
SCIENCE CHINA
Information Sciences

June 2019, Vol. 62 069407:1–069407:3

https://doi.org/10.1007/s11432-018-9791-2

c© Science China Press and Springer-Verlag GmbH Germany, part of Springer Nature 2019 info.scichina.com link.springer.com

. LETTER .

Physical mechanism of performance adjustment in

selective buried oxide n-MOSFETs

Qin HUANG1, Renhua LIU1, Yabin SUN1*, Xiaojin LI1*, Yanling SHI1,

Changfeng WANG2, Duanduan LIAO2 & Ming TIAN2

1Key Laboratory of Multidimensional Information Processing, Department of Electrical Engineering,
East China Normal University, Shanghai 200241, China;

2Shanghai Huali Microelectronics Corporation, Shanghai 201203, China

Received 9 September 2018/Revised 3 February 2019/Accepted 22 February 2019/Published online 4 April 2019

Citation Huang Q, Liu R H, Sun Y B, et al. Physical mechanism of performance adjustment in selective buried

oxide n-MOSFETs. Sci China Inf Sci, 2019, 62(6): 069407, https://doi.org/10.1007/s11432-018-9791-2

Dear editor,
FDSOI MOSFETs do not rely on channel dop-
ing to control short channel effects; they overcome
the barriers of conventional bulk MOSFETs by
means of scaling. Owing to the presence of the
buried oxide insulator (BOX), FDSOI MOSFETs
offer many additional benefits over bulk MOS-
FETs. Some important advantages being: (i) total
dielectric isolation to reduce junction leakage, ca-
pacitance, and latch-up immunity; (ii) ultra-thin
buried oxide (BOX) and back-plane (BP) doping
to enable back-biasing for the threshold voltage
(Vt) tunning [1,2]. However, the self-heating effect
(SHE) poses a challenge to the use of FDSOI MOS-
FETs. With a decrease in device size, nanometer-
scale hot spots are created in the transistor drain
region [3], and this problem is worse in the case of
FDSOI MOSFETs. Because its thermal conduc-
tivity (1.4 W/m·K) is much lower than that of bulk
silicon (148 W/m·K) [4], the BOX impedes heat
conduction. Moreover, the thermal conductivity
of the active device region, i.e., the thin-film body
silicon on insulator (SOI), is much lower, because
it is directly proportional to the film thickness [4].
The selective buried oxide (SELBOX) MOSFETs
has a window in the BOX under the channel and
efficiently mitigates the problem of SHE [5, 6]. In
the previous studies, the BOX window was located
under the center of the channel, although the hot

spots were located near the drain region. This
study deals with the influence of the position of
the BOX window on the thermal and direct cur-
rent (DC) performance in n-type SELBOX MOS-
FETs with n-type BP doping. Peak lattice tem-
perature and DC performance were investigated
via two-dimensional simulations, and the underly-
ing physical mechanisms were analyzed in detail
via comparison with FDSOI MOSFETs.

Device structure. The basic structures of the
SELBOX and FDSOI MOSFETs are illustrated in
Figure 1(a). The BOX window region in SELBOX
MOSFETs and the back bias region in FDSOI
MOSFETs can be synchronously implemented by
trench etching and silicon epitaxial growth. The
X direction points to the drain side, and the cen-
ter of channel is located at X0 = 0. The center
of BOX window Xgap represents the position of
the window, and Lgap represents the size of the
window. The simulated devices have an effective
channel length of 25 nm, a 6 nm SOI film with a
p-type doping level of 1 × 1015 cm−3, a BOX of
20 nm, and a same n-type BP doping profile as
that in [2].

Device operations. The thermal and DC perfor-
mance (with SHE) of SELBOX MOSFETs with
different BOX window locations and FDSOI MOS-
FETs with different back bias voltages were sim-
ulated, as illustrated in Figure 1(b). SELBOX
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MOSFETs with fixed size and different locations
have different thermal and DC performance. As
the hot spots approach the drain region, the BOX
window located under the hot spots exhibits the
highest heat dissipation efficiency, leading to the
lowest peak lattice temperature, as illustrated in
Figure 1(b). With regard to the DC performance,
the saturation current shows a rising trend as
the BOX window shifts from the source to drain
side, except when the BOX window is partially
located under source (Xgap = −15 nm). With
regard to FDSOI MOSFETs, the saturation cur-
rent and peak lattice temperature rise simultane-
ously as the back bias voltage increases. When
the BOX window is located under the source side
(Xgap = −26 nm), SELBOX MOSFETs have
the same peak lattice temperature and saturation
current as FDSOI MOSFETs with a zero back
bias. When the BOX window is located under
the drain side (Xgap = 26 nm), SELBOX MOS-
FETs have lower lattice temperature and higher
saturation current than FDSOI MOSFETs with a
back bias of 0.9 V. In addition, regardless of SHE,
the changed trend of saturation current remains
the same, and the saturation current of SELBOX
MOSFETs with the window located under the
drain side is equal to that of FDSOI MOSFETs
with a back bias of 0.9 V.

