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TOM TAT

Trong nghién cttu nay, ching t6i bao cao viéc thiét ké va ché tao thanh cong hé laser
Alexandrite budc séng 755 nm dinh huéng cho tng dung trong da liéu va thAm my.
Hé thdng duoc xay dung theo cdu hinh mo-dun, bao gom budng cong huwong chia
thanh Alexandrite bom béng den flash, khéi diéu khién trung tam, kh&i ngudn nudi
cho deén flash, hé lam mat tuan hoan kin, va dau diéu tri vdi quang hoc diéu chinh.
Két qua cho thay hé laser phat xung 6n dinh véi d§ rong c6 thé diéu chinh trong
khoang 5-100 ms, & tan s& 13p tir 0,5-2,0 Hz. Nang lugng xung do dugc ndm trong
dai 4-50 J, taing gan tuyén tinh theo gia tri cai dat. Kich thudc vét laser c6 thé diéu
chinh ¢ cac maec: 6,0; 8,0; 18,0 mm, trong khi phan bd chum tia thé hién gan dang
Gaussian. Nhitng két qua nay khong chi khang dinh hé thdng dap ting cac yéu cau
lam sang co ban, ma con cho thay tinh kha thi trong viéc ché tao trong nuwdc thiét bi
laser y sinh hiéu néng cao. Cong trinh goép phan nang cao nang luc nghién cttu — ché
tao thiét bi quang hoc y t€ trong nudc va mo ra trién vong ting dung rong rai trong

linh viee da lidu va tham my.

Tut khoéa: Laser Alexandrite; 755 nm; Da liéu — thaAm my; Diéu chinh nang leong.

1. MO PAU

Laser Alexandrite vdi budc song 755 nm tir lau da dugce xem la mot cong cu quan
trong trong da liéu va thAim my. Co so chinh ndm & kha nang hap thu chon loc manh ctia
melanin trong da va nang long [1-3]. Nho vay, nang luong laser tap trung hiéu qua vao
cac mo chira melanin, trong khi mo6 xung quanh hau nhu khéng bi anh hudng. Day la
yéu to then chdt gitup giam thiéu ton thuong ngoai y muon.

Trén thuc t€, hé laser nay da duwoc ing dung rong rai cho nhiéu thu thuat lam
sang: triét 1ong dai han, loai bo séctd da (nam, tan nhang, ndt rudi, bot sac td), xtr ly ton
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thuong mach mau nong, va tré héa da khong xam lan [4-6]. So sanh vdi cac hé laser
khac, nhe Nd:YAG (1064 nm) hay diode (810 nm), budc séng 755 nm c6 d6 xuyén sau
trung binh. Diéu nay vira du d€ tac dong vao 16p biéu bi va trung bi néng — noi tap trung
nhiéu nang 16ng va ton thuong sac t6. Dong thoi, nho tinh chat nay, nguy co béng, cam
gidc dau qua mirc dwoc gidam, nang cao ca do an toan va sy thodi mai cua bénh nhan [7].

Caché Alexandrite hién dai con c6 thé phat xung ngan nang liong cao hogc xung
dai 6n dinh. Tinh linh hoat d6 cho phép bac si diéu chinh phtt hop véi tirng loai da va
ting tinh trang bénh ly [8]. Tuy vay, tai Viét Nam, viéc nghién ctru, thiét ké va ché tao
hé thiét bi Alexandrite 755 nm van con han ché. Day chinh 1a khoang tréng can duoc 1ap
day. Lam chu cong nghé khong chi dap ting nhu cau diéu tri 1am sang, ma con goép phan
giam su phu thudc vao nhap khau, dong thoi cho phép phat trién cac giai phap thich
tng hon voi ddc thu bénh 1y va co dia nguoi Viét.

Trong nghién cttu nay, ching t6i trinh bay qua trinh thiét k&, ché€ tao va thir
nghiém mot hé laser Alexandrite 755 nm. Cac két qua bao gom déic trung phat xa, ning
lwong, d6 6n dinh va phan bd chum tia. Thong qua d6, ching tdi khang dinh tinh kha
thi va trién vong ting dung thuc t& cia hé thong trong da liéu va thAm my..

