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Investigation and Fabrication of Single-Wall Carbon Nano-Tubes Saturable
Absorber by Vertical Evaporation Method in order to use in Mode-Locked
Nd:YAG Laser

Somaye Eskandari', MahmoodHosseiniFarzad®, Mohammad Mahdi Doroodmand?, Mahdi Moosavi’

1Department of Physics, Shiraz University, Shiraz, Iran 2Department of Chemistry, Shiraz University, Shiraz,
Iran 3Esfahan Institute of Optics and LASER

Abstract- Nowadays single-wall carbonnano-tubes saturable absorbers are used successfully for short pulse generation in
different LASERS such as solid-states, fibers and semiconductors lasers. In this paper we fabricate some samples contain this
nano-tubes by vertical evaporation method in order to study different parameters that affect to obtain the best ones. Then, by
inserting these samples inside the Nd:YAG laser resonator, in a suitable position, their capability of ordering the shape of the
output pulse or phase- Locking the longitudinal modes of the laser is experimentally investigated. By study the shape of the
output pulses we hope to obtain ultra-short pulses due to the mode-locking process, this happens when we fabricate samples
without dust and cluster of nano-tubes

Keywords: Ultra Short Pulse, vertical evaporation method, mode locking, carbon nano-tube

VOF)


http://opsi.ir/article-1-90-en.html

[ Downloaded from opsi.ir on 2025-07-20 ]

o dolols  pdy el Q3 Sl oy s dldo 5 Losigds o
05 (0 (89908 pT gy oS

5o Jsb UNGYAG 3 e oy s adliid 390 30 o5 b |
slp by o 05" (Sloldol b (o Calibiy | fiagl ) -PF
Uos dos (505 (o gl el 05" okittd ody ol 3 e
At gl 174+ B 5lagh YO+ adgione o (e clasey gl
o Uty 4 oy > oad ditd ofns S5 oS (sl Al
Vo b mig g segb O () B (S g o ool 0y 5S]
P2 e e i bl 5 390 Jgbore 40 (il (o iy See
CLe LSDS (ST oo sl e Ve 5 1y A8 350 oS sl
e oS b Sy SDS byl o 3 e 4, %0\ Y
sladglyl ST Blea Ioglra 5 W e (30 9] sy (ol [13]cd
ol (S5 Sl p e Lawgi el Vo (JA Sase 4y Loghno s oy S
525 Soldsl oo Jgbomo o Gl B (33) o 3l f g 9 o0
A 5 x slaosgi a0 (] 133,800 B S 0l ST
sl dglol f Fhro Lgbre (e g o K 5 Sfabir (45
45 G J b i) (ppind (S CsSo B 90 (25
g g B S B CaSlo B 15 (3908 hyg0 & g I S 39 0
(o oM Sy B> 93 59y » Sy gl (8 S b S
A DB a0 o0 3 985 0193y B e () S2) g
Culiier Sigh ol fns (S9) 2 @Y 4 Jobre 3 Blae (S
U5 o v S (mdge oS amsaf il g foe oS
0% o pld 5155 fims (53 2 (A5 Y Sand g 3 (M
A 4 drgiblu 3 gedp p i s IS oy agi S

e osd odiiad S i AIKT KT 5 5J5 alie

VOYY

et o oKSls AVAY oo Ve LA

doddo —)

