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Abstract

This work presents a new method to extract the oxide charge densities at front (Q„„1) and back
(Q„„2) interfaces of full) deptete(1 SOI nMOSFETs. The proposed method explohs the influence of
the front and back gate voltages on the back and front channel current regime respectivet). To
extract e„„2, the drain current curve is measüred as a function of the back gate voltage vc,B with the
front interface inverted. When the back interface condition changes due to the back gate voltage,
kinks occür in the front drain current for specifIC v(,B biases and these are used b) the method.
Simüarl), the back drain current as a function of the front gate voltage Vc,r with the back interface
inverted shows some kinks at specifIC vt,F which are used b) the method to extract e.,/. MEDICI
simutations were used to support the analysis and the method was appLied expertmentaLI).

1. Introduction

Silicon-On-Insulator (SOI) technology has grown rapidly during the past years, mainly because
this technology has many advantages over bulk technology [1 - 6]. However, not all SOI MOSFETs
have the same behavior because they are dependent on the silicon film thickness and the channel
doping concentration. Three different types of devices exist: thick-film, medium thickness and thin-
film devices. In a thin-film device, the silicon film (transistor channel) can be fully depleted and in
this case there is an interaction between the front- and back-interface. Special interest has been paid
to fully depleted SOI MOSFETs which have superior behavior compared to partiaIIy depleted ones,
like for example a high transconductance and low electrical fields [7]. Figure 1 shows a cross
section of an SOI nMOSFET illustrating some of the notations used.
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Figure 1: Cross-section of the LDD SOI nMOSFET illustrating some of the notations used.
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In fully depleted SOI devices, the behavior of the front interface (between the gate oxide and the
silicon film) is modified by the back interface condition (between the silicon film and the buried
oxide) which can be inverted, depleted or accumulated. SimilarIy, the conditions of the front
interface also modify the characteristics of the back interface [8]. Equations { | ) and (2) are the
relations that describe the charge coupling between the front and back gates in a fully depleted SOI
MOSFET [8, 9].

]ivh F = @ M s 1 E + ( 1 + a } s F à o s B + + + (1)

(2)„'=»„'=–E*['*h}='–e'„*H–E

2. Proposed Method

To determine the back oxide charge density Q„,2, the IDS vs. vc,B curve is obtained for a
constant vc,F larger than Vthr„,2. Figure 2 shows the IDS, 81DS/8Vc,B and 82ll_)s/8v,.-,B2 curves as a
function of the v(,B.

õ2lDS/õvGB2

Figure 2: 1DS, ÕIDS/ÔV<,B and õ2IDS/ÕV<.,B2 curves as a function of the v,.,B.

Figure 2a shows the IDS behavior when the back gate voltage changes from positive to negative
values. For high positive bias, the back interface below the channel is inverted. For this condition,
the front threshold voltage VthF,i„„2 is lowest, taking into account that the front threshold voltage in
thin-film SOI devices depends on the back bias condition [3]. For high negative bias, the back
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interface underneath the channel becomes accumulated. For this condition, the front threshold
voltage VthF,.„,2 is largest. The IDS curve must be measured using a front voltage Var larger than
Vthr,.„.2. This ensures that the front interface is always in inversion, enabling current flow from
source to drain using different vc,B, for a positive vI.)s.

Figures 2b and 2c show the first and second derivatives of the IDS vs. vc,B curve, respectively. In
figure 2c, three important points (maximum points) can be seen. For vc,B > (v<.,B)A, the back
interface is inverted under the channel and accumulated under the LDD regions. The point (vt,B)A
represents the voltage where the back interface under the channel becomes inverted.

For (v(,B)B < vc,B < (v(,B)A, the back interface under the channel is depIeted, while the back
interface for the LDD region remains accumuIated. The point (v(.,B)B represents the condition where
the back interface under the channel changes from depletion to accumu]ation, while the back
interface for the LDD regions is changing from accumu]ation to depletion. In fact, the voltages
corresponding to these two effects do not occur in the same point, but they are very close, due to the
concentrations used for the channel and LDD regions. Therefore, one transition point is hidden by
the other

For (vc,B)c. < vc,B < (vc,B)B, the back interface on the channe] can be considered accumulated,
while the LDD back interface can be considered depleted. The point (vc,B)c represents the back
voltage where the LDD regions become inverted at the back interface and it can be used to estimate
the LDD doping concentration [10]. Figure 3 shows the back gate voltage influence on the back
interface conditions.
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Figure 3: Back gate voltage influence on the back interface conditions of
an LDD SOI nMOSFET.

