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Abstract

This work presents a new method to extract the oxide charge densities at front (Q,y;) and back
(Qux2) interfaces of fully depleted SOI nMOSFETs. The proposed method exploits the influence of
the front and back gate voltages on the back and front channel current regime respectively. To
extract Oy, the drain current curve is measured as a function of the back gate voltage Vg with the
front interface inverted. When the back interface condition changes due to the back gate voltage,
kinks occur in the front drain current for specific Vgp biases and these are used by the method.
Similarly, the back drain current as a function of the front gate voltage Vg with the back interface
inverted shows some kinks at specific Vgr which are used by the method to extract Q,y;. MEDICI
simulations were used to support the analysis and the method was applied experimentally.

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 SOl 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 partially 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.

VGF
Bl | VDS
' - Gate
Front |nterfar:; /A //////.///,//////’///_/ i j: toxf
Source | LDD LDD | Drun

tsi

Back interface

VGB

Figure 1: Cross-section of the LDD SOI nMOSFET illustrating some of the notations used.




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. Similarly. the conditions of the front
interface also modify the characteristics of the back interface [8]. Equations (1) and (2) are the
relations that describe the charge coupling between the front and back gates in a fully depleted SOI
MOSFET [8. 9].
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2. Proposed Method

To determine the back oxide charge density Qqx, the Ips vs. Vgp curve is obtained for a
constant Vgr larger than Vthgao. Figure 2 shows the Ips, dlps/8V e and 8%1ps/0Ve” curves as a
function of the Vgg.
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Figure 2: Ipg, 8lps/0Vgg and §Ips/8V s’ curves as a function of the V.

Figure 2a shows the Ips 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 Vthgina 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



interface underneath the channel becomes accumulated. For this condition, the front threshold
voltage Vthgaec is largest. The Ips curve must be measured using a front voltage Vgr larger than
Vthgaeco. This ensures that the front interface is always in inversion, enabling current flow from
source to drain using different Vgg, for a positive Vps.

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

For (Vge)s < Voe < (Vea)a, the back interface under the channel is depleted, while the back
interface for the LDD region remains accumulated. The point (Vgg)g represents the condition where
the back interface under the channel changes from depletion to accumulation, while the back
interface for the LDD regions is changing from accumulation 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 (Vee)e < Vae < (Vep)s, the back interface on the channel can be considered accumulated,
while the LDD back interface can be considered depleted. The point (Vgg)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 (Vgg)a and (Vgg)e in the equation (2), where the front
interface is always inverted (¢sp = Qsrinvi, because Vgr > Vthr o) and the back interface is inverted
(dsg = OsB.inv2, Qs2 = 0) or accumulated (¢sg = 0, Qs> = 0), equations (3) e (4) are defined. Qox2 can
be obtained by the sum of (3) and (4).
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Similarly, to determine the front oxide charge density Q. the Ips versus Vgr curve is
determined for a constant Vgg larger than Vthg a1, Where Vthg i is the back threshold voltage
with the front interface accumulated. For these conditions, two maximum points can be also
observed in 8°Ips/SVar. Figure 4 shows the Ips and 8%Ips/8V e curves as a function of the Vgr.
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Figure 4: Ips and 8’Ips/8Var” curves as a function of the V.

The point (Vgr)a represents the voltage where the front interface becomes inverted. The point
(Vgr)p represents the voltage where the front interface becomes accumulated. Applying the
conditions of the points (Vgr)a and (Vge)g In the equation (1), where the back interface is always
inverted (Osg = {sp.inv2, because Vgg > Vthpae1) and the front interface is inverted (Osg = Osrinvi,
Qs = 0) or accumulated (¢sg = 0, Qs; = 0), Qox1 can be obtained from equation (6).
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In this proposed technique, the approximation used for the surface potential at the strong
inversion (¢sr = Qsrinvi OF Psg = Psg,inv2) 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.

KT N.
Oskinvl = PsB.inv2 = a (2-11“ n‘;f +2-03) (7)

3. Simulation Details and Results

The SOI nMOSFETs studied have a drawn  channel length L, = 1.0 um and channel doping
concentration Ny = 1x10"7 ecm™. A gate oxide thickness ty,yr = 20 nm, buried oxide thickness
toxo = 80 nm and a silicon film thickness ts; = 80 nm were used as input parameter for the
bidimensional numerical simulator MEDICI [12]. For the simulations, different front and back
oxide charge densities, Qo and Qqx; respectively, were used and the interface trap densities were
assumed negligible. Figure 5 shows the Ips and &’Ips/8V g™ curves as a function of the V.
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Figure 5: Simulated Ips and SZIDSISVng versus Vgp curves for a constant Vgg of an SOI
nMOSFET, where (VGB)A = 1.35 V and (Vge)g=-195V.

