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Abstract: 0. 5pm-gate-length lateral double-diffused metal-oxide-semiconductor field-effect transistors ( LDMOSFETSs)
with low barrier body contact (LBBC) and body tied to the source (BTS) were fabricated on silicon-on-insulator (SOD)

substrates. The back-gate effects on front-channel subthreshold characteristics, on-resistance, and off-state breakdown
characteristics of these devices are studied in detail. The LDMOSFETs with the LBBC structure show less back-gate effect
than those with the BTS structure due to better control of the floating body effect and suppression of the parasitic back-

channel leakage current. A model for the SOl LDMOSFETs has been given,including the front- and back-channel conduc-

tions as well as the bias-dependent series resistance.
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1 Introduction

Power lateral double-diffused transistors (LD-
MOSFETs) on silicon-on-insulator (SOI) substrates
have attracted considerable interest for applications
in high performance RF power amplifiers'' ™. The
advantages of SOI technology include the superior
isolation, reduced parasitic capacitances, less leakage
current, and better high temperature performance
compared to the traditional junction isolation in bulk
technology'"*' . Moreover, SOI technology uses a high
resistivity silicon substrate to reduce substrate RF
power loss and noise crosstalk™®"! .

Breakdown voltage and on-resistance are key pa-
rameters of SOl LDMOSFETs,as discussed in Refs.[8
~10]. However,the impact of the back-gate,an addi-
tional terminal introduced by the buried oxide to the
LDMOSFETs, on
resistance is seldom studied. In practice, if two SOI
LDMOSFETs are used in series, the potential of the
source and body of the top device in the stack is
raised with respect to the back-gate. Thus, this device
is biased by the back-gate although the back-gate is

breakdown voltage and on-

not biased intentionally. So it is necessary for the de-
signers to understand the back-gate effect of SOI LD-
MOSFETs.

This paper discusses the back-gate effect of SOI
LDMOSFETs and presents a model of SOI LDMOS-
FETs.
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2 Device fabrication

The 40pm/0. 5pm LDMOSFETs were fabricated
on 100mm SIMOX (separated by implanted oxygen)
wafers from Simgui Corp,with material parameters as
follows: p(100),15~25Q + cm, 198nm-thick top sili-
con film, and a 382nm-thick buried oxide layer. De-
vice A is a BTS (body tied to the source) structure
LDMOSFET with a 0.5pm drift region length. and
device B is a LBBC (low barrier body contact) struc-
ture LDMOSFET with a 0. 3pm drift region length.

LOCOS (local oxidation of silicon) isolation was
used. The gate oxide thickness is 6nm. The p* implan-
tation for devices A and B was to implant boron with
a dose of 1 X10"cm ™ * and an energy of 25keV. The n-
drift region was created by a phosphorous implant of
dose 8 X 10”cm™* and energy 30keV. The n-LDD re-
gion (body contact region and drift region were
masked) was implanted by arsenic with a 3 X 10" ¢m™*
dose and 25keV of energy. The n* source and drain
regions were formed by a masked implant of 5 X 10"
cm™? and 25keV of energy. The n* implant mask de-
fines the length of the drift region. The dopants were
activated by a 6s,1030C RTA process. In order to re-
duce the sheet resistance of the source,gate,and drain
of the RF LDMOSFETs and improve the RF per-
formance,a salicidation technique'' based on SiO,/
SizN, dual sidewalls was developed and applied to
thin-film SOI LDMOSFETs with thin gate oxide. The
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Fig.1 (a) Layout of the BTS structure LDMOSFET for device
Aj; (b) Layout of the LBBC structure LDMOSFET for device B

layouts of devices A and B are shown in Fig. 1, and
their cross-sections along lines A-A”", B-B" and C-C’
are illustrated in Fig. 2.

The LBBC structure LDMOSFET is close to that
of a BTS structure LDMOSFET with two main excep-
tions: (1) The source does not extend completely
through the top silicon film and the region below the
source is heavily p* doped; (2) Next to the source is a
heavily doped p-type region that acts as the body con-
tact.

3 Experimental results and discussion

After the formation of the SOI LDMOSFETs,
their front-channel and back-channel properties have
been characterized by a Keithley 4200SCS semicon-
ductor characteristics system. Subscripts 1 and 2 indi-
cate the front- and back-channels.

The front-channel subthreshold characteristics of
devices A and B are shown in Fig. 3. The front-gate
(Vss1) and back-gate ( Vg, ) voltages varied while
maintaining a low drain bias ( Vs =0. 1V). The drain
current versus front-gate voltage curves are functions
of back-gate voltage both in devices A and B. When
Ve <<OV,the front-channel subthreshold characteris-
tics almost remain the same as when the back-channel
is off. When Vg >0V, the front-channel current in-
creases with the back-gate voltage. In Fig. 3, the off-
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Fig.2 Cross-sections of devices A and B along lines A-A" (a),
B-B" (b),and C-C” (¢)
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Fig.3 Front-channel subthreshold characteristics of device A
(a) and device B (b)
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state current of device A is greater than that of device
B.When Vg, =20V, the off-state current of device A
is 1. 86 X 107° A, but that of device B is only 7. 35 X
10 °A. When Vg = 40V, the off-state current of de-
vice A is 1. 04 X 107° A, but that of device B is only
5.89X107"A.

