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Introduction 

 This four-month internship was realized under the supervision of Prof. T. KIWA at 

Okayama University located in Okayama prefecture. The laboratory under Prof. T. KIWA’s 

jurisdiction is part of the Graduate School of Interdisciplinary Science and Engineering in 

Health Systems and focuses its work on the conception of the terahertz microscopy device 

developed by Prof. T. KIWA call the Terahertz Chemical Microscope (TCM).  

 One of the objectives of this report is to present the TCM and his characteristics, and 

also why his applications in the medical and engineering fields can become viable alternatives 

to the already existing methods of analysis. This report will also highlight the main objective 

of the internship which was to create an optimized holder for the analysis without the current 

problems faced by Prof. T. KIWA’s laboratory. 

 First, in The State of the Art, the TCM and its application will be presented, as well as 

the software used for 3D Modelization. Then the improvements and the work done during the 

internship will be developed in a second part. 



 

State of the art  

A. Cancer, a worldwide disease 

 Cancer is a term which refers to any diseases related to the development of abnormal 

cells. The abnormal cells present an uncontrollable dividing process as well as the ability to 

penetrate and destroy normal body tissue as shown by Figure 1. Cancer death accounted for 

ten million deaths in 2020. It is the second-leading cause of death worldwide. 

 

Figure 1 - Comparison between a normal cell and a cancer cell 

 An estimation made by the Canadian Cancer Society in 2019 (cf graphic below) 

highlights the proportion of death due to cancer and other causes. As a result, the three most 

commons cancers are the breast, lung, and colon cancers. Difficulties arise when combating 

them in advancing stages. 

 
Figure 2 - Proportions of Death due to Cancer and Others Causes, 

 2019, by the Canadian Cancer Society 

 Some of the most popular methods of diagnostics are tumor imaging such as X-ray 

mammography, which will be explained in further details in the next part, cancer biomarkers. 

However, these diagnostics are complicated and expensive methods which discourage 

patients to undergo routine investigative consultations for early signs of cancer, leading to the 

progression of the cancer which will ultimately reach incurable advanced stages. As such, 

there is a need to eliminate the diagnostic delay. 
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B. The methods of analysis 

1. Current methods  

 Currently, X-ray mammography is the first technique used for breast cancer screening. 

The images are generated by a digital detector as the X-rays are passing through breast tissues 

(cf Fig. 2 below). The Computer-Aided Detection (CAD) systems search particularly abnormal 

areas of density or calcification which may indicate the presence of a cancer. 

 
Figure 2 - Illustration for positioning for a Cranial-Caudal (CC) Mammogram by Bruce Blausen 

 However, there is a problem of ionizing radiation, which leads to malignancy and false-

positive results. Hence, there is a need for cancer biomarkers that could predict the disease 

outcome. Among these methods capable of detecting a specific biomarker using antibodies, 

the Enzyme-Linked Immuno-Sorbent Assay (ELISA) is the most prominent one. 

 In this process, an antibody in charge of target recognition is immobilized on a plate 

before the addition of the antigen. Other antibodies or then introduced to ensure the 

detection by fluorescence or absorbance spectroscopy. 

 Another method is the Surface Plasmon Resonance (SPR) which also uses antibodies 

to detect breast cancer biomarkers. In contrast with ELISA, this method assesses in real-time 

the interaction between the immobilized antibody and its target and does not need any labels. 

 However, despite being both sensitive methods for detecting breast cancers, studies 

have highlighted their lack in stability, their limits for high detection, and their specificity due 

to the antibody’s nature. As a result, there is a need for a more efficient, faster, non-invasive 

and more accessible method of detection to replace the current method. 

2. New detective devices 

 To solve the problem mentioned in the previous part, new devices have arisen. One of 

them is a thermal imaging device developed by an Indian entrepreneur, Geetha Manjunath. 

Promoted by her company Niramai, this software technology called Thermalytix converts 

temperature distribution on the chest into a breast cancer report.  
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 Geetha Manjunath made a portable thermogram called 

Smille 100 which can be used to analyses cancer without 

invading privacy and taking tissue out of the breast. The Fig. 3 

shows the device in question. 

 To date, some 60 000 women have been screened for 

breast cancer in India. Yet, even if this device seems more 

efficient with a lot of advantage, it stills need to prove itself on 

the long term. 

