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Summary: 

We present a lensless microscopy setup for real-time imaging of germanium dioxide microcrystals form-
ing directly inside an incubator. The system enables simultaneous observation over a large detection 
area, allowing tracking of crystal motion. A variable tilt angle modulates crystal dynamics. Post-pro-
cessing enables quantification of particle-substrate and particle-solution interactions.   
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Background, Motivation and Objective 

Lens-based in situ microscopy of crystals is a 
classical approach for studying their dynamics in 
a liquid environment, for example, the growth 
and dissolution of immobilized crystals, or the 
diffusion and directed motion of mobile crystals 
[1]. However, under non-standard conditions 
(such as variable sample tilt angles, simultane-
ous detection over a large area, or space-con-
strained and temperature-controlled settings in-
side an incubator) this type of microscopy may 
encounter significant challenges. Lensless, chip-
based microscopy circumvents these difficulties 
and has already demonstrated considerable 
promise for in situ observation and characteriza-
tion of both micron-sized particles and bacteria 
directly within an incubator [2], [3]. Building on 
these advances in lensless microscopy, we in-
vestigated its applicability to the detection of mi-
cron-sized crystals.  

 

Fig. 1. The lensless microscope’s streamlined archi-
tecture, comprising only a microLED, a CMOS sensor, 
and a sample holder, facilitates high-portability obser-
vations across diverse environments, including real-
time monitoring inside an incubator. 

The present work aims to observe the entire pro-
cess, from the growth of the first detectable crys-
tals in a solution, through their motion, to the ac-
cumulation at a preferred location. The study 
also focuses on the influence of temperature on 
the crystallization process, as well as on the ef-
fects of gravity represented by the tilt angle rela-
tive to the horizontal on crystal dynamics. 

Description of the New System 

Our setup consists of a lensless microscope in 
which a cell is placed between the microLED (75 
µm size and λ = 450 ± 5 nm) and the CMOS sen-
sor, as shown in Fig. 1. The cell consists of two 
quartz glass windows separated by a PTFE 
spacer 2 mm in thickness. This portable configu-
ration facilitates experimentation under both am-
bient conditions and regulated incubator envi-
ronments, supporting real-time data acquisition 
through both high-frame-rate video and continu-
ous capture modes. 

 

Fig. 2. SEM images of disordered and ordered assem-
blies of hexagonal GeO₂ cubes. 

The cell contains a GeO2 solution from which cu-
bic-shaped crystals of hexagonal GeO2 form, 
with sizes of approximately 0.5–2 µm (Fig. 2). 
The entire setup is mounted on a stand that al-
lows the tilt angle to be varied from 0° to 90°, and 
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is placed inside an incubator in which the tem-
perature can be adjusted from 5 °C to 40 °C.  

The novelty of our system is threefold. First, we 
can detect the appearance of new crystals in real 
time and directly within the incubator, and inves-
tigate the dependence of this onset time on the 
liquid temperature. Second, simultaneous detec-
tion over a large area of approx. 35 mm² enables 
the study of particle dynamics driven by convec-
tive flows in the solution. Third, the variable tilt 
angle allows the crystal dynamics to be actively 
modulated. Together, these capabilities open 
new perspectives for in situ microscopy of micro-
crystal growth, as well as for investigating funda-
mental aspects of their dynamics governed by in-
teractions with both the solution and the sub-
strate. In addition, raw images are reconstructed 
via the angular spectrum method to enhance 
spatial resolution and overall image quality [2]. 

Results 

 

Fig. 3. The large dark spot is the region where parti-
cles accumulate due to convective flows in the liquid. 
Two different crystal densities are shown in the recon-
structed images: (a) the cell is parallel to the floor, and 
in (b) it is slightly tilted to the right. 

Over time, the number of newly formed GeO₂ 
crystals increases. As seen in Fig. 3, they are 
subject to convective flows and accumulate in a 
single region located approximately at the center 
of the cell. By varying the tilt angle of the cell rel-
ative to the floor, the crystal density and its spa-
tial distribution can be influenced, as is clearly 
visible in Fig. 3a and 3b in the regions to the left 
and right of the cell. In post-processing, the full 
trajectory of an individual crystal can be recon-
structed, and its displacement over a defined 
time interval calculated. This makes it possible to 
characterize numerically the interaction of a par-
ticle with the solution and the substrate through 
parameters such as the diffusion coefficient, fric-
tion coefficient, and hydrodynamic radius. These 
parameters depend on the cell tilt angle, as well 

as on the material and surface properties of the 
substrate, which opens the possibility for broader 
systematic investigation. 

By varying the distance between the sample and 
the CMOS sensor, the size of the detected dif-
fraction patterns can also be adjusted. In Fig. 4a, 
this distance is 2 mm and the diameter of the 
outer ring is approx. 90 µm, while in Fig. 4b the 
distance is 17 mm and the diameter is approx. 
350 µm. In both cases, the size of the patterns is 
about two orders of magnitude larger than the 
size of the microcrystals themselves (Fig. 2), 
which facilitates their detection. 

 

Fig. 4. Increase in diffraction pattern size as a function 
of distance between the crystals and the CMOS sen-
sor: from 2 mm (a) to 17 mm (b). Scale bar: 500 µm. 

Experimental results demonstrate that the 
lensless microscope maintains high-resolution 
imaging and an expanded field-of-view (FOV) 
even under harsh conditions, such as within reg-
ulated incubator environments. Furthermore, 
this approach introduces novel opportunities for 
in situ measurements, exceeding the technical 
limitations of conventional instrumentation. Cur-
rent investigations are extending these findings 
by systematically modulating thermal parame-
ters and illumination geometries as well as im-
proving the resolution, to further enhance analyt-
ical precision and characterization accuracy. 

Acknowledgement 

This work is supported by the Alexander von 
Humboldt Professorship of the Humboldt Foun-
dation, and the Federal Ministry for Education 
and Research, Germany. 

References 

[1] K. Tsukamoto, “In-situ observation of crystal 
growth and the mechanism,” Progress in Crystal 
Growth and Characterization of Materials, vol. 62, 
no. 2, pp. 111–125, Jun. 2016, doi: 
10.1016/j.pcrysgrow.2016.04.005. 

[2] A. B. Dharmawan et al., “Nonmechanical parfocal 
and autofocus features based on wave propaga-
tion distribution in lensfree holographic micros-
copy,” Scientific Reports, vol. 11, no. 1, p. 3213, 
Feb. 2021, doi: 10.1038/s41598-021-81098-7. 

[3] G. Scholz et al., “Continuous Live-Cell culture im-
aging and Single-Cell tracking by computational 
lensfree LED microscopy,” Sensors, vol. 19, no. 
5, p. 1234, Mar. 2019, doi: 10.3390/s19051234. 

DOI 10.5162/eurosensors2026/Mo-POS-06

EUROSENSORS 2026 510


