inherent part of the discharge event and are not simulated separately.

Componepts can also be damaged by ESD during handling and they should therefore be eval
sensitivity| in a non-powered mode. The test procedures to evaluate the ESD7sensitivity cl
components in a non-powered mode is detailed in Section 5 of this document.

Referenc

Applicab
herein. U

SAE PU

ES

e Publications—The following publication forms a part of-the specification to the e
hless otherwise indicated, the latest revision of SAE publications shall apply.

SAE J1113-1—Electromagnetic Compatibility Measurement Procedures and Limits

C

IEC Pu

pmponents (Except Aircraft) (60 Hz to 18 Gtiz)

. These EMS

hated for ESD
Assification of

tent specified

BLICATION—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

for Vehicle

LICATION—AVvailable from International“Electrotechnical Commission, 3, rue de Verafbe, P.O. Box
131, 12111 Geneva 20, Switzerland.

IEC 8p1-2 (1984 issue)
IEC 6[L000-4-2 (1995/01 issue)

ISO PusLicATION—AVailablefrom ANSI, 11 West 42nd Street, New York, NY 10036-8002.
ISO TR 10605
Test Equipment—This section describes test equipment that is applicable to all parts of this document,
including Appendix-B.
An ESD 9§

imujator that simulates the Human Body ESD model (see Figures 1A and 1B) havingp the following

character

C
R
R

cooo

1.
2.

e. Ti

tics shatt e used:

Voltage Range—Variable from —25 to +25 kV

apacitance—330 pF + 10% pF, 150 pF = 10% (Multiple Probes)
esistance—2000 W+ 10% W
isetime

Direct Contact—0.7 to 1.0 ns
Air Discharge £5 ns

p—(see Figure 2)—IEC Standard 801-2
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330 pF

2000 OHMS

L

FIGURE 1A—POWERED-UP TEST SIMUEATOR PARAMETERS

2000.OHMS

T 150 pF

A

FIGURE 1B—PACKAGING AND HANDLING TEST SIMULATOR PARAMETERS
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3.1.1

3.1.2

3.1.3

3.2

ESD SIMULATOR
®

_"l 12.00+.05 mm
8.00 +.05 mm

(a) AIR DISCHARGE PROBE

(M

25° - 40°

SHARP
POINT

{b) DIRECT CONTACT DISCHARGE PROBE

*THE DISCHARGE 'SWITCH (e.q. VACUUM RELAY) IS MOUNTED AS
CLOSE AS PQOSSIBLE TO THE TIP OF THE DISCHARGE
ELECTRODE.

The ES
voltage

FIGURE 2—ESD SIMULATOR DISCHARGE TIP PROBES

before the energy can be switched to the DUT.

The construction of the ESD simulator must be such that the high voltage ground and the chassis ground are

electrically isolated from each other.

The ESD Simulator is commercially available.

Ground Plane—The ground plane shall be a conductive metallic sheet (i.e., copper, brass or galvanized
steel)! as defined in J1113-1. The ground plane shall be connected to the facility earth ground by a ground
strap as short and as wide as possible. The inductance of the ground strap shall be £2 nH. (Length less than
2 m and at least 50 mm wide suggested.)

1. Aluminum ground planes are not recommended because aluminum oxide buildup causes a nonconductive layer.

D simulator shall be designed so that the discharge capacitance is fully charged o the desired
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3.3

3.4

3.5

3.6

3.7

Isolation Blocks—Isolation blocks, if used, shall be constructed of clean, non-hygroscopic, insulating material.
The blocks are to be 25 mm in height and project beyond the DUT by at least 20 mm on all sides.

Coaxial Target—A coaxial target is defined by the International Electrotechnical Commission (IEC) Standard
801-2 (1984 issue) (see Figure 3). It is available commercially. The target is used during the ESD simulator
verification of Appendix B. IEC 61000-4-2:1995 calls out a new target. Either target may be used, however,
most international companies and organizations are now specifying the IEC 61000 target.