  

 

 

 

C. The Terahertz Chemical Microscope (TCM) 

1. Global concept of the device 

 The TCM is a non-destructive and fast method of scanning. By using THz emission, this 

microscope is able to track the changes in the chemical potential on the surface of a sensing 

plate (see part ‘The plates, support of the reaction for further’ details). In the current study, 

the TCM is used for breast cancer detection by immobilizing aptamers onto the surface of the 

sensing plates. These aptamers, mammaglobin B1 (MAMB1) and mammaglobin A2 (MAMA2) 

are developed beforehand. 

 The setup of the TCM systems used for the experiments is illustrated in Fig. 4. A 

femtosecond laser pulse is divided into the excitation pulse and the trigger pulse. By using an 

objective lens, the excitation pulse is redirected on the backside of the sensing plate. By using 

a pair of off-axis paraboloidal mirrors, the radiated THz pulse and the detection pulse collimate 

and are redirected on the terahertz detector. 

 

Figure 4 – Diagram and photograph of the optical setup of the TCM 

Figure 3 - Thermogram by Indian 

entrepreneur Geetha Manjunath 

 The TCM is one of the other devices currently 

developed. Pr. T. Kiwa’s research team started in 2007 to 

create a microscope developed for mapping chemical 

potentials of chemical reactions in a gaseous atmosphere 

and aqueous solutions [2]. This device will be presented in 

more details in the next part. 
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2. The plates, support of the reaction 

 As mentioned in the previous part, the TCM uses sensing plates as supports for the 

reaction. The sensing plates consists of a three-layer plate: an insulator film, a semiconductor 

thin film and a sapphire substrate. The layer distribution is shown in Fig. 5. The plate size was 

10 × 10 𝑚𝑚2 (+ its incertitude) with an height of 0.5 mm. Since Si naturally oxidizes, the SiO2 

thin film coating is here to prevent electrons engendered by the chemical reactions from 

moving to the Si thin film. 

 

Figure 5 - Photograph and layer description of a sensing plate 

3. Experimental protocol 

 As mentioned previously, in the description of the setup of the TCM, femtosecond laser 

pulses are focused on the sensing plate from its sapphire substrate side. THz pulses are then 

created in the Si film and radiated into free space (cf Fig. 6.a below). Fig. 6. b is a photograph 

of the standard plate used for the experiments with its wells filled with the antigens. Each well 

was 3 × 3 𝑚𝑚2 (+ their incertitude) and 3 mm deep. The size of the plate is 40 × 40 𝑚𝑚2. 

 The antibodies are immobilized on SiO2 surface of the sensing plate by a covalent 

binding method. The experimental protocol begins with the sterilization of the sensing plate 

and the plate by an ultrasonic bath of acetone and ethanol for two minutes. Hydroxy groups 

are then formed on the surface with the reaction between SiO and a 200Mm diluted NaOH 

solution. After removing the solution, The SiO2 surface is modified with a 2% diluted APTES 

((3-Aminopropyl) triethoxysilane) solution with mili-Q. Finally, the sensing plate is soaked in a 

solution of antibodies, immobilizing them on the surface. 

 

Figure 6. (a) - Cross-sectional schematic of the sensing plate  
and (b) photograph of the solution wells 

10 mm 



       

8 
 

Dusson Tanguy 
2A GC INP-ENSIACET 

4. Measurement principle 

 As explained before, the femtosecond laser is split into THz excitation pulse and the 

THz detection pulse (cf Fig. 4). The THz detection pulse is used for the characterization of the 

THz wave as a function of time. The THz detector is calibrated so that acquisition is made at 

the peak of the wave in absolute value (represented by the dotted line in Fig. 7). These values 

are then merged to create a spatial representation of the sensing plate. 

 

Figure 7 - Example of a THz wave emitted by the sensing plate 

 As such, with the detection method previously presented, if the solution placed on the 

sensing plate has an influence on the potential of the Si layer when the femtosecond laser is 

emitted, it will be highlighted on the THz wave emitted. Thus, if a chemical reaction such as 

the capture of the cancer cells by the antibodies occurs and change the potential, it will be 

pointed out by the TCM. 

 Actually, when considering the energy bands of the sensing plate, the conduction and 

valence bands of the Si film bent near the boundary between Si and SiO2 layers (cf Fig. 8). This 

phenomenon causes the formation of a natural depletion field near the Si film edge. As a 

matter of fact, the electric potential on the sensing plate and the magnitude of the depletion 

field both change simultaneously when a chemical reaction has an influence on the potential. 

