IEC/PAS 62181

Edition 1.0
2000-07

|C latch-up test

@C@
O

PUBLICLY AVAILABLE SPECIFICATION

Reference number
IEC/PAS 62181



https://iecnorm.com/api/?name=58fd3a525ee3d47332499780e8d06da1



https://iecnorm.com/api/?name=58fd3a525ee3d47332499780e8d06da1

EIA/JESD78

=== Reproduced By GLOBAL

== ENGINEERING DOCUMENTS
% = With The Permission of EIA
=t u

der Royalty Agreement

EIA/JEDEC
STANDARD

IC Latch-Up Test

@C@

ELECTRONIC INDUSTRIES ASSOCIATION

ENGINEERING DEPARTMENT



https://iecnorm.com/api/?name=58fd3a525ee3d47332499780e8d06da1



https://iecnorm.com/api/?name=58fd3a525ee3d47332499780e8d06da1

Copyright © 1997, JEDEC; 2000, IEC

INTERNATIONAL ELECTROTECHNICAL COMMISSION

IC LATCH-UP TEST

FOREWORD

A PAS is_a technical specification not fulfilling the requirements for a standa}d‘ but made available to the

public and established in an organization operating under given procedures.

IEC-PAS|62181 was submitted by JEDEC and has been processed by IEC techpi i_3enjiconductor

devices.

The text of this PAS is based on the
following document:
Draft PAS —\\ } /{?eRort\&QVM
47/1454/PAS "\ /\\ > ( (4?}14@7}&VD

Followin gtigate the

possibilit

An |IEC-RAS licence of copyrig EC and is

recorded at the Central Office

1) The IEC (Intern mprising all
nationjal electrotechhig hational co-
operation on all questi in addition
to oth iviti ommittees;
any IH dirnthe subject dealt Wlth may participate in this preparatory work. Irfjternational,
gover al,'organizations liaising with the IEC also participate in this preparatigqn. The IEC
collab| tepnational Organization for Standardization (ISO) in accordance with| conditions
determi twieer the two organizations

2) The f agreements of the IEC on technical matters express, as nearly as possible, an ipternational
conse 5 relevant subjects since each technical committee has representation from all interested
National Committees.

3) The documents ptoduced have the form of recommendations for international use and are published in fthe form of
standards, techhical specifications, technical reports or guides and they are accepted by the National Committees in
that sense.

4) In order t0.'promote international unification, IEC National Committees undertake to apply IEC International Standards
transgarently to the maximum extent possible in their national and regional standards. Any divergence Hetween the
IEC Standardandthe curresponuing TTationalor regiondl stanaara snalr oe ciearty Tafcated T the tatter.

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any

6)

equipment declared to be in conformity with one of its standards.

Attention is drawn to the possibility that some of the elements of this PAS may be the subject of patent rights. The
IEC shall not be held responsible for identifying any or all such patent rights.
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NOTICE

EIA/JJEDEC Standards and Publications contain material that has been prepared, progressively
reviewed, and approved through the JEDEC Council level and subsequently reviewed and
approved by the EIA General Counsel.

EIA/JEDEC Standards and Publications are designed to serve the public interest through
eliminating misunderstandings between manufacturers and purchases, facilitating
interchangeability and improvement of products, and assisting the purchaser is selecting and
obtaining with minimum delay the proper product for his particular need/ Existence of such
standargs—stattnmotmany respect prectudeany member or mommembet~ofIEDES

manufa

£
DR, TTOTTI

ce of

such st he
standar

EIA/JEL tion
may iny S not
assume arties
adoptin

The infd

approad

manufa
EIA/JED
ANSI/EIA Standard.

py an

or
2500

Inquiries, comments,
Publication should be

Wilson Boulevaw@r

Published by

©-ELECTRONIC INDUSTRIES ASSOCIATION 1997
Engineering Department
2500 Wilson Boulevard
Arlington, VA 22201

“Copyright” does not apply to JEDEC member companies as they
are free to duplicate this document in accordance with the latest
revision of the JEDEC Publication 21 “Manual of ﬂrganiwq'rinn and

Procedure”.
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IC LATCH-UP TEST
(From JEDEC Council Ballot JCB-96-69, formulated under the cognizance of JC-14.1 Committee on
Reliability Test Methods for Packaged Devices.)
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1 Scope

This specification covers the I-test and the overvoltage latch-up testing of integrated circuits.

