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Tom tit:

Gia cong vat liéu khong tlep xuc bang laser da dugc 1rng dung nhleu trong thuc té. DAy la ky thuit hi tu nang luwgng
anh sang cong suét cao vao mot dién tich nhé trén bé mat chi tiét hay con dugc goi 1a Pphuong phap gia cong cit
laser, han laser hoac quét bé mat. Mot trong nhirng muc tiéu chlnh cua viéc xac dinh diém hoi tu do 1a hé thong co
thé phat hién nhanh va chinh xac diém hoi tu trén bé mat chi tiét gia cong. bé nang cao d¢ chinh xac va hiéu qua ciia
vigc phat hi¢n diém hdi tu trong gia cong laser, nghién ciru nay mé phéng hé phat hi¢n diém hdi tu chum tia laser
bﬁng cach sir dung ma tran vi thau kinh. Nghién ctru sir dung quang hinh hoc dé Khao sat anh huwéng ciia ma tran vi
thiu Kinh téi vi tri diém hdi ty, sau d6 dung phwong phap xir ly anh kiém tra lai bang mo phéng trong OpticStudio.
Phat hién cua chung t6i cho thay, do chinh xac vi tri diém hoi tu ctia chum tia laser dwa trén ma tran vi thiu kinh
kha cao, véi sai s6 2,9% so véi tinh toan Iy thuyét. Pong thoi, mé hinh md phéng 1a mt tham khao c6 gia tri dé tinh
chinh cac thong s6 ciia hé quang hoc trong cac ing dung cin do chinh xac vi tri tiéu cu.

Tir khéa: diém hdi tu laser, ma tran vi thiu kinh, tim diém hgi tu.
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Abstract:

Many practical uses have been proven by purposely controlling light propagation to achieve adequate non-contact
effects on materials. Delivering high-power light into a small region on the materials’ surfaces, known as light
focusing, allows us to perform several processing methods, such as laser cutting, welding, or scanning. One of the
major goals in laser focusing includes the ability of the system to attain fast and precise focusing on the target surface.
To enhance the precision and efficiency of focal point detection in laser processing, a simulation study of laser beam
focusing with the use of a microlens array is presented. The effects of the microlens array on laser beam focusing
are examined by applying geometrical optics to calculations and then verified by image processing simulated data in
OpticStudio. Our findings show that microlens array-based laser beam focusing increases laser system performance
significantly with a simulated result of up to 2.9% different from the calculations, and that simulation modelling can
be a valuable tool for refining optical models in laser focusing.
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1. Dat van de

Nganh k¥ thuat quang - co hién nay dang danh sy quan
tam 16n cho viéc phat trién cac phuong phap tim diém hoi
tu tw dong trong gia cong vat liéu bang laser. Xac dinh dugc
vi tri hoi tu v6i sai s6 nho 13 yéu té mau chét dé dat dén do
chinh x4c cao trong cac qua trinh gia cong. Ma tran vi théu
kinh 12 mot quang cu da nang c6 nhiéu Gng dung, nhu: ding
trong tao hinh chum tia laser, thong tin vién thong, tich hop
trong cac cam bién va do dac mat song, vi du nhu trong
qua trinh do Shack-Hartmann [1]; dung trong cai thién chat
luong hinh d4nh nh¢ kha nang khir quang sai anh sang don
sdc va tang thi gidi cua hé quang hoc. Trong tao anh 3D, ma
tran vi thdu kinh ting hiéu sudt 4nh sang phat ra tir cac thiét
bi nhu cac tdm nén diode phat sang hitu co (OLED) hay
tdm pin mat troi [2]. Cong nghé nay ciing duge chu ¥ toi
boi tiém ning trong do dac ban kinh ciia cic mit phi cau [3]
va h¢ quét [4]. Tuy nhién, hién nay lai chua cé cong trinh
nghién ctru ndo vé cac hé tu dong xac dinh diém hoi tu co st
dung cac tinh chit dic biét cia quang cu nay.

