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Motivation

O Superconducting nanowire single-photon detector (SNSPD) has a
wide range of applications, such as quantum key distribution for
gquantum communication, free-space optical communication,
integrated circuit defect detection, spectrum measurement, and
radiation detection.

O Due to the critical cryogenic working environment and very weak
output signal, the cryogenic readout amplifier is an indispensable
part of the compact SNSPD readout system and faces several
challenges in implementation, such as low power, wide bandwidth,
and lack of a cryogenic device model.
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Amplifier design

O Two-stage inductorless wideband amplifier with shunt-shunt
feedback: an input amplifier stage and an emitter follower

O Independent DC biasing point

O Increased design and optimization flexibility

O Input impedance matching with optimized stability
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Chip and PCB

O Fabricated by a 0.13-um BiCMOS process

O Without using any inductor, and excluding all the test pads, the
chip active area is only about 0.43 mmx0.17 mm.

Chip micrograph (1 mmx0.5 mm) PCB for measurement purpose



Simulation and measurement results @300 K
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Transient measurement results @300 K

O The measured transient response proved that the amplifier is very
stable, agreeing well with the S-parameter measurement results,
when taking into account the interconnecting line insertion loss.

O Input P, 45 is —29.4 dBm, and output P, 5 is =9.4 dBm.
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Measurement results @4.2 K and comparison
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Transient measurement results @4.2 K

O The signal quality is quite high, showing no compression or
resonance issue and proving that the amplifier is very reliable and
stable.

O With =57 dBm input signal, the output signal is still very clear,

showing very good signal-to-noise ratio (SNR) and meeting typical
SNSPD readout requirements.

(@ S e e | _—— D T =
= == === ‘ FEl== — o= c=mr
The 68-mV 500-MHz output sinusoidal The 9.6-mV 500-MHz output

signal at 4.2 K sinusoidal signal at 4.2 K



Conclusions

OWith a 0.13-um SiGe BiCMOS process, a low-power
inductorless wideband cryogenic amplifier was produced for a
superconducting nanowire single-photon detector.

OBy highlighting the relationship between the gain and the
tunable design parameters, this amplifier can operate at
temperatures from 4.2 to 300 K.

OAn RC shunt compensation structure was introduced to
improve the amplifier’s closed-loop stability and to suppress
the amplifier overshoot.

OWith good input and output matching, the measurement results
showed that the amplifier achieved a 21-dB gain with a 3-dB
bandwidth of 1.13 GHz at 300 K.

OAt 4.2 K, the gain of the amplifier can be tuned from 15 to 24
dB, achieving a 3-dB bandwidth spanning from 120 kHz to 1.3
GHz and consuming only 3.1 mW.
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