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A snapback-free RC-LIGBT with separated LDMOS and LIGBT
by the L-shaped SiO2 layer

Weizhong Chen1,2, Yao Huang1a), Shun Li1, LingLi Wang3, Lijun He1, Yi Huang1, and Zhengsheng Han2,4

Abstract A RC-LIGBT with separated LDMOS and LIGBT by the L-
shaped SiO2 layer is proposed and investigated. The L-shaped SiO2 layer
enhances the bulk electric field remarkably and decreases the surface
electric field substantially in the breakdown state. At the forward con-
duction, the current is dominated by the unipolar mode (LDMOS) before
point A and bipolar mode (LIGBT) after point B, the snapback is elim-
inated between point A and B due to the conductivity modulation is
restricted at the LIGBT region. The Free-Wheeling diode (FWD) is
realized by the LDMOS region at reverse conduction state. Compared
with the conventional RC-LIGBT, the proposed device shows snapback-
free property and it increases the BV by 107% at the same time.
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1. Introduction

The Reverse Conduction Lateral Insulated-Gate Bipolar
Transistor (RC-LIGBT) plays the leading role in power
integrated circuits due to the integration of the LIGBT and
the Free-Wheeling diode (FWD) in a monolithic chip [1, 2,
3, 4, 5, 6, 7, 8]. However, a snapback phenomenon with
abrupt current is observed at the forward conduction. Many
advanced structures especially with oxide trench technol-
ogy have been proposed to address the issue in the previous
work [9, 10, 11, 12, 13, 14]. In ref [15], a dielectric trench
and a floating P-region are introduced at the collector
region (TFP RC-IGBT) to eliminate the snapback by the
increase of the collector resistance. In ref [16, 17], an oxide
plug and P-float have been introduced in the collector as an
electron barrier in the unipolar mode to suppress the snap-
back by the increase of the VPN between the P-Collector/
N-buffer junction. Additionally, the Trench Oxide Layer
(TOL) technology with (Enhanced Bulk Field) ENBULF
theory [18, 19, 20, 21] and the (Reduced Surface Field)
RESURF [22, 23, 24, 24, 25, 26] theory is widely applied

to increase the breakdown voltage (BV) by the modula-
tion of the electric field between the bulk and the surface
[27, 28, 29, 30].

2. Device structure and parameters

The key parameters of the devices are given in the Table I:

Fig. 1 shows the mechanism and structure of the
proposed device, a L-shaped SiO2 layer with ENBULF
theory is inserted in the N-drift, and the N-drift is divided
into LDMOS region (S1) and LIGBT region (S2).

3. The electric field characteristics

Fig. 2 shows the corresponding electric field at the break-
down state of the devices. Fig. 2(a) investigates the surface
electric field peak E:max for the SiO2/Si interface at Y ¼ 0,
and the E:max are 2:2 � 106 V/µm, 1:1 � 106 V/µm and
0:68 � 106V/µm for the conventional LDMOS, LIGBT
and RC-LIGBT, which are much higher than the proposed
RC-LIGBT with 0:27 � 106 V/µm. Moreover, the shape of
electric field are triangle distributed for the conventional
devices and trapezoid distributed for the proposed at the
surface P-body/N-drift junction (Y ¼ 0:5µm), meanwhile,
the E:max transferred from Point E1 (8:1 � 104V/µm) to E2

(2:8 � 105 V/µm), thus the BV for the proposed is increas-
ed remarkably. Fig. 2(b) shows the bulk electric field
distribution for devices at Y ¼ 15µm. Compared to the

Table I. Parameters of devices

Parameters Proposed Conventional

WD 17µm 17µm
Length 27.3 µm 27.3 µm

SiO2 layer (horizontal) 1 �m � 10:8 �m —
SiO2 layer (vertical) 19 �m � 0:5 �m —

T2 0.3 µm 0.3µm
T3 2µm 2µm

N-substrate 8 � 1014 cm−3 8 � 1014 cm−3

P-body 1 � 1016 cm−3 8 � 1016 cm−3

N-collector 1 � 1019 cm−3 1 � 1020 cm−3

P-collector 1 � 1019 cm−3 1 � 1020 cm−3

N+ emitter 1 � 1020 cm−3 1 � 1020 cm−3

Nd 1 � 1014 cm−3 1 � 1014 cm−3

N-buffer 1 � 1016 cm−3 1 � 1015 cm−3

Total of drift region 2 1
Area of drift region S1: 237.5 & S2: 172.5 425
Depletion Layer Lateral & Vertical Vertical

Snapback 0 1.1V
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conventional devices, the electric field in the N-drift for the
proposed RC-LIGBT is increased by 4–5 times due to the
introduction of L-shaped Si/SiO2 junction. The BV is
206.5V for the proposed RC-LIGBT, which is increased
by 50.9% compared with the conventional RC-LIGBT
(99.49V).

