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Study of the Extended p Dual Source Structure for
Eliminating Bipolar Induced Breakdown in Submicron

SOI MOSFET’s

Vikram Verma and M. Jagadesh Kumar

Abstract—Simulation results on a novel extended p dual source SOI
MOSFET are reported. It is shown that the presence of the extended p
region on the source side, which can be fabricated using the post-low-energy
implanting selective epitaxy (PLISE), significantly suppresses the parasitic
bipolar transistor action resulting in a large improvement in the breakdown
voltage. Our results show that when the length of the extended p region
is half the channel length, the improvement in breakdown voltage is about
120% when compared to the conventional SOI MOSFET’s.

Index Terms—Floating body effect, parasitic bipolar transistor, SOI
MOSFET’s.

I. INTRODUCTION

In silicon-on insulator (SOI) devices, the floating body effect causes
the lowering of drain breakdown voltage due to the parasitic bipolar
transistor inherently present in the structure. Several methods have
been proposed to reduce the floating body effect [1], [2]. Ploeget
al. [3] proposed a dual source structure(DSFET) and showed that by
placing a p+ region underneath the n+ source and using the aluminum
spiking to electrically connect the two can effectively increase the
breakdown voltage. However, as pointed out in [3], the spiking is
susceptible to process variations and is also incompatible with modern
VLSI technologies such as silicidation.

In this work, we propose a novel dual source structure in which the
buried p+ region under the n+ source is laterally extended into the body
of a partially depleted SOI MOSFET. Using numerical simulation, we
show that this results in a significant improvement in the drain break-
down voltage without any need for the body contact through the metal
spiking. We further demonstrate that the drain breakdown voltage is
maximum if the length of the extended p+ region is approximately half
the channel length.

II. DEVICE STRUCTURE WITH EXTENDED P+ REGION

Fig. 1 shows the cross-section of the extended p+ dual source SOI
MOSFET (Ep+ DSFET) considered in this study. This structure is
similar to that of the DSFET[3] but with the buried p+ region ex-
tended laterally into the body. However unlike in [3], we have assumed
no aluminum spiking in our proposed structure. The device is simu-
lated with a gate oxide thickness of 20 nm and back oxide thickness
of 400 nm. The n+ doping of the source and drain are both fixed at
5� 10

19=cm3. The channel has a uniform p-doping of6� 10
16=cm3.

The channel length is 0.5�m and the silicon film thickness is 200 nm
thus making it a partially depleted device. The above structure can be
fabricated, for example, using the post-low-energy implanting selective

Manuscript received October 21, 1999. The review of this brief was arranged
by Editor C. Y. Yang.

V. Verma was with the Indian Institute of Technology, Delhi 110 016, India.
He is now with Texas Instruments (India) Ltd., Bangalore 560 017, India.

M. J. Kumar is with the Department of Electrical Engineering, Indian Institute
of Technology, New Delhi 110 016, India (e-mail: mamidala@ieee.org).

Publisher Item Identifier S 0018-9383(00)06048-2.

Fig. 1. Cross section of the extended pdual source SOI MOSFET whereL
is the channel length andLp is the p region extended into the channel (Not
drawn to scale).

Fig. 2. SimulatedI � V characteristics of conventional SOI MOSFET,
DSFET and Ep DSFET.

epitaxy(PLISE)[4]. This technology has been shown to give extremely
steep channel profiles in delta-doped NMOSFET’s which we have ver-
ified for the proposed structure using TSUPREM4 [5]. All the simula-
tions in this work are performed using MEDICI [6].

III. EFFECT OF THEEXTENDED p+ REGION ON THE DRAIN

CHARACTERISTICS

In Fig. 2, the simulated drain characteristics of the Ep+DSFET are
compared with the drain characteristics of the DSFET and the conven-
tional SOI MOSFET. Clearly, the drain breakdown voltage (defined as
the drain voltage atIDS = 10

�3A/�m forVGS = 0 V) of Ep+DSFET
is much larger compared to the other two structures. In the case of
a conventional SOI MOSFET, the holes generated by impact ioniza-
tion near the drain junction forward bias the source-body (n+p) junc-
tion which results in electrons being injected into the body and finally
being collected by the drain. This added drain current augments the im-
pact ionization, which in turn increases the source-body forward levels
at the n+p source-body junction [5] bias, thereby causing a regener-
ative action. The buried p+ region in the case of a DSFET [3], being
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Fig. 3. Forward biasV of the source-body junction versus the drain voltage
V .

