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Abstract 

An ana lys i s i s presented of la tch-up in CMOS 
in tegra ted c i r c u i t s . A la tch-up p red ic t ion algorithm 
has been developed and used to evaluate methods to 
cont ro l l a t c h - u p . Experimental v e r i f i c a t i o n of the 
algorithm i s demonstrated. 
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Junction iaoj :..':•'A Comp.let.iontary 1*"'; (HKO.'") 
integrated circuits often exhibit .1 ntcli-up efi'eels ji: 
cither an ioriiran;', radiation environ'i'-nt or term n:-.l 
ovcrvo] t.Mf.c strei;:. condition. The ]'atch-up .state ha:; 
been ubov.'a to arit:r from rcfjcncraLive I'.v/.i. Lch:i nf-;, iden
tical to the turn-on mechanism In four-layer pnpn 
diodes."''' In a typical bulk silicon CKOS integrated 
circuit numerous pnpn pathr. exist; it is important to 
be able to analyze the latch-up susceptibility of such 
pnpn paths in order to characterise and implement cor
rective design or process chances as needed to control 
latch-up. 

A study has been made of the dominant physical 
mechanisms and electrical properties required for a CMOS 
pnpn path to sustain latch-up. From the results of this 
study an algorithm has been developed which gives a for
mal procedure to predict if conditions allowing latch-up 
can bo achieved along a given pnpn path. The salient 
features of this algorithm are summarised: 

(1) Identify potential pnpn latch-up path, 
(2) compute p-well resistance and substrate 

spreading resistance along pnpn path, 
(3) identify minority carrier injecting 

regions within the pnpn path, 
CO compute parasitic npn transistor current 

gain, 
(5) compute parasitic lateral pnp transistor 

current gain (include field-aided gain 
enhancement if present), 
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(CO oer.pute l.olii.'.i::'. ci.r'iv-iil. u '' the: j>: •{ -i; ji.Ui 
riches:.try to f.iw CIIJ-J-CIII- ĉ airi product r e 
quired to nustajn Hatch-tip, rind 

(7) ;-f;al to sec if Of: puU'd current j_:aiii prorfuci. 
require!:::, n'. exoovu.:. the p i n product i i\ : i 
the hoDdinr; current r(.\ju:i ri- IIK ft. 

The a]/in itliifi requires only the pnpn path j;:i-ci::.c.-l.i y, the 
p-veil!! rhi-ct resistance, end substrate roBist.I vity for 
input data. 

New results have been obtained relating the 
lateral prp transistor' a field-aided current gain ci.hanee-
ment to the initiation of CMOS latch-up. A theory has 
been developed to describe the field-enhanced current gain 
and experimental data has confirmed the importance of such 
gain enhancement in latch-up. For this reason, the inclu
sion of the field-aiding mechanism is often essential in 
latch-up threshold prediction and can impose special re
strictions on the testing of CMOS integrated circuits for 
latch-up screening. 

Method..; to prevent and control latch-up have been 
t 

studied. Using the latch-up prediction algorithm, it is 
possible to analyze the effectiveness and establish the 
minimum, rcquii'er.'ents for latch-up control techniques. The 
most common methods discussed to date for latch-up preven
tion include: 

(1) The establishment of layout rules (lrdnimuo 
spacings) to reduce the parasitic transis
tor current gains, 

(2) Minority carrier lifetime reduction, and 
(3) the use of p-typc buried ]ayers under the 

p-v.'ell and epitaxial substrates. 
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