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ABSTRACT

In the context of developing solid state lasers, we have, for the
first time in our laser department, designed and realized an experimental
prototype of a high-power diode side-pumped Nd:YAG laser. This
prototype has such good characteristics that make it a milestone in many
important applications. The most obvious characteristics are: laser
capability of working in CW and pulsed mode using a passive Q-switch,
in addition to the high efficiency with a good beam quality. We can
summarize the results of the thesis in the main following points:

e Establishment of a new method for optimization of high-power
diode side-pumped Nd:YAG laser, including an accurate approach
to estimate the overlap efficiency between the gain and mode
volume in the active medium.

e Based on this optimization method, we have designed and realized
an experimental prototype of the indicated laser and done all the
experimental measurements that assure the accuracy and efficacy
of this method and compare it with the well-known methods used
in this field.

e Establishment of a multimode pulsed Nd:YAG laser with an
energy of 10.4 mJ and an efficiency of 28.8 %, by using a plano-
plano oscillator with a passive Q-switch.

e Establishment of a nearly Gaussian Nd:YAG laser (M? = 3.4)
with an energy of 10 mJ and an efficiency of 11.4%, by using a
plano-concave oscillator.
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lowi:=20;

upi:=80;

step:=5;

T0:=0.3;

gama:=1.7;

sigl:=2.8e-19;
sigg:=43e-19;
sige:=8.2e-19;
gampr:=1/(1-(sige/sigq)) ;
alph:=sigg/ (sigl*gama) ;
1s:=0.318;
ns0:=-1n(T0) / (sigg*ls) ;
c:=3el0;

L:=0.061;

lro:=4,;

lres:=lro+ls+1l.5;
indr:=1.82;

inds:=1.82;
leqg:=lres+lro* (indr-1) +1s* (inds-1) ;
tr:=2*leq/c;

diam:=0.3;
A:=0.57*(3.1415*diam*2/4) ;
photon:=((1.24/1.064) *1.6e-19) ;
n0:=(1.1)*1.38e20;
delta:=sige/siqgqg:
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Jowi =20
upi = 80
step=12
=3

gama=1.7

sig= 2810718

sigg= 43107
sige= 8210718
gampr = 1235632184
alph = 9.033613447
k=318

ns0= 8804832557 1018

c=13101!

L=061
fo=4
fres=5818
mdr=182
mds =182
leg=9.35876

&= 6239173334 107

diam= 3
A= 04028973750
photon= 1864661654 10”18

n0= 1518 1021

A



for i from lowi by step to upi do

for j from lowi by step to upi do

TO:=0.01%i:

R:=0.01%5:

nt0:=(1n(1/R)+delta*1n(1/T022)+L)/(2*sigl*lro):
ni:=(In(1/T0*2)+1n(1/R)+L)/(2*sigl*lro):

nt:=fsolve (y=nt0+(ni-nt0) * (y/ni)*alph,y):

nf:=fsolve (1-x/ni+(nt0/ni) *1n(x/ni) - ((1-nt0/ni) /alph) * (1- (x/ni) *alph)=0,x) :
ninf:=ni/nf:

for i from lowi by step to upi do

for j from lowi by step to upi do

TO:=0.01%*i:

R:=0.01%7:

nt0:=(1n(1/R) +delta*1n(1/T0*2) +L)/(2*sigl*1lro) :
ni:=(1n(1/T0%2)+1n(1/R)+L)/(2*sigl*1ro):

nt:=fsolve (y=nt0+(ni-nt0) * (y/ni) *alph,y):
nf:=fsolve(1-x/ni+(nt0/ni)*1n(x/ni)-((1-nt0/ni) /alph) * (1- (x/ni)*alph)=0,x) :
ninf:=ni/nf:

print ( ) ;
mirror:=0.48;
gsT0:=0.4;

jmax :=trunc (mirror/0.01) ;
imax:=trunc(gsT0/0.01) ;
print( E mj, result[imax, jmax,3],

