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Electrostatic Discharge Association (ESDA) standards and publications are designed to serve the
CAUTION public interest by eliminating misunderstandings between manufacturers and purchasers, facilitating
NOTICE the interchangeability and improvement of products, and assisting the purchaser in selecting and

obtaining the proper product for his particular needs. The existence of such standards and
publications shall not, in any respect, preclude any member or non-member of the Association from
manufacturing or selling products not conforming to such standards and publications. Nor shall the
fact that a standard or publication is published by the Association preclude its voluntary use by non-
members of the Association, whether the document is to be used domestically or internationally.
Recommended standards and publications are adopted by the ESDA in accordance with the ANSI
Patent policy.

Interpretation of ESDA Standards: The interpretation of standards, in-so-far as it may relate to a
specific product or manufacturer, is a proper matter for the individual company concerned and cannot
be undertaken by any person acting for the ESDA. The ESDA Standards Chairman may make
comments limited to an explanation or clarification of the technical language or provisions in a
standard, but not related to its application to specific products and manufacturers. No other person is
authorized to comment on behalf of the ESDA on any ESDA Standard.

THE CONTENTS OF ESDA’S STANDARDS AND PUBLICATIONS ARE PROVIDED “AS-IS,” AND
DISCLAIMER OF  ESDA MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESSED OR IMPLIED, OF ANY
WARRANTIES KIND WITH RESPECT TO SUCH CONTENTS. ESDA DISCLAIMS ALL REPRESENTATIONS

AND  WARRANTIES, INCLUDING WITHOUT  LIMITATION, WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR USE, TITLE, AND NON-
INFRINGEMENT.

ESDA STANDARDS AND PUBLICATIONS ARE CONSIDERED TECHNICALLY SOUND AT THE
DISCLAIMER OF  TIME THEY ARE APPROVED FOR PUBLICATION. THEY ARE NOT A SUBSTITUTE FOR A
GUARANTY PRODUCT SELLER'S OR USER'S OWN JUDGEMENT WITH RESPECT TO ANY PARTICULAR

PRODUCT DISCUSSED, AND ESDA DOES NOT UNDERTAKE TO GUARANTEE THE
PERFORMANCE OF ANY INDIVIDUAL MANUFACTURERS’ PRODUCTS BY VIRTUE OF SUCH
STANDARDS OR PUBLICATIONS. THUS, ESDA EXPRESSLY DISLAIMS ANY RESPONSIBILITY
FOR DAMAGES ARISING FROM THE USE, APPLICATION, OR RELIANCE BY OTHERS ON THE
INFORMATION CONTAINED IN THESE STANDARDS OR PUBLICATIONS.

: NEITHER ESDA, NOR ITS MEMBERS, OFFICERS, EMPLOYEES, OR OTHER
L IMITATION ON REPRESENTATIVES WILL BE LIABLE FOR DAMAGES ARISING OUT OF, OR IN CONNECTION

: WITH, THE USE OR MISUSE OF ESDA STANDARDS OR PUBLICATIONS, EVEN IF ADVISED
ESDA’s LIABILITY  oF THE POSSIBILITY THEREOF. THIS IS A COMPREHENSIVE LIMITATION OF LIABILITY
THAT APPLIES TO ALL DAMAGES OF ANY KIND, INCLUDING WITHOUT LIMITATION, LOSS
OF DATA, INCOME, OR PROFIT, LOSS OF OR DAMAGE TO PROPERTY AND CLAIMS OF
THIRD PARTIES.
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FOREWORD

This technical report (TR) was originally issued as a standard practice (SP), ANSI/ESD SP5.4. A
standard practice is a test method which can be considered a best practice but has not been
demonstrated to produce repeatable and reproducible results. Since the writing of the SP, the
complexity of integrated circuits has increased and many circuits today require vectors to
establish the stable, low current state needed to accurately identify a latch-up condition.
Furthermore, other stress surges have been identified in various published experiments which
can cause TLU and which are even more severe than the trigger pulses in SP5.4. Since there
was no widely available equipment which could both provide the stress pulse required for
ANSI/ESD SP5.4 and apply vectors to stabilize the device after the transient latch-up (TLU)
stress, further experiments to analyze and improve the TLU testing methodology defined in SP5.4
could not be performed. Additionally the idea of a negative going power supply stress pulse to
induce latch-up never caught on. Most engineers involved in latch-up testing now favor a
transient stress on I/Os or a positive stress pulse on power supplies for inducing TLU, since these
are believed to better match use conditions. For these reasons, WG 5.4 decided not to continue
work on the current standard practice document and instead opted to change the SP into a TR.
Classifying the document as a TR preserves the work in developing the test procedure, which can
still prove useful as a latch-up characterization or diagnostic tool for specific integrated circuits.
Allowing the document to stay as a permanent SP was not considered wise since the term
standard practice implies a level of acceptability and universality that the test method in its current
form will likely never attain.

