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1. Motivation
Transient effects in floating-body SOI MOSFETs [1]–[3]

present a big challenge to circuit designers. While there have
been great advances in circuit design with SOI MOSFETs
showing hysteretic behavior (e.g. [3], [4]), the subject re-
mains a challenge because of the ever decreasing margin for
design error and limited predictive power of circuit simula-
tion currently available. Accurate modeling of the floating-
body effects is essential for predictive SOI circuit simulation.
DC floating-body effects have been modeled with reasonable
success [5]. From a modeling standpoint, history effects in
SOI MOSFETs are similar to non-quasistatic (NQS) effects in
bulk MOSFETs and can be treated in essentially the same
way [6]. An important step toward accurate modeling of
history effects is to characterize the time constants involved
in carrier accumulation in the floating body and model them.
In this paper, we report on a device-size-independent univer-
sal relationship between the measured response time Td of
floating-body devices and the substrate current Isub in body-
tied devices.

2. Measurement of transients
All the devices we measured have the silicon film thickness

of 40 nm, the gate oxide thickness of 2.5 nm, and the buried
oxide thickness of 150 nm. Each device has a body terminal,
through which Isub can be measured. Id-Vd characteristics
of a device in the floating-body and body-tied conditions are
shown in Fig. 1. The floating-body effect is suppressed when
the body is tied to the ground.

The measurement setups for observing the transient re-
sponse of an SOI MOSFET to an input voltage pulse are
shown in Fig. 1. The input waveform is generated by an
Agilent 81104A pulse generator and is applied to either
the gate or the drain. The drain current Id is measured by
monitoring the voltage drop across the load resistor RL with
an HP 54845A oscilloscope. The dc bias is supplied by an
Agilent 4156C semiconductor parameter analyzer.

When an input pulse with a steep ramp is applied to the gate
of a floating-body device, Id responds and reaches a steady
state with some delay, Td, as shown in Fig. 3(a). Td depends
very much on Vd. However, when the body of the device is
tied to the ground, Td is negligible and does not depend on Vd

[Fig. 3(b)]. The transient responses of Id to a pulse applied
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Fig. 1. Measured Id-Vd characteristics of an SOI MOSFET. The body
electrode was either left open (floating-body) or grounded (body-tied).
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Fig. 2. Measurement setups for applying a pulse to the gate or the drain.
Id is monitored by using an oscilloscope. RL = 50Ω, Rosc = 1 MΩ,
Cosc = 12 pF. (a) Pulsed-Vg measurement. (b) Pulsed-Vd measurement.

to the drain are shown in Fig. 4. As expected, pulse-height-
dependent transient effects are observed in the case of the
floating-body devices. Devices with other values of W and L
showed similar results to Figs. 3 and 4.

3. Floating-body effect and body-tied substrate current

When Td from the pulsed-Vg measurements are plotted
against Isub of the corresponding body-tied devices by making
use of Fig. 5, the points lie on a nearly straight line indepen-
dently of W and L, as shown in Fig. 6. Almost the same
results are found from the pulsed-Vd measurements (Fig. 7).

The size-independent relationship between the floating-
body Td and the body-tied Isub could be explained
by considering an equivalent circuit shown in Fig. 8.
In this model, the holes generated by impact ionization
charge up the source-body junction and accumulate in the
body. Then, the source-body voltage rises with Vsb(t) =
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Fig. 3. Transient responses of Id to a voltage pulse applied to the gate
under different values of Vd. The pulse height is 1 V. Id reaches a steady
state after Td. The rise time of the input pulse is 4 µs and the pulse width is
long enough (200 ms) for reaching a steady state corresponding to Fig. 1. (a)
Floating body. (b) Body tied.
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Fig. 4. Transient responses of Id to a voltage pulse applied to the drain.
The pulse heights are from 1.6 V to 2 V. (a) Floating body. (b) Body tied.

RjuncIsub {1 − exp [−t/(RjuncCjunc)]}. Since Cjunc ∝ W
and Rjunc ∝ 1/W , and both Cjunc and Rjunc are independent
of L, Td ∝ RjuncCjunc is independent of W and L.

4. Conclusion
We demonstrated a device-size-independent universal rela-

tionship between the settling time Td of floating-body SOI
MOSFETs in response to an input pulse and the substrate
current Isub in their body-tied counterparts. Such a universal
relationship would allow one to accurately model SOI history
effects using the technique for modeling non-quasistatic effects
in bulk MOSFETs [6].
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Fig. 5. Measured Isub-Vd characteristics of an SOI MOSFET under the
body-tied condition.
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Fig. 6. Relationship between the Td of floating-body devices and the Isub

of body-tied devices when a pulse is applied to the gate (Fig. 3).
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Fig. 7. Relationship between the Td of floating-body devices and the Isub

of body-tied devices when a pulse is applied to the drain (Fig. 4).
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Fig. 8. A possible equivalent circuit representation.
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