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CHUONG 1: CAC NGUYEN LY CUA LASER

Bién dich: Bs. Truwong T4n Minh Vii

1.1  Su tao ra tia laser

Thé gii bao gdm 4nh sang va vat chat.
Khi 4anh sang va vat chat gip nhau, chiing
tuong tac voi nhau va tao ra nhiing bién d6i
vat 1y va hoa hoc khac nhau. Vi du, néu ban
dung dudi bau troi mua thu trong xanh, ban
c6 thé cam thdy co thé nong l1én ngay ca
trong thoi tiét mat mé (Hinh 1.1). Hién tuong
nay xay ra khi anh sang duoc chuyén hoa
thanh nhiét trong da. Nguoc lai, anh sdng co
thé dugc tao ra bang cach cung cdp ning
lugng vao vat chit. Hién tugng nay dugc su
dung khi tao ra tia laser.

1.1.1 Birc xa dién tir

Anh sang dugc noi dén cha yéu ¢ pham
vi kha kién- nhin thiy duoc (400-760 nm).
Nhung anh sang kha kién chi 1a anh sang
theo nghia hep, trong khi 4anh séng theo
nghia rdng dé cap dén buc xa dién tu
(electromagnetic radiation, EMR). Song
dién tir 1a tit cd nang luong truyén trong
khong gian dudi dang song cua dién truong
va tur truong [2]. Song dién tir bao gom tir
budc song kha kién dén budc song ngin cua
tia y va tia X dén budc song dai cua song vi
ba va song vo tuyen (Hinh 1.2). Song dién tir
vira ¢6 tinh chét ciia song vira co tinh chat
cua hat mang nang luong (photon), dugc goi
1a luong tinh song-hat [3]. Trong thé gidi vi
mo, thuong co thé nhin théy duoc, nod thé
hién céc tinh chit cua song, nhung trong thé
gidi vi mo, chi co thé nhin thdy duéi kinh
hién V1, N0 thé hién céc tinh chat cua hat.

Bién dich: Bs. Trwong Tan Minh Vi

Hinh 1.1 Anh sang va vat chat

MOi song dién tir c6 bude song va tan sb
riéng [4]. Tia laser dugc sir dung chu yéu
trong linh vuc da liéu thuong 1a séng dién tir
nanomet (nm), mot don vi cua song. Phd
dién tor dugc st dung trong linh vuc da liéu
bao gdm tia cyc tim (UV), anh sang kha
kién, hong ngoai gan (NIR), hong ngoai
trung binh (MIR) va hong ngoai xa (FIR)
(Bang 1.1) [2].

Béang 1.1 Pham vi va budc song

Pham vi Nanometer
Tia cuc tim (UV) 200-400
Anh sang kha kién 400-760
Hong ngoai gan (NIR) 760-1400
Hong ngoai trung (MIR) 1400-3000
Hong ngoai xa (FIR) >3000
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Hinh 1.2 Quang pho dién tir

1.1.2 Nguyén ly tao ra tia laser

Pon vi co ban nhit ciia anh sang la
photon va don vi co ban nhét ctia vat chat la
nguyén t. Nguyén tir duge cau tao boi mot
hat nhéan, chtra cac proton mang di¢n tich
duong va neutron khong mang dién tich, va
cac electron mang dién tich am quay quanh
hat nhan (Hinh 1.3). Quy dao electron &
trang thai nghi on dinh (trang thai co ban), 1a
trang thai c6 niang luong thip nhat. Khi ning
luong tir bén ngoai di vao (goi 1a bom), cac
electron ¢ trang thai co ban s€ nhay 1én murc
nang luong cao hon ¢ vi tri xa hat nhan hon
va sau do sé& ¢ trang thai kich thich. Nhung
vi trang thai kich thich 1a mdt trang thai rat
khong 6n dinh nén electron sé& cd gang tro vé
trang thai co ban on dinh. Khi cac electron
bi kich thich trg vé trang thai nghi 6n dinh,
chung giai phong nang luong dudi dang cac
photon véi su chénh 1éch nang luong céac
quy dao. Bay duoc goi 1a su phat xa tu phat
[2].

Bién dich: Bs. Trwong TAn Minh Vi
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Giai thich tryc quan vé s phat xa tw phat.
(Tién si Vat ly Jong Gook Lee) |5, 6]

Dé giai thich mot cach truc quan nguyén
1y cua tia laser nhu su phat xa tu phat va kich
thich, truéc tién can phai hiéu sy tuong tac
cua cac nguyén tur va anh sang.

Dau tién, hdy nghi vé anh sang nhu mot
hat (photon) chir khong phai 1a song. Céac hat
6 thé dém duoc (mot, hai...). Nguyén tir co
thé bi kich thich hodc khong bi kich thich khi
chung nhan ning luong. Nguyén tir duoc cdu
tao boi mot hat nhan va céac electron. Anh
sang tuong tac vaoi cac electron. Khi electron
hép thu anh sang, n6 tré nén bi kich thich va
nang lugng cua electron tdng 1€n, va khi
electron phat ra 4nh sang thi nang luong cia
electron giam xudng. Bay gio, gia sir rang
nguyén tir 14 mot cau thang ma trén do cac
electron di 1én va di xudng. Trang thai kich
thich ctia nguyén tir c6 nghia la cac electron
di 1én cau thang. (Nguyén tir va electron s&
duoc phan biét trong ndi dung sau day. Céac
electron c6 thé duoc coi 1a cac hat di 1én ciu
thang.)

