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Fig. 1. The structures of device: (a) 3-D structure of the conventional SJ-LDMOS; (b) 3-D structure of the
N-buffered-SJ-LDMOS; (c) 3-D structure of the P-covered-SJ-LDMOS; (b) cross-section of line OZ in the

P-covered-SJ-LDMOS.
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Fig. 2. Equipotential contours plotted at the breakdown voltage: (a) conventional SJ-LDMOS;
(b) N-buffered-SJ-LDMOS; (c¢) P-covered-SJ-LDMOS.
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Fig. 3. Ron,sp versus Lg for the P-covered-SJ-LDMOS

and the N-buffered-SJ-LDMOS.
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Fig. 4. The effect of N-type buffered layer on Vg and Ron,sp: () the effect of thickness of the N-type buffered
layer on Vg and Ron,sp; (b) the effect of concentration of the N-type buffered layer on Vg and Ron,sp-

—&— {£4:3J-LDMOS
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Fig. 5. (color online) (a) On-state characteristics of the conventional SJ-LDMOS, N-buffered-SJ-LDMOS
and P-covered-SJ-LDMOS; (b) the front of e current density in the N-buffered-SJ-LDMOS; (c) the back of e
current density in the N-buffered-SJ-LDMOS; (d) the front of e current density in the P-covered-SJ-LDMOS;
(d) the back of e current density in the P-covered-SJ-LDMOS.
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Table 1. Comparison of the Vg and Ron,sp of three

devices with the same drift region.
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Fig. 6. Ron,sp versus Vg with the ideal silicon limit
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New super junction lateral double-diffused
metal-oxide-semiconductor field-effect transistor with
the P covered layer”

Li Chun-Lai’ Duan Bao-Xing Ma Jian-Chong Yuan Song Yang Yin-Tang

(Key Laboratory of the Ministry of Education for Wide Band-Gap Semiconductor Materials and Devices, School of
Microelectronics, Xidian University, Xi’an 710071, China)

( Received 31 March 2015; revised manuscript received 16 April 2015 )

Abstract

In order to design the lateral double-diffused metal-oxide-semiconductor field-effect transistor (LDMOS) with low
loss required for a power integrated circuit, a new super junction LDMOS with the P covered layer which is based on the
existing N buffered super junction LDMOS is proposed in this paper for the first time. The key feature of the proposed
structure is that the P-type covered layer is partly above the N-type of the super junction layer, which is different from
the N buffered super junction LDMOS. In this structure, the specific on-resistance of the device is reduced by using the
high doped super junction layer; the problem of the substrate-assisted depletion which is produced due to the P-type
substrate of the N-channel super junction LDMOS is eliminated by completely compensating for the charges of the
N-type buffered layer and the P-type covered layer, thus improving the breakdown voltage. The charges of the N-type
and P-type pillars are depleted completely. A new transmission path at the on-state is formed by N buffered layer to
reduce the specific on-resistance, which is similar to the N buffered super junction LDMOS. However, the effect of N-type
buffered layer of N buffered super junction LDMOS is not fully used. The drift region of the device is further optimized
by the proposed device to reduce the specific on-resistance. The charge concentration of the N-type buffered layer in the
proposed device is improved by the effect of charge compensation of the P covered layer. It is clear that high breakdown
voltage and low specific on-resistance are realized in the proposed device by introducing the P-type covered layer and
the N-type buffered layer. The results of the 3 D-ISE software suggest that when the drift region is on a scale of 10 pm,
a specific on-resistance of 4.26 mQ-cm? obtained from P covered super junction LDMOS by introducing P covered layer
and N buffered layer is reduced by about 59% compared with that of conventional super junction LDMOS which is 10.47
mQ-cm?, and reduced by about 43% compared with that of N Buffered super junction LDMOS which is 7.46 mQ-cm?.

Keywords: lateral double-diffused metal-oxide-semiconductor field-effect transistor, super junction,

specific on resistance, P covered layer
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