Figure 4 shows the back-channel subthreshold
characteristics of devices A and B. The drain current
1X 10’9A/Hm is defined as the back-channel thresh-
old voltage point. The back-channel threshold volta-
ges of devices A and B are 9 and 25V ,respectively.

Device B has
subthreshold characteristics superior to device A be-
cause the LBBC structure keeps the floating body
effects under better control and suppresses the back-
channel from turning on effectively. Because the
source region does not go completely through the top
silicon film to the back-channel Si/SiO. interface, a
parasitic conducting path between the source and
drain does not exist, even if the back-channel inter-
face is inverted by the back-gate bias. The body con-

front-channel and back-channel

tact barrier height and body resistance play key roles
in suppressing floating body effects. The body contact
barrier height of devices A and B is considered identi-
cal for the same p~ implantation. For a one-sided BTS
body contact structure device, the body resistance is
given by

two-sided BTS body contact structure devices in this
paper.

For the LBBC body contact structure device, the
body resistance is given by

Ls
Ryosy = 2
body NaquyWee (tsi — Xjs — Xg) @
_ 26055i(2¢F + Vsb)
X ds _\/ CIN/A (3)

where L, is the source length, x; is the source junction
depth, x4 is the source depletion width,and Vg, is the
source/body voltage. The body resistance along the
width direction is the same and proportional to the in-
verse of the device width.

Figure 5 shows that the back-gate voltage modi-
fies the on-resistance of devices A and B, which is a
critical parameter for LDMOSFETs. When Vg <<
— 20V ,the on-resistance of devices A and B remains
unchanged. In this region, the back-channel is accu-
mulated and the bottom of the drift region is invert-
ed,as shown in Fig. 6. The depletion width in the drift
region reaches the maximum. When Vs, > — 20V, the
on-resistance of devices A and B decreases when the
back-gate voltage increases. In this region, the back-
channel leaks more current and the drift region be-
comes less resistive.

Figure 7 gives the breakdown characteristics of
devices A and B. The back-channel turns on and be-
comes leakier when Vg, >>20V in device A and Vg
=40V in device B. It is common in both devices
A and B that BV, - > BV« >

Gsz = ~20V)



%11 Bi Jinshun et al.: Back-Gate Effect of SOl LDMOSFETs 2151
Drain Gate Source ?ate Drain Front-gate
! EEE R
i n p n* P n- n A
I 90 @ Q9 @:
Source R, Drain
T R,
Back-gate
Fig.8 SOI LDMOSFET circuit model
(a)
) ) Rpr + Rp. The drain voltage is divided among these
Drain ~ Gate Source (igtf Drain .
=== SEEEE == resistors. Because Rpr ( Vg, = 20V) << Rpp (Vgg =
+ + nt

L n- n- .o,
i d0eraeore e Qe

©)
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Fig.7 Breakdown characteristics of device A (a) and device B
(b)

0V) ,the breakdown voltage at Vs, =20V is a bit less
than that at Vg =0V in device B.

An equivalent SPICE circuit is used to model the
SOI LDMOSFETs; including the front-channel, back-
channel, and all associated resistances in Fig. 8. The
SPICE model for the LDMOSFETs is achieved by
characterization of the front-channel for both bulk
and SOI. Only the SOl LDMOSFET requires the char-
acterization of a parasitic back-channel device. R,
and R, are the unavoidable series resistance associat-
ed with front-channel and back-channel, while R is
their common resistance, dominated by the drift re-
gion. R; can be modulated by the back-gate voltage.
The model is applicable to both the LBBC structure
LDMOSFET and the BTS structure LDMOSFET. Be-
cause the source of device B does not extend com-
pletely through the top silicon film, the Gp, of the
LBBC structure LDMOSFET is smaller than that of
the BTS structure LDMOSFET . which can be derived
from Fig. 4.

These transistors are represented by their con-
ductances Gp,,:

,u?.z Con.2 W/L
1+ (9(1).2(‘/01.2 - VTI.Z)
where W is the gate width, C,y and C,. are the gate

Gp.. = (Ve = Vre) (D)

oxide and BOX capacitances per unit area, Vo, are
the threshold voltage, 1., are the pure mobilities,and
., are the mobility degradation factors at high verti-
cal field.

Without series resistance effects, the intrinsic
transconductance of the front- and back-channel is
given by

/l(f,z Coxl,z W/LVD
[1 + 0(1).2(‘/(31.2 - ‘/’['1.2)]Z
For single-channel operation mode, the influence

(5

0 _
gmi.2 —

of series resistances can be taken into account by re-

placing the coefficient 6}, in Eqs. (4) and (5) with
01 2[12] H

b = 01 +)u(l).zcoxl.z W/L(R,, + R3) (6)

For double-channel operation mode, the total

drain current is given by''*
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So the front gate transconductance is obtained as:
(1+ R, Gy 29
gmi N (8)

4 Conclusion

In summary, we presented the impact of the
back-gate bias of SOl LDMOSFETs with LBBC and
BTS structure on the front-channel subthreshold char-
acteristics, on-resistance, and breakdown characteris-
tics. LBBC structure LDMOSFETs have front-channel
and back-channel characteristics superior to BTS
structure LDMOSFETs for better control of floating
body effects and suppression of back-channel leak-
age. A model for SOI LDMOSFETs has been con-
ceived,including front- and back-channel conduction
and bias-dependent series resistance.
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