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ABSTRACT

Silicon MOSFETs with a 0.8 ,um long channel, made by conventional technology and optimized for microwave appli-
cations, have noise figure of 3.5 dB at 4 GHz and fpax of 10 to 12 GHz. The noise and RF small signal performance
are very slightly affected by channel ion implantation, used to shift the threshold voltage to positive values.

The RF equivalent circuit analysis indicates negligible parasitic lead resistances but high feedback capacitance.

Introduction
Si-MOSFETs are primarily used in digital circuits
and frequencies below | — 2 GHz. Parasitics caused by

the non satisfactory isolation of the substrate material
combined with the lower mobility in comparison with GaAs
limit the high frequency performance of these devices.
By appropriate design of the device geometry and optimi-
zation of the technology, n—channel Si-MOSFETs with wus—
able characteristics up to the G-band have been realized
f{11. It has been shown that the use of ion implantation
to overcome two dimensional effects like negative thresh-
old voltages and punch through has no essential effect
on RF device behaviour though enabling normally OFF FETs.
A numerical simulation of the small signal behaviour in-
dicates that fp,y values up to 15 GHz are possible by a
slightly modified geometry. Further advantages of the Si-
MOSFETs (especially in comparison with GaAs devices) are
the high uniformity in DC and RF characteristics and the
high reliability resulting from the mostly conventional
technology. The absence of low frequency trapping effects
causes a high time constancy of the device characteris—
tics.

Device fabrication, DC-characteristics
A cross section of the MOSFET structure is given on
fig. 1. The used technology consists of phosphorous dif-
fusion for source and drain contact-doping, thermal dry

implanted regions

p-substrate,(100),
W = 200pm

Fig. 1: SEM photo and schematic cross section of

the inner region of the Si-MOSFETs.

oxidation for gate and masking oxides and optical projec—
tion printing. The demands for good high frequency behav-
iour could be fulfilled by the following parameters:Short
channel length of ca. 0.8/um (estimated from the mask di-

mensions and one dimensional analysis of the diffusion
depth) for small transit time and thin gate oxide of 20
nm for high transconductance; gate—drain overlap of 0.4
/um, thick fielg oxide of 0.7,um and low—doped substrate
5f 1.2 x 101%cn™3 were used th keep parasitic capacitan—
ces small; the drain and source metallization areas (in-—
cluding bonding pads) were kept as small as possible =
0.01 mm%) to avoid pad parasitic capacitances; thick alu-
minium gate evaporation permitted a very low gate resis-
tance; the device width was 200 ,um.

The negative threshold voltage (-2 V) of the devices on
the low doped substrate (FM 36) could be shifted to posi-
tive values (0.2 V) by single ion implantation, the en-
ergy and dose being 30 keV and 10 em 2 resp. gFM 37).
A deeper boron implantation (110 keV, 2-8 x 10 cm

FM 38, 39, 40).1increased the punch-through voltage to
Vpg>5 V. Output DC characteristics of the fabricated Si-
MOSFETs are shown on fig. 2.
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Fig. 2: DC characteristics of Si-MOSFETs.

RF characteristics

Maximum frequency of oscillation

The RF behaviour of the MOSFETs was analyzed by
means of s—-parameter measurements up to 14 GHz [2]. Typ-
ical MAG~values calculated from measured s-parameters are
shown on fig. 3, where also the influence of a high doped
substrate and local ion implantation in the low doped
substrate is to be seen. The local peak at f = 8-9 GHz is
possibly due to internal feedback in the MOSFETs since,
as will be shown later, the feedback capacitance is still
high. Using e-beam lithography a decrease of Cgd by a
factor of 3 or 5 will be possible by avoiding overlap of
drain and gate and, inspite of increase of the drain lead
resistance, a fpayx of 14-15 GHz is achievable for  the
present MOSFET structure, as calculations on the basis of
the equivalent circuit of fig. 4 have shown.

Equivalent circuit

Using digital computer optimization techniques and
starting from s-parameters at 10 frequencies between 1
and 12 GHz we determined an equivalent circuit for the
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Fig. 3: MAG values of three types of Si-MOSFETs.

