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Foreword

For almost three decades, characterization of the latch-up sensitivity as per JEDEC’s JESD78 specification,
or its predecessor JESD17, has been an industry accepted qualification test for integrated circuits (ICs) and
semiconductor devices. Meeting a certain level of latch-up immunity in its application, as based on JESD78
specifications, is expected to minimize No Trouble Found (NTF) and Electrically Induced Physical Damage
(EIPD) failures due to latch-up. JESD78F was essentially an entire rewrite of the earlier version, JESD78E.
Since that standard was published in January 2022, there have been two minor updates; JESD78F.01, and
this revision, JESD78F.02.

Latch-up is a state in which voltage and current outside of normal conditions triggers a high current, low
impedance state not related to normal functionality, which does not end without removing power from the
system. Latch-up may or may not cause physical damage. JESD78 tests for latch-up sensitive structures
with two test types, overvoltage on supply pins and current injection into signal pins. Current injection is
achieved either by current forcing with voltage compliance limit (I-Test) or by applying voltage with current
compliance limit (E-Test).

As device technologies have evolved, products have become increasingly complex in design and varied in
functionality. Therefore, it has become desirable to periodically revise this specification to meet the realities
of device complexity and improve on the characterization methods. An example of such an adjustment is
the introduction of the concept of the maximum stress voitage (MSV) in Revision D, allowing one to
characterize latch-up in a way that differentiates EIPD between latch-up and non-latch-up damage. The
MSV concept has been enhanced in this version with examples on determining MSV in Annex E. MSV is
just one example of the modifications to this standard that will ensure successful performance of latch-up
characterization.

Latch-up testing has become an increasingly complex task, often requiring experienced engineering
assessment and support. Some of the problems with the previous specification arose with the increasing
complexity of today’s ICs. Many of today’s complex devices have individual pins that cannot be
characterized unambiguously as either inputs, outputs, or supply pins. Several pin types require special
consideration to determine whether they require a voltage test or a current injection test. Furthermore, some
pin types require unique pre-configuration or special data assessment methods to properly perform latch-up
testing. JESD78E gives only minimal guidance to determine the pin category.

Discussions with industry experts have highlighted the need for major revisions and additions to JESD78E.
The JESD78 working group, working on the next revision of the specification, decided that the shortcomings
required a re-write of the document. JESD78F introduced some major changes. One of these is the extension
of the term “latch-up” itself. Historically, latch-up was restricted to the triggering of a parasitic thyristor
structure (PNPN), but there are also other structures within an integrated circuit that can cause a similar low
impedance path when triggered. Further, the effects of the low impedance path created by these other
structures are indistinguishable from the effects of a triggered parasitic thyristor and, from a customer
perspective, are just as detrimental to system performance.
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Foreword (cont’d)

In JESD78F, the definition of the triggered structure was extended to an ESD protection device or any
structure that, once triggered, will cause higher than normal currents to flow between power and ground, for
example, bipolar transistors. Please note that current increase by a change of a functional state is still not
considered as latch-up.

Amongst other changes, the problem with the classification of special pins is addressed by introducing a
"decision flow" which considers many special pin types such as voltage reference pins, signal pins (formerly
called 1/0 pins) with LDQ's and voltage/current sensing pins. A revised Annex A adds decision diagrams
and examples to aid with set-up of these types of pins.

JESD78F defined pre-conditioning of the device-under-test (DUT), the latch-up stress pulse, the detection
of latch-up, and the failure criteria. JESD78 defines two different types of latch-up stresses, an overvoltage
test applied to supply pins (in this document referred to as Supply Test) and a current injection test applied
to signal pins (Signal Pin Test). The Signal Pin Test can be performed either as a test with a current stress
pulse (in JESD78E and prior revisions as I-Test) or with a voltage stress pulse (known as E-Test in AEC-
Q100-004-Rev-D). The possibility of using an E-Test instead of an I-Test for the current injection to a signal
pad is new in this revision, although, in reality, the originally defined I-Test was often performed as an
E-Test. Current injection in the Signal Pin Test is achieved either by forcing current with voltage compliance
limit (I-Test) or by applying voltage with current compliance limit (E-Test). As the current injection test to
signal pins can be performed as I-Test or E-Test, the terminology of this current injection test was changed
to Signal Pin Test.

This revision does not cover transient-induced latch-up (also known as “Transient Latch-up, TLU”) which
is covered in ANSI/SP5.4.1-2017. Although the characterization method is in many ways similar, the
purpose of JESD78 is to serve as a qualification standard, while transient-induced latch-up is currently a
pure characterization methodology of some specific exposed or endangered pins with no specified immunity
levels. To distinguish between TLU and “static” JESD78 latch-up, the rise time of the overstress causing
latch-up in this document shall be longer than one microsecond.

Significant effort has been put into the ease of use of the document. The document has been re-organized,
and the definitions clause (Clause 2) has been extended to describe the new terms and symbols. There have
been significant upgrades to existing Annexes and new Annexes added to the document to aid in an improved
understanding of the methods that enhance the effectiveness of the stress testing.

JESD78 should be considered as a living document. The JESD78 Working Group hopes that this current
revision — JESD78F.02 — will enable smooth latch-up characterization for several years, but further changes,
driven by technologies and applications, are already on the horizon.

-Vi-
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IC LATCH-UP TEST

(From JEDEC Board Ballot JCB-23-53, formulated under the cognizance of JC-14.1 Committee on Reliability Test
Methods for Packaged Devices.)

1 Scope, Purpose and Limitations

1.1 Scope

This standard establishes the procedure for testing, evaluation and classification of devices and microcircuits
according to their susceptibility (sensitivity) to damage or degradation by exposure to a defined latch-up
stress. This standard covers a current-injection test (Signal Pin Test) and an overvoltage test (Supply Test).
Current injection is achieved either by current forcing with voltage compliance limit (I-Test) or by applying
voltage with current compliance limit (E-Test).

All packaged semiconductor devices, thin film circuits, surface acoustic wave (SAW) devices,
optoelectronic devices, hybrid integrated circuits (HICs), and multi-chip modules (MCMs) containing any
of these devices are to be evaluated according to this standard. This test method is applicable to NMQOS,
CMOS, bipolar, and all variations and combinations of these technologies including some Silicon-On-
Insulator (SOI).

1.2 Purpose

The purpose (objective) of this standard is to establish a test method that will replicate latch-up failures
during device operation and provide reliable, repeatable latch-up test results from tester to tester, regardless
of device type. Repeatable data will allow accurate classifications and comparisons of latch-up sensitivity
levels. The document will also provide guidelines to allow the user to apply engineering judgement when
historical testing methods are not compatible with the integrated circuit’s functionality.

1.3 Limitations

This standard will only consider direct current injection into and out of a signal pin (formerly called 1/0 pin),
and overvoltage on the power supply pins. Transient induced latch-up will not be addressed. A transient-
induced latch-up characterization methodology is defined in the ANSI/ESD Standard Practice SP5.4.1-2017
“Latch-up Sensitivity Testing of CMOS/BiICMOS Integrated Circuits — Transient Latch-up Testing, Device
Level”.

Latch-up failures will be limited to the detection of a sustained low-impedance path resulting from an applied
trigger condition. Other types of potential functional failures, including logic state changes and spurious
resets, are not considered by this standard, and are not considered latch-up failures.



JEDEC Standard No. 78F.02
Page 2

2 Terms and Definitions

The following terms and definitions apply to this test method.

cool-down time: The period of time after the post pulse measurement and before the next application of
stress.

DUT: The device under test.

dynamic pin: A pin or set of pins that experience a varying voltage or current during stress to other pins,
for example, clock pins, crystal pins, etc.

NOTE A dynamic device has dynamic pin(s).

E-Test: A Signal Pin Test method using positive and/or negative voltage trigger pulses with a current
compliance, as an alternative to I-Test, to evaluate latch-up sensitivity of an input or an output of a device.

EIPD (Electrically Induced Physical Damage): Damage to an integrated circuit due to electrical/thermal
stress beyond the level which the materials could sustain. This would include melting of silicon, fusing of
metal interconnects, thermal damage to package material, fusing of bond wires and other damage caused by
excess current or voltage. (Ref: JEP174)

Ground: The common or zero-potential pin(s) of the DUT.

NOTE 1 Ground pins are not latch-up tested.

NOTE 2 A ground pin is sometimes called VSS. However, in some cases there can be multiple Vss pins, in which
case these Vss pins may be referenced to a common ground.

Limit: The value of the current limit for the power supplies and pulse sources for both the Signal Pin Test and
Supply Test.

NOTE The lLimit is sometimes referred to as the current compliance on a power supply.

input pins: A subgroup of signal pins that is designed or can be configured to receive an external signal
during latch-up testing. Examples of DUT pins that are typically defined as input pins for latch-up testing
are address, data-in, control, clock, or similar pins.

NOTE 1 An input pin gets tied to a specific logic-low voltage level (Vminop) or a specific logic-high voltage level
(Vmaxop) during latch-up testing.

NOTE 2 Input pins are typically in a high-impedance state. There may be exceptions, for example, high-speed input
pins with on-chip impedance matching/termination or input pins that have a weak-pull function enabled.
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2 Terms and Definitions (cont’d)

NOTE 3 Pins defined in a datasheet as bi-directional (1/0) pins would also be defined as input pins for latch-up testing
if they can be configured to receive an input signal.

NOTE 4 This definition reflects the usage within this latch-up test specification. Datasheets may use a different
definition of input pins focusing on actual system applications (see clause 5.4.1).

Isupply: The total supply current in each Vsypply pin (or pin group) with the DUT biased.

I-Test: A Signal Pin Test method using positive and/or negative current trigger pulses with a voltage
compliance, as an alternative to E-Test, to evaluate latch-up sensitivity of an input or an output of a device.

latch-up: A Sustained High-Current Event within an integrated circuit caused by the triggering of any
structure resulting in a sustained low impedance path that persists even after the removal of the triggering
condition.

NOTE 1 Examples of structures causing latch-up include thyristors (PNPN), BJTs (PNP or NPN) and similar
structures that are either of a parasitic nature or part of the electrical protection structures. Other structures causing
latch-up include active ESD clamp circuits that remain in a triggered condition. Most changes in a functional state
related to normal chip operation (for example switching of power modes due to the triggering condition) are not
considered latch-up.

NOTE 2 The classical definition of latch-up explicitly refers to a parasitic thyristor (PNPN), whereas this
specification document uses a more generic definition to include other latching structures that can be identified by the
described test method.

NOTE 3 Latch-up typically occurs between power and ground, but could also involve signal pins as described in
Annex H.

NOTE 4 The applied triggering condition can be a voltage or current impulse, an excessive rate of change of current
or voltage, or any other abnormal condition that causes latch-up.

latch-up immunity: The ability of an integrated circuit to resist any impulses of current or voltage that
might create a latch-up condition.

logic-high: A valid voltage level within the more positive (less negative) of the two ranges of logic levels
chosen representing the logic states during setting high and low levels.

logic-low: A valid voltage level within the more negative (less positive) of the two ranges of logic levels
chosen to represent the logic states during setting high and low levels.

maximum stress voltage (MSV): The maximum voltage (duration dependent) allowed to be placed on a
given pin during latch-up immunity testing without causing irreversible damage to the device from a
permanent physical breakdown of the silicon device or circuit not caused by latch-up.
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2 Terms and Definitions (cont’d)

NOTE 1 A positive MSV is higher than the maximum operating voltage and a negative MSV is lower than the
minimum operating voltage.

NOTE 2 MSV is NOT the same as the absolute maximum voltage rating (AMR) from the device datasheet. MSV
applies to latch-up testing only, protecting the DUT from physical damage from stress mechanisms not directly related
to latch-up. An example of an unrelated stress is one exceeding the destructive breakdown voltage of a pin resulting in
non-latch-up induced catastrophic breakdown of the silicon device/circuit.

NOTE 3 MSV may be different for each pin and each polarity during testing, depending on process technology and
circuit topology. In many medium and high voltage designs, MSV is very rarely the same value as AMR.

NOTE 4 The MSV value depends on the pulse width used during latch-up testing. Shorter pulse widths may allow a

higher value for MSV. Therefore, the MSV value chosen should consider the pulse width as well as process technology
and circuit topology.

“no connect” pin: A pin that has no internal electrical connection to the die.

NOTE All “no connect” pins are to be left in an open (floating) state and should not be stressed during latch-up
testing.

nominal Isupply (Inom): The measured dc supply current for each Vsyppry pin (or pin group) with the DUT
biased at the maximum operating conditions.

output pins: A subgroup of signal pins that are not configured to receive an external signal during latch-up
testing because they drive out a signal or a voltage level.

NOTE 1 Output pins, though left in an open (floating) state during testing of other pin types, should be latch-up
tested.

NOTE 2 Output pins are typically in a low-impedance state.

NOTE 3 This definition reflects the usage within this latch-up test specification. Datasheets may use a different
definition of output pins focusing on actual system applications (see clause 5.4.1.)

power supply: A component in the test system that supplies voltage and current to the DUT.
preconditioned pin: A device pin that has been placed in a defined state or condition by applying static or
dynamic control signals to the DUT or biasing the appropriate steady state control pin(s) in order to put the

device into a known, controlled and stable state.

preconditioning vectors: a series of commands sent to an integrated circuit instructing the circuit to perform
a specified series of functions or place it into a known state.
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2 Terms and Definitions (cont’d)

pre-stress & post-stress current (IpsPRE & IpsPosT): The pulse supply current corresponding to the Signall
Pin Test or Supply Test before (pre-stress) & after (post-stress) pulse application.

NOTE 1 lpsPrRE & IpsposT can either be a forced value or the limit value depending on the mode of the source (I-Test
or E-Test).

NOTE 2 Itisalso known as parking current in some commercial systems.

pre-stress & post-stress voltage (VpsPRE & VpsposT): The pulse supply voltage corresponding to the
Signal Pin Test or Supply Test before (pre-stress) & after (post-stress) pulse application. It is not dependent
on polarity.

NOTE1 VpsPrRE & VpsposT can either be a forced value or the limit value depending on the mode of the source (I-Test
or E-Test).

NOTE 2 Vpspre & VpsposT are typically either Vimaxop or Vminop for these systems.
NOTE 3 Itisalso known as parking voltage in some commercial systems.
PUT: Pin Under Test

signal pins: Device pins that carry an electrical signal (information) during stable operation of the device
and are not used as supply pins.

Signal Pin Test: A test that injects positive and negative current pulses to the pin under test (PUT) by either
injecting a current pulse (I-Test) with a voltage limit or injecting a voltage pulse (E-Test) with a current
limit.

steady state control pins: Pins used to place the DUT in the desired configuration (IO configuration pins,
reset, power good/OK, enable, other control pins) whose logic or bias state remains constant for the duration
of the test. (See Clause 5.4.1)

NOTE Steady state control pins, though remaining in a constant state, may still be latch-up tested with a stress pulse
polarity that does not alter their logic state.

Supply Test (previously Vsupply Overvoltage test): A latch-up test that supplies overvoltage pulses to the
supply pin (or pin group) under test.

temperature, maximum operating junction (Tjmax): The maximum junction temperature of a device to
operate within its specifications, as listed in its data sheet and to avoid damage (latent or otherwise). It is
frequently specified by device manufacturers for a specific device and/or technology.
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2 Terms and Definitions (cont’d)

temperature, junction (Tj): The temperature of a semiconductor junction in a device.

temperature, ambient (Ta): The local air temperature surrounding the device, in an environment controlled
only by natural air convection and not materially affected by reflective and radiant surfaces.

temperature, case (Tc): The temperature measured or calculated on the case surface of a device. (As per
JESDB88F)

NOTE See Clause 3.2 and/or Annex B for further information on measuring/calculating case temperature using
ambient or junction.

timing-related input pin: A pin such as clock crystal oscillator, charge pump circuit, etc., required to place
the DUT in a stable operating mode. Required timing signals may be applied by the latch-up tester, external

equipment, and/or external components as appropriate.

test condition: The test temperature, supply voltage, current limits, voltage limits, clock frequency, input
bias voltages and preconditioning vectors applied to the DUT during the latch-up test.

trigger duration: The duration of an applied pulse from the trigger source.

trigger pulse: The positive or negative current pulse (Signal Pin Test) or voltage pulse (Supply Test or
E-Test) applied to any pin under test for latch-up sensitivity.

tri-state (also known as three-state): Cells or macros whose outputs can be placed in a high-impedance state
and can also generate low-impedance VmaxOP and Vminop levels. (Ref JESD12-4, 4/87)

Vlimit: The value of voltage used to limit the actual voltage, and thereby restricts the forced current into and
out of a signal pin during latch-up stress.

VmaxOP: The maximum operating bias voltage of the PUT given in the device datasheet.

VmaxSUP: It is the maximum supply voltage at which a supply is specified to operate in conformance with
the applicable device specification; formerly maximum Vsupply in previous revisions.

VminOP: The minimum operating bias voltage of the PUT given in the device datasheet.

Vsupply pin (or pin group): A supply pin is any pin that provides current to a circuit. Supply pins typically

transmit no information (such as digital or analog signals, timing, clock signals, and voltage or current
reference levels). Supply pins are often referred to as power pins.
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2 Terms and Definitions (cont’d)

NOTE 1 It is generally permissible to treat supply pins with the same or similar voltage as one Vsupply pin (or pin
group) and connect them to one power supply.

NOTE 2 When combining Vsupply pins (or pin groups) with the same or similar voltage, combining Vsupply pins with
significantly different supply current levels is not recommended as this would make it difficult to detect significant
current changes on low supply current pins.

3 Latch-Up Characterization

A component’s susceptibility to a latch-up event is characterized by its response to a stress when either
current is injected into a signal pin or when a supply overvoltage occurs operating within the temperature
range of the component’s specified operating junction temperature. This clause describes the Immunity
Levels (A and B) and the temperature classification (11 and 1) for latch-up characterization.

3.1 Latch-Up Immunity

Product latch-up immunity is characterized by the forced current or voltage value at the signal pin and
overvoltage value on the supplies that does not result in latch-up as defined in this test standard. Table 1
defines Immunity Levels A and B at specified ranges for injected current and applied voltage stress levels.

