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Abstract— A valley microstrip line fabricated by using multi-
layer MMIC technologies is proposed and its performance is
investigated experimentally. Insertion loss of the valley mi-
crostrip line is smaller than that of conventional microstrip lines
having the same width of strip conductor.

1. INTRODUCTION

ERY small multilayer MMIC’s have being developed in

ATR, . Microstrip lines, coplanar waveguides,
and slot lines are utilized for a fundamental transmission
lines. These transmission lines are used together and make up
a circuit. The coplanar waveguides or the slot lines are
fabricated on a GaAs substrate. The microstrip lines with the
narrow width strip conductor are fabricated on a thin dielec-
tric film prepared on a GaAs substrate. For ground plane of
these microstrip lines, that of uniplanar transmission lines
such as coplanar waveguides are untilized. These microstrip
lines can be crossed easily if the thickness of dielectric film
of each microstrip line is different. Although multilayer
MMIC’s can reduce the overall circuit size, these narrow-
width microstrip lines have larger insertion loss than mi-
crostrip lines in conventional MMIC’s . To reduce this
insertion loss, this paper proposes new valley microstrip line
structures for use in multilayer MMIC'’s.

II. CONFIGURATION

3 £ shows the cross section of transmission lines for use
in multilayer MMICs. {3} ¢ (a) is a microstrip line with
dielectric overlay. This microstrip line is fabricated by using
thick dielectric films of several-um on a GaAs substrate.
Reducing the insertion loss is normally accomplished by
increasing the width of the strip conductor, but as a result,
circuit size becomes very large. Conversely, narrowing the
width of the strip conductor to miniaturize circuit size,
increases the insertion loss.

The valley microstrip line is shown in ® ¢ (b). This new
structure can eliminate the current concentration at both
edges of the strip conductor. Since the distance between the
ground plane and the center of the valley microstrip conduc-
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3 L.. Cross section of transmission lines for multilayer MMIC’s; shaded
portions show metal. (a) Microstrip line with dielectric overlay. (b) Valley
microstrip line.

tor is smalier than between the ground plane and the edge of
the conductor, the concentration of current is dispersed be-
tween the three points, i.e., the center and both edges of the
valley microstrip conductor. Also, the length, W’, along
the valley microstrip conductor is wider than the conductor
width W. Therefore, the dispersion degree of current in the
valley microstrip conductor becomes higher than in the mi-
crostrip conductor if the width of the valley microstrip con-
ductor nearly equal to the width of the microstrip conductor
for the same characteristic impedances. These two effects
reduce the conduction loss of the valley microstrip line.



Microphotograph showing a cross section of the valley microstrip
line.

III. FABRICATION

Polyimide film is utilized for the dielectric layers and is
fabricated by using multilayer MMIC technologies. The poly-
imide film is prepared by spincoating and heat-treatments,
The total dielectric film consists of four 2.5 pm-thick layers.
Polyimide possesses low film stress and allows fabrication of
a thick dielectric layer of several um. Furthermore, poly-
imide film can be processed in a valley-shape by using
chemical etching_ The relative dielectric constant of the
polyimide film is 3.3. The strip conductor of 1-um thickness
is fabricated by standard lift-off technique.

21 shows the microphotography of the valley mi-
crostrip line. The depth of valley is 7 um and the width, W,
of the strip conductor is 6 pm. The valley taper angle, 6, is
35 degrees.

IV. EXPERIMENT RESULTS

Each transmission line was measured by using on-wafer
probers and a HP8510 network analyzer. Four microstrip
lines with dielectric overlay, whose polyimide layer thick-
ness/strip conductor width is 2.5 pm/5 pm, 5 pm/10 pm,
7.5 um/16 pm and 10 pm/22 pm were measured. Charac-
teristic impedances of each line is 50 . For the valley
microstrip line, the polyimide layer thickness underneath
varies from 3-10 pm. With a strip conductor width of 6 um,
the characteristic impedance is 50 Q.

{2¢ - shows the insertion loss of the microstrip lines with
dielectric overlay as a function of frequency. When the strip
conductor width is narrowed in order to miniaturize circuit
size, insertion loss increases. 'S4  shows the comparison of
insertion loss between the valley microstrip line and the
microstrip line with dielectric overlay as a function of fre-
quency. This microstrip line which is compared has the same
conductor width as the valley microstrip conductor, with 50
Q characteristic impedance. Insertion loss of this microstrip
line 1s estimated from four lines in A & . The insertion loss
of the valley microstrip line can be up to 20% less than that
of the microstrip line with the same conductor width.
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V. CONCLUSION

The valley microstrip line utilizing the characteristics of
polyimide is newly developed for multilayer MMIC’s and has
been experimentally investigated. The insertion loss of the
valley microstrip line is approximatery 20% less than mi-
crostrip lines with the same conductor width. Therefore, use
of the valley microstrip line can reduce increase of insertion
loss even when the strip conductor width is reduced. Experi-
mental investigation of characteristics of the valley microstrip
lines varing the polyimide layer thickness and of the multi-
layer MMIC’s fabricated by utilizing the valley microstrip
lines, which are still required.
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ABSTRACT

The branchline hybrid is investigated as an application of valley microstrip
lines to a circuit that consists of valley microstrip lines both with and
without a slit. It is shown that valley microstrip lines can be utilized for

configuring a circuit in accoerdance with theory.

