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IEEE Standards documents are developed within the Technical 
Committees of the IEEE Societies and the Standards Coordinating 
Committees of the IEEE Standards Board. Members of the committees 
serve voluntarily and without compensation. They are not necessar- 
ily members of the Institute. The standards developed within IEEE 
represent a consensus of the broad expertise on the subject within the 
Institute as well as those activities outside of IEEE that have 
expressed an interest in participating in the development of the 
standard. 

Use of an IEEE Standard is wholly voluntary. The existence of an 
IEEE Standard does not imply that there are no other ways to produce, 
test, measure, purchase, market, or provide other goods and services 
related to the scope of the IEEE Standard. Furthermore, the viewpoint 
expressed at the time a standard is approved and issued is subject to 
change brought about through developments in the state of the art and 
comments received from users of the standard. Every IEEE Standard 
is subjected to review at least every five years for revision or  reaffir- 
mation. When a document is more than five years old and has not 
been reaffirmed, it is reasonable to  conclude that its contents, al- 
though still of some value, do not wholly reflect the present state of the 
art. Users are cautioned to check to determine that they have the latest 
edition of any IEEE Standard. 

Comments for revision of IEEE Standards are welcome from any 
interested party, regardless of membership affiliation with IEEE. 
Suggestions for changes in documents should be in the form of a pro- 
posed change of text, together with appropriate supporting comments. 

Interpretations: Occasionally questions may arise regarding the 
meaning of portions of standards as they relate to specific applica- 
tions. When the need for interpretations is brought to  the attention of 
IEEE, the Institute will initiate action to  prepare appropriate re- 
sponses. Since IEEE Standards represent a consensus of all con- 
cerned interests, it  is important to ensure that any interpretation has 
also received the concurrence of a balance of interests. For this 
reason IEEE and the members of its technical committees are not able 
to provide an instant response to interpretation requests except in 
those cases where the matter has previously received formal 
consideration. 

Comments on standards and requests for interpretations should be 
addressed to: 

Secretary, IEEE Standards Board 
445 Hoes Lane 
P.O. Box 1331 
Piscataway, NJ 08855-1331 
USA 

IEEE Standards documents are adopted by the Institute of Electrical 
and Electronics Engineers without regard to  whether their adoption 
lmay involve patents on articles, materials, or processes. Such adop- 
tion does not assume any liability t o  any patent owner, nor does i t  
assume any obligation whatever t o  parties adopting the standards 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 11:17:51 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1181-1991

http://www.avadocuments.com/doc/ieee-1181-1991
http://www.avadocuments.com/doc/ieee-1181-1991
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IEEE Recommended Practice for Latchup 
Test Methods for CMOS and BiCMOS 

Integrated-Circuit Process Characterization 

1. General 

1.1 Scope. This document provides recommendations for the layout and test methods re- 
quired to  properly characterize the latchup behavior in CMOS and BiCMOS’ integrated- 
circuit processes or other processes that have similar lateral PNPN topographical layout 
characteristics. 

1.2 Purpose. This recommended practice is intended to  provide recommendations to enable 
the characterization of an integrated-circuit process architecture.’ This document de- 
scribes how to  characterize “worst-case” CMOS integrated-circuit layout topography for 
PNPN latchup. This document is intended to be used to  test the behavior of a CMOS process, 
and not a CMOS product. 

Establishing a recommended practice allows the scientific comparison of different ap- 
proaches to processes or process architectures by establishing a workable methodology of to- 
pographical layout and electrical measurement procedures. By doing so, technical papers 
can be written so that comparisons of different engineering approaches can be better made. 

Establishing a recommended practice allows the scientific comparison of similar CMOS 
processes so that a purchaser of custom integrated circuits can use a common test methodol- 
ogy to  evaluate and compare the processes of one or more vendors or foundries of custom 
integrated circuits. This allows the evaluation of the process capabilities on a worst-case 
recommended structure and test method independent of actual integrated-circuit product 
topological latchup layout practices (which should be topographically best-case layouts, and 
not worst-case layouts). 

It is not the purpose of this recommended practice to be applied to semiconductor products. 
For product testing, EWJEDEC JC-40.2-87-16 [113 should be used. 