Table 1 --- Latch-Up Immunity Levels

Absolute Magnitude of Injected Trigger Current
Test or
Absolute Magnitude of Applied Trigger Voltage

Immunity
Level

Positive Signal Pin Test
(1) > 100 mA

The actual injected current may be less than 100 mA,
if pin voltage preset limits are reached

A Negative Signal Pin Test

1)
1.5 x Vmaxsup or MSV, whichever is less
Supply Test The actual applied voltage may be less than 1.5 X Vmaxsup
or MSV, if supply current limits are reached
B If Immunity Level A cannot be achieved

(1) In the Signal Pin Test, current injection is achieved either by current forcing with voltage
compliance limit (I-Test) or by applying voltage with current compliance limit (E-Test).
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3.1 Latch-Up Immunity (cont’d)

The actual current injected into the signal pin during the Signal Pin Test may be limited by the signal pin
design or due to the test methods described in Table 2 for the preset conditions that limit the signal pin
voltage during the current injection. Likewise, the actual applied voltage during the Supply Test may be
limited by the preset current limit into the supply. If latch-up does not occur in such a condition, then this
constitutes a passing test with Immunity Level A. Otherwise, it is classified with Immunity Level B.

3.2 Temperature Classification

Since the likelihood for a latch-up occurrence increases with temperature, latch-up testing shall be performed
at a junction temperature (Tj) equivalent to its maximum operating junction temperature (Tjmax).

The two latch-up temperature classifications for latch-up testing are:

. Class Il — For latch-up testing at Tjmax, Or the Tamax/Tcmax €quivalent of Tjmax. Class 1 testing is not
required if Class Il testing achieves Immunity Level A (Table 1).

° Class | — For latch-up stress testing at junction temperatures below Class Il. If the passing
temperature is below Tjmax, the maximum passing temperature shall be reported.

NOTE See Annex B for further information on Tamax, Temax @nd Tjmax.
3.3 Overall Requirements

The requirements to classify latch-up susceptibility are the following:

. Class I1l.A: Meets Level A latch-up immunity requirements at Tjmax
. Class ILA:  Meets Level A latch-up immunity requirements at temperatures lower than Tjmax
° Class 11.B: Meets Level B immunity latch-up requirements at Tjmax
° Class 1.B:  Meets Level B immunity latch-up requirements at temperatures lower than Tjmax

NOTE Class Il.A in this document is a Revision E Class |l enhancement.
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4

Apparatus and Material

The apparatus required for this test method includes the following:

4.1

Latch-Up Tester

4.1.1 Hardware Requirements and Capabilities

Test equipment capable of performing the tests as specified in this document consist of the following:

Bias power supplies having the ability of providing the required voltage and current, plus the ability to
monitor the voltage and current being drawn by the DUT. The response time of the supply should also
be considered, as to avoid incorrect measurements during transient events.

o Bias power supplies should also have the capability to drive input pins to their Vmaxop 0r Vminop
when not being stressed.

The stress power supply shall have the ability to force and measure both current and voltage before,
during and after stressing of the DUT. The supply shall have the ability to set compliance limits, with
adequate response time to avoid over stressing of the DUT. It shall be capable of meeting the timing
requirements in Table 5. See Annex F for further discussion on pulse source verification and for possible
supply sensitivities that can occur during stressing.

For devices requiring dynamic testing, the test equipment shall be capable of supplying timing signals.
The required timing signals may be applied by the latch-up tester itself, external equipment, and/or
external components as appropriate.

For devices requiring setup vectors to place the device into a state suitable for latch-up testing the test
equipment shall be capable of supplying the required vectors. The required timing signals and logic
vectors may be applied by the latch-up tester itself, external equipment, and/or external components as
appropriate as specified in 5.4.3.

41.2 Test Board

Test board options will depend on the test system capabilities and hardware configurations. The common
options are listed below.

Many commercial systems will use generic test boards for both ESD and latch-up testing. Reusability
for both ESD and latch-up testing is possible by having only a single board trace from the test system
channel pin to the socket pin. The board shall not have any other components that limit the ability to
perform latch-up on any pin. Supply and signal pins can be assigned to any tester channel pin. This
adds flexibility during debug and failure analysis by having the ability to reassign supply pins to
determine the failing supply.

NOTE Some devices may need a latch-up specific board, where high supply current capability is needed on a limited
number of Vsupply pin groups which may be connected via an inner plane
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4.1.2 Test Board (cont’d)

e Use of passive or active elements:

o Series passive or active elements that may limit the magnitude of the injected pulse are strongly
discouraged (see Annex A for additional guidance).

o Parallel passive or active elements used to support control pin regulation or add to the DUT stability
are allowed if required for stable device operation. The use of inductors is strongly discouraged (see
Annex A for additional guidance).

o Any use of these elements shall be recorded as part of the latch-up data as described in Annex D.

o Boards for ATE testing or similar device test board for functional and parametric testing can be used for
latch-up testing. These boards may have components, such as capacitors and resistors for device
stability; thus, the supply pins and signal pins are not easily reassigned. These boards may emulate
actual end user system boards.

For all board types, the trace cross-sectional areas should be sufficient to carry expected current levels

without excessive IR drops during latch-up testing. During latch-up testing, currents will exceed nominal

levels both on supply pins and signal pins.

4.1.3 Temperature Control

Equipment capable of heating (or in some cases cooling) a device to maintain the DUT at the maximum

operating junction temperature (Tjmax) as specified by the device specification during the latch-up test is
required. Refer to Annex B for further details on controlling temperature.

5 Latch-Up Test Procedure

5.1 General Latch-Up Test Overview

This clause describes the standard procedures to stress a component to trigger and detect a latch-up event.
Its ability to resist latch-up will determine the device’s Immunity Level as described in Table 1.

Two stress methods, called the Signal Pin Test and Supply Test, are used to trigger a possible latch-up event.
e For the Signal Pin Test, current flows into a signal pin by either injecting current while limiting the
signal pin voltage, or by applying a voltage with the current limited to the minimum required current level,

such as 100 mA for Immunity Level A (see Table 1).

e The Supply Test attempts to trigger latch-up by an overvoltage of the supply at stress levels described
in Table 1.

Signal Pin and Supply latch-up tests are required to be performed to meet the Immunity Levels requirements.
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5.1 General Latch-Up Test Overview (cont’d)

Figure 1 shows the general latch-up test flow for the Signal Pin Test and Supply Tests. Prior to stressing,
complete static and dynamic testing shall be performed on all submitted devices with adequate test
coverage to be able to detect any latch-up induced degradation. Parametric and functional results shall be
within the limits specified in the datasheet.

NOTE Some failures may only be found when static and dynamic testing is completed at the datasheet
high temperature limits.

( Latch-up Test Start )

Functional and
parametric test

Signal Pin Test

Latch-up
occurred and
onfirmed?,

Latch-up Test FAIL)

Supply Test

Latch-up
occurred and

Latch-up Test FAIL)
confirmed?

Functional and
parametric test

Latch-up Test FAIL)

(Latch-up Test PASS)

NOTE The order of the Signal Pin Test and the Supply Test is arbitrary.
Figure 1 — General Latch-Up Test Flow for the Signal Pin Test and Supply Tests.

After latch-up stress the device will be retested to determine if the device continues to meet specification
or if any possible damage has occurred.
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5.1 General Latch-Up Test Overview (cont’d)

All input and output pins shall be tested with the Signal Pin Test as described in more detail in Clause 5.6
using the limits in Table 2, unless these pins fall into specific cases, listed in Clause 5.4.1. Pins stressed with
the Signal Pin Test will be stressed at positive and negative polarities of the current injection, while input
pins not under test are all tied to the maximum pin operational voltage Vmaxop or all tied to minimum pin
operational voltage Vminop (see Table 2), followed by testing with the pins in the opposite states unless
these pins fall into specific cases listed in Clause 5.4.1.

The Signal Pin Test can be accomplished by using either a forced pulsed current with voltage limiting
(I-Test) or an applied pulsed voltage with limiting current (E-Test). Historically, I-Test has been the stress
used most often for latch-up stress testing. E-Test provides an option to Signal Pin stress with forced pulsed
voltage. Signal Pin response to the type of pulse may dictate which stress test is appropriate. 1-Test and
E-Test are considered to be equivalent stress tests as long as the forcing and limiting values are set properly.
See Annex G for additional information.

All supply pins shall be tested with the Supply Test, as described in more detail in Clause 5.7 and using the
limits in Table 7. Input pins not under test are all at Vmaxop or all at Viminop (see Table 2), followed by
testing with the pins in the opposite states unless these pins fall into specific cases listed in Clause 5.4.1.

In the latch-up test, all devices shall pass the latch-up criteria specified in Table 3. A failure of any of the
devices tested during the Signal Pin Test or Supply Test, or if any of the devices do not meet the electrical
specification after stress, constitutes a latch-up failure.

Table 2 — Overview of Latch-Up Tests for a Complete Latch-Up Characterization

Input Pins
Not Under Test @

Stress Type Stress Polarity of Trigger

Maximum pin operational voltage
VmaxoP

Positive current injection
Minimum pin operational voltage

Signal Pin Test VminOP

(I-Test OR E-Test)

Maximum pin operational voltage
VmaxOP

Negative current injection
Minimum pin operational voltage

Vminop

Maximum operational voltage
VmaxOP

Supply Test Overvoltage
Minimum operational voltage

Vminop

(1)  All pins which are not excluded according to Clause 5.4.1.
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5.2 Device Handling

Devices used for latch-up testing shall not have been used for any prior stress tests. ESD damage prevention
procedures shall be used before, during, and after latch-up testing and post parametric and functional testing.

NOTE See the latest revision of ANSI/ESD S20.20, JESD625, or IEC61340-5-1 for guidance.

53 Sample Size

A minimum of three (3) devices shall be subjected to testing using the Signal Pin Test and Supply Test. It
is allowed to partition Signal Pin Test and Supply Test, or test combinations by using at least three (3) fresh
devices for each partition. All partitions used shall cover all combinations of stresses originally planned for
the product.

All devices to be tested shall have passed functional and parametric testing to the device specification
requirements.

5.4 Preparation of the Latch-Up Test
5.4.1 Pin Types and Grouping

In preparation for testing, pin grouping and test limits are determined based on the product datasheet.

1) Identify all pins as signal, supply pins or no connects. Whether a pin is tested as a signal pin (Signal Pin
Test) or as a supply pin (Supply Test), depends on the functionality and/or the configuration of the pin
in the system. For special pins, Annex A gives guidance on how these pins shall be treated. Some
examples of special pins are pins connected to passive components, voltage regulators, reference pins
or debug pins.

« Shorted input pins that are connected by a low resistance connection in the package or on the die or
by a common bond pad shall be represented by a single pin with all other pins shorted to that pin
configured as “no connect pins” to avoid contention. Alternatively, the pins may be shorted on the
test board and controlled and stressed by a single supply. These methods may be applied to shorted
output pins.

2) Split the group of all signal pins into groups of input pins and output pins. For the purpose of latch-up
testing, all signal pins that can be placed in a high-impedance state should be defined as input pins. All
pins that are in a low-impedance state (driving out a signal or voltage level) and which cannot be placed
in a high-impedance state should be defined as output pins. The product datasheet may provide guidance
for this pin categorization. For example, pins that are described as “Input”, “I/O”, or “Bi-Directional”
in a datasheet would typically be treated as input pins for latch-up testing. Pins that are described as
“Output” in a datasheet would typically be treated as output pins for latch-up testing unless they can be
tri-stated, in which case the pins should be defined as input pins.
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5.4.1 Pin Types and Grouping (cont’d)

3) Identify the pins that may have special consideration for testing. Some of these pins should still be tested
but may need to be tested separately from the primary testing of the signal pins or may need to be
preconditioned in special states. These pins typically fall into the following categories:

*  “no connect” pins are not required to be tested.

» Timing related pins, such as a clock input or crystal oscillator pins required to maintain the device
in a stable mode or for dynamic testing. If an alternate means of placing the DUT in stable operating
mode can be achieved, then the full Signal Pin Test can be accomplished on the timing related pins.

» Steady state control pins used to precondition the device in the desired configuration, such as signal
pin configuration pins, reset, and power enable, or other control pins, may require special testing.
Steady state control pins may be subject to reduced testing with the current stress polarity that does
not disrupt the DUT, such as a reset pin that shall be kept in one logic state.

4) For all input and output pins determine the Vimaxop and Vminop. Input and output pins with common
operating voltages may be grouped as single pin groups for testing. When possible, separating grouped
signal pins on a tester supply not used as a device power supply is advised for easier determination of
possible failures. Vmaxop and Vminop shall be used for the logic-high and logic-low for input pins, and
also used to calculate the maximum voltage (compliance limit) for the Signal Pin Test for these pins.

5) All supply pins with the same supply voltage may be grouped into a single supply group. Determine the
maximum supply current for each device supply, Vmaxsup. See Clause 5.4.2 below.

NOTE: In most test systems, there are insufficient power supplies to provide power individually to each supply pin
(group). Grouping of supply pins (groups) allows for efficient use of the power supplies available. More details are
givenin 5.4.2.

5.4.2 Power Supply Assignments

Some devices may have several power rails that exceed the number of available power supplies in the
latch-up test system, therefore, grouping of the supplies will be necessary. In this case, planning of the supply
assignment should be optimized to improve the detectability of a latch-up occurrence when several supply
groups are assigned to a single power supply on the tester. Therefore, it is recommended to group the device
supply pins and assign the power supplies so that device supply rails with small currents are not combined
with those with large currents, to avoid masking of a latch-up occurrence on the small current supply rail.

Latch-up testing requires the input pins to be tied to the maximum pin operational voltage (Vmaxop) or tied
to the minimum pin operational voltage (Vminop), see Table 2. Vminop is typically tied to ground but may
be a value other than 0 V if the test system is capable. There are two suggested methods to assign the supply
for the bias on the signal pin to Vmaxop or Vminop.

1) For optimal latch-up detection, assign a separate supply for the signal pins to bias for Vmaxop or

Vminop. The advantage is that any latch-up of the signal pin itself (see Annex H) or a state change may
be more easily detected.
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5.4.2 Power Supply Assignments (cont’d)

2) If Vmaxop and Vmaxsup are the same, the same power supply may be used for the pin groups.

NOTE If there is a sufficient number of power supplies, it is recommended to use separate supplies for the supply
pin power and for the supply to tie the signal pins to Vmaxop.

NOTE If the number of power supplies are limited, making it necessary to use the same power supply for Vmaxop on
the inputs and provide power to the DUT, ensure that the MSV for the signal pins is not exceeded when performing the
Supply Test stress. Otherwise, reconfigure the supplies to avoid exceeding the MSV on these input pins to avoid
overstress.

5.4.3 Product Pre-Conditioning

To avoid masking a latch-up occurrence, the device shall be in a low power-consuming state or a stable
operating mode for latch-up testing. Output pins capable of being put into tri-state should be tested with
both positive and negative pulses.

All voltage rails, including internal power supplies, shall be powered up at Vmaxsup and all functional blocks
shall be supplied.

Typically, either a static signal, a dynamic and/or vector pattern is required to pre-condition the DUT in a
stable test mode. Often the static signal, a dynamic and/or vector pattern should be re-run after each latch-
up stress to ensure that the initial state of the DUT is well defined.

5.4.4 Device Temperature Set-Up

Proper temperature control for latch-up testing is critical to accurately test a product. Product datasheets
typically specify Tjmax. Since Tj can vary spatially across the die in operation, using the datasheet Tjmax
for latch-up testing ensures that any latch-up sensitivities are evaluated at the maximum field operating
temperature.

If Tjmax is not listed in the product datasheet, it can be calculated from other datasheet temperature
specifications such as maximum case temperature (T¢) or ambient operating temperature (T3) using field
thermal resistance coefficients. Annex B provides equations for calculating Tj, T4 and T based on dissipated
power and thermal resistances (0).

55 Latch-Up Detection Criteria
55.1 Latch-Up Detection

A device is considered to have experienced latch-up if it meets the latch-up detection criteria in Table 3 or
it is not within the device datasheet specification after both latch-up and ATE testing (Clause 5.8).
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5.5.1 Latch-Up Detection (cont’d)

Table 3 — Latch-Up Detection Criteria
Stress Type Trigger Stress Latch-Up Detection Criteria

Positive current injection I Inom_prel <25 mA:

Signal Pin Test®
(I-Test OR E-Test)

LU occurs if ||n0m_p05t| > ||nom_pre| +10 mA®@

Negative current injection or

If ||nom_pre| > 25 mA:

lyT rvol .
Supply Test Overvoltage LU oceurs if [Inom,_postl > 1.4 X ||nom_pre|(2)

@ In the Signal Pin Test, current injection is achieved either by current forcing with voltage
compliance limit (I-Test) or by applying voltage with current compliance limit (E-Test).

(2)  During I-Test, E-Test or Supply Test, the supply currents for all supply groups are monitored before
and after the stress pulse. Comparison of Inom_post t0 Inom_pre and the criteria above determine if
latch-up occurs.

5.5.2 Power Supply Current Limits

Latch-up test equipment power supplies, used for supply pins or for biasing signal pins, generally have
current limits (ljimit) assigned for device and test fixture protection considerations. When a supply current
or signal pin biasing current reaches these power supply limits, the test result may be invalid.

A latch-up event that reaches the ljimit could collapse the power supply below the latch-up holding voltage
and terminate latch-up before the automated test equipment detects it as a latch-up failure. The stability of
the voltage levels of all the tester supplies that measure currents should be monitored during latch-up testing
to ensure that the currents are kept below the assigned ljjmit. This includes tester power supplies used for
biasing signal pins at Vmaxop or Vminop or for preconditioning of signal pins, for instance.

Unlike bias power supplies used to precondition signal pins during the test, pin drivers (vectors) used to
precondition signal pins may not have current measuring capabilities, as they are intended to drive signal
pins with a specified pattern. Other stress methods may need to be used to verify latch-up has not occurred
on these pins. Use of unmonitored supplies is not recommended and should be limited to devices requiring
set-up vectors.

General test procedures and recommendations:

o All monitored tester supply voltages shall remain within their specified range, including the time before,
after, and while the current trigger is applied. If a tester supply, including vector supplies cannot be
monitored, it shall be reported (see Clause 6).
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5.5.2 Power Supply Current Limits (cont’d)

e Itis recommended that for each Vgsypply pin (or pin group), the ljimit is initially set to at least:
o Inom plus 2 times the injection current, or
o 1.4 times Inom, Whichever is higher.

e If the voltage of any Vsypply collapses or reaches its lLimit prior to the trigger source being applied and/or
while the trigger source is applied to any pin, the Signal Pin Test and/or Supply Test becomes invalid;
review of the latch-up test set-up may be required and/or the stress needs to be repeated with a higher
liimit setting.

