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F gvds,dc A. Output Power and Conversion Loss
Ny || % The output powet Py x ) and conversion los&CL) were measured
! N versus gate dc bias voltag¥®;,..) and drain dc bias voltagé/s, . )

X i using the same setup described in [4]. The andRX frequencies
N, G D ] were 10.01 and 10 GHz, respectively.
—{ >~ ‘X | Using Prx /CL as a figure-of-merit, the optimum bias was found to
ry beVie ae = —0.4 V and Vie q. = 2.0 V. With this bias,Prx andCL
v Antenna were found to be 14.0 dBm and 8.6 dB, respectively, for the balanced
gede | transceiver. Fig. 4 shows halfrx, CL, and Prx /CL vary versusPin

at the optimum bias point.

Compared with the unbalanced transceiver [B],x is approxi-
mately 3.5 dB higher, anitrx /CL improved by 4 dB for the balanced
circuit at i = 3 dBm. Similar to the unbalanced transceiver, the
Pyx /CL optimum is found to be insensitive to bias variations.

Fig. 1. Circuit diagram of the unbalanced FET transceiver.

IN LO RF A . . .
VWA Prx/CL varies less than 3 dB fdry. .. ranging from 1.3 to 2.5V,
% and Vs 4. ranging from—0.8 to —0.2 V. The optimum bias differs
from the unbalanced circuit due to different embedding impedances.
A LO(%'}i}:J TX/RX/ . . .
90° hybrid 90° hybrid B. Double-Sideband Noise Power Density at&€/TX Port
F Antenna Using the same procedure as described in [4], the double-sideband
'[7 |IF noise power density referred to tleX/TX port (Ppsg) was mea-
sured versug)y at fix = 10.5 GHz. The result is shown in Fig. 5.
Fig. 2. Balanced FET transceiver topology. Compared to the unbalanced desifpsz is somewhat lower for the

balanced transceiver at low frequencies. This is caused by the limited
ndwidth of the IF transformer.

Since in Fig. 5 no significant improvement in the noise performance
is seen between the two transceivers, the main contribution to the noise
in this setup is probably from FM noise in the signal generatorlgrfd

g(&)ise from the FETSs.

(Fig. 1). As opposed to most other mixer applications, the LO to R
leakage should, therefore, be maximized.

To prevent down-conversion of the AM noise of e signal to the
IF, a balanced topology is investigated. For this application, a sin
balanced quadrature hybrid configuration, which is shown in Fig. 2, is
suitable. C. AM Noise Suppression

This configuration has good LO AM noise rejection properties and
low LO to RF port isolation [7]. Furthermore, the ports will be well
matched.

To study how AM sidebands of tHEN signal are converted to IF,
theIN signal was amplitude modulated. The signal sideband levels
were adjusted to be approximately 25 dB below INesignal level,
which corresponds to a modulation index= 11%.

ll. CIRCUIT DESIGN The AM noise suppression is proportional to the ratio between the
down-converted AM signal level at the IF pdf+ an) andm?. Since

A balanced circuit at 10 GHz was realized in microstrip technologye desired IF signal level is proportional By x /CL, an AM demod-
on a 0.38-mm-thick Duroid 5870 substrate. The circuit was builflation sensitivitySay: can be defined as follows:
without tuning at any frequencies.

P
Two NEC NE 32400 chip FETs from the same batch as used in the %
unbalanced FET transceiver [4] were used. The layout of the balanced Sam = P an @)
test circuit is shown in Fig. 3. ,m’i

The circuit was designed to make each FET unconditionally stable.P CLi d using th d T4l Th
The stabilization was implemented using one{1Geries and one mx /CLis measured using € same procedure as in [4]. The power
at the IF port was measured using an HP 8565E spectrum analyzer.

