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Abstract—This paper presents the results of charge-pumping
measurements of SOI MOSFETs. The aim of these measure-
ments is to provide information on the density of interface
traps at the front and back Si-SiO, interface. Three-level
charge-pumping is used to obtain energy distribution of inter-
face traps at front-interface.
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1. Introduction

Silicon-on-insulator (SOI) technology has several well-
known advantages over classical bulk technology, e.g., en-
hanced current, ideal subthreshold slope, reduced short
channel effects and lower junction capacitance [1], as well
as superior mobility and decreased power consumption [2].
Moreover, it is immune to latch-up effects, while com-
plete isolation of devices and feasibility of high-resistivity
substrate result in reduced substrate-loss for RF applica-
tions [3]. The performance of SOI MOSFETs is, how-
ever, determined to a large extent by the quality of the top
and bottom SiO,-Si interface. Therefore in this paper the
quality of these interfaces is studied by means of charge-
pumping (CP) [4].

2. Investigated structures

SOI MOSFETs with body contacts (BC) have been fab-
ricated on SOITEC substrates with an initial top-silicon
thickness of t50; = 100 nm and a buried oxide (BOX) thick-
ness of 150x = 200 nm (see schematic Fig. 1a). Top-silicon
layers have been doped by boron ion implantation and
subsequent annealing to achieve one sample with a nom-
inal channel doping of Ny, = 10'7/cm? and two samples
with N, = 10'8/cm?®. Channel regions including source,
drain and body contacts have been defined by mesa iso-
lation using inductive coupled plasma reactive ion etch-
ing (ICP-RIE) with a two step HBr/O, process [5]. After
a modified RCA clean, a thermal gate oxide with a thick-
ness of 7, = 8.5 nm has been grown at 900°C. Subse-
quently, polysilicon with a thickness of f,,,;, = 150 nm has
been deposited by low pressure chemical vapor deposition
(LPCVD). Polysilicon has been removed completely except
from the gate and BC regions by ICP-RIE, again with a two
step HBr/O, process [5]. Source and drain have been com-
pleted by self aligned arsenic (n") ion implantation and
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rapid thermal annealing (RTA). BCs have been uncovered
by ICP-RIE with a two step HB1/O, process [5]. The etch
mask has then been used in a self aligned manner to dope
the BC leads by boron (p™) ion implantation and RTA.
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Fig. 1. SOI MOSFET with body contact: (a) schematic; (b) mi-
croscope image.

Forming gas annealing in N,/H, for 30 min at 400°C to
cure oxide and interface charges has been applied to one
sample with N, = 10'8/cm>. A microscope image of a fab-
ricated device is shown in Fig. 1b. Gate length and gate
width are Ly = 10 um and W = 20 um, respectively.

3. Charge-pumping measurements

This section is divided into three parts. The first two
are devoted to characterization of front- and back-interface
by means of two-level charge-pumping, while the third
presents preliminary results of front-interface studies us-
ing three-level charge-pumping.
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3.1. Two-level charge-pumping — front-interface

Front-interface charge-pumping curves were measured for
different values of back-gate bias V5. Comparison of these
curves indicates that no or very weak interface coupling
takes place at Vgp = —30 V, therefore all subsequent mea-
surements of front-interface CP current were carried out
at this back-gate bias. The influence of source-body and
drain-body junction reverse bias on front-interface CP cur-
rent is illustrated in Fig. 2. In the case of non-annealed
structures significant geometric component is observed for
Vp = Vs < 0.5 V. This is most probably due to consider-
able resistance of the body contact. As a result, all sub-
sequent measurements on these structures were made at
Vs=Vp=05V.
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Fig. 2. Front-interface CP current as a function of front-gate
base voltage with source-body and drain-body junction bias as
a parameter.

An example of CP current measured on structures with
body doping of 10'” cm~3 is shown in Fig. 3a as a function
of front-gate base voltage with gate voltage amplitude as
a parameter.

The fact that the middle part of each curve is not perfectly
flat is probably due to the fact that the resistance of the
body contact is considerable due to a relatively low body
thickness.

