
Analytical model of LDMOS with a single step buried oxide
layer

Song Yuan, Baoxing Duan*, Zhen Cao, Haijun Guo, Yintang Yang
Key Laboratory of the Ministry of Education for Wide Band-Gap Semiconductor Materials and Devices, School of Microelectronics, Xidian
University, Xi’an 710071, China

a r t i c l e i n f o

Article history:
Received 29 December 2015
Received in revised form 23 April 2016
Accepted 30 June 2016
Available online 4 July 2016

Keywords:
Silicon on insulator
Surface electric field
Electric field modulation effect
Power device

a b s t r a c t

In this paper, a two-dimensional analytical model is established for the Single-Step Buried
Oxide SOI structure proposed by the authors. Based on the two-dimensional Poisson
equation, the analytic expression of the surface electric field and potential distributions for
the device is achieved. In the SBOSOI (Single-Step Buried Oxide Silicon On Insulator)
structure, the buried oxide layer thickness changes stepwise along the drift region, and the
electric field in the oxide layer also varies with the different buried oxide layer thickness.
These variations will modulate the surface electric field distribution through the electric
field modulation effects, which makes the surface electric field distribution more uniform.
As a result, the breakdown voltage of the device is improved by 60% compared with the
conventional SOI structure.
To verify the accuracy of the analytical model, the device simulation software ISE TCAD is
utilized, the analytical values are in good agreement with the simulation results by the
simulation software. The results verified the established two-dimensional analytical model
for SBOSOI structure is valid, and it also illustrates the breakdown voltage enhancement by
the electric field modulation effect sufficiently.
The established analytical models will provide the physical and mathematical basis for
further analysis of the new power devices with the patterned buried oxide layer.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

As the SOI (Silicon On Insulator) structure is convenient for forming good electrical isolationwith the buried oxide layer in
the device, so it attracted more and more researchers working on it, and great progresses have been achieved for the HVIC
(High Voltage IC) and SPIC (Smart Power IC) based on SOI devices in recent years [1e4].

For the designing of SOI power devices, breakdown voltage is a key parameter. The breakdown voltage of SOI structure is
determined by the lower value between the lateral breakdown voltage and the vertical breakdown voltage of the device, so
the optimization for both the lateral and vertical electric field is essential [5e10]. For the electric field distribution optimi-
zation, the author proposed several new structures: single step buried oxide layer SOI (SBOSOI) structure [11], double step
buried oxide layer SOI (D-SBOSOI) structure [12], P-type buried layer SOI (BPSOI) structure [13], air partial SOI (APSOI)

* Corresponding author.
E-mail addresses: yuansong1013@163.com (S. Yuan), bxduan@163.com (B. Duan), icaozhen@163.com (Z. Cao), guohj0822@163.com (H. Guo), ytyang@

xidian.edu.cn (Y. Yang).

Contents lists available at ScienceDirect

Superlattices and Microstructures

journal homepage: www.elsevier .com/locate/superlat t ices

http://dx.doi.org/10.1016/j.spmi.2016.06.043
0749-6036/© 2016 Elsevier Ltd. All rights reserved.

Superlattices and Microstructures 97 (2016) 358e370

mailto:yuansong1013@163.com
mailto:bxduan@163.com
mailto:icaozhen@163.com
mailto:guohj0822@163.com
mailto:ytyang@xidian.edu.cn
mailto:ytyang@xidian.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.spmi.2016.06.043&domain=pdf
www.sciencedirect.com/science/journal/07496036
www.elsevier.com/locate/superlattices
http://dx.doi.org/10.1016/j.spmi.2016.06.043
http://dx.doi.org/10.1016/j.spmi.2016.06.043
http://dx.doi.org/10.1016/j.spmi.2016.06.043


structure [14], folded silicon SOI structure [15]. With the electric field modulation effect, these transformations of buried
oxide layer would introduce new electric field peaks into the surface, whichmakes the surface electric field distributionmore
uniform [16], and the performance of the SOI LDMOS is significantly increased.

However, these new structures do not have the detailed theoretical supports, and the electric field modulation effect in
these devices have not been essentially explained. So, further investigation on these structures is necessary to provide sci-
entific basis and guidance for designing and analyzing of such devices.

In this paper, based on the Single-Step Buried Oxide SOI structure (SBOSOI) proposed by the authors, the interactions of
the lateral and vertical electric fields are taken into account, and the analytical models of the electric field and potential
distributions for the device are achieved through solving the 2D Poisson equation. The influence of different device pa-
rameters on its performance is analyzed by the device simulation software ISE TCAD. The new electric field peak introduced
by the step buried oxide layer is confirmed by the analytical model, which illustrates the influence of electric field modulation
effect on the surface electric field distribution.

2. SBOSOI structure and model

A schematic cross section of the SBOSOI LDMOS is illustrated in Fig. 1. The SBOSOI LDMOS can be obtained through the
conventional SOI LDMOS fabrication technology based on a wafer with single step buried oxide layer. The critical process
steps can be described as follows:

First of all, the wafer with a single step buried oxide layer should be manufactured.
Firstly, as is shown in Fig. 2, the silicon wafer should be etched to form a steep step.
Secondly, a 0.02 mm thin oxide layer is grown by the dry-oxygen oxidation method, then the deposition method will be

used to form a 1 mm oxide layer and the CMP technology is used to achieve the planarization of the oxide layer. The
particularly manufactured wafer with a step oxide layer is shown in Fig. 3.

Thirdly, bonding the particularly manufactured wafer mentioned above with an ordinary wafer with a 0.5 mm oxide layer.
And after thinning and CMP technology, the final wafer with a single step buried oxide layer will be achieved as is shown in
Fig. 4.

After the wafer is manufactured, the conventional LDMOS fabrication technology can be used based on the new SOI wafer
to achieve the proposed device. Fig. 5 is the SBOSOI LDMOS achieved through the process simulation.

2.1. The analytical model under complete depletion

Based on the step buried oxide layer thickness, the drift region is divided into two regions: region I and region II, the
thickness of the buried oxide layer in region I and region II are tox1 and tox2 respectively, the length of the two regions are L1
and (L2�L1) respectively. The doping concentration in the drift region is Nd, the drift region thickness is ts. The voltage applied
on the drain electrode is Vd. When the device is reverse biased and the drift region is fully depleted, the potential distribution
in region I and region II is described by the following two-dimensional Poisson equation:

v2fiðx; yÞ
vx2

þ v2fiðx; yÞ
vy2

¼ �qNd

εs
; i ¼ I; II (1)

The boundary conditions are given by Ref. [2]~ [9]:
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Fig. 1. Cross section of SBOSOI LDMOS structure.
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