This document is largely unchanged from ANSI/ESD SP5.4. This forward has been added to
explain the change from an SP to a TR, the purpose and scope have been modified, the term
“technical report” has been substituted for “standard practice” where appropriate and a number of
typographical errors have been corrected. The original annexes included a note that the annexes
were not part of ANSI/ESD SP5.4. These notes have been removed since this document is no
longer intended to become a standard test method or standard.

This technical report was originally designated ANSI/ESD SP5.4-2004 and approved on
February 22, 2004. ANSI/ESD SP5.4-2008 was a reaffirmation of ANSI/ESD SP5.4-2004 and
was approved on September 7, 2008. ESD TR5.4-03-11 is a revision and re-designation of
ANSI/ESD SP5.4-2008 and was published on October 31, 2011.

Documents
Documdnt Sharing Hub

Copyright ESD ASSOCIATION
PROVIDED BY IHS Markit UNDER LICENSE WITH ESD Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESD TR5.4-03 2011


http://www.avadocuments.com/doc/esd-tr5-4-03-2011
http://www.avadocuments.com/doc/esd-tr5-4-03-2011

ESD TR5.4-03-11

At the time the ESD TR5.4-03-11 was prepared, the 5.4 Device Testing (TLU) subcommittee had

the following members:

Robert Ashton
ON Semiconductor

Marti Farris
Intel Corporation

Horst Gieser
Fraunhofer EFMT

Leo G. Henry
ESDTLP Consultants

Tom Meuse
Thermo Fisher Scientific

Bill Reynolds
IBM

Mirko Scholz
IMEC

Wolfgang Stadler, Chair

Intel Mobile Communications

Lorenzo Cerati
STMicroelectronics

Reinhold Gaertner
Infineon Technologies

Vaughn Gross
Green Mountain ESD Labs,
LLC

Larry Johnson
LSI Corporation

Kathy Muhonen
RF Micro Devices

Alan Righter
Analog Devices

Theo Smedes
NXP Semiconductors

Scott Ward
Texas Instruments, Inc.

Marcel Dekker
MASER Engineering BV

Robert Gauthier
IBM

Evan Grund
Grund Technical Solutions,
LLC

Leo Luquette
Cypress Semiconductors

Nate Peachey
RF Micro Devices

Masanori Sawada
Hanwa Electronic Ind. Co.,
Ltd.

Steve Voldman

At the time ANSI/ESD SP5.4-2008 was reaffirmed, the 5.4 Device Testing (TLU) subcommittee

had the following members:

Robert Ashton
ON Semiconductor

Marti Farris
Intel Corporation

Evan Grund
Grund Technical Solutions,
LLC

Leo Luquette
Cypress Semiconductors

Alan Righter
Analog Devices

Wolfgang Stadler
Infineon Technologies

Copyright ESD ASSOCIATION
PROVIDED BY IHS Markit UNDER LICENSE WITH ESD
No reproduction or networking permitted without license from IHS

Full document details: ESD TR5.4-03 2011

Tom Meuse, Chair
Thermo Fisher Scientific

Chris O’Conner
Robson Technologies

Horst Gieser
Fraunhofer IZM

Leo G. Henry
ESDTLP Consultants

Kathy Muhonen
Penn State University

Masanori Sawada

Hanwa Electronic Ind. Co., Ltd.