10042 shunt resistor at each gate. . S : .
The 90 hybrids were designed as double-section branchline cogg?zn%;ze AM measurements, tieX/TX port was terminated in a

plers, having a bandwidth of approximately 3 GHz. For the IF balun,” .
a Mini-Circuits T4-6T surface-mount RF transformer was used, with Fig. Gf comparesSAfM of the balanc;ed an_d lt(r;(la(:nb_lz_atl]anc_ed ’_[trans-
3 dB operating frequency range from 20 kHz to 250 MHz. The trangg'ver; or 3 S\tlvtim.N requetr.wcy(ﬁ?.) ?m{g CL bi z " € cireults
former impedance ratio is 4 : 1, which makes the IF impedancéZI,OOWere iased at their respective optimiffix /CL bias voltages.

as seen from each FET. The center tap of the transformer was used'f__ P the balance_d _C'rcu't’ the suppression is substant_lally |mproyed
drain dc biasing. (Fig. 6). The variation ofSay for the balanced transceiver, seen in

Fig. 6, corresponds closely to the simulated amplitude balance of the
input branchline coupler. The AM suppression is determined by the
amplitude balance of the input branchline coupler and the amplitude
and phase balance of the IF transformer. We believe it is realistic to
To evaluate the performance of the balanced transceiver, it is coimprove the AM noise suppression of the balanced circuit compared to
pared with the unbalanced FET transceiver [4]. the unbalanced circuit by 20 dB all over the measured bandwidth by
ThelIN power( P~ ) used for the balanced circuit was 7 dBm, whictoptimizing the amplitude balance of the input coupler since this was
is 4 dB higher than used in the unbalanced configuration. This comperot originally done.
sates for power division in the input coupler and losses in the stabilizingFig. 7 showsSaw versusfir for the balanced and unbalanced trans-
resistors. ceivers atfrv = 10.5 GHz. For fir < 500 kHz, where the impact of

IV. M EASURED PERFORMANCE
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FET chip Cap. chip |
! 2x1pF poewew=e . -
—————————— (—,’—-----------———~ \ S

IN  DC-block

TX/RX

o {
~...90° hybnd . L / el <29 hybria P
Resistance chip \ 2x1pF

FET chip Transformer
4:1 imp. ratio

Vds,dc
Fig. 3. Layout of the balanced FET transceiver test circuit.
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Fig. 4. Measured transmitted powéPrx), conversion loss(CL), and
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AM noise is expected be of greatest conceixns is improved by typ- A resonance is observed A = 1 MHz in the balanced circuit.
ically 20 dB for the balanced circuit compared to the unbalanced onEhis is caused by the external biasing circuit.
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V. CONCLUSIONS Solenoid D.C.

Ferroelectric  Emitted [ ———— -] Block
RF

The performance of a 10-GHz balanced FET FMCW transceiver h. Ring Electrons
been investigated and compared with a similar unbalanced transcei\ Cathode
The FETs in the transceiver are operated simultaneously as amplifiElectronic
and FET resistive mixers. This circumvents the need for separation t
tween the transmitted and received signals, thus making it suitable -
integration in MMIC technology.

The use of a balanced circuit topology improves the AM noise pe
formance by typically 20 dB. The output power is 14 dBm at 7-dBn = Isolator l | Fv]
input power. Similar to the unbalanced transceiver, the balanced circ
is very robust against bias variations.

Out

I
%S -~

Current
L

~——— ; S
Electron Gun Interaction Region Collector

Fig. 1. Experimental gyro-amplifier device with a ferroelectric cathode.
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The first microwave oscillator using a ferroelectric cathode was
demonstrated in our previous study [18], [19]. In the present experi-
ment, the ferroelectric cathode serves as a hollow electron-beam source

A Microwave Gyro Amplifier With a Ferroelectric Cathode in a CRM gyro-traveling-wave tube (TWT) amplifier experiment.
) ) ) This CRM amplifier, operating in the fundamental gyrotron mode [20]

Moshe Einat, Eli Jerby, and Gil Rosenman near the cutoff frequency of the circular waveguide, tolerates the wide

electron energy spread of the ferroelectric cathode. Demonstration of

Abstract—A ferroelectric cathode is employed for the first time as the such a mlcrqwave amplifier may mOtIYate the development of various

electron-beam source in a microwave amplifier tube. A PLZT 12/65/35 fer- |0W-cost devices based on ferroelectric cathodes.

roelectric ceramic with a high dielectric constant(e, ~ 4000) is used in

aform of a hollow cathode. The tube is operated in poor vacuum conditions Il. EXPERIMENTAL SETUP
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elements in the design of any microwave tube [1]. In particulax0.25.s, where the front side is grounded. The first accelerating elec-
trode is placed 5 mm in front of the cathode emitting side. This elec-
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