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TOM TAT

Bai bdo trinh bday mét phwong dn thiét ké va ché tao hé laser soi quang ing
dung trong linh viee cong nghiép. Trong dé méi truong hoat chat laser la soi quang
pha tap ion dat hiém Ytterbium (Yb’*) va dwoc bom quang hoc bang laser diode. Cdu
hinh buong laser soi quang bao gom mét tang phdt va mét tang khuéch dai cho phép
dat duoc cong sudt laser 16i ra trén 20 W tai vung buoc song 1070 nm. T, an sé lap lai
ciia xung laser 16i ra thay doi dwoc trong khodng tir 2080 KHz nho mét bé Q-switch
am-quang ddt trong buong laser. Bé nguon nuéi laser diode bom cho phép thay déi
dong dién tur 0204, dién ap 5V va duwoc diéu khién do”‘ng bé tir mot mach diéu khién
trung tam ghép noéi may tinh. Mot sé két qua do dac thong sé 16i ra ciia hé laser soi
quang trong diéu kién phong thi nghiém bao gom: cong sudt laser, do réng xung, tan
s6 Idp lai, hé sé chat lwong chivm tia M?... ciing dwoc trinh bay trong badi bdo nay. Céc
6 liéu do da cho thd'y dé én dinh va tin cdy cua hé théng. T do hé laser soi quang
nay dwoc sw dung dé tich hop trong mot thiét bi may khdc laser trén bé mat vt liéu
kim loai.

Tir khéa: laser soi quang, laser diode bom quang hoc, may khic laser, nguon
nuoi laser diode.

ABSTRACT

The article presents a design and manufacturing plan for a fiber optic laser
system applied in the industrial field. The active laser medium is a fiber doped with
Ytterbium (Yb3+) rare earth ions and is optically pumped by a laser diode. The
configuration of the fiber laser cavity includes an emitting layer and an amplifying
layer, allowing for an output laser power of over 20 W at a wavelength of 1070 nm.
The repetition frequency of the output laser pulse can be varied from 20 to 80 KHz
thanks to an acousto-optic Q-switch placed in the laser cavity. The laser diode power
supply allows for current adjustments from 0 to 20A4, voltage of 5V, and is
synchronously controlled from a central control circuit connected to a computer. Some
laboratory measurement results of the fiber laser system's output parameters are also
presented in this article, including laser power, pulse width, repetition frequency, and
the beam quality factor M2. The measured data have shown the stability and reliability
of the system. Consequently, this fiber laser system has been used to integrate into a
laser engraving device on metal material surfaces

Keyword: fiber optic laser, optically pumped laser diode, laser engraving machine,
diode laser power supply.
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1. GIOI THIEU

Trong nhilng nim gan day, cac
loai laser soi quang cong suét cao dugc
ché tao dua trén soi quang hoat chat 16p
vo kép pha tap ion Ytterbium (Yb3") da
c6 rat nhiéu tng dung thwong mai do
nhitng wu diém cua ching so véi laser
trang thai ran thong thuong, chang han
nhu hiéu suét chuyén ddi rat cao, ty 1€
dién tich bé mit trén thé tich cao cho
phép dé dang tan nhiét va chét luong
chum tia laser 16i ra & gan muc gi6i han
nhiéu xa. Cong suat laser soi quang 16i
ra cO thé dé dang dat duoc tur vai chuc
W cho dén hang KW dé déap tmg day du
cac yéu cau sir dung trong linh vyc gia
cong vat liéu nhu khéc, han, cét... trén
kim loai.

Tuy nhién, néi chung laser soi
quang 1a kho thiét ké va ché tao hon so
v6i laser rén tinh thé, boi nhidu 1y do
rat khac nhau, bao gém hiéu ung hip
thu manh do cuong d§ quang hoc cao,
hoat dong ¢ gan 3 muc ning luong
trong hau hét cac dich chuyén laser
trong soi quang va co ché hinh thanh
xung rat phuc tap trong laser soi khoa
mode. Két qua 1a gia thanh laser soi
quang ciing cao hon [1].