Khi chiing ta choi odn tu ti trong thoi tho
au, chiing ta di 1én mot ciu thang néu thing
va di xuéng mot cau thang néu thua. Tuong
tu, khi electron nhén dugc mdt photon, n6 sé
di 1én cau thang va bi kich thich. Duéi chan



Principles and Choice of Laser Treatment in Dermatology 3

Hinh 1.3 Phat xa tu phat va kich thich. Electron
thuong nim & quy dao niang lwong thap (trang
thai nghi).

(a) Néu mot electron hap thu nang luong, no s&
chuyén sang trang thai kich thich. (b) Khi
electron ¢ trang thai khong 6n dinh va bi kich
thich tré vé trang thai nang lugng thap (trang

cau thang 12 trang thai nang luong thip nhit,
la trang thai nghi. Céac bac thang (nguyén tir)
ma cac electron di 1én va di xudng da duogc
xac dinh. Hay nghi vé mot nguyén tir ma cau
thang chi gdm trang thai nghi va trang thai
kich thich.

Anh sang dua vao (Hinh 1.4) dugc coi la
mot hat (photon) theo quan diém cua nguyén
t. Anh sang di vao dudi dang séong nhung
la hat tir quan diém cia nguyén tir. Khai
niém nay dugc goi la ludng tinh song-hat.
Electron & trang thai nghi hap thu photon va
di 1én cau thang va tré nén kich thich. Chiéu
cao ctia ciu thang thay doi theo ting nguyén
tir, didu nay thé hién ning luong cua photon
co thé duoc hép thu boi cac electron. Néu
mot photon ¢6 nang lugng cao hon hodc thap
hon d§ cao cua bac thang tac dong vao
electron thi electron s& khong thé hap thu

Bién dich: Bs. Trwong Tan Minh Vi

thai nghi), né phat ra photon (phat xa tu phat).
(¢) Néu electron da duoc kich thich hdp thu thém
mot photon khac, (d) khi electron trg vé trang
thai nghi, no s& phat ra hai photon c6 cung nang
lwong, huéng va tan s (phat xa kich thich).

photon. Electron c6 tinh kén hép thu. Cac
electron chi co thé ¢ trang thai kich thich
trong mot khoang thoi gian ngan va khi cac
dién tr b1 kich thich tr¢ lai trang thai nghi,
chung phai phat xa cting mot s6 photon da
duoc hép thu trudc d6. Photon phat xa co
nang luong tuong tmg voi do cao cua cau
thang. Két luan, cac electron giai phong
nang luong da hap thu trude d6 (Hinh 1.5).
Do cao ctia cau thang cang 10n, ning luong
electron tra lai cang nhidu. Néu do cao cua
cau thang rat cao, ning luong sé& trd thanh tia
X va tia y. Néu do cao cua ciu thang rét thap,
nang luong sé& tré thanh anh sang hong ngoai
(Nang luong ty 1€ nghich vé1 budc song.)

Ehy—"
A
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Hinh 1.4 Electron (packman) ¢ trang thai nghi
tr¢ nén kich thich khi n6 hap thu anh sang
(photon).

&

Hinh 1.5 Electron bi kich thich (packman) phat
ra anh sang (photon) khi tré ve trang thai nghi.

E: néng luong cua buc xa, h: hang so
Planck (6,6 x 1073* Js), v: tin sd, ¢: van toc
anh sang (299,790 km/s), A: budc song.

Mot diéu can luu y nira la cac electron bi
kich thich khong phai luon ludn tro vé trang
thai nghi. Tuy nhién, c6 xu hudng la céac
electron tr¢ lai trang thai nghi. Ngoai ra, cac
electron ¢ trang thai nghi khong phai luon
ludn hap thu photon nhung c6 xac suét cao
hap thu photon. Do d6, moi thir trong thé
gi6i nguyén tir duoc bicu dién bing xéc
suat.

Tém tit

1. Anh sang mang tinh hat trong thé giéi vi
mo nhu nguyén tur, nhung mang tinh séng
trong thé gidi vi mo.

. Mdi nguyén tir c6 bac thang ning luong
riéng.

3. Electron ¢ trang thai co ban di 1én trang
thai kich thich, hay tur trang thai kich
thich di xuéng trang thai co ban do xac
suat quyét dinh.

. Céc electron tra lai cuing mdt mic nang
luong da hap thu trude do.

5. Electron chi hap thu cac photon c6 ning

luong bﬁng dd cao cua bac thang.