S s egtio slas 5 Calice et 1S @ 365 S5
Gyl ) 5 & (oSS 0l g i o o lame s g
9 otz (SESAM) piyel.dl il (slaan] oo § g do oy Ji8
ool s (B ol AT a0 93 0y gy 895 (G0 )3] (sloi g
o SUS B oSS logate dnzdyig o . [
L & sl (S gy (5 4 ) oy (359 Sloudy (oo S
38 (e bloyyd 55 de SaL B (6 did gz b olis
S 5 £yt glp 3 S5 e ad B (sl s aler f iZa s,
P Sl ek 0ulat 4 G Sl 4y g Cad 5 2 PES
2 S oo (55 @i [ates Gdes 5 S
e dizr s Jabyd do o0 B (gl (sl oo 5 (Rl
oSy ade w8 el o> Blond ad )l
P G dacasgime Flog b ok 8,5 ok o [4] S5
(b So b (o sl ogone 3k (o) 3 Sloe 9 s b
ofed SV GuS (sl Hae o [ adg (Vb ane
boshes cnfibr 5 s peledd > e e 4 GWENT)
sy oy ool o b ey S o0 08B 1) (giuS
S5 el 3 il Lo 5 (So g ghoond (gl 5 Ay
1o sl Soilal aide (6350 53 SWONT ol b o oy Ja8
0 )P odlid 390 (55 IS (Sl g (Sl (g lbyeised
Ao & oy S5 S i pheld ol [567]5,S
o g b el - (gl e (5SS (gl 3 (el e
-l 3l (iltingy b (g3 b avslio p[Bakes, 54 U,
M 58 5 e e o o B el e (sl > pdy
e 8l 08" sl g 0 St () ST B0 59) gl gl
bawe Jobo 5 Cudgione o S S ader Ll (b3l o
iizmo (glo g, Plog o (o2 (oo w2 parS1) il o
x5y [Melad ey {I0]as e Jdaay ol

odited ol S5 o5 Aol pvell (Sl w55 o [12) 5390


http://opsi.ir/article-1-90-en.html

[ Downloaded from opsi.ir on 2025-07-20 ]

Olnl 598 (559L8 g (s il ST il ol pod 4y )l Sogigd 9 Sl il S et

45 000 g0 s aallno ol J Al

o Wb an o ghd i Co8 (gl S il (o 0 O
S(O-H) JeSppia pls e SloogS 5 aas 4050 p8
3930 3 e 3908 o dbnl (COOH ) aund 0S5
cadanld gl s BYFOACM T GYY-Cm

SR Sla ey & fums 59y 2 B BB s b (o (7
Dol wlp S, b &5 b 4 5 (o pbd Shans
208 pogda

(s Lasgi 5 0 i alS s (45 jgee do > 2 (T
o (555 4 gl o (55 o8 S (515 (S Al
Sfkee > (gxSaiar (8 (g (SWST) w0 oo Jlid
o (i digai s f )5 SWST odle il il ¥
Al o digad PSS 5 o ol

JpS kel oY )Y (o el go3S Jabl, yiams s alio oyl
e 0y digei 00 S J il o35 Aasa (oS Aol
20 b A NEYAG b o 5 SIS 33 el
Josol Cos 4y (o by @l T USS asbs J eh VoPF
33§ am 5 U3 Tektronix (TDS 6+ 0¥F) sl
9 SHS o etV IS 9095 iy bl D> diged (3
SBlas Jrowy Jo diged 00 0 31y o (90 ¥ (BT B e
b3 (zem 5 9 005 el DU s S 0 585 J 5L g 00
2905 WS (05 bl (g7 oy D 3 (685 9 900 (0 208

(o BBy i g by |y SIS ygp0 M bodg Lale s 35 o

.q

: P \\\\\\\\\\\\’

Sopd S alEilesl lons ¥ S

VOFY

/ /| — oret st

—— SWCNT/H,0 St

L bk7

(S3gee B (g, g ok pled ) S

ool 3 sael Caway s Y
arti s Y ] § 5o 0 ol o digad 05 S I g
a0 aS 35 Joys (ol 5 oSS gy B 5 05 Aol S 5
o S o Cuogs O Az 4 oS Lyt CodKT oo s
oY g ol A 4 digai 9 (FTHR) o (ygolo yy6b b i
S b Jor (¥ J55) wid o dlfy (g JB ot i A
28 e oo 290 g0 dae J 7S 4ok o 09 0 el
O & S Jbanlp (Jo 0 o8 o sid 0o V0 f S8
33957) W B 05 b 2 6l gle o i oo f i clo

b o Ao AL 393 B g (i (g V-

B v il

i adlgiges (@ FT-IR e cals 3l Jol> uls .V S
odds Slid Y digei (©) ouis


http://opsi.ir/article-1-90-en.html

[ Downloaded from opsi.ir on 2025-07-20 ]

&=y

[1] U. Keller, Applied Physics B, vol. 15, p. 100, 2010.
[2] U. Keller, Ultrafast Solid-State Lasers, 2004.