Steve Voldman
Dr. Steven H. Voldman, LLC

Licensee=/, User=,
Not for Resale,

Marcel Dekker
MASER Engineering BV

Vaughn Gross
Green Mountain ESD Labs,
LLC

Larry Johnson
LSI Corporation

Nate Peachey
RF Micro Devices

Mirko Scholz
IMEC

Scott Ward
Texas Instruments

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/esd-tr5-4-03-2011
http://www.avadocuments.com/doc/esd-tr5-4-03-2011

ESD TR5.4-03-11

At the time the ANSI/ESD SP5.4-2004 was prepared, the 5.4 Device Testing (TLU) subcommittee

had the following members:

Robert Ashton
White Mountain Labs

Evan Grund
Oryx Instruments

Natarajan Mahadeva lyer
IMEC

Larry Ting
Texas Instruments

Gary Weiss, TLU Chair
Agere Systems, Inc.

Marti Farris
Intel Corporation

Leo G. Henry
ESD TLP Consultants/Testing

Tom Meuse
Thermo Electron Corporation

Horst Gieser
Fraunhofer IZM

Mark Kelly
Delphi Electronics & Safety

Chris O’Connor
Ultra Test International, Inc.

Steve Voldman
IBM Corporation

The following individuals contributed to the development of ANSI/ESD SP5.4-2004:

Les Avery
Sarnoff Corporation

Michael Chaine
Micron Technology

Vikas Gupta
Texas Instruments, Inc.

Hugh Hyatt
Hyger Physics, Inc.

John Mick
Ford Microelectronics

Joe Veltri
Digital Equipment Corporation

Jon Barth
Barth Electronics

Jeff Daughton
Intel Corporation

Vaughn Gross
Green Mountain Labs.

Scott Johnson
Advanced Micro Devices,
Inc.

lan Morgan
Advanced Micro Devices, Inc

Koen Verhaege
Sarnoff Corporation

Detlef Bonfert
Fraunhofer Institute

Larry Edelson
Oryx Instruments

Mike Hopkins
Thermo Electron Corporation

Tim Maloney
Intel Corporation

Stuart Schwartz
Ford Microelectronics

Henry Wolf
Fraunhofer 1ZM

Documents
Docunitint Sharing Hub

Copyright ESD ASSOCIATION
PROVIDED BY IHS Markit UNDER LICENSE WITH ESD
No reproduction or networking permitted without license from IHS

Full document details: ESD TR5.4-03 2011

Licensee=/, User=,
Not for Resale,


http://www.avadocuments.com/doc/esd-tr5-4-03-2011
http://www.avadocuments.com/doc/esd-tr5-4-03-2011

ESD TR5.4-03-11

TABLE OF CONTENTS

1.0 SCOPE AND PURPOSE .....ouoiiiiiiiiiiie ittt ettt e e e e e et s s e e e e e e atab s e e e e eeaabt s eeeaeeeene 1
I R o U] =T = =SSR 1
S Yol ] = = SRRt 1

b O I B = N [ 10 TN T 1

3.0 PERSONNEL SAFETY oottt ettt e e e e e e et e e e e e e e esa e e e e e e s eesaabanseeeseeennes 1

4.0 TEST ENVIRONMENT ...ttt e e e e ettt e e e e e e e e e sttt e e e e e e eesbba e eeeeseeeraaannas 1

5.0 DEVICE HANDLING CRITERIA ..ottt e e e e e aab e e e e e e e eeaaaan 1

6.0 EQUIPMENT ..o 2
L0 R OV 17y T PN 2
6.2 GENERAL TEST EQUIPMENT .euutiiiitiieiei et e et e e e et e e st e e e et e e e e et e e s saaaeeesaba e e ensaneesernneeeeannns 2