Trong 2 thap ky qua, nhidu phuong phap tim diém hoi
tu ty dong da va dang dugc phat trién nhung thuong gip
phai cac van dé lién quan dén do chinh xac va hiéu suét lam
viéc. Trong gia cong c6 st dung laser, diém hoi ty 13 vi tri
trén bé mat phoi ma tia laser c6 thé dat duong kinh nho nhat
v6i nang luong cuc dai. N6 dam bao cho do chinh xac cao
nhét khi gia cong. Khi xét mot hé gia cong laser bat ky, mot
phuong phap tim diém hoi tu s& dugc danh gia thong qua
hai tiéu chi: d¢ chinh xac va toc d nhan dién diém héi tu.
Nhiéu giai phap dugc dua ra di tiép can viéc ty dong hoi tu
bzing cach loi dung céc tin hi¢u cua
qua trinh gia cong, vi dy nhu tin hiéu
quang hoc [5-10], tin hiéu am hoc
[11, 12]. Cac phuong phap nay da
dugc ung dung trong mot s6 phuong
phap gia cong va do luong cua cac 7

trong thoi gian ngan nhung lai thiéu tinh chinh xac [13-15].
Nhimng hé cho két qua chinh xac hon lai thuong yéu cau
thiét 1ap phtic tap hodc ton nhiéu thoi gian hon dé cho ra két
qua [16, 18]. H¢ thong duoc xdy dung trong bai bio nay chi
su dung mot ma tran vi thau kinh duy nhét dé xac dinh diém
hoi tu. Vi thé, quang sai cia hé dugc giam xudng mirc rat
nho va ¢ thé chu dong loai bo théng qua tinh toan. Do kich
thudc nho ciia timg mat thau kinh, hé ciing rat nhay khi phat
hién sy thay doi ctia bé mit phoi gia cong.

Nghién ciru nay dua ra mé hinh 1y thuyét va tinh toan
can thiét dé tién hanh xdy dung hé quang. Cing véi do,
nhom nghién ctu tién hanh thi nghiém trén phan mém
OpticStudio dé thu thap dir liéu, so sanh va xac nhan mo
hinh 1y thuyét. Bai bao ciing dua ra nhan xét va ban luan vé
két qua thu duoc.

2. Phan tich Iy thuyét

Phan nay trinh bay so d6 ciia h¢ quang duoc thiét ké cho
viéc phat hién d¢ léch diém hoi tu so v6i bé mit gia cong -
goi la A. Chum tia laser tu nguén di qua guong ban ma (BS)
t6i thau kinh L, va héi ty tai bé mat phdi (S). Bé miat phoi
duoc xem nhu guong phing phan xa lai, chim tia phan xa
qual, lan thir 2, qua guong ban ma t¢i ma tran vi thdu kinh
L, tao thanh anh trén cam bién hinh anh (IS) (hinh 1). Hé
quang diéu chinh ban dau sao cho chiim tia 14 song song khi
di toi L,, tao thanh mdt ma trdn cac diém cham trén IS (tuc
la IS duoc dat tai ti€u dién cua L,). Dya vao sy thay doi vi
tri ctia cac diém cham trén IS dé c6 thé tinh ra d6 léch cta S
so voi diém hoi tu F -

L

B85

linh vyc c6 sit dung chum tia laser
[13-18], dac biét la cac linh vuc quan
trong nhu ché tao mach in, khoan,
cét va kiém tra vi cdu tric cép nano.
Viée chu y t61 nhiing hé quang tim |

Ngudn laser

MaF phang ohdi
phis sau diém héi fu

diém hoi tu tu dong da dan toi phat
trién nhiéu hé thong tim diém hdi tu
tién tién trong nghién ctru chuyén

sau. Nhitng hé nay, bang nhiéu cach
khéc nhau, tdn dung nhiéu dang tin P

hiéu, da gop phan gitp cac qua trinh
gia cong laser chinh x4c va hi¢u qua
hon. Tuy nhién, cac phuong phap da !
dé cap o trén déu c6 han ché, d6 1a ! |
van dé vé can bang gitta do chinh j
x4c va hiéu suit. Vi cac hé co ciu P
tao don gian, ching cho ra két qua

JHOAHOC -

Ma frén cac diém cham
trén cém bién dnh IS

Hinh 1. So db ctia hé quang dwoc dé xuat va cau hinh ctia ma tran vi thau kinh dwoc str dung.
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Hinh 2. Nguyén tic hoat dong ctia hé quang.

