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Che tao laser quang soi cong suat cao - Bao cdo so 1: Nghién ctru
phat trién mach diéu khien bom laser diode cong suat cao
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Tom tit:

Nguon laser quang soi cong suit cao dang dwgc str dung rat pho bién trong cong nghiép gla cong kim loai. Vlec ché
tao nguon laser quang sgi cong sudt cao can nghlen ciru, ché tao, tich hop nhiéu thanh phan quan trong cAu thanh
nén nguon nhw: 1) HE bom laser diode cong suit cao va b0 cong hwong laser; 2) HE lam mat tin nhiét cho bom laser
diode va ngudn dién cao ap; 3) Hé diéu khién bom laser diode va cam bién; 4) Phin mém diéu khién, theo dai, giam
sat hoat dong ngudn laser... Pé diéu khién ngudn laser quang s¢i cé thé hoat dong dwoc & cac mirc cong suat khac
nhau, cic ché do khac nhau thi mach diéu khién bom laser diode déng vai trd quan trong. Nam trong 1§ trinh ché
tao ngudn laser quang s¢i cong suit cao tai Viét Nam, trong bao cdo thir nhit nay, chiing tdi trinh bay nghién ciru,
thiét ké, ché tao bo mach diéu khién bom laser diode cong suit cao dé c6 thé diéu khién cong suit laser diu ra trong
cac ché dd hoat dong lién tuc va ché do xung. Két qua thwe nghiém cho thiy, bo mach hoat dong hiéu qua, on dinh,
diéu khién dwoc cac bom laser diode khac nhau ciia mdt s6 nha cung cip chinh trén thi treong nhu: Max Photonics,
Raycus, BWT...

Tir khéa: diode bom, diéu khién laser, laser, laser cong suat cao.
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Abstract:

High-power fibre lasers are widely used in the metal processing industry. The fabrication of a high-power fibre laser
source requires the research, development, and integration of several key parts, such as: 1) High-power laser diode
pumps and laser resonators; 2) Cooling for laser diode pumps and high voltage direct current (DC) power supply;
3) Control systems for laser diode pumps and sensors; 4) Software for controlling, monitoring, and supervising the
laser source, etc. To control the fibre laser to operate at various power levels and modes, the control board for the
laser diode pumps plays an essential role. As part of the roadmap to develop a high-power fibre laser in Vietnam, in
this first report, we present the research, design, and fabrication of a high-power laser diode pump control board
that can control the laser output power in both continuous and pulse-operating modes. Experimental results show
that the board operates efficiently and stably, controlling different diode laser pumps from major suppliers on the
market, such as Max Photonics, Raycus, BWT, etc.
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1. Tong quan

Cong ngh¢ laser quang s¢i da c6 nhitng budc phat trién
vuot bac trong thap ky qua. Hién nay, cac ngudn laser quang
s¢1 thuong mai ¢ mirc cong sudt cao (kilowatts) da va dang
tro thanh mot cong cu rat hiru ich trong cac co s san xuat
nha may, ¢ nhiéu linh vyc khac nhau tur cong nghiép, quoc
phong... [1-2]. Ché tao nguon laser quang soi cong suét cao
1a rat can thiét trong vi¢c tao ra cac mdy cong cu gia cong
kim loai bang laser ciing nhu chii dong trong viéc bao tri,
sura chira va giam sat may. Viéc ché tao nguon laser quang
s01 cong. suét cao can nghién ctru, ché tao, tich hop nhiéu
thanh phan quan trong cau thanh nén ngudn nhu: 1) Hé bom
laser diode cong suét cao va bd cong huong laser; 2) H¢
lam mat tan nhiét cho bom laser diode va nguén dién cao
ap; 3) H¢ diéu khién bom laser diode va cam bién; 4) Phéan
mém diéu khién, theo ddi, giam sat hoat dong nguon laser.
Trong do, hé diéu khién bom laser diode va cam bién 1a mot
phéan quan trong dé diéu khién ngudn laser quang soi c6 thé
hoat dong dugc & cac muc cong suat khac nhau, cac ché do
khéc nhau nhu: ché do xung, ché @6 lién tuc. Khi ché tao
nguon laser quang soi cong suét cao thi nhat thiét phai ché
tao dugc bo diéu khién bom laser diode. Do d9, viéc nghién
ctru, ché tao hé diéu khién bom laser diode, tién t6i lam chu
cong ngh¢ san xuat nguon laser 1a rat can thiét trong dinh
huéng phat trién nén cong nghiép san xuat va dich vu tai
Viét Nam.

