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11. TOm tit cac két qua moi ctia luan an:

- Ché tao thanh cong laser vi cau sinh hoc tir vét liéu protein tu nhién long tring trimg va
huyét thanh bo pha hoat chat Rhodamine B trén co s& phuong phép khir nuée tir dung dinh
protein. Dai ngudng phat laser vi cau thu duoc trong khoang 22-55 pJ/mm? ddi véi vat liéu protein
tir 10ng trang trimg ngdng va cai thién giam hon hai 1an xuéng muc 7 - 33 pJ/mm? dbi véi vat lidu
huyét thanh bo. Thong sb hé s6 pham chat cua laser vi cau sinh hoc dd ché tao dat murc cao,
khoang 3.10%, trong duong v4i cac ngudn vi laser sinh hoc khac.

- Ché tao thanh cong hé thong kénh dan vi luu trén co sd cong nghé quang khic mém tng dung
trong diéu khién kich thudc cua laser vi cau sinh hoc. Kich thudc kénh chira dung dich protein pha
hoat chat mau RhB véi chiéu rong x chiéu sdu khoang 52x30 pm, kénh dan dung méi Decanol véi
chiéu rong x sau khoang 150x115 pum va kénh dan dau ra voi chiéu rong x chiéu sau khoang
320x105 pm.

- Piéu khién dugc kich thude cta vi laser v6i dudong kinh trong khoang tir 52 téi 146 pm thong
qua thay dbi ty s6 toc d6 bom cuia cac dong chat 16ng vao hé théng kénh dan vi luu. Da ché tao
duoc duge sb luong 16n laser vi cAu sinh hoc, trong d6 50 - 70% laser co6 kich thude giéng nhau
v6i sai s6 khoang 3-4%.

- Thir nghiém thanh c6ng Gmg dung cta laser vi cAu trong cam bién nhiét d6 moéi trudng trong dai
nhiét d6 25°C dén 50°C, dat d6 nhay khoang 0,47 nm/°C. Cac ngudn laser cho thiy sy hoi phuc
t6t khi tai st dung va dudng dic trung nhiét d6 co su trong duong nhau.
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11. Summary of the new findings of the thesis

- Biological microsphere lasers were successfully fabricated by using the protein dehydration
process. The material used was Rhodamine B (RhB) doped egg white (a natural protein
material) and bovine serum albumin (BSA). The lasing threshold was around 22-55 pJ/mm?
for goose egg white-based lasers and reduced to 7 - 33 uJ/mm? for BSA based lasers. The
quality factor of the fabricated microsphere biolasers is high, about 3.10%, which is equivalent
to that of other biological microlaser sources.

- Successfully fabricated microfluidic channel system based on soft lithography technology.
This system was then used to control the laser size. The channel containing the RhB-protein
solution and decanol solvent has a width x depth of about 52x30 pm and 150x115 pm,
respectively. The output channel has a width x depth of about 320x105 pm.

- Successfully control the size of the microlaser with a diameter in the range from 52 to 146
pum by changing the speed ratio of the liquid flows into the microfluidic channel system.
Thousands of microsphere biolasers were fabricated. Among them, 50 - 70% of lasers have
the same size with a size deviation of only 3-4%.

- Successfully demonstrated the temperature sensing application by using microsphere
biolasers. The sensing range is from 25 °C to 50 °C. The obtained sensitivity is about 0,47
nm/°C. These temperature laser-based sensors are highly stable and the lasing performance is
highly reproducible. Different spheres but have the same size show a very similar
specification.

3.2. Conclusions

This thesis provides an effective method and technology for the fabrication and mass
production of biological microsphere lasers with tunable size. A series of microlasers with
monodisperse size and similar lasing properties have been produced. These microlasers are
also demonstrated as promising temperature micro-sensors. The results shown in this thesis



have been published in 05 ISI papers, 01 paper in a prestigious domestic scientific journal, and
03 national/conference proceedings.

12. Paratical applicability, if any: application in sensors

13. Further research directions, if any: Research on the application of biological microsphere
lasers in sensors
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