It is permissible to provide any Signal Pin Test and/or Supply Test characterization results obtained with
lower ljimit settings in the latch-up report. These characterization results can be provided in addition to the
required absolute Signal Pin Test and/or Supply Test passing levels with stable tester supplies (see examples
in Annex D). Reported entries should include the specific limit Settings used and the corresponding
collapsing power supplies during the current trigger. The additional characterization data may appropriately
reflect latch-up robustness in system applications exhibiting supply current limitations, similar to these lower
liimit settings.

Every product pin tested shall be classified as either a Pass, a Fail or Invalid.
5.6 Signal Pin Test
5.6.1 Signal Pin Test Flow

All signal pins on the package are tested with the Signal Pin Test, with possible exceptions, listed in Clause
5.4.1 or the pin is non-standard requiring an unusual configuration and it may meet the criteria in Annex A.

The Signal Pin Test shall be performed according to the testing matrix summarized in Table 2. Each signal
pin will be stressed with both a positive and a negative current injection, with inputs tied to maximum pin
operational voltage Vmaxop and repeated with inputs tied to minimum pin operational voltage Vminop, in
total four combinations. There may be exceptions for pins that cannot be in one of the conditions based on
being a preconditioning pin such as control and reset pins, clock pin, crystal pins, etc. Latch-up testing will
be performed with the waveforms and timing diagrams specified in Clause 5.6.2 (positive current injection)
and Clause 5.6.3 (negative current injection).

The Signal Pin Test can be accomplished by using either a forced pulsed current with voltage limiting
(I-Test) or a forced pulsed voltage with current limiting (E-Test). Historically, I-Test has been the stress used
most often for latch-up stress testing. E-Test provides an option to stress with forced pulsed voltage. Signal
pin response to the type of pulse may dictate which stress test is appropriate. 1-Test and E-Test are
considered to be equivalent stress tests as long as the forcing and limiting values are set properly.
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5.6.1 Signal Pin Test Flow (cont’d)

One suggested Signal Pin Test procedure is given below. It covers all the conditions in the test matrix in
Table 2. The testing order of the stress conditions may vary as long as all conditions are met in the test
matrix table. The procedure below describes one possible sequence:

1) Positive current injection with non-stressed input pins tied to minimum pin operational voltage Vminop
2) Positive current injection with non-stressed input pins tied to maximum pin operational voltage Vmaxop
3) Negative current injection with non-stressed input pins tied to minimum pin operational voltage Vminop

4) Negative current injection with non-stressed input pins tied to maximum pin operational voltage Vmaxop

(Signal Pin Test Start)

Continuity
{est pass?

YES

Signal Pin Test Stop)

| Set temperature |

Continuity
est pass?
YES

Power-up, P
pre-conditioning

Signal Pin Test Stop)

| Bias inputs to V;nop |

J' Apply bias level
. » (Vospost OF lpspost) tO
Apply bias level pin-under-test (PUT)

(Vpspre OF lospre) tO
pin-under-test (PUT)

L v Next
Measure V I
Measure Vgopy. lsuppy supply 'supply PUT
and PUT current & and PUT current &
voltage voltage
v

Stress PUT with
positive current

|

Remove stressto
pin-under-test (PUT)

| (Latch—up Test FAIL) (Signal Pin Test End)

All
Signal Pins

LU
occurred?
(5.5)

Figure 2 — Signal Pin Test Flow Example: Positive Current Stress with Input Pins Biased to Low
(VminOP). Also Applicable to VmaxOP.
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5.6.1 Signal Pin Test Flow (cont’d)

Step:

1) Inserta device that has met electrical specification in the test socket. Ensure that the desired temperature
at the DUT has been reached and has stabilized. Check the DUT continuity to ensure that each pin makes
good electrical contact. If the DUT continuity fails, re-seat the DUT in the socket until good contact is
achieved.

2) Power up the device per power-up sequence specification.

3) Precondition the device according to Clause 5.4.3.

4) Bias the DUT. All inputs pins that are not used for preconditioning are tied to Vmaxop if possible, and
output pins should remain floating unless being stressed. See Annex H for additional guidance.

NOTE Input pins used for preconditioning, such as control and reset pins, shall be tested in their defined state. That
is, pins that are tied to Vmaxop to precondition the DUT can only be tested with Vmaxop, and pins that are tied to
Vminop to precondition the DUT can only be tested with Vminop.

5) For positive current injection into the PUT, apply a pre-stress voltage (Vpsere) equivalent to Vimaxop to
the PUT.

6) Measure nominal Isypply at Vmaxsup for each Vsypply pin (or pin group).

7) After the wait period, force a positive current trigger into the PUT as specified in Clause 5.6.2. Measure
the current and voltage of the Stress Supply and each Vsypply during the stress period.

8) After completion of the trigger pulse, return the PUT to the level before the application of the trigger
pulse (voltage equivalent to Vmaxop) and measure the Isypply at Vmaxsup for each Vsyppry pin (or pin
group). If any Isypply is greater than or equal to the failure criteria specified in Clause 5.5, latch-up has
occurred and the DUT has failed latch-up testing. The power supply shall be removed from the DUT to
end latch-up, further testing is stopped if latch-up has occurred.

NOTE If the device is not damaged it is permissible to restart latch-up testing to determine if there are other pins

which fail the latch-up test.

9) If latch-up has not occurred, after the necessary cool-down time, continue to the next pin under test and
repeat Steps 2-8 until all signal pins are tested for positive current injection.

NOTE Signal Pin Tests do not necessarily require the removal of the power supplies and pre-conditioning between

the stresses, so it is permitted to repeat only Steps 5-8.

10) Repeat steps 2-9 with inputs pins that are not used for preconditioning tied to Vminor and outputs are

floated (Step 5).

11) Repeat steps 2-10 for negative current injection into the PUT, apply a pre-stress voltage (VpspRE)
equivalent to Vminop to the PUT (Step 6) and a negative current trigger into the PUT as specified in
Clause 5.6.2.

12) Itis good practice to perform continuity testing at completion of the stress.
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5.6.2 Waveforms for the Positive Signal Pin Tests

Figure 3 and Figure 4 visualize the voltage and current waveforms during a positive Signal Pin Test (I-Test
& E-Test), with the waveform current and voltage settings defined in Table 4. The waveform timing
parameters for the positive and negative Signal Pin Tests are defined in Table 5.
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5.6.2 Waveforms for the Positive Signal Pin Tests (cont’d)
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are the measured voltages or currents.

During I-Test the supply currents for all supply groups are monitored before and after the stress pulse. Latch-up
occurs if any supply current meets the failure criteria shown in Table 3. In addition, power supply voltages shall
not collapse during the stress as per Clause 5.5.2.

The pre-stress and post-stress current Ipspre and lpspost depend on the state and the circuitry of the PUT.

At the conclusion of the stress, returning all power supplies to ground is an option to reset the DUT. Resetting
supplies is recommended for stability during testing.

Input pins Not Under Test shall be considered Signal Pins Not Under Test and should be controlled according to
Step 4, Clause 5.6.1. Output pins are not included and floated when not under test.

The pin under test should be set to logic high (IpsPRE & VpsPRE) before positive current trigger. It is permissible
to start positive current trigger from logic low (IpsPrRE & VpsPRE) but failing results should be confirmed from the
logic high state. Output pins can be omitted from pre/post stress biasing if there is a risk of disturbing the latch-
up operating state or risk of damage to the pin.

NOTE In this positive I-Test example, the Isyess reaches the intended trigger level (“Maximum current during trigger”
of Table 4), and the Viimit (“Maximum voltage during trigger” of Table 4) is not reached. During pre-stress and post-
stress, current is being forced into the PUT but is limited at Vmaxop. Since the voltage is at a set value, the voltage
waveforms are solid lines pre-stress and post-stress. The current is being measured; thus, the current waveforms are
drawn as dashed lines. During the stress period, the voltage limit is increased and Isyess reaches its intended trigger
level. The current waveform is therefore a solid line during the stress period. The voltage is being measured; thus the
voltage waveform is drawn as a dashed line.

Figure 3 — Test Waveform for Positive Signal Pin Test (I-Test)
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5.6.2 Waveforms for the Positive Signal Pin Tests (cont’d)
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The waveforms when shown in a solid line are the forced voltages or currents and when shown in dashed lines are
the measured voltages or currents.

During E-Test the supply currents for all supply groups are monitored before and after the stress pulse. Latch-up
occurs if any supply current meets the failure criteria in shown in Table 3. Also, power supply voltages shall not
collapse during the stress as per Clause 5.5.2.

The pre-stress and post-stress current Ipspre and lpspost depend on the state and the circuitry of the PUT.

At the conclusion of the stress, returning all power supplies to ground is an option to reset the DUT. Resetting
supplies is recommended for stability during testing.

Input pins Not Under Test shall be considered Signal Pins Not Under Test and should be controlled according to
Step 4, Clause 5.6.1. Output pins are not included and floated when not under test.

The pin under test should be set to logic high (IpsPRE & VpsPRE) before positive voltage trigger. It is permissible
to start positive voltage trigger from logic low (IpsPrRe & VpspRE) but failing results should be confirmed from the
logic high state.

NOTE: In this positive E-Test example, the Isyess does not reach the intended trigger level (“Maximum current during
trigger” of Table 4) because Vsess reaches the Viimit (“Maximum voltage during trigger” of Table 4). During the full
waveform (including pre-stress, stress, and post-stress), the voltage is at set values, therefore the full voltage waveform
is a solid line. The current is being measured; thus, the full current waveform is drawn as a dashed line.

Figure 4 — Test Waveform for Positive Signal Pin Test (E-Test)
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5.6.2 Waveforms for the Positive Signal Pin Tests (cont’d)

Table 4 — Pulse Current and Voltage Requirements for the Positive Signal Pin Test

Trigger

Maximum current during trigger ®

Maximum voltage during trigger @

Current pulse
(I-Test)

OR

Voltage pulse
(E-Test)

I =100 mA
(Immunity Level A from Table 1)

V=
Vimaxop + 0.5 X (Viaxop — Vminop)

with an upper limit of 1.5 x VmaxOP or
-0.5 x VminOP, whichever is more
positive. Apply positive MSV of the signal
pin as the upper limit instead, if applicable.

(1) Inthe I-Test, the maximum current is the forced current; in the E-Test the maximum current is a current

compliance level (limiting current).

(2) In the I-Test, the maximum voltage is a voltage compliance level (limiting voltage); in the E-Test the

maximum voltage is the applied voltage.

Table 5— Timing Requirements for the Signal Pin Test and the Supply Test

o Limits
Symbol Time interval® Parameter
MIN MAX
Wait time before measuring Isyppiy:
TO to T1 The wait time shall be sufficient to allow 3 5
twait f I ms S
T5 to T6 or power supply ramp up/down and
Stab”lzatlon Of Isupply
tmeasure T1 & T6 Measure Isupply Measurement Point
tr T2 to T3 Trigger rise time 1us 5ms
twidth T2 to T4 Trigger duration 2xt® 1s
t T4 to T5 Trigger fall time 1ps 5ms
T7 to Next .
(©)
tcool Pulse Cool down time
TOS®@ Trigger over-shoot + 5% of pulse
(1) The duration should be verified with an oscilloscope. The pulse should reach and maintain a steady-state
value at the target stress level and conform to the waveforms shown in one of the figures of Figure 3
through Figure 6 or Figure 8. This verification should be done:
e during regular, periodic system maintenance/verification,
o after changes in tester hardware or software,
e if a short trigger duration is used (for example, shorter than the tester’s default setting),
o if the measured stress level does not meet the target level,
o if latch-up failures are suspected to be caused by waveform anomalies (see Annex F).
(2) For E-Test and Supply Test: Allowed overshoot voltage; or for I-Test: Allowed overshoot current. See
Annex F for additional information.
(3) Cool down time should be sufficiently long enough to allow the temperature to stabilize to its pre-trigger
value before the next pulse.
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5.6.3 Waveforms for the Negative Signal Pin Test — |-Test / E-Test

Figure 5 and Figure 6 visualize the voltage and current waveforms during a negative Signal Pin Test (I-Test
and E-Test), with the waveform current and voltage settings defined in Table 6. The waveform timing
parameters for the negative Signal Pin Test are identical to the timing parameters of a positive Signal Pin
Test; see Table 5.
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The waveforms when shown in a solid line are the forced voltages or currents and when shown in dashed lines are
the measured voltages or currents.

During I-Test the supply currents for all supply groups are monitored before and after the stress pulse. Latch-up
occurs if any supply meets the failure criteria shown in Table 3. Also, power supply voltages shall not collapse
during the stress as per Clause 5.5.2.

The pre-stress and post-stress current Ipspre and lpspost depend on the state and the circuitry of the PUT.

At the conclusion of the stress, returning all power supplies to ground is an option to reset the DUT. Resetting
supplies is recommended for stability during testing.

Input pins Not Under Test shall be considered Signal Pins Not Under Test and should be controlled according to
Step 4, Clause 5.6.1. Output pins are not included and floated when not under test.

The PUT should be set to logic low (IpsPRE & VpsPRE) before negative current trigger. Output pins can be
omitted from pre/post stress biasing if there is a risk of disturbing the latch-up operating state or risk of pin damage.

In this negative I-Test example, the Isyess reaches the intended trigger level (“Minimum current during trigger”

of Table 6), and the Viimit (“Minimum voltage during trigger” of Table 6) is not reached. During pre-stress and post-
stress, current is being forced into the PUT but is limited at Vminop. Since the voltage is at a set value, the voltage
waveforms are solid lines pre-stress and post-stress. The current is being measured; thus the current waveforms are
drawn as dashed lines. During the stress period, the magnitude of the voltage limit is increased, and Isyess reaches its
intended trigger level. The current waveform is therefore a solid line during the stress period. The voltage is being
measured; thus the voltage waveform is drawn as a dashed line.

Figure 5 — Test Waveform for Negative Signal Pin Test (I-Test)
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3 Waveforms for the Negative Signal Pin Test — |-Test / E-Test (cont’d)
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The waveforms when shown in a solid line are the forced voltages or currents and when shown in dashed lines are
the measured voltages or currents.

During E-Test the supply currents for all supply groups are monitored before and after the stress pulse. Latch-up
occurs if any supply current meets the failure criteria shown in Table 3. Also, power supply voltages shall not
collapse during the stress as per Clause 5.5.2.

The pre-stress and post-stress current Ipspre and Ipspost depend on the state and the circuitry of the PUT.

At the conclusion of the stress, returning all power supplies to ground is an option to reset the DUT. Resetting
supplies is recommended for stability during testing.

Input pins Not Under Test shall be considered Signal Pins Not Under Test and should be controlled according to
Step 4, Clause 5.6.1. Output pins are not included and floated when not under test.

The PUT should be set to logic low (lIpsPRE & VpspRE) before negative current trigger. Output pins can be
omitted from pre/post stress biasing if there is a risk of disturbing the latch-up operating state or risk of damage
to the pin.

NOTE: In this negative E-Test example, the Isyess does not reach the intended trigger level (“Minimum current during
trigger” of Table 6) because Vsyess reaches the Viimit (“Minimum voltage during trigger” of Table 6). During the full
waveform (including pre-stress, stress, and post-stress), the voltage is at set values, therefore the full voltage waveform
is a solid line. The current is being measured; thus the full current waveform is drawn as a dashed line.

Figure 6 — Test Waveform for Negative Signal Pin Test (E-Test)
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5.6.3 Waveforms for the Negative Signal Pin Test — |-Test / E-Test (cont’d)

Table 6 — Pulse Current and Voltage Requirements for the Negative Signal Pin Test

Trigger Minimum current during trigger @ Minimum voltage during trigger @
Current pulse V=
(I-Tespt) Vminop =05 % (Vimaxop = Vminop)
OR I =-100 mA (Table 1) with a lower limit of 1.5 x VminOP or
-0.5 x VmaxOP, whichever is more negative.

Voltage pulse i . -
(E-Test) Apply the negative MSV of the signal pin as

the lower limit instead, if applicable.

(1) In the I-Test, the maximum negative current is the forced current; in the E-Test the maximum negative
current is a current compliance level (limiting current).

(2) Inthe I-Test, the maximum negative voltage is a voltage compliance level (limiting voltage); in the E-Test
the maximum negative voltage is the applied voltage.

5.7 Supply Test
5.7.1 Supply Test Flow
All supply pins or supply pin groups on the package are tested with the Supply Test.

The Supply Test shall be performed according to the testing matrix summarized in Table 2. Each supply pin
or supply pin group will be stressed with biased inputs tied either to Vmaxop voltage or to (Vminop) voltage
for a total of two (2) combinations. Latch-up testing will be performed with the waveforms and timing
diagrams specified in Clause 5.7.2.

For supply voltages that are negative with respect to ground, overvoltage stress will be in the negative
direction.

When performing the Supply Test on power supplies providing power to inputs, the threshold for a high
state on the inputs will rise in proportion to the power supply. It is important to ensure that the Vmaxop ON
the inputs remain above the increased logic high threshold or the circuit may change states and create a false
latch-up indication.

If a latch-up failure occurs when the input pin(s) fall below the valid logic-high threshold, engineering
judgment shall be used to determine whether the failure is a valid latch-up condition, or a failure caused by
a change in state.

One suggested detailed Supply Test procedure is given below and in Figure 7. It covers all the conditions
in the test matrix in Table 2. The testing order of the stress conditions may vary as long as all conditions are
met in the test Matrix table, Table 2. The procedure below describes one possible sequence for performing
all Supply Tests with inputs tied to Vminop and with inputs and tied to Vmaxop.
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5.7.1 Supply Test Flow (cont’d)
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NOTE The order of the Vminor/Vmaxor Setting is arbitrary.

Figure 7 — Supply Test Flow Example: Power Supply Stress with Input Pins Biased to Low
(Vminop) and to High (Vmaxop)

Step:

1) Inserta device that has met electrical specification in the test socket. Ensure that the desired temperature
at the DUT has been reached and has stabilized. Check the DUT continuity to ensure that each pin
makes good electrical contact. If the DUT continuity fails, re-seat the DUT in the socket until good
contact is achieved.

2) Power up the device per power-up sequence specification.

3) Precondition the device according to Clause 5.4.3.

4) Inputs pins that are not used for preconditioning are tied to either Vmaxop o Vminop and outputs are
floated during stress.

5) Measure nominal Isypply at Vmaxsup for each supply pin (or supply pin group).

