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Intreduction

Recently, high performance RF*analog CMOS devices for 2GHz
telecommunication equipment has shown remarkable progress and
reported by several groups[1]-[8] as shown in Table I.  Already
fT. values of more than 150 GHz have been reported for sub 0.1 pm
gate length n-MOSFETs [1][2]. In the 0.1 - 0.3 pm gate length
range, 35 GHz - 120 GHz for fT, 28 GHz - 46 GHz for finax, and
0.4 dB - 0.8 dB for NFmin were demonstrated. However, in
general, gm of MOSFETS is smaller than that of GaAs and bipolar
transistors. Thus, large gate width such as 200 - 1,000 pum has
been used for obtaining the high gain comparable to those of
bipolar. . By downsizing the gate length, high gm will be achieved
and thus the gate width could be decreased. This is good in terms
of power consumption of the circuit.

" The purpose of this paper is to study the gate width dependence
of noise figure of 0.25 - 0.13 pm gate length RF CMOS transistors,
and to show sufficiently high performance of smaller gate width
devices not only for 2 GHz operation but also for 5-8 GHz operation
with low power consumption.

Sample fabrication

Figure 1 shows the cross section of the RF CMOS used in the
experiments. In-situ phosphorous doped poly Si was used for the
gate electrode of both n- and p-MOSFETs. Co SALICIDE was
adopted to MOSFETs in order to reduce the gate/source/drain
resistance. The gate electrode is divided 5 pm length pieces by
adopting multi-finger layout.

AC measurement Results and Discussions

Figures 2 and 3 show the measurement results of the gate width
dependence of fT and finax. The gate length is 0.18um. With
decrease in gate width, fT and fmax curves shift to the lower current
direction without degradation m fT and fmax values. This means
that we can downsize the gate width to achieve low power operation
without the sacrifice of fT and fmax values.

The measurement results of the gate width dependence of NFmin
at 5GHz operation is shown with open symbols in Figure 4 . It
should be noted that NFmin value shows the significant
degradation, when the gate width is downsized. As shown in
Figure 5, the AC current path from the bonding pad via the
substrate to the ground exists. Thus, an additional thermal noise
source composed of substrate resistance is connected at the input
stage of MOSFETs and is expected to have a significant influence
on the NFmin characteristics. In real circuit, the current path via
the bonding pad can be suppressed by several techniques. The
additional component can be de-embedded by removing the
parasitic components of the noise correlation admittance matrix
[CyJopen from that of the total matrix [Cy]total as shown in Fig.
5[10]. The de-embedded results are shown with filled symbols in
Fig. 4. - Very small NF values comparable to that of GaAs
device(Table I) have been obtained for the intrinsic portion of Si-
MOSFETs for the first time. "It was confirmed that we can reduce
the drain current and power consumption by reducing the gate
width without degrading the NFmin characteristics in the de-
embedded case.

In the case of NFmin, matching between the input and MOSFET
has to be taken perfectly by inserting the matching circuit. On the
other hand, NF50 value (noise figure value in the case input stage is
connected to 50Q) is another figure to predict the worst case
without the matching circuit, and it is also important to know the
behavior of NF50.
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Figure 6 shows the dependence of NF50 on the gate width of n-
MOSFETs for 5GHz. The drastic degradation of NF50 caused by
the downsizing of gate width is observed in non-de-embedded case
shown with open symbols.  Although the degradation is
considerably suppressed by de-embedding as shown by filled
symbols, the NF50 values increase with gate width decrease.

Figure 7 shows the equivalent circuit for MOSFETs. NFmin can
be expressed as Eq(l) as shown in figure 7, which suggests
NFmin has no dependence on gate width. This agrees with the
measurement results in Figure 4. In general, the NF value is
expressed as Eq(2) as shown in Figure 8. From this, NF50 is
expressed as Eq(3). In Table II, each term in Eq(3) on various
gate widths is shown. The narrower gate width MOSFET has
larger R value in inverse proportion to gate width Wg as shown by
Eq(4) in Figure 8(Other terms except Rn do not change
significantly.). This causes the degradation of NFS50. The
situation can be understood by the noise circles plotted in Figure 8.
Thus, it will be a key to provide a good noise matching in the small
gate width MOSFETs used for the purpose of the low power
consumption.

Figure 9 shows the dependence of fT, fimax, and NFmin on the
gate length of n-MOSFETs with tox = 4.5 nm. These AC
characteristics improve by reducing the gate length thanks to the
increase in gm. Non-de-embedded data are also plotted for NFmin
case.

AC characteristics of the n-MOSFETs for various generation
are measured by using the de-embedded technique(as shown in
Table IIT). The advanced generation device has high gm value
because of short gate length and thin gate oxide. This benefis {T,
fmax, and NFmin -values. Very low NFmin value comparable to
that of GaAs device has been obtained at higher frequency of 5 and
8 GHz in the intrinsic part of MOSFETs. Improvement of the
fmax value is slightly smaller than that of fT. Some kind of
process optimization such as raised source, gate, and drain
structure[11] would be desirable to further improve this.

Conclusion

We have shown for the first time by using the de-embedded
technique that the intrinsic Si-MOSFET NFmin is as good as a few
0.1dB even at high frequency 5-8GHz. This low NFmin value can
be kept with decrease in gate width for the purpose of low power
consumption. On the other hand, NF50 increases with decrease in
the gate width. Thus, development of the on-chip matching
technique will become critically important for low power RF CMOS
with small gate width. It can be expected that high performance
RF circuit with lIow noise and low power would be realized by
making use of the excellent intrinsic noise performance of Si
MOSFETs here.
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Fig.7 Equivalent circuit and NFmin expression for MOSFETs
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