4. Forward current characteristics

Fig. 3 shows the I-V curves and current distribution for the
devices at the forward conduction state. For the conven-
tional RC-LIGBT, when the VPN of the P-collector/N-
buffer as illustrated in Fig. 1(a) reaches to 0.6V at point D,
then the device starts to shift from unipolar mode to bipolar
mode, thus the snapback phenomenon is observed. For the
proposed RC-LIGBT at point A (VPN < 0:6V), the S1
region conducts with unipolar mode. At point B, the P-
collector begins to inject holes, and the S2 region conducts
with bipolar mode. Moreover, the unipolar mode and the
bipolar mode are separated and conducted independently
by the L-shaped SiO2.

5. The effect of ratio on BV and Von

Fig. 4(A) shows the influence of BVon Ratio when the Nd

increases from 1 � 1013 cm−3 to 2 � 1014 cm−3. The Ratio
is defined as S1/S2, the S1 and S2 are the area for the
independent LDMOS and LIGBT region. The simulation
result shows that the LDMOS has a superior breakdown
property than the LIGBT with parasitic PNP transistor. The
BV will increase with the increase of the Ratio, and
whether Nd is 1 � 1013 cm−3, 5 � 1013 cm−3 or 1 � 1014

cm−3 the maximum value is reached at Ratio 2:1.

Fig. 4(B) gives the influence of Von on Ratio when the
Nd is 1 � 1014 cm−3. It shows that the Von decreases from
1.46V (point P) to 0.82V (point M) with the Ratio de-
creasing from 2.5:1 to 1:3 when the current density is
100A/cm2, because the current density of the bipolar mode
for the S2 region (LIGBT) is much higher than the unipolar
mode for the S1 region (LDMOS).

6. Reverse characteristics

Fig. 5 gives the reverse conduction characteristics and
current distribution for the devices. There is an anti-parallel
FWD for each of the conventional LDMOS, RC-LIGBTand
the proposed RC-LIGBT. Furthermore, the P-body acts as
the anode and the N-collector acts as the cathode of the PIN
diode. The current density will exponentially increase when
the collector voltage is −0.59V. However, the conventional
LIGBT can not conduct the reverse current because of the
inner PNP transistor (P-body/N-drift/P-collector).

Fig. 1. The mechanism and structure of the proposed RC-LIGBT (a) the
depletion and charge compensation at the breakdown state (b) the unipolar
of the S1 and the bipolar of the S2 region at the conduction state.

Fig. 2. The electric field distribution for the devices at the Nd 1 � 1014

cm−3 (a) surface electric distribution (b) bulk electric distribution.

Fig. 3. The forward conduction characteristics for the devices (a) the I-V
curves (b) the corresponding current distribution, unipolar at point A for
the proposed, unipolar and bipolar at point B for the proposed, unipolar at
point C for the conventional, bipolar at point D for the conventional.

Fig. 4. The dependence of (A) BVand (B) Von on Ratio of the proposed
RC-LIGBT. (W1, L1, Wd, T1 and W2 are shown in the Fig. 1. (B))

Fig. 5. The reverse conduction characteristics and current density
distribution for (a) conventional LDMOS (b) the conventional LIGBT
(c) conventional RC-LIGBT (d) the proposed RC-LIGBT.
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Fig. 6 gives the key processes of the proposed device.
Pictures a∼d and e∼h show the processes of forming
channel and N-drift region for LIGBT and LDMOS regions
respectively on the epitaxial layer by boron and phosphorus
injection, silicon filling, chemical etching and oxidation.
Pictures i∼j show the processes of forming collector and
electrode respectively by multiple injection in LDMOS and
LIGBT.

7. Conclusion

A novel RC-LIGBT with L-shaped SiO2 layer is proposed,
and the device is divided into separate LIGBT and LDMOS
regions. The results show that the BV is 107% higher than
that of the conventional RC-LIGBT by the optimization of
the surface and bulk electric field at the breakdown state.
Furthermore, the Snapback phenomenon is completely
eliminated by the restriction of the conductivity modulation
in S2 LIGBT region at the forward conduction state. Addi-
tionally, the anti-parallel FWD is integrated in the S1
LDMOS region, thus the reverse current can be conducted.
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