Céc photon phat xa tao ra anh sang co
budc song nhit dinh tuy thudc vao cac
nguyén tir. Trong tu nhién, nhidu anh sang
khac nhau dugc tao ra boi cac nguyén tu
khéac nhau duoc tron 1an trong ty nhién. Vi
du, anh sang tir que diém thuong c6 mau do,
trong khi anh sang tir bép 16 chi yéu c6 mau
xanh lam. C6 thé d& hiéu néu cac xem cac
nguyén tir nhu 16 xo, mot sd 16 xo manh
trong khi nhing 16 xo khac lai yéu. Khong
phu thudc vao luc tdc dong, thoi gian 16 xo
bi kéo dan va co lai theo strc bén cua no la
khong d6i. Tuong tu, cac nguyén tir ¢o tin
s6 (hodc budc song) riéng cia ching, dugc
goi 1a tan s6 tu nhién cuia nguyén tir. Nguyén
tr phat ra anh sang nhiéu nhu né dao dong
va budc song cua anh sang phat ra ti 1€
nghich vo1 tan s tu nhién ctia nguyén tir. Vi
vay, néu dugc tao thanh tir cic nguyén tir
dong nhat, chi mot bude song anh sang duoc
tao ra. Day 1a nguyén ly don sic, mot dic
tinh cua laser [4].

Trong mot sd trudng hop, cac photon
phat ra ty nhién c6 thé gip céac electron cua
nguyén tir ¢ trang thai kich thich. Mot hién
tuong thu vi xay ra vao thoi diém nay. Khi
cac electron tré vé trang thai nghi, chung
phét ra hai photon. Hién tuong nay duoc got
la phat xa kich thich [2]. Hai photon phét ra
do duoc kich thich co cung nang luong, cung
hinh dang vé thoi gian va khong gian, giong
nhu anh em sinh déi. Day la nguyén 1y nhét
quan, mot dic tinh cia laser [2]. Néu hai
photon song sinh nay gép hai electron, thi
bbén photon song sinh duoc phat ra. Bén
photon lai phat ra 8, 16 va 32 photon, tuc Ia
chung tiang 1én theo cip sé nhan. Pay la
nguyén ly cua cuong do cao, mdt dac tinh
cua laser.

Niam 1917, Einstein cong bd 1y thuyét vé
su phat xa kich thich, day la nguyén ly tao ra
tia laser [4].

1.1.3 Su tao thanh tia laser

Su chuyén ddi ciia cac electron sang trang
thai kich thich duoc goi la “su nghich dao
quan thé” [2], va & ' trang thai nay, cac photon
duoc tao ra theo cp s nhan vai 102 photon



khi xay ra phat xa kich thich [4]. Boi vi anh mdi dau ctua moi trudong tao laser va céc

sang truyen di, néu moi truong du dai, no co
the tao ra nhieu photon. Nhung do han ché
veé khong gian, hai tam guong duoc ddt ¢

Giai thich tryc quan vé su phat xa kich
thich. (Tién st Vat ly Jong Kook Lee).

Trong cach gidi thich & trén vé su phat xa
tu phat, chi xem xét su chiéu xa anh sang
to1 cac nguyén tir ¢ trang thai nghi. Bay
gio chiing ta hiy nghi diéu gi s& xay ra khi
anh sang duoc chiéu vao mot nguyén tu bi
kich thich. Can chiéu xa anh sang c6 ning
luong bang chiéu cao cuia bac thang; s&
khong co gi xay ra néu nang lugng 16n hon
hodc nho hon. Nhu da giai thich trudce day,
tat ca déu do xac sudt quyét dinh trong thé
giéi nguyén tir. Hiy nghi vé electron trén
dinh cau thang nhu mot nguoi trén dinh
nui. Néu gio thoi nhe, rat it kha nang nguoi
do6 bi roi tir trén cao xudng nhung néu co
bdo thoi qua thi co hoi 16n hon. Tuong tu
nhu vay, néu mot photon dugc bin vao
mot electron bi kich thich, kha nédng
electron d6 roi xubng dat s& ting 1én rt
nhiu. Viéc ban céc photon vao céc
electron b1 kich thich va lam cho ching tré
vé trang thai nghi duoc goi la su phat xa
kich thich. Anh sang kich thich khong bi
hép thu béi cac electron, ma la cac photon
lam rung céc electron, giébng nhu gié lam
rung ngudi. Tuy nhién, electron roi xuéng
mit dat phai phat ra cac photon, vi vay hai
photon phat ra (Hinh 1.6).

Hai photon c6 nghia 1a anh sang co6
ndng luong gap doi phat ra. Noi cach khac,
anh sang di ra sang gap doi anh sang dau
vao. Vat chat bao gom nhiéu nguyén tu.
Diéu gi s€ xay ra néu tat ca cac nguyen tor
déu bi kich thich va tat ca chung déu nhan
duoc mot photon? Béi vi electron nhan
mot photon tra lai hai photon va céc
electron nhan céc photon nay cling tra lai
mdi hai photon nén cudi cung, rat nhiéu
photon phat ra khoi vat chat (Hink 1.7).
Céc photon nay c6 cung nang luong va tao
thanh dnh séng c6 cung budc soéng, do la
tia laser.

photon di chuyén giira hai tim guong, tao ra
cac photon theo cip s6 nhan. Trong qua trinh
nay, cac photon khong bi phan xa theo
phuong thing ding t&i guong s& bién mat va
chi con lai cac photon phan xa theo phuong
thing ding (Hinh 1.8). D6 1a nguyén ly
chuin truc, mot dac tinh cua laser [2].