INTRODUCTION

Very small multilayer MMICs have being developed in ATR, Microstrip
lines are utilized for fundamental transmission lines. These microstorip lines
consist of narrow metal strips on a thin dielectric film prepared on a GaAs
substrate and the ground metal on a GaAs substrate. Furthermore, valley
microstrip lines have been proposed to reduce the insertion loss over that of
microstrip lines, It remains to be seen whether the circuits perform in
accordance with the predicted value if they are fabricated using meandering
valley microstrip lines to minimize the circuit area, i.e., whetﬁer the valley
microstrip line impedance and effective dielectric constant, are as predicted
and whether the meander configuration has no significant effect on circuit
peformance and fabrication. This paper investigates these points by testing a
branchline hybrid using both valley microstrip lines and ‘the newly proposed

valley microstrip lines with slits.

CONFIGURATION OF VALLEY MICROSTRIP LINES WITH SLITS

The configuration of the valley microstrip line with slit is shown in 37 .
There is a ground metal slit just under the valley strip metal. The current
concentration is dispersed at three points, i.e., the center and the 2 edges of
the valley strip metal. The dispersion characteristics vary according to the
slit width. Therefore, the average of electromagnetic intensity in the
dielectric film under the valley strip metal, consequently, the strip width for
the same characteristic imi:edance, can be adjusted by altering the slit width.

Moreover, since the slit leaks an electromagnetic field into the GaAs

substrate, the effective dielectric constant increase as the slit is widened.
Therefore, this line is advantageous in the insertion loss per unit electrical

length.

DESIGN OF THE BRANCHLINE HYBRID

Polyinﬁde(sr:B.B) is utilized for the dielectric film. The calculated value of
the characteristic impedance of a valley microstrip line with slit as a fanction
of .the strip widths is shown in @3# when the slit width is 0, 12 or 24um.
Where the dielectric film thickness, H, is 10um, the valley taper, 8, is 35°

and the valley depth is 5um. The finite element method is utilized for the

R



calculation. If the slit is widened, a strip having the same characteristic
impedance is widened. The slit is adjusted so that 502 and 35{) 1/4 wavelength
transmission lines have nearly equal strip widths, i.e., nearly equal conductor
loss. The strip/slit widths are 24pm/24pm for the 50Q line and 30pm/Opm for the

350 line, the effective dielectric constant 3.1 for the former, 2.8 for the

latter.

PERFORMANCE

The experimental results of only the valley microstrip lines without and
with slits are evaluated. Transmission lines with 500 and 35§} characteristic
impedances (to be used in the fabrication of the branchline hybrid) are
fabricated and tested. The measured impedances/effective dielectric constants
are 450 /3.4 and 33() /2.8 respectively. These values conform to the design
values. Minor differences arise because the valley depth is greater than
expected.

The photomicrograph and the circuit configuration of the branchline hybrid
are shown in @39.(a) and (b). The size of the intrinsic area after subtracting
the input/output lines is 1.1 X 1.0mm. Both the valley microstrip lines with and
without a slit are arranged in meander configuration to.minimize the circuit
area. There was concern that the meander configuration, paticularly in corners,
would cause problems in fabrication. However, no problems arose.

The branchline hybrid is measured by using on-wafer probe and an HP8510
network analyzer. The measured values of the coupling fregquency characteristics
are shown in @ﬁ,’—\), more with the calculated values. Smilarly, the return loss
and isolation are shown in [E4|, where the perfomance includes the influence of
the input/output lines for on-wafer measurement. In the calculation, the
evaluated results of only the valley microstrip lines are used. Coupling of
5£0.5dB in the frequency range of 18-23GHz, return loss of 13dB at the center
frequency and isolation of more than 30dB at the center frequency, are obtained.
The calculated value well represents the measured value. The meander-like

arrangement does not influence of the valley microstrip line performance.