(5 10 OHM., 1 WATT
MINIMIZE LENGTH BOLT PATTERN
8.00 + .05 mm
DIAMETER
STEEL SPHERE
- [y e
/_ [ CONNECTOI
£
E
™~ 51 OHM 8
/‘7 ™ maTcHING
CIRCULAR - RESISTOR
COPPER/BRASS
ALL RESISTORS ARE
HIGH VOLTAGE
/ NON—:ND%chh\‘/E c
< 100 mm > NPEC‘MB. ON POSM
BASE & SUPPORT MADE OF
60 mm WIDE COPPER/BRASS

FIGURE 3—ESD COAXIAL TARGET FROM IEC STANDARD 801-2

20 dB Attenuator—A 50 W, 20 dB wideband attenuator (bandwidth 18 GHz) may be needed at the output of
the coaxial target during the simulator verification of Appendix B.

Measurement Instrumentation—Verification of the risetime for the ESD simulator requires an analog
measurement device with a minimum effective single shot bandwidth of 1 GHz or a digital measurement device
with a minimum sampling rates of 2 Gigasamples per second and a single shot bandwidth of at least 500 MHz.
Each instrument shall be 50 Winput impedance. The use of a Faraday Shield, to separate the target from the
measurement instrumentation, is highly recommended.

Probe—The ESD simulator charging voltage shall be verified using an electrometer (input resistance
100 Gigohm minimum).
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3.8

3.9

4.1

4.2

421

4.3

43.1

43.2

4.4

4.5

4.6

4.7

4.7.1

4.7.2

Test Equipment used to verify the requirements of the DUT shall not be sensitive to ESD.

Static Dissipative Mat—The surface resistivity of this mat shall be between 107 to 10° W per square and

placed on and connected to a ground plane as required by the Mat manufacturer.

Test Setup and Procedure for Powered-up Component Tests

Prior to performing the test, a test plan shall be generated which shall include interface test points, component
mode of operation, number of test units, and any special instructions and changes from the standard test.

Before application—of-anydischarg
Appendix |B shall be performed.

For this
(Figure

test (powered-up test), the ESD simulator shall be configured with the 330.pF c4
1A).

Test Envifonment
TEMPERATURE RANGE—23 ° + 3 °C; 20 °C preferred.
RELATIVE HUMIDITY—20 to 50%; 20% preferred.

The test setup shall be configured in accordance with Figure 4«

The ESD

The DUT ghall be placed on the ground plane (see Figure 4). Chassis-mounted components ar

directly on the ground plane. Components which:will be isolated from ground in normal instal

tested with an insulator between the components’and the ground plane using the isolation blo

3.3. All vopltage supply pins shall be connected to an appropriate power source (automotive batt|
pins shalllhave inputs applied as necessary'to put the DUT into a simulated mode of operation.

procedure of

pacitor probe

simulator high voltage ground shall be directly connected to the ground plane by a grodinding strap.

b to be placed
ation shall be
cks defined in
ery). All other

al operational

Int from inside
n the test plan

all accessible
n Appendix A.

PO af 0 maway

The simulator fingertip probe shall be

held perpendicular (+15 degrees) to the discharge location.

from the DUT.
The

simulator fingertip probe shall very slowly be moved towards the DUT (i.e., £5smm/s) until a discharge is

obtained. Each point shall be tested to the air discharge voltage levels in Appendix A.

NOTE—If no discharge occurs, continue moving the probe towards the DUT until the simulator discharge tip
is in contact with the discharge point. If the simulator makes contact with discharge point and no

discharge has occurred, discontinue testing at that voltage level and location.



https://saenorm.com/api/?name=7394ba0f3b140e1fccf910748ba4ca02

SAE J1113-13 Revised OCT1997

FIGURE 4—TEST SETUP FOR POWERED-UP COMPONENT TEST

4.8 Each disgharge point shall be subjected to a minimum of three positive polarity and three nepative polarity
discharges at each voltage level. The time duration between discharges shall be a minimum of 5 s.