1.1 Purpose

The purpose of this specification is to establish a method for determining I@th\

characte

FiStics and to define tatch- -up faiture criteria. Latcn-up Characrerstc

important in determining product reliability and minimizing No Trouple
Electrical Overstress (EOS) failures due to latch-up This test method\is 2

CMOS,

specification, latch-up is not related to a specific mechanis

characte

1.2 Cla

The clas

defined as follows:

Class 1 -

ClassII ¢

ristic that occurs when a device is subjected to this.te
ssification

sification defines the latch-up te

If no clagsi

as follows:

phtesting classifications arg

bvice.

lefined

Level A |- The fdilure criteria as defined in table 1.
Level B | Special failure criteria. Supplier shall provide definition of failure criteria used.
2 Definitions

The following terms and definitions apply to this test method.

2.1 Cool-down time

The period of time between successive applications of trigger pulses or the period of time
between the removal of the V,p1y voltage and the application of the next trigger pulse. (See
figures 2, 3, and 4 and table 2.)
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2.2 DUT
The device under test.
2.3 GND (Ground)

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

1 Ground pins are not latch-up tested.
2 A ground pin is sometimes called Vss.
2.4 Input pins

All address, data-in, control, Vs and similar ping

2.5 I/O|(bi-directional) pins

2.6 Isum ly
The totdl supply@nt
table 1.

2.7 I-test

A latch-pp ies\positive and negative current pulses to the pin under test.
2.8 Latch-up

A state in which’@)low-impedance path, resulting from an overstress that triggers a parasit
thyristor structure, persists after removal or cessation of the triggering condition.

NL

1 The overstress can be a voltage or current surge, an excessive rate of change of current
or voltage, or any other abnormal condition that causes the parasitic thyristor structure to

become regenerative.
2 Latch-up will not damage the device provided that the current through the low-
impedance path is sufficiently limited in magnitude or duration.

C
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2.9 Logic-high

A level within the more positive (less negative) of the two ranges of logic levels chosen to
represent the logic states.

NOTES

1 For digital devices, the maximum value of the high logic level xﬁag\el‘s\used for latch-
Ip testing. N

For non-digital devices, the maximum operating voltage t
s defined in the device specification is used for latch-up t&

jat pin

[ o T N T

2.10 Lagic-low

A level within the more negative (less positive) of the
represent the logic states.

WNOTES

atch-

erating voltage that can be applied to that pin
d for latch-up testing.

The max peration within performance specifications.
h
1 Juk tage is not the absolute maximum voltage beyond which permanent
d !

2 Maximunrtefers to the magnitude of Vi, and can be either positive or negative.

2.12 “No Cornnect” pin

A pin that has no internal connection and that can be used as a support for external wiring without
disturbing the function of the device.

NOTE - All “no connect” pins shall be left in an open (floating) state during latch-up
testing.

2.13 Nominal Lppy (Inom)

The measured dc supply current for each Vyyiy pin (or pin group) with the DUT biased at the test
temperature as defined in section 4 and table 1.
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2.14 Output Pin

A device pin that generates a signal or voltage level as a normal function during the normal
operation of the device.

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

2.15 Preconditioned pin

A device pin that has been placed in a defined state or condition (input, & ighyi fance,
etc.) by applying control vectors to the DUT.

2.16 Te¢sting of dynamic devices

Latch-up trigger testing of a device in a known stable aimum-rated clock fréquency

applied to the device (see 4.2.3 for specjfied cong

2.17 Test condition

The test|temperature, supply voltage, ¢ rre tsyvoltage limits, clock frequency, input pias
voltages, and preconditioring\ve applied\to the DUT during the latch-up test.

2.18 Timing-related

A pin such as cloc [ina

normal ¢perating m

The positive or negative current pulse (I-Test) or voltage pulse (Vi Overvoltage test) applied to
any pin pndertest in an attempt to induce latch-up (see figures 2, 3 and 4).

