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A novel silicon-on-insulator lateral insulated gate bipolar transistor (SOI LIGBT) is proposed in this paper. The
proposed device has a P-type buried layer and a partial-SOI layer, which is called the BPSOI-LIGBT. Due to the electric
field modulation effect generated by the P-type buried layer and the partial-SOI layer, the proposed structure generates
two new peaks in the surface electric field distribution, which can achieve a smaller device size with a higher breakdown
voltage. The smaller size of the device is beneficial to the fast switching. The simulation shows that under the same size, the
breakdown voltage of the BPSOI LIGBT is 26% higher than that of the conventional partial-SOI LIGBT (PSOI LIGBT),
and 84% higher than the traditional SOI LIGBT. When the forward voltage drop is 2.05 V, the turn-off time of the BPSOI
LIGBT is 71% shorter than that of the traditional SOI LIGBT. Therefore, the proposed BPSOI LIGBT has a better forward
voltage drop and turn-off time trade-off than the traditional SOI LIGBT. In addition, the BPSOI LIGBT effectively relieves

the self-heating effect of the traditional SOI LIGBT.

Keywords: P-type buried layer, breakdown voltage, electric field modulation, turn-off time

PACS: 73.40.Ty, 85.30.De, 85.30.Tv

1. Introduction

The lateral insulated gate bipolar transistor (LIGBT) has
the advantages of strong conduction ability, high withstand
voltage characteristics, and integration. It is widely used in
various electronic power systems and is a typical representa-
tive of power semiconductor devices.l'™* With its ideal di-
electric isolation (DI) performance, relatively simple dielec-
tric isolation technology and other advantages, Silicon-on-
insulator (SOI) technology based LIGBT is widely used in
automotive electronics, switching power supplies and other
smart power integrated circuits. >0

Although LIGBT has low forward voltage drop, the ex-
istence of a large number of unbalanced carriers in the drift
region limits the switching speed, resulting in higher turn-off
loss, so reducing turn-off time has always been academia im-
portant topic. In order to reduce the turn-off loss and device
size, SOI LIGBTs with ideal forward voltage drop (Vr) and
turn-off time (74fr) are preferred. The dual deep-oxide trenches
(DDOT) technology assists in maintaining the electric poten-
tial from the collector, has achieved a faster turn-off speed. [7.8]
Adding a P-type compensation layer in the drift region of
LIGBT is helpful for the rapid recombination of excess car-
riers, so that the device can obtain lower turn-off losses. %101
The proposal of double-RESURF SOI LIGBT with deep-
trench-cathode and self-biased PMOS realizes a better trade-
off between Vg and Tyg.!'!! By adjusting the SOI structure, the
surface electric field distribution can be optimized by the elec-
tric field modulation effect, increasing the breakdown voltage
of the device,!'?! which is conducive to reducing the size of
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the device. The influence of the self-heating effect of the SOI-
based power device has caused the performance of the device
to decline, resulting in serious reliability problems. Therefore,
partial-SOI (PSOI) technology is proposed, ! in which the
silicon window under the drain or source helps the device to
dissipate heat.

This paper proposes a novel PSOI LIGBT with a P-type
buried layer, called the buried layer PSOI LIGBT (BPSOI
LIGBT). The electric field modulation effect generated by the
P-type buried layer and the partial-SOI layer result in two new
peaks in the surface electric field, which make the surface
electric field distribution more uniform. The proposed BPSOI
LIGBT improves the breakdown voltage, greatly reduces the
drift length which allows the device to store lower carriers in
the drift region. When the device is turned off, the reduction
in store carriers of drift region decreases the turn-off time. At
the same time, BPSOI LIGBT has the characteristics of PSOI
structure, which slows down the self-heating effect of the de-
vice.

