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Micromachining of Yb:YAG crystal using passively Q-Switched Nd:YAG microlaser

Elmira Hajinia, Samira Alipour, Maryam Jandaghi, Zahra Mohammadzaheri, Saeed
SalimianRizi, Mohammad Dashkasan, Seyed Hasan Nabavi

Iranian National Center for Laser Sience and Technology, P. O. Box 14665-576, Tehran, Iran

Abstract-In this paper we have investigated the micromachining of Yb:YAG crystal using passively Q-Switched
Nd:YAG microlaser with 450ps pulse width and 250j energy per pulse. The laser beam after passing
appropriate optics was focused on the crystal surface that was translated in the focal point and fabricated the
microchannel structure by the plasma ablation. Depend on laser beam roundtrip the mirochannels depth were
different. We also report the Yb:YAG crystal cutting by scribe and break method. In this way first a
microchannel was fabricated (scribing line) and then COz laser beam was used to irradiate on it to separate the
crystal with smooth cut edges and without cracks.

Keywords: Yb:YAG crystal, Nd:YAG microlaser, micromachining

£F)
b o yiwd B WWW.OPSHIT Cols jo a5 cul jlael Gl)ls 5y90,0 dlis oyl


https://opsi.ir/article-1-2083-fa.html

[ Downloaded from opsi.ir on 2026-02-03 ]

SSi9h 59ld 5 (cwdige il ;23S (rendiladg Gl pl Sgigs o SLnl il JaiST el g e

DT asbos 55568 s 65l auza syls aslbigied
b U sl Giliss mlio o 055l a5 bl |
c2 P Ok @b ad boolse gl o (S5,Se Sl
2 gl by S5 g 2le)S
th s U Son S e & e ool
(2,50 3 syl > oy o0le) YDIYAG i 5
o 250 585 de Jln ;S 65 G dm Ceend o
g 65 i s s @by wlils cd 5 )8
L CO2 ,3J oo 5929 NAIYAG 4§ CO2 sl ;]
bw Ol8e ST Gyl Vo 7UM zoe Jsbo
b by baws 6)5d Gip bl widl e el
‘f) &l ool UL.M.: COZ )).J A Coonsd ‘) S 2 C"L"’
Azl g ddei 1) o VL Al Glely ol slaysd

Sl GreS Gloy 5 g WS 0 S i oole

CAMB)O ol L.)é)yo)

sbul g, o)l dgzg Colas Cgz cdd Ld> (g5,
3 eSS g,

o550 5 0] wilse 55 5 cerad s sl

LG wnld plnil G 5 15

Sord op Cuzr S5 opl 5l g JSG Gl e ol
el 00 ool YD YAG JL..H.;;

Sy 009

S5 etleg Se
PRIV IRV NI AT B L Yh:YAG
Sl mgwsS il S So Jold ooliiul 500
N-FENM zge Jsb L oladl & ool Nd:YAG
VKHZ IS5 &5 o u¥0-j 550 5 $0-ps (b sl
g ST 0 SOl yee b jid o S o b
Wlfowaw;@bedl,J&
P Y s X slojexe slinl) ;o &S ,> L Lo 5590
S S JUSsSee bl slaie &

FEY

doddo

Ol 4 )5 B etleg See «s38 eSS iyl L
0j9yel W3S Lo doje 3)ly wied 93 5 (gl (o)
950 b it mbio o Bls Slge B3l
b i 5l el Blad olge (6,15 cptlog Seo [V 0l o
il cde ay b SlSe s, 5l eolinad b ey
ol 4zl S L CO2 wle ooy olo)Sgud
3 9920 L odigh ooy ol > slo )i sl oolaill
Glodgaze) asligbole U aibged slady sl
s 4 Wlaio o (alisied 5 adlgl ule
ol 4 gy G @ (Blad Slge (5,5 yudleg e
Gk 5l oole ol (398 sledly (Sl L b5 o]
3 bt 8 sunlp wijlus 5 )8 S
e Ll odg a4 l slanl s &b
Sz gl ca B g ead Ldx (655l 5 05 o0
gy Sy 5o hlieys L5l 0 15
Syl @iz Gk jleole aily b sl L slo ) b
e S 5l il adlie SO

