
Raman spectroscopy utilizing a time resolving CMOS SPAD line sensor with a 

pulsed laser excitation 

Raman spectroscopy is a powerful tool to be used in many applications where chemical compounds of samples have 

to be distinguished. The main challenge of Raman spectroscopy is a high fluorescence background of many samples, 

especially biological and mineral samples. Fortunately, the fluorescence photons can be partly rejected by using a 

pulsed laser ~100 ps and a time-gated detector [1,2]. As Raman scattering occurs only during the 100 ps laser pulse 

but fluorescence has a lifetime of nanosecond scale, time-gated detection during the laser pulse collects all Raman 

photons while rejecting the most of fluorescence photons. CMOS technologies have enabled to fabricate time-

resolving Single Photon Avalanche Diode (SPAD) arrays for Raman spectroscopy and the complexity of a line sensor 

could have been decreased by integrating all the time-resolving electronics and SPADs in the same die [3,4]. In CMOS 

technology, additional functionalities can also be integrated in the same die with a line sensor. 

This presentation shows how the time domain signal processing can be utilized in Raman spectroscopy. It can be 

practically used to measure Raman spectra of different samples inside a semitransparent medium as a function of 

depth when the time-of-flight of Raman scattered photons corresponds to different depths or distances [4]. A short 

laser pulse and time-gating (constructed electrically or by post-processing time-of-flight results) can effectively 

suppress background radiation and the fluorescence of medium or samples inside the medium. In addition. the 

fluorescence lifetime can be determined by post-processing the collected data. The quality of spectra can be further 

improved by means of a time domain compensation method [5]. 

 

Figure 1. A) A Raman spectrometer utilizing a time resolving SPAD line sensor and a pulsed laser. B) Raman spectra (and thus 
chemical compounds) of different samples inside medium can be detected and the depths of these samples can be derived by 
means of a time resolving SPAD sensor. 
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CMOS SPAD arrays and laser drivers for time domain diffuse optics and 3D TOF 

imaging 

Nowadays CMOS technologies make it possible to integrate all components of the optical time-of-flight 

(TOF) transceiver into the single die (i.e., a laser diode driver, photodetectors and a time-to-digital 

converter). This kind of single chip solution enables a lot of application for example 3D solid-state LiDARs, 

time-resolved single-photon counting and time domain diffuse optics. For example, wearable health care 

applications greatly benefit the single chip based optical transceiver. 

An integrated time-gated single photon avalanche diode (SPAD) array together with a high-resolution time 

interval measurement unit and an integrated laser diode driver fabricated in CMOS technology enables 

to construct a small-sized optode where all needed components for diffuse optics measurements have 

been integrated into the single CMOS die. Time gating allows to detect the time-of-arrival of the wanted 

late photons from the sample and to achieve better SNR. The laser diode structure is based on enhanced 

gain-switching mode, which allows a very short (<100 ps) optical pulse generation with a moderate current 

pulse amplitude requirement. 

In this presentation CMOS SPAD arrays with time-to digital converters and laser diode drivers for TOF 3D 

LIDARs and time-domain diffuse optics are briefly presented. 
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