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Analysis of IQ Demodulation and Signal Noise Ratio for 2 pm
Dual-Balanced Heterodyne Detection

Pang Yajun Gao Long Wang Chunhui
(Institute of Optoelectronics s Harbin Institute of Technology, Harbin , Heilongjiang 150001, China)

Abstract An IQ demodulation model for dual-balanced heterodyne detection is established, by rotating A/4 wave
plate to change the phase difference between the 1Q signals. Signal-to-noise ratio (SNR) of balanced heterodyne
detection is simulated with local excess intensity noise, shot noise and thermal noise. Simulation results show that
signal-to-noise ratio of conventional heterodyne detection is higher than that of balanced heterodyne detection, when
the beam splitter coefficient adjusted by rotating A/2 wave plate is less than 0. 272 or much than 0. 728. Whereas,
signal-to-noise ratio of conventional heterodyne detection system is less than that of balanced detection system.
Finally, 2 pm dual-balanced heterodyne detection system is proposed, in which the signal-to-noise ratio is 10 dB
higher than that of conventional heterodyne system with 0.5 beanrsplitter coefficient. This result verify feasibility
and advantage of the balanced heterodyne detection system for detecting weak signal.
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Fig. 1 Schematic of dual-balanced heterodyne detection
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Fig. 2 Schematic of balanced heterodyne detection
X B AR B A B SR T &R G R SO R 3
1
B PHP\:?E?le—‘?E%%)‘CE"JIJJ%% P, P =

TE . SRR BRI 4 SO R

E, = /(1 —¢)E.cos(w.t+¢.),
E, = eE . .cos(w.t + 6.,

E, = V(1 —e Ecos(wit+$) .
E; = eE cos(wt+ ¢, (8)
K e(O<le< D EIR ML R LB AFEPAEH
PRI A% b7 A= (8 v AT B 3 23 30l o
I, = a ve(l—e)E.E cosCwyt + ¢, — ¢,

I, =—a vVe(1—e) E.Eicos(awit + ¢, —$). (9)
Zead 2547 A0 SRS L A AR IR TR A ) S gy
G|
Iyuem = 2a Ve(1 —e)E.E cos(awyt + ¢, — ¢,
(10)
Pouen = 8M?o*e(1 —e)P\P.R,, (1)
A Risas My w53 5 AR A7 280 BHL, 't HU B5 4 300
FHC I 2% 00 P9 EB B g% LG SO 5 AR O Y R
2% o TEEUH BT pe/hy,
B JE R AR (1) 2K, 2 AR IR ' 5 82 3 7 e A L 1
R M RT B M RE 25 545 M LU Y 5 S 75 3 P <X
Hb 22 TR R 48 117 e L Rk =0

Rbglanced — P em _
Plﬁexcess + Ply*slml + Ply*lhermnl
8M?a’*e(1 —¢) P, PR, , (12)
2eya*M? P} (26 — 1A fyR, + 2Mea[1 — 2 /e(1 — &) JAf«P\R, + 4k TAf
[vi) B AT A5 A YR R 28 40 A0 £ M b Rk SO
— P s _ _ %MPPR s
P goi T Peexeess T Pethermal 2eya” MP P A fyR, + 2M? e P\ A f R, + 4k TA fy

ARG (12) A (13) 2AT LA 31 - i b 22 0 #
AR IN B 73 TR L AR A I B £ R L A X EE AN 1A 3
fis .

110 . . -
-------- values for converional

o 100 — values for balanced
S 90

£ 8

#

2

2 60

=

g 50

“ 40

0 [J..l 0.2 [}_‘li 0.4 0.5 0.6 {].T[].‘H U.‘EF 1.0
Beam splitter coefficient &
3 - 2 5 R R A M LX) L
Fig. 3 Comparison chart of balanced and single-source

detection SNR
WA 3 iR H e 7E(0~0. 272) 1 (0. 728 ~
1. 000 Hif AR R I A7 M Ll R F 7 i X800, 23 SR L e
FE(0. 272~0. 728) i - X I AF M b R S R R

W24 e Sy 0. 272 B 0. 728 B 5 A 50 7 A
W LA SE . 3T € 0.5 BF L S 20 1R I A e L ik
B KA S P PRI 4 &5 1 K2y 10 dB, B 0.5 ydi
fErHI.

4 SLEAEST

TSR ST A 25 RN 1 B HE SR 2 A
PEATSERAF 58 SERG PR AN 4 fif s . 8 2 pm 06
R % OETE A 100 MHz 6B 4% . 75 L R 40 2
B 1 OME ARG, 0 GOk 20t FEI A R 1R N1
SN A RGP A . FE 4 N
FH 4 A CEFRR G 25 50 4T 4 B oG H A s
HREDELE R IE WA S S P A M 2 pm
ST A PR 285 I E2 WSO R U g R AT SR

s /A YR BB ARG o ST e B AR AL
22, AR B T L IQ AR A 22 0. Il 7/2 AR5, I
FRPEASIEAT TR . 25 RN E] 5() (b)) Fl (o) iR .

0114001-3



source - - B
fmator Adwag z
_ {-I:-. ’ !