Hau hét cac laser soi quang déu la
loai laser dugc bom quang hoc bang
laser diode v&i 2 loai cAu hinh chinh
[2]:

CAu hinh budng cong hudng laser:
trong d6 anh sang di lai theo ca 2
huéng qua médi truong khuéch dai
2. NQI DUNG NGHIEN CUU

Trong bai bao nay, ching to6i trinh
bay cac két qua thiét ké, ché tao va do
kiém cac thong sb6 ciia mot hé laser soi
quang véi cong suat 16i ra 20 W. Céc
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quang soi.Cau hinh MOPA (bo khuéch
dai cong suét dao dong chu): trong do
moi truong dao dong chu s€ tao ra mot
tin hiéu laser mam cong suét nho, sau
d6 s& duoc khuéch dai trong méi trudong
soi quang hoat chat.

Céu hinh dang budng cong huong
laser dang duoc st dung phd bién hon
nhd ¢6 cdu tric don gian, kha ning ché
tao dé dang, cho phép dat duoc cong
suat laser 16i ra & muc cao hon. Pay
ciing 14 céu hinh hé laser s& duoc ching
t61 lwa chon dé phan tich, thiét ké va
khao sat cac théng sd hoat dong véi cac
két qua duoc trinh bay trong bai béo nay.

Tai Viét Nam hién nay, nhu cu
vé thiét bi laser soi quang dé khic trén
bé mat vat liéu kim loai 1a rat 16n; tuy
nhién céc nghién clru thiét ké, ché tao
hé laser ndy & trong nudc van con rat
han ché. Cac hé laser soi quang trong
may khic laser thuong mai chi yéu
duoc nhap khau nguyén chiéc, dan toi
nhiing kho khan trong viéc lam chu
cong nghé¢, sura chita hé théng. Hién tai
trong nudc chua san xuét, ché tao duogc
thiét bi nay, vi vay chang t6i dit muc
tiéu nghién ctru thiét ké, ché tao duwoc
mot hé laser soi quang trong diéu kién
phong thi nghiém, véi cong sudt laser
16i ra lén t6i 20 W, g dung dé khdc
trén bé mat vt lidu kim logi; déng thoi
ndam bat, lam chii cong nghé, chii dong
trong viéc bao dudng, thay thé thiét bi
sau nay.

ndi dung nghién ctru tap trung vao viéc
phan tich thiét ké budng laser soi
quang, céc linh kién thanh phan va han
ghép ndi hé théng; thiét ké bo nguén



nuoi laser diode bom va mach di€u lai, hé so chat lugng chum tia laser, céac

khién trung tdm. Hé laser soi quang sau xung tin hiéu diéu khién... Tir cac két
khi hoan thién sé& duoc chung téi do qua ché tao nay, ching t6i dé tich hop
kiém cac théng sb hoat dong trong hé laser sgi quang vao mot may khic
phong thi nghiém, bao gdm: cong suat laser va tién hanh thir nghiém khac trén
laser 16i ra, d§ rong xung va tan sb lap mot sb bé mat vat liéu kim loai.

3. KET QUA VA THAO LUAN

3.1. Thiét ké va ché tao tich hop budng laser s¢i quang

Céc hé laser soi quang tng dung dé khic trén bé mit kim loai c6 yéu cdu vé tan

sO lap lai ctia xung laser cao, kha nang diéu bién xung dé dang, do d6 budng laser s&
dugc thiét ké ché tao su dung ky thuat didu bién do phim chat chu dong (Q-
switching). Trong ché do Q-switching, méi trudng hoat chit laser pha tap Yb3+ duogc
bom quang hoc lién tuc, trong khi su phat laser bi ngan chan bdi hé s6 Q thép cua
budng cong huong. Sau d6 nang lwong tich trit s&é duoc giai phong dudi dang xung voi
d6 rong xung tlr micro-giay dén nano-giay khi sy phat laser dugc cho phép boi hé s6 Q
cao. So voi laser sgi quang phat lién tuc, laser soi quang Q-switch c¢6 chit lugng chum
tia tot, nang luong xung 16m, hi¢u suét hoat dong cao [3], [4].