2. Device structure and description

Figure 1 is a schematic cross-section of the proposed
BPSOI LIGBT. In the substrate of proposed device, the ion
implanted P-type buried layer is close to the source end, the
P-substrate is located at the middle portion, and the buried SOI
layer is close to the drain end. The P-type buried layer, the
P-substrate, and the SOI layer each account for one-third of
the length of the substrate. In order to meet the RESURF prin-
ciple, different types of substrates require different optimized
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concentrations of drift region. The concentration of the P-type
buried layer is higher than the concentration of the p-substrate,
which means that the optimized drift region concentration is
higher. Under the same thickness of the drift region, the isola-
tion substrate requires the optimized drift region concentration
to be lower than that of the silicon substrate. Thus, when the
substrate is three regions of different types, three drift regions
with different optimized concentrations are also required. As
seen from Fig. 1, it is equivalent to distinguishing the drift
region into three regions of the same length with a, b, and ¢
when the concentration of the drift region is constant. The new

cathode ge anode
O O

P-substrate

[

Fig. 1. The schematic cross-section of the proposed BPSOI LIGBT.

electric field peaks appear near A and B, causing the bottom of
the electric field to rise, so the surface electric field distribution
tends to be uniform, which is also the result of the modulation
effect of the substrate on the surface electric field. At the same
time, due to the appearance of silicon window, the self-heating
effect of SOI can be well alleviated.

3. Results and discussion

Table 1 is the proposed device, conventional PSOI LIGBT
and traditional SOI LIGBT simulation parameters. Figure 2
shows the lateral electric field distribution of the three struc-
tures. It can be clearly seen that the surface electric field of the
BPSOI LIGBT structure has two peaks (near A and B) under
the action of the additional electric field generated by the P-
type buried layer charge, which raise the bottom of the electric
field and reduces the peak value of the electric field at both
ends of the source and drain. Compared with the traditional
SOI LIGBT and conventional PSOI LIGBT, electric field dis-
tribution of the proposed device is more uniform. The position
of the peak is located at the interface between different types
of substrates, which improves the lateral withstand voltage of
the device.

Table 1. Device design parameters.

Symbol Description BPSOI LIGBT PSOI LIGBT SOI LIGBT
BV (V) breakdown voltage 104 191 151 104
Ts (um) drift region thickness 1.5 1.5 1.5
Tox (Lm) SOI thickness 1 1 1
Lp (um) N-drift length 5.8 15 15 15
Np (1015 cm™3) N-drift doping 32 6.7 3.8 45
Np (cm™) P-type buried layer doping 2x10'6 - -
3.0 ; —
_ = %PS%IsLIGBT smaller size. When Lp = 15 um, the proposed BPSOI LIGBT
= 9. l,(m 3
g 25} —0—211)35015 LIGBT obtains a BV of 191 V. It can be concluded that at the same
Ny p=15 ym .
= - e % o LII 5GBT Lp, the breakdown voltage of the proposed BPSOI LIGBT is
s 20k =15 um . . o
8 o P301 LIGBT 1ncTeased by 84%, compared Wth the traditional SOI ].JGBT.
< 15} Lp=15pm This proves that the P-type buried layer and the partial-SOI
& ' layer introduced in the proposed device optimizes the surface
1.0} . $ . C e - . e
';g) : electric field distribution, makes the electric field distribution
|31 . . . .
é’ 0.5} more uniform, and obtains a higher breakdown voltage. There-
0 W ' fore, the BPSOI LIGBT obtains narrower Lp and higher BV
0 5 A 10 B1s 20 through electric field modulation.
z-axis distance (um)

Fig. 2. Lateral electric field distribution of the BPSOI LIGBT, conven-
tional PSOI LIGBT, and traditional SOI LIGBT.

Figure 3(a) compares the lateral surface potential distribu-
tion of the proposed structure with the traditional SOI LIGBT
at breakdown. It can be seen that when Lp = 5.8 um, the
proposed BPSOI LIGBT can obtain almost the same break-
down voltage (BV = 104 V) as the traditional SOI LIGBT
(Lp = 15 um), the proposed device makes the device have a