6) After the wait period, apply a voltage trigger into the Vgypply pin (or pin group) as specified in Clause
5.7.2 and as described in Table 7. Measure the current and voltage of the Stress Supply and Vsypply(s)
during the stress period.
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5.7.1 Supply Test Flow (cont’d)

7) After the trigger source has been removed, return the Vsypply pin (or pin group) to the level before the
application of the trigger pulse (voltage equivalent to Vmaxop) and measure the lsypply at Vmaxsup for
each Vsupply pin (or pin group). If any Isypply is greater than or equal to the failure criteria specified in
Clause 5.5, latch-up has occurred and the DUT has failed latch-up testing. The power supply shall be
removed from the DUT to end latch-up, further testing is stopped if latch-up has occurred.

NOTE If the device has failed latch-up, but is not physically damaged, it is permissible to restart the latch-up testing
to continue testing the other Vsupply pins to determine if there are other pins that fail latch-up testing.

8) If latch-up has not occurred, after the necessary cool-down time, continue to the next supply pin or
supply pin group under test and repeat steps 2 through 8 until all supply pins or supply pin groups are
tested for the Supply Test.

9) Repeat steps 2 through 10 with input pins tied to Vminop. Input pins needed for preconditioning may be
left in the proper preconditioning state. Outputs are left floating (similar to Step 5).

10) It is good practice to perform continuity testing at completion of the stress run at temperature.
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5.7.2 Waveforms for the Supply Test

Figure 8 visualizes the voltage settings (waveform) during a Supply Test, with the waveform voltage and
current settings defined in Table 7. The waveform timing parameters for the Supply Test are defined in
Table 5.
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The waveforms when shown in a solid line are the forced voltages or currents and when shown in dashed lines are
the measured voltages or currents.

During the Supply Test, the supply currents for all supply groups are monitored before and after the stress pulse.
Latch-up occurs if any supply current meets the failure criteria shown in Table 3. Also, power supply voltages
shall not collapse during the stress as per Clause 5.5.2.

The pre-stress and post-stress current Ipspre and lpspost depend on the state and the circuitry of the Vsupply pin (or
pin group).

At the conclusion of the stress, returning all power supplies to ground is an option to reset the DUT. Resetting
supplies is recommended for stability during testing.

Input pins Not Under Test shall be considered Signal Pins Not Under Test and should be controlled according to
Step 4, Clause 5.7.1. Output pins are not included and floated when not under test.

NOTE In this Supply Test example, the Vsuess reaches the intended Trigger Voltage of Table 7, and the ljimit is not
reached. During the full waveform (including pre-stress, stress, and post-stress), the voltage is at set values, therefore
the full voltage waveform is a solid line. The current is being measured; thus the full current waveform is drawn as a
dashed line.

Figure 8 — Test Waveform for the Supply Test
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5.7.2 Waveforms for the Supply Test (cont’d)

Table 7 — Pulse Current and Voltage Requirements for the Supply Test

Trigger Trigger Voltage Trigger Current Limit

a) limit = 100 mA + Iyom =
=100 mA + Z Inomi

all supplies
in supply
group i
1.5 X Vmaxsup or MSV,
Voltage pulse whichever is less.

(Table 1)

or

b) Bimit = 1.5 X Inom =
= 15 X Z Inom,i

all supplies

in supply
group i

whichever is higher.

NOTE The values in the table are minimum requirements to pass the test. The limit values can be higher
which, in many cases, may more easily detect a latch-up susceptibility.

5.8 Functional and Parametric Test After Latch-Up Stress

Functional and parametric testing is required to detect damage from short duration latch-up events or other
electrical stress that may occur during latch-up testing.

Latch-up events triggered during Supply Tests or Signal Pin Tests may damage the device, and the
damage could end the latch-up event before the latch-up tester detects the failure (short-duration latch-
up). A failure in the functional and parametric test may be the only indication of this kind of latch-up.

Latch-up Signal Pin Tests could directly damage the DUT through an overstress event not associated
with an actual latch-up event.

Functional and parametric testing can be used as part of the failure analysis to determine the source of
damage.

These types of damage (undetected short-duration latch-up events and non-latch-up induced catastrophic
damage) may prevent proper control of the device during automated latch-up testing and could invalidate
some latch-up test results for some pins on the device.

Some guidelines to assess the functional and parametric result after a latch-up stress are:

If the functional and parametric test failure is suspected to be caused by an ESD issue (hot latch-up
stress), repeat the latch-up test with fresh samples and ensure proper ESD handling guidelines are
followed.

If the functional and parametric test failure is suspected to be caused by non-latch-up induced
catastrophic damage during latch-up stress, adjust the trigger pulse according to Table 3, and repeat the
latch-up test with fresh samples.
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5.8 Functional and Parametric Test After Latch-Up Stress (cont’d)

e If samples latch-up tested to the Immunity Level A conditions in Table 1 still fail, then with fresh
samples, the Signal Pin Test can be adjusted to a value at which the integrated circuit can pass the latch-
up test and post parametric and functional tests per device datasheet specification.

5.9 Failure Analysis

A variety of failure analysis methods can be useful in analysis of failures from latch-up testing. The situation
is most straight forward for latch-up failures which result in physical damage. Fused metal lines can point
to the failed circuits. In cases with melted silicon, the damage can show the exact position of an unintended
SCR (pnpn) structure. Optical and thermal emission microscopy can be especially useful for finding suspect
circuitry in cases both with and without physical damage. Failure analysis can also be used to separate true
latch-up failures from simple electrical overstress. In all cases, failure analysis requires considerable
engineering judgement and may be guided by the experience and resources available.

5.10 DUT Disposition

Latch-up testing is potentially destructive. Devices used for latch-up testing shall not be used or considered
as salable devices.
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6

Report Requirements

Suppliers will report:

The version (revision letter) of JEDEC JESD78 followed during the testing.

Latch up immunity capability: state the goal of the test and the highest sustained actual stress current for
the Signal Pin Test (if Level A or higher) plus state the goal of the test and the highest actual stress
voltage for the Supply Test (if Level A or higher), on a device or pin-by-pin basis.

Integrated circuit classification per Clause 3 and Table 1.

Number of samples used for each stress condition.

Signal Pin Test method (I-Test or E-Test) used. If both methods were used, specify which one on a pin-
by-pin basis.

Viimit value(s) used (1.5 X Vmaxop and/or MSV).

The lLimit settings per supply pin (or supply pin group).

Any passive or active elements used.

Specify any unmonitored tester and vector supplies.

Report test temperature. Specify measured maximum temperature as ambient, case, or junction.
Ambient or case temperatures shall achieve Tjmax for Class Il testing.

Appropriate data shall be recorded for correlation in case the test has to be rerun. Example of recorded data
may include clock frequency (for dynamic devices), pulse width, vector set used for preconditioning,
temperature, trigger conditions, supply current limits (Ijimit) and the latch-up Isyppry current. Recorded data
is especially important for failing pins. Also, for pins that would never have detected latch-up on the
application, those pins should be recorded as special pins per Annex A.

Examples for recording and reporting data are shown in Annex D.
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Annex A (Informative) Special Pins

Al Purpose

Integrated Circuits have become increasingly complex in the types of circuits contained in any individual
device. A number of these circuit/pin types have required engineering effort to determine the proper manner
to set up and perform latch-up testing. Additionally, devices and test hardware can be damaged by simply
applying standard testing methodology.

This annex intends to provide guidance to test these non-standard pin types/configurations. It is not expected
to address every possible case and new cases are expected to be added to future revisions of the specification.
It is recommended to test all pins without limitations before using allowable limitations described in this
annex.

Complex integrated circuits contain individual pins that do not fit cleanly into the categories Signal or Supply
Pins.

e Many pin types require special consideration to determine whether the Supply or Signal Pin Test should
be run.

e Some pin types require unique pre-configuration or special data assessment methods to properly perform
latch-up testing.

o Failure to heed this guidance may result in destructive damage to devices and hardware for certain pin
types.
e Some pin types can be tested with relaxed requirements due to lower latch-up risk.

A2 Pins Creating Latch-Up Challenges

Categories of Signal pins

e Signal pins supplied from internal power domains.

e Pins connected though passive components (resistor or capacitor).
e Differential inputs (Op amps, comparators, diff amps).

e Input/Output pair with inverter between them.

e Multi-mode pins with multiplexed digital and/or analog circuits.
e RF pins with an inductive connection to ground.

e Temp sensing diode pins.

Dual Purpose signal/supply pins

e Pins that act as signal and supply.
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A2 Pins Creating Latch-Up Challenges (cont’d)

Categories of Supply and associated pins

e \oltage or current reference pins.

e Voltage sense pins.

e Current sense pins.

e Onboard DC regulators.

e Onboard Switched mode regulators.

o Circuits with multiple supply sources.

e Power supplies with one-time elevated write voltage for non-volatile programming.
e Power supplies with specific relationships.

A.3 Definitions

Current Reference - is an electronic component or circuit that by forcing a built-in reference voltage
through an integrated resistor produces a constant DC output current regardless of variations in external
conditions such as temperature, barometric pressure, humidity, voltage demand, or the passage of time.

Current Sense Pins — current sense pins are pin pairs used to detect a differential voltage across a small
value resistor and amplify this voltage. The magnitude of the voltage is proportional to the amount of current
flowing through the resistor. The current sense resistor could be located near the most positive voltage
source (high side) or near the most negative voltage source (low side). In the case of a high side current
sense pin pair, there is the added requirement that the pins have to measure the small differential voltage on
the resistor with a much larger common mode voltage produced by the most positive voltage. ESD protection
for high side current sense pin pairs normally consists of a common mode protection element (pin pair to
ground) and differential protection elements (between pin pairs). This type of ESD protection can complicate
latch-up testing.

External Ballast Control Pin — An output pin that controls an external ballast transistor (MOS or bipolar)
when used as a driver for an on-chip regulator. When the ballast transistor is bipolar, the output drives the
base and when the transistor is MOS, the output drives the gate. A pull-up/pull-down resistor and
compensation network is typically connected to this output.

LDO Regulator (Low Dropout Regulator) - an LDO regulator is a DC linear voltage regulator which can
regulate the output voltage even when the supply voltage is very close to the output voltage. Use of internal
LDO on devices requires special considerations for latch-up testing.

Switched Voltage Regulator Pin — Any product pin that will be used to implement a switched mode power
supply, and which is intended to be connected to an external component such as a power FET, inductor, or
capacitor. These pins are typically associated with floating high voltage supplies and will require special
handling during latch-up testing.
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A3 Definitions (cont’d)

Voltage Reference - is an electronic component or circuit that produces a constant DC output voltage
regardless of variations in external conditions such as temperature, barometric pressure, humidity, current
demand, or the passage of time.

Voltage Sense Pin(s) — A pin used to monitor a voltage level on a component for purposes of voltage
regulation of an external power supply.

A4 Special Pin Guidance

This clause will give guidance on developing test plans for some specific device pins requiring extra care
during latch-up testing. Flow charts are used extensively to demonstrate the thought process needed for
developing special pin test plans.

The flow chart for each individual special pin type contains a numbering scheme for each path of the flow
chart (see Clause A.2). For instance, Figure 9 (Pins Connected through Passive Components) highlights six
different possible paths, each being numbered 1A-1F. Some of these numbers will be referenced in the
Special Pin Application Examples starting in Figure 25.
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A4

Signal Pin Categories:

Special Pin Guidance (cont’d)

Pins Connected through Passive Components — It is recommended to avoid using passive components for
these pin types on the product’s latch-up test board. These cases may be susceptible to coupled injection
particularly if the traces extend beyond the application system or if poor system design practices are used
(long traces). Many integrated circuit pins connect to passive components only: resistors, capacitors, and
inductors. In some instances, these components are needed for device stability and it is necessary that the
passive components be attached to the device during latch-up testing. Reasonable arguments can be made
for the elimination of testing for pins that are connected to passive (resistor, capacitor) components only, or
reduction of stress levels for passive components that come between the integrated circuit and active signal
lines/power supplies/ground. Since the possibility of latch-up being initiated by injected or coupled
transients is a real concern, the elimination of all latch-up testing on a pin should be avoided, unless the risk
associated with the actual system is fully understood.

Resistor——»

Ahich type o
passive
omponen

‘/Pinsconnected
\ through passive
component

Capacitor

What is the

connection to

What is the
onnection to?

Through a resistor to another device————|

-Through a capacitor to another device————|

Allowable to reduce the stress pulse current to
compliance voltage divided by resistor value. For
Vmaxop use internal voltage. Normally these pins

behave as an output.

Resistor to Ground———————— >

Allowable to reduce the stress pulse current to
compliance voltage divided by resistor value. For
Vmaxop use power rail voltage. Normally these pins
behave as an input.

Allowable to reduce stress pulse current to
compliance voltage divided by resistance.

\

Pins connected with resistor between

v

These pins can be input or outputs, can be
susceptible to coupled injection particularly if the
traces extend beyond the application system.

A

Pins connected with a capacitor between

Low risk — can omit latch-up testing, however can
be susceptible to coupled injection so test if
possible

Capacitor to power or ground——

Low risk - can reduce stress pulsecurrent based
on worst case transient

|

Figure 9 --- Pins Connected through Passive Components
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Differential Inputs: Op Amp inputs, clock oscillators, Comparators — These pin types can have a high
risk of causing unintentional damage to the component and/or test hardware if not handled properly.

have anti-parellel
diodes between

s the circui
stable with
differential input

Differential Inputs: Op
amp inputs, clock
oscilators. comparators

or differential
amplifier?

between them?
Yes

Type of

Use standard signal pin test flow

v

Tie pins together during injection (test
simultaneously — common mode) or
float one of the pair to test the other.

A 4

When stressing unrelated pins, or one
of the pin pair, the differential pins
need to be at opposite potential — must
be mindful of the max allowable
differential voltage between the pins.

Y

Need to be aware that having inputs at
the same voltage may cause

amplifier omparator

A 4

oscillations. Recommend biasing inputs
as untested pins at opposite potential

Differential Ampr-

Short pins together run signal pin test

Figure 10 --- Differential Inputs: Op Amp inputs, Clock Oscillators, Comparators

N
(@]

N
o

Inputs, Outputs, 10s powered by internal power domain - These pins require special consideration to
avoid electrical overstress or to miss an actual latch-up event occurrence.

Inputs, Outputs, 10 \
//np LI S_' s Source of\k
(powered from an internal .
. ternal powe
power domain ” . -
“C /,,/ Normal 10 latch triggering - latch-up observed when
Powered by an internal voltage regulator internal voltage rail droops or external voltage supply

with max current limits

Powered by an LD O————————————p

Diode takes voltage to compliance voltage, some LDOs can’t
handle this voltage (concern with positive and negative I-
test) Need to define voltage low enough not to cause EOS.

increases in current - collapsing supply concern - needs to

be regarded as Latch-up

Figure 11 --- Inputs, Outputs, 10s powered by internal power domain

Input/Output Pair with an inverter between them - Requires modification of Vimaxop O Vminop biasing.

‘,/Input output pair with
\_ inverter between

A 4

With the inverting pin high run signal pin test on output
low onlyand with inverting pin low run output singal pin
test high only

Figure 12 --- Input / Output Pair with an Inverter In-Between

. I
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A4 Special Pin Guidance (cont’d)

Multi-mode pins with multiplexed digital and/or analog circuits - Pins with multiple functions need to
be assessed for latch-up in each mode if latch-up protection is inside of the Multiplex circuits.

T

/ﬁr;s with Digital an - . S

/ | | ) . .

\ Analog circuits ;/Igor:shr;?:(:ﬁ:;?;c; cht?\?(leateﬁ\ Test with muxed input in each mode
muxed

Test with standard methods

\ 4

A 4

Figure 13 --- Pins with Digital and/or Analog Circuits Multiplexed

RF pins with an inductive connection to ground - RF pins may be particularly sensitive to excessive
current.

A 4

| stress pulse current to avoid EOS (metal fusing)

‘/RF pins with direct connection to ground\\ Keep pulse short as possible, may need to limit
\_through inductor, capacitive conductcy

Figure 14 --- RF pins with direct connection to Ground

Temperature sensing diode pins - Thermal diode pins typically are in pairs(anode/cathode).

The Cathode pin can be treated as a ground pin. The Anode pin should

@ermal sensing diode pirDl be treated as a signal pin, typically the Vhigh value is voltage of the rail
\%/ that supplies ESD protection

A 4

Figure 15 --- Temperature Sensing Diode Pins
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A4 Special Pin Guidance (cont’d)

Dual Signal / Supply Categories:

Multi-mode Signal/Supply pins - Certain pins may act as a signal pin or a supply pin dependent on the
usage case.

/ Pins that act as a supply and "\ For all supply testing keep the pin configured as a supply pin.
| signal types require special |

For signal testing configure it as a supply pin except for signal
\ testing / pin testing of the given pin

Figure 16 --- Multi-mode Signal/Supply Pins

A 4

Supply and Associated Pin Categories:

Voltage and Current Reference Pins - These pins are often labeled with power supply-like haming, but
usually need to be tested as Signal Pins.

N ) Run supply test on
the Vref pin

A, S the voltage
Notlage and Current What type of | . reference supplied ,
\Reference Pins reference Pin Voltage Referenc

by an exxternal

Run signal pin
test(high=voltage from

Yes > so{urce , Iow=gn§) if gnd
disrupts the device low
signal pin test may need to
be omitted

ee—
Current or Ground reference: P»| Run signal pin test

Figure 17 --- Voltage and Current Reference Pins

Voltage Monitor and Sense Pins - These pins are often labeled with power supply-like naming, but usually
need to be assessed with Signal Pin Test.

(/Voltage Monitor What are pins Directly to Power suppl Bun Supply test 10A
and Sense connected to Y with power supply
Run positive signal
Between power rail and ground 3 pin test, may need 108
(e.g LDO monitor, switched mode regulator) to limit stress pulse
current

Figure 18 --- Voltage Monitor and Sense Pins
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A4 Special Pin Guidance (cont’d)

Current Sense Pins - Current sense pins require special handling to avoid device damage.

Special precautions — large common, small

(s s curentsense———— P e con o | LA
testing in differential mode.
Low side Current Sense P Run signal pin test 11B
Figure 19 --- Current Sense Pins
Table 8 --- DC Regulator Cross References
Pin Name Cross Reference Table
Function Integrated regulator Gate Driver/regulator
Switch pin SW or PH or LX (device output) | HS or LX or PH (normally a
power supply)
High side driver Internal HO or HDRV
Low side driver or grounding Internal LO or LDRV
FET
Boot HB or VB

Choot, Boot, Boost
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A4 Special Pin Guidance (cont’d)

DC Voltage Regulators - There are a number of special cases that arise with devices that contain DC voltage
regulators that may supply internal or external circuits. Signal Pin Test and/or Supply Test may be required.