B.2.1 OSCIlIOSCOPE ...eeeiiiiteiie ettt ettt e e e e e bb e s 2
6.2.2 VOIAGE PrODE ..ottt 2
B.2.3 CUITENT PIODE ...oviiiiii ittt et e e e e et e e e e e e e e e sttt e eeeeeessbtaaaeeaeseeeeenes 2
(I AN 1 01 0 1= (] PSSR UPPPP 2
5.2.5 POWEE SUPPIIES....eeeiiiieiiiiiiieiie et e e e st e et e e e s e s st e e e e e e e e e sanb e e e e eeessesannreaneaaeeas 3
6.2.6 VDD RefErence SUPPIY ...uvvriiiie e 3
B.2.7 TeSELOAUS....cci i i, 3
6.2.8 Normally Open (NO) SWItCH .......cceeiiieiiee e 3
6.2.9 Pulse Generator: Transient SigNal SOUICE.........cuiiieiiiiiiiiieireeee e s e e e e e e snnreeeeeaee e 3
6.3 TRANSIENT LATCH-UP (TLU) AMPLIFIER ...cetitiitiiieiiiiet e ettt ettt s st e s e e e 4
6.4 DEVICE TEST FIXTURE ..uutiiiitieeiit e e ettt e ettt e e ettt e e e et e e et e e e e et e e s et e e e esteeeeaaaeeeataeereranns 4
6.5 SWITCHING MATRIX ...iiiiiiiiiiieeeeeti e e e e e et e e et e e e e e e e e e et e e e et e eeeaan e s etan e eestnaeesnneeesnnaeretnnns 5

7.0 TRANSIENT LATCH-UP (TLU) TEST PROCEDURE..........cccttiiiiiie et 5
7.1 COMBINED BIAS / STIMULUS TLU OVERVIEW ....iiiiiiiiiiiieieeeeeeettie e e e e ettt e e e e e e eeabaae s e e e s eeaanes 5
7.2 REQUIRED DEVICE INFORMATION .. cuuuitttttttittteettiiettessteesntestesstessnessteestersneestntesaesseessnneenns 7
7.3 PIN/ SIGNAL BIAS INFORMATION .. .0uvuverersreresersrersressssssssssssrssssssssssssssssssssennsasnnnnnnnnnnnnnnnnnnnnnnn 7

A T AV 1N LT LI 2 o 1S 7
7.3.2 Multiple SUPPIY SEQUENCING ....ccoiiiiiiieieiie e et e e e s s s e e e e e s s er e e e e e s s e nannarereeaees 8
7.3.3 Device Biasing: FUNCHONAl STAt..........coouiiiiiiiiieiiice e 8
7.3.4 CUIrent LIMIt SELHNG . ......vveiiiiiiiiee e e e 9
7.4 TLU TEST EQUIPMENT CONFIGURATION ...ivttuuiieieeeteetittiaeseesseessnnaseeessessssnnnaeeassessssnnaaseesseesmnes 9
7.4.1 TLU WaVeform MONITOK .....uuuiiiiiiiieeiiiie ettt e e e e et e e e e e e e e aabb e e e e e e e eenbanas 10
7.4.2 TLU WaVeform SETHNG ......ueeeiiiaiiiiiiiiiie ettt e e e e e e snneeeees 11
7.4.3 TLU Waveform Verification ProCeAUIe.........ceeviiiiiiii e 11
7.5 DETAILED TEST PROCEDURE.......ctutitttttietitaeetttuaeeeettseeetneesetaaeettaeeeennaeesnnaerernnaeeesnnsaeees 15
7.6 DETERMINATION OF FAILURE ....cciiititiiiiieeeeeiittiie s e e e e eestats s e e e e eeeaataa s e e eesseessana e eeeesesntnnnaeaees 17
7.6.1 AbSOIUtE LimMit....coooiiiiiiie 17
iv Documents

Document Sharing Hub

Copyright ESD ASSOCIATION
PROVIDED BY IHS Markit UNDER LICENSE WITH ESD Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESD TR5.4-03 2011


http://www.avadocuments.com/doc/esd-tr5-4-03-2011
http://www.avadocuments.com/doc/esd-tr5-4-03-2011