[3] S. A. Zolotovskaya, et al., Optical Materials, vol. 28, p.
919, 2006.

[4] N. Sarukura, Y. Ishida, H. Nakano, and Y. Yamamoto,
Applied Physics Letters, vol. 56, p. 814, 1990.

[5] R. Paschotta, Encyclopedia of Laser Physics and
Technology. Wiley VCH, 2008.

[6] Z. Sun, et al., Applied Physics Letters , vol. 95, p. 253102,
2009.

[7] S. Y. Set, C. S. Goh, D. Wang, H. Yaguchi, and S.
Yamashita, Japanese Journal of Applied Physics, vol. 47,
p. 6809, 2008.

[8] Z. Sun, T.Hasan, and A.C.Ferrari, "Ultrafast lasers mode-
locked by nanotubes and grapheme," Physica E, vol. 44, p.
1082-1091, 2012.

[91 W. B. Cho, et al., Advanced Functional Materials, vol. 20,
p. 1937, 2010.

[10] W.B.C.S. L. Y. H. A. K. K. J. H. Yim, Appl. Phys. Lett.,
no. 93, p. 161106, 2008.

[11] Y. W. Song, S. Yamashita, and C. S. Goh, Opt. Lett., no.
32, p. 430, 2007.

[12] Y. G. Wang and X. Y. Ma, "Single Wall Carbon Nanotube
Absorber with Polarization Absorption Grown by Vertical
Evaporation Method," Laser Physics, vol. 21, p. 148-152,
2011.

[13] Y. G. W. a. X. Y. Ma, "Single Wall Carbon Nanotube
Absorber with Polarization Absorption Grown by Vertical
Evaporation Method," Laser Physics, vol. 21, p. 148-152,
2011.

[14] S. V. Garnov and e. al, "Passive mode-locking with carbon
nanotube saturable absorber in  Nd:GdVO4 and
Nd:Y0.9Gd0.1VO4 lasers operating at 1.34pm," Laser
Phys. Lett., vol. 4, p. 648-651, 2007.

[15] B. Y. Zhang, G. Li, M. Chen, Z. G. Zhang, and Y. G.
Wang, Opt. Lett., no. 28, p. 1829, 2003.

[16] L. Sun, et al., Laser. Phys. Lett., no. 7, p. 711, 2010.
[17] Z. H. Cong, et al., Laser. Phys. Lett., no. 8, p. 107, 2011.

[18] Y. W. Song, S. Yamashita, C. S. Goh, and S. Y. Set, Opt.
Lett., vol. 32, p. 430, 2007.

VOYFY

et o oKSls AVAY oo Ve LA

548 980 0 (Joj e o1, g il g ol BT
o o o 5 oS 09 e i e o s adtigh O ¢
o b S o G sl 59y 3 (o S SIS
o oselie gy a8 doel 3 (9P ooy 2 s
S 5 @ ey 9 B o by T Sup ) s
i getiadh o adish S oo o 5V SSE 5 b osFasghnd
55 sl ol Sl 5 de (S B & e Sz & i 0

O oo (o b g ouiS die |y o S g dons sl

o 08 | SUS 90 ol 2 sl
Tek Ju ®Stup MPos: 27.380s  AUTORANGE
] Autotarsing

. Undo
\.9.” Autoranging

MS00ws

30-May-13 1712
Tek Ju ® Stp M Pos: .40 05 TRIGGER
~

M 10.0us
Ra1A 1.00V S00 05

Tek Ju ® Swp M Pos: 25645
*

M S00es
30-May-13 1718

23 g () pgs diged sl oSkl (g5 FUSS
e sanlin iy oli5 sl L3l o3l S5 L il L ()5 ()

\)5.....1


http://opsi.ir/article-1-90-en.html
http://www.tcpdf.org

