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Reduction of Intensity Noise of Single-frequency Nd Y VO, Laser
Using Mode Cleaner

CHEN Yarrli ZHANGJing LI Yong-min

ZHAN G Kuanrshou XIE Chang-de PENG Kun-chi
(Institute of Optoelectronics, Shanxi University, The Key Lab of Quantum Optics,
Ministry of Education, Taiyuan 030006)

Absgtract The modecleaner condsting of a ring cavity with three mirrors was dedgned based on the theoretica anayses
and experimental measurements to the intendty noise ectraof an dl-lid-gate laser. Theintendty noise of a homemade
sndefrequency Nd YVO, laser has been sgnificantly decreased by usng the mode-cleaner with the characteristic of
filtering high frequency noise. The noisefrequency to reach the shot-noise-limit has been reduced to 7 MHz from 30 M Hz
without the mode-cleaner. In desgn, the requirements of both narrow bandwidth and higher trandtivity for the cavity
were consgdered compatibly. The trangtivity of mode-cleaner is 70 %.
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Nd YVO, a=- ka+ J2kmiAin+ J2km2 Aax + JE(IAI 2
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[1] LD Table 1 Parameters of singlefrequency ring
Nd Y VO, laser
L aser cavity length L jaser 350 mm
418 (@2 +y3) - Bkgly (r- 1), Transmisson of the output Ter 4%
Vi =y 1+ @2 - )2 + wa 2 Ve + coupling mirror
re ' Intracavity losses 0 v 2%
4Kky 3r(r - 1) Vo s Max. pump power Prnex 3.4W
@2 - w2 + 023 VP De::nai[{r;?ted the output coupling On 1.71x10"s !
2
ikk“v ‘z(zr - 1) 5 Vepont + Decay rate of the intracavity losses Q  8.55x10°s?
7 - w)? + W] Tota cavity decay rate Q  2.56x10"s !
Akk (Y 2 + w2 Sontaneous emisson from upper V. 105!
(@2 - W) + Wy 2 V dpole + laser level
' Lasing threshold Pin 300 mW

Akgk (v £ + w?)

@2 - )2 + WY 2 Viosss (1)
, I = Pin/ Pin ,L
W, W Yt
k= (km + ki)
» Km ki
(Vo) »
(Vo) , (V gont)
(V dipole) (Viosses)
. Vo
v Vva = Voot = Vdple = Viosses = 1,
Vo
(1, (1)
3 , Nd YVOq
30 M Hz

Fig.1 Modecleaner consgting of a ring cavity

with three mirrors
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0 Xa = - 10 Xa + J2 kml6 Xain + 2 km26 Xaaux +
ﬂé Xal (3)

Xa= a+ a’ (3)
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) X((JO) Aout = W2 I(m26 X((’o) a- 5 x(w) Aaux (5) !
O X(W) arg = W2kmO X (W) 4 - O X (W) ain (6)
(5) ,(6) (4) '
5 X((JO) Aout = ( 2)
2 ke kD X () ain + ke - K+ )IX(®) pan 2 ke kD X(@) oy (9)
k- W 4
U]
O X(®) arel = 30 M Hz 5 MHz
(kg - k+ W)OX(@) ain +2 o ke kO X(@) agpe +2 o Ky KO X(0)
k- 3
®
V = 32X(w) - dX(w) 2 :
V. [6]
= :|_l X
Akap kg Vin + [ Qkap - KZ + 0] Vay + 4kppk
Vo = K +Ww? . ,
v o [k - K + W] Vip + 4Ky kip Vax + 4oy kg )
gl — kz +(02
©
M1,M2  Kmi = kmz, ,
k = km1+ kmz, s w -0 n =
v Vour (0) = Vin; Vi1 (0) - Vax 4T, T A
LT1+T2+A/2J2' '
, 1.064 m M1, Mo
2 0.1%, M3 99.5%
Table 2 Parameters o mode cleaner 0.6%, 70 %
Cavity length of the mode ' 98 %
L dear 2.25m
cleaner 1
Trar?snusaonof the input coupling . 20 M Hz ’ 2.95m
mirror
Transm,&non.of the output T 2%
coupling mirror 4
Reflection of the curved mirror R3 >09.5%
Intracavity losses A 0.8% 2 LD
De;:neit)r/r(r)arteof the input coupling ki 2.0Lx10°s ! Nd YVO, 3.4 W ’
i 500 mwW
Decally rate of the output coupling om  2.0Lx10° s !
mirror s E ,
Decay rate of the intracavity losses ki 5.3x10°s? My
Tota cavity decay rate K 4.7x10°s? M 45;
, M2 )
S 98 % M3 99 %,
W - oo ,Vou () - Vax, 1.5m
Vgl () - Vip
400 mw , 280 mw ,
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70 %, 1% , 1.064U m 90 %
Spectrum 300U m, ,
RS analyzer
synthesizer
( HP8890L )
3 (a),(b)

PD: ;PBS: ;EOM :

Fig.2 Experimentd diagram for the measurement

of noise ectra
PD : photo detector ; PBS: polarization beam plitter ;
EOM : eectro-optic modulator
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Fig.3 Noise gectraof the laser without the
mode-cleaner (a) and with the modecleaner ( b)
m are the experimenta vaues and the lid lineisthe
theoretica spectrum. SNL : the shot-noise limit

12 mw PIN ETX300

, 30 MHz
7 MHz
Nd YVO,
7 MHz :
70 % (7]
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