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Tom tit:

Bai béo trinh bay cic két qua nghién ciru ché tao bd quét chiim tia laser dwgc sir dung trong thiét bi laser diéu tri thAm my vi
diém dira trén cong nghé fractional dé phan doan chim tia laser diéu tri. Qua trinh quét chiim tia dwgc thwe hién thong qua diéu
khién goc quay ciia 2 galvo md to theo céc truc X va Y. Ché dd quét véi cac viing diéu tri ¢6 bién dang khac nhau (ving diéu tri
hinh vudng - chir nhit, hinh tron - elip, hinh tam giac can, hinh thang cin va hinh thoi) di dugc thiét 1ap, khao sat, danh gia dé
tir d6 x4c 1ap bo thong sé diéu Khién téi wu cho céc ving diéu tri. Viée ché tao thanh cong bd quét chium tia laser cho phép chii
dong phat trién cac phan mém diéu khién dic thi v6i viée thay doi cac thong sb theo yéu cau diéu tri khac nhau, qua d6 gidp cho

qua trinh diéu tri dwoc linh hoat va hiéu qué hon.
Tir khoa: fractional, galvo mé to, laser diéu tri thAm my.
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Abstract:

This paper presents the results of research and fabrication
of a laser beam scanner used in a fractional therapy laser
system based on factional technology to segment the laser
beam for treatment. The beam scanning process is performed
by controlling the rotation angle of two galvo motors along
the X and Y axes. Scanning modes with different treatment
areas including square-rectangle, circle-ellipse, isosceles
triangle, isosceles trapezoid, and rhombus, have been
developed, surveyed, and evaluated to establish a set of optimal
control parameters for the treatment areas. The successful
manufacture of the laser beam scanner allows to actively
develop specific control software with changing parameters
according to different treatment requirements, thereby making
the treatment process more flexible and more effective.
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Ngay nay, laser di duoc img dung rong rii trong nhiéu linh
vuc khoa hoc va cong nghé nhu hoa hoc, vat Iy, thong tin lién lac,
quén sy, cong nghiép, y té, moi truong. .. [1-4]. Trong linh vye y
té, laser chu yéu dugc sir dung trong phAu thudt cAm mau, phiu
thudt ndi soi, chin doan, tri liéu, thdm my (dleu tri myn trung ca,
triét 16ng, x6a hinh xam, diéu tri b6t sc té...), nha khoa, nhan
khoa [5-8].

Trong diéu tri thim my, uu diém ndi bat cta viéc st dung laser
la kha nang tap trung nang lugng trén mot khu vuc co gidi han,
nho do, chi tac dong 1én cac t6 chie t& bao dugce chi dinh. Hon
nita, thong qua viéc dicu khién thong s6 quang ciia chum tia laser,
céc thiét bi laser cho phép kiém soat chinh xac sy phan bd ning
luong chum tia theo khong gian va thoi gian, nho do, kich hoat co
hiéu qua cac qua trinh nhiét, co hoc hodc quang héa trong cac mo,
té bao [9].

Hién nay, ¢6 2 phuong phap st dung laser trong diéu tri thim
my gom phuong phép xam lan (ablative) va khong xam lén (non-
ablative) [10, 11]. V6i phuong phdp khong xdm lan, yéu cau dit ra
1a phai dam bao khong phéa huy cau triic co hoc ciia mo mic dii bé
mat da bi tdc dong nhiét [12].