oole o‘,o.(b LY

999 oS s gl U
b leysdsSoe (plef (S95) o)l 0 > @ 355
syid Glp el (2l alish ole ledl
b 5l SBlad slge ()15 dleg See Cuzr ailighed
wily (oo laysd cnl Bl (o0 it (Hee o
M ) pleadly (FuS x5l 9)0e AlB Sllys
NA:YAG Il gugwssS ids,See V-0] anles
ol sl slylo acgamme (! jo 0ul sl g 21k
S cl YO-ps

o BB bl

2950 iy S lawg (6,15 ubleg S
C)] S50
file o g3,m & cond bl s adlisied
ol Sl 5l ah ol oMSae a3l B b 55

Sy id 4 Cad 38 g cnl ailigl slay i )0 9920

cde @

Db o ytwd B WWW.OPSHIT Colis jo a5 col jlael sy 5y90,0 dlis oyl


https://opsi.ir/article-1-2083-fa.html

[ Downloaded from opsi.ir on 2026-02-03 ]

SSi9h 59ld 5 (cwdige il ;23S (rendiladg Gl pl Sgigs o SLnl il JaiST el g e

Jbes S (595 2 00 ool slo JUS g o Goe 2V Jgaxr
)):Js)i.,e L§9J)" &.A'.uS/)J 9 Mﬁ)é‘d.u (e %) Yb:YAG

Nd:YAG
JUB 950 Gos S g &) Slos
(1) ooy Sl IS 5 R
Ve V.
o Yo
Voo £
V- 00
.. 0
Y. 0

S8 by (9SS Sie Lawgs Lo JUSTs e (oo 2
Cogo a4 yeShe by e aS ol slis Y
2 eleS Wl o b S5 A g wligy
r5Ss S gl ¥ SS9 cad odmlive Ll GBI L
SS9 8y e Yoo leads sl JUg,Ses

B2 oo lis |y H3d 69 n

Yoo sloads oyl JUl 9,80 5l goSwg,Son paas ¥ S5

Sl gigwssS J5dg Se 55 CuiS g L, 4 e
Nd:YAG

P oor EFn SiS g E8) oo Jloges Y S o
4.’7L3L».‘> -.\.«.»JL' =° oo lie Jalﬁ Jbljjjia.c k.ﬁ'°‘° [we g

HESH (g oo 5 Sl (o jlogad ol sl Sgpudie
G5 p s g cd; slaw iolidl aslsl b as cuils

b ol lixen Geas o5

» Ogee lwl, o Yeem cwlxs L YDIYAG

20,5 (oo Sl B UM/S 5L 55 j5ome

&, elag ;Se 4y bogs o gsa’li“*’l“’)T Olodaz ) S
Jiil gsmseS 5eds Sen D 5090 Sl 5 @ -YDIYAG
(Yh:YAG) Gua oole & L 3l J.J d )A........ﬂ o € Nd:YAG

S a9 S gl of

0 Ql.?Lg“ LgLerlLlSﬁ)im G Q‘)“"’ ey S

Uged 4 Al ciSp g 28y ol b5 goi
L So Sl oSy, Sin Jawgs alol> zuls § o oasll
235 3 myp 3550 YL S0

e e I L
Jb] wo 5 esliul ip o9 L3 Lbs, 5 YDIYAG
A0 4 20 HOUM slo goc b JUl g S0 as jolaio o
L} 4......49...’(:02 ))...I O.MJLO Cod cJ.«S L}’“"ﬁ) L' oy assLw
sload g ol ools 18 YW lg5 o Vo /PUM zoo Jsb
B sy D50 SNl oSy Ko lawgi oy

YDV AG Jli 55 gebaus 2 JUlS'y,Sp0 3Ly

lisSy bl mowsS JdsSee e WU L
Sy J 0 YDIYAG Jlws S zhaw » Nd:YAG
35 obml ol U See ) (GPl5 Akl s
oIl b occenl onmlice BB Y Joux jo a5 jghilen
SIS Ges oxd G CiSn 9 8, ol