 

Figure 8 - Schematic diagram of the THz wave emission 
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D. N-Topology, a software for 3D Modelization 

 N-Topology is a professional software which allowed complex 3D Modelization. It is 

mainly used in the field of aerospace & defense, automobile, medical, and consumer products. 

N-Topology modeling consist of an implicit modeling which consist of describing solid bodies 

by mathematical equations. The software is also well-known for its ability to manipulate 

lattice structure.  

 The Fig. 9 shows the interface of N-Topology. The upper part of the screen compiles 

the different categories of functioning. For instance, the Create section allows the user to 

generate solid body such as cube, cylinder etc. The modeling serves mainly for uniting the 

body created or on the other hand, to cut the unnecessary part.  

 All the body created are then displayed on the left of the screen where the user can 

change them to variable to facilitate to call them later as a part of a more complex body.  One 

advantage of N-Topology is its ability to display a cross-section view of the bodies by cutting 

them with a plan. This software will be presented in further details in the next part with the 

showcase of the different prototypes of plate created. 

 

Figure 9 - Display of N-Topology interface 
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E. 3D printing 

 To be able to create the 3D models design on N-Topology, a 3D printer is needed.  

The 3D printer used was the Agilista-3100, an ancient model which isn’t commercialized 

anymore. The printer itself as well as its property are presented in Fig. 10. 

Model material AR-M2 (transparent resin) 

Support material AR-S1 (water-soluble resin) 

Molding size 297 × 210 × 200 mm (A4 size × 200 mm) 

Resolution 635 × 400 dpi 

        Figure 10 – Agilista-3100 3D printer showcase 

  

 The technology used by this printer is the same as many other types of 3d printer and 

it is called stereolithography (SLA). This technique consists of the polymerization of a 

photosensitive resin by a laser. Usually, the printing can be long but it is the more controlled 

way to print plane surfaces. 

 An important point to note is the resolution incertitude of the printer. For the Agilista-

3100, the incertitude is about 0.3 mm which seems small enough at first, but since the 

prototypes printed were fairly small, a few issues have been encountered during the process 

of making an optimized plate. 

 



 

The conception of an optimized plate  

 In this part, the objective was to improve the plate the laboratory was using up until 

now by using 3D Modelization and 3D Printing. As a matter of fact, there is a need for an 

improvement due to two major problems limiting the quality of the analysis. Thus, the desired 

optimized plate should verify four criteria classified by importance: 

- It should not leak, 

- It needs to be reusable, 

- It needs to be practical and the sensing plate should be removable, 

- The experiment needs to be reproducible. 

A. The cell distribution problem 

1. Analysis of the problem 

 The first major problem to arise during the preparations of the plate was the cell 

distribution problem. In an ideal case, the repartition of the cancer cells should be 

homogenous as they should be dispatch equally inside the well. However, the photograph of 

Fig. 11. a clearly shows the contrary. Most of the cells tend to agglomerate on the side of the 

well, leaving the center near empty.  

 One of the most likely hypotheses can be explained by the kinematics study of 

movement during the agitation of the plates. As a matter of fact, during the preparation of 

the plates, they need to be shook to improve the efficiency of the reaction. The mechanical 

agitator undergoes a circular movement supposed uniform, which is described by the 

schematic diagram in Fig. 11. b. 

  

(b) 

(a) 

Figure 11. (a) - Photograph of one dispatchment observed 
and (b) Schematic diagram and hypothesis of the problem 
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 Therefore, by applying the sum of the forces exerted on the cancer cell considered, the 

expression of the centrifugal force for a circular uniform movement can be obtained:            

𝐹𝑐𝑒𝑛 = 𝑚. 𝑤2. 𝑅, with m the mass of the cancer cell, w the rotation speed of the agitator, and 

R the radius of the well. 

  In regard to the photograph obtained in Fig. 11. a, the centrifugal force seems to be 

predominant compared to the force exerted by the antibodies to fix the moving cancer cells. 

One of one possible solution would be to reduce the rotation speed of the agitator, leading to 

a decrease of the centrifugal force energy. However, since the preparations takes time, it 

might be difficult to find a better protocol without impacting the efficiency of the reaction and 

the reproducibility of the preparations. To this end, new plates were tested with different 

edges to see if the shape of the well could affect the cell distribution. 