miror = 48

gsTo= 4

E my 10.16983456, efficiency. 28 85069919

Yv



tgloid) Al Julre Sl ausuindl malipdl 1Y gl

X %$laser modes
2= clear all;
3
4= Laser Im = double(rgb2gray(imread('laser2.bmp'))):
5= gain Im= double (rgb2gray(imread('gain stack.bmp'))):
6 %imshow (Laser Im/max (max (Laser Im)))
7 = N=32;
il e=1500/N;% pix t0 micron ratio
9— [for i=1:2*N
10= [ for j=1:2*N
el = MLaser (i, j)=Laser Im(552-N+i, 1064-N+j);
12| = MP(i,j)=gain Im(558-N+i, 1092-N+j);
13 = GG (i,]j)=exp (- ((i-N)"2+(j-N)"2)/((300/e)"2))
14 %for the mutimod laser
1653 % MLaser (i, j)=Laser Im(560-N+i,1096-N+j);
16 %
67 = MG (i, j)=exp(-2* ((i-N) "2+ (j-N)"*2)/(0.4*N)"2);
T end
19 = end
20 %% this threshold is to done to eliminate the smudge
20l = MZ=zeros (2*N) ;
22= |for i=1:2*N
23— [ for j=1:2*N
24 — if ((i-N) "2+ (j-N) "2 < 250)
25— MZ (i, j)=MLaser (i,7]):
26 — end
27— | end
28— “~end
2LI= MLaser=Mz7;
30 — MLaser=MLaser/max (max (MLaser)) ;

YA



31 -
32
33
34 -
35 -
36—
37
38
39
40 —
a1 -
42
43
44

45 —
46

47 —
48 —
49 —
50 —
Sl =
52 —
Sl o
54 —
55 —
56 —
=51 5
58 —
59 —
60 —
61 —
62

63

64 —
65 —
66

MLK=MLaser;

%% This part is used to scale the laser spot in any ratio
W10=296;

M=1;

ZR mm=0.001* (W10"2)*pi/ (1.064);

TML=MG;

%% first we normlaize the Images for intensity
gainK=gain/max (max (gain)) ;

gain=gainkK;

$imwrite (gain, 'third block.jpg'):

%imshow (gainK+0.3*MLaser)

%% normalize Image for integration

gain=gain/ (sum(sum(gain))) ;

~lfor z=90

L=176+(z/1.82);

W=sgrt (M) *W1l0*sgrt (1+(L/ZR _mm) "2)

ratio=(W/710)

ML Big=imresize (MLaser,ratio);

M=length (ML Big) ;

ML=zeros (2*N) ;

X=floor (abs (2*N-M) /2) ;

if ratio <=1

ML (X+1:X+M, X+1:X+M) =ML Big(1l:M,1:M);

end

if ratio >1
ML(1:2*N,1:2*N)=ML Big (X+1:X+2*N,X+1:X+2*N) ;

end

o
]
o

]

ol o@

__if you want to test the theoritical gaussian spot
MLK=ML;

contour (MLK, 20) ;

$imwrite (MLK, 'spot55mm.jpg"') :
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67 — ML=ML/ (sum(sum (ML) ) ) ;

68 — JK1=0;

69 — JK2=0;

85 J1=0;

Fils= J2=0;

72— [for i=1:2*N

== for j=1:2*N

74 — J1=J1+ML (i, j) *gain (i, j);

75 — JK1=JK1+MLK (i, j) *gainK (i, 3j):
76 = J2=J2+ (ML (i, j) ~2) *gain (i, j);
77 — JK2=JK2+gainK (i, j) *gainK (i, j)
78 — | end

79— end

80 — etta pee=(J1"2)/(J2)

81 — ettaK=JK1/JK2

82 — ~end

83 = imshow (gainK+MLK)
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LDAQCW Quasi-CW Diode Laser Drivers

The LDOCW series is a new family of OEM diode laser pulsars
designed for the emerging high power diode laser industry.
Lumina Power LDQCW diode drivers can be configured for com-
pliance voltage requirements up to 100V.

Maximum efficiency is realized with circuitry that minimizes loss-
es across the output pulsing circuit. Compact size is possible due
to the low-loss Zero Voltage Switching inverter and incorporation
of planar magnetics.

Leakage current is less than 250uA, power factor is greater than
0.99 and conducted emissions meet stringent European regula-
tions. No additional line filter is required to meet EN 55011
emission requirements.

Lumina Power

26 Ward Hill Avenue, Bradford, MA 01835
Ph: 878-241-8260 |/ Fx: 878-241-8262
www.luminapower.com |/ sales®luminapower.com

AN

ADVANTAGES

<25uSec rise/fall times

200A pulsing capability
Power factor correction
Auxiliary +/-15V outputs

Compliance voltage capability
up to 100V

Ideal for OEM applications
ROHS Compliant

AVAILABLE POWER OUTPUTS ARE:

LDOCW-50:  50Wavg
LDOCW-250:  250Wavg
LDOCW-600:  600Wavg
Pulsed output current up to 200A
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