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The effects of back gate bias (BGEs) on radio-frequency (RF) performances in PD SOI nMOSFETs are presented in
this paper. Floating body (FB) device, T-gate body-contact (TB) device, and tunnel diode body-contact (TDBC) device, of
which the supply voltages are all 1.2 V, are compared under different back gate biases by different figures of merit, such
as cut-off frequency (fr), maximum frequency of oscillation (fmax ), etc. Because of the lack of a back gate conducting
channel, the drain conductance (gq) of TDBC transistor shows a smaller degradation than those of the others, and the
trans-conductance (g ) of TDBC is almost independent of back gate bias. The values of fr of TDBC are also kept nearly
constant under different back gate biases. However, RF performances of FB and TB each show a significant degradation
when the back gate bias is larger than ~ 20 V. The results indicate that TDBC structures could effectively improve the back

gate bias in RF performance.
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1. Introduction

Silicon-on-insulator (SOI) technology has been consid-
ered as a potential technology for high frequency applica-
tion due to the high cut-off frequency, which has already
reached to 500 GHz, and also for the harsh environment, such
as high temperature and radiation environment.!'! Although
SOI metal-oxide semiconductor field-effect transistors (MOS-
FETs) suffer floating body effect (FBE) caused by impact-
ionization which restricts the application in analog integrated
circuits, the body contacts with different structures are inves-
tigated to suppress FBE, such as T-gate (TB), H-gate, body-
tied-source, etc. As we previously reported,!?! tunnel diode
body-contact (TDBC) structures suppress the FBE success-
fully without adding additional parasitics compared with the
conventional body-contact structures. TDBC structure could
also achieve a similar cut-off frequency (fr) and even better
maximum frequency of oscillation (fi,x) due to smaller para-
sitic gate—source capacitance.

In general, the effect of back gate bias (BGEs) of the N-
type MOSFET in partially depleted (PD) SOl is very small and
it is always ignored. However, it has been reported that with
the decreasing of the buried oxide thickness (box), the penetra-
tion of electric field from the source/drain region into the body
via the box decreases, thus enhancing the immunity to short
channel effect (SCE),’! and improving the heat dissipation
ability.[*) However the characteristics become sensitive to the
back gate bias (Vgg) in PD SOI MOSFET, and the influences
of Vg on DIBL, P! hysteresis effect,® and carrier mobility!”!
have recently been investigated. In this paper, BGEs on RF
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performance in PD SOI nMOSFETs are investigated experi-
mentally.

2. Devices and measurement

The RF performances of three different types of transis-
tors of which supply voltages are all 1.2 V are investigated
by applying various values of Vg, namely 1) floating body
(FB), 2) T-gate body-contact (TB), and 3) tunnel diode body-
contact (TDBC). All of the devices are fabricated by using the
0.13-pm PD SOI CMOS technology. The devices investigated
in this paper have the same dimensions. The devices are de-
signed with multi-fingers with the same gate length, 0.13 um
and total width, 40 pm. The finger width, finger number are
2 um and 20 respectively. The gate oxide, top silicon, buried
oxide thickness are 1.8 nm, 100 nm, and 145 nm. For each
FB device and TDBC device, the gate is contacted from both
sides to reduce the parasitic gate resistance. TB device is de-
signed to contact from only one side due to design rule lim-
iting, which could result in a higher value of gate resistance.
The difference between FB and TDBC devices is that for the
TDBC device one Esaki diode!® is embedded in the source
region to suppress the floating body effect. Fabrication proce-
dure can be found in Ref. [9]. For the TB device, P+ implan-
tation is performed to form the P+ body contact area. Poly in
the body-contact side is designed to separate the P+ implanta-
tion area from source/drain area. The top view of FB and TB
devices are shown in Figs. 1(a) and 1(b), and the cross-section
view of TDBC is shown in Fig. 1(c).
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Fig. 1. (color online) (a) Top view of FB, (b) top view of TB devices,
and (c) cross-section view of TDBC.

To investigate the BGEs on the RF performance, two-
port S-parameters under different Vgg values are measured
with frequency varying from 0.1 GHz to 30 GHz in steps of
100 MHz. The Vg varies from —20 V to 50 V. Open and
short de-embedding method is used to assess the practical per-
formance of these devices. All of the measurements are made
with an Agilent B1500 and Agilent PNA-X N5244A with a
Cascade Summit 12000M probe station.

3. Results and discussion

The fr and fpax are the key parameters for evaluating
the RF performance of transistors.!'% The fr is the frequency
when the drain current gain is unity, and fiax is the frequency
when the power gain is unity. The fr could be extracted
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by the equation fy x |Hzi| and fiax could be obtained from
fo x /MUG, where f; is the applied transport frequency, Hy
is the current gain, and MU G is the Manson’s unilateral power
gain. For the physics background, fr and fpnax can be ex-
pressed as in the following equations:(!!]
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where fc = gm/ 2nCq represents the intrinsic cut-off fre-
quency; gq is the output conductance for DC case; gp, is the
trans-conductance for low frequency; Cos is gate-to-source ca-
pacitance; Cgq is gate-to-drain capacitance; and, Ry, Rs, Rq are
gate resistance, source resistance, and drain resistance, respec-
tively.