NOTE—At each voltage level, all discharge points of a device may be tested first at a single polarity and then
tested with the alternate polarity.

4.9 During and after each series of three discharges, the DUT shall meet all applicable performance requirements.

4.10 Record all deviations noted (visible, audible, failures, etc.) on a data sheet such as the example Data Sheet 1
(see Section 5)
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DATA SHEET 1

ELECTROSTATIC DISCHARGE TEST RECORD FOR
COMPONENTS

COMPONENT DESCRIPTION TEST NO.

PT‘NO. PAGE of
COMPONENT FUNCTIONS

TEMPERATURE RELATIVE HUMIDITY
SPECIAL TEST CONDITIONS

TEST FACILITY

REQUESTED BY PHONE
TESTED BY DATE
DISCHARGE POINT VOLTAGE/POLARITY PERFORMANCE DEVIATION

FIGURE 5—DATA SHEET 1—ELECTROSTATIC DISCHARGE TEST RECORD FOR COMPONENTS
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5. Test Setup and Procedure for Packaging and Handling Sensitivity Classification Test (Un-powered Test)

5.1 Prior to performing the test, generate a test plan including interface test points, DUT mode of operation,
number of modules to be tested, and any special instructions and changes from the standard test.

5.2 Before applying any discharges to the DUT, perform the ESD simulator discharge verification procedures in
Appendix B.

5.3 The test setup shall be configured according to Figure 6.

1 MQN BLEED-OFF RESISTOR

ESD
SIMULATOR

....... u
SIMULATOR
POWER SUPPLY =
GROUND
STRAP

STATIC
DISSIPATIVE MAT

GROUND PLANE
(IF REQUIRED BY MANUFACTURER
OF STATIC DISSIPATIVE MAT)

FIGURE 6—TEST SETUP FOR PACKAGING AND HANDLING CLASSIFICATION TEST
5.3.1 For this test, the ESD Simulator shall be configured with the 150 pF capacitor probe shown in Figure 1B.

5.4 Connect the ESD simulator high voltage ground directly to the ground plane (if used) or to the earth ground, by
a grounding strap as described in 3.2.

5.5 DUTs shall be step stressed according to the test sequence shown in Table 1.



https://saenorm.com/api/?name=7394ba0f3b140e1fccf910748ba4ca02

SAE J1113-13 Revised OCT1997

ew, and case
bctor pins are

be solid core

P pins are not

s it difficult to
f lead wires in

DUT, residual
gure 6) in the
round point of

5.6 The DUT must pass a full functional test prior to any application of ESD.

NOTE—The test is to be performed on the DUT (checking for rise time, current leakage, etc.) and not on
individual parts or components of the DUT.

5.7 Place the DUT on a static dissipative mat as described in 3.9 to bleed-off any accumulated charge of the DUT
housing.

5.8 Remove the DUT power source.

TABLE 1—ESD TEST SEQUENCE AND VOLTAGE LEVELS
Minimum numberof
Test discharges at(each

Sequence Type of Discharge Test Voltage Level polarity

1 Contact Discharge +4 kV 3

2 Contact Discharge +6 kV 3

3 Air Discharge +8 kV 3

4 Contact Discharge +8 kV 3

5 Air Discharge +15 kV 3

6 Air Discharge +25 kV 3

5.9 Apply the|ESD at, but not limited to, each connector pin, case) button, switch display, case sc
opening af the DUT that is accessible during handling. Fqr*this procedure, recessed conng
considerefd accessible during handling.

5.9.1 Use a wire with gage 14 AWG to 20 AWG to access recessed connector pins. The wire shal

(not strgnded) and £25 mm long.
NOTE—Modules that have recessed pinscin metallized grounded connector bodies where th
easily accessible (e.g., with a fingéer) need not to be tested.

5.9.2 A conngctor with closely-spaced pins may result in a crowding of the lead wires. This makg
discharge to the intended wirey_If-this occurs, use multiple connectors with reduced number o
each. Hvaluate each conneetar configuration separately.