MOSFETs given on fig. 4. Special effort was spent to si-
mulate the influence of the substrate contact, connected
by bond wires with source, as the series resonant circuit
between drain and source through substrate shows.

The values of the circuit elements differ slightly be-
tween implanted and not implanted devices but the prin-
cipal structure remains, also the negligible source gate
and drain lead resistances caused by the gate overlap
over source and drain. The feedback capacitance Cgd in
all analyzed MOSFET types is of the same order of magni-
tude (corresponding to approx. 10 times the feedback ca-
pacitance of a Si-MESFET with comparable geometry {3] ).
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Fig. 4: Equivalent circuit of a Si-MOSFET (FM 38);

the substrate is connected to source.

The achieved agreement between measured and simulated s—
parameters by the equivalent circuit of fig. 4 is given
on fig. 5 for an implanted MOSFET. The comparison be-
tween the measured and calculated Sy, and Sy values in-
dicates the obtained good simulation of the output devi-
ce circuit.

Noise behaviour

The noise behaviour of the MOSFETs was experimen-
tally investigated in the frequency region between 2 and
6 GHz, since at higher frequencies the gain available
from the devices is poor. The optimum noise figure is
given on fig. 6 for two different MOSKET types and two
substrate temperatures to determine the origin of the ex—
cess noise at higher drain voltages (see also fig. 8).
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Fig. 6: Optimum noise figure of Si-MOSFETs.
fig. 9%

A:TM 40 (double implanted), Vpg=4V, Vgg=4v.
® O®OQ:FM 36 (not implanted§

+ Si-MESFET (after [3] ).

Ar: Chip temperature.

As the curves at h= 90°C indicate avalanche noise affect
the device noise figure at Vpg = 7 V, with an avalanche
frequency below the measuring frequency region. Ion im-
planted MOSFETs have slightly higher noise figures (fig.
6) but the useful bias region is higher, as can be seen

on fig. 7, so the implanted devices will be less bias-—
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Fig. 7: Noise figure and associated gain of Si-

MOSFETs as a function of drain .current.



point sensitive in amplifier applications. The S$i-MOSFETs
are less linear concerning the drain than the gate volt—

age. This is valid for gain and for noise figure (fig.8).
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Fig. 8: Noise figure and drain current of a double

implanted Si-MOSFET as a function of drain
voltage for two chip temperatures 4§ .

Fig. 8 also shows the beginning of avalanche breakdown

at 5V, limiting also this way the available power from
the devices although the MOSFETs withstand drain volt-
ages up to 12 V without any change in DC and RF characte-
ristics.

Large signal behaviour

Measurements of the forward voltage gain 1821] at
1 GHz show a high linearity as a function of gate bias
with a 1 dB compression point between gate voltages of
2 and 9 V and a medium linearity as a function of drain
bias with the ! dB compression point between drain volt-
ages of 2 and 6 V. The output power as a function of the
input power is given in fig. 9.
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Fig. 9: Power saturation characteristics of Si-

MOSFETs.

The 1 dB compression point is at P = 30 mW and 4 dB
gain for a 200,um wide device. By appropriate tuning of
the output circuit the output power can be increased as
fig. 9b shows. The power added efficiency”add is here
~ 10 Z. The saturation power reaches here 100 mW for
the device of fig. 9.

Large signal time domain analysis of the MOSFETs,
important for digital applications, showed a pulse sharp-
ening effect causing the output pulse rise time to be 48
ps and smaller than the input pulse rise time being 56ps

{4] . The delay time for a single device was 46 ps. For
the application in integrated logic circuits the channel
width of the device shown is too large, a width of 20/um
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should be needed. In this case however the parasitics
will have more disadvantageous influence on device pulse
response than on a device with a 200/um wide channel.

Conclusion

Short channel silicon MOSFETs have been shown to be
useful up to the G-band. The noise behaviour is slight-
ly better than that of 1,um silicon MESFETs reported so
far. Ion implantation of’ the channel region for reali-
zation of normally OFF FETs with high punch through volt-
age does not affect essentially the RF small signal,
noise and switching behaviour.
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