Dé dat dugc muc cong suit cao, cac nguén laser quang
soi thuong sir dung cac bom laser diode dé lam nguon phat
kich hoat buong cong huong laser dé dat mirc cong sudt 16n
theo yéu cau. Hinh 1 mo ta cAu tao ctia mot bom laser diode
thwong mai thong dung. Trong d6, cac khdi diode ban din
duogc st dung dé chuyén di dién sang quang & mot sé bude
song thong dung, thuong l1a 915 nm hoac 976 nm [3-5].
Thong qua cac linh kién quang bao gdm guong, thau kinh,
tam phén cuc, tia laser s& duoc dua ra ngoai thong qua viéc
dan tia laser bang soi quang, thong thudng 13 soi quang da
mode dé c6 thé dé dang dwa vao bd cong huong laser trong
ngudn laser quang soi.

Hinh 1. M6 hinh c4u tao bom laser diode thwong mai.

Nam trong 16 trinh ché tao ngudn laser quang soi cong
suat cao tai Viét Nam, trong bao cdo thlr nhat nay, chung
toi trinh bay nghién ctu, thiét ke, ché tao hé thong mach
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diéu khién bom laser diode cong suét cao, dugc dit tén 1a
VLS-001, d& co thé diéu kién cong suit laser dau ra trong
céc ché do hoat dong lién tuc va ché do xung. Két qua thyuc
nghiém cho thiy, h¢ théng mach diéu khién hoat dong hi¢u
qua, on dinh, diéu khién dugc cic bom laser diode khac
nhau ciia mot s6 nha cung cip chinh trén thi truong nhu:
Raycus, BWT, va c6 nhiing uu diém vuot troi hon khi so
sanh voi mach diéu khién thuong mai twong duong cua
hang CellSystems (Nhat Ban). Két qua cua nghién ctru mé
ra viéc phat trién mach diéu khién cho toan bo ngudn laser
quang soi, tir d6 lam co s xay dung phim mém giam sat,
didu khlen laser quang soi cong sudt cao. Bén canh do, viéc
phat trién mach diéu khién bom laser diode cho phép viéc
chu dong kiém soat cac ngudn laser quang soi thuong mai
cong suat cao hién co trén thi truong, giam sy phu thudc
vao cac hang san xuit cling nhu mé ra cac ung dung, dich
vu khac.

2. Thiét ké, ché tao hang mach diéu khién hom laser diode

Céu tao bén trong ctia bom laser bao gom cac diode laser
dugc méc ndi tiép voi nhau (hinh 1). Khi dwoc cung cip
nang luong dién du ngudng, cac diode nay s€ phat ra tia
laser, sau do tia laser nay duoc hé thau kinh dua toi dau ra
chung cua bom laser. Cac diode laser ndy c6 ngudng kich
hoat tir vai miliampe dén vai _ampe tuy theo cong suét. Mot
bom laser cong suit cao s& can mot ngudn nang lugng dién
du 16n dé kich hoat dugc toan bo cac laser diode. Bo diéu
Kkhién laser (laser driver) can hoat dong & ché do dong dién
16n va diéu chinh duoc céc thong s6 v6i do chinh xac cao,
gitip bom laser hoat dong chinh xac va hiéu qua. Dé ché tao
mot mach diéu khién bom laser cong suét cao hoat dong on
dinh, cac chi ti€u k¥ thuét sau day dugc dat ra: dong dién
dinh muc chay qua bom laser diode: toi da 20A; Khéng
ché dong bom véi do on dinh: 200 mA (1% toan dai); ché
do hoat dong: lién tuc hodc xung; tan sd hoat dong o ché
dd xung: 200-5000 Hz; d6 rong xung: 10-100%; c6 bao vé
ngan mach, qua dong cho bom laser diode.