Phuong phap x4m lan lién quan dén viéc loai bo cac mo song
tiép xic truc tiép v6i b xa laser. Co ché va phac do diéu tri dugc
xéc dinh boi tinh chét ciia mo, dic tinh cta birc xa laser (bugc song,
ché d6 hoat dong: phat xa lién tuc hodc xung, cong suit laser, ning
luong xung...) va hé sd hap thy bic xa cia té bao. Laser thuong
dugc sir dung la laser CO, (bude song 10600 nm) va laser Erbium
(buoc song 2940 nm), trong d6 laser CO, cho két qua diéu tri xdm
14n t6t hon, trong khi diéu tri bang laser Erblum cho thoi gian phuc
hdi nhanh hon [13-15]. Bén canh d6, dé nang cao hiéu qua va giam
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thiéu thoi gian diéu tri, nguoi ta st dung cong
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(A) (B)
nghé quang nhi¢t phan doan chum tia FP —
(Fractional photothermolysis) trong céc thiét TSR] o i ke rung sam ’ M to truc X
bi laser diéu tri thim my [16, 17]. Cong nghé ~ __ _ _Chamissar| ______ ] Cheong by Kién Chum laser ot
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laser c6 diu khién. Ban chét cua cong nghe ! He quang |~ Guong #1 [ Guong #2 ‘ i 4 VA S
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diém didu tri nhiét MTZs (Microtreatment o Théukinhhoi tu j '
zones of thermolysis) [18]. C6 nghia 1a, thay 0/ 16 chire té bao |
vi chiéu chum tia laser [én toan by vung dicu e

tri, chim tia s& chi dwgc chiéu vao to chuc té
bao tai cac diém xéc dinh. Tap hop cac diém
diéu tri nay s€ hinh thanh mdt ma tran cac
diém diéu tri trong vung diéu tri, c6 nghia 13,
chum laser quét trong ving diéu tri theo ma
tran cic diém diéu tri. Nhimng thiét bi laser
diéu trj theo cong nghé FP duogc goi 1a laser diéu trj vi diém.

Tai Vi¢t Nam, cac nghién ctru vé qua trinh diéu khién quét chum
tia laser theo ma trin cac diém diéu tri con han ché. Céac bo quét
chiim tia chii yéu 1a nhap khau, dan dén han ché trong céc tmg dung,
kho khan trong viéc lam chu cong ngh¢ ché tao, cling nhu cong viéc
bao hanh, bao dudng thiét b laser diéu tri vi diém. Do vdy, viéc thiét
ké, ché tao bo quét chum tia theo cac ving diéu tri c6 bién dang khac
nhau 13 can thiét.

Bii bao trinh bay mot sd két qua nghién ciru ché tao b quét
chum tia laser sir dung 2 galvo mé to, dugc dicu khién quét theo
tryc X va Y. Cac vung diéu tri ¢6 bién dang khac nhau gém: bién
dang hinh vudng - chit nhat, hinh tron - e lip, hinh tam giac can, hinh
thang can, hinh thoi. Céc thong s6 quét co ban diéu chinh dugc gom:
tin hiéu diéu khién quét chum tia, thoi gian dich chuyén va khoang
cach giita 2 diém diéu tri lién ké, dién tich ving diéu tri.

Ché tao thiét bi

Xay dwng cdu hinh diéu khién quét chiom tia

(A)

Diém khic biét co ban va quan trong nhat
gitta thiét bi laser didu tri vi diém voi céc hé laser
khac 1a tao dugc ma tran cac diém diéu tri. Khi
d6, chum tia laser khong chiéu 1én toan b khu
vuc diéu tri ma chi duge chiéu vao cac diém chi
dinh duoc sép xép theo ma tran cac diém trén bé
mat vung diéu tri.

Thong thudng, trong cac thiét bi laser diéu tri
vi diém, chum tia laser dugc quét bang 2 galvo
mo to chuyén dong theo hai truc X va Y (hinh 1).
Mbi tryc ciia mo to dugc gan 1 gwong phan xa
toan phan. Nho d6, guong s& quay mot goc twong
{mg mdi khi mé to dich chuyén. Qué trinh quét
duge mo ta tom tit nhu sau: chum laser di ra tr

Chul_ﬂ laser 2 4Vung diéu tri

_ Ma/
Tb chirc té bao

Hinh 1. C4u hinh diéu khién quét chum tia. (A) So db khéi chirc nang; (B) Hinh &nh mé ta qua
trinh diéu khién quét chum tia.

dén, chum phan xa tir guong #2 dugc hoi tu bdi thau kinh va hudng
t61 to chirc diéu tri. Nhw vdy, chim tia laser s& dwoc diéu khién trén
bé mit t6 chirc té bao theo hai truc X va Y thong qua céc chuyén dich
goc cua 2 galvo mo to.