Table 1
Parameters determined from 2-level charge-pumping
measurements

Ni Ve | Vr
fem™2] | V] [ V]
Npoay = 10" cm ™3 1.7-10"2| 0.5 1.1
Npoay = 10" cm™3 (non-annealed)|2.0-10'2| —0.4| 1.5
8.4-10'°1—1.0] 0.0

Structure type

Npoay = 10" cm™3 (annealed)
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Fig. 3. Front-interface CP current as a function of front-gate base
voltage with gate voltage amplitude as a parameter: (a) Npogy =
107 cm™3; (b) Npody = 10" cm—3, annealed.

In the case of annealed structures with body doping of
10'® cm~3 the CP current is more than an order of magni-
tude lower, which can be seen in Fig. 3b. Moreover, reverse
bias of source and drain junctions is not necessary in this
case.

Analysis of the obtained CP curves yields the total den-
sity of interface traps Ny, flatband voltage Vrp and thresh-
old voltage V. Similar measurements were performed on
both annealed and non-annealed structures with body dop-
ing of 10'® cm™3. The results are listed in Table 1.

As expected, the lowest density of interface traps is ob-
tained in the case of annealed structures with Ny, =
10" cm—3. Values of flatband and threshold voltages indi-
cate that CP curves of this structure are shifted to the left
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when compared to those of the other two structures. This
difference is most probably due to the annealing process.
The highest concentration of interface traps was found in
non-annealed structures with Nj,qy = 10'® cm ™. Since this
structure type had the worst quality of front-gate interface,
it was excluded from further investigations.
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Fig. 4. Drain current as a function of gate voltage: (a) Npoqy =
107 cm™3; (b) Npody = 10'8 cm—3, annealed.

Extraction of flat-band and threshold voltages from CP
curves yields only approximate values. For comparison
threshold voltage was also determined from transfer char-
acteristics of the drain current shown in Fig. 4 for devices
with body doping of 10'7 cm™3 and 10'® cm™3, respec-
tively.

It may be seen that values extracted from /-V curves are
lower by approximately 0.3 —0.4 V, which is partly due
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to the fact that current was measured at Vgg =0 V (much
more natural operation conditions) instead of —30 V used
in CP measurements to eliminate the contribution of the
back-interface to CP current. On the other hand, both
methods are in qualitative agreement indicating that thresh-
old voltage of transistors with body doping of 107 cm™3
is considerably higher than that of annealed devices with
Nbody =10"% cm3.

3.2. Two-level charge-pumping — back-interface

Similar analysis was performed for back-interface. To avoid
interface coupling the front-interface was biased in accu-
mulation (Vgr = —2 V). Typical CP curves obtained in the
case of structures with Np,qy = 10" cm™3 and annealed

a)
10.0 I ‘
| NMOS SOI
r- Vo =30V
[ W=20 um o 5V
80 HL=10pum
r 17 3
tN,=10 cm
L 1 20V
— b tpox=8.5nm
< 60, _ ]
= b fgox = 200 nm
= L *
§ - ;=100 nm 15V
. r
o 40 /f=100kHz .
@] L L3
FVp=Vs=0V 4
r Vo—ovy JAY
20 - 7
Fag=ap=15V/us
I p
0
-60 -40 -20 0 20
Back gate base voltage [V]
b)
2.5
[ NMOS SOI
[ =20 pm Vewp =30V
2.0 LL=10 pm
[N,=10"em”
[ 25y,
— | trox = 8.5 nm
é L5 | fgox =200 nm | 20
g |t =100 nm 5V,
s 1.0 | /=100kHz
o [ Vp=Vs=0V
FVgr=-2V
Fap=ap=15V/us
05 7 R~ 9F [
I 10V
0
-60 -40 -20 0
Back gate base voltage [V]

Fig. 5. Back-interface charge-pumping current versus back-gate
base voltage with back-gate voltage as a parameter: (a) Npogy =
10'7 ecm~3; (b) Npoay = 10'8 cm—3, annealed.
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structures with Npoqy = 10" cm—3 are shown in Fig. 5,

respectively. It may be seen that the maximum charge-
pumping current does not saturate in either case. Using
higher back-gate voltage amplitudes leads to a permanent
damage to the structure. If N; is determined from the
highest CP current obtained, the results are approximately
2.8-10!" em =2 for Npygy = 107 cm ™3 and 1.2-10'° cm 2
for Npogy = 108 cm™>. This is either much lower or com-
parable to the result obtained for front-interface (approx-
imately 1.7-10'2 cm=2 or 8.4-10'0 cm™2, respectively).
Normally, back interface has considerably lower quality
than the front-interface.