Fig. 4. Breakdown voltage versusLp =L for the Ep DSFET with channel
lengthL = 0:5 �m.

at a lower potential than the n+ source, collects the generated holes
thereby lowering the forward bias of the source-body junction. This
reduces the number of electrons in the drain depletion region avail-
able for avalanche multiplication and results in an increased breakdown
voltage. If the buried p+ region is extended laterally into the body,
the efficiency of the p+ region to attract the holes increases signifi-
cantly reducing the number of holes that reach the n+ source facing
the active channel region. This results in a reduced forward bias and,
consequently, even higher breakdown voltage. The forward bias (VBE
of the parasitic npn transistor) calculated from the separation between
the quasifermi levels at the n+p source-body junction [7] is plotted in
Fig. 3 for the three cases considered in Fig. 2. Clearly,VBE is signif-
icantly large both for the conventional SOI MOSFET and the DSFET
indicating that their breakdown voltage will be smaller than that of the
Ep+DSFET. For the Ep+DSFET structure, theVBE values are at their
minimum when the length of the extended p+ region is approximately
half the channel length (Lp+ � L=2). It can further be observed that
even in the case of Ep+DSFET, forLp+ > L=2, VBE increases con-
siderably as the drain voltage is increased. This implies that it should
be possible to minimize the source-body forward bias for maximum
breakdown voltage by adjusting the lengthLp+ of the extended p+ re-
gion.

Fig. 5. Electric field along the x-axis in the body at a depth of 0.14�m from
the Si/SiO interface for different values ofLp .

Fig. 6. SimulatedI � V characteristics of conventional SOI MOSFET,
DSFET and Ep DSFET.

IV. OPTIMUM LENGTH OF THEBURIED P+ REGION FORMAXIMUM

BREAKDOWN VOLTAGE

Fig. 4 shows the breakdown voltage for the Ep+DSFET for different
values of p+ extensions. There is an increase in breakdown voltage as
the length of the buried p+ region is increased untilLp+ � L=2. How-
ever whenLp+ exceedsL=2, the breakdown voltage decreases. This
is because as the p+ region gets close to the drain nearly all the drain
voltage is dropped between the n+ drain and the p+ extension and con-
sequently the electric field becomes high (Fig. 5) resulting in a large
multiplication of charge carriers. The fact that the breakdown voltage
does not increase beyondLp+ � L=2 is not restricted to this case
only. We have examined the effect ofLp+ by simulating the break-
down voltage of Ep+DSFET structure for different channel lengths
and channel dopings. Our simulations show that in both the cases, the
breakdown voltage of Ep+DSFET is larger than that of DSFET and
the conventional SOI MOSFET. The drain currentIDS vs. gate voltage
VGS plot shown in Fig. 6 demonstrates that band-to-band tunneling at
the source siden+=p+ junction does not lead to a higher leakage cur-
rent and therefore will not degrade the subthreshold slope in the pro-
posed structure.

V. CONCLUSIONS

It is shown that placing a p+ region underneath the n+ source and
extending it laterally into the channel significantly increases the break-
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down voltage of SOI MOSFET’s. This improvement is due to the effec-
tive suppression of parasitic bipolar action by the extended p+ region.
We have further shown that the increase in breakdown voltage is max-
imum when the length of the extended p+ region is approximately half
the channel length (Lp+ � L=2).
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A Transient SPICE Model for Digitally Modulated RF
Characteristics of Ion-Implanted GaAs MESFET’s

Mikhail S. Shirokov, Robert E. Leoni, III, Jianwen Bao, and
James C. M. Hwang

Abstract—A transient SPICE model, which was previously developed
for epitaxial GaAs MESFET’s, was modified for ion-implanted GaAs
MESFET’s. The model accounts for both trapping and detrapping
effects hence can simulate both low-frequency dispersion and gate-lag
characteristics. The model was experimentally verified in terms of pulsed
current–voltage (I–V) characteristics and digitally-modulated RF carrier
waveforms.