Figure 3(b) shows the vertical potential distribution at the
drain end of three structures, where 0 <y < W is the poten-
tial distribution of the device drift region and the buried layer,
y > W is the potential distribution of the substrate. The sub-
strate bears a considerable part of the vertical voltage, which is
the reason of the BPSOI LIGBT structure has higher withstand
voltage than the conventional SOI structure. Lines 1 and 2 in-
dicate the potential difference between the drift area and the
buried layer of the conventional PSOI LIGBT and the BPSOI
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LIGBT. It can be seen that the potential difference between the
two structures in this part is similar. However, in the substrate
part, the proposed BPSOI LIGBT has a more obvious potential
than the conventional PSOI LIGBT. The increase is due to the
optimization of the surface electric field by the P buried layer
of the BPSOI LIGBT (as shown in Fig. 2). In this way, the
proposed BPSOI LIGBT improves the lateral withstand volt-
age by optimizing the surface electric field.

200 . —
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Fig. 3. (a) Lateral surface potential distribution of the proposed struc-
ture and traditional SOI IGBT at breakdown. (b) Vertical potential dis-
tribution of the drain ends of BPSOI LIGBT, PSOI LIGBT, and SOI
LIGBT, point W at y = 2.5 pm.
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Fig. 4. Relationship between the doping concentration of the P-type buried
layer and breakdown voltage of the BPSOI LIGBT.
Figure 4 shows the relationship between the concentra-
tion of the P-type buried layer and breakdown voltage of the
BPSOI LIGBT. Point A, point B, and point C on the dotted

line represent the situation when Np = 1 X 10'* ¢cm—3, which

are the breakdown voltage of the conventional PSOI LIGBT.
It can be seen from the figure that as Np increases, the effect
of the buried layer on the drift region gradually increases, and
the surface electric field gradually tends to optimize. The high-
est peak of the electric field distribution on both sides gradu-
ally decreases, and the middle part gradually increases, which
makes the breakdown voltage increase gradually. When Np
optimizes the electric field as shown in Fig. 2, the breakdown
voltage reaches the maximum. At this time, increasing Np will
cause the peak value of the electric field near the source end
to be too high, thereby reducing the breakdown voltage. It can
be seen from Fig. 4 that the breakdown voltage of the BPSOI
structure is increased by 26% compared to the conventional
PSOI LIGBT.

200 - —@—BPSOI LIGBT
18| ~@—PSOI LIGBT
—A—SOI LIGBT

160

140
120
100

80

Breakdown voltage (V)

60

0.4 0.6 0.8 1.0 1.2 1.4
Tox (pm)

Fig. 5. Relationship between the thickness of buried layer and break-
down voltage.

Figure 5 shows the relationship between the thickness of
buried layer (7,x) and breakdown voltage of three different
devices. As seen from the figure, with the increase in the
thickness of the buried layer, the breakdown voltage shows
approximately linear growth. The breakdown voltage of the
proposed structure is higher than that of conventional PSOI
LIGBT and traditional SOI LIGBT, because of the introduc-
tion of P-type buried layer to modulate the surface electric
field. Among the structural parameters with Lp = 15 pum,
T,=1.5 um, Np =2 x 10'0 cm 3.

—o— BPSOI-LIGBT Lyg=5.8 ym
5| —2—SOI-LIGBT Lq=15 pm

Ve=10V

3t
Ice=1 kA /cm?
oF / lower Vg

ICE (kA/CIIlZ)

0 i . .
0 1 131V2 3 4 5
Ver (V)

Fig. 6. Simulated forward characteristics of the proposed and traditional
SOI LIGBT.
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Figure 6 shows the simulated forward characteristics of
the proposed structure (Lp = 5.8 um, Tox = 1 wm, Np =
2 x 10" ¢cm™3, BV = 104 V) and traditional SOI LIGBT
(Lp =15 um, Tox = 1 um, BV = 104 V). The proposed device
has a shorter Lp, and the electrically neutral effect of the P-
type buried layer in the structure increases the optimized con-
centration of the drift region, so the proposed device has better
current capability. The BPSOI LIGBT gains the lower Vg of
1.31 V at Icg = 1.0 kA/cm? as shown in Fig. 6, the curve rep-
resenting BPSOI LIGBT in the figure is above the traditional
SOI LIGBT, and the analysis and simulation results are con-
sistent. The BPSOI LIGBT has good forward characteristics.

