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ABSTRACT

The charge-pumping characteristics of LDD MOSFET"s before and after hot-carrier stress
is discussed. A two-dimensional transient numerical model of the charge-pumping exper-
iment is used in the study. The contribution of the different regions in the LDD device to
the charge-pumping curve is analyzed in detail. Time evolution of the spatial trap distri-
bution in the device while stressing is extracted from the experimental charge-pumpin
data. For the extracted distributions the charge-pumping characteristics is calculated '
numerically, and compared with the experiment; the obtained agreement confirms the
accuracy of the spatial trap distributions.

INTRODUCTION

Hot-carriers in device produce the interface (volume) traps, trapped charge in the oxide
and the additional oxide traps, which could change the device characteristics. How the
characteristics is degraded depends on the amount, location and the nature of the damage.
It is quite difficult to extract the parameters of the damaged region from the device static
characteristics like threshold voltage and transconductance. The methods proposed in
the literature for extraction of the amount and the spatial distribution of interface traps
(and fixed oxide charge) are based on the drain-bulk gated-diode generation and recombi-
nation current at reverse bias [1] and forward bias [2,3], the gated-diode tunneling current
[4] and the charge-pumping techniques [5,6]. Note that by the gated-diode generation-
recombination current only the contribution of the mid-gap levels can be measured, and
that the amount of the extracted traps is directly dependent on the corresponding capture
cross-sections. In this study we will extract the spatial trap distribution app%ying the
conventional charge-pumping technique with the constant amplitude AUg, rise t, an

fail t; times, and variable gate top/base-levels Ugy,Ugr- In this technique the emission

times [7] are kept constant for all traps [6].

As device dimensions shrink the charge-pumping current I, becomes significantly influ-
enced by several 2D effects [8,9]. Considering in particular the non-uniform hot carrier
stress, the damaged region 1s located near and within the drain and source junctions,
where 2D effects directly occur. In order to calculate quantitatively the contribution to
Icp from these regions we developed and implemented in MINIMOS a rigorous 2D tran-
sient model for the charge pumping experiment, which enables us to account properly
for relevant effects [9]. In our approach, the dynamical-equations for energy- and space-
discretized traps are coupled with the basic semiconductor equations in a self-consistent
manner. This approach has been applied to study the geometric I, component in MOS-
FET’s and SOI devices in [9] and to examine and improve the present techniques for the
extraction of the spatial trap distribution in [6].

CHARGE-PUMPING CHARACTERISTICS OF LDD DEVICE’S

Fig.1 shows the comparison between numerically calculated charge-pumping characteris-
tics Icp(Ugr) and experiment for an n-channel LDD MOSFET before stress. There are
two characteristic tails in Icp for virgin LDD devices compared to conventional devices.
We found for the first tail, which is located near the charge-pumping threshold (—8.7V <
Ugr < —=7V), that it originates from the whole LDD subdiffusion (gate/LDD overlap),
while for the second small and long tail in the deep subthreshold region (Ugp < —8.7V)
that it is produced by pumping the LDD region due to gate-edge electric field-fringing,
Fig.2. For the first tail, the difference between the calculation and experiment could be ei-

ther due to a non-uniform trap distribution in the subdiffusion region, or, most likelg, due
to an inaccuracy in the lateral doping profile obtained by process simulation. Alt ough



we can reproduce the second long tail due to fringing effect the quantitative agreement
has not been achieved for this region. While stressing n-chanmg LDD devices exhibit
a continuous build up of traps in time, Fig.3. Traps are generated in the whole LDD
subdiffusion region due to injection from tﬁe ‘conventional field peak’. However, many
more traps are generated in the LDD region near the gate edge under the LDD spacer
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due to the contribution of the ‘LDD field peak’ [10], Fig.5. This fact has particular
consequences on the reliability issue.

differencial charge-pumping current (pA)
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