2. Changing the well shape a possible solution to the cell distribution 

 problem?  

 As introduced in the previous part, to see if changing the well shape could limit the 

effect of the centrifugal force on the cancer cells, four types of plates were tested. To simplify 

the test, it was decided to limit the plate to one well. The well diameter was 8 mm long for a 

height of 3 mm. The volume capacity of the wells was superior to 180 μL. The following table 

displays the 4 types with different point of views: 

Type of Edge Above view of the plate Cross-section view of the plate 

Rectangular 

 
 

Circular 
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Spherical 
progressive 

 
 

Circular 
progressive 

 
 

Table 1 – Display of the four well edge types 

 After testing the different plates, the photos took with the smaller microscope camera 

were not good enough to be compared together as it was difficult to find the cancer cells (cf 

Fig. 12).  Thus, as the observations made seemed to align together, it was concluded that there 

were not any major differences between the different types of edges as none of them were 

able to actually help the scattering problem. 

 

Figure 12 - Photograph of the cylindrical plate, magnitude 12 

 As mentioned above, the observations were actually quite difficult with the first 

microscope which has a poor resolution. The cancer cells were very difficult to identify. The 

two black points toward the center may be ones. In fact, the second major problem was 

highlighted with this first photograph. Indeed, the grey band is actually manicure which 

prevent the immobilization of antibodies and reduces the surface available. Finding a solution 

to it will be the main objective of the rest of the report. 
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B. The backlash of using manicure: 2 possible solutions 

 As introduced in the previous part, the manicure used to fix the sensing plate to the 

plate is actually disrupting the microscope observation. Hence, it must also disturb the TCM 

analysis since the surface available for the antibodies is shrank. The photographs of the Fig. 

13 highlight this restriction with the available field marked out by the red cercle. The green 

cercle approximately defines the well surface. 

 

Figure 13 - Highlighting of the restriction of the available field on the sensing plate by manicure 

 Using cercles to defined the well surface has allowed to make a first simple assumption 

of the potential marge of improvement. By calculating the surface of both cercle and the 

proportions of the red cercle compared to the green cercle, the surface gain was obtained: 

𝑆𝑟𝑒𝑑,𝑙𝑒𝑓𝑡 = 𝜋 ∗ 𝑟2 = 56.2 % 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 ⇒ 𝑆𝑔𝑎𝑖𝑛 = 𝑢𝑝 𝑡𝑜 43.8 % 

𝑆𝑟𝑒𝑑,𝑟𝑖𝑔ℎ𝑡 = 𝜋 ∗ 𝑟2 = 66.8 % 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 ⇒ 𝑆𝑔𝑎𝑖𝑛 = 𝑢𝑝 𝑡𝑜 33.2 % 

 A quick explanation of the problem is summed up by the following schematic diagram: 

 

Figure 14 - Schematic diagram of the manicure spreading matter 

 To try to solve this matter, two solutions were examined. First, since manicure is still 

very efficient for the isolation of the wells, the idea was to keep it but changing its way of 

application to limit is spreading. The other possibility was to try to create plates without 

manicure. 
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1. Could a trench solve the manicure spreading problem? 

 As introduced, the first solution thought was to change the shape of the boundary 

surface between the sensing plate and plate. On that purpose, two shape were tried, one with 

trench and one with holes, both presented in Fig. 15.  

 

Figure 15. (a) – Plate with trenches 3D model  
and (b) plate with holes 3D model 

 For the model with holes, it was in fact quickly abandoned. As a matter of fact, the 

major inconvenient with a sum of holes was the disruption of the continuity between each of 

them. Indeed, as manicure would theoretically fill the holes, there would be a gap between 

two holes filled with air, preventing the waterproofness of the prototype. 

 For the trench model, a cylinder of a 0.6 mm diameter was subtracted to the main 

plate resulting in a depth of 0.3 mm. As for a standard plate, the square in which the four wells 

are covered has a 10 × 10 𝑚𝑚2 surface. Each well has a surface of 4.5 × 4.5 𝑚𝑚2 and a 

depth of 3 mm. The axis in the center is 1 mm length cross. With the subtraction of the 

cylinders, the actual surface in contact between the two plate is 0.2 mm from each side of the 

trench. The advantage of the shape was that it should have theoretically stop manicure 

expansion making it a plane surface, such as displayed in Fig. 16. 