2.20 Trigger-duration
The duration of an applied pulse from the trigger source. (See figures 2, 3, and 4 and table 2.)
2.21 Vg pin (or pin group)

All DUT power supply and external voltage source pins (excluding ground pins), including both
positive- and negative-potential pins.
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NOTES

1 Generally, it is permissible to treat equal potential voltage source pins as one Vi, pin

(

or pin group) and connect them to one power supply.

2 When forming Vpy pins (or pin groups), the combination of Vi, 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 pms

A latch-

2.22 Vulpy overvoltage test
yp test that supplies overvoltage pulses to the Vypiy pin {!ne\%\

3 Apparatus and material

The appgratus required for this test method includes

3.1 Latch-up tester

Test equ 1s document. For devices
requiring le of supplying timing signals and
logic setyip vectors requireg put states as specified in 4.2.3. The
required ftiming signals and d by the latch-up tester itself, external

equipment, and/or exte

3.2 Aut

A device

device s

3.3 Hea

Equipme]

specified

in the device specification during the latch-up test.

the

ture

4 Proce

Hure

4.1 General latch-up test procedure

A sample group of six (6) devices shall be subjected to latch-up testing using the I-test and Vg,
Overvoltage test. The use of a new sample group for each latch-up test type (I-test, and/or Vippy
Overvoltage test) is also acceptable. All devices to be latch-up tested must have passed ATE
testing to the device specification requirements. Before latch-up testing, the device continuity in
the socket should be checked to avoid false latch-up failures. The latch-up test flow shall be as
shown in figure 1. The devices to be tested shall be subjected to the test conditions specified in
table 1 and table 2. All “no connect” pins on the DUT shall be left open (floating) at all times.

All pins on the DUT, with the exception of “no connect” pins and timing related pins, shall be
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latch-up tested. The Input, output and configurable I/O pins are to be tested with the I-test and
the Vppiy pins tested with the Overvoltage test. I/O pins shall be tested in all possible operating
states or the worst case operating state (typically high impedance for configurable I/O pins).
Dynamic devices shall be tested per 4.2.3. When a device is sufficiently complex that testing of all
configurable I/O pins in the worst case condition is not practicable, the device should be
conditioned with a set of vectors representative of the typical operation of the device as
determined by engineering judgment. When an I/O pin cannot be tested in the high impedance
state, the I/O shall be tested in a valid loglc state. Untested pms and p1ns Quld not be

completely ; d p 1l /O
pins that were not tested or tested in all states. After latch-up testing,\a 1CES. MU s the
failure criteria specified in section 5.

4.2 Detailed Iatch-up test procedure

4.2.1 I-test

The I-test shall be performed as follows;

1. The { &
3/table 3.

2. Bias in an
input stdte or high impeda to the
maximum logic-high leye

precondjtioning must be teste to
precondjtion the ic-low
level to preconditr 0
stabilize oTOoup,
see 2.21

3. Appl the pin
under tes

4. Afte n
before t

group) greater than or equal to the failure criteria specified in 1.3, latch-up has
occurred and power must be removed from the DUT. If latch-up has occurred, stop the test; the
DUT hap failed latch-up testing. Using a new part, return to step 1 and continue testing.

5. Iflat h-up has not occurred, after the necessary cool—down time (see table 2), repeat steps 3 &

4 for all
6. Repeat steps 2 through 5 with all input pins, including bi- d1rect10nal I/O pins in an input state
or high impedance state, not used for preconditioning the I/O pins tied to the minimum logic-low
level specified in the device specification.

7. Bias the DUT as indicated in figure 6 with all input pins, including bi-directional I/O pins in an
input state or high impedance state, not used for preconditioning the 1/O pins shall be tied to the
maximum logic-high level specified in the device specification (noting the exceptions stated in step
2).

8. Apply the negative current trigger source below ground (per table 1 for a duration as specified
in table 2) to the pin under test.
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9. After the trigger source has been removed, return the pin under test to the state it was in
before the application of the trigger pulse and measure the Iy for each Vg pin (or pin group).
If any Ly is greater than or equal to the failure criteria specified in 1.3, latch-up has occurred
and power must be removed from the DUT. If latch-up has occurred, stop the test; the DUT has
failed latch-up testing. Using a new part, return to step 1 and continue testing.

10. If latch-up has not occurred, after the necessary cool-down time (see table 2), repeat steps 8
& 9 for all pms to be tested.