5.10 Direct Contact Discharge—Place the ESD simulator in direct contact with all selected dischafge points and
test at the direct contact discharge voltages specified in Table 1. After each discharge to the
charge remaining .on the DUT shall be dissipated by briefly connecting a 1 MW resistor (see F
following $equence, (1) between the discharge location and earth ground, and (2) between the g
the DUT gnd earth ground.

5.10.1 A minimum of six discharges shall be applied to each test point at each voltage Tevel, three with a positive

polarity

and three with a negative polarity.

5.11 Air Discharge—Test each discharge point at the air discharge voltages specified in Table 1 using the air
discharge probe. Place the ESD simulator a minimum of 15 mm away from the DUT. Place the simulator air
discharge probe perpendicular (15 degrees) to the discharge location. Move it very slowly, i.e., 5 mm/s or
less, toward the DUT until a single discharge is obtained. After each discharge to the DUT, residual charge
remaining on the DUT shall be drained by briefly connecting a 1 MW resistor (see Figure 6) in the following
sequence, (1) between the discharge location and earth ground, and (2) between the ground point of the DUT

and earth

ground.

-10-
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5.11.1 A minimum of six discharges shall be applied to each test point at each voltage level, three with a positive

5.11.2

polarity

contacts the discharge point.

location

and three with a negative polarity.

If no discharge occurs, continue moving the probe towards the DUT until the simulator discharge probe
If still no discharge occurs, discontinue testing at that voltage level and

5.12 When testing inaccessible points (non-connector), slowly move the probe tip close enough to generate a

5.13

5.14

5.15

5.16

6.1

7.1

discharge.

NOTE—Pgin m directly.

After discharging to all the points of the DUT at one of the specified positive and negative| voltage levels, the

DUT shall meet all applicable functional tests. (After each positive and negative voltage-level).

Record deviations on a data sheet such as the example Data Sheet 1 (see Figure5),

Use Sectipn A.2 to determine the ESD sensitivity classification.

NOTE—It| is recommended that all DUT's survive +4 kV direct contaet 'discharge, otherwise,|they may be
difficult to protect against ESD damage due to handling.

All CONTIAINERS of ESD Sensitive (ESDS) devices and same,/ESDS devices themselves shall be clearly

marked wjth a standard ESD warning label.

Test Severity Levels

A full dedcription and discussion of the FunctioniRerformance Status Classification including| Test Severity

Levels ar¢ given in SAE J1113-1, Appendix Ax“Please review it prior to using the suggested| Test Severity

Levels presented in Appendix A.

Notes

Marginal [ndicia—The change bar.(l) located in the left margin is for the convenience of the uger in locating

areas where technical revision§thave been made to the previous issue of the report. An (R) symbol to the left

of the dogqument title indicates-a complete revision of the report.

PREPARED BY THE SAE EMI STANDARDS COMMITTEE

-11-
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APPENDIX A
TEST SEVERITY LEVELS
NOTE—Please review SAE J1113-1, Appendix A, prior to the use of this Appendix.

A.1 The test levels shown in Figure Al are the recommended Performance Objective for the powered-up
component test of Section 4.

CLASS A CLASS B CLASSC

REGION Il

REGION |

(a) DIRECT CONTACT. DISCHARGE

CLASS A CLASS B CLASS C

+15kV

REGION il
+ 4KV

REGION |

(b) AIR DISCHARGE

FIGURE A1—SUGGESTED TEST SEVERITY LEVELS

-12-
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A.2 Figure A2 provides ESD Sensitifity Classification for the Packaging and Handling Sensitivity Classification test

of Section 5.

