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Fig. 1. {a) Electrical representation of a DC

SQUID. In the presence of external flux,
circulating current flows through the in-
ductance,
(b) Current-Voltage characteristics of a
DC SQUID for two flux values, having an
integer or a half-integer multiple of flux
quanta,
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Fig. 2. (a) Equivalent circuit for the complete
double transformer DC SQUID magnet-
ometer. C, and C, denote the parastic
capacitances across the SQUID and over
the intermediate transformer, respect-

ively. R, and C. are used to damp the res-

onance in the transformer caused by C..

(b) Close up view of the double washer

SQUID loop.
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Table 1. Designed values of DC SQUID.

(1) Josephson junction

(a) Critical cusrent L0 pA
(b) Shunt resistance R:3Q
(c) Capacitance C:1pF
(d) Area A 16 pm?
(e) Hysteresis parameter B.:05
{2) DC SQUIL loop
(a) Hole size 16 umx 16 pgm
{b} Total inductance (*} 103 pH
(c) Modulation parameter 8 2
(3) Input coil
(a) Turn 11
{b) Inductance L. 8.3 nH
{c) Shunt resistance R. 60
(d) Shunt capacitance (. 0.4 nF

(4) Matching transformer secondary

(2) Hole size 1.9 mmX1.9 mm
(b} Inductance L. 8.0 nH
(5) Matching transformer primary
(a) Turn 16
(b) Effective input inductance L; 1.1H

* Total inductance is the sum of inductanées due to two loops,
slits and junctions,
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Fig. 3. Fabrication steps of DC SQUID.

e Adel £ A3 17} 95to] shunt
371 Ysked shunt % 8-2 4bsboll chgl =] &bl
dg ol &3helew %"%H_‘iu 1400 A/min. °|

1) l# 3 9 wiring layer Nb 5000 A
Az ZFasl lift-off e 24 SQUID AlAl: 214

2.E

i*ii A=t SQUIDe 54L& A4 probed of
o] 4.2 Koll Al A 5hol =l 9| -2 255 a3}

7] Askel Zol 9 cmal UEYH ] & A&t} LV

chab wwo g zAslgl e, battery-pow-

ered AAFUM function generator, DC amp.,

microvoltmeter 58 AH&8kgict. SQUID2| 7]|2=ql

I R

BRI R S S -279-

Sl otaiztel wiste] wb2 SQUIDe £ud
b &, Vg HAA Vg BAE g 2A e, Vg
48 ¢17] 9fsted SQUID loopell Q143 28
E3ted SQUID loopoll A3 ZF3kar 1 4.0 i slol
ol 37|12 ¥e SQUID loopel Wl z=51) A}
olo] 4% QHEIAE et w3 Fe udeow
matching transformer primary 3293 SQUID loop
Abelef A% oluEl Ax ZAstodct, SQUIDe] trans-
fer function, %, aV /ap - § 542 HlEZ 20 w9 2}
2t ~0.001 ¢,) 9 ;5 AF-F 7Fsha SQUID &4
% lock-in amp. & Z=&sto gz FebHL Vg =2z
o= A4kstaiet[10].

Ded HE

A qhe quality factor {4 mV) /{2 mV) 7+

o 7} 2 73% 40 Lﬂﬁli A FA AR o] 22 423
I % o, gk o) B xlAdol digh A A
L /ii}. pmholei} 7}_0_ 73 oLo] 04 = aF

5 zowa% H4dshi 9l9-% shelsta SQUIDY

Ei
1o
3
\op
7‘
h
>
o\

3 kol wim A A elyton], 22 7Ax)
2 HE 2L ~ 50 A R, /2~05Q, 8 =0.0

w3 9 Al A F-2] modulation depth Al /ZIL
24 g ~26 L ~100pHE 7+ &+ U}
o ey 7}a] el 7}A Bl clist V-¢ 2L =R 3 7=z
228l 59F Zro| vielyt=d] 9 galatol '—’dﬂr ol o8] DH‘F‘

50 uA

et
20 uV

Fig. 4. Current-voltage characteristics of the DC

SQUID for ¢ =n ¢, and ¢=( n+%)¢o
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Fig. 5 Output voltage modulated by the external
flux for four bias currents; 122, 130, 138,
156 £A.
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Table II. Measured values of the DC SQUID

SQUID inductance L 100 pH
Critical current L 25 uA
Shunt resistance R, 05Q
Junction capacitance C 0.5pF
Hysteresis parameter B 0.04
Modulation parameter B 2.5
Modulation depth AL 12 pA
Mutual inductance between the SQUID loop and modulation
coil Mus 10pH

Mutual inductance between the SQUID loop and matching
transformer primary coil 3.6nH
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Fabrication and Characteristics
of Integrated Nb DC SQUID
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We have designed, fabricated and tested an integrated planar DC SQUID which
incorporates input coil and modulation coil in thin film structure. The SQUID uses Nb / Al-ox-
ide /Nb Josephson junctions and Pd shunt resistors, and the SQUID loop incorporates two
rings connected in series forming figure ‘8’ structure and has the advantage of a negligibly
small circulating current for the spatially homogeneous noise fields. The devices were
fabricated using photolithographic technique, RF magnetron sputtering, anodic oxidation for
insulation and lift-off process. The preliminary test of the fabricated SQUID at 4.2 K showed
that the flux-voltage characteristics were smooth enough to adopt standard readout system,
and the voltage noise was too small to be measured by direct method and so the white noise
was thought to be less than 104 ¢,/ VHz.



