
Extended Abstracts of the 1997 International Conference on Solid State Devices and Materials, Hamamatsu, 1997, pp. 164-165

A Hybrid Lateral sol BMFET with High current Gain

Doo-Young Kim, Seong-Dong Kim*, Min-Koo Han and Yearn-Ik Choi**

School of Electrical Eng., Seoul Nat'l Univ., Shinlim-Dong, Kwanak-Gu, Seoul l5l-742, Korea
Tel : +82-2-880-7254 Fax : +82-2-8'73-9953 e-mail : dyk@eesrc-09.snu.co.kr

*System IC R&D Lab., Hlundai Electronics Industries Co., Ltd., Ichon-Si, Kyoungki-Do, 46'7-'70I
TEL : +82-336-30-2439 FAX. +82-336-30-2168

**School of Electrical & Electronics Eng., Ajou Univ.,Wonchun-Dong, Suwon 442-'749, Korea
1sf ; +82-331-219-2363 Fax : +82-33l-212-9531 e-mail : yearnik@madang.ajou.ac.kr

1. Introduction

The Bipolar-Mode Field-Effect Transistor (BMFET)
attracts a considerable interest because of its high current
density, extremely low on-resistance and fast switching
speed'). It has reported that the lateral SOI BMFET may be a
promising power switching devices for power IC
applications'). However, conventional SOI LBMFET suffers
from the low current gain, so the operation is limited to the
low current area.

The purpose of our work is to propose a novel hybrid-
mode Lateral SOI BMFET with high current gain by
employing a lateral bipolar transistor and a DMOS
structure. The operations of the proposed BMFET are

verified by device simulation by using MEDICL

2. Device Structure and Operation

The cross-sectional view of the conventional SOI
LBMFET and the proposed device are shown in Fig. l. The
lateral SOI BMFET's are basically lateral JFET structures
with the channel formed between buried oxide and deep p*
gate junction.
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Fig. l.Cross-sectional view-of (a) the conventional BMFET and (b)
the proposed BMFET with a DMOS structure
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The proposed device can be operated in three modes.

The hybrid mode is implemented by connectitrg p* gate and
MOS gate together'). The hybrid mode effect is due to gate-
induced lowering of effective base charge, resulting in a

reduction of emitter-base junction barrier and high current
gain. BMFET mode and DMOS mode are implemented by
connecting MOS gate and p* gate to source, respectively.

The 4 pm thick, 5 x l0r3 cn-3 n-type silicon layer on the

2 pm buried oxide and 5 x 1013 cm-3 p-t_rpe substrate is
employed in the 2-dimensional device simulation. The
doping profile is assumed to be gaussian and the normally-
off behavior obtain by I pm channel depth. The device
parameters employed in the device simulation is listed in
Table I .
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parameters value

surface doping

n source

p gate

p―body

1× 1 020 cm~3

1× 1 019 cm~'

5× 1016 cm~3

n drift region doping 5× 1013 cm~3

thickness

SOI layer

buried oxide

gate oxide

4/1n

2●In

500Å

p-body junction depth

n* source junction depth

drift region length

channel depth (d)

2/1n

O.5/1n

20 aln

l lm

SRH lifetime
coefficients

fno

rpo
Nsnsn

Nsnuo

1× 10-7 seC

l× 10‐
7 seC

4× 1016 cin~3

1× 1 016 cln‐
3

3. Simulation Results and Discussion

The simulated transfer curves for various modes are
shown in Fig. 3. Our simulation result shows that the
current gain of hybrid mode operation is at least l0 times
larger than that of BMFET mode. The threshold voltage of
DMOS structure is about 0.6 V and the subthreshold swing
is 115 mV/dec.

Fig. 4 illustrates the simulated band diagram
perpendicular to the p-bodv/gate-oxide interface for hybrid
and BMFET mode when Va, = 5 V and Vs, = 0.5 V. The
emission barrier is lowered when the device is operated in



the hybrid mode. The corresponding O). The depletion
region extends to about 1000 A into p-body from the gate

oxide interface and reduction of the emission barrier occurs
in this region.

turn-offtime of proposed device is 0.2 psec without the long
tail current, which is comparable to LDMOS.
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Fig.5.Colnparison of Cllrrent gain for different device structures

at Vds=5V.
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Fig.3.Simulated transfer cllrves ofthe proposed device

‐1.0

-0.5

0.0 0.1 0,2 0.3

Distance Ipm]
Fig. 4. Simulated band diagram through the p-body perpendicular

to the p-body/gate-oxide interface at Va, = 5 V.

The current gain of the proposed device is compared
with the previously reported SOI LBMFET in Fig. 5. The
current gains of over 30000 can be achieved in hybrid mode
operation. It can be seen that the current gain peak of
proposed device in hybrid mode is 30 times larger than that
of previously reported lateral SOI BMFET.

The forwardvoltage drop of hybrid LBMFET is 0.1 V at
the current density of 20 Ncrrf , while those of LIGBT and
LDMOS on the same SOI substrate are 0.9 V and more than
5 V, respectively as shown in Fig. 6. The forced gate turn-
off simulation is implemented in condition that the anode
voltage is l00V and the resistive load is employed. From
these results, LIGBT shows the longer turn-off time even at
the condition of smaller lifetime. However. the simulated
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Fig. 6. Comparison of forward voltage drop, current density and

turn-offtime amons the various lateral devices.

4. Conclusion

The high current gain hybrid BMFET with DMOS
structure is proposed and verified by device simulation. The
simulation results show that the proposed BMFET improves
current gain significantly by hybrid mode operation,
compared with the conventional device. The proposed
device shows current gains over 30000, which is 30 times
larger than the conventional LBMFET.

References
l) A. Caruso, et. al. : IEEE Trans. on Power Electronics, vol. 3

(1e88) p 757.
2) S. D. Kim et al. : Proc. of ISPSD'95 (1995) p 288.

3) J. Olsson et. al. : IEEE Trans. Electron Devices, vol. 42
(1995) p 1628.

102

【＞
ｏ
中
扇
一｝Ｃ
〇
一ｏ
Ｌ

０

　

　

　

　

　

　

　

０

ごヤＥＯ＞ヽ
】ゝ
〓∽ＥＯ∩一一ＥΦ』』コ０

0.5

一
 Hybttd mode

・…・…  BMFET mode

Ｅｃ
　
　
Ｅｆｎ
　
　
％
　
Ｅｖ

・

０
〇
一Ｘ
Ｏ

・①
一ｍ
０


