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T.atch-up prevention in CMOS LSIs requires a more
fundamental understanding of the SCR phenomena, especially

as LSI structures become more prone to latch-up due to
reduced geometries. In this paper we will present recent
data on latch-up prevention by the use of epitaxial
starting material, present a modification of the lumped
transistor-SCR model and describe a useful graphical
solution to the latch-up problem.

Latch-up characteristics of parasitic SCRs have the general
features shown in Figure 1. Region I corresponds to the
normal operational region of the CMOS circuits where the
parasitic SCR is in its blocking state. It extends from

the origin to Point I. Region II corresponds to the latch-up
status where regeneration occurs. It is characterized by a
large drop in terminal voltage from that at point I, and

by the flow of large terminal currents. This region extends
to Point III at which point latch-up is no longer sustained
due to a reduction in device current gain with large currents.
The terminal voltage increases as the devices exit saturation.
Basically, latch-up is prevented if operation in Region II is
not allowed. This has been accomplished in deep p-well struc-
tures (> 7 microns) by minority lifetime reduction methods

of gold doping (1) and neutron irradiation (2). The use of
epitaxial substrates has also been shown to prevent latch-up
by increasing the holding current to levels unatainable in
normal circuit operation (3). ’

The present work differs from that in Reference 3 by including
the dependence of transistor current gain on collector current.

The effect, a result of increasing the holding current suffi-
ciently by decreasing the shunt parasitic resistances Rg

and Ry in Figure 2, is that the loop gain becomes less than unity
prior to reaching the holding current and therefore preventing
latch=-up.

From Figure 2, we write
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The current gains B and Bp are functions of collector
current. The inequalities are written to include the satura-
tion regions.

These equations are plotted in Figure 3 where the B
dependence was obtained from measurements of test devices

on the CMOS LSI shown in Figure 4. Curve A is obtained by
plotting I._ versus Icn/Bn, Ic, belng the independent
variable; curve B is I., versus I¢ with I the indepen-
dent parameter. The allowed reglogs of operation defined

by the -inequalities of Equations 1 and 2 is that space

above A and below B. The allowed region of operation of
the coupled pair of equations is the overlap area designated
II in Figure 3. Point 1 defines the onset of saturation.
The holding current determined from this point is
LT fn By vy v Trs By (Bn v 1y (1)
H Bn Bp -1
in agreement with Reference 3. Point III represents the

current level at which the devices go out of saturation.

The intercepts along the axis are the shunt currents flowing
through Rg and Ry. Decreasing Rg moves curve B to the right;
decreasing Ry moves curve A up. This results in a larger
holding current, a lower latch-up exit current and a smaller
overlap region where SCR action is allowed. It is obvious
that, by proper selection of Rg and/or R_, the curves

will not intersect; under these conditions latch-up is
impossible at any current level. Curve C in Figure 3 shows
a shift of curve B due to the reduction in Rg .afforded by
the use of epitaxial substrate from a value of V100  to
<158 which prevents latch-up.

The CMOS LSI circuit shown in Figure 4 was fabricated on
both conventional and n on n+ epitaxial substrates. While
in the standard structure latch-up was induced by a Y pulse
of ~109 rad (Si)/sec, no latch-up was 1nduc8d in the
epi-structure at fluences of up to V6 x 1010 raq (Si)/sec (4).
Further, no electrically induced latch-up could be attained
so long as the epi-shunt resistors were not removed from
the circuit.

In addition to the discussion of the model, sensitivities
for latch-up due to process variations such as epi thickness
and p-well depth and resistivities will be discussed.
Possible effects due to scaling will also be presented.
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Figure 1: Current vs. Voltage relation for typical SCRs.
' showing major regions of operation.
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Figure 2: Lumped element model for parasitic SCRs in
: Bulk CMOS structures.
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Figure 3: Current characteristics of parasitic bipolar transistors

as given by inequalities 1 and 2.
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Figuré 4: CMOS 8-Bit ALU used for standard/EPI latch-up
' comparison. i




