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Introduction

Since  1978(1), alpha-particle induced
failures have been studied intensively on dynam-
ic memories, which are susceptible to alpha-
particle generated charge since they store data
in terms of charge. Static RAM cell with ac-
tive loads or relatively low resistive loads are
immune to alpha-particle induced charges. Howev-
er, high density static cells with very high
resistive loads are also susceptible to alpha-
particle injection(2). Because of smaller statice
cell capacitance, it may well be weaker than
dynamic cells.

The objectives of this paper are to inves-
tigate the soft error rate (SER) reduction of
very high resistive load static cells by CR-
decoupling of gate electrodes from junctions ex-—
posed to alpha-particle generated charge.

Alpha-Particle Generated Current

Acoording to Hsieh et al.(3), drift com-
ponent of alpha-particle induced current flows
within less than one nanosecond by the funneling
mechanism, creating a huge current pulse height,
and after that, the rest of alpha-particle gen-
erated charges are collected by diffusion. The
diffusion current is relatively low, and a large
fraction is expected to be collected to adjacent
n™ diffusion region and, in the case of p-well
structured cell, to n-type substrate. The cell
layout technique(2) is thus effective to immun-
ize against diffusion collected charges. On the
other hand, because of very fast charge collec-
tion by the funneling mechanism, - the drift
current has seriously high pulse height, several
orders of magnitude higher than resistive load
supplied current. The funneling current is con-
sidered to be localizgd to the alpha-particle
incident point, Thus the layout technique is

not effective to prevent the drift current in-
duced soft errors,

CR Isolated Cell

To improve the immunity to drift component
of alpha-particle generated current, we propose
the CR decoupling scheme that a CR time con-
stant isolates the major storage charge from the
drift collected charge at drain Junctions. The
scheme 1is also applicable to dynamic cells, as
will be reported elsevhere, In this paper, how-
ever, we concentrate on the application for
static cells with high resistive loads. A
schematic drawing of the CR isolated static
cell is illustrated in Fig. 1. Resistors, R .
are inserted between drain diffusion regions afid
polysilicon gate electrodes. The resistor can be
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" is not bﬁoken,

either distributed gate resistance or lumped one
between gate and drain regions. Although the
charge, Q,, at the "Hr.state drain region is
easily lo by alpha-particle generated charge,
Q_, the charge, q + Stored at gate electrode can
bé protected fr the drift component, if the
time constant, C R + is sufficiently large,

If the d collected alpha-part;cle
charge, Q_, is smaller than Q.+Q , the cell data

and the finai Jﬁ"-state memory
node potential, va' is given asf

>= “Q j+Qg_Qa

CJ.+C8
where the current supplied by resistive load,
RL' is neglected.

When Q_>=Q.+Q , which is usually the case
for high defsit} Hfatic RAMS, the cell node po-~
tential VH is dependent on R . In Fig.2, a
simulated G in the case ofgstandby mode is
shown as a %ction of R for various values of
C. with fixed ¢ =10fF, Migher v £ is obtained
fgr Smaller C. o ng to the largé? current com-
pensation bthhe diffusion current injected at
the forward biassed drain junction,

va

Assuming that the failure condition is
V..<0, a minimum alpha-particle generated
clrrent to cause soft error, I , is ob-

tained by simulation as a functidi Nor R
shown in Fig. 3. For R 's larger than crificdl
resistance, R morit? e minimum current, I
tn+ 18 1nf1n§t§fy large, that is, the cell 13
?ree from soft error caused by alpha-particle
injection. The critical resistance, R is
approximated by g-

as

t
a

R -
g-crit *
cg 1n{(1+vH/vF)/(1+cj/c8)}

where V. is the initial "Hr_state node
tial, v the n+p Junction forward bias
the alﬁha-particle induced
pulse width.

When the cell is Selected, i.e. the word
line voltage is raised to Vece, cells with larger
C. are saved from the soft error with smaller
rgsistance R_, as shown in Fig. 4. This is due
to the fact that 3 large fraction of the alpha-
particle induced drift current is compensated by
Selection-gate supplied current,

poten-
and t
funneling curren

Write Time Requirement

It is clear
has wider margin
duced failure,

that the cell with larger R
against the-alpha—particle 1n§
However, the maximum value of R



is limited by the time required for write opera-
tion. In Fig. 5, simulated write delay time, a
delay time from bit line signal to memory cell
flip, is plotted against R_. It is seen that
the write delay time is deté&mined by C , R and
MOS transistor resistance, and that the®dellly is
short enough for large storage bit capacity MOS
RAMs as far as R_ is smaller than 200 kilo-ohm,
Therefore, referring to Figs.3 to 5+ R has a
wide range of solution to realize a static cell
immune to drift collected alpha-particle gen-
erated carriers without sacrificing write opera-
tions.

Discussions

After the termination of funneling, inject-
ed carriers at the forward biassed drain June-
tions to compensate drift collection are expect-
ed to diffuse out to adjacent n*_regions and
also back to the same drain region together with
the rest of alpha-particle generated charge. The
current caused by these carriers has to be lev-
eled down by the cell 1layout technique and
well-structures to achieve soft error free
resistive load cell.
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Fig.1. CR isolated static cell with resistive
loads.
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Fig.2. Calculated "H"-state memory node voltage
after the drift collection of alpha-particle
generated charge in standby mode,
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Fig.3. Minimum alpha-particle induced funneling

current to cause memory cell flip, obtained by
simulation,
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Fig.4. Calculated "H"-state memory node voltage
after the drift collection of alpha-particle
generated charge in read mode.
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Fig.5. Simulated write delay time vs, R