L/DC Regulators |——DC

Run supply test on LDO input,
Supplies another run signal pin test on LDO output
component — need to consider contention

(high 2)

Type of DC regulator

If the LDO can be run in bypass,
ON die or run supply test with LDO in normal
package and bypass mode, otherwise run
supply test on LDO input

capacitors
located

Internal regulator connected

to ballast transistor .
If LDO can be run in bypass, run supply test on

LDO bypass and LDO input, otherwise run
External cap (VCAP——— supply test on LDO input. If cap not present
LDO may not provide steady power resulting
v in ambiguous results

allast transis:
present on test
board

If ballast transistor must be
present, then only supply test on
high voltage supply

Yes

v

High voltage power rail - supply test, low voltage

N | power rail supply test, Ballast conrol output -

supply test. Ballast control output signal should
be turned off if possible

Figure 20 --- DC Voltage Regulators

12

!

128

12C

12D

12E
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A4 Special Pin Guidance (cont’d)

Switched voltage regulators - This flow chart shows a range of general cases - particularly for Case 11B
where there are many variants which may require engineering assessment. Components with switched
voltage regulators have the potential for device damage if handled improperly. Some of these specific

constraints can be addressed in the component specification.

Tie boost and switch together and run suppply
test. BD supply test, EN,, PG, and Vfb with siignal
pin test

Boost reg with
embedded diode

A\ 4

Run supply test on input,
Run signal pin test on the
No—»{ output(s) (switch/phase/HS)
—must be careful of
contention — ideally tri-state

Output can be
turned off or
both FETS tri-
stated

Integrated
regulator

Degree of
integration

( Switched Regulatm )

\_ (Boostor Buck) /

Run supply test on input, Run

signal pintest on the output(s)

Yes— (swtich). Normal practice is to

not use LC circuit or capacitor on
the test board.

Treat BOOT to SW stress as independent combination; test
using BOOT to SW difference voltage (MSV) with SW at
ground (BOOT tested positive signal pin test only) with all
other pins at normal bias conditions.

Test all other pins with SW & BOOT as outputs and BOOT
tied to SW with a capacitor.

Some integration
L

A 4

Usually referred to as a regulator gate drive. Requires a number of special

» | considerations - 1. HB to HS differential - Run supply test. 2. Tie HB/HS together and

run supply test. 3. For HO (need to have HB/HS tied to a power supply), 4. LO,
PWMX<EN run signal pin test

Requires External components
L

Figure 21 --- Switched Voltage Regulators

Circuits with multiple supply sources — Components can have more than one power supply for a given

portion of circuitry.

Set Vsupplymax to the higher of

Internal/External
the two supplies max voltage.

Run the Supply test using the
external supply

/Eircuitry with
[ multiple power
supplies

nternal/External o
external supplies

set Vsupplymax to the higher of

the two, configure with supply

that supplies more circuits then
run supply test

Figure 22 --- Circuits with Multiple Supply Sources

13A

13B

13C

13D

14A

148
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A4 Special Pin Guidance (cont’d)

Power supplies with a one-time elevated write voltage for non-volatile programming

Supplies with higher Perform supply test with respect to the use/read voltage. Write
programming use voltage »  operations are normally done with a very tightly controlled
with lower use voltage supply — supplier needs to assess latch-up risk for programing

Figure 23 --- Non-Volatile Programming Pins

Power supplies with specific relationships

/Iﬁwer supplies that closely interact can have limitations A %i:?;z?i:lestj rilsiith:ef;\:\;enrcisplyn:’:;ai:;'ther
| on the voltage differential between the 2 supplies — may » E SUpply hig pp

h stressing the other supply such that the voltage
ause damage or alter the compenents state if exceede: . 8 . Pp y &
differential limitations are not exceeded.

Figure 24 --- Power Supplies with Specific Relationships
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Figure 25 --- Example 1: Complex Microcontroller
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A4 Special Pin Guidance (cont’d)

COMMUNICATION PORT BIAS GENERATOR
1 VDD 1 1 1 VDD
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Figure 26 --- Example 1: as used in a Typical Application
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A4 Special Pin Guidance (cont’d)
SET-UP SET-UP
B A A B
our ! e 8
0 1 A v+ 36 V
| A |
H L IN:_UT - A OlBJT 0 1
2D " .
INPUT
L H IN:+UT 2y H L -
ﬁA -
4 + = 53
GND V- — NEUT] L H
Figure 27 --- Example 2: Differential Comparator
VIN H—
cép oI E R

Buck Regulator with
! non-integrated FETS
i and high side current

13

: sense

Figure 28 --- Example 3: Non-integrated Regulator
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A4 Special Pin Guidance (cont’d)

14V reeosack[

SW=8V

C?OW = FLOAT OTHERWISE

/OR CBOOT STRESS SW=GND

{] Caoor

!
, -

\ SW=OUTPUT “Z" OTHERWISE
SW=40V

13B or
13C

Figure 29 --- Example 4: Integrated Regulator
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Annex B (Informative) Calculations for Junction, Ambient or Case Temperature

Device datasheets will typically specify maximum junction, case or ambient temperature required for
operating a part. Datasheets will typically also specify maximum operating voltage, current consumption
and or power consumption. If only one temperature (junction, ambient or case) is specified, the other
temperatures can be calculated using the power consumption and appropriate heat transfer coefficients for
the operating condition.

Operating conditions of interest for this specification are field operation and latch-up test conditions. As an
example, the power consumption in the field for Tjmax calculation is typically higher than during latch-up
testing. Similarly, the heat transfer coefficient for a forced air system blowing on the surface of a DUT
during latch-up testing can be higher than field operation of the part in still air or with a fan cooled heatsink.
When performing temperature calculations, it is important to use the power consumption and heat transfer
values applicable to the test condition.

In the following, methods for calculating ambient (T3), case (T¢) or junction (Tj) temperature are determined
by using three parameters.

The first parameter, PLy (power latch-up test) or Prigp (power in the field), is the average power
consumption defined as the product of nominal supply voltage and nominal supply current under in the field
or latch-up test condition applicable to the calculation. For field operation calculations, voltage, power
consumption and temperature are the datasheet maximums. For the latch-up test condition calculations, the
power consumption just prior to application of the trigger is used in conjunction with the desired test
temperature and voltage.

The second and the third parameters are 6ja and 0jc, the thermal resistances relative to ambient and package
case, respectively. As with power consumption, the thermal resistance should be appropriate to the test
condition of field operation or latch-up testing.

However, it should be noted that the thermal resistance for junction to case, 6jc, and junction to ambient, 6ja,
during latch-up testing may not be the same as during field operation. Awareness of the differences in heat
transfer coefficients during latch-up testing and in the field is important for achieving the proper latch-up
test temperature. A description of methods frequently used to achieve Tjmax during latch-up testing are
described below.
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B.1 Calculating Operating Ambient Temperature Ta or Tj from One Known Temperature

If the operating ambient temperature is Tj, the operating junction temperature is Tj, the device power
consumption under latch-up test condition is Py, and the ambient environment to transistor junction thermal
resistance is 0ja, the following equation is used for calculating T5 from the required Tj, or vice versa. It
should be noted that for field operations, the dynamic power consumption and the transistor junction leakage
at Tjmax will affect Pg_p. For field operation calculations temperature calculations, substitute Pgp for Py,

Ta=T;—PLu X 6ja
or
Tj=Ta+PLux 0
B.2 Calculating Operating Case Temperature Tc or Tj from One Known Temperature

If the operating case temperature is T¢, the operating junction temperature is Tj, the device power
consumption under latch-up test condition is Py, and the ambient environment to transistor junction thermal
resistance is 0jc, the following equation is used for calculating T from the required Tj or vice versa. For
field operation calculations temperature calculations, substitute Pg|_p for P u.

Te=Tj—PLu % 6jc
or
Tj=Tc+PLy X 6jc
B.3 Temperature Monitoring and Control Equipment

Some form of temperature monitoring is needed to ensure that the DUT is at the proper temperature prior
to initiating latch-up stress.

Devices having the capability to monitor temperature using an on die thermal diode or other built in
temperature monitoring functionality can use this capability to monitor Tj. Any on die thermal monitor
should be properly calibrated to ensure the monitor is accurate.

It may not be possible to directly measure Tj for some DUT types. If this is the case, other monitoring
methods can be used to control Tj. Typically, this requires other temperature parameters such as package
temperature, forced air stream temperature or the temperature of a conductive heat transfer surface used to
heat or cool the DUT. If these methods are used, it is necessary to calculate the thermal resistance between
the monitored parameter and Tj. Examples of monitoring and control equipment include the following:
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Temperature Monitoring and Control Equipment (cont’d)

Use of thermocouples or other temperature sensors embedded in the package and/or in contact with the
die that can be used to characterize the effect of temperature forcing systems and measure package or
die surface temperature. If package temperature is measured and the case to junction thermal resistance
during test is known, package temperature can then be used to monitor Tj. Similarly, if the thermal
resistance between the die surface and Tjmax is known, die surface temperature can be used for

temperature monitoring. See Annex B.1 and B.2 for a description of how to calculate Tj based on T¢
and thermal resistance.

Temperature controlled forced air heating and cooling systems — When using a temperature controlled
forced air system, the temperature of the air impinging on the package may be the only monitor available.
If the thermal resistance between the temperature of the forced air and Tj is known through pre-
characterization and/or thermal modeling, the temperature of the forced air can be used to represent Tj.
This approach can be used when power dissipation of a DUT is low during test and heat dissipation wait
periods are used after preconditioning to allow operational heat to dissipate. When initiating or changing
temperature set points of forced air systems, adequate time should be allotted to allow the junction
temperature to reach thermal equilibrium with the forced air and stabilize at the desired Tj.

Robotic and automated handlers — Robotic and automated handlers frequently use on die temperature
monitors such as thermal diodes to measure and provide analog or digital feedback to the handler. These
handlers actively control the heating and/or cooling source for maintaining the desired latch-up Tj. If
no die-on-die thermal monitor capability is available, the handler set point should be set at Tjmax.

Other Temperature Control methods (for example., hotplates, cold plates, Peltier devices, radiant
heaters, etc.):

o When using any temperature control system, heat will flow into and out of the surfaces of the DUT
at the points of heat transfer.

o ltis typically necessary to apply temperatures above (when heating) or below (when cooling) the
desired Tj set point to account for the thermal gradient between the heat transfer surface or
temperature monitoring point and the DUT transistors.

o Thermocouples, pre-characterization and/or thermal modeling, as described above, can be used to
accurately predict and control Tjmax based on the temperature offset between the hottest junction
on the die and the set point of the thermal control method.

o Conductive and radiant temperature control methods will often have a slow response time for set
point changes. Adequate time should be allotted to allow the junction temperature to stabilize at the
desired Tjmax When using these types of systems for thermal monitoring and control.
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B.4 Device Temperature Control
B.4.1 Temperature Control Methodology

Latch-up testing should be performed in the lowest low power state possible so that latch-up current changes
can be detected. In some cases, the physical configuration of the latch-up tester prevents use of heat
dissipation methods and ambient conditions that a device would see in field operation. For devices with
higher power consumption during field operation than the low power state used for latch-up testing, the DUT
should often be heated to achieve maximum operating temperature due to the low power consumption. It is
therefore not unusual for latch-up temperature control to differ from temperature control in field operation.

For devices with high power consumption during latch-up testing, it may be necessary to cool the part to
maintain the temperature needed for latch-up testing. It is also possible that both cooling and heating are
necessary for parts that consume high power during pre-conditioning for latch-up, but then go into a low
power state when latch-up stress is applied. As an example, the device could be cooled for the
preconditioning pattern burst, and then heated for the duration of the low power state when latch-up stress
is applied.

Any temperature control method used during latch-up testing should account for any heat applied to the
DUT (typically conductive or forced convection), any thermal dissipation from the DUT, power
consumption in low power states and power transients that occur during device preconditioning. Use of
cooling systems, minimization of self-heating and use of cool down periods or reduced clock frequencies
for preconditioning can be used as mitigation techniques to cool the device during preconditioning and allow
the temperature to stabilize at the desired temperature when latch-up stresses are applied.

B.4.2 Class Il Testing

Since the likelihood of latch-up occurring increases with temperature, Class Il latch-up testing must be
performed at the maximum temperature specified in the product data sheet.

Product datasheets typically specify maximum operating junction temperature (Tjmax). This typically
applies to the hottest junction on the die. However, some product datasheets define maximum operating
temperature in terms of maximum case temperature (Tcmax) or maximum ambient temperature (Tamax).

When reporting the Class Il test temperature, the latch-up test report should indicate Tjmax, Tamax or Tcmax
applicable to the product datasheet. Using Tcmax or Tamax as a set point for temperature control during
latch-up testing can result in inaccurate temperature control if the temperature control methods used for field
operation differ from those used during latch-up testing. If a datasheet specifies Tcmax or Tamax and not
Tjmax, an equivalent Tjmax can be calculated using the methods discussed in this Annex. The calculated
equivalent Tjmax can then be used as the set point for the latch-up testing temperature control method used
to achieve Class Il test temperatures.



JEDEC Standard No. 78F.02
Page 51

B.4.3 Tjmax Determination

Proper temperature control for Class Il latch-up testing is critical to accurately test a product. Tj can vary
spatially across the die during operation. Datasheet Tjmax typically refers to the hottest junction on the die.
Using the datasheet Tjmax (or its equivalent) for latch-up testing ensures that any latch-up sensitivities for
the hottest junction are evaluated at the maximum field operating temperature.

If Tjmax is not listed in the product datasheet, it can be calculated from the applicable datasheet temperature
specification, such as Tcmax or Tamax, using the appropriate thermal resistance coefficients and dissipated
power. This Annex provides equations for calculating Tj, Ty and T¢ based on dissipated power and thermal
resistance (0).

The thermal resistance for junction to case (0jc) and junction to ambient (6ja) during latch-up testing may
not be the same as during field operation. Awareness of the differences in heat transfer coefficients and
dissipated power during latch-up testing and in the field is important for achieving the proper latch-up test
temperature.
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Annex C (Informative) Equivalent Circuits for Latch-Up Testing

Positive Signal Pin Test (I-Test):

Isupply1
Measurement
Pin Under Test Vv _\{suppIyZ R
—_— supply1 + :
[5]1 Source = — ) :
Devices shall be tested | | [ ()Vsupplw \]‘ lsuppiy2
with all input pins ] — - - Measurement
(including bi-directional | —| [
[2]) in the following — — g_”tp”t
+| conditions [3]: — — Ins [4] Z+
-- Tied to Vmaxop - = ’.—:"-,\
g 3 -- Tied to V,0p —_ — fn v
Al ’JI 1
N " — GND — e y supply2 [1]

Trigger source |

NOTE 1 DUT biasing includes additional Vsppiy SOUrces as required.

NOTE 2 DUT is preconditioned so that all signal pins are placed in a valid state per Clause 5.1. Signal pins in the
output state are open circuit, except when being latch-up tested.

NOTE 3 Vmaxop and Vminop are per the device specification. When bias levels are used in respect to a non-digital

device, it means the maximum high (Vmaxop) or minimum low (Vminop) voltage that can be supplied to the pin per
the device specifications, unless these conditions violate device setup condition requirements.

NOTE 4 Output pins are open circuit except when latch-up tested.
NOTE 5 The trigger test condition is defined in Figure 3 and Table 4.
NOTE 6 Dynamic devices may have timing signals applied per Clause 4.1.1.

Figure 30 — Equivalent Circuit for Positive Current Pulse Signal Pin Test Latch-Up Testing
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Positive Signal Pin Test (E-Test):

Pin Under Test

Isupply1
Measurement

—_—
[5] V Source

Devices shall be tested
with all input pins
(including bi-directional
[2]) in the following
conditions [3]:

() -- Tied to V,.,0p

-- Tied to Vinor
Trigger source

- —

Vsupply1

GND

\'4

| “supply2....
— )

Output
Pins [4]

NOTE 1 DUT biasing includes additional Vsppiy SOUrces as required.
NOTE 2 DUT is preconditioned so that all signal pins are placed in a valid state per Clause 5.1. Signal pins in the
output state are open circuit, except when being latch-up tested.
NOTE 3 Vmaxop and Vminop are per the device specification. When bias levels are used with respect to a non-digital

device, it means the maximum high (Vmaxop) or minimum low (Vminop) voltage that can be supplied to the pin per the
device specifications, unless these conditions violate device setup condition requirements.

NOTE 4 Output pins are open circuit except when latch-up tested.
NOTE 5 The trigger test condition is defined in Figure 4 and Table 4.

NOTE 6 Dynamic devices may have timing signals applied per Clause 4.1.1.
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(Informative) Equivalent Circuits for Latch-Up Testing (cont’d)

+ -
VSu 1”‘-- 1 I
pply1 Y ‘supply2
<> "']-.--: Measurement

\ S Vsupplyz [1]

- -
—

Figure 31 — Equivalent Circuit for Positive VVoltage Pulse Signal Pin Test Latch-Up Testing
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Annex C (Informative) Equivalent Circuits for Latch-Up Testing (cont’d)

Negative Signal Pin Test (I-Test):

Isupply1
Measurement
Pin Under Test | Veupvz. ... |,
- Vsuppiy1 + :
[5]1 Source = — ) -
Devices shall be tested : : C)Vsupplﬂ (\ ﬁ:g’;‘ﬁemem
with all input pins _ | Z T
(including bi-directional ) | | Output .
[2]) in the following '< Pins [4]
" |_ conditions [3]: ] [ 4
@ - Tied to Vpaop — —
-- Tied to VminOP = - i‘ E V 1
+ . — GND — N supply2 [1]
Trigger source | .

NOTE 1 DUT biasing includes additional Vsyppiy as required.

NOTE 2 DUT is preconditioned so that all signal pins are placed in a valid state per Clause 5.1. Signal pins in the
output state are open circuit, except when being latch-up tested.

NOTE 3 Vmaxop and Vminop shall be per the device specification. When bias levels are used with respect to a non-

digital device, it means the maximum high (Vmaxop) or minimum low (Vminor) Voltage that can be supplied to the
pin per the device specifications, unless these conditions violate device setup condition requirements.

NOTE 4 Output pins are open circuit except when latch-up tested.
NOTE 5 The trigger test condition is defined in Figure 5 and Table 6.
NOTE 6 Dynamic devices may have timing signals applied per Clause 4.1.1.

