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Improving the tunability range of terahertz parametric amplifier
based on nonlinear four wave mixing process in TOPAS

Tahereh Amini, Fazel Jahangiri
F_jahangiri@sbu.ac.ir
Laser and Plasma Research Institute, Shahid Beheshti University

Abstract- In this paper, a terahertz parametric amplifier with high tuning range based on the four-wave mixing
process in TOPAS is investigated. Terahertz seed with peak power of 2W, under suitable optical pumping can
produce amplified wave with central frequency in the range of 4.7- 14.6THz. The results show that the
amplification efficiency for one round trip inside the cavity and in the best phase matching condition, at of 9.6
THz is 1.049, which leads to the generation of terahertz wave with peak power of 2.098W.

Keywords: FWM, Nonlinearity, OPA, OPO, Terahertz, THz, TOPAS.


mailto:F_jahangiri@sbu.ac.ir
mailto:F_jahangiri@sbu.ac.ir
http://opsi.ir/article-1-2771-en.html

[ Downloaded from opsi.ir on 2025-10-16 ]

IRl S8598 69l 5 (smitr S (o3 )loz 5 Ol R (S998 9 Sel (WA (retie g Cenn
VE ot VF Y ol b oslsal ol o auged olSetsls

S50 3015 Eae 6odisl bl Cusi sl Wlg e

[0] 5.5 1,8 solarl
lie 55,005 gyl 00iiS g S llie oyl o
S by Ll 485 I3 wyp y90 Tenlkr <55
IF] ol 55,005 8ol o lio Ses] Lolys ol
H8 ooliiul 0550 pow Adye (Jad e Bole e o
yo oole (! (N2) S oo yslate fpod 4 ol @28 ,S
VXV Ll i 5,805 5 ey (ol B AL
g ogle [V] conl oais Ll VX V- MW g mPWE
Pl o endSsS ol PAM Llpd ool
Lalpd (n e ol sl SIS ceslie Job 5 (29,5

odal Cawd Ay aigs ¥l ETI 9 ey ehAES

sl slas (V) Ko jo (iiSeny awain 5l (Soleds
Olyie a4 Dol 5 obsS 398 (5 5] Ll S cenl oa
S g e Colan STolS (900 4 Wy iS5 50 sy
Sleyod @ (W3 55 50 plors & hnd 5,805 e
@ Glered Hob a4 aey (5551 05d o0 STRlS 5)l5 oy L
2 edd Cagh 0l g 5 @5 el L JiSw

Debee o o0 Jer w5 5 Jeal sl

L% EY LA P

TOPAS e

Pl o

bl 9l s 9 @l SIS SIS Sl ) S
o pe 9 31 Gumdai 1) (s

Jsol p e zse Loz cuS 5 ol 8y 6, Gk
109 oo by 5 D90 4 epga 45 0 NLO
Ak = Akyy, + Ak, =Y P(Ysp + Vep — Vp)
+,Bs + .BTHZ - V.Bp (\)

doddo

PP Ee Wy sl & Galie sbaby, o o
oo Cugii g (OPO) o ,Silwg w,ls 8929
Loy colie i o glie 4 yal)h (OPA)
Sl b 2SS Zlsel 0dgi 6l Yl Sllassl e LB
D] il a5 13 azg oy50 5005 Olein 5 g
(el slooasS Cusli (b 3 iRy e
Lo pom 5 p9d Ao st e Sl Slge (285 Slas s
Camslior p9d Ao (o 8 Slge Cusl Gl 3550 Ll
sl ALBIG (35 e oy 5 45 59 Ll lye a5
b 5o Vb Ciz sl bee dlge ol S50 (som 5l
ool Ll a5 sl Sl o ol cakin 35,ml5 il
Oer b opge &S b Gl olge anws o
I 4 mes Sl gy, laCadgue
slge ;o PM) 56 sl Laly, is (5 pdudlasl
5550 599,9 sogse Jsb bl qpgus 8550 a5l
5 eolil el gilul gy 35,805 adg 6l 5l
Tzre sk S5 p e bl sleSiles
Veof Jlo o5k ool 5,015 zee g sl (FWM)
e oy lame (lsie 4 (558 yd S 5l eolaul b g
sol yed heolatel YOV Lo o uzen Y] 0l
PR e wdg sl sl sl Sleg jo Seid
5l el Silog oY+ Jlo s IY] ab sleity
ad,5 )58 aslllas 550 0y S (el (a3 58 ool o
31 oolatwl a5 cewl sas ooy lid ioren [F] ol
LY o5 shs Sl Ui e o bume S