Applying the conditions of the points (vc.,B)A and (v,.,B)B in the equdtion (2), where the front
interface is always inverted ($sr = $sF,i.„1, because vGF > Vthr„,,2) and the back interface is inverted
((bSB = (bSB,inv2, Qs2 = O) or accumulated (OSB = O, Qs2 = 0), equations (3) e (4) are defined. Q„„2 can
be obtained by the sum of (3) and (4).
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Similarly, to determine the front oxide charge density Q„„1, the IDS versus Vc,r curve is
determined for a constant Ve,B larger than VthB,„„1, where VthB.„,l is the back thresho ld voltage
with the front interface accurnulated. For these conditions, two maximum points can be also
observed in 82IDS/ÕVc,r2. Figure 4 shows the IDS and õ2IDS/ÔV(.,F2 curves as a function of the v<.,F.

VGB > VthB.anI

vGF

Õ21„,/ÔV',2

(vGF)B (vGF)A

Figure 4: 1DS and õ2IDS/ÕVc,/ curves as a function of the vc,F

The point (vc,F)A represents the voltage where the front interface becomes inverted. The point
(Vc,r)B represents the voltage where the front interface becomes accumu]ated. Applying the
conditions of the points (Vc,r)A and (vc,F)B in the equation (1), where the back interfdce is a]ways
inverted (oSB = @SB,i„„2, because v(,B > VthB,.„,1) and the front interface is inverted ( Osr = Qsl-i„„l9
Qsl = 0) or accumulated ($SF = 0, Qsl = O), Q.„1 can be obtained from equation (6).

'„'=E('„;'*+– 1*:(>–*'.'„„= 1*# (6)
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In this proposed technique, the approximation used for the surface potential at the strong
inversion (@sr = Qsl-.i.„1 or @SB = OSB,i„,,2) is based on the model proposed by Lindner [11], equation
(7), who suggested that the band bending is closer to the value at which minority carrier pin the
surface band bending in inversion.

0 s F ) i n v 1 = $ s B 9 i n v 2 = T ( 2 p 1 1 n T + 2 o o 8 )
(7)

3. Simulation Details and Results

The SOI nMOSFETs studied have a drawn channel length L„, = 1.0 Fm and channel doping
concentration N.,f = lx1017 cm-3. A gate oxide thickness t„„f = 20 nm, buried oxide thickness
t,,b = 80 nm and a silicon film thickness tsi = 80 nm were used as input parameter for the
bidimensional numerical simulator MEDICI [12]. For the simulations, different front and back
oxide charge densities, Q„,1 and Q„„2 respectively, were used and the interface trap densities were
assumed negligib le. Figure 5 shows the IDS and 82IDS/8V<.,B2 curves as a function of the v(.,B.
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Figure 5: Simulated IDS and 82IDS/ÕVGB2 versus vc,B curves for a constant vc,F of an SOI
nMOSFET, where (v(,B)A = 1.35 V and (vc,B)B = - 1.95 V

Figure 6 shows the front surface potential variation as a function of depth in the film for the
(vc,B)A and (vc,B)B voltages. Due to the charge coupling between the front and back interfaces on
the fully depleted SOI device, it is not possible to derive $sr, because there is no neutral region
between the interfaces as a reference.
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Figure 6: Front and back surfaces potential variation for a fully depleted SOI nMOSFET as a
function of depth for the two different back gate voltages.

To determine QsF, a thick-film SOI nMOSFET was simulated by MEDICI using tsi = 300 nm.
Figure 7 shows the front surface potential variation with depth for the (vc,B)A and (vc,B)B voltages.
Now there is not a coupling between the interfaces and it is possible to extract QsF.
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Figure 7: Front and back surface potential variation for a thick-film LDD SOI nMOSFET as a
function of depth in the film for the two different back gate voltages.

Figure 8 shows the values of $sr and $SF/$Ff as a function of the overdrive voltage (V,.,r – Vthr-).
One can see that for (vc,F – VthF) > 1.0 V, $SF = 0.94 V and $sr/$rf = 2.3. These results are very
close to the results expected by the Lindner’s model, when strong inversion is used,
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Figure 8: Front surface potential variation for a thick-film LDD SOI nMOSFET as
a function of the overdrive voltage.