ESD
VOLTAGE
(+ kV)

TEST MODE

CONTACT

RnloollANDOo T

CLASSIFICATION

EXTREMELY

CCOACITIN /I

FIGURE A2—ESD SENSITIVE COMPONENT CLASSIFICATION RECOMMENDATION

1
UIOCUITATITULL

VLINOTTTV L

" MINIMUM RECOMMENDED

PASSING LIMIT = =4 kV
4 <V <6 CONTACT
DISCHARGE HIGHLY
SENSITIVE
4.V <8 AIR
DISCHARGE
6<V <8 CONTACT
DISCHARGE MODERATELY
SENSITIVE
8<«<V <15 AIR
DISCHARGE
15<V < 25 || AIR SLIGHTLY
DISCHARGE SENSITIVE
V > 25 NOT TESTED | NOT SENSITIVE

S

-13-
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APPENDIX B
ELECTROSTATIC DISCHARGE SIMULATOR VERIFICATION PROCEDURE

B.1 Scope and Field of Application—This Appendix defines a test method for verifying the operation of an ESD
simulator that is used for testing automotive electronic components and systems.

Two verification procedures are specified. Method B.2 is to be performed at least annually and method B.3 is
to be performed daily.

B.2 ESD SimwaterEul-\erification QQfIIp and Procedure—Shall he pnrfnrmnd at _laast QI"\hII“”y and more
frequently| with heavy usage.

B.2.1 The tes} setup shall be configured according to Figure B1. Figure B2 shows an equivalent schematic of the
setup. Note that a 20 dB wideband attenuator may be required as shown in FigureB1 depgending on the
vertical gensitivity of the oscilloscope.

BN |

i

FIGURE B1—ESD SIMULATOR VERIFICATION TEST SETUP CONFIGURATION

-14-
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51 OHMS >
(DISTRIBUTED
20 dB (1000
SIMULATOR ANA O
2 K OHMS) | ATTENUATOR
3 50 OHMS
2 INPUT
2 OHMS 1T
D 4
-

B.2.2 The cog
be conr

The cal
B.2.3 TheES
with len
instructi
B.2.4 To calib

level an|
The elg

£+25 kV.

B.2.5 ESD Simulator Risetime Procedure

B.25.1 Theh
the ris
B.2.5.2 DIREQ
polari
Figurg
B.253 ARD

15 m

FIGURE B2—EQUIVALENT SCHEMATIC
xial target shall be located on and bonded to the center of the ground plane. The targ
le shall not be looped and shall be insulated from the ground plane.

D simulator high-voltage ground shall be directly connected'to the ground plane by a g
gth £2 m and inductance £2 nH. The ESD simulator¢shall be set up and operated a
pn manual.

rate the display voltage of the ESD simulator, first adjust the ESD simulator voltage
[ polarity. Next, verify the voltage setting atleyels of £2 kV, £4 kV, 6 kV, £8 kV, +15 k
ctrometer reading shall be within 500 V for voltages £+5 kV and +10% for voltag

prizontal time base and vertical’amplifier level of the oscilloscope shall be configured i
etime of the ESD wavefaorm? The horizontal sweep shall be set to single event trigger.

T CONTACT DISCHARGE VERIFICATION (SEE FIGURE 2)—Discharge to the target at each
y shown in Table.B1 and verify the risetime and first peak current parameters specifie
b B3 illustrates.a typical waveform shape.

SCHARGE VERIFICATION (SEE FIGURE 2)—The ESD simulator shall be placed a minimy
M fromr the coaxial target. The ESD simulator, with air discharge probe attached,

et output shall

ected to the oscilloscope through a 50 W double-shielded, high-frequency, cable with length £1 m.

ounding strap
ccording to its

o the desired
v, and 25 kV.
es >+5 kV to

order to view

test level and
d in Table B1.

m distance of
shall be held

hdicular (+15 degrees) to the target. From th|s posmon the simulator air dlscharge <

waveforms are acceptable

Test voltages for air d|scharge r|set|mes are at +15 kV onl

illustrates a typical waveform shape.

probe shall be
ent discharge
y. Figure B3

NOTE—The slow approach method specified above minimizes multiple discharges, discharges at lower

voltage levels, and ringing in measurement equipment.

-15-
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