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6. Digital Light Processing 

x t o" 

Figure 99 Spectra for H/ D2/He mixture a) 
Commercial MKS mass filter with circular 
rods ro=3.175mm b) DLP hyperbolic mass 
filter ro=2mm. 

Figure 99a shows the experimental mass spectrum for the H2/D2/He equal 

concentration gas mixture measured using a commercial QMS with 

circular electrodes having both pre-filter and post-filter (ordinate is given 

as pressure as standard with MKS software). Deuterium and helium cannot 

be resolved. This is also the case for the DLP filter Figure 99b. 

Species 

H
2
+ 

D/ 
He+ 

MKS DLP 
Relative 

(Circular (Hyperbolic performance 
rods) rods) 

3.17 3.03 

5.88 5.13 
5.88 5.13 

Table 13 Summary of peak resolutIOns (at 
10% peak height) for a DLP mass filter and a 
conventional alternative 

-4.4% 
-12.8% 
-12.8% 

The commercial mass filter produces slightly higher resolutions. This is 

largely due to its increased length relative to the hyperbolic filter and also 

the pre and post filters. A good correlation between the ratios of peaks 

heights (MKS-l: 1.59, DLP-l: 1.53) can also be observed in Figure 99. This 

provides further evidence that the DLP manufacturing technique is well 

suited to manufacture mass filter prototypes. 
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6. Digital Light Processing 

Conclusions 

The perfonnance of components manufactured by DLP has been 

characterised. These have been shown to vary significantly from the bulk 

material properties quoted by the supplier. 

A series of hyperbolic quadrupole mass filters have been fabricated using 

DLP and proven to work as mass spectrometers. The technique was found 

to be particularly suitable for prototyping mass filters that provide ideal 

hyperbolic field or for any other devices with complex geometries. 

Compared to other rapid prototyping techniques digital light processing 

otTers significantly smaller feature sizes, which allows a higher degree of 

accuracy both in manufacture and assembly. It also has the potential to 

produce a fully integrated mass spectrometer with a single mass analyzer 

or with array of analyzers at sub-millimetre and micro scale. 
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7. Conclusions 

7. Conclusions 

This thesis describes the outcomes of a body of research in which layer

based manufacturing techniques have been used to process a range of 

functional materials. 

Novel techniques have been used to manufacture demonstrators/prototypes 

which have the potential to be utilised in engineering applications. Within 

the processes of refining material, parameter set and design several 

conclusions can be made which represent the core outcomes of this work. 

A commercial NiTi powder has been processed for the first time via the 

SLM technique to produce near 100% dense parts which exploit design 

freedoms granted by LBMTs. 

These NiTi components have been shown to display the shape memory 

effect and have been trained and later actuated to exhibit the shape memory 

effect. Furthermore they have been actuated by ohmic heating. 

The process of melting by laser and further reheating appears to induce the 

presence of the so-called R-phase which is normally consistent with aged 

Ni rich alloys. Processing NiTi powders in this way may serve to produce 

components which imitate those that have been aged. The presence of 

contaminants, however, cannot be ruled out as an austenite stabiliser. 

Piezoelectric-ceramic/polymer composites have been manufactured and 

been selectively sintered to silicon substrates demonstrating lithographic 

deposition techniques combined with laser interaction are capable of 

selective deposition. 

Selectively sintered regions have been consolidated by laser treatment. 

This causes partial sintering and adherence to the substrate. The processed 
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7. Conclusions 

regions are typical of components which might be employed by 'lab on a 

chip'devices. 

Piezoelectric-ceramic/polymer composites have been fabricated with the 

DLP technique and used to build freeform components. Microscopic 

analysis and calculation has predicted that piezoelectric properties could be 

of the same order as materials processed by conventional methods. 

Material properties and resolution tests have been performed on samples 

built by the DLP process. These have been shown to display a high degree 

of variance. There is also significant deviation with respect to the 

manufacturer's bulk material quotations. 

DLP has been used to manufacture components for quadrupole mass 

spectrometry. DLP has been shown to be especially effective for mass 

filter manufacture more specifically the manufacture of complex profile 

electrodes. Metallisation of the plastic components which meet with 

specification have been shown to outperform conventional filters in terms 

of both cost and functionality. 
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8. Future Work 

8. Future Work 

The outcomes of this thesis present several opportunities for further work. 

These relate to further investigations into the effect of manufacturing 

parameters upon material properties and the incorporation of 

prototypes/demonstrators into new applications. 

1. Surface finish, build reliability and tolerances across SLM platforms 

are widely reported problems. Processing NiTi was typical of the 

process with respect to those factors. To minimise post processing 

and hence cost, addressing these limitations would form an excellent 

topic of research. This is likely to rely heavily upon laser/material 

interaction modeling to optimise the build approximation to the 

design intent. 

2. Although the SME has been demonstrated for SLM processed NiTi 

alloys the degree of SME with respect to manufacturing parameter 

set has not been investigated in this work. This presents significant 

challenges to prepare a range of material samples to be subjected to a 

range of training regimes and later analytical techniques. This will 

allow the enhancement of components manufactured in this way for 

product applications. Porous materials and meshes can easily be 

manufactured by SLM. Shape memory materials in this form would 

find several possible application including 'self healing' crash 

structures or perhaps temperature sensitive filters. 

3. The extent of the R-phase present in SLM processed NiTi alloys 

requires further investigation. One approach to this would be TEM 

and XRD analysis under thermally controlled conditions. 
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8. Future Work 

4. Piezoelectric / pyroelectric pads deposited on silicon substrates can 

be employed for sensory and actuation applications. Research into 

poling these pads and incorporating similar structures into MEM 

type components may be possible. The viability of this is dependent 

upon the mechanical integrity and adherence of the piezoelectric 

material. 

5. Poling of BaTi031R5 composites is a subject of ongoing research as 

is the implication of ceramic content on the resolution of the DLP 

process. Demonstrator builds performed in this study are of a limited 

height and the distribution of ceramic content through build height 

was not observed to vary greatly. This might not be the case in scaled 

up builds. 

6. Resolution and material tests were performed on a single 

machine/material combination in this study. There are several 

competing platforms (SLA, 3DP etc) and material feedstocks 

available for each. Thus a true evaluation of machine/material 

performance would require manufacturer collaboration. To date 

manufacturers of LBMT apparatus are reluctant to issue standardised 

results. This is currently under review with the formation of an 

ASTM working group [154]. The development of accepted standards 

is fundamental to the proliferation of LBMTs. 

7. Coated DLP components have been demonstrated to be highly 

effective in mass filters for spectrometry applications. There are 

various similar components such as ion traps and more complicated 

filters which could be manufactured in this way. Youssef et al [155] 

predicted an ideal quadrupole mass filter would not only be 

hyperbolic in profile but also helical (twisted) in trajectory. This was 

proposed in 1971 but has to date not been successfully realised. 
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