0-7803-7439-8/02/$17.00©2002 IEEE

2002 IEEE International SOI Conference, 10/02

A Comparative Study of Threshold Variations in Symmetric and Asymmetric
Undoped Double-Gate MOSFETSs

Qiang Chen and James D. Meindl
Microelectronics Research Center, Georgia Institute of Technology, Atlanta, GA, the U.S.A.
Email: gchen@ee.gatech.edun, Tel/Fax: (404) 894-9912/0462

L. Introduction”

For the purpose of giga-scale integration with
double-gate (DG) MOSFET technology, it is imperative
to consider parameter variations. In this paper,
analytical long-channel and short-channel threshold
voltage (Vyy) models for undoped asymmetric DG
{ADG) MOSFETs are developed to reveal ¥y
dependencies on device dimensions.  Using the
quantitative scaling theory [1], F7x variations of ADG
MOSFETs are then comprehensively investigated and
compared to those of symmetric DG (SDG) MOSFETs
recently studied in [1]. ADG MOSFETs with p+/n+
poly or equivalent gates are used for case studies. It is
found that threshold variations i nearly ideal, long-
channel ADG devices are 10x as large as those in SDG
devices.

H. Long-Channel Vi Model

In a long-channel ADG MOSFET, the channel
potential profile under threshold conditions has a nearly
constant slope. Based on this observation, a compact,
analytical Vy; model is developed,
Vit g = ';—Trn%’;Jf%]n(-r:—z%L}
where Qry is a constant sheet density of mobile carriers
at which Fry is measured. Such a Fry definition is a
close equivalent of the widely used constant-drain-
current methodology. Other parameters of (1) are given
in Table I. Model (1) agrees well with Medici numerical
simulations (Figure 1). ADG has a much stronger Vry
dependence on silicon film thickness (fg;) than SDG (see
inset of Figure 1 {1]). That is because ¢ impacts V¢, in
ADG through the slope of the potential profile, while it
affects Fry in SDG only through volume inversion. The
reduction of Vry with gate oxide thickness (t,,} in ADG
(Figure 1) is caused by a reduced voltage drop across the
gate oxide when 1, decreases, so that a lower gate
voltage is needed to turn on the device. This mechanism

is similar to that in conventional bulk MOSFETs.

I11. Short-Channel Vry Model
The short-channel Vry model is derived by solving
the two-dimensionai Poisson equation in the channel,

(r+ D) Pusir + Cusis » (1)
r+2
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Vi = Qs+ buaee + (KT 1 q) it exp (qdyuan 1KT) Opyr 2}
Parameters of (2) are given in Table I. Encouraging
agreement between the model and Medici simulations is
obtained (Figure 2). Following the quantitative scaling
theory [1], the rolloff characteristics in Figure 2 can be
unified dividing the channel length (L} by the scale
length 4, [2], resulting in a unique rolloff dependence on
the ratio of L/A; (Figure 3). Thus, the ratio L/A, serves
as a quantitative measure of short-channel effects.

1V. Threshold Voltage Variations

Based on the quantitative scaling theory, a unique
approach was recently developed and successfully
applied to study threshold variations (V) of SDG [1].
It is to study &Fqy caused by process tolerances of
device dimensions (expressed in percentage, for
example, 10%) as unique functions of the ratio L/A,.
This same approach will be exploited here to
comprehensively investigate 6V 7y of ADG,
Vry semsitivity to rg; (Figure 4). &py per 10% iy
tolerance is about 13 mV in long-channel ADG, 5x that
in SDG, as explained in Section II. &Fry becomes
comparable in ADG and SDG at deep short-channel
designs when L/, drops below 3.8.
Vry sensitivity to L (Figure 5). This sensitivity in ADG
is slightly smaller than in SDG at an elevated drain bias
(Vps=1F). It may be explained by a smaller distance
between the effective conduction path and the gates in
ADG than in SDG [2]-
Vry sensitivity to f,, (Figure 6). This sensitivity in
long-channel ADG is positive, as explained in Section II.
10% tolerance of ¢,, causes about 10 mV &V, in ADG
versus ~0 in SDG. The sensitivity in ADG is reduced to
zero at L/A;=5.4 and further to negative values with
decreasing L {(or L/A)) as a result of increasing short-
channet effects. ADG and SDG have comparable
sensitivity at deep short-channel designs when L/4,;
drops below 3.3.
Overall worst-case ¥y variation (Figure 7). It results
from the most unfavorable combination of process
tolerances of L, #5; and #,,. At short-channel designs with
L/2, less than ~5.3, ADG and SDG have nearly identical
overall worst-case &V,  However, at long-channel
designs 10% tolerances of #5 and !, cause ~25 mV
overall worst-case 8V in ADG, about 10x that in SDG.



Decomposition of the overall worst-case ¥y (Figure 8  In practical designs, ADG is 1.5x to 2x as susceptible to
& Figure 9) reinforces a much greater need of tight 5 tolerance as SDG. Tight control of ¢ and #,, remains
control of t5; and ¢, in ADG than in SDG. critical for ADG even at long-channel designs.
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Table 1. Summary of parameters.
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n; is intrinsic density of electrons; ®x; - and My, 3 are work-functions of front and back gates, referenced to intrinsic silicon;
D™D ass ;- Poss, i 3 ot sil losEss &ax AN £5; are permittivity of oxide and silicon, respectively; g is electron charge; k is
Boltzmann constant; T is temperature; Fy,; is source junction built-in voltage with intrinsic silicon, and A, is scale length [2].
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Figure 1. Dependence of long-channel Figure 2. ¥z rolloff in ADG: model Figure 3. Unified Vry rolloff in ADG,
Vi on £g in ADG. The inset is a similar versus Medici simulations. obtained from Figure 2: a unique
plot for mid-gap SDG (after [1]). function of L/A,.
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Figure 4. ¥py variations per 10% process  Figure 5. ¥'ry, variations per 10% process  Figure 6. ¥y, variations per 10% process
tolerance of fy;. tolerance of L. tolerance of ¢,,.
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Figure 7. Overall worst-case Vpy Figure 8. Decompasition of overall Figure 9. Decomposition of overall
variations per 10% tolerances of L, tg;, worst-case &¥ry per 10% tolerances of worst-case 0V ry per 10% tolerances of
and £,,. L, t5;, and 1, in ADG. L, t5;, and t,, in SDG {after [1]).
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