Hinh 1.6 Khi mot electron bi kich thich
(packman) gip mot photon, chung roi xudng
trang thai co ban va hai photon phat ra. Hai
photon nay c6 cung nang luong.

Mot trong hai guong phan xa 100% anh
sang, guong con lai cho anh sang di qua mét
phan dé mot sb photon duoc kich thich di ra
khoi hai guong, qua thiét bi phan phdi va
dugc gom vé mdt chd bing thau kinh. Cudi
cung thi cac photon dugc chuyén dén da
(Hinh 1.9).

Néu ban nhin vao bén trong may laser,
chung bao gdbm ba phan: hé thong bom, moi
truong tao laser va khoang quang hoc véi hai
tam guong [2]. Cac thiét bi bo sung la thiét
bi lam mat va hé théng phan phéi. Nguon
nang luong bén ngoal dung dé cung cap ning
luong (bom) va moi truong laser kich thich
cac electron béng nang lugng nhan duoc tu
bén ngoai. Pién hoac den flash duoc st dung
nhu mot ngudn ning luong tir bén ngoai.
Loai laser dién hinh s dung dién lam ngudn
ndng luong bén ngoai 1a laser CO2 va laser
dién hinh sir dung dén flash lam ngudn ning
luong bén ngoai la laser Q-switched.

Trong méi truong laser, c6 chat khi (CO2
va argon), chat 1ong (thubc nhudém), va chat
rin (ruby, alexandrite, Nd: YAG, va diode).
Budc song cua laser duoc xac dinh bdi moi
truong laser [2]. Vi du, CO2 tao ra budc
song 10.600 nm, ruby- budc song 694 nm va
alexandrite- budc song 755 nm (Bdng 1.2).
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Béang 1.2 Moi truong laser va budc song.

Loai laser \Y i frwong | Buéc séng (nm)
Léng Dye 585, 595
Khi CO, 10.600
Argon 510
Excimer 308
Rin Ruby 694
Alexandrite | 755
Er:-YAG 2940
Nd:YAG 1064, 1320
Diode 808, 810, 1450

Vi vay, khi noi vé loai laser, vi du nhu laser
ruby thi chung ta biét rang budc séng cua

laser 1a 694 nm, va nguoc lai. Do d6, chiing
ta phai biét budc song tuong tmg voi moi
truong laser.

Tuy nhién, laser Nd: YAG c6 thé tao ra
1064, 1320 nm, v.v., va laser diode c6 thé tao
ra 808, 810, 1450 nm, v.v. No61 cach khac,
mot sb laser co thé tao ra nhiéu budc song
v&1 mot moi truong. Pay 1a 1y do tai sao khi
md ta mot tia laser, budc song va moi truong
phai dugc mo ta cung nhau. Vi du: “laser
ruby 694 nm”. Ngoai ra, vi may laser ciling
khac nhau tuy thudc vao thoi gian chiéu xa,
thot gian chiéu xa cling can duoc mo ta.



Hinh 1.9 Hé thdng laser. Laser bao gdm mai truong laser, hé théng bom, khoang quang hoc va hé

thdng phan phbi.

Tuy nhién, nguoi ta thuong noi1 don gian la
“Q694” hodc “Longl064” trong cuc tro
chuyén hodc bai giang vi tén dai.

IPL (&4nh sang xung cudng do cao) khac
v6i laser & chd no khong co6 moi truong laser
va khoang quang hoc. N6 chi c6 dén flash
lam ngudn ning lugng bén ngoai [4]. Pén
flash khac véi tia laser budc song don vi
chung phat ra nhiéu loai anh sang. Pén flash
duogc bao quanh boi nude dé budc song trén
1000 nm v6i hé sb hép thu nudce cao bi nudce
hép thy va bién mat, do do6 chi phat ra anh
sang dudi 1000 nm. Néu budc song UV bi
cit boi bd loc quang hoc, thi chi c6 anh sang
véi bude song 500-1000 nm dugce phat ra.
C6 thé luya chon nhiéu dai bude song khac
nhau tuy thude vao bd loc quang hoc. Vi du,
bd loc 640 nm phat ra anh sang trong dai
budc song 640-1000 nm.

1.1.4 Laser ba ci‘ip va bon Cép

Dbi véi phat xa kich thich, electron &
trang thai nghi can chuyén sang trang thai
kich thich. Nhung trang thai kich thich
khong 6n dinh do dé cac electron chuyén vé
trang thai nghi trudc khi phat xa kich thich.
Do do, khong c6 laser hai cép ma chi ton tai
trang thai nghi va trang thai kich thich. Dé
ngan can vi€c quay trd lai trang thai nghi,
moi truong c6 trang thai gia 6n dinh - 1a
trang thai gifra trang thai nghi va trang thai

kich thich - duoc str dung trong laser thuc té
[8].

Do do, laser co trang thai ngh1 on dinh,
kich thich va gia 6n dinh dugc g01 la laser ba
cap va laser co hai trang thai gia on dinh
duoc goi la laser bdn cap. Cac laser ba va
bén cap dién hinh 14 laser ruby va laser Nd:
YAG (Hinh 1.11 va 1.12) [3].