WDgdca SuyS ooy Mz Dygo 4 a5 wluST IS

'Optical Parametric Oscillator
"Optical Parametric Amplifier
"Four Wave Mixing


http://opsi.ir/article-1-2771-en.html

[ Downloaded from opsi.ir on 2025-10-16 ]

IRl S8598 69l 5 (smitr S (o3 )loz 5 Ol R (S998 9 Sel (WA (retie g Cenn
VE ot VF Y ol b oslsal ol o auged olSetsls

5SS L el zee il s s V/OY-
2,5 Cusd Gledz L1 BV - VE/F THz _ls )

x10%
4.5

4.0 -
3.6
3.0 |
25|

Gain

20|
1.5 F
1.0 |
0.5 |

0.0 " M " " "
1.0 1.2 1.4 1.6 1.8 2.0 22 2.4

Pump Wavelength (um)

ot ol o 1 3508 80 Sl Y S
olosaz (> 1rb 1pg0 iy

a5 ol S 5 izt ;i Sy (DS b il
S TVY UM 5 V08 NM clopse Jsb b iy 4
S piSee Gl Y GlisS 4 psteesll L b L
Do ooy gee Job sl jo e, 5l ey a2
SlglS 9,0 4y o0l Cardl oy Do S5 1L 0,5
FAS Ese ki 5 05 xSl PAM (59,65 o0«
2 b 3ol (e (05 e ln e S5k,
Iy Sals™ 9,0 (650! acin 7Y bl yo o(F) UKo
0 T S5 GGk 5o S5 (e Ol Ll el
3 AY L SlelS co o sloisl gy 51 o
m ol s STolS Jsb 095 o SLis 4 NiCr L Ti
5o a8 wiloads Ol slaies ala JSlisasy 5 509,9 sl

il Jyar 6 l5tal] byl

@ 1.0 _
3 1.2+ @ A
3} ° 0.9 E
i 10} @ 9 08 J
1 osl e 0.7 Ji
3 e 06
4 06 o _i
- 0.5 %
2 04 ° 2
2\‘ ° P 0.4 :?
1, 0.2 @ 0.3 2

?
0.0 . . . 2 2 0.2
0.0 0.1 0.2 0.3 0.4
(RqR2)M— 3L

3z a5 THZ g5 g STglS™ y950 THZ (6550 ol s ¥ IS

STolS slaany] (2L G 1 STolS

PhM oz ,.e iso Aky, =Y P(Vsp + Vip — Vp) &S
Ny e v N (I N IV TR
S Py ablite 556 poYoie Vi 5 556 geY gt
Aky = (V) Ay s 2on col gy ) Sl
W; 5B 50 zge sae By a5 il Bs+ B — VB
3,0l zlgel (uils )3 0 OPO jogy S4es Judo 4 ol
Ad ooy i8S 3 LGS ALl gl LS

& By = Bople + YT PB0G e
Bev s

g9y e S SaBl Brnp 5 095 S (Sl
o Bt 4y (e Slp s ey BB 50 VL
L Bkyy dex o Jly Sy s g sl SRy Wb
b Aepr 5 V(@) = a;?eiwf) Akyp 5o 055 (o)
b ople w5 oe o 50 &5 Sl oo Sge ghade
iils gl el | 55 oS W, as cuulw,

@ JiSw 5§15 5 gy geedsk PIM i
Sloads ul.?r.u‘A‘ « nm 5\“\/\’ Hm 9 \OF+ NM w).:

Nop =ws —wp = Wy — W &5 glaseS

Dky = +/Veor Vum 5 Qsp = VAYIFATHZ oy
ol @eedsb 851l 4 1) caay g3 508 ST 09500 < [0]
W 5l Gl S PAM 5 i slowl ol o900
e N il el el bl 1 FA00
Ym

Le=—1r= FAY-um wgien Job Joleo a5 Ak =
o.\.wg_:L?b..:‘Y\c"um rM.S r‘,.lb).,‘]a..:u J}‘&b}w‘]a.a}

1D9d o0 iy p) S jpe A Cusll by Sanl

_P(L)
Pe(+)

Y
YP
G =)+ [? smh(gl)]

. sk (e
MIS & glas el g=[@P) =) o
aS g oo o dV/OF UM zgo Job 0 0,4 Al
V/IOA um S)Mf B ‘) G TR J}]o )f‘ Lol AR = .