Figure 7 shows the simulated resistive load turn-off char-
acteristics of the proposed structure (Lp = 5.8 pum) and tradi-
tional SOI LIGBT (Lp = 15 pm). The BPSOI LIGBT gains
the lower Vi of 1.31 V at Icg = 1.0 kA/em?, when T = 300 K
and Vg = 10V, the turn-off BPSOI LIGBT is 15.8 ns and that
of SOI LIGBT is 37.5 ns. It can be clearly seen that the turn-
off time of BPSOI LIGBT is less than the turn-off time of tra-
ditional SOI LIGBT. Due to the electric field modulation ef-
fect, the proposed structure has a smaller Lp, so that the drift
region obtains less storage carriers, and at the same time, the
small Lp depletes the drift region quickly and obtains a shorter
depletion region length. The shorter length of the depletion re-
gion and the smaller number of storage carriers are more con-
ducive to device turn-off. Therefore, the proposed structure
has a smaller T than the traditional SOI LIGBT.

100 o 1000
__________________________
80 L :—'—BPSOI LIGBT_ 800
T=300 K , Lp=58um
—~ | Np=2x10% cm3 1—e—SOI LIGBT i o
2 60 Tox=1pm | Lp=15pm 600 §
&) ! .
8} rat Icg=1.0 kA/CmZ 5/
= o Vp=131V 1400
Tog= 15.8\ns Ve =12.05 V <
201 N off =37.5 ns 1200
0 I - n-n-—n— m-n—n—n—u—u ()
- |
. i i il .
0.05 0.10 0.15 0.20 0.25
Time (ps)

Fig. 7. Simulated resistive load turn-off characteristics of the proposed
BPSOI LIGBT and traditional SOI LIGBT. T =300 K, Vg = 10 V.

Figure 8 compares the tradeoff curves between forward
voltage drop and turn off time for the BPSOI LIGBT and the
conventional SOI LIGBT. The T ~ VE curve is obtained by
changing the anode P-type doping concentration at 7 = 300 K
and current density of 1 kA/cm?. The BPSOI LIGBT curve
is below the traditional SOI LIGBT curve, indicating that the
proposed structure has a better compromise between 7o and
Ve. When Vg = 2.05 V, the Ty of the proposed structure is
71% lower than that of the traditional SOI LIGBT. The pro-

posed structure has low power consumption.

45
10 (2.05,41.88)
| —&— SOI LIGBT (Lp=15 pm)
35T |\ —A— BPSOI LIGBT (Lp=5.8 um)
— 30 |
9 L I Ve=10V
£ 25 171%
= 20} |
= s |
(2.05,11.08)
10
5 -
0

2 3 4 5
Ve (V) at 1 kA/cm?

Fig. 8. Tradeoff curves between forward voltage drop (V¢) and turn off time
(Tos¢) for the BPSOI LIGBT and the conventional SOI LIGBT.

The influence of the self-heating effect of the traditional
SOI LIGBT is obvious. The self-heating effect seriously af-
fects the reliability of the device, adversely affects the nor-
mal operation of the device, and degrades the performance of
the device. However, the proposed device has a silicon win-
dow and retains the characteristics of the general PSOI LIGBT,
the proposed device structure has better heat dissipation per-
formance and alleviates the self-heating effect brought by the
SOI structure. Figure 9(a) shows the temperature distribution
inside BPSOI LIGBT and SOI LIGBT, and figure 9(b) shows
the surface temperature of the two structures. The gate volt-
age Vg =5V, drain voltage Vp = 10 V. It can be clearly seen
that the working temperature of the proposed BPSOI LIGBT is
much lower than that of the SOI LIGBT. The BPSOI LIGBT
reduces the heating of the device caused by the self-heating
effect.

(a)
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sa0f T TTeeealll
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320}
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300 L N N
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Fig. 9. (a) Temperature distribution inside BPSOI LIGBT and SOI LIGBT.
(b) Surface temperature of the two structures.
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(2)
formation of the partial-SOI
layer

partial-SOI

@
formation of P-type buried layer
by ion implantation

partial-SOI

(b)
polishing

partial-SOI

bonding with silicon wafer, forming
source and drain regions

Fig. 10. Key process flow of the proposed BPSOI LIGBT.