So dd hé laser soi quang phat xung duoc diéu bién bang bo Q-switch Am-quang

duoc biéu dién trong

Hinh 1. Trong d6 phan laser sgi quang laser chu. Cong sut laser 16i ra 1én toi
Q-switch bang bo diéu bién 4m-quang 20 W c6 thé dat dugc bing mot ting
duoc st dung lam bd phat dao dong khuéch dai quang soi.
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Hinh 1. So d0 budng laser s¢i quang +B0 két hop laser diode bom MPC-
dwgc diéu bién bing b Q-switch Am- 1 loai (1+1)x1;
quang

+ B0 Q-switch am-quang.

Trong tang phat laser dao dong + Soi quang hoat chat laser 16p vo

cht bao gém cac bo phén: kép pha tap Yb3* (1):
+1 laser diode ghép ndi sgi quang * Chiéudai: L; =4 m;

LD-1: Pp1 = 10 W, budc song 915’ nm; = Puong kinh 13i soi quang: 10 um,
+Céch tr quang soi ¢6 hé s6 phan khau d6 s6 phan 16i: NA = 0,09;
xa cao HR FBG: R = 99%. *V6 s¢i quang dang bat giac,
+Céch tr quang soi phan xa thdp LR duong kinh 128 pm, khau do sb

FBG: R ~ 8%. phan vo: NA = 0,45;
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=H¢ s6 hip thu cua soi quang 1a
Trong tang phat laser nay, bd Q-
switch am-quang c6 tac dung kiém so4t
d6 suy hao cua budng cong huong va
diéu khién xung laser 16i ra. Tai dau
cudi cta cach ti phan xa cao HR FBG,
soi quang dugc cit vat goc 8° + 150 dé
tranh hién twong phan xa nguoc. Phan
tr Q-switch 1a mot bo diéu bién am-
quang ghép ndi sgi quang véi budc
song trung tdm 1060 nm, tin sd hoat
dong 100 MHz, cho phép da tao ra
xung laser tan s lap lai tir 2080 KHz,
va do rong xung c6 thé thay d6i duoc.
Chum tia laser 16i ra khoi ting
phat dao dong chu duoc truyén dén
tang khuéch dai quang soi thong qua bd
cach ly quang ISO-1. Tang khuéch dai
nay bao gdm:
+ 1 laser diode bom ghép ndi soi
quang LD-2, v6i cong sudt Py =
45 W, budce song 915 nm.
+ BO két hop laser diode bom
MPC-2 loai (1+1)x1.
+ Soi quang hoat chét laser 16p vo
kép pha tap Yb>":
» Chiéu dai: L =9 m;
* DPuong kinh 161 s¢i quang:
25 um, khau d6 s6 phan
16i: NA = 0,09;

1,9 dB/m tai budc séng 915 nm.
*V6 soi quang dang bat giac,
duong kinh 250 pm, khau d6 sé phan
vo: NA = 0,45;
+ Heé thau kinh chuan truc va bo cach
ly chum tia laser 16i ra ISO-2.

Mot bd cach ly quang hoc ISO-1
duoc dit & 16i ra cua tang phat laser dao
dong chu dé tranh cac tia phan xa
ngugc. Do cong sudt gidi han cia bod
ISO-1 chi 12 3 W, nén liic niy cong suat
laser 16i ra tang phat dao dong 1a thap
va duoc truyén dén tang khuéch dai
quang soi. Tai do, laser diode bom LD-
2 ¢ cong suat 1a 45 W cho phép ting
cong suét laser 16i ra 1én muc trén 20 W
trong khi van giit nguyén tan sd lap lai.
Tuy nhién d6 rong xung laser luc nay sé
bi mo rong khi di qua tang khuéch dai
cong suat.