http://opsi.ir/article-1-2771-en.html

[ Downloaded from opsi.ir on 2025-10-16 ]

IRl S8598 69l 5 (smitr S (o3 )loz 5 Ol R (S998 9 Sel (WA (retie g Cenn
VE ot VF Y ol b oslsal ol o auged olSetsls

Oly a8 & Ko 0,5 cosds FIV - VE/P THZ 5.8

A2 oo Hlis 6 pdS S 33k ol Wiels zee (>,

& 325 Al
Gl by sl Sl 5 FWM ;s OPO
ool Al Vb s pdS oS 6508 L 50l zoe Sl
Sl Jels g el al gy p A Wln ol

FIV-NFI8 THZ 5,03 )0 5,0l 5 zae Cusds b gy
Ol At (SIS ey0 iS5 b, Sy LS el

W Slgs a3 L A/F THZ LuilS 3 4 bgye 35,015 zge
ol V¥R g7 VY i 5y ool

e wo

[1] Y.Takidaa, K.Nawata, and H.Minamide,
"Injection-seeded backward terahertz-wave
parametric oscillator,” APL Photonics, vol. 5, 2020.

[2] K. Suizu, Y. Suzuki, Y. Sasaki, H. Ito, and Y.
Avetisyan, "Surface-emitted terahertz-wave
generation by ridged periodically poled lithium
niobate and enhancement by mixing of two
terahertz waves," Opt. Lett, vol. 31, no. 7, p. 957—
09, Y- -5

[3] S. Li, H.Liu, N.Huang, Q.ibing Sun, and X. Li,
"High efficiency terahertz-wave photonic crystal
fiber,” APPLIED OPTICS, vol. 51, no. 22, pp.
OOVA-OOAF, Y+ Y.

[4] T. Amini, F. Jahangiri, "Optimized design for a
terahertz parametric oscillator based on degenerate
four- wave mixing in silicon nitride," JOSA B, vol.
vy, 00,4, O0. YYYA-YYY), Y- Y-.

[5] T.Amini and F.Jahangiri, "Regenerative terahertz
wave parametric amplifier based on four-wave
mixing in asynchronously pumped graphene oxide
integrated TOPAS," Optics Express, vol. 29, no.
vy, OO, ¥Y-AY-YY-55, Y- Y.

[6] F. D’Angelo, Z. Mics, M. Bonn, and D.
Turchinovich, "Ultra-broadband THz time-domain
spectroscopy of common polymers using THz air
photonics,” Opt. Express, vol. 20, no. 10, p. 12475-
YYFAD, Y-V F.

Sy g bt pouw

Cos oai ks gym Wl | OPO heog sl
e 9 S Bl o 5 S S
MT}B GL’ C‘?“" G’Lﬁ) Jj?u ol o oolaul [a]
Gillae 290 g0 oy YW 355005 (63959 ;30 L FWM
Eord eay s3a> 3 50l gae sulp b b S L
ST IUR VRV KV PRGN | ESE WPV IR CL O R W s

sl Yo YA W o0l -\*-j5-’ )_,)_g,\)_, z3e L)‘?" /¢ THz

16000
pump
14000 signal*10'®
12000 | THz- Wave *10*
g 10000 H
Z  sooo [
o
a
6000 H
4000
2000
0 L . X . .
0 500 1000 1500 2000 2500 3000

Time (fs)

OPO s FWM ayl 3, glsal Jom Sooliys ¥ S

Sy P 5 hend Sl JUSw il ol 3
2 oazy booad Cosl THZ @y oo (5 23l

) _ pout
- =(z pin . _ Pruaz; -
Oy a8 Ppimy il Cews 4 = oin alayl,
Pump

5 1o VELS ool cplonez (nl )0 el ey (59955

out
PrHz

el VoS Wl = THZ o5 003l

in
P iTHz

3.0} =Y
29

28| =Y [~}
2.7}
26}
25}
2.4

Peak Power of THz- Wave (W)

23

1.54 1.56 1.56 1.67 1.58
Pump Wavelength (um)

WA "‘/J.gsdaé)s_i_{)o ‘5?5)5THZ ‘5,15,2\13& LS.M:

ol g VOF-V0A UM 62 0 o oo Job e b

2l 609 N pslgee o) Sy A il oS


http://opsi.ir/article-1-2771-en.html
http://www.tcpdf.org

