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Abstract

In this thesis, we combined the difference spectroscopy and the
saturation spectroscopy to realize a modulation-free frequency stabilization
scheme for diode lasers. A red-shifted and a Dblue-shifted laser beams
generated from an acousto-optic modulator (AOM) passed through the
Rubidium cell back and forth. Then their photocurrent were subtracted to get
the difference spectrum. By deducing the relationship between the difference
signal and the AOM frequency from this theory, we conclude that the best
ratio of the AOM frequency and the full width at half maximum (FWHM) is

1/4/12. In case of the hyperfine transition of ®Rb (5Si,, F’=2->5Ssp,,

F=1,2,3 ) , we found that its FWHM is about 152 MHz. Hence, the best
experiment parameter of AOM frequency is 42.5 MHz. However, the
FWHM of our diode laser is too large. A high frequency noise was observed
in the slowly scanned difference spectrum. Due to this noise, we could not
make a frequency stabilization. Finally, we proposed some methods to avoid
the high frequency noise.

Keyword : acousto-optic modulator,modulation-free frequency stabilization,

saturation spectroscopy,difference spectroscopy
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st d (2, 2-6) 5%

a

a(Vv) = 0 ~
( ) (V—V0)2+(AV/2)2 (25 1)
P q AR5V st £
X:v—vo 522
AV AV
AI(2.5-1)3% % 5
1
a(X) =a, (2.5-2)

(X)° + /2’
T A AP r AOM#-r ko 2 e B (v-Q)frEH (vrQ)D
ERRFLT N F E 0 AR AR TR I L A RS
S(x,0)=1[A-a(x+5)L]-1_ [1-a(x-5)L]  (2.5-3)
SR T EnA 2 kA SR 2. 100 LAGFMRLA (AV,)) 5 £~ 355 <
ER ] B2 AL > FRBR(S,)E LA ARLH = BI5 | B2
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— ’k/fﬂn{;’(/w IF' z,]
é——l LNV LS (2.5-4)
OX OX OX

He a(xtd)=a"

o EHRRA T 0 A LR ALY IRV AR L R R xR

2

R R TMAE A X E R T2 A K H AOMAE F 2 MR oo f

@ oa’
ox OX OX

x=0 (2.5-5)
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~|,h’<

Fig ok s - B SHic
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da’ | Oa(x+0o)| odaly)]  da(+9)
ox " a(x+8) | oy I do
da | _Oda(x-0)| _da(y)] _ da(+J)
ox 0 a(x=0) " ey | do
8a _ Oa’ da(5)
ox T ax T T ds (2.5°6)
#-(2.5-6);% X = (2.5-5);\ 1 5]
B =1, +1)L8e)
OX do
:_IOLda(é)
ds
d
= gLl iUl (2.5-7)

#(2.5-DF AL ALY ghinpl e Bt B g Y S L P

2 BT ELA S o B 2,11 5 R(2.5-T)N TR > B P Hdhi 0 Hghi

@
OX

o
x=0
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Ox

0. 289

0.5 1.0 1.5 2.0 25

ﬂ 2.11 2 1 AOMAE F 4 A U GLAL F B ] > A S b~ B AOMMEF 9 53R T
2.0.289 & -

2 REAPE Y AR E N A SIS A FDAOMAE S > R EfE AT
B e e o B B SRR L A ELG - B2 e
F oo ATIEE ST (S ehd i ks R F)EE R 4
I, =1,[1-a(x+8)L+a(x+3)*+b(x-35)+c] (2.5-8)
|_=1[1-a(x—5)L+a(x+35)* +b(x—-05)+c] (2.5-9)

HY avbrcho SNz thldic @b kR B AT T 8 3 K AR 1
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%, L+ 4adk + Zb%

a, B
2= I°[(x—5)2 +%L (x+8)'+1)

(2.5-10)
#-(2.5-11)5Vi'— I fich » W REAFEH T2 M4
S'(x) =1, _Z“O(ZX_5)2L+ 2“°(f+5) _L+4as
[(x-0)"+ 1,7 [(x+0) + 1]
(2.5-11)

YR A ALY S BT A S > A (2, 5-12) 8 e x B R

s'(O)z{MLMaa} (2.5-12)