CAu hinh hé laser s¢i quang Q-
switch gdm mat ting phat laser va mot
tang khuéch dai cong suat cho phép tao
ra cac xung laser ngén, tan so lap lai
cao, chét lugng chum tia laser tot, trong
khi vin dam bao cong suat laser 16i ra
dat dugc hang chuc Watts va hiéu suét
hoat dong cua hé théng. Pay 1a ciu
hinh laser s¢i quang phu hop va da
duoc ap dung trong nhiéu thiét bi laser
cong nghiép hién nay.

(@

()

Hinh 2. Budng laser s¢i quang (a) va dau ghép ndi 16i ra laser (b)
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3.2.Thiét ké va ché tao bd nguon
nuoi cac laser diode bom
T nhitng dic trung cua laser
diode, chiing ta nhan thiy ring, dé cho
hoat dong laser duoc on dinh va dat
hiéu suét cao thi mot bo nguén nuoi
dong vai tro hét sitc quan trong. Noéi
chung, 1 bd ngudn nudi cho laser ban
dan phai 1a bd ngudn dong va théa man
2 yéu cdu sau: (i) Han ché dong tuyét
d6i va c6 kha nang (ii) Diéu chinh dugc
dong dién. Trong nghién cuu nay,
chung t61 lya chon va st dung laser

duong kinh 15i cua 16i ra soi quang
105um, dién &p 5V va dong dién ti€u
thu la 16.5A.

(i) Chiing t6i da tinh toan va thiét ké
mot mach ngudn nhu trong Hinh 3 co
kha ning han ché dong tuyét dbi voi
cac thong s6 nhu sau:

— Dién ap dau vao: 20-40V DC

— Dién ap dau ra: 5V DC £ 2 % (

4.9V <Vou <5.1V)

— Dong dién dau ra 16n nhat: 20A

— Dai nhiét do hoat dong: -20° dén

. . A 85°C
diode bom cua hang photonic véi cong
suat phat laser 45W, budc song 915nm,
] |
v (7} = cit =
[ |
&
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Hinh 3. So' d0 mach ngudn cép cho Laser diode

Céc linh kién chinh trong so d6
mach dién (Hinh 3) ching t61 st dung
IC TPS40057 [4] va 2 MOSFET
NCEPO178AK [5], tir viéc lua chon nay
chung t6i tinh toan dugc cac thong sd
ctia mach dién nhu tin sb tai chan SW
cua TPS40057 theo cong thic nhu sau
(c4c tinh toan dya trén cong thirc dugc
st dung trong Datasheet cia TPS40057
[4]):

Vo(min) > (4.9 v

fow = (VIN(maX) w0V _
sw ton

136 Khz (1)

900 ns
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Trong do ty,y = 900ns dugc ching
toi lya chon 1a thoi gian m& MOSFET
NCEPO178AK.

Tu viée lua chon laser diode bom cua
photonic véi théng sb nhu bén trén,
ching t61 tinh toan by han dong tuyét
dbi cho mach nhu sau: dau tién chung
t6i tinh toan dong dién 16n nhét cap cho
mach & ché d6 khoi dong.
880 uFX5V

CoXVy _
IILIM - (tSTART) 1ms T 16'5 -
204A (2

C, = 220 pF x 4: 13 ty dién dau ra cua
mach, dugc chung t6i tinh toan va lya



chon dap ung cong suat dau ra tai 5V
20A.

T dong tiéu thu ¢ ché do khoi
dong I, = 20.4 A, ching t6i tinh va
lya chon dugc gia tri dién tré phan hoi
dong R9 = 100k Ohm, vao bg han dong
tai chan ILIM cho IC TPS40057 trong
Hinh 3. Cac thong s6 tu dién, dién tro,

cudn cam L1 va diode D2 con lai chung
toi tinh toan dua theo datasheet cua
TPS40057.

