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a b s t r a c t

In this paper, the reliability issues of the lateral insulator gate bipolar transistor based on SOI substrate
(SOI-LIGBT), including the anode punch-through, the terminal early breakdown, the hot-carrier degrada-
tion and the latch-up failure, have been experimentally investigated and improved. The measurement
results and the T-CAD simulations demonstrate that the proposed device owns higher reliability, which
can be applied well as the output driver device of the power ICs.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

The lateral insulated gate bipolar transistor (LIGBT) is a hybrid
device that combines the advantages of the lateral double diffused
MOSFET (high switching speed and low power drive requirement)
and the bipolar junction transistor (low conduction loss). Silicon-
on-insulator (SOI) substrate can offer the true dielectric isolation,
which eases the integration of the power devices and the low volt-
age logic devices. Consequently, the SOI-LIGBT device has been
widely used in the monolithic integration area, especially in the
plasma display panel (PDP) driver ICs and the switch-mode power
supply ICs [1–4].

Recently, some investigations on the SOI-LIGBT device have
been reported. Sakano et al. developed a multi-emitter SOI-LIGBT
with large current capability, which improved the chip area effi-
ciency [5]. Chen et al. proposed a novel controlled-anode SOI-LIG-
BT, which resulted in the good trade-off between the turn-off time
and the on-state voltage drop [6]. However, the researches were
mainly focused on the optimization of the static electrical charac-
teristics, while the reliability concern and design about the SOI-
LIGBT device were less documented.

In this paper, a proposed SOI-LIGBT device with high reliability
is developed by considering (1) the anode punch-through, (2) the
terminal early breakdown, (3) the hot-carrier degradation and (4)

the latch-up failure. The experimental results have shown that
the proposed device can overcome the above reliability problems
obviously. In addition, the detailed analysis about the optimiza-
tions has been performed by using the T-CAD simulations, which
well supports the measurements.

2. Device structures

The layouts and the schematic cross sections of the original SOI-
LIGBT (I), the improved SOI-LIGBT (II) and the improved SOI-LIGBT
(III) in this paper have been shown in Figs. 1a–1c, respectively. By
comparing the SOI-LIGBT (I) and the SOI-LIGBT (II), the only differ-
ence is that the layout with the anode surrounding the cathode
adopted in the SOI-LIGBT (I) is replaced by the one with the cath-
ode surrounding the anode in the SOI-LIGBT (II). Moreover, the SOI-
LIGBT (III), owning three more improvements on the basis of the
SOI-LIGBT (II), has been proposed. As shown in Fig. 1c, the layout
with the stretched terminal is selected, a LV-pwell is formed to
attach the P-body under the channel, and a new deep p-type
implantation layer (PIL2) is also added under the cathode for the
SOI-LIGBT (III).

Except for the above different points, the three SOI-LIGBT de-
vices own the same structure parameters. The polygate lengths
above the gate oxide and the field oxide are 3 lm and 2 lm,
respectively. The P-body length under the channel is 2 lm, the
field oxide length is 13 lm, the length of the original PIL1 (using
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for the threshold voltage adjustment) under the channel is 1 lm,
the gate oxide thickness is 25 nm, the buried oxide thickness is
1.5 lm, and the thickness of the silicon film above the buried oxide

is 6.5 lm. The doses of the HV-Nwell and the P-body are
2E12 cm�2 and 6E13 cm�2, respectively. The three devices have
been fabricated in the 0.5 lm CMOS technology using SOI technol-

Fig. 1a. The layout and the schematic cross section along the AA’ line of the original SOI-LIGBT (I).

Fig. 1b. The layout and the schematic cross section along the BB’ line of the improved SOI-LIGBT (II).

Fig. 1c. The layout and the schematic cross section along the CC’ line of the improved SOI-LIGBT (III).
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