Dua trén cac chi tiéu ky thuat da duoc xac dinh, hinh 2
trinh bay so d6 khoi cua board mach diéu khién bom laser
cong suét cao. Khéi ngudn cung cap dién ap mot chleu phu
hop cho bom laser va chuyén dbi dé tao ra céac nguon thtr
cap cho cac thanh phan khac trong hé thdng. Khdi vi diéu
khién chiu trach nhiém diéu khién qua trinh giao tiép voi
céc thiét bi bén ngoai va diéu phéi hoat dong ctia hé théng,
thu thap thong tin vé dong dién va dién ap cia laser dé dua
ra cac danh gia va diéu chinh ché do hoat dong. Cac mach
bao vé trong hé théng 1a rat quan trong, bao vé bom laser
khoi cac sy cb qua dong hodc qua ap, dam bao hoat dong
an toan va 6n dinh. Khoi giao tiép mo rong cho phép két
ndi véi cac thiét bi khic hodc cac module diéu khién dé
thuc hién trao ddi dir liéu va diéu khién dong by. Khdi DAC
chuyén ddi tin hiéu s6 thanh tin hiéu dién ap tuong tu dé
diéu khién khoi ngudn dong dién.
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Hinh 2. So’ db khéi ctia bo mach VLS-001.

Dé do ludong chinh xac dong dién tiéu thu, khdi do dong
s& chuyén d6i murc bién thién ciia dong dién trong bom laser
thanh tin hiéu dién ap tuong ty. Khdi do dién ap chuyén d6i
céc gia tri dién ap & cac diém can do vé dai dién ap phu hop
véi ADC cua vi diéu khién. Cubi cung, khbi nguon dong
dién tao ra va diéu khién nguén dong véi d6 chinh xac 1%
(200 mA), dam bao dong dién cung cip cho bom laser on
dinh va chinh xac.

Hinh 3 trinh bay so dd nguyén ly cia mach diéu
khién board mach VLS-001. Khéi vi diéu khién s dung
Atmega328 dé diéu khién toan bod cac qué trinh cua hé
théng. Bén canh d6, cac linh kién thy dong nhu mach on
dinh dao dong thach anh ngoai, mach reset va mach cung
cap 6n dinh ngudn ciing duoc tich hop. Ngudn dién cip cho
bom laser dugc diéu chinh thong qua IC khuéch dai thuat
toan, cu thé 1a diéu chinh d6 m& cia MOSFET Q5. Tin hiéu
sut 4p trén R56 duogc truyén tryc tiép vao IC khuéch dai
thuat toan dé thyc hién mot vong diéu khién kin véi toc do
cao. Tin hiu cai dat gia tri dong dién cling dugc dua vao
IC nay dé diéu khién chinh xac. Do MOSFET Q5 hoat dong
v6i dong dién va dién ap 16n, dong thoi déng cit & tan sd
cao, n6 sinh nhi¢t nhanh chéng va can duoc lam mat hiéu
qua dé duy tri hoat dong chinh x4c. Hinh 4 thé hién Layout
PCB va mach da dugc gia cong linh kién.

Hinh 3. So’ d6 nguyén Iy mach diéu khién bo mach VLS-001.
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Hinh 4. Layout PCB va gia cong linh kién.