Figure 32 — Equivalent Circuit for Negative Current Pulse Signal Pin Test Latch-Up Testing
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Negative Signal Pin Test (E-Test):

Pin Under Test
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(Informative) Equivalent Circuits for Latch-Up Testing (cont’d)

Isupply1
Measurement

%

[5] V Source
Devices shall be tested
with all input pins

[2]) in the following
=| conditions [3]:

C) - Tied to V,,.0p

-- Tied to Vinop
+

Trigger source

(including bi-directional

<

f

\"/

supply1

GND

\'}
N

supply2

Output
Pins [4]

vV 77, lsupply2
) supply1 ‘/.,r Measurement

S Vsupplyz [1]

N
-

NOTE 1 DUT biasing includes additional Vsupply as required.
NOTE 2 DUT is preconditioned so that all signal pins are placed in a valid state per Clause 5.1. Signal pins in the

output state are open circuit, except when being latch-up tested.

NOTE 3 Vmaxor and Vminop shall be per the device specification. When bias levels are used with respect to a non-

digital device, it means the maximum high (Vmaxor) or minimum low (Vminop) voltage that can be supplied to the
pin per the device specifications, unless these conditions violate device setup condition requirements.

NOTE 4 Output pins are open circuit except when latch-up tested.
NOTE 5 The trigger test condition is defined in Figure 6 and Table 6.
NOTE 6 Dynamic devices may have timing signals applied per Clause 4.1.1.

Figure 33 — Equivalent Circuit for Negative Voltage Pulse Signal Pin Test Latch-Up Testing
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Annex C (Informative) Equivalent Circuits for Latch-Up Testing (cont’d)
Supply Test Method:
Isupply1 [5]
Measurement
Vsup
L
'S Vsupply1 — -
— N + :
Devices shall be tested — — A
with all input pins ] B C)Vsupplw ijr} hfllé%psls{lzrement
(including bi-directional ] L o T
[2]) in the following _ | >_ Output
conditions [3]: _ L Pins [4] :
- Tied tO Vmaxop :+
- Tied tO VminOF = o ",»"""\\‘
] — { 'V [1]
\ / ly2
.—{ GND N R

NOTE 1 DUT biasing includes additional Vsypiy Sources as required.

NOTE 2 DUT is preconditioned so that all signal pins are placed in a valid state per Clause 5.1. Signal pins in
the output state are open circuit.

NOTE 3 Vmaxor and Vminop shall be per the device specification. When bias levels are used with respect to a

non-digital device, it means the maximum high (Vmaxop) or minimum low (Vminor) voltage that can be supplied
to the pin per the device specifications, unless these conditions violate device setup condition requirements.

NOTE 4 Output pins are open circuit.
NOTE 5 The trigger test condition is defined in Figure 8 and Table 7.
NOTE 6 Dynamic devices may have timing signals applied per Clause 4.1.1.

Figure 34 — Equivalent Circuit for Supply Test Latch-Up Testing
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Annex D (Informative) Reporting Data Examples

Example #1 for reporting data:

a)

b)
c)

d)

e)
f)

Test was performed at 125°C case temperature equivalent to Tjmax = 140°C (Class Il). Tjmax is
estimated to be 140°C.

Signal pin group #1 (Vmaxop = 4 V) passes +100 mA/-200 mA I-Test with limit voltage at MSV of 5 V.

Signal pin group #2 (Vmaxop = 4 V) passes +200 mA/-100 mA I-Test with limit voltage at 6 V
(15 X Vmax)

Supply groups pass 1.5 X Vmaxsup except the 3V (Vmaxsup = 3.15 V) and the 0.9V (Vmaxsup =0.93 V)
groups that pass MSV values of 4 and 1.2 V, respectively.

Standby pin was not tested due to product conditioning requirement.

Immunity Level A achieved.

Example #2 for reporting data with a collapsing tester supply:

a)
b)

c)

d)

e)
f)

Test was performed at 130°C case temperature equivalent to Tjmax = 150°C (Class II).

Signal pin group passes +100 mA/-100 mA I-Test with ljjmit of 200 mA for VDD _10, which collapsed
during positive injection.

Retest with higher ljimit signal pin group passes +75 mA/-100 mA I-Test with ljimit of 800 mA for
VDD _I0.

There are two supply groups. Supplyl passes at 1.5 X Vimaxsup. Supply2 hits an ljjmit of 500 mA. Raising
the ljimit to 750 mA allows the supply to pass the stress.
Signal pins used as control pins were not tested due to product conditioning requirement.

Immunity Level B achieved.

Example #3 for reporting data with collapsing tester supply and reaching damage level when trying to
increase liimit to avoid supply collapse:

a)
b)

c)

d)

f)

Test was performed at 125°C case temperature (Class II).
Signal pin group passes +100 mA/-100 mA I-Test with ljimit of 1200 mA for VDD _IO, which collapsed

during positive injection. Further increasing ljimit caused damage.

Retest with lower ljimit signal pin group passes +80 mA/-100 mA I-Test with limic of 700 mA for
VDD_IO.

Supply groups pass 1.5 X Vmaxsup-

Signal pins defined as clock pins were not tested due to product conditioning requirement.

Immunity Level B achieved.
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Annex E (Informative) Determining MSV

The goal of the latch-up stress is to force a current or voltage, which could occur during normal use, and
verify that parasitic structures are not forced into a regenerative, high current state. The role of MSV for the
supply test is straightforward. It is not as obvious for the Signal Pin Test, especially when the test is
performed as an I-Test. The significance of MSV is most evident when there is no diode between the PUT
and either supply or ground. This Annex will offer methods to determine MSV for signal pins. These
examples are not all encompassing, but do cover many, if not most, of the normal situations found in latch-
up stressing. See Clause 2 for the definition of MSV pins.

Definitions used in this Annex:
Lower Statistical Limit (LSL) - Is the minimum acceptable limits of a device parameter.

Upper Statistical Limit (USL) - Is the maximum acceptable limits of a device parameter.

BV - Breakdown Voltage
e Asused here, it is the threshold for non-latch-up induced failure.
e The beginning of catastrophic failure shown as the yellow failure probability curve in Figure 35.

MSV = VmaxopP + AV
AV = (xx) * (LSL BV — Vmax0P) xx = fraction of difference to use, for example, 0.8 or 0.75.

Understanding where the MSV value falls within the spectrum of electrical stress on a device is shown in
Figure 35. The MSV value will always be in a band of voltage that lies between AMR (Absolute Maximum
Rating) or its synonym, (Vaesmax) and the breakdown voltage (BV). Generally, AMR is a value determined
to be a voltage that is guardbanded from the voltage region that can cause catastrophic breakdown (BV).
The guardband may be quite wide or very narrow depending on the process technology and its intended
operation.

The goal of latch-up testing is to demonstrate the possibility of a latch-up risk. Many pins will have diodes
to supply and ground making the stressing simple, as long as the value of the V|imit (MSV) is sufficient to
turn-on the diodes and allow the pulse current to flow. Most of the difficulty in getting this stress to work
occurs when there is no diode between the PUT and either supply or ground. It is necessary that the value of
Viimit (MSV) be high enough to demonstrate that the part has been stressed to its maximum value but still
not to a point of catastrophic damage.
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Annex E (Informative) Determining MSV (cont’d)

|¢———— ELECTRICAL OVERSTRESS —— |

Region B
RESTRICTIONS HIGH RISK IMMEDIATE DAMAGE
EXIST OF DAMAGE
AV
o Vmaxop AMR MSV BV ELECTRICAL STRESS

MSV = Vuaxor + AV > AMR
Figure 35 --- Electrical Stress Chart for Latch-Up Stress and MSV

Some methods to determine MSV that have been used are shown below.

Method #1 - Experimentally determine the optimum value using characterization data.

This method is normally used when one wants to maximize the MSV value and be as close as is practical to
catastrophic device breakdown. It will require more experimentation. Taking a part with a pin set-up
verified to represent, at least, one workable set-up. Depending on how extensive the experiment to find the
MSV value, using a starting point in the range of catastrophic damage may give the best results. Starting at
some point on the yellow curve in Figure 35, pick an MSV value and test 3 to 6 parts. If any fail, replace
them and reduce the MSV until no parts fail. The MSV can then be said to be the highest level without
failure.

Example #1: 5V Technology

An important part of this technique is to establish a viable stress program. Generally, the stress program
starts withan MSV at 8.25 V (1.5 X Vmaxop) but this setting creates damaged pin(s). Process characterization
data indicate an LSL BV to be 8.1 V. Progressively reducing the MSV in 0.05 V steps from 8.25 V and
stressing three parts at each voltage level, the level that had no failure was 8.0 V. This value is the MSV for
the stress. It is possible that with this value that there is a small probability of a failure occurring during
qualification testing.
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Annex E (Informative) Determining MSV (cont’d)

Example #2: 40 V Technology

The LSL BV for this product is 42 V and the USL BV is 46 V. For this product, the starting point was
selected to be 44 V. With a voltage window of a minimum of 2 volts, the step size was chosen to be 0.5 V.
After the stress program was verified to work stably at a lower voltage (Vmaxop), the stepping began. The
stress had 2/3 fail at 44 V, 43.5 V with 1/3 fail at 43V and 42.5 V. There were no failures at 42 V and the
qualification testing was completed.

Method #2 - Using transistor or diode characterization data a variation of Method #1.

This is a less aggressive way to optimize the stress on the pin/part using technologies above 1.5V. The
process characterization data are statistically distributed and are bounded by the highest BV (USL) and the
lowest BV (LSL). Asshown above in Method #1, there is a risk that even using a value 90% of the difference
from (LSL BV — Vmaxor) May not be stable or dependable. Scaling back to a value approximately 80%
(LSL BV — Vmaxor) may be less troublesome and time consuming. Setting these values may require
someone with knowledge of the pin output/input architecture. There is also the possibility that ESD
designers may have built snapback ESD protection structures in the zone, LSL BV-Vmaxop. It is important
that these pins be adequately tested for latch-up, for stresses which could occur during normal operation.
Discussions with ESD Designers should take place prior to finalizing MSV and latch-up stressing.

Example #1: 5V Technology

In most mainstream 5V technologies, the breakdown voltage (BV) of transistors is between 8.0 Vand 9.5 V.
Selecting the MSV, in this situation, can be in a range 70% -- 90% (LSL BV — Vmaxop). When applying
the JESD78 rule (1.5 X Vmaxop), the value would be 8.25 V. It may be OK if LSL BV is 9.5V. If LSL BV
is 8.1V, then a safe MSV might be 7.3V (70% LSL BV — Vmaxop).

One potential problem with picking a value above 7.0 V is the possibility that the ESD designer may have
designed an ESD structure for the I/O’s that triggers in that voltage range. If the submitter knows the 1/O
design and/or the Lab asks the question, this problem can be avoided.

Example #2: 16 V Technology

In technologies above about 10 V, the JESD78 rule (1.5 X Vmaxop), does not work well. For this example,

the 16 V is the nominal voltage and the Vimaxop is 18 V. If the JESD78 rule is applied, then the MSV is
27 V. The technology BV at LSL is 24 V. In this case, the MSV should be in the range of 22 V to 23 V.
Either of these choices is workable with 22 V being more conservative since it gives some margin for error
during stressing.
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Annex E (Informative) Determining MSV (cont’d)

Example #3: £15 V Technology

As with Example 2, this part has power supplies greater than 10 V. Both the positive and negative supplies
have the same magnitude, +15 V (Vmaxopr & Vminop) With a ground. This requires a set-up with MSV
considerations. The supply will, with JESD78 requirements, be £22.5 V, which is too high. The BV is, in
either polarity, 21 V. This MSV can be selected by using either a percentage of the difference between
Vmaxop and BV or fixed value known to work in these types of technologies. The percentage could be 80%
of the difference and MSV is 19.8 V. Using a fixed value (as described below) of 4 V yields an MSV of
19 V. Both should be low enough to prevent breakdown as long as temperature compensation is considered.
Be aware, using the minimum voltage equation in Table 6 yields a value of -30 V for the negative MSV
which is far too high in magnitude.

Method #3 - Using MSV values at a fixed voltage above Vmaxop and below Vminop.

This method works well in more automated stress set-up environments. This is also dependent on voltage
range. Silicon process technologies now range from < 0.8 V to > 1000 V. When considering fixed values,
the process technology needs to be considered. In the range from 2 V to 10 V, one might consider values
enough greater than diode drop generally in the range of £1.3 V to £1.8 V to allow the full pulse current into
the PUT. These values should not encroach into the region of breakdown. The same approach may work
for higher voltages (> 10 V) where the adder can be larger; something in the range of 3 V to 5 V depending
on the specific process.

Example #1: 5 V Technology

In the 5V technology, as described above in Method #1 Example 1, the JESD78 default may sometimes lead
to an MSV that is too high. If one wants to simplify the stressing methodology for both the submitter and
Lab personnel, a fixed value can be assigned by technology. In this case, an adder equal to 1.5 V will result
in a value low enough to avoid a catastrophic breakdown and provide enough headroom to get the diode to
turn on and stress current injected as expected.

Example #2: 36 V Technology

In a voltage range like this one with the Vmaxop at 40 V, the JESD78 default value for stress is 60 V. The
technology LSL BV is 46 V. The JESD78 default is far too high to be used. Most technologies in this voltage
range can tolerate up to 5 V over Vmaxop. Caution should be taken to understand the technology; there are
some older high voltage processes that LSL BV is only 1 V to 3 V above Vmaxop.

Example #3: 5 V Technology (negative stress)

When doing negative stress, one wants to trigger the diode. This diode voltage can vary between -0.7 V to
-1.3 V. Setting a common value for negative stress generally works well. The value making the most sense
is Vminop — 1.5 V. This method will work for most technologies from 1.2 V to 100 V. There may be
exceptions to this rule, but it is a good starting point.
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Annex E (Informative) Determining MSV (cont’d)

Method #4 - MSV for very low voltage products (< 1.3V)

This method, a variation of Method #1 & Method #3, is normally used when the MSV value using the
standard JESD78 value for stressing (1.5 X Vmaxor) is less than a diode voltage. In this situation during

stress, the Viimit value (MSV) is too small to allow the pulse into a normal pin. The standard does not

explicitly say to go higher than 1.5 x Vmaxop but if one has the headroom, Method #3 style experiments
could be conducted to see if there is a safe MSV value at or above a diode voltage. The percentage of the
100 mA pulse current allowed into a PUT may not be 100%. The pulse current allowed could be a
benchmark for other products in the technology. If any value, a diode voltage above the 1.5 X Vmaxop,
causes catastrophic damage using a current pulse (I-Test), it may be reasonable to try a voltage pulse (E-Test)

to understand the level of current allowed and if the pin can tolerate 1.5 X Vmaxop.
Example #1: 0.9 V Technology

A 0.9 V technology can be difficult to effectively stress. Using the JESD78 default (1.5 X Vmaxop) with a
1.1V (Vmaxop) is 1.65 V. The difference is less than a diode voltage. When tested with JESD78 default
values there is very little current forced into the pins. There is no requirement that one needs to go over the
JESD78 default. There is no requirement that one needs to go over the JESD78 default, however in this
case, the LSL BV is 1.8 V and could be tested high enough to get a diode voltage to get an appropriate stress
response. Using a version of Method #1 might give a feel for the margin the part might have in the field.

Example #2: 0.8 V Technology

A 0.8 V technology can be very difficult to effectively stress. Using the JESD78 default with a 1.0 V
(Vmaxop) results in an MSV at 1.5 V. This MSV is at the LSL BV of the technology. If stressed at 1.5 V
the part/pin has a possibility of catastrophic failure. Even without a failure there may not be a diode voltage
triggered and therefore little stress current. Setting the MSV lower will not lead to an effective stress. If
one ventured into the breakdown voltage area, non-catastrophic failure may or may not be latch-up. If
thought to be latch-up, temperature variation might help resolve the failure type.

Method #5 - Using V agsmax OF Vagsmin for MSV

NOTE This method of determining MSV should be avoided.

Most Vassmax / Vassmin (AMR) values are normally less than a diode voltage above / below the Vminop /
Vminop. Using Vaesmax / Vassmin (AMR) will result in a “no current forced” into a pin scenario; this is not
a latch-up stress test.

There may be those exceedingly rare exceptions in products where Vmaxop equals Vassmax and possibly the

LSL BV. In these scenarios, care should be taken with MSV and subsequent stressing. One may need to use
Method #3 to determine what would work without causing catastrophic damage.

Breakdown Voltage (BV) less than 1 V above AMR should be proven with characterization data.
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Annex F (Informative) Pulse Source Verification

F.1. Introduction

Understanding pulse source properties is important for proper latch-up testing. The latch-up trigger can be
either a voltage pulse or a current pulse. Current pules are used for Signal Pin Tests when performed as an
I-Test. Voltage pulses are used for the power supply overvoltage test, and for signal pins tests when
performed as an E-Test. For Signal Pin Testing the choice between I-Test and E-Test is discussed in
Clause 5.6 and in Annex G.

For both voltage and current pulses, the pulse magnitude is specified by two parameters, the forced value
and a limit, or compliance value. For a current pulse, the forced value is the intended current and the
compliance value is the maximum voltage allowed. Compliance values prevent unintended damage to the
device under test. For example, performing a 100 mA positive I-Test on an open drain buffer will create
catastrophic damage due to excessive stress if performed without a voltage limit, because there is no forward
bias diode current path to carry the current. For a voltage pulse, the forced value is the intended voltage and
the compliance value is the maximum current allowed.

It is important to be able to verify properties of the pulse sources to ensure meaningful latch-up test results.
Since latch-up stress conditions can vary widely, it is important to verify pulse properties under conditions
appropriate for the devices to be latch-up tested. Pulse properties shall be evaluated both when the forced
value, voltage or current is actually reached during the pulse, and when the compliance value is exceeded
before the force value is reached.

The parameters to compare the measured waveforms against are in Table 5 and in the timing diagrams,
Figure 3 to Figure 8. Parameters to verify are pulse height, rise time for positive pulses, fall times for
negative pulses, pulse duration and any overshoot magnitudes. Pulse parameters should be determined under
conditions where the forced value can be obtained and under conditions where the limit value is reached.

