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Abstract

An analysis is presented of latch-up in CMOS
; integrated cilrcuits. A latch-up prediction algcfithm
'? has been developed and used to evaluate methods to

control latch-up. Experimental verification of the

.

alperithm iu dewmonstrated.
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Integrated elrevlts often e¢xhibit lutceh-up efveetls i
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overvoltage stircess econdition.  The Tatch-up stuate hag
been uhown Lo arloe from regencretive swibehidng, ddon-
tical Lo the turn-on nmechanism in four-layer pnpn

diodos.l’d In a Lypical bulk silicon CMOS integratad

circult numerous pnpn poths exlsi; it is dwmportant to

be ablc to analyze the lztch-up susceptibllity of such
pnpn paths in order to characterize and implement cor-
rective design or process changes as needued to control
latch-up.

A study has been made of the dominant physical
mechanisms and electrical properties requived for a CKCS
pnpn path to sustain latch~up. Froin the results of this
study an algerithin haes becn developed which gives a for-
mal procedure to predict if conditions allowing latch-up
can be achieved along a given pnpn path. The salient

featurcs of thls algorithm are summarized:

(1) Identify potential pnpn latch-up path,

(2} compute p-well resistance and substrate
spreading resistance along pupn path,

(3) identify minority carricr injecting
reglons within the pnpn path,

(U) compute parasitic npn transistor current
gain,

(5} compute parasitic lateral pnp transistor
current galn (include field-alded gain

enhancement il prescnt),
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The aloocithin reguives only Lhe pepn path peonctlry, Lho

i1stlvity for

tence, end substrate rc
input dnta.,

New resulls have been obtained relatiag the
lateral prp transistor's field-aided curreni palin crhance-
ment to the initiction of CHOS ilatch-up. A theory has
been developed to describe the field~enhanced current gain
and cxperimental data has confirmed the importance of such
gain enhancement in latch-up. For thils rcason, the inclu-
sion of the ficld-aiding mechanism is often essential in
latch-up threshold prediction and can impose special re-
strictions on the testing of CNOS integrated circuits for
latch-un screening.

Methods to prevent and control latch-~up have been
studicd. Using the latch-up prediction algorithm, i£ is
possible to analyze the effectiveness and establish the
mininmur requirements for latch~up contrel technigues. The
most common methods discussed (o date for latch~-up preven-
tion include:

{1) The establishment of layoul rules (mininum
spacings) Lo reduce the parasitie iransis-—
tor current gains,

(2) wminority carrier lifetime reduction,3 and

{3) the use of p-tyve buried layers under the
p-vell and epltaxial substrates.
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