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Numerical Analysis of Characterized Back Interface Traps
of SOI Devices by R-G Current
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Abstract: Characterized back interface traps of SOI devices by the Recombination-Generation
(R-G) current has been analyzed numerically with an advanced semiconductor simulation tool,
namely DESSISHSE. The basis of the principle for the R-G current’s characterizing the back in—
terface traps of SOI lateral p” p” n* diode has been demonstrated. The dependence of R-G cur—
rent on interface trap characteristics has been examined. such as the state density, surface re—
combination velocity and the trap energy level. The R-G current proves to be an effective tool

for monitoring the back interface of SOI devices.

Key words: recombination-generation current: interface traps; S0I
EEACC: 2560R: 2550E: 2530
CLC number: TN386.1 Document code: A  Article ID: 0253-4177(2000) 12-1145-07

1 Introduction

SOI technology is based on the complicated fabrication process of ultra-thin silicon
film on SiO2 insulation layer. The key of improving the performance of SOI-based devices
and circuits is to reduce the density of electron-hole recombination and trapping centers at
the Si02:-Si interface, with the purpose of suppressing the leakage current and improving
the hot carrier reliability and radiation hardness.

Electronic traps at the Si02-5i interface are traditionally studied using the M OS capac—

[1-2]

itance . conductance'”’ method on MOS capacitor, subthreshold, DLTS, PL, and have re-

) [4—T]

cently been characterized by Charge-Pumping-based method( CP . However, as the di-

mension of the SOI device is scaled into a sub-0. 1 micrometer regime and the front—and
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back—gates of SOI devices are coupled each other, the conventional methods are demon-
strated to be insensitive and inapplicable.

Recently, there exists an increased interest in the old gated-diode technique, to which,
some new modifications are used to study the current bulk CMOS and SOI devices. T aking
the advantage of high sensitivity and fast evaluation'® ', the Recombination-Generation
(R-G) current is reported to be an effective monitor characterizing the interface traps and
bulk carrier lifetime.

However, in comparison with the conventional concrete R-G current measurements of
SOI devices, only a little effort has been made to analyze the basic principle of this method.
Our numerical analysis of the electrical characteristics of the interface traps with R-G cur-
rent method has not been presented so far. In fact, interface trap effects on the R-G current
have not been investigated in detail. neither has the influence of the front/back interface
coupling on the R-G current.

The aim of this work is to obtain a comprehensive knowledge of the gated-diode R-G
current through numerical simulation. Based on the similar SOI lateral gated-diode configu—
ration with a slight forward bias, the R-G current of the back interface traps of SOI device
is simulated by the advanced semiconductor simulation tool, namely DESSISHSE. Effects
of the interface density, energy level, surface recombination velocity (SRV or S) and diode

biasing voltage on the R-G current have been discussed in details.
2  Structure and Principle

The device used in this study is a common SOI lateral gated-diode structure, as shown
in Fig. 1. The channel length is chosen as 10um in order to enlarge the effect of the inter—
face traps. The used structure parameters of the device are given in Table 1.

Please note that the default parameters used in the simulation should be the values in
the table unless the especial note is given.

Table 1 Parameters Used in Simulation

Parameter Value Type
Ground v, N* or P* Concentration/cm™ ? 1X10% Uniform
ZserssGale Oxide Layergesss - sentration/em™ > 1” for
ﬂ"’ T-"I!anumli‘m:s . P~ Concentration/cm 1X10 Uniform
Front Interface
Silicon Film Thickness/nm 80
Iy P! P Gate Oxide Thickness/nm 10
Back Interface Buried Oxide Thickness/nm 300
L . ..-‘«__:-.,.‘ I‘.-a.ll XML . _ 3 1" ..
Box ed Oxide Layer t2 28525 Back Interface Density/em™ ? 5X10 Single-Level
R IR TN T T B T
SRV or §/(cem +s™ ') 20

Interface Trap Energy Level/eV 0.01 From Midgap
FIG. 1 Cross-Section of SOI Lateral Gated-Diode