Lwa chon mé to diéu khién quét chum tia

Co cau chép hanh ctia galvo md to gom rotor, stator va cudn diy
¢6 dong dién chay qua dé tuong tac voi tir truong cua nam chim
vinh cury, tao ra lyc lam quay rotor. Hién nay, c6 2 loai galvo mo
to 13 loai c6 nam cham chuyén dong va loai cudn day chuyén dong.
Ngoai ra, & xac dinh vi tri cuia rotor, ngudi ta st dung 2 phuong
phap co ban gdm: (1) Xéc dinh vi tri dua trén sy thay d6i dién dung
gilta dién cuc ¢b dinh va dién cuc chuyén dong; (2) Xac dinh vi tri
dua trén sw diéu bién anh sang bing cira chép gan vao rotor [19].

Pé thiét ké bo quét chum tia nho gon, chic chin, toc do dich
chuyén cao va chinh xac, gia thanh ha, mo to dugc lya chon st dung
14 galvo mé to JS1105 cia Hang SINO, Trung Qudc. Day 1a loai
galvo mo to ¢6 nam cham chuyén dong va viéc xac dinh vi tri cua
rotor dua trén didu bién 4nh sang bing ctra chdp (hinh 2).

©)

Léi vao diu khién

Déu phat quang | z
p|_E|:;I 9 Bau thu quang

(té bao quang dién)

Man chénfcfr_achéfp i
(bd phan chuyén ddng) Man chan

(b6 phan cd dinh)

truc khuyu 7 khop, toi guong phan xa #1 (gin vao
mo to tryc X). Chum phan xa tir guong #1 dugc
truyén toi guong #2 (gan vao mo to truc Y). Tiép
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Hinh 2. CAu tric cua galvo mé to quét chum tia. (A) M6 ta galvo mé to nam cham chuyén
déng; (B) Mé ta galvo mé to xac dinh vj tri rotor dwa trén diéu bién anh sang béng ctra chép;
(C) Galvo mo6 to JS1105 cda Hang SINO [20].
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Thong sb k¥ thuat cia galvo mé to JS1105 dwgc md ta
0 bang 1.
Bang 1. Théng s6 ky thuat co ban cia mé to JS1105.

Théng sb k§ thuat Gia tri
Nhiét d6 1am vigc 0-45°C

Do tuyén tinh 99,9%
Thoi gian thiét 1ap <0,35 ms
Do troi sau 8 gio <0,5 mRad
Dong RMS 2,0A
Dong dinh tbi da 10A

Goéc quét tdi da +15°

D) phan giai 12 prad

Do lap lai 8 urad
Khéu d6 diu vao 5,0-7,0 mm
Théng s6 diéu khién mé to

Tin hiéu didu khién (tuong tu) 5V

Pién trd 16i vao tin higu diéu khién 200 KQ+1%
Ty 18 giira goc quay va tin hiéu diéu khién 0,33 V/°

Thiét ké, ché tao b diéu khién mé to quét chim tia
Qua trinh diéu khién mé to dwgc mo ta & hinh 3:

(A)

Piu phitquang
(LED)

So
sanh

Sa

sanh
#21

Tin biéu
diéu khién

Pién khién mo to
(0,33VDC/1 do gc’vc]

Hinh 3. Diéu khién galvo mé to. (A) So' dd khéi bd didu khién galvo
mo to; (B) Sor dd nguyén ly bd didu khién galvo mé to'.
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Anh sang tur dau phat quang (LED) dugc diéu bién boi
man chin gin véi truc mo to (man chin chuyén dong két
hop véi man chén c¢b dinh tao thanh cac khe sang - hinh 2).
Cuong d6 anh sang sau didu bién duoc nhan biét boi cac dau
thu quang #1 va #2. Tuy theo chiéu quay, goc quay clia mo
to, cuong do anh sang s& thay d6i mot cach dong bo. Sau khi
duoc chuyen dbi thanh cac dién ap V., V,, céc tin hi¢u nay
dugc khuéch dai boi Amp #1 va Amp #2 sau d6 dugc dua
td1 bo so sanh #1. Pién ap 16i ra cta bd so sanh #1 tuong
ung voi chénh Iéch cuong do anh sang chiéu vao cac dau thu
quang. Dién 4 ap ndy duogc phan héi didu khién mé to, nho do,
su dich chuyén goc quay ctia mé to ludn duoc giit 6n dinh.

