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Fig. 1. Device design: (a) Schematic of the row-column multiplexing array. Each rectangle in the figure represents a pixel that con-
tains an SNSPD. Alternating positive and negative bias currents are added in the row direction and distributed to each pixel (in
each row), which are connected to the grounding terminal through the output line in the column direction. Amplifiers on rows and
columns are used to read photon detection events. In the absence of photon absorption, the whole array output lines have an un-
detectable corresponding pulse. When a pixel (such as the orange pixel) absorbs photons, its superconducting state will be des-
troyed, which generates two pulses with opposite polarities in the direction of the row and column. The SNSPD response pixel can
be located by counting the row-column output pulse. The structure of the readout is relatively simple, and its scale is easy to ex-
pand. The main problem lies in the inhomogeneity of pixels, which may lead to current redistribution. Furthermore, it suffers from
a lack of photon number resolution capability. (b) Three-dimensional structure of the SNSPD array. (c) Diagram of the row-column
electrode. (d) Diagram of the isolation layer. With electron beam exposure to a small area at the intersection of rows and columns,
the silicon oxide formed after development can fully cover the exposed row connection lines. Then, the top gold electrode can be
fabricated on silicon oxide, which connects the bottom column electrode from above without touching the row connection lines. In
our methods, the fabricated isolation layer occupies a small coverage area, which ensures that the superconducting film grows dir-
ectly on the substrate rather than on the oxide layer to further ensure the quality of the nanowire. (e) Diagram of the nanowire de-
tection area. (f) Diagram of the internal structure of pixels, which includes sinuous nanowires, 15 parallel resistors for expanding the
number of arrays, and 1 series resistor ensuring an even current distribution. Fill factor: 44%.
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Fig. 2. Feasibility verification of series resistors: (a) Simulation results of typical bias current; (b) simulation results of 100 times bi-

as current. The reference materials used in the simulation are a Si substrate, 100 nm resistor Au bracket, and 40 nm Ti resistor.

The simulation was conducted at 2.1 K. Theoretically, joule heat in the resistors will not affect the function of the nanowire at

higher working temperatures.
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Fig. 3. Design of fabrication process: (a) Flow chart of fabrication; (b) a three-dimensional diagram of the fabrication process of

nanowire area, which is associated with steps 3 to 7 in Fig. 3(a). The structures are not drawn to scale.
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Fig. 4. Optical image of device: (a) The sample chips on wafer; (b) device preview; (c) optical microscope image of nanowire area;

(d) optical microscope image for internal structure of pixels.
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Fig. 5. Scanning electron microscope image of a supercon-
ducting nanowire for a pixel in the fabrication device.
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Fig. 6. Dose optimization in the nanowire area: (a) Diagram of sampling points for calibrating nanowires in a single device. (b) Dis-
tribution of line width at different doses. The legend represents the dose of the nanowire-graphic correction area-row connection
line. (c¢) Line width deviation factor of the same device at each dose. The gray line indicates the range, and the red line indicates
the relative mean deviation. The above are line width data obtained under the conditions of six dose combinations (in one experi-
ment), and the case of an inappropriate dose has been excluded (the nanowire is easy to shift and break when the dose is too small,
while the line edge is rough and easy to stick when the dose is too large). Sixteen devices are exposed in each batch at the same
time, and an appropriate dose distribution is adopted for nanowires, graph correction areas and row connection lines. In the re-
search stage, this method ensures that there are several devices that enjoy the appropriate dose in each experiment and effectively

reduces the negative influence caused by instrument instability.
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Fig. 7. Homogeneity measurement for array devices: (a) Simplified schematic of array row-row (column-column) connections;

(b) simplified equivalent circuit diagram for array row-row (column-column) connections; (c¢) homogeneity measurement results (I V
curves), where I, represents the superconductor critical current. 7= 2.4 K.
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Fig. 8. Devices are used for photon detection to achieve imaging of light spots of different sizes, as well as the written “NJU” image.
The vertical and horizontal coordinates in the figure represent row and column numbers respectively, and the color bar on the right
represents the photon counting value of each pixel at the integration time per frame of 100 ms. The vertical and horizontal coordin-

ates in the figure represent row and column numbers respectively, and the color bar on the right represents the photon counting
value of each pixel at the integration time per frame of 100 ms.
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Abstract

Superconducting nanowire single-photon detector (SNSPD) is one of the most mainstream single-photon
detectors at present, which possesses excellent comprehensive performance, including low time jitter, high
efficiency, low dark count, and wide spectrum. However, the traditional single-pixel SNSPD suffers a lack of
spatial resolution and a small photosensitive surface, which becomes a bottleneck associated with optical
coupling efficiency. In addition, a single-pixel detector has no ability to resolving the photon number, whose
working speed cannot be further improved due to the existence of dead time. While array devices can make up
for the above deficiencies. Therefore, the development of a large-area SNSPD array is the key to free-space
photon detection and other applications. In recent years, the relevant researches have been conducted and great
progress has been achieved. However, the large-area SNSPD array is facing some intractable problems, including
complex process, low yield, and difficult fabrication, owing to the photosensitive surface consisting of a large
number of superconducting nanowires. Photons imaging is verified with this device. At present, in the existing
studies mainly used is the three-dimensional technology with complicated process steps to fabricate large array
SNSPDs. How to simplify the process has become a research focus.

In this work, we design an ultra-large area nanowire array structure and propose an innovative plane
process. Taking advantage of the property that the electron beam resists HSQ (hydrogen silsesquioxane
polymer) forming a silicon oxide electrical isolation layer after exposure, we fabricate a large array SNSPD with
a simplified two-dimensional process and realize dimensionality reduction for the traditional three-dimensional
process of a multilayer structure. By measurement in parallel, the devices enjoy high yield with no bad points
found. In addition, a full-superconducting electrode is adopted in our design to reduce the thermal effect of
resistors. We add series and parallel resistors in the pixels to divide the bias current evenly and expand the
array scale optionally. At the same time, we also offer the design details of array SNSPDs, the related
simulation of hot spots to verify the rationality of the design, the optimization of the preparation conditions of
array devices, measurement scheme formulation, and other related work.

This work provides an idea for designing and fabricating ultra-large array SNSPD, which is expected to be
applied to the fabrication of megapixel array SNSPDs. Combined with an efficient readout circuit, a focal plane

photon detection and imaging system with both a large field of view and high sensitivity can be realized.

Keywords: superconducting nanowire single photon detector, array device, process optimization, plane

isolating layer
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