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The exact shape of the photon count rate (PCR) curve depends on the details of the
microscopic detection mechanism!™, which is still an ongoing topic of research for long
wavelength devices. The profile of the PCR curve reflects the probability that the detector
will lead to a detectable signal when operated at a specific bias current. By biasing the
detector on the saturated plateau implies unity internal detection efficiency - where each
absorbed photon leads to an electrical pulse. Biasing the detector below this plateau region
implies the detector is operating in a probabilistic regime, where some photons absorption
events will go undetected. A convenient way to empirically compare PCR curves, for material
optimization purposes presented in the main text, is to look at the finite difference of the
PCR curve, since this contains information about the width of the probabilistic region, as
well as how close the detector is to the fully saturated region. The most important feature
of a PCR curve is the presence of an inflection point/points or peak/peaks in the PCR finite
difference versus bias current, see Fig. 3 of Ref.!. By observing the location of the PCR curve
inflection point/points and width/widths of transitions, it is possible to probe the specific
features of detection mechanism and make a relative comparison of the optimum material
and geometry for long-wavelength photons. Since the saturated plateau implies zero rate-
of-change of the internal detection efficiency versus bias current, observing how close the
finite difference gets to zero, for bias currents larger than the inflection point, will indicate
how close to maximum internal efficiency the detector is capable of operating. As shown in
Figures 1 and 2, all PCR curves presented in the main text exhibit a clear inflection point.
Although qualitative, this technique provides a useful relative comparison of the intrinsic
detection efficiency for different detectors. Figure 2 shows that the higher silicon-content
devices exhibit PCR finite differences which approach lower values after the inflection point
for 9.9 um photons, before they become unstable, which implies a higher internal detection
efficiency for these devices. Instability in the finite difference curves can arise near the device
switching currents due to effects such as afterpulsing”, which are important topics of future
study in these mid-infrared devices.

The full experimental setup for collection of PCR curves, described in the main text, is

illustrated in Fig. 3.
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FIG. 1. Normalized photon count rate and finite difference curves for 70 nm-wide (left) and 50 nm-

wide (right) nanowires fabricated from WSi films with 35% silicon content. The peak in the finite

difference indicates the position of the PCR inflection point.
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FIG. 2. Normalized photon count rate and finite difference curves for 70 nm-wide (left) and 50 nm-

wide (right) nanowires fabricated from WSi films with 48% silicon content. Note that the finite

difference for the 50 nm-wide device, illuminated with 4.8 wm light, is not presented since the PCR

curve is distorted by the limit of the detection threshold at low bias currents currents (see main

text), thus the width of the inflection point would be artificially narrower.
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FIG. 3. Experimental setup for collection of SNSPD PCR curves with three different quantum

cascade lasers, see main text for full description.
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