Do tin hiéu diéu khién quét cac vung co bién dang
khdc nhau

Gidng nhu cac thiét bi laser diéu tri tham my vi diém,
bién dang cic ving quét trong thiét bi ché tao duoc xay
dung cho cac hinh gdm: vudng - chir nhat, tron - elip, tam
giac can, thang can va thoi (hinh 4).

@ A
& X

Hinh 4. Bién dang cac ving quét cua thiét bj laser diéu tri vi diém.

£ <P

Dé diéu khién goc quay cua 2 galvo mé to quét dong bo trén
mit phang (X, Y) theo ma tran céc diém, quy trinh diéu khién quét
duoc thiét 1ap gom céc bude sau: (1) Chon hinh quét (ving diéu
tri); (2) Panh diu bién dang hinh quét; (3) Diéu chinh (ting/giam)
thong s6 vé: kich thudc ving quét theo hai truc X, Y va khodng
céch A giira 2 diém quét lién ké (hinh 5).

A) B)

Kich thuéc chidu ngang

e 0 0 0 0 0 0 00

Kich thudce chigu doc

|
Khoang cach gitra 02 diém diéu tri Ay

Hinh 5. Hinh anh mé ta quét chum tia theo ma tran cac diém. (A)
Hinh anh cac diém quét; (B) Vi tri cac didm quét dwdng bao.

Tin hiéu diéu khién quét tir vi xtr Iy dugc chuyén doi
thanh tin hiéu tuong ty nho bd chuyén ddi DAC, sau d6 duoc
dua t6i cac mach khuéeh dai va hiéu chinh tao thanh dién ap
didu khién. Khi két hop dong bo gitra diéu khién goc quay
clia 2 mo to ndy v6i qué trinh phat chum tia laser, tai moi
diém quét, chum laser s€ duogc hoi tu vao diém diéu tri nam
trong bién dang ctia viing diéu tri da chon.
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Qud trinh quét dugc thyc hign ™

quét tuan ty tir trén xudng dudi
(theo truc Y), tir trdi qua phai
(theo truc X). Cac tham s6 quét
bao gom: kich thudc chiéu ngang
16n nht x, kich thuée chiéu doc
16n nhit y va khoang cich A giira
hai diém quét.

Bign ap (v)

Dé diéu khién cac mod to chuyén
dong phu hop véi kich thuée cua
céc dau diéu tri tham my vi diém
hién nay (thuong c6 cau trac hinh
tru voi dudng kinh tiét dién ngang
~2,5 cm), khoang di chuyen trén 2
truc X, Y 16n nhat (chidu ngang x
va chiéu doc y) phai khong vuot
qué 2,5 cm.

A)
Tek
Cac thong s6 didu khién da
duoc thiét 1ap voi chiéu ngang 16n
nhat x va chiéu doc 16n nhat y (2
cm). Kich thuéc nay hoan toan
phu hop véi thong s6 ky thudt cua
mo to JS1105 (bang 1). That vay,
qua kiém nghiém thyc té chung t6i

thdy, dé dich chuyén trén 2 truc o TO e
X, Y mdt khoang 2 cm, tin hi¢u (©)
diéu khién mo to JS1105 phdinam  Tek .M. @swp

Diéu khién quét chim tia trén mét phang (X.Y)

Théi gian (gidy)

F Pos; 0,000
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Hinh 6. Tin hiéu didu khién quét hinh vudng - chi¥ nhat. (A) Dién ap tir vi x& Iy didu khién quay md
to theo hai truc X va Y; (B) Tin hiéu diéu khién quét theo hai truc dwoc do béng oscilloscope.
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v&i tin hidu didu khién nam trong
khoang +2 V. Khi do, khoang cach
di chuyén t6i da trén hai truc X, Y
la+l cm.

can; (D) Hinh thoi.

