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Abstract

Studied is the soft error issue, which is a circuit mal-
function caused by ion-radiation induced noise currents.
We have developed a laser-based soft-error simulation
system to emulate the noise and evaluate its reproduci-
bility in time domain. It is found that this system that
conforms to the two-photon absorption process can re-
produce the shape of ion-induced transient currents,
which is not achieved by the conventional single-photon
approach. A technique to estimate the initial charge dis-
tribution inside the device is also presented.

I. Introduction

Soft-errors in SRAMs are one of the critical problems for
today’s CMOS device development, as pointed out by ITRS
[1]. They are circuit errors that stem from transient current,
i.e., flow of charge created by a radiation strike such as a
heavy ion and a neutron. They are hence usually evaluated
with radiation beams [2, 3], but there are several difficulties
such as limited accessibility. Complementary, pulsed-laser
based soft-error simulators, which can be installed on a la-
boratory bench, are drawing attention. The single-photon
absorption (SPA) technique has been widely used already,
and recently the two-photon absorption (TPA) is eagerly
developed for its long penetration depth, which is desired to
backside irradiation [4].

An important issue in the laser simulation is the reliability
in reproducing ion induced transient pulses, the shape of
which, i.e., the current vs. time waveform (/-7 curve), is im-
portant since one now needs time-domain analyses for dis-
cussing the soft error probability [5]. So far, to our
knowledge, it is not yet demonstrated that laser probes can
reproduce ion-induced pulses [6]. In this study, we investi-
gate such reproducibility by using a homemade TPA system,
demonstrating for the first time that it reproduces an
ion-induced waveform successfully, which is not by SPA,
on the other hand. The TPA reproducibility is attributed to
controllability of the initial carrier spots. For the first clue to
investigate this spot controllability, we present a technique
to extract the spatial information of the spot inside the de-
vice from the externally observed /-t measurements.

I1. Developed system for TPA based simulation

We have developed a TPA system as illustrated in Fig. 1.
In comparison with the system that is already used at the
Naval Research Laboratory [4], our system does not need an
optical component for shifting the wavelength of the laser

Wavelength : 1.26 um
Pulse Width : 130 fs

Pulse Energy : 22 nJ
Repetition Rate : 28.5 MHz

Pulsed Laser H Pulse PlckerH Attenuator

100x
| Objective Lens

30 GHz Real-Time
Oscilloscope

Fig. 1. Developed TPA system for soft-error simulation.
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Fig. 2. Measured pulse widths in various conditions.

thanks to our choice of a Cr:Forsterait laser instead for the
typical Ti:Sapphire one. This results in further miniaturiza-
tion of the TPA system. The attenuator is used for control-
ling the pulse energy (P.E.) while the pulse picker is to ad-
just the laser repetition rate. The laser beam is focused on
the DUT (device under the test) with a 100x microscope
objective lens resulting in a 1.1-um spot size theoretically. A
30-GHz analog bandwidth real-time oscilloscope (Teledyne
LeCroy) is installed to record the shape of transient currents.
The TPA theory enables to create carriers only near the focal
position and to determine its position in an arbitrary depth
inside the DUT by moving the DUT on an xyz stage.

ITI. Reproducibility of TPA based soft-error simulation
The DUT examined in this study is a commercial Si PIN
photodiode with a diameter of 450 ym. The PIN photodiode
consists of p* (~ 8 x 10"® cm™), i (~ 1 x 10" cm™), and n* (~
2 x 10" cm™) regions. The thickness of the i region is ap-
proximately 15 pgm [7]. A 10-V reverse bias was fed to the
DUT during the measurements. Fig. 2 summarizes measured
pulse widths in various P.E. and positions, i.e., z, which in-
dicates the depth measured from the surface of p* region.
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Fig. 3. Comparison of transient currents induced by oxy-
gen-ion [7], SPA [6], and TPA.

Here, we define the pulse width as the temporal duration
where the current exceeds 0.1 mA. This figure implies that
we can control the pulse width by changing P.E. and focal
position. This controllability is the key to reproduce the
transient pulse, as demonstrated in Fig. 3, in which the TPA
simulation in the condition “I” reproduces the 15-MeV
O-ion-induced transient current (after [7]) successfully
while not the condition II. This figure also shows an SPA
result, which delivers undesired large difference.

IV. Estimation of the initial carrier spot size

The revealed high reproducibility of TPA is attributed to
the controllability of the initial carrier-spot structure (size
and position). For the first step to confirm this, we have de-
veloped a technique to extract the spatial information of the
spot from the measured /-¢ curves. Fig. 4 shows the curves at
PE = 1.0 nJ. We have found that the measured pulses ex-
hibit various decay speeds (rates). In this regard, we have
analyzed the decay component, i.e., focusing the region
where I < 0.07 mA. Fig. 5 shows the extracted decay tails;
the horizontal axis shows the elapsed time (#,) since I reach-
es 0.07 mA. This figure reveals that the decay tails distribute
in a limited range between the “fast” and “slow” boundaries.
This fact is clearly demonstrated in Fig. 6, where this decay
rate map exhibits three regions: the two constant regions of
“fast” and “slow”, and the transition region. This
z-dependent evolution of the decay rate is attribute to the
position of generated carriers. It is already known that when
charge is created inside n* region, transient currents exhibit
a slow tail [7]. Hence we assume that the “slow” decay cor-
responds to the case where the charge is all created inside
the n* region while “fast” the case where the charge is all
created inside the i region, since it provides a large electric
filed. In other words, the length of the transition region is
expected to represent the carrier spot size, i.e., ~15 ym from
Fig. 6. This value is the same as one reported in Ref. [8],
which also extracted but with a different approach, reporting
the value of 16 ym in the similar experimental condition.
Interestingly, our analysis (Fig. 6) has revealed that P.E. is
not a critical parameter to describe the decay-rate evolution.
Although the reason behind it is not clear yet, it might
provide a new clew for further understand of soft error phe-
nomenon. We are conducting device simulation analysis in
this regard.
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Fig. 4. TPA induced transient currents at three focal positions.
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Fig. 5. Decay tails (Magnified view of Fig. 4).
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Fig. 6. Decay rate of the transient currents as a function of z.

V. Conclusion

We have developed a TPA system for soft-error simula-
tion and investigated its reproducibility. It is found that the
TPA simulation can reproduce the shape of ion-induced
currents by controlling the focal position and the pulse en-
ergy. We have also presented a technique to estimate the
initial charge distribution inside the device from the transi-
ent currents externally observed.
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