 

Figure 16. (a) – Plate with trenches field 3D model 

with manicure and (b) cross-section of the 

trenches of the 3D model  
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 However, the plate lack of efficiency caught up when the printed prototype was tried. 

As a matter of fact, due to the high viscosity of the manicure, and due to small space given by 

the trench, it was impossible to apply manicure evenly. 

 This prototype was thus deemed unusable. One of a solution could have been to 

change the physical property of manicure to lessen its viscosity. But since it might not have 

been able to solve the leaking problem, a change of perspective was necessary. 

2. Is it possible to proceed without manicure? 

 With the previous took in consideration, the next step was to try to create plate 

without using manicure to fix the sensing plate. The idea was to try to fix using pressure on it. 

Two types of plates were tested, on with hooks to fixed the sensing plate, and another one 

with the creation of a supplementary plate to carry the sensing plate later fixed with screws. 

To keep an insurance in case of leaking, both plates were conceived with trench previously 

presented so that an insulator could be applied. 

a)  Incorporating hooks to the plate 

 The first type of plate uses hooks to lock the sensing plate. Two version were 

conceived. The first one used to have four hooks to apply an equivalent pressure on the plate 

(cf Fig. 17). The hooks could not cover a surface superior to 4.5 × 0.4 𝑚𝑚2 above the sensing 

plate since they should not obstruct the observation of the wells. However, the plate was not 

practical at all as there were actually no other ways to lock the sensing plate than pushing it 

from above. The hooks would then either break or be deformed. And there was no way to get 

the sensing plate safely for the plate. 

 
Figure 17. (a) and (b) – 3D model of plate with 4 locks and without the sensing plate,  

and (c) 3D model of plate with 4 locks and with the sensing plate 

 To improve the first version, a hook was removed so that the sensing plate could be 

slide in. The height of the hook was also enhanced by a few tenth of a millimeter (cf Fig. 18). 

Yet, even if this second version was more efficient and practical, a major problem remained. 
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 With the disappearance of manicure, there was not insulator left to prevent the 

solution from leaking. As a matter of fact, both versions were not able to contain the solution 

when trying to poured it in the wells. The main reason to the leaking is the lack pressure 

applied to the sensing plate. With these models, no pressure was applied to the center, 

resulting in a leak between the different wells from one to another. Moreover, trying to use 

manicure or a silicone paste to isolate the well did not work. Thus, the type of plate was 

discarded for a more complex one. 

b) Enhancing pressure by using screws 

 The next type of plate which was conceived is actually composed by two plates: the 

bigger plate equivalent to the standard plate shown by Fig. 19. (a) and a supplementary plate 

to lock the sensing plate shown by Fig. 19. (b) and (c). With this structure, the pressure is 

actually applied on the entire sensing plate. The size of the wells is the same as usual and the 

screws used were M3 screws which corresponds to a diameter of 3 mm. The holes were made 

by subtraction of cylinders of a radius of 1.5 mm. 

 

  

Figure 18. (a) – Frontal view of the 

plate with hooks 3D model with 

the sensing plate and (b) side view 

of the plate with hooks 3D model 

with the sensing plate 

Figure 19. (a) – Above view of the screw plate 

3D model without sensing plate and (b) and 

(c) top and bottom view of the supplementary 

plate 3D model without sensing plate 
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 The shape of the supplementary plate is actually a bit peculiar since the laser trajectory 

needed to be taking into account. As a matter of fact, as presented in the measurement 

process, the femtosecond laser is directed to the sapphire surface and if the reaction occurred, 

a THz wave is emitted from the sensing plate. However, with the use of supplementary, some 

of the surface of the sensing plate was occulted, thus disrupting the laser trajectory. To solve 

this matter, 45° curves were cut in the supplementary plate as shown by Fig. 20. 

 

Figure 20 – Top view of the supplementary plate with the laser trajectory  
reflecting on the sensing plate 

 The volume available for each well is 42 μL. The supplementary plate had a height of 

1.5 mm and covered a surface of 30 × 30 𝑚𝑚2. Three plates were made and tested out with 

water first. Unfortunately, the test failed as water was leaking from one well to another and 

also on the sides (cf Fig. 21). The same problem with the hook type prototype arose as it is too 

difficult to control applied without manicure as an insulator. To conclude, it is not possible to 

proceed without manicure, so there is a need to find an alternative to manicure. 