Latch-up trigger pulses are a series of several steps, as shown in the timing diagrams in Figure 3 through
Figure 8. The sequence starts by transitioning to a pre-trigger state, time period Ty to T in the timing
diagrams. After all test voltages stabilize and pre trigger currents are measured the pulse transitions to the
trigger state, time period T3 to T4 in the timing diagrams. After the specified trigger duration, the pulse
source transitions to the post-trigger state, time period Ts to T7. The pre-trigger and post-trigger voltage and
current conditions are often called the “Parking” conditions. The pulse settings during the pre and post
trigger periods can affect the pulse properties during the transition to the trigger period and during the trigger
period. For example, the maximum allowed current during the pre or post trigger periods will determine
pulse source range as much as the maximum allowed current during the actual trigger period. It is therefore
important to carefully chose pre and post trigger values that match the values which will be used during
actual latch-up testing when doing pulse verification measurements.
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F.2.  Verification Test Setup

The verification test setup is shown in Figure 36. The voltage measurement is shown as two voltage probes
using two channels of the oscilloscope, to measure the voltage differential across the loads. A true
differential probe and a single oscilloscope channel can also be used instead. If it can be shown that the
voltage on the low side of the Load is sufficiently close to ground potential, a single voltage probe can be
used. If the Load is a linear resistance, as will be discussed below, the current probe can be eliminated and
the current can simply be calculated from the voltage measurement. For best results, the Load should be
mounted in the latch-up test setup in as similar a manner to a standard device under test as possible.

Voltage
Probes
—— —
Pulse Load Oscilloscope
Source "

——

Current Probe

Figure 36 --- Verification Test Set-up

The measurement instruments should be chosen to be appropriate for the measurements to be made. Latch-
up voltage stress can vary from about 1 V to over 100 V, and currents can vary from several mA to several
hundred mA. Latch-up trigger pulses are of relatively long duration. Current probes should therefore have
a bandwidth that extends from DC to at least 10 MHz. All measurement instruments should be calibrated
yearly or according to organization quality standards.

F.3. Standard Pulse Source Verification

Standard pulse source verification should be done with resistive loads. The resistive loads can be discrete
resistors, with power ratings that will not change value significantly during the pulse for the intended
current/voltage ranges, or an electronic load in constant resistance mode.

Basic functionality should be checked, with the pulse sources not in compliance. For current pulses, a low
value resistor should be used; for example, in the one to several ohm range. For voltage pulses, a high value
resistor should be used; for example, in the 1000 to 10,000 ohm range. These tests do not, however, give
good guidance of pulse source behavior during true latch-up testing.

More meaningful verification results can be obtained by selecting the load resistance value to match device
properties to be measured. As discussed above, latch-up test currents range from a few mA to 100’s of mA
and voltages range from 1V to over 100 V. 100 mA is the most common test current for signal pins. The
pairing of stress current level and voltage depends strongly on the product and technology being tested. High
performance logic integrated circuits in advanced technologies require current levels in the 10’s of mA at
voltage levels of just a few volts. High voltage analog products require testing in the 10’s of mA to several
hundred mA, but at voltages which can exceed 100 V. To properly mimic the behavior of a device under
test the load resistor value should be chosen carefully.



JEDEC Standard No. 78F.02
Page 65

F.4. I-Test

Forcing current, with a voltage limit is used for I-Test of signal pins and the resistor choice for I-Test will
be covered first.

Table 9 gives samples of the choice of resistor values for a positive 1-Test for a variety of technologies,
based on the standard operating voltage for the technology or product. The first two columns of the table
give the nominal technology voltage, as well as the Vimaxop for the technology. Both are datasheet values.
The development of the table will be explained using a 5 V technology as an example. In I-Test a specified
current is injected, often 100 mA but different values may be chosen for some technologies. Column 3
shows some typical values. During positive I-Test of a signal pin; the pulse source needs to provide a voltage
in excess of the diode drop above the power supply voltage. This determines the expected voltage value for
the stress pulse, shown in Column 4. From the intended stress current and expected stress voltage a resistor
value, which will mimic product impedance during latch-up test, can be calculated. If the power supply
voltage is set at 5.5 V during the latch-up test and the I-Test stress current is set at 100 mA, this current can
be expected at approximately 6.7 V, or a few tenths of a volt above a diode drop over the power supply
voltage. To mimic this device under test impedance a 67-ohm resistor can be chosen (6.7 V /0.1 A). This
value can be used to verify pulse properties when the pulse source is not in compliance. Sample test resistor
values are given in Column 5.

To prevent damage if the intended current cannot be made to flow, a voltage limit is set. For positive stress
this can be 1.5 X Vimaxop, or MSV if there are technology limitations. Sample values are shown in Column 6.

To verify pulse source properties when the source is in compliance, the resistor value shall be increased so
that the intended stress current will not be reached during pulse verification. To ensure that the in-
compliance test is well beyond the compliance limit, the resistance for the in-compliance test can be doubled.
Samples are shown in Column 7.
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F.4 I-Test (cont’d)

Table 9 --- Samples of Verification Resistor Values for Positive I-Test Pulse Verification for
Different Technologies Being Tested

Technology |v/,.x0p?]| INtended Expected Test Resistance Voltage Test
Voltage? Stress Voltage at (Not Voltage Limit® Resistance
Current® Injected Limited)® (Voltage
Current® Limited)”

V) V) (mA) V) () V) Q)

15 1.65 50 2.85 57 3* 114

3.3 3.6 100 4.8 48 5.4+ 96

5 5.5 100 6.7 67 8.25+ 134

20 22 50 24 480 28* 960

90 95 100 99 990 100* 1980

1) Nominal power supply voltage from datasheet.

2) Maximum of recommended power supply range from datasheet.

3) Intended I-Test stress current.

4) Voltage at which the intended stress current can be expected assuming a diode to the power supply. This
will be Vmax, plus a diode drop, plus several tenths of a volt. Diodes in high voltage technologies have lower

doping levels and therefore have higher series resistors. Driving the intended stress current may require a
diode drop plus 2 or more volts above the Vuax.

5) The resistance value to use to verify pulse performance for I-Test when not in voltage compliance. This
value is obtained by dividing the voltage in Column 4 by the current in Column 3.

6) The voltage compliance value to be used during I-Test. For medium voltage technologies, this can be
1.5 x Vmaxop. For very low voltage technologies this can be Vmaxop, plus a diode drop, plus several tenths
of a volt so that current can be successfully injected. For both very low and high voltage technologies this is
often MSV. (* Determined by MSV, 1 Determined by 1.5 X Vmaxop.).

7) The resistance value to use to check pulse properties with the pulse source in voltage compliance. The
resistance can be chosen by doubling the value in Column 5.

For negative I-Test, in most technologies, there is a diode to VSS or similar ground power pin. For these
technologies, reaching a voltage compliance with a negative I-Test is seldom an issue.
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F.4 I-Test (cont’d)

Sample values for testing non-compliance pulse shapes are shown in Table 10. If verification of in
compliance pulse shapes are needed, appropriate resistance can be calculated as done for Table 9.

Table 10 --- Samples of Verification Resistor Values for Negative I-Test Pulse Verification for
Different Technologies Being Tested

Technology (v/,...op?| -0.5 X Vimaxop® | INtended | Expected Suggested Test
Voltage? Stress Voltage at | Voltage Limit| Resistance
Current? Injected During (Not Voltage
Current® Negative Limited)”
Stress®
V) (V) (V) (mA) V) V) (€2)
15 1.65 -0.825 50 -1.1 -1.5 22
33 3.6 -1.65 100 -1.2 -1.65 12
5 55 -2.75 100 -1.2 -2.75 12
20 22 -11 50 -1.1 -3 22
90 95 -47.5 100 -1.2 -3 12

NOTE All Values Assume a Diode to Substrate.

1) Nominal power supply voltage from datasheet.

2) Maximum of recommended power supply range from datasheet.

3) -0.5 x Vmaxop is the traditional negative current limit for negative I-Test. For low Vmaxop this value is
often insufficient to inject significant current for a viable latch-up test.

4) Intended I-Test stress current.

5) Voltage at which the intended stress current can be expected. This will usually be a negative diode drop,
minus several tenths of a volt.

6) Suggested voltage limits during pulse verification. For medium voltage technologies this can be the
traditional -0.5 x Vmaxop. For the lowest voltage technologies -0.5 x Vmaxop will not be sufficient to
adequately forward bias the signal pin to Vss diode, and a larger value is used. For high voltage technologies
-0.5 X Vmaxor is too high a value and a more realistic value should be chosen, but still large enough to inject
negative current into the signal pin.

7) The resistance value to use to verify pulse performance for I-Test when not in voltage compliance. This
value is obtained by dividing the voltage in Column 5 by the current in Column 4.
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F.5.  E-Testand Supply Test

Forcing voltage, with a current limit, is used for E-Test of signal pins and for Supply Test (formerly power
supply overvoltage test). The choice of test resistor will focus on E-Test of signal pins. The resistor values
to verify pulse source performance during E-Test should be an adequate verification for pulse sources used
for the overvoltage test of power supplies.

Since latch-up is current driven, the goal of E-Test is to actually force a current into signal pins, even though
the pulse source is being used in force voltage mode. The difference is that the current that is intended to be
driven is entered as a current limit, rather than a forced value.

Table 11 gives examples of choosing appropriate test resistors for a variety of technologies for positive
E-Test. Column 1 and Column 2 give the devices nominal voltage and the maximum recommended
operating voltage. Both are datasheet values. The next column is the intended forced current, but for E-Test
is the current limit for the pulse source. Assuming that there is a diode to the power supply on signal pins
the current should be injected at a diode drop plus several tenths of a volt about the Vmaxop value. These

values are given in Column 4. The suitable test resistor value can be calculated from the expected voltage
and the intended injection current. Sample resistor values are given in Column 5 of Table 11.

The actual voltage to force during E-Test depends on the technology. At medium voltages such as 3.3 V
and 5 V it is often possible to use the traditional value of 1.5 X Vmaxop. For very low voltage technologies
this will not be enough to exceed a diode drop above the power supply voltage, so a slightly higher value
will be needed. The value should not exceed the MSV value. For high voltage technologies 1.5 X Vmaxop
is often well beyond what the technology can sustain without causing damage.
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F.5 E-Test and Supply Test (cont’d)

In these cases, the MSV value should be used. Sample values for the forced voltage are shown in Column 6
of Table 11. To test pulse source properties when the current limit value is not exceeded the resistor value
for current limited testing can simply be doubled and is shown in Column 7.

Note that the values in Table 11 are the same as the values in Table 9, only the column headings have been
changed.

Table 11 --- Samples of Verification Resistor Values for Positive E-Test Pulse Verification for
Different Technologies Being Tested

Technology | v/,...op? | INtended Stress |  Expected Test Forced | Test Resistance
Voltage? Current Voltage at | Resistance | Voltage® | (Not Current
(Current Limit)®| Injected (Current Limited)”
Current¥ | Limited)®
V) M) (MA) (V) Q) V) Q)
1.5 1.65 50 2.85 55 3* 110
33 3.6 100 4.8 46 5.47 92
5 5.5 100 6.7 65 8.25% 130
20 22 50 24 440 28* 880
90 95 100 99 990 100* 1980

1) Technology voltage from datasheet.
2) Maximum recommended power supply voltage from datasheet.
3) Intended stress current, which for E-Test is the pulse source compliance limit.
4) Voltage at which the intended stress current could be expected assuming a diode to power supply. This
value is usually Vmaxop, plus a diode drop, plus several tenths of a volt.

5) Resistance to test pulse properties in compliance. This value is obtained by dividing the voltage in
Column 4 by the current in Column 3.

6) This is the voltage to force during the test for pulse properties for E-Test. (* Determined by MSV,

+ Determined by 1.5 X Vmaxop.).

7) Resistance to test pulse properties not in compliance. This value is obtained by doubling the values in

Column 5.

For negative E-Test of signal pins, similar factors are considered as for negative I-Test.
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F.5 E-Test and Supply Test (cont’d)

Table 12 --- Samples of Verification Resistor Values for Negative E-Test Pulse Verification for
Different Technologies Being Tested

Technology |v/,...op?| -0.5 X Vinaxop® | INtended |  Expected Suggested Test
Voltage? Stress Voltage at Forcing Resistance
Current Injected |Voltage During|(Not Voltage
(Current | Currentd Negative Limited)”
Limit)® Stress®
V) (V) (V) (mA) V) V) ()
15 1.65 -0.825 50 -1.1 -1.5 22
3.3 3.6 -1.65 100 -1.2 -1.65 12
5 5.5 -2.75 100 -1.2 -2.75 12
20 22 -11 50 -1.1 -3 22
90 95 -47.5 100 -1.2 -3 12

NOTE All values assume a diode to substrate

1) Nominal power supply voltage from datasheet.

2) Maximum of recommended power supply range from datasheet.

3) -0.5 x Vmaxor is the traditional negative current limit for negative I-Test. For low Vmaxoe this value is
often insufficient to inject significant current for a viable latch-up test.

4) Intended stress current, which for E-Test is the pulse source compliance limit.

5) Voltage at which the intended stress current could be expected assuming a diode to power supply. This
value is usually Vmaxop, plus a diode drop, plus several tenths of a volt.

6) Suggested voltage limits during pulse verification. For medium voltage technologies this can be the

traditional -0.5 x Vmaxop. For the lowest voltage technologies -0.5 X Vmaxop will not be sufficient to
adequately forward bias the signal pin to Vss diode, and a larger value is used. For high voltage technologies
-0.5 X Vmaxor is too high a value and a more realistic value should be chosen, but still large enough to inject
negative current into the signal pin.

7) The resistance value to use to verify pulse performance for I-Test when not in voltage compliance.
This value is obtained by dividing the voltage in Column 5 by the current in Column 4.

F.6.  Specialized Pulse Source Verification

In some situations, especially when there is an unusual latch-up failure, it may be desirable to evaluate pulse
source properties with loads other than a resistor. In most cases the test load of interest would be a Zener
diode, with a breakdown voltage similar to the voltage at which the device in question would experience a
forward diode situation. Care should be taken to ensure that the diode chosen for pulse source verification
can handle the intended current at the Zener breakdown voltage. When using a load other than a linear
resistor, it is necessary to measure both voltage across the load and current through the load. For negative
injection verification, when a diode to VVSS is expected, either a standard diode or a Zener diode can be used.



JEDEC Standard No. 78F.02
Page 71

F.7.  Sample Pulse Measurements

The most obvious waveform parameter to observe when capturing latch-up stress waveforms is the plateau
value, after any initial transients, to verify accuracy of the pulse magnitude. Transients on both the rising
and falling edges of a pulse can also be important and cause false failures.

The following example illustrates the type of anomalies which can be uncovered by capturing a pulse using
the measurement technique described in this Annex. The intent is to force 100 mA through a 20 ohm resistor
for 10 ms, with no current before and after the pulse. Two methods will be used, one forcing voltage with a
current compliance, and one forcing current with a voltage compliance. It is important to describe not just
the pulse source conditions during the pulse, but also before and after the pulse.
e Forcing Voltage

o Before Pulse: Force 0 V with 100 mA compliance.

o During Pulse: Force 4 V with 100 mA compliance.

o After Pulse: Force 0 V with 100 mA compliance.
e Forcing Current

o Before Pulse: Force 100 mA with 0 V compliance.

o During Pulse: Force 100 mA with 4 V compliance.

o After Pulse: Force 100 mA with 0 V compliance.

The results of the measurements are shown in Figure 37. It is clear for the case of forcing voltage and
allowing the current compliance during the pulse to limit the current produces considerable voltage
overshoot and ringing on the rising edge of the pulse. In the case of forcing current, using voltage
compliance before and after the pulse to limit the current results in a better-behaved waveform.
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F.7 Sample Pulse Measurements (cont’d)

——BP(F 0OV, C 100mA), DP(F 4V, C 100mA), AP(F OV, C 100mA)
——BP(F 100mA, C 0V), DP(F 100mA, C 4V), AP(F 100mA, C 0V)

35
3.0
2.5
2.0

15

Voltage (V)

1.0
0.5

0.0 M

-0.5

-2 0 2 4 6 8 10 12
Time (ms)

NOTE The legend describes the pulse supply’s force (F) and compliance (C) values before the pulse (BP), during
the pulse (DP) and after pulse (AP).

Figure 37 --- Comparison of 2 Pulses Intended to Create a 100-mA Pulse Through a 20 Ohm Resistor

A second example shows how the pulse source conditions before and after the pulse can have serious
consequences on the quality of the pulse. All three of the following pulses are intended to try to force
100 mA into a 1 kQ resistor, but with a 1 V compliance limit. All three pulses will be voltage limited.
o Casel

o Before Pulse: Force 0 mA, with 0 V compliance

o During Pulse: Force 100 mA, with 1 V compliance

o After Pulse: Force 0 mA, with 0 V compliance
o Case?

o Before Pulse: Force 50 mA, with 0 VV compliance

o During Pulse: Force 100 mA, with 1 V compliance

o After Pulse: Force 50 mA, with 0 VV compliance
o Case3

o Before Pulse: Force 100 mA, with 0 VV compliance

o During Pulse: Force 100 mA, with 1 V compliance

o After Pulse: Force 100 mA, with 0 V compliance
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F.7 Sample Pulse Measurements (cont’d)

The results are shown in NOTE  The legend describes the pulse supply’s force (F) and compliance (C) values
before the pulse (BP), during the pulse (DP) and after pulse (AP).

Figure 38. In each case the conditions during the pulse are the same, forcing 100 mA with a compliance
voltage of 1 V. The only difference between the three cases is that the forced current before and after the
pulse are different. The cases in which the before and after forced currents are 0 mA and 50 mA produce
overshoot on the rising edge, and even more undershoot on the falling edge. Either of these anomalies could
produce false latch-up failures. In the case in which the forced current before and after the pulse is the same
as that forced during the pulse, the pulse was well behaved.

—BP(F OmA, C 0V), DP(F 100mA, C 1V), AP(F OmA, C 0V)

—BP(F 50mA, C V), DP(F 100mA, C 1V), AP(F 50mA, C OV)

—BP(F 100mA, C 0V), DP(F 100mA, C 1V), AP(F 100mA, C 0V)
1.5

1.0 Ry o
0.5

0.0

Voltage (V)

-0.5

-1.0

-1.5
-2 0 2 4 6 8 10 12
Time (ms)

NOTE The legend describes the pulse supply’s force (F) and compliance (C) values before the pulse (BP), during
the pulse (DP) and after pulse (AP).