ESD TR5.4-03-11

T7.6.2 REIALIVE....ccoo e 17
7.6.3 DIffErENCE ..o 17
S B 004 4] o111 [=To USRI 17
7.7 DETERMINATION OF EOS OR NON-DESTRUCTIVE FAILURE ......cvvuiiiiiiiieeeeiieeeeeeee et eeeees 17
7.7.1 Characterization Before / After teStING ......cooiiiiiiiiiiie e 18
7.7.2 DC CharaCteriZatiON ..........uuuiiiiiiiiiiiiiiie et e e et e e e e e e e e e et e s e e e e eesabb e eeeeeessranns 18
A R T IV Tei T o F= L = E] 1 o SRR 18
7.8 FAILURE DOCUMENTATION L.iuuuiiiitieeeettteeeetteesetueeeestneeeennnsesssnnaeeesnnaeeeennsseesnnsesssnnaeseennsaeees 18
7.8.1 General DOCUMENTALION .....ccooeiiiiiiieie e 18
7.8.2 Electrical Test ConditionS........ccooviviiiiiiiei e 18
7.8.3 Transient Induced LatCh-Up RESUILS...........ccceviiiiiiiee e 19
ANNEXES
Annex A: General Measurement PrOCEAUIES...........uuuieiiieiiiieiiee ettt ee s 20
Annex B: Alternative TesSt MEtNOAS ..........oooviiiiiiieeee e 23
Annex C: Standard Data ColIECHION FOIM ......uuuiiiecicieeeeee e 26
PN gL g 1o B I =71 o] To o =T o] | U 29
FIGURES
Figure 1. lllustration of DeVICe TESt FIXIUIES .......ccuuvviiiiiee e e ccciiieee e e e e s e e e e e s snrreee e e e e e e ennns 5
Figure 2. Test Setup FOr TLU (TYPE 1 FIXIUIE) .coioeeiiiiiiei e e et e ettt e e e e e e e s sevneee e e e e e e e 6
Figure 3: Test Setup FOr TLU (TYPE 2 FIXIUIE)....cocuuriieiiiiiie ittt 7
Figure 4:  Current Limit Activation WaVefOrmM ..........coooiiiiiiiii e 13
Figure 5: TLU Pulse Characteristics and Verification Specifications............cccccoeiiviiieiiiiiininnns 13
Figure 6: Flowchart Showing the Steps in the Transient Latch-Up Test Procedure................... 14
Figure 7: Example of Latch-Up Failure Using Combined Bias/Stimulus TLU
(Idealized OsCilloSCOPE Graph) .......cciieeiiiiiiiiiiie e 16
Figure 8: Example of Latch-Up Failure Using Combined Bias/Stimulus TLU
(Actual OSCIllOSCOPE PlOL) ..cccie it e e e a e e 16
Figure 9: Example Waveform lllustrating Measurement LOCAtioNS ...........coveeevviiiiviieeeeeeeesiiinnns 20
Figure 10: Waveform for Determining the Holding Voltage ..........ccoveeiiiiiiiiieeie e 25
Documents

Docum¥nt Sharing Hub

Copyright ESD ASSOCIATION
PROVIDED BY IHS Markit UNDER LICENSE WITH ESD Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESD TR5.4-03 2011


http://www.avadocuments.com/doc/esd-tr5-4-03-2011
http://www.avadocuments.com/doc/esd-tr5-4-03-2011

ESD Association Technical Report ESD TR5.4-03-11

ESD Association Technical Report For Electrostatic Discharge Sensitivity Testing - Latch-
Up Sensitivity Testing of CMOS/BiCMOS Integrated Circuits - Transient Latch-up Testing —
Component Level - Supply Transient Stimulation

1.0 SCOPE AND PURPOSE
1.1 Purpose

The information and procedures defined in this technical report may be used to search for latch-
up sensitive layouts within integrated circuits. The stress levels and stimuli parameter values
defined may be used for a wide range of devices. Levels and values can be scaled up or down to
suit the requirements of the actual device under test and types of transient stimuli being used.

1.2 Scope

This technical report describes a procedure for measuring latch-up sensitivity of integrated
circuits to transients on power supply lines. Circuits on which this test method may be applied
include CMOS (Complementary Metal Oxide Semiconductor), Bipolar, and BIiCMOS (Bipolar-
CMOS) devices typically requiring less than 30 volts for operation. The range of integrated
circuits on which this procedure has been shown to be useful is limited.

2.0 DEFINITIONS

The terms used in the body of this document are in accordance with the definitions found in ESD
ADV1.0, ESD Association’s Glossary of Terms, available for complimentary download at
www.esda.org.

3.0 PERSONNEL SAFETY

The procedures and equipment described in this document may expose personnel to hazardous
electrical conditions. Users of this document are responsible for selecting equipment that
complies with applicable laws, regulatory codes and both external and internal policy. Users are
cautioned that this document cannot replace or supersede any requirements for personnel safety.

Ground fault interrupters (GFCI) and other safety protection should be considered wherever
personnel might come into contact with electrical sources.

