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Numerical study of the behavior of a Yb:YAG thin-disk laser and the effects
of multi-pass pumping and medium temperature on laser efficiency

M. Malmir, M.H. Mahdieh
Department of physics, Iran University of Science and Technology, Tehran, Iran

In this paper a Yb:YAG thin disk laser was studied numerically and the effects of multi-pass pumping and medium
temperature in optical efficiency were investigated. The temperature of the medium is considered to be uniform and assuming
a plane wave model for pump and laser beam propagation. The equations were solved by Runge Kutta method and shooting
method was used to find an initial guess. The temperature dependence of the Boltzmann occupation factors, absorption cross
section and emission cross section were included in the calculations. The influence of the number of pump beam passes,
doping concentration, crystal thickness and temperature of the crystal on the optical efficiency were investigated.

Keywords: Thin disk laser, Rate equations, Runge Kutta method, Shooting method.

£.q
b g s BB WWWLOPSEIE cole o a5 canl jlael slls 5)ge 4o alie oy


https://opsi.ir/article-1-631-en.html

[ Downloaded from opsi.ir on 2025-07-13 ]

Deflection Parabolic

prisms &~ mirror

Unused pump
Out coupling

mirror

Pump Diode

S5b Sss i 5l loylem b i) Sl

Goue gy -V

sols Sl (V) JS5 53 YB3 gy sl (65,1 cslasl s
Wb Camex g Ne L) b il Comenr sl o
40 dlmwwa@ Ol Ny L) as Xl
sl iy Jed oole (gl o3 oy L iy

N, = N-+ N, ()

RS S o b sl e el o lapg iSUl e
I¥]sgs 0 00l cpoytle Jlisl culyo b obe )8 Jobs

r
Ny i — i

ﬁL

Pump Laser
941 nm 1030 nm

A 4 L
No f:

 — f;p
YB** g slp 3 sl ¥ JSs

I¥]ss 5 o ciogs (F) b (V) Laly, b Saal Vol

ON.(z) _ P P il (15:+15,)
T = 0p(fPNe = PNy ) ZEEPEE
417 N
o (AN — fEny L) 1 Q)
L T
a1t (2 "
—oL= = top(fPN- — £ NI Q)
+
ZLD = 40, (fEN: — fENDIE (¥)

St S e oKisls A YAY oLo..{O YO LYY

doudo -

SLEVARY o yo )b del Gl S Sws o5
s &S] s 4 36 Sags sl 3 o I was
w&)ooww"_;wbrgo@oxp&&ém
sy gl Gl il i alake slaysd b
0 092y ploger jeb 4 gt g CuaS 9 VU
¥y a5 Sl GlaisS @ o, pd 4el0l )0 jleey i
Colan Jled oole J31s a4 o,led 1) s0is i qaes
GRIB rizmen 5 i Gl Rl Sel 5 05 (o
315w anh dlga sl osliiul D9l oo 5o ey JB&
350 dlge plo 4 Cod g0k slacyje a5 YD asile
oy B deojls o)l wel> cdl> slay 5 o el
o Sl 45 cal cenlie 00S SIS a5 Y
D asS o wal 3 1) Gl cpl S36 Sans

o 9 ey $n JLal 4 bgyye SVl dlie ol o
A b g Nigbioe Jo plejen yob 4y Jlad oole (490
03k «I3b Sems )3 sl Pl S5 Ll p 85
Jusl ol ples (Kily 098 oo duloes S
5 Wl S 5 olx sloghis gl 5 (eily
slogn cble 4 ol jee Job (Sialy izeen
Sl 003l i el oal a8 3 L s Jled oole
ol 43,518 (o) 2 0590 liie Lol (6l

536 Sy 530yl Y

) S50 Sews aiges )5d So 1 lejle b (V) S
ke LS S & W e aes o lis
il pale do iz Culhs g pie il 4y
oS SiB pans & camlin Y 5 Goyb 5l S
3520 )y G 3530 ol sl SRS 5 90,5 o0 Jaie
3 e 3 550 Ygome 0,5 o )8 (S cmy 55))
oxld ganl Sy cwlie (Sl g sk
2005 (50 35 yee JUed osle (59, (oSl iz 5
adllas 5,90 3ud 005L ;0 b WSl slaws 30 dllie o

s 00 431)‘ U] C.)Luju)f)bﬁ


https://opsi.ir/article-1-631-en.html

[ Downloaded from opsi.ir on 2025-07-13 ]