3. Két qua
3.1. Phwong phdp va so do do

Dé dam bao hoat dong ¢ cong suét lon va nguon cip on
dinh, mach diéu khlen VLS-001 duge cip ngudn tir ngudn
chuian DC cong sudt cao HP/Agilent 6012B 1000 W véi
dién ap c6 thé diéu chinh trong khoang 0-60V/0-50A [6].
PAiu ra mach diéu khién s& diéu khién truc tiép mot bom
laser K915FASRN - 70,00 W ctia BWT Beijing Ltd dugc
gin v6i dau ndi laser ra FFC-10522F30ENA-3 [7]. Laser
phat ra s& dugc thu bang bo do cong sut Ophir 7202734
FL400A-BB-50 [8] va hién thi v&i Ophir Nova II [9]. Ché
d6 xung dau ra ciia bom va gié tri dién ap cap s& dwoc kiém
tra bang cam bién Thorlabs DETO8CFC/M [10] va may hién
song (Oscilloscope) Moku:Go ctia Liquid Instruments [11].

Dé so sanh kha ning hoat dong thyc té ctia mach diéu
khién VLS-001, mot bd diéu khién thwong mai Cell Systems
LCV-3020 [12] duge st dung dong thoi va kiém tra voi cac
che d6 tuong tw. Ngoai ra, d& dam bao mach diéu khién phat
trién 1a phu hop cho céc thiét bi bom laser trong céc ngudn
laser thuong mai, mach VLS-001 cling dugc su dung dé diéu
khién mot bom laser 300 W tich hop sin trong ngudn laser
RFL-C1500X [13] cia Cong ty TNHH Cong nghé Laser soi
quang Wuhan Raycus, véi hai ché do6 CW va ché do xung.
So d6 hé thuc nghiém duoc mé ta nhu hinh 5. Bang 1 thé
hién cac diéu kién thuc nghiém voi céc thi nghiém néu trén.

Sgiquang
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Ngqun c@n Mach diéu
e Bom laser
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cao

D3u phat
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Bo do cong
sudt

l
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cOng suat

DC cong suat

Hinh 5. So d hé do vé&i bom laser diode BWT K915FA5RN - 70.00W.
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Bang 1. Diéu kién thwe nghiém.

Bang 2. Théng sé thwe nghiém.

*Ngudn cp

Dién ap cap vao
Pién 4p ngudn cap

1220 V/50-60 Hz
(13 V-12,4A

*Piéu kién thuc nghiém 1

*Ngudn cap
Dién ap cap : 220 V/50-60 Hz
Pién ap ra DC 113 V-12,4 A/ 34 V-20 A
*P§ suy hao
Suy hao mébi han £ 0,00 dB*
Hiéu suét chuyén dbi dién - quang 1 42-48%
Hiéu suét chuyén déi quang - quang 1~ 60-70%
*MOoi truong
Nhiét do :29°C
PO 4m 1 41%
Ap suét : 1017 hPa

* Két qua suy hao dwoc kiém tra bang may han Fujikura FSM-100P+
3.2. Két qud thwe nghiém

Thyc nghiém so sanh hoat dong cua 2 b diéu khién
twong dwong: Dé chimg minh kha ning hoat dong va so
sanh két qua v6i mot bo diéu khién da duoc thuong mai,
cic thyc nghiém diéu khién ¢ cic muc cong suit khac
nhau: tir 10-100% twong tmg v&i dong cap tir 1,2 A tdi 12 A
voi bom laser diode K915FA5RN - 70,00 W ciia Hang BWT
Beijing da dugc thuc hién. Hinh 6 1a hinh anh hé théng do
dir liéu thyc nghiém. Pé kiém tra va so sanh do on dinh
giita hai thiét bi, ca hai s& ciing diéu khién mot bom laser
diode trong cung mot khodng thoi gian la 15 phat & muc
dong 12 A (twong duwong 100% cong suit). Cac didu kién
thuc nghiém va Kkét qua duogc thé hién trong bang 2, hinh 7
va hinh 8 dudi day.

