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Introduction

Device simulation of SOI(Silicon On Insulator) MOSFET’s has several difficulties originating from
the floating body features. One of them is numerical unstability of solution of carrier densities in
channel region due to the floating body effect, which is unlike the conventional MOSFET’s. Another
problem is physical possibility of multiple solutions at even the same bias condition, which results in the
hysteresis characteristics such as Single-Transistor Latch(STL) phenomena[l]. To improve robustness
of SOI simulation, we have developed a Quasi-Transient(QT) method for static(DC) mode analysis,
and showed that fast and stable DC analysis is realized in device simulation of SOT MOSFET’s[2]."

In this paper, we show that the STL phenomena of SOI MOSFET’s are successfully simulated
with the QT method for analizing floating body and parasitic bipolar effects of thin-film SOI devices.

Quasi-Transient Device Simulation and its Robustness
Figure 1 shows a general flow-chart of the Quasi-Transient device simulation. In the QT simulation,
a solution of former bias condition is used as the initial guess for a new bias condition, as is in the
conventional method. Calculation is carried out, however, with formulation of transient analysis by
Newton’s iterative method. At is gradually increased as the iterative loops are processed, and finally,
the DC formulae with condition of At — oo are calculated, so that we can obtain the solution for the
new bias condition.
Advantages of this QT simulation are as follows,
1) The matrix becomes diagonally dominant as desired with the transient formulation using small
At.
2) Stable simulation is realized even for an abrupt bias change.
3) The multiple solution is naturally obtained in such hysteresis phenomena like SOI devices.
Figure 2 compares convergence efficiency of the QT simulation with the conventional static simu-
lation. Here, the simulations were carried out with a solution of Vpg=0.5[V] and Vgs=0.5[V] as the
initial guess to solve the status of Vgg=1.0[V]. Details of simulated device are summerized in table 1.
The QT results show shorter calculation time in each iteration of linear solution than the conven-
tional method. The QT results also show a stable solution of carrier densities, while the conventional

method obtains non-realistic solution with negative carrier densities, or even can not converge in
MEDICI[3].

Device Simulation of Single-Transistor Latch Phenomena

Figure 3 shows simulated I3V, characteristics of SOl MOSFET. At higher drain voltage, Vy=1.0[V],
the STL phenomena is observed. In positive sweep ( Vo, is increased from 0.1[V] to 1.5[V] ), drain
current, I, increases steeply in the subthreshold region and MOSFET turns on about Vg,=0.0[V]. In
negative sweep ( Vg, is decreased from 1.5[V] to —1.0[V] ), I; decreases on the same curve as positive
sweep in 'ON’ region until Vg, is about 0.0[V]. The curve splits, however, below V;,=0.0[V] by the
floating body effects. In lower Vg, region (below —0.1[V]), holes accumulated in channel(base) region
turn-on the parasitic bipolar transistor so that Iy increases as Vs decreases.

Figure 4 shows generation and recombination rates in SOI layer at V3,=1.0[V] and Vy,=-0.1{V]
in both positive(a) and negative(b) sweep. The QT simulation shows robustness in the hysteresis of
device status at the same bias condition.

Conclusion

In this paper, we have demonstrated robustness of the Quasi-Transient method for solving thin-film
SOI MOSFET’s. With the QT simulation, Single-Transistor Latch phenomena with hysteresis I4-Vys
characteristics were successfully obtained in DC analysis.
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It is expected that multiple status for the same bias such as thyristors are also simulated using the
QT method. :
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Table 1: Simulated Device Parameters 107
Type n-type,single drain ' '
L, 0.6[pm] 104 | Vis=1.0v)
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Figure 3: Simulated I4-Vy, characteristics of
n-type SOI MOSFET (Vy, as parameter). (a)
and (b) are coresponding these in Fig.4

‘ Next bias condition J

... Source Gate _ Drain
Figure 1: Flow-chart of Quasi-Transient Oxide = °
. method 4 -
107 1o 10° i E
100 : 4
h. —o— Quasi-Trans. - 1
% e S.,,m,,, B-ox. 5 o5 10 15 B
{um]
-5 | ‘Y - ‘\ ____________ 11
s 10° - 5% o (a) positive sweep
E itr=7 * itr=6
§ __Carrier<0 Oxide Source Gate Drain _
o jguwof i ] y
| 1012 —~
.\: 21010 o2 -qoit 1013 i E
-15 ' b ’ w,ﬁL——L\ ]
10 R 7 = B-ox. 3 05 10 57
0 20 40 60 80 100 120 (um)
Calculation Time (5] (b) negative sweep
Figure 2: Comparison of convergence effi- Figure 4: Generation (+) and recombination
ciency, solid-line : QT, dashed-line : conven-  (—) rate in SOI layer [ecm™3s71] (V4=1.0[V],
tional, (Vgs=0.5[V], Vg,:0.5—1.0[V]) Vgs=—0.1[VY])
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