4 P 24k 2 PR 52 56 14
Fig. 4 Experimental diagram of dual-balanced

heterodyne detection

K5 1QIEAfE S A
Fig. 5 1Q orthogonal signal graph

N T OETEAE MR L $5 P AR 22 R R G 5
BERWE 6 frn. HJFEHEME 7 iR, RS
TR A 1 A 0 HIEH AR AR IR E S
JEFEA R G b JE RN B 9 s B A A b
HEATE M LU 4317

3 R PRI R A3 SRR S R TR /2 U R
AT A B A TR R G T O R Y 6 T
R, SEg a5 R A 8 R .

I 8 1. /R H e £E (0~0. 24) Fi1 (0. 85~
1. 00) B BRI A5 M b K 71 7 SCHR I L 43 SR L e

&l 6 {5 ks E
Fig. 6 Experimental diagram of SNR

spectrum
| <'I11il|l\4')’.i"['

balanced

| e /77 s detheor
h\/‘___ 1 |
PBS o | ® 4@ }:
;.-lfi: * k

}.‘.I i

7 5 b S 06 i 3 K]
Fig. 7 Schematic of SNR

60 : -
« values for balanced

== : — fitting curve for balanced

< 50 + values for convenional

S 45 — fitting curve for convenional |
;" I|_r .}7_,:. —r h"“-ﬂ

3 a5 3 X |
= . L= i P \ it
L 30 pe—r , Y T \

T 25 P kil
S 90 Ly \H
L t
B 151 X

- t
0 01 020304 0506 0708 09 1.0
Beam splitter coefficient

B8 5 e b 5L B 4% S
Fig. 8 Experimental results figure of SNR
7 (0. 24~ 0. 85) B - 4 xR AT M bb K T B 4R
WY A3 € 0. 24 5 0. 85 I 6 Ffr 3 I 7 =X A5
M LY AH 45, AR B L e SRy 0. 52 B P A7 2 4 I 25 1t 1 sk
) de KAH L 29 L BRI 5 10 dB,

5 4 ©

A SCRFGE T RUT- i 2 T 4 B AL L 2
NG SD AR 3 EE AL C S P
G I A/ 4 TR T LS A A7 K
LV 5 OB W 757 3R 3 5o 6L W 7 AR 7 4 4 e
T TR AR A 09T 45 20 TR R S
125068 OB A0 38 3ot B 5 1B 2 B L P05 20

0114001-4



VP 7255

2 pm WOV A 22 R TQ A% 4 5 15 2 LE BIE 5T

TR G 51 LG T A2 T 0.5 BXFR
A hy . D5 HAR R AEMFE AL S P
UM R 2R G 9 fi KA M G L 30 A PR R 4
MfEMR L5 10 dBRL b fRJGHEHE T2 o B 4
R R R 58 9B T O6A 5 1 TE S R i i
U S R G A A/ 2 R R S A R T R
Z G A L L X I P B AT T SRR
LR AR MBS HEA 5

& % X #

1 Yves Painchaud, Michel Poulin, Michel Morin Michel Tetu.
Performance of balanced detection in a coherent receiver[J]. Opt.
Express, 2009, 17(5): 3659~3672

2 Wang Chunhui, Gao Long. Investigation of balanced detection
and receiver for coherent lidar[CJ]. SPIE, 2009, 7382 738201

3 Rod Frehlich, Stephen, Sammy. Performance of a 2-ym coherent
Doppler lidar for wind measurement[J]. Frehlich. AL. 1994,
11 1517~1528

4 Kimio Asaka, Takayuki Yanagisawa, Yoshihito Hirano. 1.5-um
eye-safe coherent lidar system for wind velocity measurement[ CJ.
SPIE, 2001, 4153; 321~328

5 Russell Targ, Bruce C. Steakley, James G. Hawley et al..

Coherent lidar airborne wind sensor I1; flight-test results at 2 and

10 mm[J]. Appl. Opt. . 1996, 35(36); 7117~7127

6 Soreq NRC. Optical noise in a coherent lidar[C]. SPIE, 1992,
1971. 337~344

7 Gregory L. Abbas, Vincent W. S. Chan, Ting K. Yee. A dual-
detector optical heterodyne receiver for local oscillator noise
suppression[ J |. J. Lightwave Technol., 1985, 3(5); 1110~
1122

8 Li Sikun, Su Xianyu, Chen Wenjing. A new wavelet transform
method for optical carrier-fringe pattern phase reconstruction[ ] ].
Chinese J. Lasers, 2010, 37(12): 3060~3065
2RI, TR, BROCHER. — I Y N AR e A ] O 2%k SUAH L
FA LI P ESE. 2010, 37(12): 3060~3065

9 Yang Junbo, Li Xiujian, Yang Jiankun e al.. Optical matrix
computing of rearrangeable optical interconnection network in free
spacel J|. Chinese J. Lasers, 2010, 37(7); 1762~1771
W, 2. by ddh S5, [ el 2 (AT AL O B % R 4% O A
HilkeEs (1], +Esk, 2010, 37(7) . 1762~1771

10 Qian Xiaofan, Rao Fan, Lin Chao et al.. Speckle noise reduction
algorithm based on principle of shearing interferometry [ J J.
Chinese J. Lasers, 2011, 38(7): 0708003
BRIEIL, B8 WL AR B AE. SET Y U0 T 0 5 (Y TR N 7 R
k(T P Bk, 2011, 38(7): 0708003

11 G. L.
suppression for homodyne and heterodyne detection[J]. Opt.
Lett. , 1983, 8(8): 419~421

12 R. Garreis, Carl Zeiss. 90° optical hybrid for coherent receivers
[C]. SPIE, 1991, 1522.: 210~219

Abbas, V. W. S. Chan. Local-oscillator excess-noise

RERE AT 4%

0114001-5