Sau khi xac dinh duogc do 16n dich chuyén tdi da trén 2
truc X, Y, cac thong s6 diéu khién quét dugc thiét 18p cho cac
vung quét co bién dang khac nhau.

Két qua do tin hiéu diéu khién quét hinh vudng - chir nhat
duoc mo ta ¢ hinh 6.

Hinh 6A hién thi tin higu diéu khién mé to theo hai truc
X va Y. Dién ap diéu khién mé to thay ddi trong pham vi +2
V. Tai mdi gié tri dién ap didu khién mo to truc X (doan nam
ngang), gié tri dién ap didu khién mo to truc Y s& thay ddi theo
10 bac (10 gia tri trén mdi doan chéo). Nhu vy, mdi lan mé to
truc X duoc diéu khién dich chuyén mot goc, mo to truc Y s€
duoc didu khién dich chuyén 10 gbc, hinh thanh nén 10 diém
quét. Qua trinh nay dwoc 1ap lai cho dén khi dau laser quét hét

KHOA
&CONGHI\?GCI:-IE

65(8) 8.2023

Hinh 7. Tin hiéu diéu khién quét cac vung. (A) Hinh tron - elip; (B) Hinh tam giac can; (C) Hinh thang

ving diéu tri. Tin hiéu diéu khién quét dugc xac dinh bang
oscilloscope (hinh 6B): dudng trén 1a tin hiéu diéu khién quét
theo truc X, duong dudi 1a tin hidu diéu khién quét theo truc
Y. Thoi gian dich chuyén mdi budc trén truc X (1 doan ngang
trong hinh 6A) 1a 0,02 gidy. Trong khodng thoi gian nay, trén
truc Y s& dich chuyén duoc 10 budc, mdi bude 0,002 gidy.
Hay noi cach khac, budc dich chuyén giira hai diém quét la
2 ms. Sau qua trinh diéu khién quét theo hai truc X va Y nhu
trén, mot ma trin cac diém quét trong bién dang cua ving diéu
tri s€ dugc hinh thanh.

Tuong ty, hinh 7 mé ta két qua do bang oscilloscope tin
hiéu diéu khién quét cac vung c6 bién dang khac nhau gom:
vung quét hinh tron - elip, hinh tam giac can, hinh thang can
va hinh thoi.
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Hinh 8. So d6 kiém tra viing quét bing gidy nhiét. (A) So dd khdi cAu hinh kiém tra; (B) Hinh anh kiém tra bién dang viing quét; (C) Tin hiéu
diéu khién phat laser, hoat dong trong ché dé phat lién tuc, cong suét 20 W, thai gian xung 30 ps, do diéu bién PWM 60%.

Kiém tra bién dang va ma trdn cdc diém quét

Dé kiém tra, danh gia bién dang va ma tran cac diém quét,
dau laser CO, Model D35L cua Hang DAVI, Trung Quéc
(cong suat laser 16mn nhat: 35 W, d6 6n dinh cong suat +5%,
budc song 10,6 um, goc phan ky chum tia: 7,5+0,5 mRad) da
dugc st dung. Cong suét laser c6 thé diéu chinh dugc nho st
dung phuong phap diéu ché do rong xung PWM (Pulse width
modulation). Trong nghién ctru nay, laser hoat dong & ché do
phét lién tuc, cong sut 20 W, thoi gian phat xung 30 ps, do
didu bién PWM 60% (hinh 8).

Tin hiéu diéu khién quét duoc giri ti tir vi xir Iy gdm co:
(1) Tin hiéu diéu khién quay mé to truc X, Y; (2) Tin hiéu
diéu khién phat laser. Chum tia laser, sau khi qua truc khuyu
7 khép, duoc chiéu vao guong gin lién vai truc ciia mé to X,
tiép dén 1a mo to' Y. Tia laser diéu tri 16i ra (phan xa tir guong
gin vai truc Y) dugc nhén biét boi gidy nhiét.

Hinh 9 mé ta vi tri cc diém quét va bién dang ving quét,
dwoc nhan biét bang vét chum tia hién thi trén gidy nhiét.