S-parameter under zero back gate bias is performed to
extract the fr and fi,.x When the back gate bias is zero. Fig-
ure 2 shows the variations of fr and finax with drain voltage
at Vg = 0.8 V and Vg = 0 V. From Fig. 2(a), fr of TDBC
reaches 85 GHz when drain voltage is 1.2 V, similar to that of
FB, 87 GHz. The reason for fr of TDBC lower than that FB
is that the threshold voltage of TDBC is higher than that of
FB device. The fr of TB device is 74 GHz when Vp =1.2 'V,
13% lower than that of TDBC device due to the higher para-
sitic capacitance. Owing to the lower parasitic resistance and
parasitic, fimax of TDBC could reach 150 GHz, ~ 20% higher
than that of FB, 125 GHz and ~ 58% higher than that of TB,
95 GHz.
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Fig. 2. (color online) Variations of cut-off frequency (fr), maximum frequency of oscillation ( fmax) With Vp when Vg = 0.8 V and

VBg=0V.

088501-2

» (2



Chin. Phys. B  Vol. 24, No. 8 (2015) 088501

To perform the influence of back gate bias for different
devices, S-parameters are measured under Vg values ranging
from —20 V to 50 V. The values of fr and fax are obtained to
evaluate the BGEs of different devices. Figure 3 shows that ft
and fmax each behave as a function of Vgg when Vg =0.8 V
and Vp = 1.2 V. The negative back gate bias has little influ-
ence on f1 and always keeps a same value under zero back gate
bias. While the ft values of FB and TB each have a significant
degradation when Vpg is larger than ~ 20 V. The reason for the
degradation is that the transconductance (gn,) degrades when
the inversion appears between silicon and buried oxide. Un-
like the behaviors of FB and TB, the ft value of TDBC slightly
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increases as Vpg rises. Figure 4 shows the influences of Vg
on g of the three devices. As Vg increases, the g, values of
FB and TB devices reduce after ~20 V, while the g, value of
TDBC slightly increases. When the Vg is positive and large
enough, the inversion layer forms and the gate faces increase
difficulty in modulating the new deep lying electron conduct-
ing paths between source and drain in FB and TB devices.!!?]
However, due to the existence of a P+ region under the source,
it is difficult to form a conducting channel between the source
and the drain. As a result, the g, values of TDBC devices

almost remains the same.
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Fig. 3. (color online) Variations of (a) cut-off frequency (fr), (b) maximum frequency of oscillation (fnax) extracted by the S-
parameters with Vgg when Vg = 0.8 V and Vp = 1.2 V at a frequency of 10 GHz.
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Fig. 4. (color online) Variations of transconductance (gn) of FB and
TB with back gate bias (Vgg) when Vp = 1.2 V and Vg = 0.8 V, while
gm value of TDBC slightly increases as Vg rises.

It is demonstrated that the degradation for f,x of MOS-
FET is mainly related to the decrease of Cgs/Cyq ratio and
the increase of gq.!'3 Figure 5 shows the comparison of the
ratio of fiax to fr among the three different devices when

Vo =0.8 Vand Vp = 1.2 V. The fax/fr value of TDBC
reaches 1.8 when back gate bias is zero, ~ 25% higher than
that of FB device, 1.44 and ~ 42% higher than that of TB de-
vice, 1.27. However, the fiax/ fr ratio decreases when Vig is
positive. For FB and TB devices, the reason for reducing the
ratio is the decreasing gn, and increasing g4, as shown in Fig. 3
and Fig. 5. For the TDBC device, the g, is almost constant as
VB increases, and Cgs and Cgq are also independent of Vpg.
As a result, the intrinsic cut-off frequency, fc, almost has no
dependence on Vgg for TDBC. The decreasing of the ratio for
TDBC mainly happens because of the degradation of g4 and
the slight increase of fr.

The gq is an important parameter for MOSFETS in mi-
crowave application because it has a significant effect on the
Jfmax, as indicated in Eq. (2). Figure 6 shows the g4 values
of TDBC, FB and TB devices with Vgg when frequency is
100 MHz where gq4 can be extract by Re (¥25). Due to the in-
version layer between box and silicon, which could connect
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the drain and source when Vpg is larger than ~ 20 V, the gq
degradation slopes of FB and TB devices are 10.5 uS/(uS-V)
and 12 uS/(uS-V), respectively. However, due to the lack of a
back gate channel, the g4 value of TDBC shows less degrada-
tion than those of FB and TB devices. The g4 degradation of
TDBC is only 3.35 uS/(uS-V), 68% lower than that of FB de-
vice, and 72% lower than that of TB device. The results show
that BGEs of TDBC is much smaller than those of FB and TB.
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Fig. 5. (color online) Variations of fmax /fr ratio of TDBC, FB and TB
with Vgg when Vy = 0.8 V Vg =1.2V.
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Fig. 6. (color online) Variations of g4 values of TDBC, FB and TB
devices, extract by Re (Y22), with Vgg when frequency is 100 MHz,
V6=08VandVp=12V.

4. Conclusions

To investigate the influence of back gate bias on RF per-
formance in PD SOI MOSFETs, different figures of merit are
extracted under different back gate biases. The values of fr

and fax of TDBC reported in this paper reach 75 GHz and
150 GHz, respectively. Back gate bias has a significant in-
fluence on RF performances in FB and TB devices while it
has less effects on the RF performance of the TDBC device.
The fr value of TDBC shows scarcely the dependence on Vpg
while the fihax value of TDBC shows a slight dependence on
Vg due to the degradation of gg. The fin.x/fr ratios are also
compared among the three types of devices, and the results
show that the TDBC devices have a higher fmax/ fr ratio than
the others. High positive back gate bias can cause the g, val-
ues of FB and TB to decrease because of the emergence of
strong inversion layer connecting the source and drain. The
gq degradation of TDBC caused by back gate bias is much
lower than those of FB and TB devices because of the absence
of a back gate conducting channel. The results indicate that
TDBC structure could effectively improve the BGEs in PD
SOI NMOSFETs.
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