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A new reverse pulse method is proposed for precise measurement of charge pumping current in silicon on insulator metal-
oxide-semiconductor field-effect transistors (SOl MOSFETS), where the reverse pulse voltage is applied to the body only at
the gate voltage rise time. The majority carries of the high resistive body region can be completely removed by applying the
reverse pulse to the body. Therefore, the undesirable, geometry-dependent component which causes imprecise measurement
of the interface trap density on SOl MOSFETSs is suppressed. This method also suppresses the reduction of effective channel
length which takes place when using a DC reverse bias. It is demonstrated that the accurate measurements of the interface
density on SOl MOSFETS are possible.
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However, using this method, the effective channel length is
also undesirably reduced, therefore the imprecise results of
Charge pumping (CPY) is a very sensitive method the CP current and consequently, an underestimation of the
for the characterization of low concentrations of interinterface state density might be mistakenly obtained. In this
face states (cm2eV-1) in short-channel metal-oxide- paper, we present a new method to suppress both the parasitic
semiconductor (MOS) devices. The principle of the convergeometric effects and the reduction of the effective channel
tional CP metho#l? is to repeatedly switch the gate fromlength.
accumulation to inversion and vice versa, while keeping the
source, drain and body contacts grounded or slightly reverée
biased. During accumulation, some of the majority carriers The devices used in this study are fully-depleted SOI
provided by the body are trapped on the interface states. DINMOSFETS fabricated on SIMOX wafers with"mpolysil-
ing the rising edge of the gate pulse, the mobile majority caieon gate. Figure 1 shows the top view of the fabricated de-
riers are collected rapidly from the accumulation layer by theices. The Si film thickness is 100 nm and the average doping
body, and then the trapped majority carriers recombine wittbncentration of the body i = 10" cm~3. The thicknesses
the minority carriers provided by the source and drain. Simof the gate oxide and buried oxide are 5 nm and 98 nm, respec-
larly, during the falling edge of the gate pulse, when the gatesely. For source, drain and the main part of gate polysilicon
surface is pulsed from inversion to accumulation, the trappeegions phosphorus was implanted at 25 keV at a dose'sf 10
minority carriers recombine with majority carriers. These reem~2, while for the body contact, boron ions were implanted
combination processes give rise to a dc charge-pumping cat-110 keV with a dose of 0 cm~2. It should be noted that
rent (I¢p) in the body (of the same magnitude as an oppositeoron ions were also implanted to the gate poly region near
sign current flowing through the source and drain contactsje body contact. Therefore, the gate poly has bdtrand
which is a frequency-amplified measurement of the densify” regions. The effective gate width W = 20um whereas
of interface states. A major problem of the CP measuremethie gate length i& g = 5um.
on MOSFETSs is the so-called “geometric component” of the
CP current:® which occurs if all mobile carriers of one type,

1. Introduction

Experimental

majority carriers during the rise and minority ones during the X
fall of the gate pulse, are not removed rapidly enough before Body(p+)
the arrival of the other type of carrier. The carriers that are p+-poly
left behind will recombine with carriers of the other type and [ T ] ___I_"J"
. poly
therefore an additional component of CP current that does not
involve the interface states arises. This undesirable parasitic T
component ol ¢ is responsible for an unacceptable overesti- 20um X X
mation of interface state density. ¢ Source(n+) Drain(n+)
In SOl MOSFETS, particularly in thin film SOI devices,
where the resistivity of the body region is comparatively high,
this parasitic recombination tends to occur more often, dis- | X \
rupting information from the interface . The geometric com- Gite
ponent can be suppressed using the reverse bias m@thod. 5um
*E-mail address: duyet@nano.iis.u-tokyo.ac.jp Fig. 1. Top view of the fabricated SOI devices.
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The experimental setup for the new charge pumping mehs our data, however, the ratio of the magnitudes of the CP
surements on SOl MOSFETSs is shown in Fig. 2. The gate olrrents and the difference of the gate voltageg at which
a MOS transistor is connected to a pulse generator, and a E@se currents start to increase are around 1:3 and 1V, respec-
reverse bias or pulse reverse bias is applied to the body whileely, being nearly equal to the ratio of the areas and the dif-
the current flowing through the source and drain contacts fsrence of the work functions of thetnand p+ polysilicon

measured.

3. Results and Discussion

gate regions. It is concluded, therefore, that the second step-
wise increase is due to the influence of thegmlysilicon and
not to edge effects. The influence of this p+ polysilicon re-

Figure 3 shows the results obtained from the variable angion does not affect the results discussed in this paper. The

plitude CP method, in which the base level of the pulgg,,

CP current at the rise and fall timgs= 1us,tf = 0.1us is

is fixed while the CP current is measured as a function of thwot significantly different from that in the reference data. A
amplitude (i. e.Vgn-VoL) by varyingVgH. A strong depen- small difference of these CP currents can be understood as the
dence on the rise/fall time,(tr) can be clearly observed. The change of energy windows which can be scanned by the gate

measured CP current at the long rise and fall time 1us,

pulses at different fall times. The channel lendtly & 5u.m)

tr = 1us is considered as reference data where the minimuisishort enough to allow the mobile electrons to flow back to

distribution of the geometric component is adjusted.

the source and drain contacts before the accumulation layer

Two stepwise increases in the CP current are observad.formed. The measured CP current here is attributed to the
Tsenget al. also reported the similar results and attributedhterface state recombination, and does not involve bulk re-
the second stepwise increase to interface states at the @dgesmbination. From these results, it can be simply concluded

Fig. 2. Experimental setup for charge pumping measurement on S

MOSFETSs.
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Fig. 3. (a) llustration of applied voltage in the variable amplitude C
method. (b) Charge pumping current as a function of the top level of th

that in SOI NMOS devices whereg = 5um, the mobile
electrons do not play an important role in inducing the geo-
metric current at least at a fall timig= 0.1 us.