CONCLUSION

A branchline hybrid is fabricated ‘and investigated as an application of
valley microstrip lines to a circuit. Here, the valley microstrip lines and the
newly proposed valley microstrip lines with a slit are properly used and are
arranged in a meander configuration. Valley microstrip lines can be utilized to
configure a circuit that is in good agreement with the design. The meander-like
arrangement for minimizing the circuit is not defficult to fabricate and does

not adversely affect high frequency performance.
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ABSTRACT
A broad-band microwave voltage-controlled oscillator (VCO) is proposed and its
operating frequency range is discussed. This VCO consists of only an active inductor
and an output common-drain FET. The active inductor is composed of a common-
source cascode FET and a feedback FET, and operates in a wide frequency range with
voltage controllable nagative conductance. Through simulation, a very wide operating
frequency range of 4-10GHz and very small chip size of less than 0.5 mmZ2is predicted.

INTRODUCTION

Conventional voltage-controlled oscillators use a quarter-wavelength transmision
line, spiral inductor and a varactor, where the varactor is voltage-controlled to change
the oscillator frequency. However, it is the inductor which is mainly determined chip
. size and operating frequency range by that.

The microwave active inductor which we recentry proposed is composed of a
common-source cascode FET and a common-gate feedback FET, and offers a negative
conductance along with a parallel inductance and capacitance, ‘When a cascode
FET is used for the feedback FET, the inductor value can be controlled by the second
gate dc bias voltage. The proposed VCO using the active inductor eliminates the
additional quarter-wavelength transmission lines and inductors, thereby drastically
reducing the MMIC chip size as well as broadening the VCO’s operating frequency
range. Through simulation, a 4-10GHz VCO with an area less than 0.5mm?2 is
successfully predicted.

CONFIGURATION

The schematic of the newly proposed VCO using an active inductor is shown in 2154
, and the equivalent circuit diagram of the active inductor is shown in 2¢7 . The
VCO consists of an active inductor and an output common-drain FET (CDF) connected
to the active inductor through a capacitor. The equivalent circuit of the active inductor
isrepresented by a parallel connection of negative conductance —G, fixed conductance
bGmf, essential inductance L, and parastic capacitance C. Therefore, the admittance
Yin of the active inductance viewed from A is given by the following equation;

Yin=bGmf—- G+ (juC —1/wl) _ (1)

where




—G=—-abGmf(CgsfGm/GmfCgs+1)

C=Cgsf(1+ab-b)

L=Cgs/GmGmf/ab

a={l+(wCgs/Gm)2}~-1

b={1+(wCgsf/Gmf)2}-1
Gm and Cgs are the transconductance of each FET and the gate-source capacitance,
respectively. Subscript f corresponds to the feedback FET. The common drain FET is
used as an output circuit to provide a high impedance load for the active inductance,
high isolation from the output port to the active inductor, and an output impedance
matching.

DESIGN
The oscillator is designed so that oscillation conditions from (2a) to (2c) are
satisfied at the desired oscillation frequency.

ITin!>1/ITcl (2a)
Llin=—~/ZT¢ _ ' (2b)
oIm(Yin)af>0 (2¢)

where I'in is the reflection coefficient of the active inductor and I'c is that of the output
circuit when viewed from A. The reflection coefficient phase of the active inductor can
easily be changed by the control volatge Vc shown in 12 $¢ ., resulting in a wide
oscillation frequency variation. '

The measured small signal reflection coefficients of the active inductor, IT'inl and
ZTin dependent on control voltage V¢, are shown in ®5? . 2 ¢? indicates that
negative resistance is obtained between 2GHz and 15GHz and that the phase curve
shifts to the right side of the figure as Vc is increased. The small signal reflection
coefficients of the output circuit at A, II'cl and £Tc, are also shown in ©5? | According
 to equations (2a)-(2c) above, the oscillation frequency is given by the frequency at

which the phase lines of the active inductor and the output circuit cross, and the
magnitude of reflection coefficients T'in is greater than that of 1/Tc. Therefore, it is
predictde that the VCO shown in @ ¢4 oscillates between 4GHz and 10GHz when the
control voltage Ve is adjusted. An output power-frequency characteristics calculated
through simulation and a pattern layout will be presented in the digest version. The
size of this VCO MMIC is estimated to be less than 0.5mmnZ2 because the active inductor
is located in a 400pm X 400um area on a GaAs subtrate, and the output circuit requires
only an FET and capacitors. ’

CONCLUSIONS
A very small, MMIC VCO using an FET-feedback active inductor is proposed. An
operating frequency range as wide as 4-10GHz is predicted from the measured negative
conductance-frequency characteristics of the active inductor. The size of the VCO in
monolithic form is estimated to be less than 0.5mm?2 due to the absence of quarter-
wavelength transmission lines and spiral inductors. This innovation should prove
valuable for 1-chip recever MMICs and other multifunction MMICs.
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