2. PHUONG PHAP NGHIEN CcUU
2.1. Vat liéu

(gwongcau R >>1) (guong phang)
I
S '
Guong Thanh laser Lotréng  Guong
A laser ra
e (aparture)

Hinh 1. (a) Anh chup thanh tinh thé Alexandrite (BeAl,O4:Cr?). (b) Anh bén trong budng cong
hudng. (c) So &6 cau hinh laser Alexandrite bom bang deén xenon, gom thanh hoat chat
(Cr¥:BeALOy), vo deén flash, grong phan xa cao (HR), gwong ghép ra (OC) va chtum laser phat
tai 755 nm.

Laser trong nghién cttu nay la tinh thé Alexandrite (BeAlL,O4:Cr?*) (Hinh 1a). Tinh
thé duoc pha tap ion Cr?* & nong d6 thich hop dé phat xa on dinh quanh budc séng 755
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nm. Thanh Alexandrite c6 dang hinh try, hai dau duoc danh bong va pht phan xa quang
hoc. Peén flash xenon dang théng duoc str dung lam ngudn bom, dat song song voi thanh
hoat chat trong budng phan xa elip kép. Cach bd tri nay gitp t6i wu kha nang hdp thu
nang luong cua tinh thé (Hinh 1b).

2.2. So d6 khéi cua thiét bi

C4u hinh tong thé ctua hé laser Alexandrite dwgc minh hoa ¢ Hinh 2a. Hé thong
gom cac khéi co ban sau: (1) Buong cong huong: Gom thanh Alexandrite, den flash va
guong phan xa, dat trong hop kim loai kin. (2) Ngu6n nudi den flash: Mach nap, trigger
va simmer bao dam cung cdp nang luwgng bom 6n dinh. (3) Khoi ngudn: Cap dién cho
toan bd hé thong. (4) Khoi diéu khién trung tam: Quan ly va dong bd hoat ddng ctia cac
mo-dun, dong thoi gidm sat cac thong sd van hanh. Hé tuan hoan nudc cat khép kin két
hop quat d6i luu, duy tri 6n dinh nhiét. (5) Khoi hién thi va ban phim — diéu khién sé:
Bao gom man hinh TFT cam tng va bang diéu khién, ho tro nguoi van hanh nhap va
theo doi thong s6. (6) Pau diéu tri: Chum laser tir budng cong huwong duoc truyén qua
soi quang va hoi tu vao viing muc tiéu.

(a) ©)
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Hinh 2. Cau trac thiét bi laser Alexandrite budc séng 755 nm. (a) So &6 khdi cac thanh phan
chinh cta hé laser; (b) Mach dién tix khoi diéu khién trung tam; (c) Thiét bi laser Alexandrite

sau khi ché tao hoan thién.
2.3. Mach diéu khién trung tim
Hinh 2b trinh bay mach diéu khién trung tam. Mach st dung vi diéu khién lam
16i x&x 1y, két hop véi cac khoi phu tro: mach giao tiép, mach giam sat cam bién, mach
diéu khién nguodn den flash va mach bao vé. Cach thiét ké nay giup kiém soat chinh xac
ch& d¢ phat xung, dong thoi nang cao do an toan khi van hanh thiét bi.
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2.4. Thiét bi sau ché tao

Sau khi tich hgp, thiét bi hoan chinh duoc thé hién ¢ Hinh 2c. Hé thong dwoc bé tri trén
khung c6 banh xe, dé di chuyén. Bang diéu khién va man hinh cam tng TFT duoc lap &
vi tri thuan tién. Tay cam diéu tri néi véi day quang dan cho phép dua chum tia laser toi
vung can tac dong. Thiét ké tong thé gon gang, phu hop v6i mdi truong phong thi
nghiém va lam sang.

3. KET QUA VA THAO LUAN

3.1. Tan s6 phat va do rong xung laser

(a)

Mach diéu khién > Oscillocospe

0-00t-28 1R1Y <10k

Hinh 3. (a) So d6 do d¢ rong xung; (b) Do d6 rong xung laser; (c) d0 rdong xung laser vdi thang
do 5V/DIV, 10ms/DIP; (d) Po tan sd xung laser béng oscilloscope Tektronix TBS 1000C; va (e)
két qua tan s6 xung phat laser 1.5 Hz ¢ thang do 5V/DIV, 500ms/DIP.