(i) Dé diéu chinh duogc cong suét
phat xa Laser, ching toi thiét ké mot
mach diéu khién dong dién cho Laser
diode (Hinh 4).
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Hinh 4. Mach diéu khién dong Laser diode

Pbi v6i mdi mirc cong suat duoc
cai dat tr may tinh, chung t6i cip mot
muc tin hi€u dang muc dién ap di qua
dién tro R89 va dua vao mot mach tich
phan c6 phan hdi dong tir Laser diode
qua dién tro R89 va R78, tir d6 diéu
khién IGBT Q18 cung cép dién ap va
dong dién tuong tng cho laser diode
hoat dong.
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Dua trén cac tinh todn trén, trong
qué trinh ché tao mach va thur nghiém
thuc té, chung t61 da thu duoc cac két
qua nhu Hinh 5 va Hinh 6 db thi dic
trung dién ap va dong dién cip cho
laser diode voi cac mirc cong suat dugc
chung t6i dit tir phan mém may tinh.
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Hinh 5. Do thi diic trung dién ap cép cho laser diode
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Hinh 6. Do thi dic trung dong dién cip cho laser diode

Céc két qua thir nghiém cho thay cac muc cong suat phat laser tir 0 dén
mach dién da hoat dong on dinh, dong 100%.
dién di qua laser diode bom dap Ung

3.3. Po kiém cac thong sb 16i ra ciia hé laser s¢i quang
Sau khi da thiét ké, ché tao duoc hé laser soi quang, chung t61 da tién hanh do

kiém va danh gia cac thong sb hoat dong cua hé laser trong diéu kién phong thi
nghiém. Céc dai lugng nay bao gdm: cong suét trung binh cua laser 16i ra, d6 rong
xung laser, tan sd 1ap lai, phan bd vét laser, hé sb chat lugng chum tia M2... Céc két
qué do kiém nay duogc trinh bay chi tiét dudi day:

a. Do cong suat laser 10i ra

Cong suit trung binh chum tia laser 16i ra dugc do boi ddu do cong suat nhiét
$322C va duoc hién thi trén bang didu khién PM100D (Thorlabs). Gia tri cong suat
dugc do truc tiép, sau ddu chuén truc ghép ndi véi soi quang 16i ra laser. Két qua do
thi
ciu hinh hé laser soi quang trén, cong
suat laser 18i ra 1on nhét dat duoc la
21,7 W, va do 6n dinh cong suit 13 nho

Hinh 7 biéu dién cong suit laser
soi quang 16i ra thay doi theo % gia tri
cuong do dong dién nuoi laser diode

. . , hon 1%.
bom. Ching ta c6 thé nhan thay, vdi °
25.00
= 15.00
2
a  5.00
500 020 40 60 80 100
%
Hinh 7. D6 thi diic trung cong suét 16i fiber va hién thi trén dao dong ky sb
ra cua laser s¢gi quang TDS2024B (Tektronik). H¢ laser hoat
b. Do dj réng xung va tin sé lip lai dong & ché do phat xung vdi tan so lap

Phuong phip do: St dung lai ctia xung laser thay ddi dugc.

photodiode nhanh PDA10A-EC
(Thorlabs) dé do d6 rong xung cta laser
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Hinh 8. Gia tri d9 rong xung (a) va tin s6 Lip lai (b)
khi thiét 13p tan s6 diéu bién Q-switch 12 20 KHz

Cac két qua do cho thdy, tan sb
lap lai cua xung laser 15i ra c6 thé thay
d6i duoc trong khoang gia tri tir 20 + 80

c. Do phin bo va hé sé chit
lwong chum tia laser

Thong s6 quang hoc ciia chum tia
laser sgi quang 16i ra duge thu nhéan bai
hé thiét bi phan tich chit lwong chum
tia laser M2SET-IR/M cua Thorlabs

KHz tuong tng v6i do rdng xung laser
thay d6i tir 100 + 150 ns.

voi: dau thu BP109-IR; ban dich
chuyén 150mm; thau kinh hoi tu tiéu cu
200mm; va phan mém Thorlabs Beam
4.0 giup thu nhan sb liéu do va tinh
toan hé s M2.

