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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
___________ 

 
SEMICONDUCTOR DEVICES –  

MECHANICAL AND CLIMATIC TEST METHODS –  
 

Part 29: Latch-up test 
 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

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

International Standard IEC 60749-29 has been prepared by IEC technical committee 47: 
Semiconductor devices.  

This second edition cancels and replaces the first edition published in 2003 and constitutes a 
technical revision. The significant changes with respect to the previous edition include: 

– a number of minor technical changes; 
– the addition of two new annexes covering the testing of special pins and temperature 

calculations. 
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The text of this standard is based on the following documents: 

FDIS Report on voting 

47/2083/FDIS 47/2090/RVD 

 
Full information on the voting for the approval of this standard can be found in the report on 
voting indicated in the above table. 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 

A list of all parts in the IEC 60749 series, under the general title Semiconductor devices – 
Mechanical and climatic test methods, can be found on the IEC website. 

The committee has decided that the contents of this publication will remain unchanged until 
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data 
related to the specific publication. At this date, the publication will be  

• reconfirmed, 
• withdrawn, 
• replaced by a revised edition, or 
• amended. 
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SEMICONDUCTOR DEVICES –  
MECHANICAL AND CLIMATIC TEST METHODS –  

 
Part 29: Latch-up test 

 
 
 

1 Scope and object 

This part of IEC 60749 covers the I-test and the overvoltage latch-up testing of integrated 
circuits. 

This test is classified as destructive. 

The purpose of this test is to establish a method for determining integrated circuit (IC) latch-
up characteristics and to define latch-up failure criteria. Latch-up characteristics are used in 
determining product reliability and minimizing "no trouble found" (NTF) and "electrical 
overstress" (EOS) failures due to latch-up. 

This test method is primarily applicable to CMOS devices. Applicability to other technologies 
must be established.  

The classification of latch-up as a function of temperature is defined in 3.1 and the failure 
level criteria are defined in 3.2 

2 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

2.1  
cool-down time 
period of time between successive applications of trigger pulses or the period of time between 
the removal of the Vsupply voltage and the application of the next trigger pulse (See Figures 4, 
5, and 8 and Table 2.) 

2.2  
device under test 
DUT 
semiconductor product subjected to latch-up test 

2.3  
ground 
GND  
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. 

2.4  
input pins 
all address, data-in control, Vref and similar pins 

2.5  
I/O (bi-directional) pins 
device pins that can be made to operate as an input or output or in a high-impedance state 
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2.6  
Isupply 
total supply current in each Vsupply pin (or pin group) with the DUT biased as indicated in 
Table 1 

2.7  
I-test 
latch-up test that supplies positive and negative current pulses to the pin under test 

2.8  
latch-up 
state in which a low-impedance path resulting from an overstress that triggers a parasitic 
thyristor structure, persists after removal or cessation of the triggering condition 

NOTE 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. 

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

2.9  
logic-high 
level within the more positive (less negative) of the two ranges of logic levels chosen to 
represent the logic states 

NOTE 1 For digital devices, a voltage level equal to Vsupply is used for latch-up testing, except where otherwise 
specified in the relevant specification. 

NOTE 2 For non-digital devices, Vsupply voltage level or the maximum operating voltage that can be applied to that 
pin as defined in the relevant specification may be used for latch-up testing. 

2.10  
logic-low 
level within the more negative (less positive) of the two ranges of logic levels chosen to 
represent the logic states 

NOTE 1 For digital devices, ground voltage level is used for latch-up testing, except where specified in the 
relevant specification. 

NOTE 2 For non-digital devices, ground voltage level or the minimum operating voltage that can be applied to that 
pin as defined in the relevant specification may be used for latch-up testing. 

2.11  
maximum Vsupply 
maximum operating voltage for operation within performance specifications 

NOTE 1 The maximum voltage is not the absolute maximum voltage beyond which permanent damage is likely. 

NOTE 2 Maximum refers to the magnitude of Vsupply and can be either positive or negative. 

2.12  
no connect pin 
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 should be left in an open (floating) state during latch-up testing. 

2.13  
nominal Isupply (Inom) 
measured dc supply current for each Vsupply pin (or pin group) with the DUT biased at the test 
temperature as defined in Clause 5 and Table 1 
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2.14  
output pin 
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 
device pin that has been placed in a defined state or condition (input, output, high impedance, 
etc.) by applying control vectors to the DUT 

2.16  
testing of dynamic devices 
latch-up trigger testing of a device in a known stable state, at the minimum-rated clock 
frequency applied to the device (see 5.2.3 for specified conditions) 

2.17  
test condition 
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 

2.18  
timing-related input pin 
pin such as clock crystal oscillator, charge pump circuit, etc., required to place the DUT in a 
normal operating mode 

NOTE Required timing signals may be applied by the latch-up tester, external equipment, and/or external 
components as appropriate. 