Index Terms—Charge carrier processes, digital communication,
MESFET’s, modeling, pulse measurements, signal analysis, SPICE,
transient analysis.

The transient response of a GaAs MESFET’s isothermal character-
istics is mainly determined by surface and substrate traps. The traps
can cause drain lag and gate lag [1] in addition to low-frequency dis-
persion [2]. Many MESFET models [3] can account for low-frequency
dispersion but not drain or gate lag. It was only recently that transient
MESFET models were developed for both low-frequency dispersion
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Fig. 1. Dynamic transfer characteristics, under a CW sinusoidal signal of
100 KHz and 3.5 V (peak to peak), measured approximately 1�s after the
gate-source bias voltage was pulsed from either�3 to�1.25 or from�6 to
�1.25 V. Shift in threshold voltage between the two cases indicates different
amounts of trapped charges under different off-state gate-source voltages. ()
measured. (—) simulated.

(a)

(b)

Fig. 2. Circuit model implemented in SPICE. (a) Parasitic current source
�I is modeled as another MESFET and is used to mimic the threshold
voltage shift. (b) Nonlinear RC timing circuit is used to drive the parasitic
current source. The voltage dependence of the detrapping time constant�
(V ; V ) is modeled by using a variable resistor.

and drain lag [4] or gate lag [5]. The model we reported in [5] was
mainly for epitaxial MESFET’s under the influence of surface traps.
This model has been modified for ion-implanted MESFET’s and sub-
strate traps as will be described in the following.

The present model was developed for ion-implanted MESFET’s
having a gate length and width of 0.5 and 200�m, respectively. The
threshold voltage is�2 V. The saturated and maximum drain currents
are 200 and 300 mA/mm. The MESFET’s were found to exhibit gate
lag due to substrate traps [6].

When occupied, substrate traps can cause the threshold voltage to
shift. This can be seen in the dynamic transfer characteristics obtained
by pulsing the MESFET from two different off-state gate-source volt-
ages (V OFFGS ), as shown in Fig. 1. Since a threshold voltage shift is
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(a)

(b)

(c)

Fig. 3. ( ) Measured and (—) simulated drain current transients showing their
dependencies on on-state gate-source voltage as well as (a) off time, (b) off-state
gate- source voltage, and (c) drain supply. When not varied, off time= 1 ms;
off-state gate-source voltage= �6 V; drain supply= 4 V.

difficult to implement in SPICE its effects on the instantaneous drain-
source current (iDS ) is considered instead. The difference between the
steady-state and transient drain-source currents,�IDS , was found to
depend mainly on the drain-source voltage (VDS ) as well as the differ-
ence between on- and off-state gate-source voltages (VGS � V OFF

GS ).
In fact,�IDS (VDS ; VGS �V OFF

GS ) and the steady-state drain-source
currentIDS (VDS ; VGS ) have very similar functional forms.

Unlike epitaxial MESFET’s, the present implanted MESFET re-
quires only one set of trapping and detrapping time constants (�C and
�D). Further, while�C is approximately constant over a wide range of
on/off and gate/drain voltages,�D has strong exponential dependence

on on-state gate-source and drain-source voltages, possibly due to
impact ionization or field-induced barrier lowering. Based on these
observations, [5, Eq. (1)] was reduced to

iDS = IDS(VDS ; VGS)��IDS(VDS ; VGS � V
OFF
GS )

� 1� e
�(t =� )