Dic tinh phat xung ctia hé laser Alexandrite duwrgc xac dinh bang phuong phap
do truc tiép trén oscilloscope Tektronix, nhu minh hoa ¢ Hinh 3a. Dau do dwgc ndi tai
chan E caa cdp transistor (C9013, C9012) trong mach diéu khién, cho phép ghi nhan
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chinh xdc tin hiéu diéu khién phat laser. Trong qua trinh thi nghiém, cac thong s6 do
rong xung, tan sd phat va mic ndng luong duoc cai dat qua giao dién HMI; sau d6 thiét
bi duoc kich hoat bing ban dap khi hé théng ¢ trang thai “SAN SANG”. Céc thong s
tan s0 phat va do rong xung laser dugc nhom tac gia tién hanh thit nghiém 1dp lai nhiéu
[an trong qua trinh kiém tra thiét bi. Cho thiét bi chay lién tuc 60 phut/1 lan kiém tra. Cai
dat thiét bi hoat dong Ian luot & cac tan s§ 0,5-2,0Hz. Tai mdi tan s6, tiép tuc cai dat do
rong xung trong dai 5-100ms. Do tin hiéu xung trén oscilloscope, 1ap lai 3 lan do d¢ rong
xung & mdi tan s phat. Két qua cho thay do rong xung laser c6 thé diéu chinh lién tuc
trong dai 5-100 ms, vdi cac dang xung thu dwgc thé hién 6n dinh trén oscilloscope (Hinh
3b). Bién dang xung khong xuat hién dao dong hay bién dang dang ké, va do sai léch
gitra gia tri cai dat va gid tri do duwgc nho hon 5%, chiing té mach nguén va mach diéu
khién hoat dong chinh x4c va dang tin cay. Tan s6 13p lai xung dwoc xac nhan tai cac
muc 0,5 Hz; 1,0 Hz; 1,5 Hz; va 2,0 Hz (Hinh 3c¢). Dang song thu duoc cho thdy su 6n dinh
gitta cac xung lién tiép, khong ghi nhan hién twong mat xung hodc tré xung trong dai
khao sat. Nhitng két qua nay chiing minh rang hé laser Alexandrite ché tao c6 kha nang
phat xung 6n dinh v6i d6 rong 5-100 ms va tan s6 0,5-2,0 Hz. Day la cac thong s6 quan
trong, dam bao tinh linh hoat khi 4p dung cho cic quy trinh da liéu — thAm my khac
nhau, tir ch& 46 xung ngan nang lugng cao dén ché do xung dai nang lwong thdp nham
han ché tac dong nhiét khong mong mudn trén mo.

3.2. Nang lwong xung laser

(a)

Chum
Laser A laser Hién thi
Alexandr lte ] He E\luan;g )ﬂ:
truyén dan
Pau do
nang lwong

Nguon nuoi +
diéu khién
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Hinh 4. Do ndng luong xung laser Alexandrite. (a) So d6 bd tri do nang lwong xung; Hé thong
do ning lwong bang dau do ES245C va bo doc PM100D; (b) Thuc nghiém do nang luong xung

laser voi gia tri hién thi 5,33 J.

Ning luong xung ctia hé laser Alexandrite dwoc xac dinh bang cam bién ES245C
két hop bo doc PM100D (Thorlabs), theo so d6 bd tri do trong Hinh 4a. Thi nghiém duoc
tién hanh vdi tan s6 phat c6 dinh 1 Hz, trong khi d¢ rdng xung (pulse width, PW) dwoc
thay d6i ¢ hai mtrc: 20 ms va 100 ms. Nang lwong xung dwoc ghi lai tai cac mure thiét lap
ttr 15% dén 100% trén giao dién HMI ctia thiét bi (Hinh 4b). Nang luong xung laser dwoc
nhdém tac gia tién hanh thtr nghiém lap lai nhiéu lan theo cach tht nghiém véi qua trinh
do tan s va do rong xung. Két qua do dwoc trinh bay trong Bang 1 va dwoc minh hoa 6
Hinh 5.