 

Figure 21 - Waterproofness test of the 3D printed screw plates 
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C. The use of a silicone spray, the solution to the leaking problem 

 As mentioned previously, it was not possible to conceived a plate which could be self-

sufficient in term of waterproofness without using manicure. However, one solution was 

actually found: a silicone spray. By coating the bottom side of the supplementary plate and 

the top side of the main plate, the two layers of silicone would eventually merge, fixing the 

two plates together. The Fig. 22 shows the final plate after the binding. 

 

Figure 22 – Photos of the functionable plates sprayed with silicone 

 The screw model was reused for two reasons. The first is its ability to lock the sensing 

plate very easily with a pressure evenly applied. The second is that the holes actually allowed 

the evacuation of the silicone excess, preventing a loss of balance. 

 The advantage of this process was the first the fact that the waterproofness is sufficient 

to prevent any leak if the pressure applied is low enough: the limit of the solution is 40 μL for 

each well. The second and the most important one was the prevention of the manicure 

spreading matter. The Fig. 23 highlights the surface gain from such a plate compared to the 

standard plate used, with the entire well observable, which is between 30% to 50%. 

 

Figure 32 - Comparison of the standard plate in ceramic with the silicon sprayed plate 
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 However, this type of plate is not without drawbacks. First, by using 3D printing, the 

plate can only be used once as the gluing of the silicon layer is too potent. The removal was 

usually made by force, damaging both the main plate and the supplementary plate, as shown 

in Fig. 24. Yet, using acetone and ethanol to remove the silicone is not a better solution, has 

it fragilize the plates, making them too malleable. Furthermore, the preparation of the plate 

is long and need to be done at least 3 days prior the experiment for the two sides of the 

silicone layer to merge properly. Hence a lack of efficiency. 

 

Figure 24 - Showcase of the damage on the surface of both plate after using the silicone spray 

 Thus, even if the first criteria which is to prevent any leak is now check, this type of 

plate is not reusable, does not allowed the sensing plate to be easily removed and it is difficult 

to reproduce. Therefore, there is a need for a more efficient plate which lead to the final part 

of the report with the tentative to try to conceive a sliding plate. 

D. The potential of a plate with a sliding overture 

 In this final part, the main objective was to try to create a more efficient and practical 

plate. The first type of sliding plate was fairly similar to the precedent one using silicone spray 

but the supplementary plate was not fully glued this time with a cut allowing the sensing plate 

to slide in. A small part (in red in Fig. 25. (a)) was then added and screw to seal the sensing 

plate. However, the same problem as the plates with holes filled with manicure and the one 

with screws arose. Without a complete layer of silicone, the waterproofness is doomed to fail 

since it was to light that using screw was not sufficient (cf Fig 25. (a)). 

 A second type of sliding plate was then researched, with this time a return to a 

structure similar to standard plate in ceramic. A sliding ramp was to create to allow the sensing 

plate to move through the plate as well as a supplementary part to push it, both displayed in 

Fig. 25. (b). However, this version had a lot of flaws and was even not testable. As a matter of 

fact, the slide was too small for the sensing plate to move in and the part supposed to push it 

through was too thin and fragile, its height was 0.5 mm.  
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Figure 25 - Showcase of the failed two first sliding prototypes 

 By taking in considerations the previous flaws of the second sliding prototype, 

improvements were made, making the sliding possible. To do that, the internal shape of the 

plate was modified: 3 lines were added to the ramp to make the pushing part more practical 

and resilient to stress exposure. Each sides lines had a length of 1 mm and the central one a 

length of 1.5 mm, with a height of 3mm for the three of them. The height of the plate itself 

was thus raised to 4.5 mm to be able to have such an internal structure. 

 To be able to lock the sensing plate inside the plate, two locks were conceived. The 

first one shown by Fig. 26. (a.1) is a bit more complex has she possess a location to put the 

sensing plate on with a space of 0.5 mm. The second lock shown by Fig. 26. (a.2) was here to 

seal the gap between the plates and the wells.  

 
Figure 2 

  

 

Figure 26. (a) and (b) – Above 

view of the locks 3D model and 

(c) cross-section of the sliding 

plate 3D model with and without 

the locks and the sensing plate  
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 However, this version was also a failure for two main reasons. The first one was 

obviously a leaking problem, same as the previous plate which did not use either manicure or 

silicone. The second one as problematic with the scratching of the silicone surface by the plate 

when moving it through. It was due to a lack a space to let the sensing plate easily go inside 

(it was de facto hammered in). The Fig. 27 shows the scraps made on both sides of sensing 

plate which may disrupt the immobilization of the antibodies on the SiO2 surface. 