� e
�(t=� (V ; V )) (1)

where
IDS steady-state drain-source current;
tOFF time the MESFET is off;
t time the MESFET is turned back on.
Using SPICE, a voltage-dependent current source may be used to

model�IDS similarly to [5]. However, since the drain-gate access re-
sistance remains approximately constant in the present case, the par-
asitic linear MESFET is no longer needed [Fig. 2(a)]. The parasitic
current source�IDS is modeled as another MESFET. Time-depen-
dent control of the current source is provided by a nonlinear RC sub-
circuit with the detrapping time constant modeled by a voltage de-
pendent resistor [Fig. 2(b)]. With unity capacitance,RC = �C and
RD = �D = �0 exp�(VGS + �VDS), where�0, , and� are fitting
constants. In the present case,�C = 1 ms;�0 = 0:43 s;  = 1:87/V;
� = 0:71/V. The subcircuit is driven by instantaneousVGS . The instan-
taneous voltage across the capacitor is then used to control the parasitic
current source�IDS . The intrinsic MESFET is simulated by a conven-
tional model using the steady-state drain characteristicsIDS .

For model verification, pulsed current–voltage (I–V) characteristics
after various combinations of bias voltages and times were simulated
(Fig. 3). To further verify the model, a MESFET is pulsed from off
(V OFF
GS = �3 or �6 V) to on (VGS = �1:25 V) while a CW sinu-

soidal signal of 10 KHz and 3.5 V (peak to peak) is superimposed on
the pulse (Fig. 1). In all cases, the simulated results compare well with
the measured data.

In summary, a transientSPICEmodel, which was previously de-
veloped for epitaxial GaAs MESFET’s, was successfully adapted for
ion-implanted GaAs MESFET’s. This illiterates the robustness of the
model in simulating transients due to both surface and substrate traps.
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Forward Gated-Diode Measurement of Filled Traps in
High-Field Stressed Thin Oxides

Ming-Jer Chen, Ting-Kuo Kang, Huan-Tsung Huang, Chuan-Hsi Liu,
Yih J. Chang, and Kuan-Yu Fu

Abstract—The forward gated-diode monitoring technique can find its
potential applications in assessing the filled traps in MOSFET thin oxides,
which are subjected to high-field stressing and then followed by hot-elec-
trons filling scheme. Our measurement of the gate voltage shift associated
with the forward current peak produces a power law relation between the
filled trap density and the electron stress fluence, indeed in close agreement
with that obtained by MOSFET threshold voltage shift.

Index Terms—Gated-diode, hot electron, MOSFET, neutral trap, oxide
breakdown, SILC, thin oxide.

I. INTRODUCTION

The high-field Fowler–Nordheim (FN) electron tunneling through
thin oxides can produce a variety of defects, among which the most
concerned are the neutral electron traps. The principal reasons are that
1) the neutral electron traps can serve as a stepping stone for injected
electrons, which gives rise to SILC in low voltage regime [1],[2], and 2)
a certain trap density is critically encountered, leading to a breakdown
event [3]–[6]. Thus, an essential knowledge of the total neutral trap den-
sityNT created for imposed electron fluenceQe is crucial to the study
of SILC and oxide breakdown. To achieve this goal, Degraeveet al.[7],
[8] have recently performed two independent experiments while intro-
ducing a key physical parameter, namely, filling or occupied fractionp
[9], to connect the two. The first experiment is the hot-electrons filling
scheme following the high-field stress. This scheme via a back-gate re-
verse bias can offer hot substrate electrons to climb over the Si/SiO2

barrier height and fill the neutral traps within the oxide. Measurement
of a saturation level in threshold voltage shift can be directly linked
to the filled trap densityNox, systematically leading to a power law
relation [7], [8]:Nox / Q0:56�0:6

e . The second is the sphere-based
Monte Carlo percolation simulation experiment treatingNT as well as
its statistics.p isNox divided byNT [9] and can be estimated by subse-
quently fitting intrinsic charge-to-breakdown data in the manufacturing
processes [7], [8], [10], [11].

