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Abstract

By self-homodyne sethod we have measured the
relative phase fluctuation of a light wave.
Balanced detection system can eliminate local
oscillator excess nolse and multiport detection
makes it possible to measure the phase change of
the signal beam. Deriving the SB(Signal Beanm)
and the LO(Local Oscillator) from the same laser
source, we find the SB malintain constant phase
relative to that of the LO.

Ve have introduced a phase fluctuation in the
SB by modulating the beam path of the SB. The
measured phase fluctuation agreed well with the
confirmed the

predicted one, thereby we

reliability of our systenm.
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FIg.1 Basic diagram of Balanced Detector

-242-



A 53] g @ oA s uE I (90. 2.10)

(A) Balanced Detection

Fig.1-2 Balanced Mixer®] >§2¥x <) a%olc}. LD
o} A7) g Ldexpli{wLt+ ) lole} 32 sB2)
S=Sexp[i(wst+$s)] olz} Hul P&~
D1, D22] quantum efficiency® 71, 7mz2} s} A
o] A7lE o g ez 2P,

13&

Ii=npe{(1-g) L2+ e |S|2+2[ e (1-£)]1728
ACOS[(wr-ws)t +drL-ds—n/2)}/ (hw)

Iz=nz2e{ e |L|2+(1-£)]1S|2+2[ £ (1-)]1/2S
ACOS[(wL-ws)t +drL-ds+x /2] (hw)

8t shot noise2} excess nlose®tst nzjtb
2 MBojM AH ¥ Ysx(nolse spectral power
density) £ & Ao g HIUc}S5.7),
N=2elac(t)+2e 7 (@) 124c(L)
HE AL Iy, 123 AC ¥t afolF AAteld
(T2-T1)ac=2eSLL £ (1- €)1172( 7 2+ 77 1 ) COSI(
wL-ws)t +PL-ds+x/2)/(hw)
7t 2 Fetd
N-=2e(I1dc*12dc)+2e 7 (11dc-124c)2
oz ¥, Al¥cf YH2 wl-§ L& SNDR(Signal
power to Noise power spectral Density Ratlo)o]z}
2o i3} ol Aoysledg™
SNDR=(12-11)2ac/N-
(e/hw)2S2e (1-£)(np1+72)?

eni+{l-e)n2+(re/hw)l2[n1e-n2(1-£)]2

oluf 9] Alofa] 7 &7])2] quantum efficlency
7t ni1=npz0l F¥e}t>| (Beam Splitter )2 %3}
&, €=1/2 o] excess noise®}t3!

(re/MwN2{nie-n2(l-g)]2

& cdojzlA Vob. TelM sYlA AP = Ae
229 excess noisem M7 Y 4 U},
2y LO
7 BS Xa I Plezo
- nirror
8 BS Xz 3 I
Xy N.D.filter
SB 1 BS 5
4 6 | s

Fig.2 Multiport Detectlon System

{B) Multlport Detection
© Fig.2% Multiport Detection A% #aje] »|2zts
olct.  %lofM ¢ 5 3ARol F r§2] Balanced
Mixer§ Al-%sto] ¥ X E H4A22) 8y =7
*1z} 27 (quadrature condition)o} % % 8¢},
2] carrier frequency® =3s}7] gisiA A1y
< Fig.4odM PMIE 7 A Q)atstA =)&=of oluf PML
< A% B8, F3l4 wa X wodulation c}, =2
2}3!  Signal Beam2] W7} Es=Esexp{i(wte
Bsinwat+$s)}7t €131 Local oscillators) A 7|a
< Evfreexp(i(wt+érL)} 7} 2B},
Balanced Detection® 2! R4 &> 62 52 A%
2] A7} 2ol

16-15=21/2 77 eEsELCOS(A ¢+ A p-Bsinwat

-x/2)/(hw) —— (1)

(2 Ad=dL-¢s, Av=v1-Pa=kXi-kXz )