 

Figure 27 - Display of the scratching on the sensing plate with (a) before the moving 
 and (b) after the moving 

 As a result, it was necessary to augment the gap allowed inside for the sensing plate 

to not damage it. Finding a good balance is actually pretty difficult since all the space given to 

the mobility of the sensing plate will also result as more space between the wells and the locks 

which will eventually worsen the waterproofness of the prototype. 

 One last type of sliding plate was created to try to meet all the criteria, taking into 

consideration all the previous flaws highlighted. The model for this one, displayed by Fig. 28, 

was inspired by the structure of a retractable utility knife, with a movable handle pushing and 

retracting the sensing plate. To do that, holes were created on both sides vertically as well as 

one on the horizontal side in order to screw a movable supplementary part which eventually 

be used as a lock. 

 
Figure 3 

 

Figure 28. (a) – Above view of the movable 

sliding plate 3D model and (b) cross-

section of the movable sliding plate 3D 

model with and without the locks  
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 As mentioned previously, to make the sliding of the sensing plate more practical, the 

lines sizes were raised from 1 mm to 1.45 mm for the sides line and from 1.5 mm to 2 mm for 

the central one and a global height of 2.25 mm. Concerning the horizontal cut made for the 

movable lock, the surface is around 10 × 28.5 𝑚𝑚2 for a height of 1.1 mm on the sides, 2.25 

mm for the lines and 0.525 mm between them. The screws used were M3 screws, the same 

used for the screw plate. The second lock used to lock the plate presented in Fig. 28. (b.2) was 

then enlarge to meet the same size as the movable part. 

 After printing all the parts displayed in Fig. 29, the efficiency of the plate was tested. 

As a result, it was very practical, and the sensing plate scratching was diminished a lot but the 

same usual problem arose since no insulator was used. Again, using silicone paste to cover the 

lock surface in contact with the sensing plate did not help to prevent the leaking. Thus, even 

if this new version made a lot of progress both in reusability and for the sliding of the sensing 

plate, as the most important criteria is not met, it cannot be used without any improvements.  

 

Figure 29 – Showcase of the 

3D printed components and 

combination of the last 

sliding plate 



 

Conclusion 

 Through this report, the current methods of analysis, the Terahertz Chemical 

Microscope, the N-Topology software and most of the plates conceived have been presented. 

A focus was made on the plates by the TCM to help its development. As a matter of fact, such 

systems are to become the key to unlock faster treatments and better cures for diseases, 

especially to prevent cancer from reaching advanced stages. The State of the Art put light on 

the current state of the systems and the disease.  

 About the conception of an optimized plate requiring to check four criteria, the 

prevention of any leak, the possibility to reuse the plate, the possibility to slide the sensing 

plate in and out, and to make the experiment reproducible, the perfect plate meeting the four 

of them could not be created. By the end of this internship, only one type plate can be used 

for experiments. As a matter of fact, only the plate which used silicon spray to fixed the 

supplementary plate is waterproof and able to solve the manicure spreading matter. Yet, even 

if it can currently only be use once, making the same plate in ceramic could be a solution, using 

acetone and ethanol to remove the silicone after use. Another option could be to try to 

improve the last sliding plate, as it possesses a lot of potential since it does not need three 

days to be operational. 

 To sum it up, a plate which is an improvement from the standard currently use was 

successfully conceive, but there is still a lot of room to improvements in the 3D Modelization 

and Printing field. 
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chance to live such an incredible experience, both on the professional and private aspects. 
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for your support on this important project, being able to talk about what we could improve 

every time was very stimulating. 

 I would like to thanks Pr. Sakai for all his kindness and all the time he spent on logistics 

matters, Pr. Inoue for its enthusiasm toward my internship and all the things he made me 

discover at Okayama Hospital, and my coworkers for their warm welcome and interest. To 

wrap it up, I also want to thank Pr. Chenevier who put me in contact with Pr. Kiwa and made 

this exchange with Okayama University a reality., as well Pr. Carlos Vaca-Garcia who put me 

in contact with Pr. Chenevier.
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