Hinh 9. Phan bd chum tia laser (a), va dwong kinh chum tia (b)

Céc két qua do phan bd chum tia
laser cho thay: bién dang chum tia theo
cac truc X va Y déu co dang Gaussian,

3 Mec= 195, =193

va gia tri duong kinh chum tia do duoc
theo chudn 46 1a 7,6 mm.

Hinh 10. Két qua do hé sé chat
lwgng chum tia laser M2



Chung ta c6 thé nhan thiy, hé sb khoang chiéu dai Rayleigh 1a: 1,77 mm.

chat lugng chum tia laser do duoc 1a M2 Cac két qua do kiém nay di chimng to
= 1,93 theo ca 2 phuong X va Y, la rat d6 6n dinh va chat luong cao cua chum
gan vé6i gia tri 1; dudong kinh chum tia tia 16i ra ctia hé laser soi quang dwogc
laser tai vi tri chd that la: 68 pm; va ché tao theo cau hinh thiét ké.

3.4.Tich hop hé laser s¢i quang vao thiét bi may khic laser trén kim loai
H¢ laser sgi quang sau khi duogc ché tao di duoc ching t6i su dung dé tich hop
trong mot thiét bi may khéc laser trén bé mat vat liéu kim loai ung dung trong cong
nghiép. So dd hé may khic laser bao gdm: ngudn phat laser soi quang v6i dau chuin
truc 16i ra, dau quét tia galvo, thau kinh hoi tu f-theta, mach diéu khién trung tam, bo

cap ngudn dién va cac hé ga do cO khi (

Hinh 11. So' d6 thiét bi may
khic laser trén kim loai sir

- : <
Hé laser soi quang  |&

May tinh +
Phin mém

Hé thiét bi may khéac laser cho Thiét bi nay c6 thé tng dung dé khic
phép khic duge trén bé mit cac vat lidu tem mac, logo nhan hi¢u, thong tin san
kim loai nhu nhom anode, thép, inox... pham... trong cac nganh quang céo, ché
v6i kich thuée ving khic 16n nhat 1a tao co khi, cong nghiép phu trg.

150x150 mm, toc dd khéc 1én téi 5 m/s.

.

4. KET LUAN laser v6i cong suat 16i ra trén 20 W, tan

Chung t6i da thiét ké, ché tao 50 lap lai xung tir 20 ~ 80 KHz tuong
duoc mot hé laser soi quang theo img voi do r@ng xung thay doi tir 100 +
phuong 4an st dung ciu hinh budng 150 ns. Bd ngudn nudi laser diode bom
laser gdbm 1 tang phat va 1 ting khuéch c6 thé thay doi dong dién tir 0-20 A,
dai. Cac két qua di thu duoc mot hé dién ap 5V DC, dugc di€u khién tir mot
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mach tich hop két ndi ngoai vi. Cac két
qua do kiém trong phong thi nghiém
cho thiy chum tia laser 15i ra c6 duong
kinh 7,6 mm, hé sb do phém chét chum

LOI CAM ON

Nghién cuu nay dugc thuc hién
trong khudén kho dé tai cap Bo Khoa
hoc va Cong nghé nam 2022-2023:

tia M? 1a 1,93. Hé laser nay da duoc st
dung dé ché tao tich hop mot thiét bi may
khic laser trén bé mat mot sb vat liéu kim

“Thiét ké, ché tao laser soi quang cong
sudt 20W duoc diéu bién bang Q-
switch Am-quang tmg dung khac trén bé
loai. mat vat liéu”, do Trung tam Cong nghé
Laser - Vién Ung dung Cong nghé chu
tri. Céc tac gia xin tran trong cam on.
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