2. References 

[ll EINJEDEC JC-40.2-87-16, “A Standardized Test Procedure for the Characterization of 
LATCHUP in CMOS Integrated Circuits,” Draft 3.2 (January 29, 19871, EWJEDEC JC-40.2 
CMOS Logic Standardization Committee.* 

‘BiCMOS is a process that, at the very minimum, combines an isolated, high-performance NPN transistor 
along with a CMOS process. The test methods described in this document illustrate the CMOS-based latchup 
structures only. Currently, this document does not address the contribution of an isolated NPN transistor to 
CMOS latchup phenomenon. However, the basic approach described in this document is applicable to generating a 
valid structure for an NPNICMOS latchup structure. 

‘Architecture, in this context, is sometimes called “process integration” or just simply a ”process.” It refers to 
the way in which the structure of the process is put together. 

%’he numbers in brackets correspond to the References in Section 2. 
4JEDEC publications are available from JEDEC, 2001 I Street NW, Washington, DC 20006, USA. 
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3. Definitions and Nomenclature 

3.1 Definitions 
3.1.1 Latchup. A malfunction of a CMOS integrated circuit caused by a parasitic PNPN 

structure. 
Junction-isolated CMOS integrated-circuit technologies inherently have parasitic 

PNPN structures. In order to achieve high packing density in integrated-circuit products, 
the circuit design engineer or layout designer often does the topological layout such that the 
N-Channel MOSFETs are placed as close as possible to  P-Channel MOSFETs. In so doing, 
the worst-case PNPN parasitic structure is created. In normal operation with a properly- 
developed process, this PNPN parasitic structure is inactive and has no detrimental effect 
on the integrated circuit. 

If a fault condition occurs, it is possible to forward bias one of the junctions in the PNPN 
structure, and, if there is sufficient fault voltage and current available, the PNPN struc- 
ture will turn on. When the PNPN structure turns on (latchup is initiated), the voltage 
across it collapses to a series summation of 

(1) A forward diode drop 
(2) 
(3) 

A bipolar transistor collector-to-emitter saturation voltage 
IR drop in parasitic resistance(s) of the PNPN structure 

Typically, this voltage may be in the 1-2 V range. Depending on the character of the 
PNPN structure and the external electrical conditions, latchup may be either sustained or 
transient. In either case, the CMOS integrated circuit will normally malfunction. It may 
also cause other electronic devices used along with the CMOS integrated circuit to mal- 
function as well. 

CMOS latchup is normally caused by fault conditions external t o  the integrated-circuit 
product. Topological layout solutions, which sometimes add to the chip area, are usually ef- 
fective a t  mitigating latchup on input and output pins of CMOS integrated circuits. The ef- 
fectiveness of such topological solutions (such as guard rings) are both process architecture 
and layout related and, thus, are beyond the scope of this document. It is also possible, how- 
ever, to  initiate latchup internally in an integrated circuit. Therefore, it is important to be 
able to properly characterize process-related CMOS latchup phenomena in order to improve 
process designs and not solely rely on topological layout solutions. 

If a latchup stimulus is applied to the input node of a test device; the output-node current 
simply increases from its initial value (approximately zero current for the devices de- 
scribed in this standard); the output-node voltage does not drop; and, upon removal of the 
input-node stimulus, the output-node current returns to  its initial value (taking into ac- 
count current increase due to  junction temperature increase); then the device can be de- 
fined as “latchup immune” to that stimulus. 

Figs 1 and 2 illustrate some of the basic SCR definitions as used in this document. 
3.1.2 Overvoltage. A voltage between any pins that exceeds the related positive power sup- 

ply; specifically in cases where a P+ to  N- diode may be forward biased. 
3.1.3 Undervoltage. A voltage between any pins that exceeds (in the negative direction) 

the related negative power supply; specifically in cases where an N+ to P- diode may be 
forward biased. 

3.1.4 Trigger Voltage. The voltage required to trigger an SCR structure a t  the terminal 
that initiates a latchup condition. 

3.1.5 Trigger Current. The current required to trigger an SCR structure a t  the terminal 
that initiates a latchup condition. 