Trong laser ba cip, mirc laser thip hon la
trang thai co ban vi vdy co nhleu electron ¢
murc nang luong thap. Do do, can ning luong
cao dé dao nguoc quan thé va st dung dén
flash co cong suit cao. Do do laser ba cap
thuong 12 laser c6 song dang xung. Bo1 vi
laser ba cip can dau ra cong suat cao, diéu
nay lam cho ching dat tién nhung co thé tao
ra ning luong rat cao (nang luong xung 201).
Mat khéc, laser bon cap can nang luong thap
dé nghich dao quan thé vi vay co thé sir dung
dén flash cong suit thap. Do d6, hau hét cac
laser song lién tuc déu sur dung laser bén cép.

Hinh 1.10 Khi cac electron ¢ trang théliﬂ co ban
chuyén sang trang thai kich thich khong 6n dinh,
no s€ roi trd lai trang thai gia 6n dinh.



Giai thich b6 sung vé nguyén ly laser
(Tién si vat ly Jong Kook Lee)

Nguyén 1y cua laser khong thé duoc hiéu
mot cach hoan hao néu chi véi khéi niém vé
phat xa kich thich dugc mo ta trude do. Ly
do cho diéu nay 1a vi cac nguyén tir & trang
thai kich thich c6 thé khong chi phat xa do
kich thich ma con c6 thé phat xa mot cach
tu phat. Ngay ca khi c¢6 ging dua cac
electron vao trang thai kich thich, va cd
gang tao ra sy phat xa kich thich bang cach
chiéu xa anh sang, thi ciing ching ich gi néu
cac electron da phat xa tu phat. Va cac
electron roi ngiu nhién ¢ bat ky trang thai
nao trong qud trinh phat xa tu phat (trong
cac hinh trudce, trang thai co ban duoc biéu
thi chi c6 mdt, nhung trén thuc té, c6 mot sd
trang thai co ban) do do céac loal anh sang
khéc nhau dugc phat ra va mot s6 anh sang
bi hép thu lai boi céc electron. Két qua la,
anh sang c6 it nang lugng hon dau vao dugc
phat ra. Do d6, can phai c6 mot co ché ngan
chdn phat xa tu phat va chi xay ra phat xa
kich thich (Hinh 1.10).

Trong Hinh 1.10, khai niém vé trang thai
gia on dinh duoc gioi thiéu. Mot s6 vt lidu
dic biét co thé duoc su dung dé taora trang
thai gia 6n dinh. Quy tic thay ddi trang thai
cua electron nhu sau:

1. Cac electron & trang thai co ban chuyén
1én trang thai kich thich nho qué trinh
bom.

2. Nhung electron bi kich thich khong thé
roi vé trang thai co ban. N¢ chi c6 thé roi
vao trang thai gia on dinh.

Céc electron bi kich thich tich luy & trang
thai gia on dinh theo thoi gian. Khi nhiéu
electron tich tu ¢ trang thai gia 6n dinh va
anh sang duoc chiéu Xa, anh sang manh s&
duogc phat ra va tia laser ching ta mubn co
thé duoc tao ra.

1.2 Dac tinh cia Laser

La}ser duoc dat tén la LASER theo chir
cai dau tién cua cum tur “Light Amplication

Three level laser
Short-lived

T
2 escecece Long-lived

/transmssnon

...... Ground state

Hinh 1.11 Déi v6i hé thong laser ba cip, co thé
dat duoc quﬁn thé cép 2 16n hon so vdi trang thai
co ban, bang cach bom rit manh tir cép 1 dén
cép 2. (Sao chép tir [9])

Four level laser

—Y.vw

eeeeeeee LONglived

Laser transmission

Y Short-lived

seernsee
00000009°® Ground state

Hinh 1.12 Ddi v6i hé thong laser bon cap, co thé

dat duoc, ngay ca khi bom yéu vao cap 2 ton tal

14u, mot su nghich dao quan thé 80 vO1 mue ton

tai ngin o cap 2', do ton tai ngin, cép 2 tréng

ngay lap ttc.

by Stimulated Emission of Radiation”
(khuéch dai anh sang bang buic xa kich thich)
[2]. Hién nay, tia laser dugc tao ra c6 budce
song tir 100 nm dén 3 mm. Trong da lidu, tir



laser excimer v&i 308 nm dén laser CO2 véi
10.600 nm duoc st dung. Laser co thé duoc
chia thanh song lién tuc va song xung khi
chiéu xa; thoi gian chiéu xa tir gidy dén
femto gidy (107'° s). Ngoai ra, co thé tao ra
tia laser voi mat d6 dau ra cao 1én dén 1010
W/ecm2 [4].

Tia laze c6 bdn dic tinh khac voi anh
sang (Hinh 1.13). Tha nhat, cac photon co
mot bude song duoc phat ra phu thudc vao
moi truong laser (tinh don sic). Thir hai, hai
photon dugc phat do kich thich song sinh c6
hinh dang giéng nhau theo thdi gian va
khong gian (tinh nhat quan). Thu ba, tia laser
di thang ma khong phan tan theo hudng khac
(tinh chuan truc). Va cudi cung, cac photon
duoc ting 1én theo cip sd nhan 1én dén 102
(tinh cudng do cao). Trong bdn dic tinh, tinh
nhit quan 14 quan trong trong qua trinh tao
ra laser. Do tinh nhat quan, cac budc song
ctia cac photon dugc chong 1én nhau vi vay
nang luong ctia cac photon khong thé bi triét
tiéu va co thé tao ra tia laser co cuong do cao.