Dé tién cho cac tinh toan, hinh 2 mé ta nguyén Iy hoat
dong cua hé quang va cac ky hiéu toan hoc. Ngudn laser
chiéu tir phai sang trai voi duong kinh 1a d.

Do bé mit S duoc coi 1a mot guong phing phan xa hoan
toan énl} sang chiéu téi nén PS=F 5. Khoang céach tir diém
P t6i thau kinh L, 1a s, dugc tinh bang cong thirc sau:

si=20-f; (1)

Theo quy wéc du, tiéu cy clia thdu k‘inh hoi tu L, duong
(f,>0) trong khi khoang céch s, tinh vé phia b§n tréj nén
5,<0, goc o phia trén truc quang nguge kim dong ho nén
a>0.

tan o d 2)

2fy
O day, tiéu cu thau kinh L, 13 f;; A 1a khoang 1éch khoi
diém hoi tu so voi S (voi A=0 1a hoi tu chinh xac trén bé mat,
A<0 12 hdi tu phia trude bé miat phdi, A>0 13 hoi tu phia sau
bé mit phoi).

Ap dung cong thirc Gauss [19] cho thau kinh L:

1 1 1 sif1
=—+—=—s5,= -1 3)
l+s;, s1 f sit+h
v6i s, la khoang cach tur P’ t6i théu kinh L, /la tong khoang
cach tir L toi L,. O day, ta coi nhu 1a thau kinh mong dé
tinh todn boi kich thudc chum laser nho hoat dong & ving
gz‘in truc quang.

Gia tri s, dugc tinh bang cach thé s , tr phuong trinh (1):

_h@A-f)

s, o l (4)
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Hinh 3. Ma tran vi thau kinh kich thwéc mxn.

Vi thau kinh L, thuc t€ 1a mot cum céc vi thau kinh, vi tri
cua ting thau kinh ¢6 thé dugc ky hiéu dua theo mdt ma tran
c& mxn (hinh 3). Vi tri quang tdm p, cua moi vi thau kinh
duoc xac dinh bang cach sur dung hé toa do cuc:

) :pxj<M_m)2+(m_n>z )
mn 2 2
=]
tang = N+1 (6)
| 2 _”|

voip 1avi tri quang tam cua vi thdu kinh tai hang m; cot
n, p 1a bude vi thau kinh; ¢ 14 toa d6 goc; M va N lan luot
1a s6 hang va sb cot cia ma tran vi thiu kinh (vi du, ¢ hinh
3, M=N=9).

Duong kinh chum laser d, dam bao kich thudc nho hon
thau kinh L, dugc tinh theo quan hé:
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d, = —2.5,.tanf3 7

Mat khac, quan hé ty sb:

tanff s 20— f; 24

tana_l+sz_l+f1(2A—f1)_l A ®)
2A

Thay (2) vao (8) ta tinh dugc:
tan B 2A o d dA
anf =—X-—==—
i 2f fP
Biét s,, tan B va khoang léch khoi diém hoi tu A ta tinh
dugc d,, tir d6 co kich thudce hgp ly cua vi thau kinh L,, dam
bao vét laser ndm hoan toan trén thau kinh L,

)

F ) N
2 P'om ~ \\\ £
Soo M L
\\\\
L S
33 P m

Hinh 4. So d6 tao anh qua vi thau kinh.

Chum tia chuén tryce t6i thdu kinh L, véi géc 1éch p=0 bi
chia tach thanh MxN diém héi tu trén IS, véi khoang cach
gilta hai diém héi tu lién tiép Pg_, = p. Xét mot chum tia
bat ky voi B#0 t6i L,, vi tri hoi tu trén IS ¢6 khoang dich 4, |
so v6i diém Pg_, = p (hinh 4):

S3 f2

- ;pmn - s, +f2 Pmn

iy (10)

Tai p_ =0, 6 quang tdm ban dau cua vi thau kinh, anh
duoc tao ludn ¢b dinh, trong khi vdi cac vi thau kinh cangra
xa vi tri trung tdm, d¢ dich chuyén ctia diém hoi tu cang lon.
Khi f, tang, h_ cling tang, dan dén ting do phan giai trong
qua trinh xac dinh A.

