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ABSTRACT

A simple and effective compact model
methodology that predicts the history effect in silicon-on-
insulator (SOI) is discussed. In this study we employ three
physical parameters to modify the body-potentials of SOI
FETs in an inverter during switching. These parameters are
very challenging to measure accurately for sub-100nm
devices, yet are very tightly correlated with the history
effect. This methodology provides an effective means of
adjusting history effects without significant alteration of the
DC model.  Furthermore this methodology enables
construction of evaluation-level models in which DC
device parametric, circuit performance and history goals
exist but hardware meeting those goals is not yet available
for model extraction.
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INTRODUCTION

Partially-depleted SOI (PD-SOI) technology offers
a performance advantage over bulk technologies [1].
However hysteresis effects due to the floating body in PD-
SOI must be factored into SOI circuit design, since it
causes a change in gate delay as pulses propagate through a
logic path. History effect can range from 5 to 30 %,
depending on circuit types [2-3]. Therefore, it is important
that SOI circuit designers are able to simulate this effect in
the early stages of design in order to ensure proper
functionality of an SOI-based part.

To enable accurate timing of SOI circuits, the
compact model should correctly predict the hysteresis
caused by the varying potential of the floating transistor
body [4]. This has previously been achieved by accurately
modeling the body-to-source/body-to-drain diodes, impact
ionization and oxide tunneling body currents from
measured hardware [5].

As silicon body thickness continues to scale, such
measurements become increasingly challenging due to the
high body resistance and the parasitic currents associated
with the body contact.  As a result, accurate DC models
may not necessarily guarantee accurate history prediction.

In this paper we present a methodology that
enables model adjustments to match measured or expected
history while preserving the DC model fit. We also discuss
various physical effects that influence the time-dependant
behavior of the body potential and the response of the
MOSFET to the body potential.

PHYSICS OF SOI HISTORY EFFECT
IN AN INVERTER

In equilibrium the body potential is determined by
the balance of leakage currents from the body across the two
pn junctions to source/drain, and to the gate electrode via
tunneling through the gate dielectric [6-7]. During a transient
condition, displacement currents through the capacitances
associated with these interfaces are much larger than the
leakage currents, and drive the body potential far from
equilibrium. Once the body potential is known, the drive
current, and therefore the switching performance, is
determined by the sensitivities of the device to the body
potential. In this paper, we describe how each of these effects
can affect the body potential of a device in an inverter circuit
and correlate them with the history effect of the circuit. This
study is done using the BSIMPD SOI MOSFET model [8].

Figure 1 shows transient voltage waveforms for the
nodes of three successive inverter stages in a chain. The
applied voltage at r=7.0 has existed long enough for the
bodies of the transistors to be at equilibrium. In this study first
switch is defined as a switching event with the body initially
at its equilibrium potential and second switch as a switching
event with the body initially at the potential it has immediately
after a first switch event of the opposite sign. For simplicity,
we call an output fall delay a pull-down delay, and an output
rise delay a pull-up delay. First and second switch pull-down
delays are indicated in the figure. First and second switch pull-
up delays also appear in the figure but are not labeled.

The definition of the history effect is

pdA ~Tpd,2

T
History Effect = x100 (%) (1)

Tpd,1
where 7 4 is the first-switch delay and 7y 5 is the second-
switch delay.

HISTORY CENTERING METHODOLOGY

There are three physical effects (and thus,
parameters) that are difficult to measure directly in advanced
SOI devices, but strongly affect history and weakly affect DC
currents. Two parameters directly impact the body potential of
a device, namely the gate-to-body tunnel current (/gb), and the
body-to channel capacitance (Cb). The third affects the FET
response to the body potential, namely, body sensitivity of
threshold voltages. In this study, we adopt a strategy of
adjusting these parameters to achieve required history effects.
Junction diode currents are not selected since they can be
measured accurately.
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Figure 2 shows the body potential (Vbs) as a

function of time for NFETs in two consecutive stages of an
inverter chain.
At =0 both are in equilibrium. The solid curve for an
NFET is in the off-condition. This NFET provides the drive
current for a first-switch pull-down. The dashed curve is
for an initial NFET in the on state. This NFET is passive
during the first-switch pull-up condition, but provides the
drive current for a second-switch pull-down. During a
second-switch condition the drive strength is determined by
the Vbs which results from a combination of the
equilibrium Vbs and the Vbs shift due to capacitive
coupling during the transition from first to second switch
conditions. The equilibrium Vbs is determined by the
balance between gate tunneling current into the body and
diode current out of the body to the source and drain.