Diode Biasing Voltage/V -0.4
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[t is known that dominance of the recombination via the defect levels in defected re-
gion is of particular importance, which is governed by SRH statistics' .
On the surface or interface, the recombination rate R. for a single defect energy level

at energy Euwap is

R - np = ﬂ-?— ( 1}
T m+ on L Pitop
Sp[} S’nﬁ
with
n nexp Elmp - EI‘ P n exp Elr:up - EI‘
1= i€ | = i —
kT kT

where Eiis the intrinsic Fermi energy, Syo and S.wo are the electron and hole SRV parame-
ters, respectively.
In general, electrons and holes can be assumed to be of the same SRV. The electron
SRV parameter is defined as
Sxo = Nuapcn (2)
where en is often written as the product of the electron thermal velocity and the capture
cross-section. Nusp in cm™ ~ is the density of the back interface traps. An analogous expres—
sion holds good for the hole.
The values of the carrier concentration n and p in the equation (1) should satisfy
np = n.izexp"mr (3)
where Pis the separation of the electron and hole quasi+ermi levels (which is a functin of
the position and the applied bias) .
In the gated-diode case, the surface potential at Si02-5i interface and thus the surface
excess carrier concentration are not only the function of the biased voltage V4, but also that

of the front and back gate bias voltage V. The interface R-G current can be expressed as

o

Ii-cian(Va, Vi) = qu ﬁff[ Ve, Va)dx (4)
."I

with
n(Ve,Vayp(Ve,Va) — ni
n( Ve, V{l) + p[ Ve, Vd] + 2ni

where x1 and x2 are the boundaries of the space charge region. w is the depletion region’s

F(Ve,Va) =

thickness.
The total diode current is the sum of the interface R-G current Ix- ¢(«n, bulk R-G cur—
rent Ircoun and the bulk diffusion current lamuion for all bias states.
T = Trcian + Ircouy + L aittusion (5)
In this simulation, we assume that the bulk traps of SOI device can be neglected in or—
der to emphasize the influence of the interface trap. The interface R-G current is always
dominant in either the forward or reverse state at a small bias voltage (Vi< = 0.5V).The

measured diode current strongly depends on the voltages of the back gate and the front
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one.

When the diode bias voltage keeps constant but the gate voltage shifts the inversion
threshold and gets through the depletion into an increasingly strong accumulation, the in—
terface potential and thus the surface excess carrier concentration will be greatly changed.
As a result, the diode diffusion current will keep constant, but the R-G current slowly in-

crease first till a peak value at the condition below, then decrease, and finally, keep con-

aR sur

stant,too. As shown in Eq. (1), the maximum R-G current, calculated when on = 0, is

obtained by

! . .| gyl
Swn = Spwp = Shniex P ngl (6)
and expressed as
!ii-l:{ sur] = qu:u[surl'wL:-i (?}
with
V.
Rm;lx{surr = S’n-if'.‘xp gk?i

Obviously, the magnitude of the peak R-G current is always proportional to the inter—
face density and the SRV.The R-G current can be used as an indicator to show the charac—
teristics of the interface traps. In practice, it is very difficult to characterize the back inter—
face traps in SOI devices, due to the large thickness of the oxide layer in the back interface.

T herefore, we investigate their characteristics numerically by R-G current in this work.

3 Results and Discussion

For the sake of simulation, we choose the back interface trap density, SRV and defect
energy level as the variable, respectively. Using a 2-D) numerical simulation tool, DESSIS—
ISE'"", SOT device behavior can be thoroughtly observed. The main physical models used in
the simulation are summarized in Table 2. Considering the low -voltage measurement and
the static characteristics, the device heating-effect can be neglected and thus the drift-diffu-
sion model is used. In order to screen the effect of the front interface on the diode R-G cur-
rent, the voltage of the front gate should keep — 2V to avoid its effect on the R-G current.
The principle of the gat—

Table 2 Models Used in Simulation
ed-diode interface R-G cur-

Recombination Mobility Gate Current T ransport .
Models Model Models Model rent has been discussed. As
) . expected, the interface R-G
= Tunneling = Doping
= Aueer . e current show a strong peak
Auger Dependence Fiegna ) . .
Diffusion-Drift . .
~ SRH Phumob - Fowler value under different diode
- Band2Band Enormal bias condition., as shown in

Fig. 2. It can be seen that the
diode current rises and drops exponentially with the deviation of the back gate voltage

from the intrinsic Fermi level, as well as the good symmetry of the R-G current along the
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scanning back gate voltage axis.
Of all interface trap parameters, the average interface density Ni is the most important
one. In this simulation, we assume a uniform interface profile in the interface layer to sim-

plify the mesh design. The simulation result is shown in Fig. 3.

