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Abstract

A theoretical model to evaluate noise in SiGe/St based n-channel
MODFETSs and p-channel MOSFETs is presented. The analysis is based
on a self-consistent solution of Schrédinger and Poisson’s equations. In
this study, n-channel FETs exhibit a better noise performance than that
of p-channel FETs. The influence of device parameters on noise proper-
ties for this class of devices are presented.

1. Introduction

Noise can be characterized by measuring the minimum noise figure F;, or the
noise temperature. Extensive experimental and theoretical efforts have been directed
to the study of noise figure in I1I-V HEMTs, however, no such study exists for S1Ge/S1
based devices. In this paper a noise model is presented which is based on a seli-
consistent solution of Schrédinger and Poisson’s equations [1-3]. The calculation of
noise parameters follows the treatment presented by Anwar et. al. [1].

2. Model

The modeling of noise proceeds by first quantifying the quantum well (QW) behav-
ior and identifying a realistic velocity-electric field (vqy— £) characteristic for the carrier
in the conducting channel. Instead of using a two-line or an exponential approxima-
tion the following vy — & [1,3] is used in this calculation, vg = v,&//(vs/pe)? + E2,
where v, is the saturation velocity, uo is the low field mobility and & is the applied
electric field along the channel. This vy — £ characteristic makes the current-voltage
and dc small signal parameters analytic in nature [4] and provides a better agreement
with results obtained from Monte Carlo simulation. The QW parameters are calcu-
lated self-consistently [2] and introduced in the calculation of noise by recognizing
the functional dependence of the average distance of the electron cloud z,, and the
position of the Fermi level Er on the 2DEG concentration n, [2].

The analysis of noise is based on the identification of the different noise sources
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that are present in the conducting channel, namely (a) Johnson Noise in the ohmic re-
gion {unsaturated region), (b) noise associated with spontaneous generation of dipole
layers in the saturation region, (c) gate noise due to elementary voltage fluctuations in
the channel and (d) induced gate noise in the saturation region. The noise analysis is
carried out by accounting for all these noise sources and their correlation coeflicients
[2]. The minimum noise figure, Fr,in, the noise conductance, g,, the minimum noise
temperature, Tin, and the optimized external generator source impedance, Z, op: can

Fm,-,l:1+z-g,,-(Rc+,/R§+;—") (1)

Toin =2-T - gn - [Re + Zs opi] (2)
= 4o+ () [P+ R~ 20V (3)

am:Jm+? (4)

where 7, is noise resistance defined in Ref.[l], Z. = R. + jX., is the correlation

be written as :

impedance, R, and R, are the source and drain impedance, R; = is the gate

e
UsULygs
charging resistance. L, represents the length of the gate. In several cases, the device
is not matched for the minimum noise figure and the mismatch effect on the noise

figure can be expressed as

F = Fpin + 22

8|20 Zugnl (5)

where Z,=R,+;X, the input termination, or source, impedance. Eqn. (5) shows that
the mismatch effect is less sensitive for lower values of the noise conductance g,.

3. Results and Discussion

In this paper, the n- and p-channel devices analyzed are based on the structures
reported in Refs. [5] and [6]. In Fig.1, the calculated minimum noise figure, Fnin
(dB), is plotted as a function of the drain-source current for n- and p-channel FET's
with temperature as a parameter. The calculations are performed at 15 GHz. The
present noise model predicts "U” shape in minimum noise figure (Fy.;,) versus satu-
ration drain current I4,. The minimum noise figure of n-channel devices are smaller
than that of p-channel devices at both temperatures. At higher I4,, the increase of
noise figure for p-channel devices is faster than that of n-channel device. This may
be due to the fact that n-channel FETs have higher transconductance g,, and unity
current gain cut-off frequency fr than those of p-channel FETs [4].

In Fig.2, F,.n is plotted as a function of frequency for n- and p-channel FETs
at various temperatures. For the p-channel MOSFET V,, = -2.5V (-1.64V) and V,,
= -2.5V at 300K (82K), for the n-channel MODFET V,, = -0.65V (-0.53V) and V,
= 3.0V at 300K (77K). Finin increases with frequency for both families of FETs. A
higher fr for n-channel MODFETSs results in a lower F;,. We have observed that
Fonin decreases with increasing QW width. This decrease in not so significant at the
high frequency end. At 60 GHz a well width increase from 50A to 300A may result
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Fig.1 Minimum noise figure Fri, 1s
plotted as a function of drain current for
SiGe/Si based n- and p-channel FETs

with temperature as a parameter.
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Fig.3 Minimum noise temperature T,
is plotted as a function of gate length for
both n- and p-channel FETs with temper-
ature as a parameter.
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Fig.2 Minimum noise figure Fiin is
plotted as a function of frequency for both
n- and p-channel FETs with temperature
as a parameter.
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in a reduction of F,;, by 1.5dB for n-channel FETs. £, is less sensitive to QW
width variation at cryogenic temperatures.

In Fig.3, minimum noise temperature T,,;, is plotted as a function of gate length
for both n- and p-channel devices with temperature as a parameter. Noise tempera-
ture increases with increasing gate length for both devices. For a given drain-source
voltage, the thermal noise induced from ohmic region will increase by increasing gate
length (also increasing the length of ohmic region). Therefore, noise will increase by
increasing gate length for both n- and p-channel devices.

In Fig.4, T,nin 1s plotted as a function of the doped epilayer thickness (dq) and
frequency for an n-channel FET at 77K. As observed, a range of dy exists (75A-
200A) where Tpir is @ minimum (Timin < 200K at 60 GHz for 75A< dy < 2004).
The reduction in Ty, 1s prominent at higher frequencies. For p-channel devices Ti,,n
increases slightly with increasing dj.

Based on the present noise model, it is observed that the calculated noise pa-
rameters are less sensitive to the donor concentralion than those of the conventional

AlGaAs/GaAs based FETs.

4. Conclusion

A self-consistent model to calculate Fi,;, and Tn;n in SiGe/ St n-channel MOD-
FETs and p-channel MOSFETSs is presented. These predictions of noise parameters
may lead one to optimize the noise performance for SiGe/S: based FETs.

References

1. A. F. M. Anwar, and K. W. Liu, "Noise properties of AlGaAs/GaAs MOD-
FETs”, IEEE. Trans. Electron Dev., vol. 40, no. 6, p. 1174, June 1993.

2. A.F.M. Anwar, K. W. Liu and R. D. Carroll, ” An envelope function description
of quantum well formed in strain layer SiGe/Si MODFETSs”, to be published
in Jour. of Appl. Phys., Aug. 1993.

3. Kuo-Wei Liu and A. F. M. Anwar, ” A self-consistent calculation of small signal
parameters for AlGaAs/GaAs and AlGaAs/InGaAs/GaAs HEMTs,” to be
published in Solid State Electronics.

4. Kuo-Wei Liu, A. F. M. Anwar and V. P. Kesan, ”A self-consistent model for
S1/81,_.Ge; FETs”” submitted to IEEE Electron Device Letter.

5. V. P. Kesan, S. Subbanna, P. J. Restle, M. J. Tejwanl, ”High performance 0.25
pm p-MOSFETs with silicon-germanium channel for 300K and 77K operation”,
IEDM 91, p. 2.2.1-2.2.4, 1991.

6. K. Ismail, B. S. Meyerson, S. Rishton, J. Chu, S. Nelson and J. Nocera, "High-
transconductance n-type Si/S51Ge modulation-doped field-effect transistors”,
IEEE Electron Dev. Lett., vol. 13, no. 5, p. 229-231, May, 1992.