On the other hand, for MOSFET’s biased in a reverse gated-diode
mode [12], measurement of the reverse currentIr versus gate voltage
from accumulation through depletion to inversion can provide informa-
tion concerning interface states and/or oxide traps. This mode is usu-
ally insensitive to oxides having small areas as in miniaturized devices,
and the large-area oxides are inevitably required. The same informa-
tion can be substantially maintained for switching to the forward mode
as reflected by a well-defined relationIf = Ir exp(qVf=2KT ) [12],
whereIf is the forward current measured at a forward biasVf . Thus,
operating in forward mode can not only make the gated-diode moni-
toring exponentially sensitive but also allow use of small-area oxides.
Indeed, the forward gated-diode configuration formed on the stressed
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Fig. 1. Experimental setup and energy band diagram to schematically
demonstrate the optically induced hot-electrons filling scheme.

MOSFET’s has exhibited these abilities [13]–[15]. This work is to ex-
tend such sensitive technique to the case of thin oxides that are sub-
jected to FN tunneling stress and then followed by hot-electrons filling
scheme. The ultimate objective is to build a power law relation between
Nox andQe as that in [7], [8].

II. EXPERIMENTAL

The n-channel MOSFET’s under study had the gate width-to-length
ratio of 20�m/ 0.3�m and the gate oxide thickness of 7 nm. The FN
tunneling stress condition was carried out at the oxide field strength
Eox of 9.9 MV/cm with the source, drain, and substrate tied to ground,
then followed by the optically induced hot- electrons filling scheme
[16]. Fig. 1 shows schematically this scheme in terms of 1) the pho-
togeneration technique via a tungsten lamp to produce electron seed
in substrate, and 2) a negative back-gate bias of�3 V to make sub-
strate electrons hot such as to surmount the Si/SiO2 barrier height and
fill the traps. During measuring the gated-diode forward current in the
drain, the drain was connected to�0:2 V bias, the substrate was tied
to ground, and the source was kept open.

Fig. 2 plots the measured forward current versus gate voltage for
Qe = 0:22 C/cm2 with filling or illumination time as parameter. It
can be observed that the current peak in depletion region shifts toward
the positive gate voltage for increasing illumination time and gradu-
ally tends to saturate. Fig. 3 shows the corresponding voltage shift
�VG associated with the current peak versus illumination time. De-
trapping and Coulombic repulsion [9], which limit only part of the
neutral traps available for filling, are responsible for the saturating be-
havior in Fig. 3. Assuming that the occupied traps are distributed uni-
formly within the oxide as adopted elsewhere [7], [8], [16], the satu-
rated voltage shift�VG(sat) can be directly linked to the filled trap
density through�VG(sat) = qt2oxNox=2"ox wheretox is the oxide
thickness and"ox is the oxide permittivity. The resultingNox for dif-
ferentQe is depicted in the inset of Fig. 3, showing a power law relation

Nox = �Q0:5
e (1)

where� = 1:62 � 1018 cm�2C�0:5 for Nox in 1/cm3 andQe in
C/cm2. The carrier separation technique has measured the substrate
hole current, yielding hole generation coefficient of6:8� 10�4 at the
same stress fieldEox of 9.9 MV/cm. Thus, we haveNox = 6:21 �
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Fig. 2. Measured forward gated-diode current versus gate voltage from
one n-MOSFET sample. The gate oxide area was 3�m . For the selected
illumination time following Q of 0.22 C/cm, the filling scheme was
interrupted and the test setup was switched to the forward gated-diode
configuration. TheI–V near the current peak is magnified for clear viewing.

Fig. 3. Gate voltage shift versus illumination time corresponding to Fig. 2. The
inset shows the estimated trap densityN versusQ from seven n-MOSFET
samples. Each sample represents a specificQ . A power law relation is drawn
by best fitting data points.

10
19Q0:5

p for hole fluenceQp in C/cm2, which is quite close to the
published expressionNox = 5:3� 10

19Q0:56

p [7], [8] with respect to
the power exponent and the prefactor.

The above hot-electrons filling scheme has also been performed on
the fresh devices, evidencing no noticeable voltage shift in the mea-
sured forward current versus gate voltage before and after the scheme.