2.19  
trigger pulse 
positive or negative current pulse (I-Test) or voltage pulse (Vsupply overvoltage test) applied to 
any pin under test in an attempt to induce latch-up (see Figures 4, 5 and 8) 

2.20  
trigger duration 
duration of an applied pulse from the trigger source (see Figures 4, 5 and 8 and Table 2) 

2.21  
Vsupply pin (or pin group) 
all DUT power supply and external voltage source pins (excluding ground pins), including both 
positive- and negative-potential pins 

NOTE 1 Generally, it is permissible to treat equal potential voltage source pins as one Vsupply pin (or pin group) 
and connect them to one power supply. 

NOTE 2 When forming Vsupply pins (or pin groups), the combination of 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. 

2.22  
Vsupply overvoltage test 
latch-up test that supplies overvoltage pulses or overvoltage d.c. level to the Vsupply pin under 
test 

2.23  
Vsupply voltage level 
applicable voltage level of the Vsupply pin specified in the relevant specification. The Vsupply 
voltage level is used for latch-up testing as the typical logic high level unless otherwise 
specified (see 2.9) 
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2.24  
ground voltage level 
ground potential used for latch-up testing as the typical logic low level, unless otherwise 
specified (see 2.10) 

3 Classification and levels 

3.1 Classification 

There are two classes for latch-up testing. 

• Class I is for testing at room temperature ambient. 

• Class II is for testing at the maximum operating ambient temperature (Ta) or maximum 
operating case temperature (Tc) or maximum operating junction temperature (Tj) in the 
detailed specification. 

For Class II testing at the maximum operating Ta or Tc, the ambient temperature or case 
temperature (Tc) shall be established at the required test value. For Class II testing at the 
maximum operating Tj, the ambient temperature Ta or the case temperature Tc should be 
selected to achieve a temperature characteristic of the junction temperature for a given device 
operating mode(s) during latch-up testing. The maximum operating ambient or case 
temperature during stress may be calculated based on the methods detailed in Annex B. 

NOTE Elevated temperature will reduce latch-up resistance, and class II testing is recommended for devices that 
are required to operate at elevated temperature. 

3.2 Levels 

Level defines the I-test current injection value used during latch-up testing. Latch-up passing 
levels are defined as follows: 

Level A – The trigger current value in Table 1 shall be +100 mA as defined in Figure 6 and -
100 mA as defined in Figure 7. If all pins on the part pass at least the Level A trigger current 
values, then the part shall be considered a Level A part. 

Level B – If any pins on the part do not pass the Level A standard, then the supplier shall 
determine the minimum passing trigger current requirement for each pin stressed differently 
than in Level A. The maximum (or highest) passing trigger current value shall be reported in 
the record for each pin stressed differently than in Level A, and the part shall be considered to 
be a Level B part, see 5.2.5. 

4 Apparatus and material 

The apparatus required for this test method includes the following. 

4.1 Latch-up tester 

4.1.1 General 

Test equipment capable of performing the tests as specified in this standard. For devices 
requiring dynamic testing, the test equipment shall be capable of supplying timing signals and 
logic setup vectors required to control the I/O pin output states as specified in 5.2.3. The 
required timing signals and logic vectors may be applied by the latch-up tester itself, external 
equipment, and/or external components as appropriate. 
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4.1.2 Vsupply and their qualification method 

For the I-test, sink type voltage power supplies shall be connected to all Vsupply pins as shown 
in Figure 6 and Figure 7, and the transient characteristics shall be qualified as shown in 
Figure 1. The qualification steps are as follows: 

a) Connect the supply voltage (e.g. 5 V, 3,3 V) to the Vsupply pin. The value of voltage may 
be specified in the relevant specification. 

b) Apply positive and negative pulses from the 200 mA trigger source, and measure their 
effect on the voltage waveform shown on the oscilloscope. 

c) The voltage measured by the oscilloscope shall be within 90 % to 110 % of the supply 
voltage. 

 

Vsupply pin 

To oscilloscope 

+ 

– 
DUT socket 
or equivalent 

GND pin 

Pin under test 

Isource 

R 

 Value of R (e.g. 50 Ω) is specified in the applicable procurement document. 
Input impedance of voltage probe and oscilloscope is over 10 kΩ. 