A

-/ K |
Cam bién quang §§

a.iw'

Pau ndi phat laser

Hinh 6. So’ dé thwe nghiém hé théng diéu khién bom laser ciia BWT.
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Cong suat thay d6i 11,2 A-12 A (10-100%)
Hiéu suat chuyén dbi dién - quang  : 48%
*Piéu kién thue nghiém 2
Cong suat :100%
Thoi gian : 15 phut
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Cuong d6 dong cap (A)
Hinh 7. Két qua do cong suat dau ra theo dong dién cap ti hai bo diéu
khién LCV-3020 va VLS-001.
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Hinh 8. Két qua do 6n dinh cong suat dau ra theo thi gian tiv hai bd diéu
khién LCV-3020 va VLS-001.

Theo cac két qua thu dugc, gia tri cong suat dau ra
theo cic muc thay doi tir 1,2 dén 12 A (10-100% cong
sudt bom di-6t laser) ciia mach VLS-001 dat két qua twong
duong véi bo diéu khién thuong mai cia CellSystems. Do
6n dinh cong sudt ciia mach VLS-00/ ciing & mic tuong
duong 70,10+0,06 W (so véi 70,11+0,06 W ctia LCV-3020
CellSystems).

Vi che do xung, cac diéu kién thtr nghiém kiém tra hai

hé thong duoc thé hién nhu trong bang 3. Cac két qua thu
duoc thé hién nhu trong hinh 9 (diéu khién v&i LCV-3020)
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va hinh 10 (diéu khién voi VLS-001). Dién ap cip tir
mach VLS-001 cho d¢ 6n dinh tot hon so véi hé théng ciia
CellSystems va dau ra cong suit laser dat két qua tuong
duong & muc xung 1 kHz. Mot uu diém ndi bat hon 1a mach
VLS-001 c6 thé diéu khién & mirc xung cao hon (5 kHz -
hinh 11) v6i d6 6n dinh trong dwong, trong khi d6 véi thiét
bi CellSystems LCV-3020 chi c6 thé dat ti mirc xung ti da
1a 1 kHz. Gi6i han hién tai ca kha ning diéu khién xung 1a
do thoi gian dap ing cia bom laser.

Bang 3. Thong s6 thwc nghiém.

*Nguon cép

Dién ap cp vao 1220 V/50-60 Hz

Dién 4p ngudn cap S13 V12,4 A
*Piéu kién thuc nghiém 3

Pién ap cap D12 V-7 A

Hiéu suat chuyén doi dién - quang 1 48%

Ché d6 xung : 1 kHz - Duty 50%
*Pidu kién thuc nghiém 2

Dién ap cip (12 V-TA

Ché d6 xung .5 kHz

Xung/Dién 4p cap (Arb)
° °
& %
| A==
£
¥
g |
L
;

o
IS

0.2
—Xung
—Dbién ap
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00
Thoi gian (ms)
Hinh 9. Két qua do xung laser tlr cam bién va dién ap ra bo diéu khién
LCV-3020 & tan s6 1 kHz.
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Hinh 10. Két qua do xung laser tir cam bién va dién ap ra bo diéu khién
VLS-001 & tan s6 1 kHz.

%OH%H%-E 66(10DB) 10.2024
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Hinh 11. Két qua do xung laser tir cam bién va dién ap ra bo diéu khién
VLS-001 & tan s 5 kHz.