Electrical hazard reduction practices should be exercised and proper grounding instructions for
equipment should be followed.

4.0 TEST ENVIRONMENT

The criteria for humidity process control and parts handling can be found in ANSI/ESD S20.20.
The ambient temperature under which the test is performed must be controlled to 23 °C + 5 °C.
Higher temperatures for the DUT can be used by utilizing temperature forcing/measurement
equipment if desired, but control to within + 5 °C is recommended. Previous experience with the
latch up test method JESD 78 (Section 6.11) suggests that higher temperature will result in lower
failure thresholds or greater susceptibility to failure. The DUT temperature used for a given test
must be recorded and reported.

5.0 DEVICE HANDLING CRITERIA

A process must be established for safely handling ESD sensitive devices to ensure that parts are
not subjected to damaging ESD events.

Documents
1 Document Sharing Hub

Copyright ESD ASSOCIATION
PROVIDED BY IHS Markit UNDER LICENSE WITH ESD Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESD TR5.4-03 2011


http://www.avadocuments.com/doc/esd-tr5-4-03-2011
http://www.avadocuments.com/doc/esd-tr5-4-03-2011

ESD TR5.4-03-11

6.0 EQUIPMENT
The following equipment is required to perform the TLU test.

6.1 Calibration

All equipment used in this procedure shall be periodically calibrated in accordance with the
manufacturer's recommendation. Maximum time between calibrations is one year. Calibration
should be traceable to National Institute of Standards and Technology in the United States, or
comparable international standards.

6.2 General Test Equipment
The following standard test equipment is used for transient latch-up characterization.

6.2.1 Oscilloscope
¢ Minimum single shot bandwidth of 50 MHz.
o Minimum sensitivity of 10 millivolts per major division.

e Minimum writing rate of 4 cm/ns for analog scopes; minimum sampling rate 50 megasamples
per second for digital scopes.

e Minimum 2 channels.
o A storage oscilloscope or DSO is recommended.

e Cursors with parameter measurement capability are helpful but not necessary.
NOTE: A general purpose dual-channel digital oscilloscope meets these requirements.

6.2.2 Voltage Probe

e Minimum bandwidth = DC to 50 MHz

e Minimum peak voltage capability = 50 volts

e Impedance > 1 megohm

NOTE: General-purpose oscilloscope voltage probes 1x or 10x will meet these requirements.

6.2.3 Current Probe
¢ Minimum bandwidth = DC to 50 MHz

e Peak pulse capability of at least 7 amperes when combined with any attenuation or
amplification of the probe and termination.

e Must be capable of measuring both DC and AC current.
¢ Minimum resolutions are as follows:

0 AC == 10 milliamperes

0 DC =+ 5 milliamperes

6.2.4 Ammeter

General purpose ammeter capable of making accurate current measurements of the DUT Ipp,
current. The maximum current capability will depend on the specific DUT, but generally:

e One-ampere meter will suffice.

e Minimum resolution of 10 milliamperes is required.
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6.2.5 Power Supplies

A power supply suitable for powering each supply of the DUT is required. Also, any other
voltages required to bias the device will be needed in addition to the Vpp reference supply. Each
supply should have a regulated voltage output and adjustable current limit. The maximum current
should be sufficient to power the device with extra current available to sustain latch-up. The
power supply may have a built in ammeter for convenience.

(] Output VOltage: = VbDp2 max
e Output Current: = Ippa max X 2
o Output Regulation: As required by Vpp, in device manufacturer’'s spec.

6.2.6 VDD Reference Supply

A regulated voltage source capable of outputting a voltage equal to the Vpp supply voltage of the
device under test should be used. The voltage may be variable or fixed. The current should be
sufficient to maintain the output voltage when connected to (loaded by) the input of the signal
amplifier. The voltage should be regulated to a tolerance required by the DUT specifications.

(] Output VOltage: = Vbp1 max
o Output Current: = Vppy max/ Zin (Where Zy is the output impedance)
o Output Regulation: As required by Vpp; in device manufacturer’s spec.

NOTE: For example, if the Input Impedance of the TLU generator (Zn) is 50 ohms and the desired voltage
(Vop1) is 3.3 volts then the supply must be capable of (Vppi/ Zin) 66 milliamperes or more.

