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Temporal Dark Noise
Characterization of the
ORT2-X Raman Spectrometer

Raw dark acquisitions from 50 ms to 10 s

KEY MEASURED RESULT

~4 counts RMS

between 50 and 200 ms

Median pixel-wise temporal standard deviation measured from repeated raw dark spectra on one ORT2-X
production instrument.
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Thunder OptiCS TN-001 | Method and temporal noise

01 / METHOD AND RESULTS

Measurement protocol and temporal noise

Repeated raw dark spectra were used to quantify pixel-wise temporal fluctuations at fixed integration
settings. The median across all 2048 detector pixels is reported for each integration time.

Acquisition conditions Calculation and terminology

. Optical input closed; laser off For every pixel, the temporal standard deviation

. No external illumination was calculated across repeated acquisitions. The
Single acquisitions; averaging = 1 reported value is median[stdt(pixel)], expressed in

. Raw signal; no dark subtraction digital counts RMS.

Integration time: 50 ms to 10 s
Repeated spectra at each setting
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Figure 1. Median temporal dark noise versus integration time. The x-axis is logarithmic.

Integratlon “ Integratlon “ Integratlon “

50 ms 3.82 RMS 500 ms 4.38 RMS 6.66 RMS
100 ms 3.90 RMS 1ls 4.94 RMS 5s 8.12 RMS
200 ms 4.02 RMS 2s 5.90 RMS 10s 10.85 RMS

Short-exposure result: 3.82 to 4.02 counts RMS from 50 to 200 ms - a 5.2% increase.

These values describe one production instrument and the stated configuration; they are not a guaranteed population tolerance
or an isolated detector read-noise specification.
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Thunder OptiCS TN-001 | Dark signal and Raman relevance

02 / RESULTS AND APPLICATION

Dark signal evolution and Raman relevance

The mean raw dark output rises almost linearly with integration time, while the measured short-frame
noise remains close to its minimum over the 50-200 ms region.
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EMPIRICAL LINEAR FIT

Raw(t) = 1308 + 61.1t R? = 0.99993

Interpretation Why short integrations matter

The fitted slope of approximately 61.1 counts/s is the Dynamic or moving-sample Raman
empirical accumulation rate in the digital output. It Heterogeneous materials
should not be converted directly into electrons per pixel Transient-event rejection
per second without the gain, offset architecture and full

. : Photosensitive or thermally sensitive samples
conversion chain.

Repeated-frame acquisition strategies

Acquisition trade-off

Stable per-frame noise makes short acquisitions practical, but does not automatically make them
superior to one long exposure. Total signal-to-noise ratio also depends on total exposure, signal
level, number of reads, dead time and aggregation method.
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Thunder OptiCS TN-001 | Data summary and conclusion

03 / SUMMARY

Measured data and conclusion

All reported values are reproduced below so the technical note remains directly auditable without access
to the original acquisition files.

50 ms 3.82 counts RMS 1315.1 counts
100 ms 3.90 counts RMS 1313.2 counts
200 ms 4.02 counts RMS 1319.8 counts
500 ms 4.38 counts RMS 1338.0 counts
ls 4.94 counts RMS 1368.5 counts
2s 5.90 counts RMS 1429.3 counts
3s 6.66 counts RMS 1490.3 counts
5s 8.12 counts RMS 1612.3 counts
10s 10.85 counts RMS 1919.7 counts

KEY FINDINGS

~4 counts RMS at 50-200 ms 4.94 counts RMS at 1s 10.85 counts RMS at 10 s

Conclusion

The measured ORT2-X unit shows a stable short-exposure temporal noise floor of approximately 4 counts
RMS from 50 to 200 ms. Noise then increases smoothly with exposure time, while the mean raw dark level
follows a highly linear evolution of approximately 61.1 counts/s over the measured range.

For Raman workflows based on repeated short frames, these measurements provide a practical basis for
selecting acquisition windows and designing dark-correction, motion-scan and frame-aggregation
strategies.

NEXT THUNDER OPTICS TECHNICAL NOTES

TN-002 Spectral resolution TN-003 Wavelength stability TN-004 Raman probe reproducibility
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