Ap dung cac phép tinh toan twong tu L, choL;
_ Sz f2
s+ 12

Thé phuong trinh (4) va (11) vao phuong trinh (10), thu
duoc A:

(1)

S3

A= fi (12)

2x(fi=fo—1-fmn )
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Bing cach tinh khoang cach /, trén vi thdu kinh thér
(mxn) tai IS, ta xac dinh duoc do dich A (su dung phuong
trinh (12)).

< Lo -
3. Ket qua va ban luan

Dé kiém tra m6 hinh 1y thuyét, ta tién hanh mé phong
trén phin mém OpticStudio (hinh 5). Ngudn laser dugc st
dung c6 budc song 635 nm, chum tia ¢c6 d¢ phan ky 0,6
mrad. Ma trén vi thdu kinh L, c6 dang hinh vuéng, kich c&
10x10 mm, tiéu cy f,=14,225 mm, khoang cich quang tim
giita cac vi thau kinh 300 pm. Bang 1 liét ké chi tiét thong
s6 dau vao cua cac quang cu trong hé quang.

BS

Hinh 5. So d6 m6 ta hé quang mé phong tim diém hai tu trén phan
mém OpticStudio. LS: nguén laser; BS: gwong ban ma; L,: vat kinh; L,:
ma tran vi thau kinh; IS: cam bién hinh anh; S: bé mat vat mau.

Bang 1. Cac théng sé dwoc str dung trong qua trinh mé phéng.

A=635 nm
d=4,0 mm
Do phan ky cua chum tia: 0,6 mrad

Ngudn laser

R, =13, mm
R phing

Do day=11,7 mm
Vat li¢u: N-BK7
£=25,436 mm
O=25 mm

Vit kinh (L)

Vat liéu: Thach anh
) Tiéu cu £,: 14,225
Ma trn vi thau kinh (L) K‘;sa:; cich (o) ;Olglum

Kich ¢d: 10x10 mm, dang vudng

1,30 mm (L, t6i BS)

Khoang cach giita cac théu kinh L.
1,=30 mm (L, t6i BS)

Ngudn: Cac théng sé do nhém thwe hién mé phdng dé xuét, phu hop
v&i cac linh vre san cé cla lab.
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Hinh 6. M6 phéng vi tri cac diém cham trén cam bién tai cac vi tri khac cta phéi. (A, B, C) Hoi tu phia trwdc phdi; (D, E, F) Hoi tu
trén bé mat phoi; (G, H, 1) Héi tu phia sau phoi.

Xét vi tri ciia mat phang phoi nam tai tiéu dién cua thau Véi cac thong sb dau vao f,=25,436 mm, £,=14,225 mm,
L, chum tia t6i di qua ma trn vi thdu kinh L, tao thanh 1=1 +1 = 60,000 mm, ap dung phuong trinh (12) cho gia
cac diém chidm cach nhau 0,3 mm (hinh 6D, 6E va 6F). trjA la:

Dich mit phing phéi vé phia L, (A>0), khién chum tia di 646.99

. A . PR A= ’
téi L, phan ky, tao thanh chum tia c6 duong kinh 16n hon d, —97,578 — 28,45 x T
khoang cach gitta cac diém chdm la 0,3+h (hinh 6A, 6B

(13)

Voi I' = Zﬂ 1a hé s6 phong dai, p,,, duoc tinh voi

va 6C). Tuong tu, voi A<0, khoang cach giira cac chim la -

0,3-h, (hinh 6G, 6H va 6]). M=N=29.
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(A) Bang 2. Toa do va khoang thay déi.
I H,z‘mg Toa db diém chim Toa dd cic diém chim

S0 tai cOt trung tAim ¢ vitri1  tai cot trung tim & vi tri 2
1 (0;4,1704) (0; 4,1528) 0,0176
2 (0; 3,8760) (0; 3,8628) 0,0132
3 (0; 3,5859) (0; 3,5640) 0,0220
4 (0;3,2915) (0;3,2695) 0,0220
5 (0;2,9839) (0;2,9795) 0,0044
6 (0;2,6938) (0;2,6763) 0,0176
7 (052,3994) (0;2,3862) 0,0132
8 (0;2,0918) (0;2,0830) 0,0088
9 (0;1,7974) (0; 1,7930) 0,0044
10 (0; 1,4941) (0; 1,4897) 0,0044
11 (0;1,1997) (0; 1,1865) 0,0132
12 (0;0,8921) (0; 0,8965) -0,0044