11. Repeats h
state or hig
logic-low

4.2.2 Voo

The V| Overvoltage test shall be performed on each )

below. T¢ provide a true indication of latch-up for givien t€st condition i ed as
logic-high(shall remain within the valid log; : ; ion
(typically greater than 70% of the Vovervolfage test le i i ide of
the valid 1pgic-high region, the device ma : i ¢ id test
data. If aatch-up failure occurs when the ion,

engineering judgment must be used to dete ether the failure is a valid latch-up condition
or a failur¢ caused by a chang

1. The depices shall be s 1 and
figure 4/tdble 2. Q

2. Bias the DUT as\indjcate fig . AJlinput pins, including bi-directional I/O pins in an
input statg igh impe ¢ sta : itioni the
maximum ng
must be te e
DUT can

preconditi at
the test tef 21)at
this time.

3. Apply the voltage trigger source (per table 1 for a duration as specified in table 2) to the Vauppy
pin (or pinl group) under test.

4. After the trigger source has been removed, return the Vsupply pin under test to the state it vas in
before the'app soer-pulse-and-me ; i piH

B : = Ctmoppty Suppty 2 roup)
If any Lpply 1S greater than or equal to the fallure criteria spec1ﬁed in 1 3, latch-up has occurred

and power must be removed from the DUT. If latch-up has occurred stop the test; the DUT has
failed latch-up testing. Using a new part, return to step 1 and continue testing.

5. If latch-up has not occurred, after the necessary cool-down time (see table 2), repeat steps 2
through 4 with all input pins, including bi-directional /O pins in an input state or high impedance
state, not used for preconditioning the 1/O pins tied to the minimum logic-low level specified in
the device specification (noting the exceptions stated in step 2).

6. Repeat steps 2 through S until each Vg, pin {or pin group) has been tested.
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4.2.3 Testing dynamic devices

Devices that during normal operating conditions have a clock and/or other timing signal inputs
may be latch-up tested in a static manner as indicated in 4.2.1 and 4.2.2. If the device does not
show a stable Iy (Inom) measurement or appears to latch up, the clock and /or other associated
timing and control signals, as defined in the device specification, may be applied to the device
during latch-up testing per 4.2.1 and 4.2.2. Unless otherwise specified, the clock pins and other
associated timing pins used to place the device in a stable state shall not bp tested while
being used ilize-the-deviee i intat ndieatinghow-thedevice

was tested, as indicated in 4.2.5.

4.2.4 DUT disposition

Latch-up testing is potentially destructive. Devices used forla hall not be uged or

considered as salable devices.

4.2.5 Record keeping

Data shall be recorded for each pin failure and lude est condition (clock frequency

for dynahEmc devices, if used), vector set used forpreconditioning, temperature, trigger condition,

and latc also or ed\for all pins and operating states that could
not be ¢ i1s informatiqn shall identify the pins, operating statels, and

reason f§
5 Failu
A device i ; 1orenof t e\\lﬁwing conditions is considered a failure:

1. Devi

2. Devi nctional, parametric or I/V requirements of the device specification.

6 Summary

The follpwingdetails shall be specified in the procurement document , if different from the
requirements in this specification:

1 Class (I or IT) per this document.

2 Sample size.

3 Trigger test conditions.

4 Latch-up test temperature.

5 Failure criteria (if not Level A per 1.3).

6 Pulse/Trigger conditions. '

7 Vector set used to precondition the device.
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TABLE 1 TEST MATRIX [7]
TEST | TRGCER OOth;nCN TEST Vaupply TRIGGERTEST | FAILURE
CLASS TYPE EOLARITY] TEVPERATURE] CONDITION CONDITIONS CRITERIA
INPUT PINS &2°0 [sl
Max. Logic
POSITIVE High [1]
see
FIGURES| Mn. Logic
Low[1]
—-TEST
NEGATIVE Mﬁixgrl;?%lc l\faximrn
see
FicURE s | Mn. Logic voltage % >
| Low[1] Room for each
termperature
VA Max. Logic
supply
oveRr-| Hgh[1] 2
VOLT- | qare 7 15X max
AGE _ Voo 2] 14X
TEST Min. Logic G > supely Inon
Low [1] )\ or Inom
r} +10[mA
Max. Logic Inom+ 100 mA) | Wwhidhever
P?;!énVE High [1] ﬂor 1.5X Inom, ) is greater
FIGURE S} Min. Logic whichever is [5]
Low 11 greater [3]
I-TEST
Ve 'C ; -100mA or-.5X
Maximum
" G tigh 1] operating Inom whichever
i is grezter in
i 6 voltage itude [4]
X iert for each mag
perating Vaupply
. Logic)] temperature | pin group
Vaupply : Hi per device
T spedification 1.5X max
7 \/ Vs.:pply [2]
Min. Logic
Low[1]