2 Folxln opatrlzlz B L7) 87} 79) VX 3

ol &=

LR

18-1772172 elsFLCOS{A d~-A P-Bsinwat+ s
-n/2)/(hw) —(2)
7} . oM Y 2 E FHB)2) quantus
efflctency?t n% 2 FRY7|2) %2g3 v
%o] ok ZpAdspslch. Al (D)2} (2) Abo)of =)z}
2715 Eol F71 g)sl Fig.2004 Piezo mirrorod
DC 3t& vhsl el Xs & B AA -2A P+ a(
¥3=kXa) 7t m/27F slASR (242 df Mex
nee 4 slcl.
(1a-17)"=2'"2 b EsSIN(A ¢+ A P~ Bsinwat
-~ /2 (hw) —(3)
A (12} (3)2 Bessel 4% XA £ gled
F o= FTuH5 AR aespy

Xr=(I6~I5)r=81/2nelsE SIN( @ )J1(B)

SINwat/thw) ———(4)
Yr=(1s-17)r=-8'72 n ebsELCOS(a ) J1( B)
SINwat/(hw) ~—(5)
2 (a=AP+AP-n/2)

o] %},

Fig.3o0 A Yr/SINwat®} Xe/SINwatd 717} X2,
Y&, %4 o] 22 RHolAM2] #e2)7} EsFrof
ulefatey A ¥xe] VFHF el o)Ro] x2F
°ol$ & 7t azt AR g1 E vhehdA D)
X'Fof Welst A7) A2 T Uetew o) ¥t
ol 2o A5 W2 FRAolA YAF wB
Rolct. «tetA Xr, Ye7l ZelE ASEA V23
ol At v g dg 4 Stk # AJofA:
Nxe) A Bk g S7sts] sl Fig.4ofla) PM2E
AC M3to 8 modulationx]s] Fuia] wiglal ojar 4

-243-



A 53] shg 9 dlelA] stz (790, 2. 10)

\Xr/ sinwat
A}

a |
}

Yp/sinwat X

Fig.3 Phase and amplitude of signal output

m. 1 =l @

Flg.4: A% R eg dvehdch. 2 dyolME
¥ 299 =olAr} Wagore 4aW Melles
Griot(05 LHP 141) Laser® #1312 Loz} SB2l A
7} wlge 2001 W=7 S)A ik, SBE AF
B, 2513 wmo® N EstE PMiof 2]8f A W2
7} ¥lo] Multiport® <lAbstA =l=of F¥er] BS4
s} BS5ofA Lo®} H4tsie] FAEE A Lo
27 &) D52} D62 Balanced Mixer® o| 5o XU¥%
= A (1x %%l 072 Dod ot VX E A2
g meisic, ot A(2)& A1)} quadrature
conditiong "}3o) F7} gishal PM3of DC At &
7hsl 102) ZA)E BepaA Ao RV N
stch,  Fig.5: A Pex 3¥Y V¥ F &
Mae] Aoz golee AFu Axy M)
2] ) High-pass filter( cutoff frequency: 1KHz) &
28 3 oAgAzXEY X Lissajous dlagram o]
c}.

et Fig.5% AlE AMelg shr) ¢i%t Awiel Aax
ez Jepdd, X, Y 5 xde) %o wFE 33}
HE wm, 20a. 3052 Fube JEEF XY
8} slo v ¥ Band-pass filter® A-23lo] wa &
s}4-2] Atger defgicl 2|3 AdHox o
Zut4 gtod nlsl B g AL 2wa AEE BTE
g] 72)alsl7) g3l 4 F3l47 20ae2 Notch
fitter® Ab&sigich. wixizto =2 X, Y g ol
Mz} 2lzH cintol 2%t i Ny AN F7|
21314l g)AF w27} (Phase shifter) & & 2ol 2
gy o x Azdstct. gke) oje] iz E AN AEE
Digital Storage Scope(Tetrononix 2230)of <124}
» AD BBz 8 gF g dojHE
GPIB(General Purpose Interface Bus)% T 3telg}
AP 2Z 7R xlof 7] FHtch.

3
z
[ He-Ne Laser } I l
o
2' AN o
] 2
»
w o
o]
De
-8l of 8
w ~4$E’,
P
@
g2 e
w
2 z © ) »
3] {7 o
T‘ L] ommmb—
> :;; 5] )
? g ]

Fig.4 Schematic Diagrae of Experiment
PM:Piezo Mirror, D:Photodetector
M:Mirror, BS:Beam Splltter, P:Polarizer
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Fig.5 Block Diagram of Electronic circuit and
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Fig.9. Phase fluctuation without carrlier frequency
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