6.2.7 Test Loads

Two different resistor test loads are required for TLU waveform verification as shown below:
e Testload 1 =5 ohms, 5 %, 20 watts

e Testload 2 =10 ohms, 5 %, 10 watts

6.2.8 Normally Open (NO) Switch

Load switch requirements:

Bounce-free switching

On-resistance less than or equal to 100 megohms.

Current capability greater than or equal to 2 amperes at greater than or equal to 20 volts.
Contact Type Normally Open

Capable of transitioning from greater than 50 kilohms to less than 0.1 ohm in less than 100 ns.

NOTE: Many mercury tilt switches, mercury-wetted relays and power FET switches can meet the above
requirements.

6.2.9 Pulse Generator: Transient Signal Source

The preferred source for generating the transient signal is a pulse generator. Other equipment
may also be substituted and still yield acceptable results.

A rectangular pulse is used by the primary procedure in this technical report. Control over
amplitude and duration is maintained with this equipment. A rectangular pulse may be applied
directly to the TLU amplifier input or decoupled with passive components (series capacitor).

This generator must be capable of the following:
e Pulse Width: 20 us+ 1 pus

e Pulse Amplitude Range: 0to 5 volts

e Pulse Amplitude Increment: 0.05 volts steps
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Minimum Slew Rate >20 volts/us

Output Impedance: 50 ohms

Capable of positive-going and negative-going pulses
Capable of “one-shot” output signals (Pulses)

6.3 Transient Latch-up (TLU) Amplifier

The TLU amplifier is central to this procedure. It acts as the main power supply for the device
under test and contains an integral adjustable current limit. It can be described as a low output
impedance signal amplifier that is capable of superimposing a reference voltage source and a
rectangular pulse from the pulse generator.

This amplifier shall meet the following criteria:

e OQutput Voltage Range: greater of + [3x Maximum DUT Operating Voltage (Vppmax)] Or
+ 30 volts

o Output Current Range: greater of + [3x Failure current (Iza)] Or £ 3 amperes
¢ Output Voltage Reqgulation: The DC output voltage shall be within 5 % of the input voltage.
e Output Impedance: =<1 ohm at DC

e Output Slew Rate: > 10 volts/us with an open load (This value is sufficient to produce a
15 V,.,, 300 kHz Sine wave.)

e Qutput Current Limiting: + [Output Current Range] The value may be continuously variable or
have preset increments.

e Current Limit Response: The output current shall be limited to the final value within 1 ms.

o Amplifier Voltage Gain: The output waveform shall be within 5% of the expected amplitude
with respect to the input.

o Amplifier Bandwidth: The amplifier shall transmit a signal without distortion from DC (0 Hz) to
300 kHz or the desired frequency of the transient signals whichever is greater.

o Amplifier Qutput Function: The output shall be the sum of the two inputs.

o Amplifier Inputs: The amplifier shall have two inputs, one for Vpp and one for the transient
signal source. One or both of the inputs may be scaled (amplified) to compensate for small
input signals. Alternatively, the amplifier may have only one input and the summing of the two
signals is provided by a separate circuit.

o Amplifier Input Impedance: The transient signal input shall have an impedance (Z,y) 50 ohms
and matching the output impedance of the pulse generator. The Vpp Input shall have an
impedance of 50 ohm or more to prevent excessive current load on the Vpp reference supply.

¢ Signal Distortion: The output voltage waveform shall meet the requirements of Section 7.4.3
TLU Waveform Verification Procedure.

The TLU amplifier may also incorporate other features useful to the application. Integrated
current measurement or an internal Vpp reference can reduce the total required apparatus.

6.4 Device Test Fixture

The device test fixture is that apparatus which is used to make an electrical connection between
the pins on the DUT and the output of the switching matrix. The test fixture (both socket and
socket card) impedance (R, L, and C) should be minimized and capable of handling the maximum
device current and stress current without damage. Fixture Type 1 or 2 (see Figure 1) can be
used depending on the equipment used to bias the device supply and signal pins.

A contact continuity test (opens and shorts) should be performed to insure proper connectivity.
The actual procedure for this step is dependent on the specific test and fixture hardware used.
This test procedure is left to the user of this technical report.
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