Do d6, laser con c6 thé duoc goi 1a may
khuéch dai anh sang dau ra thip va chuyén
d6i thanh anh sang cuong do cao. Tuy nhién,
theo quan diém ctia bac i st dung laser, tinh
don sdc quan trong hon vi laser nén duoc
chon theo nhom md dich. Tinh don sic s&
duoc thao luan & phén sau.

Chuyén d6i don vi cia gidy can duoc
hiéu o (Bdng 1.3). Vi du, trong hau hét
cac tai liéu laser, n6 khong dugc viét dudi
dang 107 s, ma dugc viét bang mili gidy,
hodc don gian 1a viét tit ms. Bac si méi
lam quen véi laser c6 thé bi nham 13n boi
don vi gidy chua quen thudc. Didu tdi
thiéu can biét 1a don vi nao 16n hon hodc
nho hon. Ngoai ra, vi tt ca cac don vi déu
ngin hon 1 gidy, nhung phai nhé ring c6
su khéc biét hon 1000 1an gitra cac don vi.

1.2.1 Cac thong sb

Laser c6 cac thong sb nang luong khac
nhau (Bdng 1.4). Nang luong 1a sé luong
photon duoc phat ra trong mot xung don lé.
Boi vi laser chét luong cao phat ra rat nhiéu
photon trong mot xung don 1¢, nang luong

duoc su dung dé biéu hién sirc manh cua
laser phat song dang xung trong thoi gian
chiéu xa khong doi. Mit khac, cong suat 1a
s6 luong photon dugc phat ra trong don vi
thoi gian. Khai niém thoi gian duge bao gdm
trong so sanh cong suit voi nang luong. Boi
vi cong suat 1a s6 luong photon “mdi gio™
trong khai niém ky thuat, khai niém nay la
két qua dau ra, cong suat (sirc manh) cia mot
cd may. Béi vi "ning luong = cong suat x
thoi gian", ning lugng c6 nghia 1a "téng luc
tac dung" hodc "khbi luong cong viéc ma
mot may da thuc hién." Cong sut chu yéu
duoc su dung dé biéu hién két qua daura cua
laser song lién tuc [10].

Do d6, nang lugng va cong suit déu duoc
su dung dé biéu thi két qua dau ra cua tia
laser. Tuy nhién, ddi voi cac bac si dung
laser, sb luong cac photon duoc chiéu xa trén
da 14 rat quan trong, do6 1a 1y do tai sao khai
niém vé don vi dién tich 1a can thiét. Do do,
cac thong s6 vé mat do nang lugng va mat
dd cong sudt duoc sir dung. Mat do néng
lwong 1a s6 luong cac photon duogc chiéu xa
trong mot xung don tinh trén mot don vi dién
tich da. No thuong duoc goi la luu luong
(fluence). Mat do cong suat 1a sé luong
photon duoc chiéu xa trén da, trén mdt don
vi thot gian va don vi dién tich.

Bang 1.3 Pon vi chuyén ddi cua 1 gidy

Don vi Giay
Mili gidly (ms) 103
Micro gidy (us) 106
Nano gidy (ns) 107
Pico gidy (ps) 10-12

Bang 1.4 Cac thong s niang luong cua birc xa

anh sang

Thong s6 Don vi Cong thirc

Néng lugng | Joule (J) | Energy = power x s

Cong suat | Watt Power = energy/s
(W)=l/s

Mat do J/em? Energy density =

nang luong energy/cm?

Mat do W/ecm? Power density =

cong suat power/cm?
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Hinh 1.13 Bén dic
tinh cua laser.

Laser light Non-laser light(e.g., flashlight)

Monochromatic Polychromatic
@
Coherent Incoherent
@ VNN NANNNANNNNAN
NNNNNNNNN PANNNNNNNS
VAL ANANANANANANAAN NANANANANANANNAN
Collimated Divergent
® C O a((
@ High intensity Low intensity

Vay thong sé nao quan trong hon? Mat
dd nang luong hodc mat do cong suat? Khi
tia laser tiép xtic véi da, nhiét do sé ting lén.
No1 céch khac, nang luong anh sang duoc
chuyén thanh nhiét ning. S6 lugng photon
cang nhiéu thi nhiét do s& cang cao. Bao1 vi
s6 luong photon dugc bao gdm trong ca mat
dd cong suét va mat do nang luong, mat do
nang luong hodc cong suat cang cao, nhiét
do s& cang cao. Nhung néu s6 lugng photon
nhu nhau thi nhiét d6 nao cao hon? Muoi
photon trong da trén 1 gidy hay 10 photon
trong 10 gidy? T4t nhién, trong trudng hop
trudc, nhiét do sé cao hon. Vi du, trong ca
loai trudc va sau, mat do nang lugng la 10
J/em?. Nhung mat d6 cong sudt 1a 10 W/em?
trong truong hop trude va 1 W/em? trong
truong hop sau. Piéu do cho thdy, mat do
cong sudt quan trong hon luu lugng dbi Vol
chung t6i. Tuy nhién, ban c6 thé nghi rang
mat do nang luong quan trong hon boi vi chi
mat do nang lugng madi xuat hién trong bang
diéu khién cua laser Q-switched thuong
duoc st dung va chi co thé diéu chinh thong
s6 mat do nang luong trong laser Q-
switched. Tham chi trong laser CO?, don vi
cong suat khong phai 1a W/em? ma 1a Watt.
Do d6, cac bac si dung laser nén ghi nhé mat

Bién dich: Bs. Trwong Tan Minh Vi

do cong suat ngay ca khi mat do cong suét
khong dugc thé hién trong bang diéu khién
laser.

