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Summary: 

In this work, we present the design and fabrication of a novel glass-based atom chip optimized for quan-
tum applications. Atomchips are key components in quantum optics and technology, as they enable the 
control and manipulation of ultracold atoms on microscopic scales. Traditionally, atom chips have been 
based on aluminum nitride or silicon substrates; however, glass-based substrates offer significant ad-
vantages in terms of faster fabrication, optical transparency and electrical insulation.  
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Introduction 

The development of compact and efficient atom 
chips is becoming increasingly important for a 
wide range of applications in the fields of quan-
tum measurement, atomic interferometry and 
quantum information processing. These chips 
use microscale conductor tracks on substrate 
materials to create magnetic micro traps for ul-
tracold atoms [1]. Silicon substrates are com-
monly used for conventional atom chips [2]. Dur-
ing fabrication, these chips undergo a series of 
multi-step micro-engineering fabrication pro-
cesses [3]. A significant disadvantage of using 
silicon as a substrate material is its opacity to the 
wavelengths used by the lasers. The use of 
glass as a transparent substrate offers com-
pletely new design possibilities. One notable ad-
vantage is the ability to introduce laser beams 
from the back of the chip. Furthermore, glass is 
an electrical insulator at the targeted tempera-
ture ranges. This has two advantages: First, it 
suppresses eddy currents that could otherwise 
affect chip functionality, and second, it eliminates 
the need for additional, potentially defect-prone 
insulation layers. These properties make glass 
an attractive substrate material for advanced 
atom chips. An additional advantage arises from 
the use of laser-induced-deep-etching process 
(LIDE). These can significantly reduce the total 
number of process steps, resulting in faster and 
potentially more cost-effective production [4]. 
Therefore, the development and production of a 
process chain for the production of a glass-
based atom chips is investigated. 

 

Methods 

In the present work, a 500 µm thick BF33-wafer 
is structured using the LIDE process. This pro-
cess enables the three-dimensional structuring 
of glass components without the use of masks, 
making it an extremely flexible tool for micro-
structuring. A flat surface is required for interfer-
ometry, which is why the cavities for the conduc-
tor tracks are embedded in the glass using LIDE. 

 
Fig. 1. Process plan of the glass-based atomchip 

The LIDE process is divided into two steps. First, 
the glass is modified using a pulsed laser in a 
high-speed direct writing process. In this step, 
the glass structure is locally modified to increase 
the selectivity in the subsequent etching pro-
cess. In the second step, wet chemical etching is 
carried out with a hydrofluoric acid (HF)-based 
solution. It can be seen that the areas previously 
modified by the laser are etched at a higher rate 
than the unmodified areas. This selective etching 
process enables the precise implementation of 
cavities that act as receptacles for conductor 
tracks. After structuring the glass wafer, a seed 
layer for electroplating is applied by physical 
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vapour deposition (PVD). First, a sputter etch 
step is performed to achieve a clean surface pre-
treatment. Then, a titanium (Ti) adhesion pro-
moter is applied, followed by a copper (Cu) layer 
as a seed layer. These layers serve to prepare 
the electrolytic deposition in the subsequent pro-
cess. A photoresist is homogeneously applied to 
the substrate using a spin-coating process. This 
is then structured and developed using photoli-
thography to expose the desired conductor track 
geometries. The previously created cavities are 
then filled by copper electroplating. This step en-
sures excellent electrical conductivity of the 
structures introduced. To ensure a flat and 
smooth chip surface, planarization by chemical-
mechanical polishing is carried out in the penul-
timate step. Finally, the chip is diced into its final 
shape. The complete process (see figure 1) 
demonstrates an efficient and precise method for 
fabricating micro-structured glass components 
for use in microelectronics.  

Results 

The cavities after the LIDE process are shown in 
Figure 2. By optimizing the parameters such as 
pitch and etching time, the average roughness 
depth (Rz) and the arithmetic mean roughness 
(Ra) of the cavities for the conductor tracks could 
be reduced to a range that allows electrical ap-
plications (see table 1). 

Tab. 1: Roughness values cavities 

parameter standard  optimized 

Ra [µm] 0.65 ± 0.01  0.16 ± 0.02  

Rz [µm] 3.25 ± 0.13 1.19 ± 0.25 

 

The conductive tracks have been planarized af-
ter galvanic filling by using CMP. They have a 
depth of 14 µm. A greater depth would favor de-
lamination of the conductor tracks during opera-
tion due to the layer stresses. After passing 
through the process plan, the diced atom chip 
(see figure 3) has a size of 30 x 30 mm and can 
be used for further experiments. 

 
Fig. 2. BF 33 after LIDE process  

 

 
Fig. 3. Glass-based atom chip after dicing 

Conclusion 

By utilizing established manufacturing methods, 
we were able to develop a process plan for the 
production of a novel glass-based atom chip. 
Compared to the silicon-based standard, it can 
be produced faster and does not require any iso-
lation layers, which are often prone to defects. In 
initial tests at atmospheric pressure, the lower 
thermal conductivity does not show any signifi-
cant disadvantage. However, tests under vac-
uum are required and planned here. 
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