Figure 9 shows the IDS and õ2IDS/ÕV(,/ curves as a function of the vc,F. Figure 10 shows the
values of oSB and @SB/Qrf as a function of the overdrive voltage (v(.B – VthB). One can see that for
(vc.,B – VthB) > 1,0 V, oSB = 0.94 V and QsB/Qrf = 2.3. These results are very close to the results
expected by the Lindner’s model, when strong inversion is used.

In order to analyze the proposed technique, different SC)I devices were simulated with channel
doping concentration N.,f = lx1017 cm-3, source/drain doping concentration NDS = lx1020 cm-3, LDD
doping concentration Nl'DD = lx1018 cm-3 and different oxide charge densities. Table l shows the
results of Q„„1 and Q„„2 obtained by the proposed method. The error obtained is lower than 15 %.
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Figure 9: Simulated IDS and õ2IDS/ÔVc,F-2 versus vc,F curves for a constant vc,B of an SOI
nMOSFET, where (vc,F)A = 0.12 V and (vc,F)B = - 1.38 V.



tsi = 300 nm

oFf = 0.41 V

FLI
00
c/)

+

=o+__o___44p--o–D–Da–c]–o/A
0
(/)
Q-0

/A2 J J J A A =

AAA–A

0 2 4 6 8 10 12

(VGB - VthB) [V]

Figure 10: Back surface potential variation for a thick-film LDD SOI nMOSFET as
a function of the overdrive voltage

Table 1 Results obtained by the proposed method using different devices
simulated by IV[EDICI

MethodInput Values–
x 1011 cm'2x 1011 cm-2-

a1\Dev, 1/10 0 ()x

1.09130Sl 14130

2.071 .092.001.00S2
2.17 3.123.002.00S3

4.092.174.002.00S4

4. Experimental Details and Results

The LDD SC)I nMOSFETs used in this study had a drawn channel width W„, of 36 Fm and
different drawn channel lengths Lm of 1.5 (El), 1.0 (E2) and 0.8 (E3) Fm and were fabricated in a
0.5 Fm SOI technology on SIMOX substrates. The devices have an effective channel doping density
of l.0x1017 cm-3, front gate oxide thickness t„„f of about 15 nrn, buried oxide thickness t„„b of 390
nm, and a silicon film thickness tsi of about 80 nm.

The IDS vs. vc,B curves were recorded with vDS = 0.2 V, a front gate voltage vc,F of 0.6 V (vc,F >
VthF,.„-,..2), and a back gate voltage v(,B ranging from -30 to 20 V (steps of 0.10 V). The IDS vs. vc,F
curves were measured with vDS = 0.2 V, a back gate voltage vc,B of 20 V (v(.,B > VthB,„..,1), and a
front gate voltage V(.,r ranging from -3 to 2 V (steps of 0.010 V). A 11 measurements were done
using a HP 4145B parameter analyzer.

Figure 1 1 shows the IDS and ô2IDS/8VüB2 curves as a function of the vc.,B, and figure 12 shows the
IDS and õ2lDS/ÔVc,r2 curves as a function of the vc,F for the device with L„, = 0.8 Km.
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Table II summarizes some experimental results of Q„,1 and Q„„2 values obtained by the proposed
method for different SOI nMOSFETs. These results are as expected for the devices used.

0.30

0.25

0.20

0.15 8-

}0.10

0.05

0.00

soi NMOSFHr

cF
><
=L

61nQ

É)
&oh,ricF
00

1

ltn = 0.8 Fm

VCI. = 0.6 V

VEE= 0.2 V

\r (V@)B

(Va)A
/

30 .20 010

VGB [V]
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Table II: Experimental results obtained by the proposed method of the oxide charge densities at
front and back interfaces from different devices.

Method [ x 1011 cm
\1Device

042=7

E2 4.992.85
4.962.78
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5. Conclusions

The effect of the back and front gate voltages on the front and back channel region of fully
depleted SOI nMOSFETs was explored using bi-dimensional numericaI simulations. A new method
to determine the oxide charge densities at front and back interfaces was derived from it. This
method was also experimentally validated and good agreement with the simulation results has been
obtained.
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