Voltage 
probe 

Trigger source 

Vsupply 1 

IEC   671/11  

Figure 1 – Vsupply qualification circuit 

4.1.3 Trigger source qualification method 

The electrical characteristics of the trigger source including its transient characteristics shall 
be qualified as shown in Figure 2. The qualification steps are as follows: 

a) With switch S1 closed, apply positive and negative pulses from the 200 mA trigger source, 
and measure its current waveform. The current waveform shall satisfy the requirements of 
Table 1. 

b) After setting the voltage clamp level and opening S1, apply positive and negative pulses 
from the 100 mA trigger source and measure its voltage waveform. The voltage waveform 
during the working voltage clamp shall be within 90 % to 110 % of the voltage clamp 
setting level. 
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Value of R (e.g. 50 Ω) is specified in the applicable specification. 
Input impedance of voltage probe and oscilloscope is over 10 kΩ. 

DUT socket 
or equivalent 

GND pin 

Pin of DUT socket 
R 

Voltage 
probe 

Trigger source 

To oscilloscope 

S1 

IEC   672/11 
 

Figure 2 – Trigger source qualification circuit 

4.2 Automated test equipment (ATE) 

A device tester capable of performing full functional and parametric testing of the device 
specified in the relevant specification. 

4.3 Heat source 

Equipment capable of heating and maintaining the DUT at the maximum operating 
temperature specified in the relevant specification during the latch-up test. 

5 Procedure 

5.1 General latch-up test procedure 

Prior to the latch-up test, the device needs to be in a stable state with reproducible Inom. 
Engineering judgment may be needed to achieve sufficient stability. The supply current should 
be made as low as practicable. The supply current must be stable enough and low enough to 
reliably detect the supply current increase if latch-up occurs. 

A sample group of devices (e.g. six) shall be subjected to latch-up testing using the I-test and 
Vsupply overvoltage test. The use of a new sample group for each latch-up test type (I-test, 
and/or Vsupply overvoltage test) is also acceptable. All devices to be latch-up tested shall have 
passed the specified functional and parametric testing. 

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 3. 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 
latch-up tested. The input, output and configurable I/O pins shall be tested with the I-test and 
the Vsupply pins tested with the overvoltage test. This includes special pins defined in Annex A. 
The passing current or voltage values for the special pins can be used for determining the 
values of the passive-components connected to the pins. 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 and output pins). 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC 60749-29:2011
https://standards.iteh.ai/catalog/standards/sist/cc15bf7e-f425-4571-b783-

386be25f1837/iec-60749-29-2011



60749-29  IEC:2011 – 11 – 

Dynamic devices shall be tested according to 5.2.3. 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 judgement. When an I/O pin cannot be tested in the high 
impedance state, the I/O shall be tested in a valid logic state. Untested pins and pins that 
could not be completely tested shall be recorded as specified in 5.2.5 and the user shall be 
informed of all I/O pins that were not tested or tested in all states. After latch-up testing, all 
devices shall pass the criteria specified in Clause 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 – Latch-up test flow 

ATE test devices to be 
latch-up tested 

DUT 

I-test 

Fail 

Pass 

Vsupply overvoltage 
test 

Device failed 
latch-up test* 

Pass 

Fail Device failed 
latch-up test* 

ATE test devices 
after latch-up test 

Device passed 
latch-up test 

Reduce trigger 
current until pass 

Fail 

* Change in Isupply exceeds failure criteria in 3.2 

 

IEC   673/11 
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Table 1 – Test matrixa 

Test 
type 

Trigger 
polarity 

Condition
of 

untested 
input pins 

b 

Test 
temperature 

(±2°C) 

Vsupply 

condition 

Trigger  
test 

conditionsg 
Failure 

criteriafg 

I-Test 

Positive 
 see  

Figure 6 

Max logic 
high 

Temperature
Class I 
Room 

temperature 

Maximum 
operating 

voltage for 
each Vsupply 

pin group 
according to 

device 
specification 

According to 
classification 
levels in 3.2d 

If   

absolute Inom  
is = < 25 mA, 

 
then 

 
absolute Inom  

+ 10 mA  
is used 

or 

if  

absolute Inom  
is > 25 mA, 

 
then  

> 1,4 X 
absolute Inom 

is used 

 

Min logic 
low 

Negative 
see  

Figure 7 

Max logic 
high According to 

classification 
levels in 3.2e Min logic 

low 

Vsupply 

Over-
voltage

test 

See  
Figure 9 

Logic 
high 

Absolute 
maximum rating 

or 1,5 
maximum Vsupply 

whichever is 
lowerc 

Logic 
low 

I-Test 

Positive 
see 

Figure 6 

Max logic 
high 

Temperature
Class II 

Maximum 
ambient 

operating 
temperature 

Maximum 
operating 

voltage for 
each Vsupply 

pin group 
according to 

device 
specification 

According to 
classification 
levels in 3.2e 

 
Min logic 

low 

Negative 
see  

Figure 7 

Max logic 
high 

According to 
classification 
levels in 3.2e 

 
Min logic 

low 

Vsupply 

Over-
voltage

test 

See  
Figure 9 

Max logic 
high 1,5 × max  

Vsupply
c Min logic 

low 

a  The trigger conditions herein are not indicative of appropriate trigger conditions for all devices. 
Appropriate trigger conditions may be more or less stringent. When trigger conditions used in testing 
differ from this table, the trigger conditions used must be defined in the test results. 