Hinh 9A cho théy, hinh anh vét chum tia trén gidy nhiét
trong truong hop khoang cach giita hai diém quét lién ké A=1
mm, trén dién tich ving quét 4 cm? Hinh 9B va 9C lan luot
mo ta vét chum tia trén gidy nhiét cua cac ving quét ¢6 bién
dang khac nhau trong hai truong hop khoang cach gitra hai

A) (B)

©)

Hinh 9. Vé&t chum tia cac viing quét c6 bién dang khac nhau hién thj
trén gidy nhiét. (A) V&t chum tia ¢ bién dang hinh vuéng; (B) Khoang
cach gilva hai diém quét lién k& A=1 mm; (C) Khoang cach A=0,1 mm.
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diém quét lién ké A=1 mm va A=0,1 mm. Céc hinh anh thu
duoc cho thiy, cac diém quét dugc phan bd kha déu trén toan
b ving quét. Diéu nay c6 thé duoc giai thich nhu sau: 2 mo
to (JS1105) truc X va Y duge didu khién quay theo timg budc
voi mue dién ap cua mot bude khong doi. Theo bang thong sb
k¥ thuat ciia mo to nay (bang 1), do tuyén tinh 1a 99,9% trong
pham vi goc quay +15°. C6 nghia 13, néu mirc dién ap cta budc
diéu khién quay mé to duoc giit khong doi thi sai 1éch vé vi tri
goc quay ciia md to tai cac diém diéu tri 1a 0,1%.

Bang 2. Thang s6 ky thuat ctia bé quét chum tia laser diéu tri thdm
my vi diém.

Thong s6 k§ thuét Gia tri
Dién 4p ngudn nudi +15VDC
Tin hiéu didu khién quét chum tia 2V

Ty 1 gifta tin higu diéu khién va goc quay 0,33 v/
Thoi gian dich chuyén giita 2 diém quét 2 ms
Khoéng cach gitra 2 diém quét (A) 16n nhit 1 mm
Khoéng céch gitra 2 diém quét (A) nh6 nhét 0,1 mm
Dién tich ving quét t6i da 4 cm?
Dién tich viing quét ti thiéu 1 mm?

- Hinh vuéng - chir nhat
- Hinh tron - elip

- Hinh tam giac can

- Hinh thang can

- Hinh thoi

Bién dang cac vung quét

Nhu vdy, bo 14i chum tia cho thiét bi laser diéu tri tham
my vi diém da dugc do ludng thong sé ky thuat va kiém
nghiém ché do quét theo ma tran cac diém diéu tri voi nhiéu
viung c¢d bién dang khac nhau. Thiét bi hoat dong on dinh
trong thoi gian dai véi cac thong sé k¥ thut duoc trinh bay ¢
bang 2. Cac két qua dat duoc nay sé& gitip cho viée chu dong
thiét ké ché tao trong nudc cac thiét bi laser diéu tri thAm my
vi diém.



B0 quét chiim tia laser st dung trong cac thiét bi laser diéu
tri thdm my vi diém da bude dau duogc ché tao thanh cong. Céc
thong s6 ciia hé da duoc ghi nhan: Tin hiéu diéu khién galvo
mb to dang tuong tw + 2 V, ty 18 giira tin hiéu diéu khién mo to
va goc quay 0,33 V/°, thoi gian dich chuyén giita hai diém diéu
tri lién ké 2 ms, dién tich ving quét toi da 4 cm?, khoang cach
gitra 2 diém quét lién k& nho nhat 0,1 mm. Viéc ché tao thanh
cong bd quét chum tia laser cho phép chu dong phat trién cac
phan mém diéu khién dic thu voi vide thay doi cac thong sb
theo yéu cau diéu tri khac nhau, qua d6 giup cho qua trinh diéu
tri dugc linh hoat va hiéu qua hon. Ngoai ra, viéc ché tao trong
nude thiét bi ciing s& giup giam gia thanh thiét bi so véi nhap
ngoai va chit dong trong cong tac bao tri, bio dudng thiét bi.

LO1 CAM ON

Nhom tac gia xin tran trong cam on Trung tdm Cong nghé
Laser, Vién Ung dung Cong nghé¢, B§ Khoa hoc va Cong ngh¢
da tai trg cho nghién ctru nay.
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