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Properties of a High=. dc SQUID Radiofrequency
Amplifier

Alexey S.Kalaboukhov, Michael A. Tarasov, Ants Lohmus, Zdravko G. lvanov, and Oleg V. Snigirev

Abstract—We present an experimental investigation of a
radiofrequency amplifier based on a bicrystal highd. dc SQUID
designed for the frequency range 500-3000 MHz. The SQUID
input coil comprises only one layer of a normal metal forming
open-ended microstrip line. Both dc and microwave properties
were investigated and analyzed. Maximum power gain was found
to be 16 dB at 520 MHz for a SQUID with 8 turn input coil.

Index Terms—High-temperature superconductors, microwave
measurements, SQUIDS.

I. INTRODUCTION

HE first practical radiofrequency amplifier based oi
a low-I, Nb dc SQUID was demonstrated more tha
fifteen years ago [1]. Since then, several approaches h:
been developed in order to achieve high power gain a
low noise temperature [2], [3]. In spite of the ultimate noise
performance, such amplifiers have various disadvantages Sgghy  microphotograph of the high dc SQUID amplifier on YSZ bicrystal
as low dynamic range, high intermodulation products mainbpbstrate with 30 misorientation angle.
due to the limited SQUID voltage-to-flux transfer function, and
absence of feedback. Recently, a new design for allowb h
SQUID amplifier with a microstrip input coil was suggesteq
[4]. This design reduced the SQUID loop inductance and th
capacitance between the input circuit and the loop. Such a
design with a normal metal coil replacing superconducting
coil is very attractive for highE. superconductor technology A detailed description of our technological process can be
where fabrication of multilayer superconducting structures fsund elsewhere [5].
complicated. A 180 nm YBCO film was deposited by conventional laser
In our previous work [5], [6] we developed a technologicahblation with an excimer KrF mixture lasek (= 248 nm),
approach for high£,. dc SQUID radiofrequency amplifier basedbuffer oxygen pressure 0.3 mbar and substrate temperAtare
on bicrystal dc SQUID with normal metal input coil separate@5°C. A thin gold film was deposited both by e-beam evap-
by an amorphous dielectric layer from the SQUID washer. Tlwgation and magnetron sputtering. SQUID structure was pat-
purpose of the present work is to analyze the margins of tte¥ned with optical photolithography and ion-beam etching in
Art ions with energy 250 eV and current density 0.2 mA7cm
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Fig. 2. Configuration of the experimental setup for power gain measuremer
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which is constrained by SQUID performance consideratior

The best solution is to adjust the coil line width in order to var 48
its length keeping the total SQUID inductance fixed near the o
timal value.
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. Fig. 3. Amplitude-frequency response of the comprehensive measurement
B. Optimal SQUID Parameters circuit for blank YSZ substrate. The signal poweri$0 dBm referred to the

The SQUID inductance is not the only the factor af_rectmaenerator output. The total microwave losses through the circuit &BedB.
on the SQUID amplifier performance. In order to obtain better )
microwave matching the dynamic resistance at the optimal bia ;¢ _
point should be close to 50 Ohm for both the amplifier input
and output. The SQUID inductance should coincide with the 14
optimal value for a givedc. Thus, the overall performance is
determined by of thdc Ry value, whereRy is the normal
resistance of the Josephson junction.

For high7= SQUIDs at 4.2 K the typicalc Ry is about 1-2
mV depending on the Josephson junction quality and misorien
tation angle. According to this, the critical currdptshould not
exceed 50-7@A, SQUID total inductancé.s ~ 50—100 pH. 61

Output power, dB

IV. EXPERIMENTAL RESULTS

The experimental setup is shown in Fig. 2. For power gain 5o 200 2% 300 3% a0 a0 se0 | st
measurements a calibrated generator was used. The small sig!
(typically —110 dBm referred to SQUID input) from generator

was directly coupled to the input coil through dc block ant)  Fig. 4.  Power gain of high. dc SQUID amplifier withN' = 8.

dB cold attenuator. There filters were used to decrease the noise

level from room temperature electronics to avoid SQUID Saﬁ]sted for a maximum voltage-to-flux response (188/®);

_uratlon. First stage low noise amplifier with30 dB gain was 1as ~ 200 uV corresponding to a Josephson frequency of
installed on the cold stage. Two room-temperature amphﬂe{go GHz

with total gain+80 dB were used to bring the signal up to the
network or spectrum analyzer. Thus, the overall amplifiers gali

