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A novel high voltage LIGBT with an n-region in p-substrate*
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Abstract: A novel 4 um thickness drift region lateral insulated gate bipolar transistor with a floating n-region (NR-
LIGBT) in p-substrate is proposed. Due to the field modulation from the n-region, the vertical blocking capability
is enhanced and the breakdown voltage is improved significantly. Low area cost, high current capability and short
turn-off time are achieved because of the high average electric field per micron. Simulation results show that the
blocking capability of the new LIGBT increases by about 58% when compared with the conventional LIGBT
(C-LIGBT) for the same 100 pum drift region length. Furthermore, the turn-off time is shorter than that of the
conventional LIGBT for nearly same blocking capability.
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1. Introduction

In power integrated circuits (PICs), lateral power devices
(mainly lateral DMOST and IGBT) are key elements!!-2!, The
LDMOST is widely applied in low voltage PIC because of the
high switching speed. At the same time, the high on-resistance
of the LDMOST at high breakdown voltage makes high power
losses, which are unacceptable at high voltage applications.
For high voltage PICs, the LIGBT is a promising power
device due to a simple gate drive structure and low forward
voltage drop!®!. The low forward voltage drop results from con-
ductivity modulation in drift region at on-state and the modu-
lation can be enhanced by decreasing n-buffer concentration.
However, a low n-buffer concentration will cause low verti-
cal punch-through voltage in junction isolation (JI) technol-
ogy™l. So, to achieve virtues of the thin drift LIGBT, the ver-
tical breakdown voltage should be improved firstly.

We have presented the LDMOST with floating n-region
previouslyl®=7]. In this paper, we propose a novel LIGBT with
a partly floating n-region. The thickness of the drift region is
only 4 um. The performances at blocking and turn-off states
are compared between the new and the conventional struc-
tures. Simulation results show that for the new structure, higher
blocking voltage and higher turn-off speed are achieved.

2. Device structures and off-state operation

Figures 1 and 2 show the cross-sections of the conventional
LIGBT structure and the novel counterpart, respectively. Both
of the structures have a p-buried-layer under the p-body!®]. The
difference between both devices is that a floating n-region is
embedded in the p-substrate of the NR-LIGBT. The n-region
helps to improve the blocking capability because of the op-
timum field distribution of the novel structure. Furthermore,
due to the high average field of the new device, smaller area is
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needed and then the less stored holes for given breakdown volt-
age. As a result, the turn-off performance of the new structure
is improved. The simulation results in this paper are achieved
by the device simulator MEDICI® and the device parameters
in simulation are listed in Table 1.

The vertical electric field distribution of the proposed
LIGBT at breakdown is compared with that of the conventional
one in Fig. 3. The electrodes of the source, the gate and the
substrate are contacted with 0 V. For the conventional LIGBT,
there are only one field peak at the p-substrate/n-drift junction
and two peaks for the proposed device at the p-substrate/n-
region and the p-substrate/n-drift junctions. Premature break-
down is apt to occur in the conventional LIGBT. However, for
the new structure, there is another field peak caused by the extra
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Fig. 1. Structure of the conventional LIGBT.
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Fig. 2. Structure of the proposed NR-LIGBT.
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Fig. 3. Vertical electric field distributions at breakdown.

Table 1. Device parameters in simulation.

Device parameter Value

Drift region thickness, T4 4 pm

N-region thickness, Tyr 4 um

N-buffer junction depth, Tyyfrer 2 pm

Distance from the n-region to the drift 35 um

region, T

N-buffer-layer doping concentration, 5% 1017 ¢cm™3
Nouffer

P-substrate doping concentration, Ngyp 1 x 10" em™3

space charges in the n-region in blocking-state and the vertical
breakdown voltage is improved significantly. As a result, for
given same 100 pm drift region length, the breakdown voltage
of the new device is increased from 870 to 1375 V in compar-
ison with that of the conventional one.

Figure 4 compares the surface electric field distributions
of the conventional and the proposed LIGBT when the break-
down occurs. There are three field peaks, two are at the edge
of the drift region and another is at the end of the p-buried-
layer. The field modulation from the n-region in the substrate
improves the conventional low field at the middle drift region.
Seen from this figure, the average field per micron of the pro-
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Fig. 4. Surface electric field distributions at breakdown.
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Fig. 5. Influence of the n-region doping concentration on the break-
down voltage.

posed device is significantly higher than that of the conven-
tional one. As a result, less device area of the new structure is
needed for the given breakdown voltage.

