frequency-agile transmission, respectively, giving the overall
probability to resolve speed P, + P, as function of ¢ for differ-
ent values of K.
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Fig. 2 Algorithm performance for agile frequency
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Conclusions: A two-step procedure has been proposed to
extract target speed data in MPRF radars by starting from
ambiguous measurements. This approach also assures satis-
factory performance for frequency-agile radars. Performance
has been assessed through a computer simulation which
allowed us to select the best values for Doppler threshold K
and filter enlargement ¢.
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NEW CMOS OTA FOR FULLY INTEGRATED
CONTINUOUS-TIME CIRCUIT
APPLICATIONS

Indexing terms: Circuit theory and design, Integrated circuits,
Operational tr d plifiers, Filters, Amplifiers

A new CMOS circuit is proposed for implementing an oper-
ational transconductance amplifier (OTA) based on the
square-law characteristic of MOS transistors biased in satu-
ration. Simulation results show that a total harmonic distor-
tion of the output current smaller than 1% for differential
input signals up to 3-8V__ and supply voltages of +5V can
be obtained.

Introduction: Linear VI transconductors are of increasing
importance in continuous-time filtering,!> particularly in
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MOS technology. However, to obtain linearity of the output
current with the input voltage, special circuit topologies are
required. Many of the good structures presented so far in the
literature are based on the circuit shown in Fig. 1.3-5 Tran-
sistors M, and M, are assumed to be matched devices oper-
ating in saturation and in strong inversion. Under these

conditions the approximate square-law current/voltage char-
acteristic

ID=/—23(VGS_ VT)Z )

is valid for MOS transistors, if the channel-length modulation
effect can be neglected (long-channel devices). The differential
current I, = I, — I, in Fig. 1 can be expressed as’

Io=g,V for [Vi<Vy V=V,-¥% (2
where g,, = 28Vy is the transconductance of the cell and B=
4, C,{(W/L),. Therefore, having satisfied the conditions just
mentioned, this approach leads to linear OTAs with a large
differential input voltage range. The major drawback of the
circuit in Fig. 1, however, is the difficulty in implementing the
floating constant voltage sources. This letter presents a new
solution to this problem which allows large differential input
signal amplitudes with very small output harmonic distortion.

i
Fig. 1 Basic cell of OTA

Convertor realisation: Fig. 2 shows the circuit of the proposed
transconductor. The constant voltage-sources are obtained
from the gate-to-source voltages of the MOS transistors M,
and M,, which are biased in saturation with a constant
current I, This is achieved in a very simple way: the drain
current I; (I,) of the input transistor M, (M,) is mirrored
through M5, M;, M, and M, (M, Mg, M,; and M) and
then subtracted at the source node which is common to M 1

v
Mg DD
Mg

lo
M3
STO H
r T R 12
E Mo ']Mﬂ Ll
\
*
Fig. 2 CMOS OT A with simple current mirrors
Parameter NMOS PMOS Transistor W L
VTO, V 08 -08 um pm
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and M; (M, and M,). Consequently, the current through M,
(M) equals I, and Vg, is a constant whose value is given by

Voss=Vx+ Vin = (213/133)0'5 + Viw 3

Hence the value of V; can be adjusted through the value of
the bias current I,. It should be noted that the proposed
technique allows control of the transconductance g,, with
process and temperature variations, and also provides tuning
capability.

The input voltages ¥, and V; in the circuit of Fig. 2 must be
greater than a minimum value to guarantee that both M,,
(M,,) and M, (M,¢) are in saturation. Also, the maximum
values of these input voltages must be limited to keep M,
(M,) in saturation. These two conditions are satisfied, respec-
tively, if

Vi Vx+ Ve + Vs + Vy
< ()7

B\O*
Vi < Vop + Vin + Vip — 2V B, (%)
5

where max (x,, x,) denotes the maximum value of the pair (x,,
X,). Eqns. 2, 4 and 5 clearly show that the increase in the
maximum allowable input differential input voltage V,
reduces the common mode input voltage range. This compro-
mise must be kept in mind during the design process.

and

2-4V
> b
v, =0 z )
<<
ar 14
wn
ot Vy =09V
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v,, 05V/div

Fig. 3 DC transfer characteristic of OT A

Simulation results: The new OTA in Fig. 2 has been simulated
using SPICE. For the simulation, the simple current mirrors
have been substituted by cascode ones, reducing the errors
due to inadequate mirroring. Of course, in this case we have a
lower allowable input voltage range, but a smaller total har-
monic distortion of the output current. In SPICE circuits
simulations we have used V;, = — Vs = 5V and the electrical
parameters and the dimensions in Fig. 2. Fig. 3 shows a plot
of the DC transfer characteristic of the convertor for various
values of the voltage Vy, leading to different transconductance
values. It should be noted that, as previously mentioned, the
allowable input voltages that assure linearity depend on the
value of V. Fig. 4 shows a plot of the total harmonic distor-
tion against input peak voltage. The DC level of both the
input terminals was necessary to ensure that the NMOS tran-
sistors of the current mirrors were biased in the saturation
region over the entire input voltage range. Simulation results
have shown that the total harmonic distortion can be less
than 1% if the peak input differential voltage does not exceed
the value of Vy, equal to 1-9V in this case.

Conclusions: A very simple CMOS circuit has been proposed
to implement a linear OTA whose transconductance value can
easily be adjusted by controlling the bias current I,. This
circuit also provides a means of obtaining an output current
proportional to the square of the input differential voltage.*
Analysis and simulation results have shown that the proposed
circuit can perform as well as or even better than some VI
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convertors presented in the literature. For example, the OTA
presented in Reference 3 introduces a more complex circuit to
obtain the same transfer function. Also, the allowable

/
| /
/
F /
§ £=100kHz /|
2l /
e /‘IkHz
e Y
=l Vi
Y%
0 " ! L \ . ' . L

Fig. 4 Total harmonic distortion of output current against peak input
voltage

Vy=19V;DClevel: V, =V, =1V

v, 0-25Vidiv

common mode input voltage range in the convertor suggested
here is greater than that presented in Reference 4 for the same
manufacturing process. It should be emphasised that a careful
layout of the circuit must be planned, to avoid harmonic dis-
tortion, especially the second harmonic, due to transistor mis-
matches.
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PARTIALLY DOPED GaAs
SINGLE-QUANTUM-WELL FET

Indexing terms: Semiconductor devices and materials, FETs,
Semiconductor doping, GaAs

We report on 1 um gate length n* AlGaAs/partially doped
GaAs/n* AlGaAs single-quantum-well (PDSQW) FETs with
a high extrinsic peak transconductance of 300 mS/mm. An
acceptably high transconductance is maintained over 2-8V
gate-voltage swing. The FETs demonstrate a sharp pinch-off
around ¥, = —2V, and a full channel current of 820mA/mm
was observed at room temperature. The PDSQW structures
exhibit a two-dimensional electron-gas (2DEG) sheet charge
density as high as 34 x 10'2cm™? with mobility of
17000 cm?/Vs at 77K. The PDSQW structure combines the
advantages of both the conventional single-quantum-well
(SQW) structure (high mobility and good carrier
confinement) and the doped-channel structure (high carrier
density).

Introduction: Selectively doped heterostructure transistors
(SDHT) are very attractive for both high-speed digital circuits
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