However, one can easily see from this figure, as the rise
time decreases tp = 0.1 us, the CP current increases dra-
matically. The origin of this overshoot current was origi-
nally explained in ref. 5. During rise time, the gate surface
goes from accumulation to inversion. Electrons come from
the source and drain while holes in the channel are forced
to leave and are collected by the body contact. In SOI de-
vices, however, since body contact is only on one side of the
device resulting in the relatively high resistivity of the body
region, some of the holes do not have enough time to travel
through the entire channel width (20n in this case) before
the electrons rush in, and these holes may recombine with the
Acoming electrons before they are collected. This parasitic
recombination is added to the interface-state-based CP cur-
rent, therefore, the overvalued CP current is experimentally
observed for the short rise time. The major cause of this un-
desirable added component is believed to be the result of the
inefficiency of the body contact to collect carriers. An illus-
tration of the mobile carriers in the channel during rise and
fall time t;, t; is shown in Fig. 4.

To control this extremely unfavorable component, the DC
reverse method has been proposed where a DC reverse bias
is applied to the body as shown in Fig. 5. Compared to the ref-
erence data at the long rise and fall timje=€ 1 us,tf = 1 uS)
where the CP current is assumed to not have a geometric com-
ponent, the recombinettp att; = 0.1us, tr = 1us and
Vbody = OV is comparatively high due to the added geo-
metric component. The geometric component significantly
decreases with an increase in the DC reverse bias. The re-
sult with the body contact voltag&pogy = —0.5V, shows
practically no geometric component lg, at a rise time as
short as (L us. However, as the applied body bias continues
to slightly increase, the CP current steeply decreases due to
the effect of shortening of the effective channel length result-
ing from an expansion of the depletion regions surrounding
the source and drain. The difference between the curves at

Vhody = —0.5V and -0.6V shows that it is extremely diffi-

gate pulse. Rise and fall times are changed. Reference data do not h@t to determine a suitable reverse voltage in the DC body

any geometric component.

method in order to suppress the geometric component with-
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Fig. 4. lllustration of mobile carriers in the channel during rise and fall (b)

times ¢, t;) of the gate pulse. The vertical axis shows gate voltage, elec-
tron and hole concentrations. (a) Electrons and holes have enough tir|1_n
to flow back to source, drain and body contacts, respectively (rise and fal
timesty = 1us,t; = 0.1 and 1us). (b) Holes are not removed rapidly
enough before the arrivals of electrons (rise titne= 0.1us). The re-
maining holes recombine with the incoming electrons, resulting in para-
sitic recombination current.

|%. 6. The reverse pulse method: (a) The waveforms of the pulses applied
to the gate and body contacts. (b) Body pulse top level dependence of the
charge pumping current.
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Fig. 7. Charge pumping current as a function of DC body Mgsyy and
VGH [V] body pulse top leveVy: The DC reverse and pulse reverse methods are
compared. The horizontal axisVody for the DC reverse method an

Fig. 5. DC body bias dependence of the charge pumping current.  [°F the reverse pulse method.

out the effect of shortening of the channel length and it is alsop level V, = —0.6V, the result shows the same effect in

expected that this shortening effect of the channel length wilestraining the geometric component as when using the DC

become even more significant as the devices are scaled doweverse bias athody = —0.5V. In addition, even when in-
Since the geometric component is caused by the holes rweasing the top level td, = —0.8V, the CP current does not

having enough time to flow back to the body contact onlglecrease, remaining nearly constant as indicated in the refer-

during the rise time of the gate voltage, the reverse pulse biasce data. It is obvious that the reverse pulse bias does not

is applied on the body contact only at the rise time to imaffect the effective channel length.

prove the situation in the proposed reverse pulse method. TheThe comparison of both methods is illustrated in Fig. 7

waveforms of the pulse voltages applied to the gate and thehere the recombinett is plotted as a function of the DC

body contacts used in the reverse pulse method are showrréverse voltag&/hoqy and the top level of the pulse bid.

Fig. 6(a). The body pulse bias is ‘ON’ only at the rise edg&he horizontal axis i8/hody for the DC reverse method and

of the gate pulse and ‘OFF’ at all the rest of it. It is clea, for the reverse pulse method. Wh&jogy and V, are

that the body pulse bias does not influence the device whér, the large geometric component is observedVAsy and

the gate surface is accumulated and inverted. As can be s&gyincrease, both methods effectively suppress the geometric

from Fig. 6(b) where the body pulse top level dependence abmponent until -0.5V. However, whéy,qy andV, exceed

the CP current is displayed, an increase in the top I&el -0.5V, the measured CP current using the DC reverse method

leads to a marked decline in the geometric current. When tldecreases sharply due to the reduction of effective channel
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length Lt while that of the proposed reverse pulse methodcause an undesirable effect from shortening of the channel
levels off. The results in Fig. 7 reveal that by using the re-length. Therefore, precisely measured CP current and con-
verse pulse method, one can not only suppress the geometequently, an accurate evaluated interface state density of the
ric component in the CP current, but also avoid the effect ofdevices can be obtained. This new method is also expected
shortening of the channel length. to be more powerful in scaled MOS devices where a slight

The reverse pulse method can be similarly used by applyingeduction in the effective channel may lead to a significant
the pulse bias to the source and drain contacts of the devicefecrease in the charge pumping current.

where mobile minority carriers (electrons for NMOS) are a
major cause of the parasitic geometric current.
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