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Abstract

Wide-bandwidth SQUID current amplifier and its control electronics have been constructed for detecting pulse outputs of a
superconducting microcalorimeter. The current amplifier made of a double relaxation oscillation SQUID (DROS) has a
bandwidth of 1.2 MHz and typical white noise level of about 6 pA/Yy Hz. To increase the dynamic range of the current
amplifier, the flux-locked loop (FLL) has additional circuits to reset the integrator and to count reset numbers which present
the number of passed flux quanta. In this system, dynamic range covers from -65 mA to +65 mA. SQUID electronics are
controlled by software to get the optimum FLL condition, and to control the current to bias the transition edge sensor (TES).
The electronics are shielded from the outside electromagnetic noises by using an aluminum case of 66 mm x 25 mm x 100
mm, and consist of 2 separate printed-circuit-boards for the current amplifier and the control electronics, respectively. The
SQUID current amplifier and its control electronics will be used in TESs for detecting photons such as UV and X-ray with

high energy resolution.
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Fig. 1. Current source using OP227 to generate the constant
voltage supply for TES.
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Fig. 2. Schematic circuit diagram of the DROS current
amplifier.

Table 1. Parameters of the DROS amplifier.

Signal SQUID
Junction size 2 x (4 ym x 4 pm)
Critical current 21, 27 pA
SQUID hole size 100 pm x 100 pm
SQUID inductance L, 110 pH
B2 Ly D) 1.4
Be (=27-21pR 4 Coi/ Do) 0.4
Damping resistance 30

Mutual inductance
with feedback coil Mg 68 pH

Reference junction
Junction size 5um x5 pm
Critical current I 21 pA
Relaxation Circuit
Shunt resistance Ry, 1.70
Shunt inductance Lg, 1 nH
Damping resistance Ry 54 Q
Input coil
Number of turns 2 x 17 turns
Linewidth 4 pm
Inductance L; 112 nH
Mutual inductance
with SQUID M, 32nH
Damping resistance R, 10.5Q
Damping capacitance Cy 130 pF
Current sensitivity I/® 0.65 pA/®,
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Fig. 3. Circuit diagram of the flux-locked loop electronics.
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Fig. 4. Flow diagram of interface circuit with 3 digital lines
to control FLL.
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Fig. 5. Photograph of the electronics system assembled
with FLL, current source, and interface circuit boards in the
shielded case (66 mm x 25 mm x 100 mm).
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Fig. 7. Frequency response of the current amplifier gain in
the flux-locked loop mode, when a magnetic signal of 0.1
@, was applied to the pickup coil.
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Fig. 8. Response of the SQUID output to a square-wave
input signal. The upper curve is the FLL output voltage,
and the lower curve is the input signal. The amplitudes of
the signals are both 0.2 ®,, and the horizontal time axis is 2
ps/div.
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