[6°+ 1T
d(2.5-12)5% A amsf £ A SUEL Y o BLIIT enal S ¢ F] AOM 4F 5 #rec
o 50 KA TR B2 8 o AP R(2.5-12) 78 ¥ AOM #g & 1%
- s o KAy AT B e AOM AR 5

ds'(0) _ — 4 [52+y] +4a,5-25% + 1] 25
ds +y]
~da {57 + 1,1~ 467
[6° + 1T

4a

+2a=0 (2.5-13)

%iﬁfl'ﬁ o and J
5’ +%]—452 =0=>5=+0.288675 { 7 & (2.5-14)

r‘tgé‘ 02886755’3‘% A,\)Il‘%fit; '“’\!"I‘J’ ITZ. [F" i3 ‘%ﬁ,\—’: o
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AOMAE 5 & B84 A 3UsienAv o #7i f1% (2,5-11) 7848 5 81 4L % 2 B
ok fi ¥ Vpp i AOMAE S chbl % o @ 4o 5 A2 £ o0k - N4 §
ST R 02 (2.5-11) 7 % 5

—20,(X+8)  2a,(x-9)
[(x+8)" + 1)1° [(x=0)" + 11°

EOBNEAARTAY, > FARNS(X) E B EREXTE ] o £ (2.6-1)

S'(x) =

(2.6-1)

R
20, (X + 0) 20, (X = 0)
g = 2 (2.6-2)
[(x+8)° + L1 [(x-8)" + 1))
KR B SIS ;1 N

1
=3X°* =) +(45° +)(x* =8°)——=
(¢ = 87)7 + (45" + )¢ =67 -

?IJ'H’ = :’7\"‘% ﬁi;\ﬁé’; ’

=X’ -0° =

- (460 + 1)+ (45" + 1)+ 3,
6
—%i\/(452+%)2+% )

6 v
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Bofs DA, g2 AOM R 5 2 BE ©% 5

26 # 7 % & e-Thesys(92 & & &)



BN RN R TRyt Sy

AV, =2X= 2\/252 _%+\/(4652 v+ 3,

(2.6-3)
B2 6D Fw(2.6-DA 7 @3 AMAFF S 2 M- B2 124
B12.13 5 AOMAEZ &2 AV ~ S_ el % o d (2.5-12)5% 2 (2.6-3) % 7
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ey
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3.2 9 S 4

T o EHACR 3.1 AP &4 F S (diode laser » 2 # : Sanyo -
A1 5. 2 DL4140-001) % ek R » i -H v a8 & 10C> o8 70 mA
o Bl o M mWe a B ipgRT 53 LF L 0P kiR > LGE-
Bk E % B(0[: Optical isolator > = @ : Optics For Research
Caldwell » A]5% : I0-5-VNR-LP) M [ 5 — & 53 & fadio & LG 7 &
Foatw kenk KRR R AR BEFY - B AL - R (4
Half-wave plate) » * k43 B HP HhirE% &R o £ SE- BikirA
3 43¢ (PBS : Polarization beam splitter) » H #* i2 F 3-T (73t kK B £
P HFFrLE N RF L DS HIELIE > AR 2 I ApLE o 2 (8%
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Measurement Menu (1 of 5)

Pk-Pk(1): 410mV ll’l:—l’k(z): 381V tFreq(E):Hn edges

(a) “ Smyroe I pcar Fre:m.lem:'yl Period Peal:—l"eal:l »

d
C
b
a
Measurement Menu (1 of 5)
Pk-Pk(]1): A40EmY Pk-Pk(21): 3.79V Freq( 2 J: No edges
(b) g B3 M Frequency Period Peak-Peak *
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Measurement Menu (1 of 5)
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Bl b - B N T F o A MR AT HRE KD Do
a3 2% 0 B % 4B 4.8 @ 1% Peak Fit# & cn & 4vi 4.2
a0 Z3=tgal ZmP AEF ;a2 s XF 2%, Mmadqradrab i - =
BHEPe ¥ B9 FERBEFE TR Tl ad WFEL RS - aRe