Bang 1. Nang luong xung laser do duoc tai PW =20 ms (E1) va PW = 100 ms (E2)

% 15 28 33 48 53 58 63 75 85 90 95 100

El 402 496 540 658 741 782 830 942 1041 1091 11.00 11.46
E2 18.09 2232 243 30.27 33.34 35.19 3735 4239 45.80 48.00 49.50 51.57

Két qua cho thay nang luong xung ting gan tuyén tinh theo % gia tri thiét lap
trong ca hai ché d6 khao sat. O PW =20 ms, nang luwong do dwoc ndm trong khoang 4,02—
11,46 ], trong khi & PW =100 ms, nang lwong dat 18,09-51,57 J. Sy khac biét 1o rét nay
phan anh kha nang tich liy nang luwong ctua budng cong huwong khi kéo dai thoi gian
bom. D6 tuyén tinh cao gitta nang leong do dwoc va gia tri cai dat (R? = 0,99) khang dinh
tinh 6n dinh va do chinh xac ctia hé thong diéu khién nguon.
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Hinh 5. Quan hé git phén tram thiét lap va ndng luong xung laser Alexandrite
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Hinh 5 thé hién quan hé gita phan tram thiét 1ap va nang luwong xung do duoc
tai hai d0 rong xung. Puong déc trung cho thiy nang luong ting déu theo gia tri thiét
lap, v6i do doc on dinh va sai 1éch nho. Khi kéo dai d6 rong xung ttr 20 ms 1én 100 ms,
nang lwong phat tang khoang 4-5 [an tai cing mot ty 1€ thiét 1ap. Diéu nay phtut hop véi
co ché tich liiy ndng luwong trong budng cong huong va ching minh kha nang linh hoat
cua hé laser trong diéu chinh dai ndng luwong phat.

Tt goc d6 ting dung, dai nang luong thu duoc tit 4 ] dén hon 50 J/xung dap tng
t6t cac yéu cau trong da liéu — thAm my. Cu th€, ché d6 xung ngan véi nang lwong trung
binh phit hop cho cac tht thuat bé mat (vi du: xt ly sdc t8 nong, tré héa da), trong khi
ché d6 xung dai va nang luong cao thich hop cho cac ting dung can d¢ tham nhap sau
hodc dién tich chiéu 16n (nhu triét 16ng hodc x6a sac t& sau) [9,10].

3.3. Do kich thwéc vét laser

Kich thudc vét laser tai dau ra cua hé thdng duwoc xac dinh bang phuwong phap
bén thur nghiém trén gidy anh nhiét két hop do dac béng hién vi s6. Trong thi nghiém,
thiét bi dwoc thiét lap & nhiéu théng sd phat khac nhau, sau dé ting xung laser
Alexandrite duoc ban truc ti€p 1én bé mat gidy anh. Cac vét laser thu duoc thé hién rd
rang trén gidy, véi duong kinh thay doi theo diéu kién hoi tu ctia thadu kinh dau ra (Hinh
6a).

Hinh 6. Do kich thudc vét laser Alexandrite. (a) Ban timg xung laser tai dau diéu tri 1én tAim

gidy anh nhiét;(b) Hé camera hién vi ky thuét s6 két n6i may tinh dung dé€ do kich thudc vét
laser; (c) Vét laser duong kinh 6,002 mm; (d) Vét laser duong kinh 7,998 mm; (e) Vét laser
dwong kinh 18,002 mm



Thiét ké; ché’tao va ddnh gid ddc tinh kij thudt cua hé laser Alexandrite 755 nm ...

Dbé dinh lwong, gidy anh sau thi nghiém duogc quan sat dudi hé camera hién vi
ky thuat s6 két ndi voi may tinh (Hinh 6b). Két qua dién hinh dwgc minh hoa ¢ Hinh 6c,
6d, 6e, trong d6 duong kinh vét laser do duoc lan luot la 6,002 mm; 7,998 mm va 18,002
mm. Toan bd cac vét laser ghi nhan déu cé hinh dang tron d6i xting, cho thay chum tia
phat ra c6 d 6n dinh khong gian tot.

Khoang duong kinh vét laser do duoc trong thi nghiém thay d6i ¢ cdc muc: 6,0
mm; 8,0 mm va 18,0 mm, phu hop véi yéu cau thiét k€ ctia hé thong. Su thay d6i nay
cht yéu phu thudc vao loai thdu kinh st dung va vi tri hoi tu so v6i dau diéu tri. Nhw
vay, dau quang hoc cua thiét bi c6 kha nang diéu chinh linh hoat kich thwdc vét chiéu,
ttr d6 md rong pham vi ting dung lam sang: vét nho phuc vu cac tha thuat can do chinh
xéc cao (vi du: ton thuong sic t8 kich thudc nho), trong khi vét 16n c6 thé duoc ste dung
cho cac vung diéu tri rong (triét 16ng, tré hoa da). Ngoai ra, hinh dang va phan bd cuong
dod cta cac vét laser thu duoc (Hinh 6) cho thay nang luong tap trung cao nhat tai vung
trung tdm va suy giam dan vé phia bién. Dic diém nay goi y rang chtm tia c6 thé tiém
can dang phan bd Gaussian co ban (TEMy). D& khang dinh 16 hon, ¢é thé thiee hién trich
xuat duong phan b6 cuong do ngang tir anh thwc nghiém va so sanh véi moé hinh
Gaussian chuan [11]. Sy phan b6 nang luong gan Gaussian giup dam bao nang luong
duoc tap trung chinh xac vao vung mo dich, dong thoi han ché lan toa nhiét ra xung
quanh, gop phan nang cao tinh an toan va hiéu qua diéu tri.