—~ 64
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= 32 z . =100 e
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Back Gate Scanning Voltage/V 0
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-2 -1 0 1

Back Gate Scanning Voltage/'V
FIG.2 R-G Current as Funection of Back Gate

Voltage at Different Diode Biasing State
FIG.3 R-G Current as Function of Back Gate Voltage for
Different Interface Traps Density

It indicates that with the interface traps density increasing, the R-G current peak be-
comes higher, and the R-G current peak scatters do wider. Should be all trap energy levels
assumed to located in the midgap level and have the same surface recombination velocity,
the density value can be directly extracted from the magnitude of peak R-G current. How -
ever, it is only the first-order estimation.

Figure 4 shows the diode current characteristics at different surface recombination ve-
locity (S) under the same bias voltage Va, with one S being forward and the other reverse.
[t is obvious that the R-G current has a strong dependence on S no matter it is forward or
reverse. Furthermore, the diode’s forward current is observed to be approximately three or—

ders magnitude higher than the reverse one under the same interface conditions.
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b) Reverse Bias
(a) Forward Bias (b) Reverse Bias

FIG.4 Forward and Reverse R-G Current Characteristics of SOI Gated-Diode

with Same Interface Trap Parameters
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Let us consider the difference between the reverse and forward biasing lateral diode at

a small Va. Only generation processes via midgap states occur in the reverse bias, as report—

. . . I . . .
ed in the former publication'”. This generation current as a function of the gate and diode

bias voltage can provide with the information about the interface traps.

In contrast, biasing the lateral diode in the forward mode, the current consists of two

components in the depletion region, i. e. diffusion current and interface recombination cur—

rent. For small forw ard biases, the recombination current is dominant and also to be a den-

sity monitor of the interface recombination centers. However, the relative change in the

current of the forward mode is greater than that of the reverse one under the same inter—

face condition and also easier to be measured.

_ 0.0 1: AE=001eV
o F2: A E=0.04eV
= 30 AE=0.07eV
*6.0 4 AE=0.10eV 123456

S AE=0.13¢V
T6. AE=0.16eV
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z
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Back Gate Scanning Voltage/V

b [

FIG.5 [V Characteristics of SOI Gated-Diode

with Different Trap Energy Level

[n order to prove the effect of the pro-
file of interface trap energy level, Figure 4
shows the simulated R-G current result
with different interface trap energy levels
from midgap. Proven by theoretical analy-
sis'"”, the deviation of the defect energy
level from the midgap has little effect on
it

the recombination current unless

ap-—
proaches the valence or the conduct band
edge. From Fig. 5, it is found that the R-G
current has almost the same magnitude if

the differences between the interface traps

and the midgap are less than 0. leV. If the deviation of interface traps level from the

midgap is beyond 0. 1eV, the change of the R-G current is still very small.

It is well known that there exists a
front one in the SOI device, whose effect
tion of the SOI lateral gated diode, the
R-G current can be used as a sensitive
tool for demonstrating the coupling ef-
fect, as shown in Fig. 5.

The R-G current is always in the
single peak shape, with the peak posi-
tion shifting significantly with the front
gate voltage due to the interface cou-
pling effect. It is believed that both the
front and back gate interface traps can
be detected individually and the cou-
pling effect can be further analyzed

based on the combination of the front

strong coupling between the back gate and the

is very difficult to distinguish. In the configura-
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FIG.6 Coupling Effect of Back Gate and Front Gate on

R-G Current of SOI Gated-Diode
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gate voltage and the back gate one.

[t should be pointed out that the R-G current method depends on the diode bias volt-
age. When the amplitude of the forward voltage Va increases., the diffusion current will be
dominant, and the R-G current method will become insensitive and imapplicable, which is
only a small fraction the total current after all. Conventionally, the amplitude of the diode

forward bias voltage for the R-G current method is less than 0. 6V.
4 Conclusion

In this paper, characterized SOI back interface trap by R-G current method has been
analyzed numerically. Using the simulation tool, DESSIRHSE, the R-G current of SOI lat-
eral p'p n" diode with slight forward bias has been studied. T he relationship between the
R-G current and the interface characteristics such as the interface trap density, surface re—

combination velocity and trap energy level has been revealed.
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