Bang 1.5 cho thay mat do ning luong va
thoi gian xung (d0 dai xung), thuong dugc
st dung trong 1am sang cho modi loai tia
laser. Mat d6 cong suat tuong ung ciing dugc
tinh toan. Bang cho thdy mot s6 hién tuong
tha vi. Puong thang dung cua do dai xung
cho thdy mat do cong suat ting nhanh khi do
dai xung giam [4]. Ngay ca khi mat d6 nang
luong giam, mat do cong suat van ting
manh. Nhu da dé cap trudc day, co su khac
biét 16n vé (1) luu luong duogc hién thi va (2)
mat do cong suét thuc.

C6 mot diéu khac can luu y trong Bang
1.5. Mat d cong sudt phan nao lién quan dén
cong sut cua tia laser vi khi niém cong suat
dugc bao gdbm trong mat do cong suit. Cong
suat quyét dinh gia tri ciia may laser. Hién
tai, Q-switched laser ré hon rat nhiéu va cé
mot sd IPL ciing dét, nhung trudc day, Q-
switched laser dat hon IPL rat nhiéu. Ngoai
ra, theo ly thuyét quang nhiét chon loc, cac
muc ti€u nho hon ¢6 thé duoc xir 1y bang do
dai xung ngin hon. N6i cach khac, laser dét
tién dleu tri nhidu muyc tiéu hon vi do dai
xung ngin hon, trong khi laser ré hon khong
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Bang 1.5 Thong s6 cho mot s6 loai laser

Buc xa Matdo | bodai | Matdo

nang luong| xung cong
(J/em?*= (ms) sut

W/cm?*s) (W/cm?)

Frequency | 18 10 1800

double

Nd:YAG

laser

IPL 17 7 2428

(freckles)

Pulse dye |5.5 0.45 12.222

laser (PWS)

Q-S ruby | 4 0.00004 | 1x 108

laser (tatoo)

Laser Nd: YAG nhan d6i tin s6 c6 nghia la laser
532 nm. Vi tan s6 va budc séng ty 1 nghich nén
laser Nd: YAG nhan doi tan s6 c6 nghia la 532
nm, bﬁng mot nira budc song ciia Nd: YAG,
1064 nm

Bang 1.6 Thong s6 cua bic xa anh sang

Thong sb Pon vi

Do dai Giay, mili gidy, micro gidy,
xung nano giay

Tan s6 Hertz (Hz)= s6 lugng xung/ gidy
Budc song | Nanometer (nm)

Kich thuée | Milimeter (mm)

diém

thé diéu tri méot sd cac muc tiéu nhat dinh vi
khong thé rat ngén do dai xung.

Céc thong sb khac duoc sir dung cho laser
duogc trinh bay trong Bang 1.6.

1.2.2 Céu hinh theo khong gian ciia tia

Dang tia 1a mot thuat nglr mo ta cu hinh
khong gian ciia chum tia laser va biéu thi su
phan bd cudng do tia laser trong khong gian.
Cac cu hinh chum tia dién hinh 1a ciu hinh
Gaussian va cdu hinh dinh phang (top-hat)
(Hinh 1.14 va 1.15). C6 nhiéu dang tia khac
nhau; mdi dang tia duoc biéu thi bang sd bén
canh chit TEM (transverse electromagnetic
mode). Vi du, ciu hinh Gaussian 13 ciu hinh
CcO bél’l, dlIQC goi la TEMoo va TEM](), TEMzo
1a cau hinh dang banh ran va dang hinh bia
[3].
Dang tia duoc quyét dinh boi hinh dang
cua guong trong khoang quang hoc [3].
Ngoai ra, dang tia duoc quyét dinh béi hé
thong phan phdi va, ¢ dang dinh phing, 80—
90% ¢ trung tAm cua mit cit ngang c6 phan
b6 ddng déu vi vo sd phan xa xdy ra trong hé
thong phan phdi dang soi déo cua soi thuy
tinh [12].

View = 118 : Tilt = -18

t"'1'_fi

Hinh 1.14 C4u hinh Gaussian. Dang 3D chum tia cua laser C3 (budc song 1064 nm, kich thude diém
4 mm, nang lugng moi xung 450 mJ/cm2, dg dai xung 8-10 ns, tan s6 xung 10 Hz) duoc tao boi phan
mem DataRay v.500 M4. Pay 1a cau hinh "Gaussian" dién hinh.