Figure 6 shows the front surface potential variation as a function of depth in the film for the

(Vae)a and (Vgp)g voltages. Due to the charge coupling between the front and back interfaces on

the fully depleted SOI device, it is not possible to derive ¢sg, 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 SOl nMOSFET as a
function of depth for the two different back gate voltages.

To determine Osr, a thick-film SOI nMOSFET was simulated by MEDICI using ts; = 300 nm.
Figure 7 shows the front surface potential variation with depth for the (Vge)a and (Vgp)p voltages.
Now there is not a coupling between the interfaces and it is possible to extract Qsr.
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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 ¢sr/Qrr as a function of the overdrive voltage (Vg — Vthg).
One can see that for (Vgr — Vthg) > 1.0 V, ¢sg = 0.94 V and ¢se/drr = 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 Ipg and §’Ips/8V g curves as a function of the Vgr.  Figure 10 shows the
values of ¢sg and ¢sp/drr as a function of the overdrive voltage (Vgg — Vthg). One can see that for
(Vgg — Vthg) > 1.0 V, ¢sg = 0.94 V and ¢sp/¢rr = 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 SOI devices were simulated with channel
doping concentration Ny = 1x10" em™, source/drain doping concentration Npg = Ix 10*° cm™, LDD
doping concentration Nipp = 1x10" cm™ and different oxide charge densities. Table 1 shows the
results of Qux; and Qo2 obtained by the proposed method. The error obtained is lower than 15 %.
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Figure 9: Simulated Ips and ('SEIDS,*‘SVGI:2 versus Vg curves for a constant Vg of an SOI
nMOSFET, where (Vgr)a = 0.12 V and (Vgp)g =- 1.38 V.




14—+ — 3.2
SOI NMOSFET I
124 tg=300nm ¥
op=0.41V 1238
1.0 126
5‘ ‘_—JHD__D___.U__—U—-—D-—-D——U—-“D_‘D"‘_E - r}_e‘
= 1 et 1 =
G({: 0.8 n/ A A——A—A—a 124 =
4 .ﬂr—"""#‘-_‘r—‘ _ 79
. 2.2
0.6+ /
¥ 42.0
0.4 S 1.8

(SR

4 6 8 10 |1
(VGB - Vthg) [V]

Figure 10: Back surface potential variation for a thick-film LDD SOI nMOSFET as
a function of the overdrive voltage.
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Table I: Results obtained by the proposed method using different devices
simulated by MEDICI.

Input Values Method

[x10" em™] | [x10" em”]

Dev. | Qou/q | Qoxa/q | Qoxi/q | Quxo/q
S1 1.00 1.00 1.09 1.14
S2 1.00 | 2.00 1.09 2.07
S3 2.00 3.00 2.17 3.12
S4 2.00 | 4.00 2.17 4.09

4. Experimental Details and Results

The LDD SOI nMOSFETSs used in this study had a drawn channel width W,, of 36 um and
different drawn channel lengths Ly, of 1.5 (E1), 1.0 (E2) and 0.8 (E3) um and were fabricated in a
0.5 um SOI technology on SIMOX substrates. The devices have an effective channel doping density
of 1.0x10" cm“3, front gate oxide thickness toxs of about 15 nm, buried oxide thickness tox, of 390
nm, and a silicon film thickness ts; of about 80 nm.

The Ips vs. Vgg curves were recorded with Vpg = 0.2 V, a front gate voltage Vgr of 0.6 V (Vgr >
Vthg,aec2), and a back gate voltage Vg ranging from -30 to 20 V (steps of 0.10 V). The Ips vs. Vgr
curves were measured with Vpg = 0.2 V, a back gate voltage Vg of 20 V (Vgg > Vithpaeer), and a
front gate voltage Vgr ranging from -3 to 2 V (steps of 0.010 V). All measurements were done
using a HP 4145B parameter analyzer.

Figure 11 shows the Ips and 8’ Ips/8Vs” curves as a function of the Vg, and figure 12 shows the
Ips and EZIDSISVGFZ curves as a function of the Vgr for the device with L, = 0.8 um.



Table II summarizes some experimental results of Qo and Qox2 values obtained by the proposed
method for different SOI nMOSFETs. These results are as expected for the devices used.
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Figure 11: Ips and §°Ips/6Vgs” versus Vg curves for a constant Vgr of an SOl nMOSFET, where
(Vee)a=-1.60 V and (Vge)g =- 17.00 V.
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Figure 12: Ips and §°Ips/8Ver versus Vr curves for a constant Vg of an SOl nMOSFET, where
(Vr)a=-0.06 V and (Vgpp = - 1.45 V.

Table I1: Experimental results obtained by the proposed method of the oxide charge densities at
front and back interfaces from different devices.
Method [ x 10" cm™]
Device | Qoul/q Qu/q
F1 2.71 4.49
E2 2.85 4.99
E3 2.78 4.96
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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 SOl nMOSFETSs was explored using bi-dimensional numerical 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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