Figure 38 --- Comparison of 3 Pulses Intended to Create a 100-mA Pulse Through a 1 kQ Resistor
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Annex G (Informative) Signal Pin Test — I-Test vs E-Test — How to Decide Which is Best

Revision F of JESD78 is the first revision to allow the use of both I-Test and E-Test to complete stressing
on signal pins. E-Test is a Signal Pin Test that was originally used as an alternative stress in the Automotive
Electronics Council (AEC) Q100 Standard. E-Test has gradually been adopted in a limited fashion for
conditions that I-Test could not stress effectively. I-Test has been the workhorse for Latch-up testing.

Situations where E-Test has been shown to be effective are shown below. This is not an all-inclusive list
but is a compendium from industry latch-up testing experts.

Controlled V Ramp: In many latch-up testing situations it is necessary to control the slew rate supplied
to the pin under test. Some test equipment / pulse supplies cannot control the ramp rate when in current
mode but can control the ramp rate when in voltage mode. If the product pin(s) is sensitive to slew rate,
E-Test could be the best solution.

High Impedance Inputs: Many devices have inputs that are designed in such a way that static latch-up
stress sees a high impedance. This pin condition could be inherent to the pin or a preferred condition
for stressing. If I-Test is used for these types of pins, the pulse source tries to force 100 mA, but the
voltage limit is reached. The current forced into the pin is normally small, on the order of 1 — 10 mA.
Sometimes if MSV is set too high, the pin may be damaged. Using E-Test may give a more accurate
and controllable forcing of the maximum current which can be sustained at 1.5 X Vmaxop or MSV. The
pulse current value reached with E-Test is likely a more realistic value of what is forced. The current
forced is likely not 100 mA but the maximum possible current given the pin design characteristics.

Low Voltage Products: In many of the latest technology products with power supply voltages at or
below 1.3 V, there can be concerns with the ability to get to a diode voltage that is less than the
breakdown voltage even using 1.5 X Vimaxop. |-Test in this situation is workable but very little current
is injected with the possibility of uncontrolled rise time of the current pulse and possible overshoots.
Using E-Test can give a look at the pulse current allowed 1.5 X Vmaxop or MSV. While there is no
requirement to exceed 1.5 X Vmaxop during qualification, good engineering practice would be to try
MSV values higher than 1.5 X Vmaxop to see if a diode is turned-on and see if the pin does not latch-up.

Bipolar Inputs / Outputs: E-Test was shown to be effective when a device has bipolar inputs and/or
outputs. The inputs can be emitters. When these pins are pulsed with current, they can amplify the
current or burn out the emitter-base junction. Outputs with open collectors can sometimes be sensitive
to pulse currents (I-Test), even with a reasonable MSV, can create a catastrophic failure. It is more
effective to try an E-Test and measure the current. Even using E-Test can create the possibility of
catastrophic failure, so, care should be taken with the pulse current clamp, lyspre and lpspost Settings.
I-Test can be used but care should be taken not to create catastrophic failures.
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Annex H (Informative) Controlling Pin Under Test During Pre- and Post-Stress

Normally, the signal pin under test is simply used as an injection point to determine if latch-up can be
triggered when the signal pin under test experiences a transient. There are other situations however, where
the signal pin under test can also be part of the parasitic thyristor or SCR contained within the 1/O structure
or in combination with an adjacent I/O structure. In this scenario, it is important to carefully consider the pre
and post stress conditions of the signal pin under test, so as to not artificially limit the current during the pre
and post stress regions which may mask a potential latch-up problem. This is called Signal Pin Test applying
to signal pins to ground, signal pins to power supply or pin to pin latch-up.

A TOS
Signal Pin ¥ - Isiress (1) oot
€ | Under Test t 2
g 3 Stress Current
S| zero _iPre-swess® i 10% -_Post:-Stress__ ! ! _
£€10 _-~"TCurrent lospre e T T, — 4_€2u1frenaf LisposT ~
A VStress (1) i
Signal Pin 2) ’,' wmTTTTTTTTTTR % i
% Under Test Max. Operating ," i‘\' Max. Operating
§ Voltage Vo.xop Voltage Vi..or \
GND Signal Pin
Test >

(1) The waveforms when shown in a solid line are the forced voltages or currents and when shown with dashed
lines are the measured voltages or currents.

(2) During I-Test, E-Test or Supply Test, the supply currents for all supply groups are monitored for latch-up
occurrence. Failure occurs if any supply current exceeds the limit shown in Table 3. In addition, power supply
voltages shall not collapse during the stress as per Clause 5.5.2.

(3) The pre-stress and post-stress current lpspre and lpspost depend on the state and the circuitry of the PUT.

Figure 39 — Pre-Stress and Post-Stress Current and Voltage Control

Looking at the latch-up testing waveform for positive pin stress shown in Figure 39, there are three regions
of interest, pre-stress, stress, and post-stress. In the stress region shown, a current (voltage) is forced into the
signal pin under test, and the resultant voltage (current) is also measured. In the pre-stress and post-stress

regions the maximum operating voltage (Vmaxop) is applied to the signal pin under test, and there is also a

current value (lpspre & lpsposT) associated with the supply used to drive the pin. This current value is often
called the parking current, a term used on one series of testers. If the current value is too low, it may mask a
potential latch-up event within the pin or between the pin and an adjacent pin.

Consider the scenario where the maximum operating voltage is applied to the signal pin under test resulting
in a low-level leakage current. Next, the stress pulse is applied which triggers an SCR between the signal
pin under test and system ground. Further, the SCR current also causes other parasitic devices to conduct,
resulting in current flow from the power supply to ground.



JEDEC Standard No. 78F.02

Page 76

Annex H

(Informative) Controlling Pin Under Test During Pre- and Post-Stress (cont’d)

After the pulse is removed, the pin is returned to the maximum operating voltage (Vmaxop) With a current

value below the level needed to sustain the latch-up event. In this scenario, the current value (lpsposT) Will
cause the SCR to turn off and a possible latch-up event will be missed. It is important to keep in mind that
this scenario is only possible in a real-world application if the signal pin can be connected to low impedance
source, capable of sustaining the latch-up. The above situation can occur for either positive or negative I-
Test or E-Test. In Summary, when testing a signal pin that can be connected to a low impedance source, it
is important that the current value on the supplies used to drive the pin to the maximum operating voltage
be high enough to allow a potential latch-up event to be detected, and not result in limiting the voltage during
the post-stress phase of the test to a level below the maximum operating voltage.

Example 1(a): Positive I-Test (+100 mA) with SCR between PUT and VSS

Table 13 --- Example 1(a) Pre-Stress Conditions

Pin or Pin Voltage or Voltage Actual Current Actual Comment
Group Current Source | Limit Voltage Limit Current
VDDIO Voltage Source 3.6V 3.6V 500 mA 10 mA Isupply1
Signal Pins
not under Voltage Source 3.6V 3.6V 100 mA 1 mA Isupply2
stress
PUT Current Source 36V 3.6V 80 mAW 45 pA lpsPRE
VSS Voltage oV oV unlimited 11 mA tyﬁ:g:lm’egm
Table 14 --- Example 1(a) Post-Stress Conditions
Pin or Pin Voltage or Voltage Actual Current Actual Comment
Group Current Source | Limit Voltage Limit Current
VDDIO Voltage Source 3.6V 3.6V 500 mA 10 mA Isupply1
Signal Pins
not under Voltage Source 3.6V 3.6V 100 mA 1 mA Isupply2
stress
PUT Current Source | 3.6V 3.6V 80 mAW®W 50 mA IpsPOST
Vss Voltage Y ov | unlimited | s1ma | YPICAIV. ROl
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Annex H (Informative) Controlling Pin Under Test During Pre- and Post-Stress (cont’d)
Example 1(b): Positive I-Test (+100 mA) with SCR between PUT and VSS
Table 15 --- Example 1(b) Pre-Stress Conditions
Pin or Pin Voltage or Voltage Actual Current Actual Comment
Group Current Source | Limit Voltage Limit Current
VDDIO Voltage Source 36V 36V 500 mA 10 mA Isupply1
Signal Pins
not under Voltage Source 3.6V 3.6V 100 mA 1mA Isupply2
stress
PUT Current Source 36V 36V 40 mAW 45 pA lpsPRE
VSS Voltage oV ov | unlimited | 11ma | WPically, not
measured
Table 16 --- Example 1(b) Post-Stress Conditions
Pin or Pin Voltage or Voltage | Actual Current Actual Comment
Group Current Source | Limit | Voltage Limit Current
VDDIO Voltage Source | 3.6V 3.6V 500 mA 10 mA Isupply1
Signal Pins
not under Voltage Source | 3.6V 3.6V 100 mA 1 mA Isupply2
stress
lpsposT reaching
PUT Current Source | 3.6V 29V 40 mA® 40 mA current limit
setting
VSS Voltage ov ov unlimited 51 mA typically, not
measured

Example 1 interpretation: The increased PUT post-stress current (IpsposT) as compared to the pre-stress

current (Ipspre) indicates a sustained latch-up event on the PUT. In addition, the actual voltage reading of
the PUT current source dropped, indicating supply droop. JESD78E would not have flagged this as a latch-
up failure because the Isypply values do not increase (see Clause 4.2.1.4 and Table 2). This would be flagged

as a failure per this version.
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Annex H

(Informative) Controlling Pin Under Test During Pre- and Post-Stress (cont’d)

Example 2: Negative I-Test (-100 mA) with SCR between PUT and another signal pin not under stress

Table 17 --- Example 2 Pre-Stress Conditions

Pin or Pin Voltage or Voltage Actual Current Actual Comment
Group Current Source | Limit Voltage Limit Current
VDDIO Voltage Source 3.6V 3.6V 500 mA 10 mA Isupply1
Signal Pins
not under Voltage Source 3.6V 3.6V 100 mA 1 mA Isupply2
Stress
PUT Current Source oV oV 80 mAW -1 pA IpsPRE
Vss Voltage Y Y unlimited | 11ma | DPically. not
measured
Table 18 --- Example 2 Post-Stress Conditions
. . Vol r
Pin or Pin oltage 0 Voltage Actual Current Actual
Current . . Comment
Group Limit Voltage Limit Current
Source
VDDIO Voltage Source 36V 36V 500 mA 10 mA Isupply1
Signal Pins not
under Stress Voltage Source 3.6V 3.6V 100 mA 51 mA Isupply2
PUT Current Source oV oV 80 mAW -50 mA lpsPOST
- ically,
VSS Voltage ov ov unlimited 11 mA typically, not
measured

(1) If the PUT current value were set to a value that is lower than the holding current of the SCR (for example, in
the microamp range), the latch-up event may not be sustained beyond the duration of the stress pulse, and the
post-stress conditions would look identical to the pre-stress conditions. If it is desired to detect signal pin latch-
up, the PUT force current during pre and post stress regions (also known as, “parking current’) should be set to
a value in the same range as the stress current (for example, 100 mA).

Example 2 Interpretation: JESD78E would consider this as a latch-up failure because the Isypply2 value

increases beyond the limit set by the failure criteria (Table 2.).
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Annex | (Informative) Differences Between JESD78F.02 and its Predecessors

This annex describes most of the changes made to entries that appear in this standard, JESD78F.02,
compared to prior revisions. If the change to a concept involves any words added or deleted (excluding
deletion of accidentally repeated words), it is included in the list below. Some punctuation changes are not
included in the list below.

1.1 Differences between JESD78F.02 and JESD78F.01 (December 2022)

Clause Description of change

Foreword Harmonize to current revision (Revision .02).
1 Made clarifying wording change in Table 4.
2 Made clarifying wording change in Table 6.

1.2 Differences between JESD78F.01 and JESD78F (January 2022)

o
Q
c
w
@D

Description of change

Made clarifying wording change in second paragraph.

Made clarifying wording change in MSV definition.

Added clarifying note to Clause 5.1

Fixed several formatting errors in Figure 2

Added clarifying note to Figure 3

Added clarifying note to Figure 4

Added clarifying note to Figure 5

Added clarifying note to Figure 6

Added clarifying note to Figure 8

Changed title of Table 5

Removed voltage reference in TOS clause of Table 5

Added clarifications to footnote 1 of Table 5

Added clarifying note to Table 5 footnote 2

Removed four boxes from flowchart in Figure 7 that did not pertain
Fixed typographical error in tenth bullet; “Class I to “Class II”
Annex F Fixed typographical error in paragraph describing Figure 38; “a compliance voltage of 0 V” to “a
compliance voltage of 1 V”

o U1 O1 O1 U1 O1 O1 U1 O1 O1 01 O 01T N =

1.3 Differences between JESD78F and JESD78E (April 2016)

Clause Description of change

Foreword New. Added to explain overall purpose of JESD78F resulting from the extensive re-write of
JESD78E

1 Re-organized with numerous revisions. Moves Classification to later clauses.

2 Several additions, revisions. Examples include dynamic pin in place of dynamic devices, E-Test,
EIPD, and several others.

3 New - replaces Clause 3 of JESD78E on Apparatus and material. Includes Table 1 (previously in

Clause 1). Table 1 revised. Includes clause on Temperature Classification and Overall requirements.



JEDEC Standard No. 78F.02

Page 80

1.3 Differences between JESD78F and JESD78E (April 2016) (cont’d)

Clause

4

6

Annex A
Annex B
Annex C

Annex D
Annex E
Annex F
Annex G
Annex H
Annex |

1.4

Clause

Table 1

N NN DNDN

Figure 1
4.1

4.2
Figure 2
Figure 3
Table 3
Figure 4
Figure 5
Figure 6
Table 4
Figure 7
4.25
Annex C
Annex D
D.1

D.2

D.3

D.4

Description of change

Previous Clause 3 is moved to clause 4 with major changes. Changes include clauses on Hardware
requirements & capabilities, Test board, and renaming of Heat source clause to Temperature Control.
New clause title replacing previous Clause 4 of JESD78E. Extensive re-write with changes to tables,
figures (for example Table 1, Table 2). Several new clauses, too numerous to list.

Clause re-titled from Summary to Report Requirements. Numerous changes.

New Title. Extensive and exhaustive re-write with major additions.

New Title. Extensive re-write with major additions.

New clause with new title. Clauses and figures on Equivalent Circuits moved to this clause. Revisions
to figures

New. Examples added.

New. Extensive discussion and exhaustive explanation of MSV.

New. Extensive discussion and exhaustive explanation on Pulse Source Verification.

New. Provides guidance on appropriate test for Signal Pins.

New. Provides guidance on control of Pin states for pre and post stress conditions.

New. Replaces Annex D of JESD78E

Differences between JESD78E and JESD78D

Description of change

Reduced number of groups in Column 2; Added Column 4 for Immunity Level
cool —down time: replaced Figure 4 with Figure 6

maximum stress voltage (MSV): Revised text.

NOTE 1: Revised text.

NOTE 2: Revised text.

Vsupply pin (or pin group): Revised text.

Revised figure

Moved Table 3 of JESD78D to later clause.

Added 4.2.1 to explain consideration of supply current limits
Revised timing diagram and text.

Revised timing diagram and text

Table 3 of JESD78D revised with new limits and moved to 4.2.2
Figure 5 of JESD78D revised. Moved to clause preceding 4.2.2.
Figure 6 of JESD78D revised. Moved to clause preceding 4.2.2
Figure 4 of JESD78D. Revised.

New table for Vsupply overvoltage level.

Revised and moved to 4.2.5

Added Ilimit settings to reporting list

Revised with examples of recording data

Changed Annex D to show differences between JESD78E and JESD78D
Differences between JESD78D and JESD78C

Differences between JESD78C and JESD78B

Differences between JESD78B and JESD78A

Differences between JESD78A and JESD78



1.5

Clause

1

1.2

2

4.25
Table 1
Table 2
Table 2

5

5
Annex C

1.6

Clause

2

4.1
4.1
4.1
4.1
4.1
422

1.7
Clause

1

1.2

1.2

1.3
Annex B

1.8
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Differences between JESD78D and JESD78C

Description of change

Added note to scope.

Added new text (replaced all text from previous version).

Added term and definition for maximum stress voltage (MSV).

Added new text (replaced all text from previous version).

Renumbered Table 1 to Table 2.

Renumbered Table 2 to Table 3.

Table 2 (previously Table 1) changes: 1) Column 4 (Test temperature classification) — Combine
Class I and Class Il groups together to shorten the table, 2) Column 6 (Trigger test conditions for pin
or supply group under test) — Text change to reflect elimination of levels and substitution with
recommended characterization conditions, 3) Column 7 (Failure criteria) — Rename the column as
latch-up detection criteria, 4) Footnotes 2 - Grammar correction, 5) Footnotes 3, 4 — Text change to
show conditions for using maximum stress voltage (MSV); clarification of trigger current and
limiting voltage polarities

Changed title from “Failure criteria” to “Latch-up detection criteria”

Replaced 1°* paragraph with new text.

Changed Annex C to Annex D. Added new Annex C.

Differences between JESD78C and JESD78B

Description of change

changed “testing of dynamic devices” to “dynamic devices”. Definition replaced; placement changed
to be alphabetical.

2" paragraph replaced first 2 sentences.

Figure 1, replaced reference to 1.3t0 1.2

Table 1, Under “trigger test conditions” replaced reference to 1.3 to 1.2 (4 places)

Table 1, footnote 2, replaced.

Table 1, footnote 6, replaced.

In item 4, replaced reference to 1.3 t0 1.2.

Clause in its entirety replaced with new material.

Differences between JESD78B and JESD78A

Description of change

Clause 1.1 combined with clause 1 to conform to JM7 Style Manual
Replace paragraph to clarify description of Class Il

Clause 1.2 renumbered to 1.1 (changed references accordingly)

Clause 1.3 renumbered to 1.2 (changed references accordingly) Annex B
Changed to Annex C. Added new Annex B.

Differences between JESD78A and JESD78

At time of publication, information on differences between these two revisions was not available.
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JEDEC.

Standard Improvement Form

The purpose of this form is to provide the Technical Committees of JEDEC with input from the industry
regarding usage of the subject standard. Individuals or companies are invited to submit comments to
JEDEC. All comments will be collected and dispersed to the appropriate committee(s).

If you can provide input, please complete this form and return to:

JEDEC Fax: 703.907.7583

Attn: Publications Department
3103 North 10t Street, Suite 240 S
Arlington, VA 22201

1. Irecommend changes to the following:
Requirement, clause number

|:| Test method number Clause number

The referenced clause number has proven to be:
I:l Unclear I:l Too Rigid In Error

I:l Other

2. Recommendations for correction:

3. Other suggestions for document improvement:

Submitted by

Name:

Company:
Address:
City/State/Zip:

Phone:

E-mail:

Date:

JESD78F.02
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