The effect of the location of the BOX window on
the DC performance of SELBOX MOSFETs was
explored. For n-MOSFETs, the positive gate bias
voltage leads directly to the downward band on
the semiconductor’s surface, and the Fermi level
on the surface is higher than mid-gap. Electron
density on the surface is higher than hole den-
sity, forming a conductive path between the source
and drain, and there is a current if a bias is ap-
plied between the source and drain. However, in
FDSOI MOSFETs, the threshold voltage, which
is closely related to drain current, also depends
on the electrostatic potential on the bottom sur-
face [2]. In fact, the BOX window also affects the
electrical performance of SELBOX MOSFETs by
modifying the electrostatic potential on the bot-
tom surface. Figure 1(c) shows the electrostatic
potential distributions on the top and bottom sur-
faces when the devices work in the saturation state
(Vgs = 0.9 V, Vds = 0.9 V). There is no difference
between the electrostatic potential on the top sur-
faces of different devices, but difference exists on
the bottom surfaces. In FDSOI MOSFETs, the
higher the back bias voltage, the higher are the
electrostatic potential on the bottom surface and
the current. Compared with FDSOI MOSFETs
with a zero back bias, the electrostatic potential
on the bottom surface in SELBOX MOSFETs re-

mains constant with the former on the right of the
BOX window, decreases near the window, and in-
creases on the left of the window. The smaller
the distance between the BOX window and drain
side, the higher is the electrostatic potential of the
bottom surface on the left of BOX window. If
the effect of the decrease is smaller than the in-
crement, the DC performance is enhanced; else,
the DC performance deteriorates, as indicated by
the point Xgap = −15 nm in Figure 1(b). Fig-
ure 1(d) shows the electrostatic potential distribu-
tions of SELBOX MOSFETs with the BOX win-
dow out of the channel and FDSOI MOSFETs to
compare the difference between the saturation and
linear states (Vgs = 0.9 V, Vds = 0.05 V). When
the BOX window is located under the drain side,
there exists differences between SELBOX MOS-
FETs and FDSOI MOSFETs with a back bias of
0.9 V only in the linear state. In the linear state,
the electrostatic potential of the bottom surface
of SELBOX MOSFETs is lower than that of FD-
SOI MOSFETs with a back bias of 0.9 V. This
means that the electrostatic potential of the bot-
tom surface in SELBOX MOSFETs is directly re-
lated to drain voltage; the lower the drain voltage,
the lower is the electrostatic potential of the bot-
tom surface. The BOX window offers a window
path for the voltage from the drain; herein the ob-
tained voltage works as back bias, increasing the
electrostatic potential of the bottom surface. Con-
sequently, when the open window is located un-
der the source side, the obtained voltage is equal
to that of the source, and SELBOX MOSFETs
has the same electrostatic potential as the FDSOI
MOSDETs with a zero back bias, as illustrated in
Figure 1(d).

Conclusion. Thermal and DC performance de-
pendence of the position of BOX window in SEL-
BOX MOSFETs are explored. Simulation results
show that the thermal performance is directly re-
lated to the distance between the window and hot
spots; a smaller distance leads to a lower lattice
peak temperature. Comparison of the electrostatic
potential on the channel surfaces reveals the un-
derlying physical mechanism of the dependence of
DC performance on the location of the BOX win-
dow. The window offers a path for the voltage
from the drain, and the obtained voltage works as
a back bias, increasing the electrostatic potential
on the bottom surface herein. The increment is
related to the distance between the window and
drain side. The closer the window is to the drain
side, the higher are the bottom electrostatic po-
tential and current. In particular, the SELBOX
MOSFETs with a BOX window near the drain
side, where the left ends of the window and gate
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Figure 1 (a) Structures of the SELBOX and FDSOI MOSFETs; (b) thermal and DC performance in different devices;
(c) electrostatic potential distributions on the top and bottom surfaces in different devices in the saturation state; and
(d) electrostatic potential distributions on the top and bottom surfaces in different devices in linear and saturation states.

are aligned, yield the best results both in terms
of the thermal and DC performance. Such an ar-
rangement has great potential for application in
integrated circuits. In actual manufacturing, it is
difficult to align the active region with the BOX
window with reasonable accuracy. However, this
process can be made easier if the goal is to place
the BOX window near the drain side. This goal
can be realized by ensuring that the gate is formed
such that it is aligned with the BOX window and
by ensuring a small X direction overlay.

Acknowledgements This work was supported by Na-

tional Science and Technology Major Project (Grant No.

2016ZX02301003), National Natural Science Foundation of

China (Grant Nos. 61574056, 61704056), Shanghai Sailing

Program (Grant No. YF1404700), and Science and Tech-

nology Commission of Shanghai Municipality (Grant No.

14DZ2260800).

References

1 Doris B, Desalvo B, Cheng K, et al. Planarn Fully-
Depleted-Silicon-On-Insulator technologies: toward
the 28 nm node and beyond. Solid-State Electron,
2015, 117: 37–59

2 Noel J P, Thomas O, Jaud MA, et al. Multi-VT UTBB
FDSOI device architectures for low-power CMOS cir-
cuit. IEEE Trans Electron Dev, 2011, 58: 2473–2482

3 Yin L X, Shen L, Jiang H, et al. Impact of self-heating
effects on nanoscale Ge p-channel FinFETs with Si
substrate. Sci China Inf Sci, 2018, 61: 062401

4 Pop E, Sinha S, Goodson K E. Heat generation and
transport in nanometer-scale transistors. Proc IEEE,
2006, 94: 1587–1601

5 He P, Lin X, Jiang B, et al. Measurement and simu-
lation of electrical and thermal property of drain and
source on insulator MOSFETs (DSOI). In: Proceed-
ings of IEEE International SOI Conference, Williams-
burg, 2002. 55–57

6 Narayanan M R, Nashash H A. Minimization of self-
heating in SOI MOSFET devices with SELBOX struc-
ture. In: Proceedings of International Conference
on Advanced Semiconductor Devices & Microsystems,
Smolenice, 2016. 61–64

https://doi.org/10.1109/TED.2011.2155658
https://doi.org/10.1007/s11432-016-9106-x
https://doi.org/10.1109/JPROC.2006.879794