The obtained results could be due to the fact that the struc-
tures are damaged before the true maximum back-interface
CP current is reached. It is interesting to note that the CP
current is again much lower in the case of annealed struc-
tures with Njoqy = 10'® cm™3. This indicates that the an-
nealing process could have influenced positively the quality
of the back-interface, too.

3.3. Three-level charge-pumping — front-interface

Determination of the energy distribution of interface traps
from 3-level CP measurements requires the knowledge
of front-surface potential as a function of gate voltage.
Appropriate simulations were performed using SILVACO/
ATLAS software yielding both front and back surface po-
tentials.
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Fig. 6. Front and back surface potential of a SOI structure simu-
lated as a function of front-gate voltage using SILVACO/ATLAS
software (simple, numerical simulation of surface potential in
a bulk MOSFET added for comparison).

The results are shown in Fig. 6 for body doping of
10'7 cm=3. For comparison, front-gate surface potential
was also calculated in a classical way, that is assuming
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a bulk MOSFET (with the same gate-oxide thickness and
substrate doping) instead of SOI one:

kT
VGF*VFB:7'G'F(<P3)+(PM (1)

where: kT /q - thermal voltage, G — ratio of intrinsic
semiconductor capacitance at flatband to gate-oxide capac-
itance, @, — surface potential and F(¢,) — the Kingston
function.

It may be seen that the surface potential calculated accord-
ing to Eq. (1) is in good agreement with that obtained
from SILVACO/ATLAS, meaning that there is little cou-
pling between the front and back-interface at Vgp = —30 V.
Moreover, the back surface potential is almost constant
in the investigated range of front-gate voltage, therefore
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Fig. 7. Energy distribution of interface traps obtained from

3-level CP measurements: (a) Npogy = 107 em—3; (b) Npody =
10'® cm—3, annealed.
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back-interface does not contribute to charge-pumping
current.

Formula (1) indicates that flatband voltage value is needed
to obtain the relation between gate voltage and surface po-
tential. The standard way to determine flat-band voltage
from 2-level charge-pumping measurements is to find the
front-gate base voltage at which the falling edge of the CP
curve reaches half maximum (approximately, —0.5 V in this
case). However, if this value is assumed for 3-level charge-
pumping, the obtained results have no physical meaning.
This is no surprise as the method of establishing Vrp value
considered here is only a rough guess. Since the Authors
of this paper had no other means to find the true value
of Vgp, the process of determining trap energy levels was
carried out for different values of flatband voltage until
the region where no meaningful measurement results could
be obtained coincided with the vicinity of midgap (trap
time constants near midgap are very long, therefore CP
current is too small to be measured accurately). This situ-
ation occurred at Vpp = —0.98 V. It may be seen in Fig. 3
that the transition between the flat part and the falling
edge of the CP curve takes place at approximately this
voltage.

The obtained energy distribution of interface traps is illus-
trated in Fig. 7. The region between 0.4 and 0.6 eV is too
close to midgap to be measured using 3-level CP.

A similar energy distribution of interface traps is shown
in Fig. 7a for annealed structures with body doping
of 10" cm™3. In this case obtaining meaningful results
requires assuming that flat-band voltage is —0.7 V (in-
stead of —1.0 V extracted from 2-level CP measurements).
It may be seen in Fig. 3b that —0.7 V is a voltage at which
CP current practically falls to zero.

In view of the above energy distribution of interface traps
presented in Fig. 7 may only be treated in qualitative terms.
Further studies are required to develop an efficient method
of Vrp extraction suitable for 3-level charge-pumping.

4. Summary

Charge-pumping measurements were performed on SOI
MOS transistors with different body doping and subjected
to different thermal processing. It was found that in all
investigated structures the total density of interface traps at
the back-interface was lower than that at the front-interface.
This is probably due to the fact that the investigated de-
vices were damaged before saturation of back-interface CP
current could be obtained. It was found that annealing in
N,/H; at 400°C had a very positive effect on the quality of
both front- and back-interface. Values of threshold voltage
extracted from CP curves are in qualitative agreement with
those obtained from transfer characteristics of drain cur-
rent. Preliminary results of 3-level charge-pumping were
presented, however further studies are needed to develop
an appropriate method of flat-band voltage extraction suit-
able for this characterization technique.
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