2 g Slowlxo -

Swd y3d Sl lojer ke () B (V) SYolso
g Jd laore Slasin S0 dlead Jo diged S3U

Lo Slawls jo ooliiwl 0y90 polie § b el )l =) Jgo

Ol Fabb
300K JL\S oole 6L"‘>
951 us o @Yl e ol
20 kW /cm? ol 5y DD
200 um Jbs sl cules
10 at % JL:S oole 6L:° uyC,Ja.l.c
R,, =100% g sl b anl bl culo
Ry, =100 % ey
R, =100% $x sl b anl Objl culye
Ry =95% 25
941 nm o1 P n Ty Job
1030 nm o) FnEse ok
16 ooy P 3 Sl

5 Jbd oole leo s 5 (Sl 003l (F) S0 o
o8l bl oulds oy ey Bl slaals &l
JeuS ghio gl po 5 iz ghis gl e deo
2 Ssbee o5 Seil eojl alplh il el

asliw! 09 S| oS 003l mals o u.gl.: sl
Ao ials 5]

g

-

3

£

2 1, =5 kWjem®
278 T L™ KWem
b

] 10 kW
u Ly =10 kW fem
]

Z00F eI =15 kW
e 5

o]

S 1, =0 KW

LB kWem?

L
00 150 200 250
Temprature (K)

oole s v (Sl o3l Sloges (B) UK
o O 1) ey 58 Alide o jgue Slaws sl ¢ Jlud
ke oy 95 e olawd ST ol gles SO0 ams
o JW ool slagyg iz i Glapsigs e
oole (gdige Cuoles a5 090 oo Gl ol (pl 5 Wigd

St S e oKisls A YAY oLo..{O YO LYY

o 9 e slasal glp— g+ slacgs b, (ol 5o
oz (V) ol jo conl oads ools ylas (V) S5 o
Jud oole (49,0 sy 5 laliS g 28, olaad (59,

Ol 1) G g 55 9 deleo CS 5 4 Vp g 1 ol

.MQGA
1% (Q)
l I§
€= | R
Ry p
Ry L IF
Rrp | Ip N
VA
z=20 z =1

095° 258 9 ey Slagip LAl S oS o lp> )b JSB Y S
oo o glas |y Jbs esle

Loy 4 S 5 0l ghio pho gbs Sl
L¥l S5 oo olo (B) 5 (0) aba,

0p(T) = [2.07 +6.37exp (w)] x

288
10~21cm? (®)

o, (T) = [2 + (%)] x 1072%cm? *)

1+exp( 52 )

L Jled oole cdale @y il joe Job (Siusly pizxan
Lf] 50 35 o chogs (V) alal,

T(Cyp) = 0.67442 + 0.3763 exp (— %) ms (V)

o clile eals Bl gl a8l g,z G ] 0 oS
/¥ T e g 43S e Ciros LYD:YAG ity S
5 A Lilg; b j5d 5 oy slocads sl 5500 il o0

[Y]""ﬁ*"s" osls ()

Ip;11(0) = Ry pl;,(0)
z=10 59 { (/\)
I (0) = Ry 111 (0)
{ Ip;() =R plp;(D
z=1 » (1)
I; (D =R I (D


https://opsi.ir/article-1-631-en.html

[ Downloaded from opsi.ir on 2025-07-13 ]

85k -
- o rr“'_é_ﬁé@-ﬂg_e‘)_a_&.
£ I a2
" SR
g v b =Y
©aof § o
g /
2 ¢
El 4
o g
=1 —5—N_= 16 pass
8 / i
g d 7 NP=.12|:A§5
nr |
4
@
sl L L L L L L
10 15 EL 40 45