Db yodas 35 b JU g S

Al o s BB WWW.OPSLIT ol jo a5 cuul [Lael glyls 550, dllie o


https://opsi.ir/article-1-2083-fa.html

[ Downloaded from opsi.ir on 2026-02-03 ]

S5 9 59lid 5 (cwdige il ;23S (e slgdg ) SKgied o Sl il JiST el g S

e ool oanlie BB oS johilen «enl ot ool
o Culd; jlw Jlws ST 00y i slaad Slo

Dgd gos 00 Ll bl o S5 e g ail oo

“‘ aniige o . -;'f‘_._lgoo o
09,55y (sl Al (g mSIN (S Sy glaai ¥ IS
YB:YAG Ui 5

YD:YAG  Jlaw,S ()5 puilog,Se cdllio ol 4o
NO:YAG asbisSy Jiil gsmwssS ypds,Se g
R mip )90 degeme (nl yo oad wizle 5 2k
Lg S5 s @l ad b a2 JUS 5,500 285
IR Jls S gl (Sl @b )l slages
359 w05 3wl )ideSee P p SPU ahali jo 485
o b @b ol S Jbew S
(85ws S K ngal wB o3l ip ULy

0,5 9wl ) Jle S o @Y CotS

s3, » CO2

pulses at 532 nm- The International Society for Optical
Engineering 8968 - February 2014

[3] A. Kr. Dubey, V. Yadava, Experimental study of
Nd:YAG laser beam machining—An overview, journal
of materials processing technology 1 9 5 15-26, 2008
[4]L. Rihakova, H. Chmelickova, Laser
Micromachining of Glass, Silicon, and Ceramics,
Advances in Materials Science and Engineering ,
Article 1D 584952, 2015.

[5] S. Nisar, Laser glass cutting techniques—A review,
Journal of laser applications 25 (4), 2013.

FEE

120
100

y =0.283x + 10.96
80 - =0.
60

40 e
/

20
/

0 100 200 300 400
round trip of laser

depth of Yb:YAG (um)

o

595 2 e 65 p SS9 2 polaad loged ¥ S
Bof > p Jliwy S

YD:YAG 5 Ly
slasi il Lok eaygl bE cand (o a5 jshailea
Goe NAYAG 35 Seo g5 il ctS g &3,
YDYAG Jlww S (555 2 ood sbml sledUlSs S
3,00 397y Jloxzl Gl cnlpby el oads jiiny 5 i
Sllosd e Jlw )5 ol (o a2 $g; (nl aslol &5
G555 @3k Gliee Bro diejls oS de b, aSu o]
e Job el b b ledly Sl o5
Ol 5l esliinl Wil o0 B G9 Bras g 5dssSee
dyo ay g3baidl Ll 5l Jlwy S p jolare 4 o,
JSS a4 g 3 gy cnlnly ww) e
Jls S op yebite 4 8 Caand )0 ool ooyl
aw o » CO2 3 b e S ol YD:YAG
JelS o A0 5 £ HOUM slages L JUlSs Koo
o el ad sl FUSE Lo b e |y Jlie,S
Ol SerSl oSy See 5l ol Jliwy S 0555

by

[1] T. Mhalla, Athermal micro-ablation of transparent
materials by multiphoton absorption with an amplified
Nd :Yag microchip laser generating green sub-
nanosecond pulses, Materials Science [condmat.mtrl-
sci]. Université Grenoble Alpes, 2015

[2]1]1T. Mhalla,High resolution multiphoton ablation
with negligible thermal effects in transparent materials
using Q-switched microchip lasers with 300 picosecond

Al o s BB WWW.OPSLIT ol jo a5 cuul [Lael glyls 550, dllie o


https://www.researchgate.net/journal/0277-786X_Proceedings_of_SPIE-The_International_Society_for_Optical_Engineering
https://www.researchgate.net/journal/0277-786X_Proceedings_of_SPIE-The_International_Society_for_Optical_Engineering
https://opsi.ir/article-1-2083-fa.html
http://www.tcpdf.org