b  The Vsupply voltage level and ground voltage level shall be applied as the logic high level and logic low 
level unless otherwise specified in the relevant specification. In the context of a non-digital device, 
logic levels shall be interpreted as the most appropriate of Vsupply voltage, ground voltage or the 
specified minimum or maximum that may be applied to the pin. 

c  Current clamped at (Inom + 100 mA) or 1,5 × Inom, whichever is greater (Refer to 2.11 for max Vsupply 
definition). The Inom value used for the current clamp calculation relates to the Vsupply pin (or pin 
groups) being tested. 

d  Voltage clamped at Vmax + 0,5(Vmax – Vmin) if Vmin is > 0. Otherwise, the voltage clamp is 1,5 Vmax. 

e  Voltage clamped atVmax - 0,5(Vmax – Vmin) if Vmin is > 0. Otherwise, the voltage clamp is -0,5 Vmax. 

f  If the trigger test condition reaches the voltage or current clamp limit and latch-up has not occurred, the 
pin passes the latch-up test. See Clause 6 for complete failure definition. 

g  The Inom value used for the trigger current calculation relates to the Vsupply pin (or pin groups) being 
tested, not just the Inom supply for the pin under test. 
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Table 2 – Timing specifications for I-test and Vsupply overvoltage test 

Symbol Time interval Parameter 
Limits 

Minimum Maximum 

tr  Trigger rise time 5 µs 5 ms 

tf  Trigger fall time 5 µs 5 ms 

twidth T3 → T4 Trigger duration 
(width) 

2 × tr 10 ms (I-test) 

5 s (Vsupply 
overvoltage test) 

TOS  Trigger over-shoot ±5 % of pulse voltage 

tcool T4 → T7 Cool down time ≥twidth 

tmeasure
a T4 → T5 Waiting time before 

measuring Isupply 
3 ms 5s 

a The wait time should be sufficient to allow for power supply ramp down and stabilization of Isupply. 

 

5.2 Detailed latch-up test procedure 

5.2.1 I-test 

The I-test shall be performed as follows: 

a) The devices shall be subjected to the I-test as indicated in Figures 3, 4 and 5 and Tables 
1 and 2. 

b) Bias the DUT as indicated in Figure 6. All input pins, including bi-directional I/O pins in an 
input state or high impedance state, not used for preconditioning the I/O pins, shall be tied 
to the Vsupply voltage level specified. Input pins used for preconditioning shall be tested in 
their defined state (pins that are tied to a logic-high level to precondition the DUT can only 
be tested in the logic-high state; pins that are tied to a logic-low level to precondition the 
DUT can only be tested in the logic-low state). Allow the DUT to stabilize at the test 
temperature.  

c) Put the pin under test in logic-high state. Measure nominal Isupply (Inom) for each Vsupply 
pin (or pin group, see 2.21). Then, apply the positive current trigger (as specified in Table 
1 for a duration as specified in Table 2) to the pin under test. 

d) 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 Isupply for each Vsupply pin (or 
pin group). If any Isupply is greater than or equal to the failure criteria specified in definition 
3.2, latch-up has occurred and power shall be removed from the DUT. If latch-up has 
occurred, stop the test; the DUT has failed latch-up testing. Using a new device, return to 
step a) and continue testing. 

e) If latch-up has not occurred, after the necessary cool-down time (see Table 2), repeat 
steps c) and d) for all pins to be tested (noting the exceptions stated in step b)). 

f) Repeat steps b) through e) with all input pins, including bi-directional) I/O pins in an input 
state or high impedance state, not used for preconditioning the I/O pins tied to ground 
voltage level. 

g) Bias the DUT as indicated in Figure 7. All input pins, (including bi-directional I/O pins in an 
input state or high impedance state), that are not used for preconditioning the I/O pins 
shall be tied to Vsupply voltage level specified in the relevant specification (noting the 
exceptions stated in step b)). 

h)  Put the pin under test in logic-low state. Measure nominal Isupply (Inom) for each Vsupply 
pin (or pin group, see 2.21). Then, apply the negative current trigger source below ground 
(in accordance with Table 1 for a duration as specified in Table 2) to the pin under test. 

i) 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 Isupply for each Vsupply pin (or 
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