(B) 13 (0;0,6021) (0;0,5933) 0,0088
14 (0; 0,2944) (0;0,3032) -0,0088
15 (0;0) (0; 0) 0
16 (0;-0,2944) (0;-0,3032) 0,0088
17 (0;-0,6021) (0;-0,5933) -0,0088
18 (0;-0,8921) (0;-0,8965) 0,0044
19 (0;-1,1997) (0;-1,1865) -0,0132
20 (0; -1,4941) (0;-1,4897) -0,0044
21 (0;-1,8018) (0;-1,7930) -0,0088
22 (0;-2,0918) (0;-2,0830) -0,0088
23 (0;-2,3994) (0;-2,3862) -0,0132
24 (0;-2,6938) (0;-2,6807) -0,0132
25 (0;-2,9839) (0;-2,9795) -0,0044
26 (0;-3,2915) (0;-3,2739) -0,0176
27 (0;-3,5859) (0; -3,5640) -0,0220

Hinh 7. Vi tri cac diém cham v&i A=0 (A) va A=-0,1 (B). 28 (0; -3,8804) (0; -3,8628) -0,0176
29 (0; -4,1704) (0; -4,1528) -0,0176

Dau tién, diéu chinh phdi tring véi mat phang tiéu dién

cua L, (vi trf 1) va chup anh cac diém chdm; sau d6 lai dich ~ DPonvi:mm.
phéi ra xa -0,1 mm (vi tri 2) va ciing chup anh cac diém

cham. Nhu vy, sau hai 1an dich chuyén phéi c6 hai hinh Dya theo quan hé tuyén tinh giita 4 va p (hinh 8), sir dung

inh phan bé cuong @ trén cam bidn tai vi tri 1 va 2 (hinh 7),  PREP 101 quy tuyen tinh dé tim ham quan h¢ gitia A=/{p).

Khong mat tinh tong quat va dé don gian hoa tinh toan, ta h=0,004553p (14)
c6 thé khao sat su thay ddi cac diém chim tai cot trung tam Dé xac nhén lai két qua nay, chon mot gia tri p bét ky, &
0 hai vi tri 1 va 2. Sy thay ddi nay la 4 chinh 1a hi¢u cac toa  day léy p=2,6832 (vi thau kinh tai vi tri ( 11,7)), tinh duoc

do tai hai vi tri va dugc ghi lai trén bang 2. két qua A=-0,1029, sai khac 2,9% so voi md phong.
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0.015

0.005

-0.005

-0.01

-0.015

Hinh 8. Biéu dé thé hién quan hé tuyén tinh gitra h va p.
4. Két luan

Hé quang duoc trinh bay trong bai bao va két qua mo
phong trén phan mém OpticStudio cho thiy kha ning dinh
vi nhanh diém hoi ty trén bé mat phdi. Két qua thu dugc
chiing minh day la mdt phuong phap dang tin cdy véi kha
nang do chinh xdc, co thé do duogc khoang cach toi bé mat
phoi theo ca hai chiéu. Thong qua md phong, ta c6 thé danh
gia dugc md hinh trudc khi dua vao hé quang thuc trong
phong thi nghiém, v6i sai khac ciia hé mé phong chi 2,9%
so v6i tinh toan 1y thuyét. Hé thong nay da ching minh
dugc do nhay phat hién khi diém hoi tu cua tia laser trén bé
mit phoi thay doi. Pong thoi, qua md phong co thé danh
gia va kiém nghiém mé hinh 1y thuyét truéc khi dwa vao st
dung thuc té.

LO1 CAM ON

Nghién ctru nay dugc tai tro boi Quy Phat tri'én Khoa
hoc va Cong nghé Quoc gia (NAFOSTED), ma s6 103.03-
2020.48. Cac tac gia xin chan thanh cam on.
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