C e
olass gl Jld oole cdale xSyl ool jloges sV s
LYY 5V 5

S S axs —F

wlpe pled (Sily (18,5 Jlai o b oalie opl yo
5 Wl o 5 0dr sloghie mhav 5 iy JUd)
slpg chle 4 Ll e Job (Sily rizres
Yol Jo sl oou zge oo Joo SO Jled oolo
o Joe b e il Joe ol o il S
Sl ols oo e ol 5l oyls [Vl o js ot il
S Swd i (b sla il gileaige g (s
le lod oy gip Hpe Slaal (S Sl L

Sges oolatwl YD3* slayg clale g oS S

Sl Sl -0

Sy 2 ol e 3 ol S 55 cas
ilei s (Slo a8

&1 o

[1] A. Giesen, H. Hugel, A. Voss, K. Wittig, U. Brauch, and
H. Opower, “Scalable Concept for Diode-Pumped High-
Power Solid-State Lasers,” Applied Physics B, vol.58,
p.365-372, (1994).

[2] C.Li, Q. Liu, M. Gong, G. Chen, and P.Yan, “Modeling of
end-Pumped CW Yb:YAG lasers exhibiting non-uniform
temperature distribution,” Optical and Quantum
Electronics, no.36, p.745-758, (2004).

[3] C. Lim and Y. lzawa, “Modeling of End-Pumped CW
Quasi-Three-Level Lasers,” IEEE Journal of Quantum
Electronics, vol.38, no.3, p.306-311, (2002).

[4] M. J. Dashcasann, and E. Barati, “Power scaling
limitations in quasi-three level thin gain lasers,” Optics &
Laser Technology, vol.45, p.480-487, (2013).

Z\Y

g S o825l ATAY oless YO LYY

Gl yge olawy jo 090 i Sl ool g yieS Jld
$n 5l Sl ke L asl s a4 L YY1 i,
P Y B PG JUU L PR DY | PRV SN o
Jbd oole Culbrs lBl L uzen g 0gd 0 yieS
oS @l slo,gue slaws gl (Sl ool o B

S50

T r T T T
LS A AAA AR ARA LS.,
i ol g & LS s T
Y- by )

a5 !
B0 o
£
&= =16 pas:
2 —&— N, =16 pass
:E ol 4N =24 pass
2
|/ —s— N =32 pass
¥
% v
= I\r-!U pass
.85k
o |/ ¢ # Ny=48 pass
sof [
[ ¢
/
ast |
?
] L L L L L L
100 150 200 350 400 450 500

L
250 300
Crystal Thickness (um)

Slass gl JUsd oole s cons (Sl ool 0SS
oy 5 aliSee sloysee

g Swlbd cax p (Seil ooil lages (7) JS2 0
ouls ools las Jld cole clale ol polas (ol
Shoe Rl 55 5l e Job wdale alpdl b ool
o2 2|.\.'o‘.xa Sed o Soil o3l rals 4 e ol g
GVl adale olidl oS glaels cul Sail rals
Loy jlade & (Sl onjl (2ol 4 e Lo 1 VY

VAR

a4,

4 o€y, =10 at T |
_ b e Cp=12at %
£ | —a—Cy=Hat %

3 g c,,~t6at% 7
) # . o
S o Py i #—Cy, =18 at Uy
2 'l e , -
& 8l p % Y Ty 20 at % |
| s W B 8- Cy=22at %
= / “ "
3 # ¢ —&—Cy=Mat %
3 saif d \ : 1
o - ¥
) e N

AR
I S
['d
. L1 1 e L 1 1 1
100 150 200 350 400 450 500

250 00
Crystal Thickness (um)

6‘)‘.’ JL-B oolo Ceolsns o> g 65"'“1 e.b)'b. u‘;....r.t id JS....:
chle 4 jee Jsb (Sl Sl b iz glacbale

U oole cile o s Syl 003l Sloges (V) S
aes oo slad 1) LYY 5 V8 gl e Sl sl
Lol oads aid )8 las 0 200 pm Jled oole Cuales
ol g d9dioe Fiem D e Ggee slaw sl

Sgdios dne il alSg o5l (22038 4 i


https://opsi.ir/article-1-631-en.html
http://www.tcpdf.org

