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Abstract. We have fabricated and tested two types of SQUIDs. The first, a low inductance
stripline device, was characterized using a commercial dc SQUID as a following amplifier.
The second type was well coupled to a 0.16pH input coil and was characterized and flux-locked
using an ultralow noise room temperature preamplifier. We present device characterization
and noise data for both types of devices.

1. Introduction

An important application for SQUID magnetometers is the detection of very small signals from
inductive receivers. In our application, the relativity gyroscope experiment [1], a dc SQUID
must efficiently couple to a 1pH source inductance and must have low noise at a signal frequency
of 1.6mHz. The well coupled, single transformer, washer type SQUIDs (WCS) we have studied
here often display undesirable parasitic LC resonances in their characteristics. Several approaches
aim to reduce the effects of these resonant structures through the use of damping [2,3,4,5].
A quantitative study of the effect of parasitic capacitance on dc SQUID performance was made
by Ryhinen, er al. [6]. We investigated several damping configurations and found that the
addition of a resistor between the SQUID’s input coil and SQUID loop adequately controls
the most significant resonances. SQUIDs often exhibit excess low frequency noise whose power
spectral density scales as f * where o is commonly near unity. For the gyroscope experiment’s
1.6mHz signal, the SQUID’s f " noise far exceeds the white noise. To better understand the
low frequency noise, we have studied both WCS devices of the design as described above and
weakly coupled, stripline SQUID (SLS) devices, previously characterized by Huber and Cromar,
with f “* noise extending to relatively high frequencies [7].

2. Experimental Apparatus

The SLS test probe is shown in Fig. 1. Extensive electrostatic shielding was used as well as
dual m-section filters on all leads. Ferromagnetic shielding reduced the dc magnetic field at
the SLS to less than 0.5uT and superconductive enclosures provided ac magnetic shielding.
An opto-isolated data acquisition system allowed automated collection of I-V and V-®
characteristics. The SLS was operated in vacuum allowing a commercial ac conductance bridge/PID
system to control temperature. We report data taken at 4.2K.

SLS noise is measured by coupling the device to a following commercial dc SQUID. through
a transformer-filter network which provides a low frequency current step-up of 4X.

Experiments on the WCS were made in similar probes at Stanford and at NIST (without the
vacuum and temperature control feature). Flux locking was accomplished using an ultralow



R1 Cl R2 FOLLOWER DC SQUID

T R1=1Q
e | T 19 it
PLATING L1 L2 L3 Rline=10002
Cl=11nF
| L1=1000uH
~~{rT} ] L.2=0.3uH
&= L3=2pH
NIOBIUM can | [T v ]
Ly
i —

i S

OC SQUID
UNDER TEST

¢ ¢

Figure 1: SLS test probe.

noise (0. 33nV/\/ITIz) amplifier [8] with 100kHz modulation and two-pole integrator electronics
similar to the design of Wellstood, et al. [9].

3. Device Fabrication

The SQUIDs were fabricated at NIST using a superconducting integrated circuit process with
2.5pm minimum feature size and based on Josephson junctions formed from Nb/Al-oxide-Al/Nb
trilayers. The trilayers were formed on 51mm Si wafers whose temperature during deposition
was maintained below 70°C. The load locked deposition system was cryopumped to its base
pressure of 5.3 x 10°Pa and the lower Nb electrode (200nm thick) was sputtered in 1.07Pa
of Ar at a rate of 2.5nm/s. Next, the Al layer (7nm thick) was sputtered in 0.67Pa of Ar at
a rate of 0.1nm/s. The wafer was then transferred to the load-lock and the Al was oxidized
in O, for 30 minutes to form the tunneling barrier. The wafer was returned to the deposition
chamber and the upper Nb electrode (50nm thick) was sputtered in 1.07Pa of Ar at a rate of
1.5nm/s. The resulting trilayers were patterned by reactive ion etching in CF, and O,. The
junction shunting and resonance damping resistors are thermally evaporated Auln, with sheet
resistivity of approximately 1Q/7J. Insulating layers are thermally evaporated SiO and the SQUID
washer and wiring layers are composed of thermally evaporated PbInAu alloy. All layers except
the trilayer were patterned by photoresist lift-off.

4. Results

The I-V and V- characteristics for the SLS were acquired with the following SQUID removed,;
the latter is shown in Fig. 2. The corresponding electrical parameters are given in Table 1.
The junction shunt resistance, Rg, and the minimum and maximum critical currents (Ioypy and
Iouax) Were inferred from the I-V curve. The SQUID’s self inductance Ls was obtained from
Ty and Iyax using the work of Peterson and Hamilton [10]. The capacitance and the hysteresis
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Figure 2: V-® curve for SLS. Figure 3: VS, for SLS at state in Fig. 2.

parameter B were inferred from the area of the junction and its expected capacitance per unit
area. The voltage noise spectral density was measured at the output of the following SQUID
and normalized with the responsivity to yield VS ‘/_ (Fig 3). This verifies previous measurements
taken from 1-1000Hz at NIST, however, the data shown here has slightly higher values of S,,.
The difference may be due to helium boiling at 4.0K at NIST and 4.2K at Stanford. The origin
of the spikes in Fig. 3 is not known.

The characteristics for the WCS without dampmg showed much more structure than for the
SLS. The WCS V-® characteristics shown in Fig. 4 illustrate the improvement achieved when
a damping resistor joins the input coil to the SQUID loop. The device parameters for a similar
WCS are given in Table 1. The WCS coupling coefficient, k, was determined from a measurement
of the mutual inductance between the SQUID and input coil, Mg, assuming k=Mg/(nLs).

For flux-locking measurements on the WCS, a 0.2pH superconductive inductor was placed
across the SQUID input coil to simulate a typical source. The SQUID was biased at 43pA
and the dc flux was adjusted to a minimum in the V- characteristic. A 100kHz rounded square -
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Figure 4: V-® curves for WCS without (A) and with damping (B).



SLS WCS

Critical Current (21oyn/2Iemax) 220pA/440uA 301A/45LA
B=2LsIcmax/Do 0.95 : 1.8
B=2TIpaxRs*C/®, (calculated) 0.3 0.05

L 4.5pH 83pH

L, (calculated) - 0.16pH
Washer to Input Resistance Open 29.2Q

R (junction shunt resistance) 0.66Q2 2.8Q

Mg, (SQUID to input coil) - 3.80nH
Mgy (SQUID to modulation coil) 0.73pH 49pH

k - 0.96

n (input coil turns ratio) - 44
Typical maximum responsivity 150uV/d, 120pnV/d,

Table 1: dc SQUID Parameters

wave was then injected into the modulation coil. The measured white noise of the flux-locked
SQUID (5ud,/VHz between 50-2000Hz) was dominated by amplifier noise (no cold transformer
used so far). The low frequency noise was 369@4\/? for f between 1 and 20Hz.

5. Conclusion

The stripline SQUID exhibited smooth characteristics and a white noise level of 2 x 107 &,/NHz.
Below 4kHz the noise began to rise, yielding a power spectral density which scaled as
approximately f *°. The undamped WCS showed considerable structure in its I-V and V-®
characteristics, presumably due to resonance effects. The addition of a damping resistor between
the input coil and the SQUID loop appeared to control the dominant resonances, as evidenced
by the smooth V-® curve. When flux-locked, the latter SQUID showed a white noise level
dominated by electronics noise (5 x 10 @J\/ﬁz) and low frequency noise which began to rise
at about 20Hz with a f " power spectral density. Further work is underway to determine the
ultimate flux-locked noise performance of the damped WCS described here.
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