4. KET LUAN

Trong cong trinh nay, chiing tdi da nghién cttu, thi€t k€ va ché tao thanh cong hé
laser Alexandrite budc séng 755 nm phuc vu tng dung trong da liéu va thAm my. Hé
thong dwgc cau hinh theo dang moé-dun, bao gom buong cong huwong tich hop thanh
Alexandrite va nguon bom den flash, khoi diéu khién trung tam, hé lam mat tuan hoan
va dau diéu tri. Cac thi nghiém danh gia cho thay hé laser c6 thé phat xung 6n dinh trong
dai do rong 5-100 ms, véi tan so lap tir 0,5-2,0 Hz. Nang lwgng xung do dwoc thay doi
ttr 4] dén hon 50 J, tudn theo quan hé gan tuyén tinh vdi gia tri thiét lap, khéng dinh d6
chinh xac cua khoi diéu khién nguodn. Kich thuwdc duong kinh vét laser tai dau diéu tri
6 thé diéu chinh theo cac mtrc: 6,0 mm; 8,0 mm va 18,0 mm, véi phan bs chum tia gan
Gaussian, bao dam dong déu khong gian va phtt hop cho nhiéu ché€ d6 tng dung lam
sang. Nhitng két qua nay chiing minh tinh kha thi ctia viéc ché tao hé laser Alexandrite
755 nm trong nudc, vira dap ing yéu cau diéu tri lam sang, vira gop phan nang cao nang
luc noi dia trong nghién ctru va phat trién thiét bi quang - y sinh. Trong twong lai, cac
nghién cttu mé rdng sé tap trung vao tdi wu hda hiéu suat, nang cao do 6n dinh dai han
va trién khai thtr nghiém l1am sang trén dién rong dé khing dinh gia tri tng dung thuec
tién ctia hé thong.
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LOI CAM ON

Nghién cttu duoc hd tro boi Dé tai “N Qhién ciru, thiét ké"va ché’tao hé thiét bi Laser

Alexandrite budéc séng 755 nm dinh hwéng g dung trong da liéu va thdm mi”, t6 chiec chu

tri dé tai: Trung tim Cong nghé Laser, t5 chtrc quan ly dé tai: Vién Ung dung cong nghé

(Bo Khoa hoc va Cong nghe).
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DESIGN AND FABRICATION OF A 755-nm ALEXANDRITE LASER SYSTEM
FOR DERMATOLOGICAL AND AESTHETIC APPLICATIONS
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Center for Laser Technology, National Center for Technological Progress
* Email: ctminhhoaa@gmail.com
ABSTRACT

In this work, we present the successful design and fabrication of a 755-nm
Alexandrite laser system intended for dermatological and aesthetic applications.
The device was constructed in a modular configuration, consisting of a resonator
with an Alexandrite crystal pumped by a flash lamp, a central control unit, a closed-
loop cooling system, and a treatment handpiece with adjustable optics. The laser
system demonstrated stable pulse generation with widths tunable from 5 to 100 ms
and repetition rates between 0.5 and 2.0 Hz. Output pulse energies ranged from 4 to
more than 50 ], with a nearly linear dependence on the preset values. The spot size
could be flexibly adjusted from 6.3 to 18.0 mm, while the beam profile exhibited a
near-Gaussian distribution. These results not only confirm that the developed
Alexandrite laser can satisfy essential clinical requirements, but also highlight the
feasibility of domestic fabrication of high-performance medical laser systems. The
outcome, therefore, contributes to strengthening local capacity in biomedical optics
and opens possibilities for broader deployment in dermatology and aesthetic

medicine.

Keywords: Alexandrite laser; 755 nm wavelength; Dermatology and aesthetics;

Energy tunability.
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