MReNEF2FH5 102 Mz AT P et X328 2 Ha

B MR RF Bk A ot g AONAEF P > LA U

AOM#g 2 | & 1 FE# 3 Bl pEr &+ I FESe fp 1 e
24.5 MHz 0.550 mW 0.553 mW 1.1 mW
27.1 MHz 0.548 mW 0.553 mW 1.1 mW
30. 3 MHz 0.550 mW 0.552 mW 1.1 mW
33.7 MHz 0.551 mW 0.551 mW 1.1 mW
36.1 MHz 0.551 mW 0.552 mW 1.1 mW
39. 5 MHz 0.552 mW 0.549 mW 1.1 mW
42.5 MHz 0.555 mW 0.548 mW 1.1 mW
46.1 MHz 0.549 mW 0.549 mW I.1 mW
49. 0 MHz 0.550 mW 0.546 mW 1.1 mW
52.1 MHz 0.552 mW 0.549 mW 1.1 mW
55.6 MHz 0.553 mW 0.551 mW 1.1 mW
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Measurement Menu (1 of 5)
Pk-Pk(1): 119mVY Pk-Pk(23: 1.63V Freq({ 2 ): No edges
— an.gr{:e C'HI h Frequency Period Peak-Peak *

Bl 4.7 % AOM#E 5 30.3 MHz PFiF Pl f — P giie
LA WA EY 0.66 GHz -
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-1.46
-1.48 -
-1.50 A
o 152 4
{%éﬂ -1.54 -
:E -1.56 -
-1.58 -
-1.60 -
-1.62 T T T T T T
0 100 200 300 400 500 600
Frequency (MHz)
Bl 4.8 Aefemnfzg FEEEE EM R -
F= A Y=LORENTZ(a0, al, a2)+ad*X" 2+a4*X+ab
Parm Value Std Error t-value 95% Confidence Limits
al -0. 163431 | 0.0010957 | -149.1619 | -0.165579 | -0.161282
al 281.10278 0. 189077 | 1486.7109 | 280.73198 | 281.47359
a2 75. 754054 | 0.7003824 108. 161 74. 380496 | 77.127612
a3 -9.88E-07 | 1.813E-08 | -54.4687 | -1.02E-06 | -9.52E-07
a4 0.0006274 | 9.773E-06 | 64.196361 | 0.0006083 | 0.0006466
ab -1. 53825 0.0004027 | -3819.849 | -1.53904 -1. 53746

4.2 e R S R % o
FALAFE RS F AR o e fo it § 2 R b e T o A
2.6 & E R en(2.5-1T) #1183 % — T AOM#E & p* £ & 2055 Vpp %
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AOM #g & | A2 few i 3 > 8 Av,, S, AL

24.5 MHz 75.9 MHz 96.9 MHz | 0.91 MHz | 0. 0163
27.1 MHz 75. 8 MHz 98.6 MHz | 1.19 MHz | 0. 0208
30. 3 MHz 79. 7 MHz 101.1 MHz | 1.47 MHz | 0. 0247
33.7 MHz 75. 8 MHz 104.3 MHz | 1. 60 MHz | 0. 0259
36.1 MHz 75. 8 MHZ 106.8 MHz | 1. 67 MHz | 0. 0261
39.5 MHz 75. 8 MHz 110.3 MHz | 1.92 MHz | 0. 0287
42. 5 MHz 76. 0 MHz 114.0 MHz | 2. 12 MHz | 0. 0303
46.1 MHz 76. 0 MHz 118.3 MHz | 2. 15 MHz | 0. 0291
49.0 MHz 75.9 MHz 122.0 MHz | 2. 15 MHz | 0. 0279
52.1 MHz 76. 0 MHz 127.9 MHz | 2. 18 MHz | 0. 0268
55. 6 MHz 76.1 MHz 131.2 MHz | 2.29 MHz | 0. 0267
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Measurement Menu (1 of 5)

Avg(1): -14.7mV Pk-Pk(2): 3.34Y Pk-Pk(1): S69mY
(a> I M Frequency Period Peak-Peak »

1

Measurement Menu (1 of 5

Avgl ; I: 17.3mY PkPk(2): 1.72¥ Pk-Pk(1): Z69mY
(b) I M Frequency Period Peak-Peak »

1
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Measurement Menu (1 of 5
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