Thuee nghiém diéu khién nguon laser thwong mai: Hinh
12 14 h¢ thong thuc nghiém diéu khién hoat dong ctia bom
laser diode cua Cong ty TNHH Cong nghé Laser s¢i quang
Wuhan Raycus trong ngudn laser RFL-C1500X. Két qua
thyc nghiém dugc thé hién nhu trong biéu do hinh 13 dudi
day. Dién ap cip vao bom laser diode & murc 34 V-18 A, thay
dbi tir 1,8 toi 18 A (10-100%) cong suit trong ché do lién
tuc (CW) va 34 V-7 A trong ché d¢ xung véi tan so xung
200-5000 Hz. Theo d9, v6i cong suat bom laser diode tbi da
1a 300 W, cong suit toi da phat qua hé quang hoc va ra tai
dau QBH dat mirc 161,831 W (6 muc phat tdi da 100%)
v6i hiéu sudt chuyén d6i quang - quang & mirc ~54,13%. Tai
ché do xung, mach VLS-001 c6 thé dam bao duoc phat xung
& tan s6 200-5000 Hz nhu thé hién tai hinh 14, hinh 15. Vén
dé hiéu suat chuyén doi thap 1a do su suy hao khi ghép bom
laser diode v6i bo cong hudng cua ngudn laser, va do hiéu
sut hép thu cac photon bom laser véi sgi quang hoat tinh
cua bo cong huong laser. Hoat dong ctia mach diéu khién
khong anh huong dén hiéu suat chuyén doi quang-quang,
ma chi a&nh huong dén su phan hdi tia buc xa laser so véi sy
hoat dong cua bom laser déau vao.

Hinh 12. So’ dé thwc nghiém hé théng diéu khién bom laser ciia Cong ty
TNHH Cong nghé Laser soi quang Wuhan Raycus.
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Hinh 13. Két qua cong suat dau ra bom laser diode ctia Cong ty TNHH
Coéng nghé Laser soi quang Wuhan Raycus vé&i mach diéu khién VLS-001.
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Hinh 14. Két qua do xung laser tir cam bién va dién ap ra bom laser diode
cua Cong ty TNHH Cong nghé Laser s¢i quang Wuhan Raycus véi bo
diéu khién VLS-001 & tan s6 200 Hz.
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Hinh 15. Két qua do xung laser tir cam bién va dién ap ra bom laser diode
cua Cong ty TNHH Coéng nghé Laser s¢i quang Wuhan Raycus véi bo
diéu khién VLS-001 & tin s6 5 kHz.

4. Két luan

Bai bao trinh bay thiét ké ctia bang mach diéu khién bom
laser cong suét cao VLS-001 va qué trinh thuc nghiém su dung
mach VLS-001 dé didu khién bom laser cia BWT va bom trong
ngudn laser cua Cong ty TNHH Cong nghé Laser soi quang
Wuhan Raycus. Khi thu nghiém véi bom laser cuia BWT, do
on dinh cong suat cua mach VLS-001 dat mirc 70,10+0,06 W,
twong duong véi 70,11+0,06 W cua san phim thwong mai hoa
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LCV-3020 cua CellSystems. O ché do xung, dién ap cép tir
mach VLS-001 cho d 6n dinh tot hon so véi hé théng cua
CellSystems va dau ra cong sut laser dat két qua tuong duong
& muc xung 1 kHz. Hon nita, VLS-001 c6 kha ning diéu khién
& mirc xung 1én dén 5 kHz v6i d6 6n dinh twong dwong, trong
khi thiét bi CellSystems LCV-3020 chi dat mirc xung t6i da 1
kHz. Khi thir nghiém v6i bom trong ngudn laser ciia Wuhan
Raycus, VLS-001 c6 kha ning diéu khién laser dau ra & cac
muc cong suat tir nho dén 16n va hoat dong & ché do xung vai
tAn 84 tir 200-5000 Hz ciing nhu ché d6 lién tuc. Nhitng két qua
nay chung minh réng bang mach VLS-001 hoat dong on dinh,
hiéu qua va dap ung day du céc yéu cau ky thuat dé ra. Két qua
cta nghién clru m ra viée phat trién mach didu khién cho toan
bo ngudn laser quang soi va tir d6 1am co s¢ xdy dung pham
mém giam sat, diéu khién laser quang soi cong suat cao, 14 tién
d& quan trong trong qua trinh ché tao ngudn laser quang soi
cong suét cao tai Viét Nam.
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