3.1.6 Trigger Source. The source of trigger voltage or current. 
3.1.7 Trigger Duration. The duration of trigger voltage or current. 
3.1.8 Holding Current. The dc current that will sustain the holding voltage condition. 
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3.1.9 Holding Voltage. The sum of a forward diode drop plus a V,,(sat) of a bipolar tran- 
sistor plus IR drop in the device under test. It is measured at the holding current value. It is 
the minimum voltage at which sustained latchup current will flow. 

3.1.10 Minimum Sustaining Current. The minimum sustained latchup current that will 
flow. It is important to point out that measurement of this current is test-setup dependent. 

3.1.11 Sustaining Voltage. The voltage at  which minimum sustaining current will flow. 
3.1.12 Bipolar Latching Voltage. A reduced breakdown voltage occuring when the in- 

trinsic base voltage is higher than the emitter voltage. 
Bipolar transistors exhibit two forms of breakdown voltage from collector to emitter. One 

is avalanche voltage, which is normally observed with the base connected to  the emitter, or 
BVceS. The other is latching voltage, which is normally observed with the base terminal 
open circuited. In this condition, very low current breakdown is approximately equal to  
SV,,,, but increasing current causes the collector-emitter voltage to  drop substantially. 
This voltage is known as LV,,, or SV,,,. Latching voltage can also occur with a resistance 
connected from base to  emitter, or when the extrinsic or instrinsic base voltage is allowed 
to be greater than the emitter voltage. See Fig 3. 

Uce (sat ) BUceo o r  BUces 
LUceo 

Fig3 
BipolarLV- Latching Voltage is not ScRLatchup 

3.1.13 MOS Snapback Voltage. A reduced breakdown voltage occuring when channel 
current is flowing. 

MOS snapback voltage is not SCR latchup. MOS snapback voltage is initiated in a lat- 
eral MOS device by channel hot-electron hole-electron pair production in the drain region 
of the transistor. The minority carriers (holes for N-Channel transistors) expelled from 
the drain region into the substrate (base) region trigger a lateral parasitic bipolar transis- 
tor and create a breakdown condition similar to collector-emitter latching voltage (known 
as LV,,, or SV,,,) in normal bipolar transistors. This latching voltage is not SCR latchup. 
See Fig 4. 
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Fig4 
MOS Snapback Voltage is not SCR Latchup 

3.1.14 Cool-Down Time. The period of time between successive applications of trigger 
pulses, or the period of time between the removal of the supply voltage and the application of 
the next trigger pulse. 

3.1.15 Test Conditions. The ambient temperature, supply voltage, current limits, radia- 
tion source, inputloutput dc bias voltages, and the pulse voltage/current conditions applied 
to the device during the test. 

3.1.16 Architecture. Architecture, in the context of this document, is sometimes called 
“process integration” or just simply “a process.’’ This refers t o  the way in which the struc- 
ture of the process is put together. 

3.1.17 BiCMOS. A process that, a t  the very minimum, combines an isolated, high-per- 
formance NPN transistor along with a CMOS process. 

3.2 Nomenclature 
3.2.1 DUT. Device under test. 
3.2.2 Vdd. The normal positive supply voltage applied to the DUT. 
3.2.3 V,. The normal negative supply voltage applied t o  the DUT. 
3.2.4 Gnd or Ground. This is the ground potential of the system. It may be the same as V,, 

3.2.5 Idd. DUT total dc supply current. 
3.2.5 Output. The pin on the SCR test structure that simulates the output pin of a CMOS out- 

3.2.6 Ito. Trigger current from output overvoltage above Vdd. 
3.2.7 Itu. Trigger current from output undervoltage below Vss. 
3.2.8 Vto. Trigger voltage output overvoltage above Vdd. 
3.2.9 V,. Trigger voltage output undervoltage below Vss. 
3.2.10 Iso. The maximum dc value of I d d  for the SCR still in its OFF state when triggered 

3.2.11 Isu. The maximum dc value Of Idd for the SCR still in its OFF state when triggered 

3.2.12 Ih. The value of SCR latchup holding current where dV’dI = 0. 
3.2.13 vh. The SCR holding voltage measured when I h  is flowing. 

or Vdd or any other specified potential. 

put buffer. 

into latchup by overvoltage on an input or output pin. 

into latchup by undervoltage on an input or output pin. 
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