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The Impact of Stress Induced Leakage Current on the Refresh
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ABSTRACT

This paper describes the temperature dependence of stress induced leakage curtent and its impact on the
refresh time in Giga bit level DRAM with practical considerations. SILC has been found to increase as the
monitoring and stress temperature increases, From the simulation results of refresh circuit for Giga bit level
DRAM, it has been found that the increase of SILC with stress time can be a dominant factor in refresh failure
below 373K and pn junction leakage at high elevated temperature.

The purpose of this work is to examine the

1. Introdution

SILC is an important concern in scaling gate
oxide thickness because it can decrease the
DRAM refresh times (Twf), degrade the flash
memory data retention, and increase MOSFET
off-state power consumption. Although many
studies about the conduction mechanism for SILC
[1-3] and about the impact of pn junction leakage
curtent (I) on Twr [4-5] have so far been
performed, the impact of SILC on Ty has not
been examined practically.

temperature  dependence of SILC and to show
practically that Te.r for G-bit level DRAM should
be determined by not only I; but also SILC.

I. Device and Techniques

Both MOS capacitors and pn junction diodes
with the same area A = 16x10-4cm’ have been
used in this experiment. The gate oxide thickness
for MOS capacitors is 5.0nm. MOS capacitors
were stressed under constant current stress ( J, =
10 mA/em® ) at elevated temperature ( 300K ~
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423K ) and were monitored at different tempera-
ture as shown table 1. SILC and I; have been
monitored at V, = 35V and V; = 28V,
respectively, which are practical conditions for the
half -V, precharge scheme in Giga-bit DRAM.

H. Temperature Dependence of SILC

Fig. 1 shows the temperature dependent SILC
behavior of sample S;. It is found that the SILC
at 423K is increased by almost one decade of
time as compared to the SILC at 300K
Therefore, the increase of the SILC at elevated
temperature will cause a DRAM refresh failure,

Fig. 2 summarized the difference of the stress
induced gate leakage current (4] between
samples as shown in table 1. AJgi(= Jg - Jgo)
exhibits the effect of monitoring temperature on
SILC conduction mechanism. The positive increase
of 4l indicates that the emission of trapped
charge is largely enhanced at elevated
temperature. AJgn ( Jgu - Jgs1) exhibits the effect
of stress temperature on trap generation.

Table 1. summary of sample capacitors with different
stress and monitoring conditions

\ stress conditions momtoring conditions
samples CC8atl=10mA/em? (Vg =3.5V)
s, Room Temp. Room Temp.
$, Room Temp. High Temp.
s, High Temp. High Temp.
s, High Temp. Room Temp.
10"
atress / measure temp. Ts = 30 sec
1°.|a1 —m— 300K
—e— 323K
i o-u,l —a— 348K

—v— 373K

Gate voltage [ V ]

Fig. 1 Temperature dependence of SILC behavior of
sample S;
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Fig. 2 Difference of SILC between samples

The positive increase of 4l indicates that the
neutral bulk oxide traps and the interface states
are largely generated at elevaied temperature as
ref[ 2 ] ngSl (= Jga - Js1) exhibits the both
effects of stress and monitoring temperature and
steady state SILC conduction mechanism. The
positive increase of dJg;; indicates that the
increase of SILC following a long time stress at
elevated temperature can be the cause of a
DRAM refresh failure.

Fig. 3 shows the comparision of leakage
current between SILC and I; with stress time and
temperature. At 300K, I; is larger than SILC,
However, SILC becomes larger as the stress time
increases. Therefore, SILC can reduce T
seriously. At above 373K, it is found that I; is
the dominant leakage current in MOSFET devices.
Although the leakage cumrent after soft breakdown
remains small compared to the high direct
tunneling current, there will be totally refresh
failure in DRAM, especially after soft breakdown.
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Fig. 3 SILC versus stress time with temperature

255

www.dbpia.co.kr



541813 =-2-7] *00-12 Vol.25 No.12T

Fig. 4 shows the temperature dependence of
SILC and I, The activation energy for the SILC
is smaller than that for L. From this figure, we
can also confirm that the increase of SILC with
stress time can Jlead to refresh failure more
dominantly than I at room temperature.
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Fig. 4 Temperature dependence of SILC and junction

leakage

IV. The Impact of SILC on Tres

In order to examine the impact of SILC on
Ter, the modified refresh circuit as shown in Fig.
5 has been simulated using the SPICE program.
The device size of cell transistor has been
assymed for Giga-bit level DRAM (W/L =
0.2/0.18um) and device parameters for the SPICE
simulation have been extracted by BSIM3.

In Fig. 5, the supply voltage V.. and the storage
capacitor Cs are 2.8V and 10fF respectively. The
leakage current due to SILC has been implemented
in parallel with I, and the subthreshold leakage
current has been neglected here. We also
considered the area dependence of I; because we
used large area pn devices for I; measurement.

Fig. 6 shows the change in Cs voltage versus
time before and after constant current stress Jo =
10my/cnt for 600sec at 300K. The Trs has been
determined as the time that Cs voltage decreases
to 2V/3. From Fig. 6, it is found that Ty
decreases from 1.3sec to 22.7msec after stress.

Fig. 7 shows the T.r versus stress time at
different stress temperature. We can clearly
observe the impact of SILC on the refresh time
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in DRAM especially at room temperature.
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Fig. 5 Schematic diagram of refresh circuit
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Fig. 6 Change is C$ voltage versus time before and after
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Fig. 7 Tref versus stress time with temperature

V.Conclusion

The effect of stress and monitoring temperature
on SILC have been examined. It is found that
SILC increases with the monitoring and stress
temperature, From the SPICE simulation of
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refresh circuit for Giga-bit DRAM, the increase of
SILC is found to give a serious impact on the
refresh failure.
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