Frequency, MHz

8tWhen the SQUID was introduced in the microwave circuit the
. o " "total losses increased up to 25 dB. The origin of the additional
was+110 dB. The SQUID was installed inside superconducting . .. i apparently inside the SQUID structure. In the present

andy-metal shields. . - .
_ . investigation we have not made any special efforts to reveal the
Before SQUIDs were tested, the full circuit amplitude-to-fre- 9 ysp

: tigated in th 200-3000 ﬂss mechanism.
quency response was investigated in the range 8 The result of the power gain measurements in the particular
(Fig. 3) correspondm'g tothe cold LNA bandwu_jth. AplankYSZZOO—BOO MHz range is shown in Fig. 4. This dependence was
substrate was used m_stead (_)f the SQU_ID chip in this measlftained by subtraction of the output signal level observed at
ment. The response is relatively flat with a small gap at 50 fferent values of the external magnetic iy, = n®,/2 and
MHz, presumably from the cold LNA. (n+1/4)®,. The maximum power gait6+1 dB was observed

A S.QUID made on YSZ.b|cryst.aI subsftrate W.'th 30'39“' aé520 MHz. Above 550 MHz there was no significant gain.
entation angle was investigated in detail. The input coil has

turns and 5um linewidth. The insulator thickness is 170 nm.
The SQUID has critical currertz = 50 A and normal resis-
tanceRy = 10 , giving thelc Ry = 0.5 mV. In this paper we presented an investigation of a Highdc

To measure the power gain we used a spectrum analyzeSQUID amplifier with a microstrip normal metal input coil.
observe the SQUID response directly. The bias point was dd-spite that the SQUID did not have ultimate performance,

V. DISCUSSION
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IcRy = 500 pV, we observed significant power gain of 16
dB at 520 MHz.

With respect to our previous results with smaller coils (4-5
turns), the resonant frequency became lower but the power gai
increased. The mentioned in [7], this is mainly connected with
the stray capacitance and inductance of the input coil.

It is more important to understand the reason for high inser-

REFERENCES

[1] C. Hibert and J. Clarke, “DC SQUIDs as radiofrequency amplifiers,”
Journal of Low Temp. Physvol. 61, no. 3/4, pp. 263-280, 1985.

] M. A. Tarasov, V. Y. Belitsky, and G. V. Prokopenko, “DC SQUID RF
amplifiers,”|EEE Trans. Appl. Supercondiol. 2, no. 2, pp. 79-83, June
1992.

[3] G. V. Prokopenko, D. V. Balashov, S. V. Shitoy, V. P. Koshelets, and J.
Mygind, “Two-stage S-band DC SQUID amplifiedfEEE Trans. Appl.
Supercond.vol. 9, no. 2, pp. 2902—-2905, June 1999.

tion losses in the SQUID. This can be due to the normal metalj4] M. Mueck, M.-O. Andre, J. Clarke, J. Gail, and C. Heiden, “Radiofre-

input coil. Additionally, we did not specially examine the high

frequency behavior of the amorphous dielectric used betweerk]

the input coil and SQUID washer.

ACKNOWLEDGMENT

A. S. Kalaboukhov would like to thank technical engineer S.

Pehrson for invaluable assistance in preparing the experiment(ﬂ]

setup.

guency amplifier based on a niobium dc SQUID with microstrip input
coupling,” Appl. Phys. Lett.vol. 72, pp. 2885-2887, June 1998.

M. A. Tarasov, O. V. Snigirev, A. S. Kalabukhov, S. I. Krasnosvo-
bodtsev, and E. A. Stepantsov, “Design and fabrication of the figh-
radiofrequency amplifier with the microstrip input coil based on
bicrystal dc SQUID,” inInst. Phys. Conf. SerSpain, Sept. 14-17,
1999, pp. 533-536. Paper presented at European Conference on Applied
Superconductivity.

[6] M.A.Tarasov, O. V. Snigirev, A. S. Kalabukhov, S. . Krasnosvobodtsev,
and E. A. Stepantsov, “A radiofrequency dc SQUID amplifier with a
microstrip input coil: Simulations and experiment,”Rnoc. 7th Int. Su-
perc. Electr. Conf.Berkeley, CA, USA, 1999, pp. 540-542.

M. Muck and J. Clarke, “The superconducting quantum interference
device microstrip amplifier: Computer modelsJournal of Applied
Physicsvol. 88, no. 11, pp. 6910-6918, Dec. 2000.