The relationship between the breakdown voltage and the
n-region doping concentration is shown in Fig. 5. There is an
optimum doping concentration (Nop, 3.9 x 10'° cm™3) and the
breakdown voltage is highest at this point. Also seen from the
figure, the curve is not symmetric. That is to say, the intensity
of field modulation is different for different area. At the gate
side, the modulation density is soft and it is strong at the anode
side. When the doping concentration is higher than the N, the
breakdown occurs at the gate edge. Conversely, the breakdown
occurs at the anode edge. So, the breakdown voltages decrease
slowly when the n-region doping concentrations are less than
the optimum value. When the concentrations are more than the
optimum value, the breakdown voltages decrease sharply.

Figure 6 shows relationship between the breakdown volt-
age and the drift region length. For the conventional LIGBT,
the breakdown voltage increases slowly with the drift length
increasing. However, for the proposed device, the blocking ca-
pability improves rapidly and the slope of the line is nearly
equal to 14 V/um. The blocking capability improvement re-
sults from the vertical breakdown voltage improvement from
the n-region in the p-substrate.
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Fig. 6. Relationship between the breakdown voltage and the drift re-

gion length.
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Fig. 7. Relationship between the anode current and voltage.

3. On-state and turn-off characteristics

In this paper, the on-state and the turn-off characteristics
are simulated under the condition of nearly same blocking ca-
pabilities. The breakdown voltage of the new device is 895 V
and that of the conventional one is 870 V. However, for the
new structure, the drift lengths are 60 um and 100 pm of the
conventional device, which is because the average field of the
proposed LIGBT is higher from Fig. 4.

The forward conduction characteristic is explained by the
bipolar/MOSFET model. The anode current can be expressed

ast3] I

Lanode = ﬂ’ (1)
1 — apnp
! @
a = 9
PNP cosh[(Lg — Laep)/La]

1

Ianode = _— (3)

1 — {cosh[(Lg — Laep)/La]} 1"

where I,n04c 1S the anode current, Iyos 1S the electron current
through the MOSFET, apnp is the current gain of the lateral
PNP transistor, L, is the width of the depleted drift region
and L, is the diffusion length, respectively. The optimum drift
doping concentrations of the conventional and the proposed
LIGBT are almost same. At on-state, the depleted drift widths
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Fig. 8. Relationship between the breakdown voltage and n-buffer dop-
ing concentration.
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Fig. 9. Turn-off waveforms of the C-LIGBT and the NR-LIGBT.

are almost not change when the anode voltages of the two struc-
tures are equal. So, from Eq. (3), the anode current of the pro-
posed LIGBT is higher and then higher current capability be-
cause of the shorter drift region length. The output character-
istics of the two LIGBTs are compared in Fig. 7. Solid lines
show performance of the new LIGBT and hollow lines show
performance of the conventional one. The drift length and the
breakdown voltage of the NR-LIGBT are 60 pm and 895 V,
and 100 um and 870 V of the C-LIGBT. It is clear that the an-
ode current of the NR-LIGBT is higher for the same gate and
anode voltages at on-state.

Figure 8 shows the relationship between the breakdown
voltage and the n-buffer doping concentration. For the NR-
LIGBT, the breakdown voltage nearly does not change with
increasing the n-buffer doping concentration. The breakdown
voltage increases for the C-LIGBT. When the concentration is
less than 1 x 10'® em™3, it is punch-through breakdown and the
electron ionization coefficient is less than 1 for the C-LIGBT.
For the NR-LIGBT, the coefficient is always larger than 1 from
5 x 10 to 1 x 10" cm™3 and the breakdown is avalanche
breakdown. So, the process tolerance of the n-buffer doping of
the NR-LIGBT is superior to that of the C-LIGBT.

The LIGBT is suffered from slow turn-off time because
of the “current tail” or high concentration of minority carriers
in the drift region and the substrate after the device has been
turned off®!. Figure 9 shows the turn-off waveforms of the pro-
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posed and the conventional LIGBT with a resistive load. The
carrier-lifetimes are 1 us and the temperature is 300 K. Gate
turn-off (from V; = 5to 0 V in 10 ns) has been simulated with
the resistive load of 1 x 10* Q and an off-state anode voltage
of 15 V. The shorter drift region, the less minority carriers are
stored for same drift doping concentrations. This explains the
short turn-off time of the proposed structure.

4. Conclusions

In this paper, a new LIGBT with the floating n-region has
been presented. Because of the improvement of the vertical
breakdown voltage and the less stored minority carriers, the
new structure shows less device area, higher breakdown volt-
age and shorter turn-off time. For the same 100 pm drift length,
the breakdown voltage increases from 870 V of the conven-
tional LIGBT to 1375 V.
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