This means that no extra neutral traps can be generatedsinglydue to
filling action. Additionally, Fig. 2 clearly reveals that the current peaks
for different illumination times following FN stress (including the zero
illumination time) are almost unchanged, indicating that no significant
interface states can be created under the influence of the illumination
induced hot electrons.

III. CONCLUSION

The forward gated-diode technique has demonstrated its new merit
of producing a power law relation between the filled trap density and
the electron stress fluence. This relationship is found to agree closely
with that obtained by MOSFET threshold voltage shift.

REFERENCES

[1] D. J. Dumin and J. R. Maddux, “Correlation of stress-induced leakage
current in thin oxides with trap generation inside the oxides,”IEEE
Trans. Electron Devices, vol. 40, pp. 986–993, 1993.

[2] D. J. DiMaria and E. Cartier, “Mechanism for stress-induced leakage
currents in thin silicon dioxide films,”J. Appl. Phys., vol. 78, pp.
3883–3894, 1995.

[3] E. Avni and J. Shappir, “A model for silicon-oxide breakdown under
high field and current stress,”J. Appl. Phys., vol. 64, pp. 743–748, 1988.

[4] J. Sune, I. Placencia, N. Barniol, E. Farres, F. Martin, and X. Aymerich,
“On the breakdown statistics of very thin SiOfilms,” Thin Solid Films,
vol. 185, pp. 347–362, 1990.

[5] D. J. Dumin, J. R. Maddux, R. S. Scott, and R. Subramoniam, “A model
relating wearout to breakdown in thin oxides,”IEEE Trans. Electron
Devices, vol. 41, pp. 1570–1580, 1994.

[6] P. P. Apte and K. C. Saraswat, “Modeling ultrathin dielectric break-
down on correlation of charge trap-generation to charge-to-breakdown,”
in Proc. IEEE IRPS, 1994, pp. 136–142.

[7] R. Degraeveet al., “A consistent model for the thickness dependence of
intrinsic breakdown in ultrathin oxides,”IEDM Tech. Dig., pp. 863–866,
1995.

[8] R. Degraeveet al., “New insights in the relation between electron trap
generation and the statistical properties of oxide breakdown,”IEEE
Trans. Electron Devices, vol. 45, pp. 904–911, 1998.

[9] Y. Nissan-Cohen, J. Shappir, and D. Frohman-Bentchkowsky, “Trap
generation and occupation dynamics in SiOunder charge injection
stress,”J. Appl. Phys., vol. 60, pp. 2024–2035, 1986.

[10] H. T. Huanget al., “A trap generation statistical model in closed-form
for intrinsic breakdown of ultrathin oxides,” inProc. IEEE Int. Symp.
VLSI-TSA, 1999, pp. 70–73.

[11] M. J. Chenet al., “Cell-based analytic statistical model with correlated
parameters for intrinsic breakdown of ultrathin oxides,”IEEE Electron
Device Lett., vol. 20, pp. 523–525, 1999.

[12] A. S. Grove,Physics and Technology of Semiconductor Devices. New
York: Wiley, 1967, ch. 10.

[13] A. Acovic, M. Dutoit, and M. Ilegems, “Characterization of hot-elec-
tron-stressed MOSFET’s by low-temperature measurements of the drain
tunnel current,”IEEE Trans. Electron Devices, vol. 37, pp. 1467–1476,
1990.

[14] P. Speckbacheret al., “The “gated-diode” configuration in MOSFET’s,
a sensitive tool for characterizing hot-carrier degradation,”IEEE Trans.
Electron Devices, vol. 42, pp. 1287–1296, 1995.

[15] C. H. Ling and Y. H. Goh, “Close correspondence between forward
gated-diode and charge pumping currents observed in hot-carrier
stressed PMOSFET’s,”IEEE Trans. Electron Devices, vol. 44, pp.
2309–2311, 1997.

[16] T. H. Ning, C. M. Osburn, and H. N. Yu, “Emission probability of hot
electrons from silicon into silicon dioxide,”J. Appl. Phys., vol. 48, pp.
286–293, 1977.