In engineering, the BPSOI structure can be realized by
silicon wafer direct bonding (SDB), as shown in Fig. 10. The
difference from the general PSOI structure in the SDB process
is that it adds a P-type ion implantation step. First, a part of
the buried oxide layer is formed, and at the same time a part of
the silicon window of the device is formed, and then etching
and chemical polishing techniques are used to etch and polish
the oxide layer on the silicon surface. In the third step, ion im-
plantation is performed, and the implanted ions form a part of
the p-type buried layer. Finally, it is directly bonded to another
silicon wafer without an oxide layer.

4. Conclusion

A novel SOI LIGBT with BPSOI structure has been pro-
posed in this paper. Simulation and analysis verified that the
proposed BPSOI LIGBT has the advantages of optimizing the
surface electric field and alleviating the self-heating effect.
The electric field modulation of the P-type buried layer and
a partial-SOI layer charge results in tow peaks in the surface
electric field, the electric field is more uniformly distributed
than the traditional SOI LIGBT, so that the device has a larger
BV. Thus, shorter drift region and lower storage carrier are ob-

tained. Compared with traditional SOI LIGBT, the proposed
structure has better tradeoff between Ty and V.

References

[1] SakanoJ, Shirakawa S, Hara K, Yabuki S, Wada S, Noguchi J and Wada
M 2010 Proc. 22th ISPSD (Hiroshima) pp. 83-86
[2] Baliga B J 2008 Fundamentals of Power Semiconductor Devices (New
York: Springer-Science)
[3] ZhulJ, Zhang L, Sun W F, Chen M, Zhou F, Zhao M N, ShiL X, Gu Y,
and Zhang S 2016 IEEE Trans. Electron Dev. 63 2003
[4] ZhuJ, Sun W F, Zhang L and Du Y 2015 Proc. 27th ISPSDn pp. 169—
172
[5] Jea-Pierre Colinge 1997 Silicon-on-Insulator Technology: Materials to
VLSI (US: Springer-Verlag)
[6] Hara K, Wada S, SakanoJ, Oda T, Sakurai K, Yamashita H and Utsumi
T 2014 Proc. 26th ISPSD, pp. 418-421
[71 Zhang L, Zhu J, Sun WF, Zhao M N, Chen J J, Huang X Q, Shi L X,
Chen J and Ding D S 2017 IEEE Trans. Electron Dev. 64 3282
[8] Zhang L, Zhu J, Sun W F, Chen M, Huang C, Zhou F, Gu Y, Zhang S
and Su W 2016 Proc. 28th ISPSD pp. 439-442
[9] Terashima T and Moritani J 2005 Proc. IEEE 17th ISPSD, May 2005,
pp. 91-94
[10] Pathirana V, Udugampola N, Trajkovic T and Udrea F 2018 IEEE Elec-
tron Dev. Lett. 39 866
[11] HuH, Kong M F, Yi B and Chen X B 2020 [EEE Trans. Electron Dev.
67 1
[12] Duan BX, Yuan S, Cao Z and Yang Y T 2014 IEEE Electron Dev. Lett.
351115
[13] Park J M, Grasser T, Kosina H and Selberherr S 2003 Solid-State Elec-
tron. 47 275

027302-5


http://dx.doi.org/10.1109/TED.2016.2545681
http://dx.doi.org/10.1109/TED.2017.2712568
http://dx.doi.org/10.1109/LED.2018.2831598
http://dx.doi.org/10.1109/LED.2018.2831598
http://dx.doi.org/10.1109/LED.2014.2359293
http://dx.doi.org/10.1109/LED.2014.2359293
http://dx.doi.org/10.1016/S0038-1101(02)00207-1
http://dx.doi.org/10.1016/S0038-1101(02)00207-1

	1. Introduction
	2. Device structure and description 
	3. Results and discussion
	4. Conclusion
	References

