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Table 1.  Main performance parameters of an OPA855 chip.
Bt SRR BARTEEW 4 FIHEE FZER A BT SeAsthay A BT VA B 1 BT AL
GBW/GHz A VIV a/ dB ra/kQ ./ MQ T,/Q I,/mA
8 ~7 76 5 2.3 0.15 17.8
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Fig. 1. (a) Schematic diagram of an amplification circuit based on the OPAS855 chip; (b) photo of the circuit board, where Vj, is the

signal input port, V,, is the signal output port, V, is the positive voltage power supply port, and V. is the negative voltage power

supply port.
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Table 2.  Parameters of external electronic components used and their performance at room and low temperatures.
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OPA855 — — — — WSONS8 MR
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Fig. 2. Comparison of the gain-frequency relationship
between simulation (Sim.) and room temperature experi-
ment (Exp.); (b) comparison of measurement results
between OPAS855 evaluation board (Texas Instruments)

and this design at room temperature.
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Fig. 3. (a) Simulation circuit diagram of the SNSPD equivalent circuit connected with the OPA855 readout circuit; the dotted box
1 is the power module that supplies the OPA855, and the dotted box 2 is the SNSPD equivalent circuit module, where “U9” repres-
ents the SNSPD equivalent component, the dotted box 3 shows the OPA855 readout circuit module; (b) comparison of simulation
results before and after the SNSPD output pulse enters the OPA855 amplifier, the pulse signal monitoring positions of “before amp-
lification” and “after amplification” are shown by arrows 1 and 2 (marked Outl and Out2) in panel (a).
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Fig. 4. (a) 3D schematic diagram of the SOLT calibration component, where S represents the short-circuit port, O represents the
open-circuit port, L represents the load port, T represents the straight-through port, In is the signal input port, OUT is the signal
output port, V. is positive supply voltage port, V is the negative supply voltage port; (b) photo of the calibration component in-

stalled on the 2 K cold stage; (c¢) equipment connection diagram for the SOLT calibration experiment.
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Fig. 5. Performance measurements of the OPAS855 amplifier circuit: (a) Relationship between power consumption and voltage at

different temperatures; (b) the relationship between bandwidth and power consumption at different temperatures; (c) gain as a

function of frequency at the same temperature of 4.2 K, with different power consumptions; (d) gain-frequency characteristic curve

of the OPA855 circuit at 40 K.
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Inc.) ok o P g EA TN 6, SCH R A 6(c)
Jr7R. SNSPD B #RI14 fig il 455 >R FH SCiik 8] H iy
fiE T, B2 ASPCDR N HERRE | G iR
7 LR A R e AR
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SR T e 1/4 SRR sk E. hFH
TR A 2K SNSPD #f - & L I IRES, (5] 7(a)
) B RN R B A B I e 25 R, BT
R R PR U 22 5 (TR IR L TERTR), (45
LVl 23 m 7 Cf e 2200, A, 7esiih =
RFEAL, PR 45 A B AL AR L ~15.8 pA
(OPAS55 HLEK): ~ 16.2 pA (LNAG50 HLH).

%&%| |Hﬁ%|

o~ Bias-Tee
%
KTHA
oS Rl
LNA650
LNA2000
%W%| |Hﬁ%|
300 K 300 K

Kl 6 SNSPD #ft-r X ARG RE Al (a) LNAG650 22 AN A 352 HLEK; (b) OPASSS ELTANA 21 LK ; (c) SNSPD 5 OPAS855

AR BV & 2 R B R G I S B

Fig. 6. Schematic diagram of the SNSPD device optical-electrical test system: (a) AC coupling readout circuit using LNA650 ampli-

fier; (b) DC coupling readout circuit using OPA855 chip; (¢) photos of SNSPD and cryogenic DC coupling readout circuit using

OPAS855 chip.
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Fig. 7. Comparison of measurement results of the same SNSPD performance in DC coupling (OPA855) and AC coupling (LNAG50):
(a) FV curves measured at 2.2 K, the main picture shows the OPA855 DC coupling readout circuit and the inset shows the result
measured by the AC coupling circuit; (b) normalized readout pulses, in which the output pulse of the OPA855 is further amplified
by the secondary amplifier at room temperature; (c) system detection efficiency versus bias current curves; (d) normalized detec-
tion efficiency versus the count rate, the vertical dotted line is the corresponding count rate value when the normalized detection

efficiency drops to —3 dB (0.5 times) of its original value.
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Abstract

Superconducting nanowire single-photon detectors (SNSPD) have the advantages of high maximal counting

rate (MCR), high detection efficiency, and low dark count rate. They play an important role in the fields of

optical quantum communication, optical quantum computing, laser ranging, and imaging. The MCR (i.e.

detection speed) of SNSPD can be affected by the front-end readout circuit. To increase MCR, it is usually

necessary to use a cryogenic DC-coupled readout circuit with a broad bandwidth. This study reports an SNSPD

cryogenic DC-coupled amplification readout circuit based on a commercial high-speed operational amplifier chip

OPAS855. We systematically characterize its performance parameters in a temperature range from a room

temperature of 300 K to a low temperature of 4.2 K. We address the problem of bandwidth loss of the circuit in

a low-temperature environment by increasing the operating voltage of the OPA855 chip. For example, at 40 K,
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the operating voltage increases from +2.5 V to +4.9 V, and the quiescent current is about 8 mA, which is
equivalent to a power consumption of 78 mW; meanwhile, the gain of this readout circuit is 16.7 dB, and the
-3 dB cutoff bandwidth is ~2.7 GHz. We further install a cryogenic DC-coupled readout circuit based on the
OPAS855 amplifier at 40 K and characterize the performance parameters of the SNSPD at 2.2 K, such as the
switching current, system detection efficiency, and MCR. The comparison with the conventional AC-coupled
readout circuit at room temperature shows that the MCR, increases about 1.3 times after using the DC-coupling
circuit. Our study provides the interesting information about the OPAS855 amplifier’s performance at low

temperatures which facilitates its application in cryogenic environments and related fields.
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