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ABSTRACT

A novel loss compensation technique for high-Q broad-band
active inductors is proposcd. This yields frequency-insensitive
negative resistance to compensate constant internal losses.
Mcasured frequency range is 6 to 20 GHz for Q values greater
than 100, and 7 to 15 GHz for Q valucs greater than 1,000.

INTRODUCTION

Active inductors suffer significant constant internal loss duc
to scveral factors such as the drain-to-source conductance of the
FET and the DC bias circuit. Scveral remedics have been
introduced [1]-[7], including some attractive approaches that
achicve high-Q valucs by using ncgative resistance. However,
our simplified cquivalent circuit analysis revealed that these
techniques result in limited band characteristics. If the negative
resistance gencerated in scrics with the inductance could be made
conslant against thc opcrating frequency, the loss could be
canceled over a much wider frequency band, i.e., from DC to the
microwave frequency range.

This paper proposes a technique for high-Q broad-band active
inductors in which the circuit structure generates frequency-
inscnsitive ncgative resistance that almost completely
cotmpensates the constant internal loss. This yields a much wider
frequency band than offered with previously reported active

inductors.
DESIGN APPROACH
The schematic of a previously reported active inductor ( P-A
type ) is shown in Fig. 1(a) [1]. This circuit is composed of

common-sourcc cascode FETs (FET1 and FET2) and common-
gatc cascode FETs (FET3 and FET4) feedback. Shunt resistor Ro
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is connected parallel to the output port. If the FET cquivalent circuit
ts assumed to be just a combination of the transconductance gm
and the gate-to-source capacitance Cgs, and the FETs have the
same cut-off frequency fT (= gm/2rCgs), the simplificd cquivalent
circuit obtained from our analysis is as shown in Fig. I(b). The
internal loss Ri, caused by the drain-to-sourcc conductance of the
FETs, the resistors for DC bias, and several other factors, is ahmost
constant at the operating frequency range below f1/2
cxperimentally. The total scries resistance varics against the
operating frequency because the ncgative resistance is parallel to
inductance. Thus, Ri can be canccled by adjusting the amounts
of R0 and gm3 against the operating frequency.

Another previously reported active inductor ( P-B typc ) is
based on a combination of a common-sourcec FET (FET1) and a
fecdback common-gate FET (FET2), as shown in Fig. 2(a) [5].
Shunt resistor R0 is connected between the ground and the gate of
FET2. The simplified cquivalent circuit obtained from our analysis
is shown in Fig. 2(b). The total scrics resistance varics with the
frequency because the generated negative resistance is proportional
to the square of the frequency. Thus, Ri can be canceled by
adjusting the amounts of R0 and gm?2 against the operating
frequency.

In these two methods, the following facts were overlooked: If
the negative resistance gencrated in scrics with the inductance
could be madc constant against the operating frequency, the loss
could be canceled over a much wider frequency band, i.c., from
DC to the microwave frequency range. A schematic of this new
inductor is shown in Fig. 3(a). The gate of FET3 is connected to
the drain of FET1 and the source of FET2, and resistor Ro is
connccted between the drain of FET2 and the output port. A
simplified cquivalent circuit is shown in Fig. 3(b). Note that the
negative resistance shows no frequency term so Ri can be fully
canccled by adjusting the amounts of R0 and gm?2 for the entire

frequency range. Furthermore, this circuit has a higher inductance
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value than previously reported circuits according to our analysis.
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Fig. 1 Type P-A active inductor.
(a) circuit configuration
(b) simplified equivalent circuit
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Fig. 2 Type P-B active inductor.
(a) circuit configuration
(b) simplified equivalent circuit
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Fig. 3 Proposed active inductor.
(a) circuit configuration
(b) simplified equivalent circuit
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EXPERIMENTAL RESULTS

The experimental active inductor is shown in Fig. 4. The
inductor was fabricated using four 0.1-um-gatc-length InAlAs/
InGaAs/InP HEMTs [8] for FET1, FET2, FET3, FET4 (DC biasing
FET). The HEMTs arc 25 pun wide and featurc nonalloyed ohmic
contacts for the source and drain electrodes. To reduce the contact
resistance, a novel n*-InGaAs/n*-InAlAs cap laycer was uscd. The
HEMTs have an average fT of 140 GHz and finax of 180 GHz.
The resistor Ro is 29 Q. A photograph of the MMIC chip is shown
in Fig. 5. The chip size is 0.4 x 0.78 mm?.

The measured S parameters from 2 to 26 GHz arc shown in
Fig. 6. The associated series resistance is kept above 0 €2 in the

Vg4 & Vg3 @Vm
Fig. 4 Detailed schematic of the experimental active
inductor.
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Fig. 5 Photograph of the MMIC chip.



frequency range of 0.045 GHz through 26.5 GHz by the
appropriate bias conditions, Vgl =0.0 V, Vg2 =12V, Vg3i=24
V,Vga=335V,Vd=4.9V,and Id= 11 mA. This shows that loss
compensation is obtained up to more than 20 GHz. The measured
S paramecters at 2 GHz arc capacitive because of the DC cut
capacitors. Figurc 7 shows the measured impedance-frequency
characteristics, where the impedancc is represented by series
resistance and inductance. The inductance values at 6 GHz and
20 GHz arc respectively 0.41 nH and 0.82 nH, and the Q valuc in
this frequency range is greater than 100. The inductance values

Fig. 6 Measured S parameters of the experimental circuit.
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Fig. 7 Measured impedance-frequency characteristics
of the experimental active inductor.
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at 7 GHz and 15 GHz are respectively 0.44 nH and 0.59 nH, and
the Q value in this frequency range is greater than 1,000. The
low-loss and wide-band characteristics arc duc to the proposcd
constant series negative resistance compcensation.

Considering applications for active filters, phasc shifters,
oscillators and so forth, one of the most important problcms is
stability against temperature variation. Figurc 8 shows mcasured
impedance-frequency characteristics when the temperature is
varied from -5 © to 55 °C. The variation of the inductancc and
resistance values at 18 GHz are respectively within 0.1 nH and 2
Q.
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Fig. 8 Measured impedance-frequency characteristics
with temperature variation.



The input-output characteristics at the frequency of 8 GHz
was mcasured to investigate dynamic range. The test setup for
measuring linearity is shown in Fig. 9. A 8 GHz signal was
injected into the active inductor through a circulator, and the
reflected signal was obscrved by a spectrum analyzer. The 1-dB
gain compression point is -1 dBm of incident power, and the
fundamental power to the sccond-harmonic wave power of the
reflected signal is more than 20 dB, as shown in Fig. 10. The
phase deviation is less than 1 degree in this incident power range,
which means that the variation of the inductance and resistance

values arc ncgligible up to -1 dBm of input power.
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Fig. 9 Block diagram of the test setup for linearity

measurement.
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Fig. 10 Reflection power versus incident power.

CONCLUSION

A novel loss compensation technique for high-Q broad-band
active inductors has been proposed. This gencrates frequency-
insensitive negative resistance in serics with inductance to
compensate constant internal losses. The experimental active
inductor covers a measured frequency range of 6 to 20 GHz for Q
values greater than 100, and 7 to 15 GHz for Q valucs greater
than 1,000.

This technique is highly desirable for achicving high-
performance filters, VCOs and analog phase shifters.
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