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ABSTRACT 

LTCC technology gives the possibility to form spatial structures and can be used to produce 
components, applied in analytical fluidic systems. This paper will discuss related construction 
of Y-shaped mixer with microchannels, including cutting process in two lamination layers of 
LTCC using CO2 laser. The sample was fabricated by combination of LTCC structure with 
PMMA covers (polymethylmethacrylate). Mixer was designed for the fluid flow rate to 
20 µl/min. The sample was examined for the two fluids: water and ethanol. 

1. Introduction 

Mixing two liquids at very small volumes is an 
important process often used in biomedical 
applications and chemical analysis. In general, micro- 
mixers can be categorized as active and passive 
devices [1]. An active mixer is achieved by additional 
pumping and moving elements. However, this type of 
process is complex and expensive. In comparison 
with an active mixer, a passive one doesn’t need 
additional elements [2]. Fluidic mixing in micro- 
channels is not as simply as it seems to be in view of 
occurrence the laminar flow. In this case, mixing 
relies mainly on diffusion, Reynolds number flow is 
smaller then Re < 2320 [3].The entire fluid mixing in 
this type of mixer is dependent on width, length, 
velocity of fluid flow and its diffusion. Accordingly, 
the channel should be long enough to provide 
absolute mixing. Applying the equations below, it is 
possible to determine entire channel length depending 
on its geometry and applied liquids [4]: 
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where: τ – mixing time, w – the channel width, D – dif- 
fusion coefficients, Q1, Q2 – the flow rates, A – the 
channel cross-section area, u – the average velocity, 
L – the required length of the channel. 

Liquid mixers are manufactured by special 
technologies, usually by bonding etched silicon wafer 
with microchannels and glasses, respectively. 
General requirements for the mixer with micro- 
channels are: small device area, fast mixing time, 
mixing small volumes and integration ability in 
complex systems [4]. This paper describes design and 
construction of mixer with microchannels, using 
LTCC technology, screen printing and laser 
technique. 

2. Test structure preparation 

The structure has been designed for mixing two 
liquids such as ethanol and water. Figures 1 and 2 
show design of mixer made of LTCC layer which is 
combined with PMMA material above and below 
LTCC material. 

Fig. 1. Mixer cross-section. 

Fig. 2. Scheme of mixer construction. 
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Mixer was designed for liquid flowing up to 
20 µl/min so that the water and ethanol are 
completely mixed. The channel in LTCC structure 
has width of 280 µm and 100 mm length. The height 
of channel depends on thickness of LTCC layer. 
After burning out the structure, made of 2 LTCC 
DuPont 941 foil layers, its height amounts to 460 µm 
(Fig. 3). In the first stage of the process, the two 
LTCC layers were laminated during an isostatical 
process at a temperature of 70ºC and pressure of 
190 bars. In the second stage, the channels were cut 
out from green tape by CO2 laser with power 8 W, 
a cutting speed of 10 mm/s and an air pressure of 
1.4⋅105 Pa. 

Fig. 5. Real appearance of mixer with microchannels made of 
LTCC and PMMA layers. 

Because of the channel’s considerable length, it is 
designed as a meander of 500 µm radius to decrease 
the area of entire mixer (Fig. 4a). The channel length 
between each meander is about 5 mm. In the standard 
technology, the distance length should not be longer 
than 5 mm because of the occurrence of strong de- 
formation during the burning out process. Deformation 
is caused by a too-large ratio of length to area width 
between the channels. Therefore, the LTCC material 
becomes more elastic and flexible (Fig. 4b). 

PMMA structures are prepared by a CO2 laser 
with following parameters: power 40 W, air pressure 
1⋅105 Pa, cutting speed 100 mm/s. The holes by 
which the liquid is flowing from pumps, flows in to 
the mixing channel, has 500 µm diameter. 

Later PMMA covers and LTCC layers are 
connected to each other by Elastosil N199 silicon 
compound using screen printing technique. The 
fittings are mounted on the upper cover in order to 
connect mixer with pumps supplying the fluids. To 

compound them, Norland Optical Adhesive 68 
Ultraviolet Curing adhesive was used. The entire 
mixer structure has dimension of 40×25 mm2, as is 
shown in Fig. 5. 

3. Mixing test  

Mixer is connected to two medical syringe pumps 
(B. BRAUN Melsungen AG). Each pump supplies 
one kind of liquid − the first pump extracts water and 
the second ethanol. When water turns blue and 
ethanol turns yellow, thus the entire liquid mixed of 
two substances appears to green (Fig. 6). The system 
used for mixing observation, consisting of micro- 
scope, two syringes pumps and mixer, is shown in 
Fig. 7. 

Fig. 3. Cross-section profile of channels in LTCC layer.  

Fig. 6. Mixing by diffusion. 
 
 

Fig. 7. Scheme of measurement set-up. 

Fig. 4. a) Channel in LTCC layer, distance between meander
5 mm, b) channel deformation after burning out. 

The tests of mixing are carrying out for flows in 
range from 3 µl/min to 33 µl/min. The entire liquid 
mixed for flow of 20 µl/min was assumed. The 
achieved result is smaller then assumed and amounts 
to 16 µl/min of maximal speed by which the two 
applied fluids were mixed. The results are shown in 
Fig. 8. 
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Channel output 
(flow velocity 26 µl/min) 

Channel output 
(flow velocity 16 µl/min) 

 
 

Channel input (flow velocity 16 µl/min) 

 
Fig. 8. Examples of pictures during mixing process. 

 

The effect of mixing fluid after flowing out from 
a mixer for different types of flows is shown in 
Figs. 9 and 10. 

velocity. 
 
 
 
 
 
 
 

The results of investigations are show in Fig. 11, 
depicting relationship of mixing effect with flow 
velocity. 

0
20
40
60
80

100
120

10 13 16 20 23 26 33

Flow [µl/min]

M
ix

in
g 

[%
]

Fig. 11. Influence of flow velocity on the mixing effect. 

4. Conclusion 

The presented paper describes design and 
construction of Y-shape mixer with microchannels, 
which can be integrated with subcomponents and also 
with analytical devices. The LTCC technology, 
screen printing and laser technique are used for its 
fabrication. The process of ethanol and water mixing 
was observed under microscope and analyzed. In 
consequence, the effect of entire fluid mixing was 
obtained for smaller flows than assumed. Probably 
this is caused by using the coloring agent, which can 
influence on water diffusion process and ethanol. 
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