1. Max lggc HQM logic low shall be per the device spedfication.  VWhen logic levels are used ywith
respect to a norrdigital device it means the maxinum high or minimum low voltage that can be supplied to the
pin per|the device specification.

2. Curent clarmped at (lnom + 100 mA) or 1.5X1nom, whlcheverlsgreaer (Referto 2.11 for mexx Vg oLy

definition.)

3. Voltage damped at 1.5X max logic high.

4. Vdtage damped at - X max logic high.

8. If the trigger test condition reaches the voltage or curent danp limit and latch-up has not occurred, the pin
passes the latch-up test. See paragraph 5 for complete failure definition.

6. The Inom value used for the trigger current calculation relates to the Vg oy, pin (or pin group) that supplies
the I/Opin being tested.

7. The trigger conditions herein are nct irdicative of appropriate trigger conditions for all devices. Appropriate
trigger conditions may be more or less stringent. V\hen trigger conditions used in testing differ fromthis
table, the trigger conditions used must be defined in the test results.
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ATE Test Devices to
be Latch-up Tested

l

DUT \
|-Test N
Fail D ev e
Pass | E
Vsupply \)
Overvoltage Test

Device
Latch-u

Failed |, Fail
Test * Pass

AT \es(D

After L tch{\p\T

Device Failed

e

Latch-up Test

ice Paséed
nLatc Test

* Change in kyppiy
exceeds Failure Criteri
in 1.3.

Figure 1 - Latch-up test flow
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Vv

n
=

o1

+( nom + 100 mA) or +1.5X
| nom, whichever is greater '\‘

*  Not

** May
nor
spegification.

Max. Logic High **

GND

PIN UNDER TEST Tz

efined in 1.3, latch-up has
be removed from DUT.

ramp down and stabilization of Isyppy
cification. When logic levels are used With respect to a
low voltage that can be supplied to the gin per the device

-100 mA or -.5X Inom,
whichever is greater %,

T T2 T3 T4 T5 76 T7

Time Operation TiriggEr

T1-5T2 Measure nominal Ig,,pp), (INnom)

T4->T7 Cool down time (Tcool)

T4 > T5 Wait time prior to |gypply measurement. *

T5 Measure lgypply

T6 If any lsuppiy » the failure criteria defined in 1.3, latch-up has

occurred and power must be removed from DUT.

* Note: The wait time shall be sufficient to allow for power supply ramp down and stabilization of | supply-
** Max. logic high and min. logic low shall be per the device specification. When logic levels are used with respect to a
non-digital device, it means the maximum high or minimum low voltage that can be supplied to the pin per the device

specification.

Figure 3 - Test waveform for negative |-test
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——— 1.5 Xmax. V gyp (Max. refers to the magnitude of V. ¢
and can be either positive or negative)
v Tos} | TOS
7 ; 90%
Max.V supply [ 10%
e t o e (\
- .\ N
GND  / \
\' PIN T
Supply 1 T2 T3 T4 T5 T6
Time Operation
T1 » T2 Measure nominal | supply
T4 > T7 Cool down time (Tcool)

Vv overvoltage test

supply

LIMITS
TIME INTERVAL| PARAMETER MIN MAX

(svmaoL
Q\\S> trigger rise time 5us 5ms

trigger fall time 5us 5ms
Jwidth T3 —> T4 trigger duration 2xT, 1s
(width)

TOS tiggerover-shoot—+5%of pulse-voltage
Tcool T4 —> T7 cool down time > Twidth
Tmeasure*| T4 —>T5 waiting time before |3 ms 5s

measuring Isupp,y

* Note: The wait time shall be sufficient to allow for power supply ramp down

and stabilization of ISupply .
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