Bién dich: Bs. Trwong TAn Minh Vi
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Hinh 1.15 Céu hinh dinthhéng. Dang 3D chum tia cua laser C6 (budc song 1064 nm, kich thudc
diém 4 mm, nang luong moi xung 1000 mJ/em2, do dai xung 8-10 ns, tan s6 xung 10 Hz) dugc tao
bdi phan mém DataRay v.500 M4. Sy phan bo mat d6 nang lugng dong nhat hon so vdi C3. Chum

tia C6 c6 dinh phang va phan I6n dién tich bang trung binh cong ctia nang lugng tac dung.

‘Trong c4u hinh Gaussian, cuong do laser
gidng nhu phan bb chuan Gaussian trong d6
tam diém co6 cuong do cao nhat va giam dan
vé phia ria. Trong c4u hinh Gaussian, diém
ma cudng do cua tia laser giam xudng 86%
duoc xac dinh la duong kinh chum tia (Hinh
1.16) [2].

CAu hinh Gaussian c6 thé khong phai la
dang tia ma chung ta mudn. Vi duy, khi diéu
tri cac dém nau, ving tim cia chum tia co
thé rat manh vi vy xay ra PIH, phan gitra
ctia chum tia c6 thé loai bé cac ddm nau ma
khong c6 tac dung phu, trong khi phan ria
cua chum tia ¢6 thé khong loai boé dugc céac
dbém nau do niang lugng rat yéu. Mic du can
co su chéng chéo & mot mire d6 nao do dé
tao ra su phan bd dong déu, nhung vé mit k§
thuat 1a rat kho trir khi mot may quét dugc
gén va khop co hoc mdt cach chinh xac. Vi
vay, cau hinh dinh phang 1a mot dang tia phu
hop dé loai bé dém nau. Nhung khong diing
khi don gian néi rang cau hinh dinh phing la
t6t va Gaussian 1a khong tot. N6 ¢ thé khac
nhau tuy thudc vao muc tiéu diéu tri ma ciu
hinh nén duoc chon. Vi du, cdu hinh
Gaussian thich hop hon céu hinh dinh phing
trong diéu tri nevi té bao hic t0.

Bién dich: Bs. Trwong TAn Minh Vi
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Hinh 1.16 Phan bd chum tia diu ra Gaussian;
2w cho biét duong kinh kich thugc dém duoc do
tai mdt gia tri ma cuong do giam xuéng 1/e2
cua gid tri lon nht.

Laser CO2 chi c6 thé sir dung hé thong
phan phdi dang khép vi tia laser dugc hap
thu va bién mat trong hé thong phan phdi
bang soi quang. Do d6, cdu hinh Gaussian
duogc tao ra trong khoang quang hoc duogc
mdc dinh trong laser CO2. Ciing vay, trong
laser Q-switched, chi c6 thé sir dung hé
thdng phan phdi dang khép vi hé théng phan



Principles and Choice of Laser Treatment in Dermatology

13

phéi dang soi quang c6 thé bi hong do cong
suét 16n. Do do, mac du cAu hinh Gaussian
la mac dinh trong laser Q-switch, hau hét cac
laser Q-switch dugc san Xuat g?m day déu cai
dat ciu hinh dinh phang bang cach phan phdi
dong nhat vé mat quang hoc cua chum tia
laser trong tay cam.

1.2.3 Céu hinh theo thoi gian ciia tia

CAu hinh theo thoi gian ctia chum tia laser
duoc phan loai theo song lién tuc, song ban
lién tuc va song dang xung (Hinh 1.17).
Séng lién tuc duoc st dung trong laser CO2,
trong d6 qua trinh chiéu xa 1a lién tuc. Trong
song ban lién tuc, birc xa bi tat cudng burc
bang cach sir dung ctra chop nhu canh quat
& gitra cac lan chiéu xa lién tuc [2]. Vi du
nhu laser hoi dong/bromua.

Song lién tuc dugc tao ra bang cach cung
cap lién tuc ning luong tir ngudn ning luong
bén ngoai vao mdi truong laser va lién tuc
tao ra su nghich dao quan thé. Song dang
xung duoc tao ra bang cach cung cap nang
luong timg lan, giéng nhu dén flash trén may
anh.

Bo1 vi song ban lién tuc dua trén song lién
tuc, cong sudt cia song ban lién tuc ciing
gidng nhu song lién tuc. Do do6, song béan lién

tuc khong c6 kha ning tao ra cong suat cao
va do dai xung thuong tir 1 ms dén 1 s, dai
hon micro gidy hodc nano gidy. Mat khac, vi
song dang xung tich trir cac photon va phat
ra tat ca ching cung mot luc trong mot thoi
gian rat ngan, nén cong suit cao hon nhiéu
so vo1 song lién tuc hodc ban lién tuc (Hinh
1.18).

Power

Seconds Milliseconds  Nanoseconds
Time

Hinh 1.18 Cong suét cua laser dang xung.

Lam thé nao laser dang xung ¢ thé tich trir
cac photon va phat ra tit ca chung cing mot
lic? Chung ta hay xem xét laser Q-switch,
mot vi du vé laser dang xung.

Seconds

a

continuous laser
b quasi-continuous laser
c pulsed laser

Q-switch

Miliseconds or nanoseconds

Hinh 1.17 C4u hinh theo thoi gian ciia chum tia lasé. (a) song lién tuc, (b) song ban lién tuc va (c)

song dang xung.
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