Figures 3 show how Cb and /gb modify the body
potential that, in turn, modifies the switching delay. Fig. 3a
shows the effect of varying the body-to-channel capacitive
coupling. Differences of Vbs between first- and second-
switch conditions result in SOI history effect in an inverter.
There is no effect on the Vbs prior to first switch because
this is set by the balance of diode currents. However, the
body potential prior to second switch is modulated by the
change of Cb due to the AC capacitive couplings. Fig.3b
shows the effect of varying the gate tunneling current. The
equilibrium potential in the off-state is not affected because
with the gate off the tunneling current is small. Therefore,
the change of Vbs at second-switch condition is responsible
for the change of history effect. Adjusting body sensitivity
of Vt does not change the body potential but does change
how much history (as a percent of delay) results from given
first- and second-switch body voltages.

Similarly, this methodology can also be applied to
the PFET. Since the NFET is passive when the output
signal rises, the Vbs at the PFET will modulate the pull-up
history predominantly. Therefore the Vbs can be
independently adjusted for NFET and PFET to achieve
pull-down and pull-up history.

The methodology is illustrated in Fig. 4. The
technique can be used to obtain a model when circuit
performance and history do not match measurement or
expectations, although the model matches DC
characteristics accurately.  The starting point for the
methodology is an initial model that is extracted from
hardware or centered according to DC device targets.

Using the initial model, the sensitivity of these
parameters was carefully evaluated with a specific circuit
(or circuits). Boundary conditions for the parameters
should be physical and reasonable and take into
consideration the uncertainty of the hardware measurement.
Each parameter has a different effect on first- and second-
switch delay so together they can be used to match overall
performance. When these parameters were determined, the
adjusted model should be checked to confirm whether the
model still meets the DC and performance targets.

This method was evaluated using the compact
model for an advanced SOI technology. The impact on the
history effect due to the change of each parameter is shown
in Table 1. For example, the inverter history increased from
2.3 to 13.8%. Although absolute history values vary by
circuit types, the increase is shown to be consistent across
the circuits.

CONCLUSION

The primary factors influencing the history effect
in SOI circuits have been reviewed. A methodology for
adjusting model parameters has been described, which
allows the history effect to be adjusted within a finite range
without significantly changing the DC model. This method
can be used for tuning a model based on measured data, or
a predictive model for a future technology that was created
using extrapolated performance targets. This method will
also be very useful to circuit designers, since it can provide
a quick assessment of the circuit-level impact due to history
effects.
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Fig.1. Typical Vin-Vout curves using three inverters are shown.  Fig.2. Body potential trajectories of two NFETSs in an inverter
The definition of the history effect is also shown in the plot. chain during switching are shown.
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Fig. 3. Body potential trajectories of two NFETSs in an inverter chain during switching are shown in various cases. The solid
lines are for the cases with the initial model, and the dashed lines are for the cases with (a) the adjusted model with body-to-
channel capacitance change only, and (b) the adjusted model with Igh change only. The dashed arrow lines show the increase
of AVbs between the initial model and the adjusted models.
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Fig. 4. The proposed modeling methodology for history adjustment is described.

| Average History (%) |

Circuit Description Initial Igb change |Cbody change |Body effect Adjusted model
Model only only change only with all changes
inverter  |Fan out =3 2,29 6.88 7.95 3.01 13.80
nand3b 3-way input NAND, |3.16 8.12 8.42 3.63 14.57
bottom NFET
switching
nand3t 3-way input NAND , |2.64 7.54 8.26 3.33 14.06
top NFET switching
nor2b 2-way input NOR, [6.08 10.54 10.74 712 16.84
bottom PFET
switching
nor3t 3-way input NOR , ]2.02 5.26 6.74 245 13.92
top PFET switching
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Table 1. History effect is shown for the cases of the initial model, the models in which each
parameter is adjusted separately, and the adjusted models with all changes




