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Self-mixing velocimetry based on verical-cavity surface-emitting laser
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Abstract: The self-mixing interference based on a Vertical-cavity Surface-Emitting Laser(VCSEL) was
investigated. By taking a VCSEL as the source of a self-mixing interferometric system, the effect of
different types of scattering surfaces and injection currents on the self-mixing signals was analyzed. It
is concluded that the black and glossy photographic paper target will bring unfavorable influence on
the self-mixing velocimeter and the operating currents with 1—1. 4 times of the threshold currents can
offer a self-mixing signal with a stable and great amplitude. For the longer preheating time, the pow-
er-up time of self-mixing velocimeter was discussed, and the results show that Doppler frequency will
be stable and accurate after 17 s. The obtained results provide instructions for the parameter optimiza-
tion and the choice of light source of a self-mixing velocimeter using the VCSEL.
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Fig. 1 Schematic diagram of self-mixing velocimeter

setup
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Tab.1 Experimental results with different types of surfaces

i o Frequency Relative Var. Amplitude
Surface Velocity  Direction
/kHz /% /mV
CwW 274.16 0. 044
Fast
, CCW 274. 951 0.03
White Paper . 7.0
CW 14.18 0. 342
Slow .
CCW 14.23 0. 547
. CW 285.22 0.132
Fast
White, Glossy CCW 281.77 0.092 .
.o
photographic paper CwW 14. 48 0.426
Slow
CCW 14.55 0. 355
CwW 276. 66 0. 156
Fast
Black, Glossy CCW 276.66 0.082 5 0
photographic paper CW 14.09 1.016
Slow .
CCW 13. 83 1. 061
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Fig. 2 Relationship between amplitude of self-mixing

signal and VCSEL injection current
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Fig. 3 Relationship between frequency of self-mixing

signal and VCSEL injection current

T W B N W B TR 2 BT I R IR
TAE AR B A AT fE = AR BRELELA il &
LR LR e . BRI, O BIRGE S &
JER £ % 45 R 4 fE VCSEL T fE H i N
8~11.5 mARH A g CH P8/ 3 a2t 32 ) &
HEMERZE . SRt KR BREES
WL A X R o Bil T A H i & 2B 72 4k TRl AR 7R
8~11.5 mA B 4T .

2,14 3 g a R RN 7 VCSEL ok A
TR G BE 22 40 v P SO 7 14 AR H A 38 8 A I
L 9 (Osram A ®) VCSEL [# {8 B 35 0 8 mA) (1)
I~1. ARG 1E TR ECR HARE M HIRG 1S
5 B UL SRS B 1 22 S
3.3 FHEESE

VCSEL 0t A R 4 I 3 3 46 52 by v A A7

TE— & W IT AL ER N () 3R 50 5 B — & /Y s R i)
] A~ RE 35 B AGE o DA T O TIE D 32 o 46 152 P I o
X HEG RETFHELZEHITHR . K485
UOFHUIRS T 30331 1 & 10 2 3% 8 3R 5 I L
B[R] B OC 3R (L3 25 0[] B e o 8 TAE i I
8 10 mA),

—=— first
2 5k - —+— second
= /7
- H - --o".-'uoa-l';;l‘:'qul
22.0F /\/ \../ E".: s
i A s W
T J/
= 21.0F |
=
A Ao
205F 7 ||
200} ¢ \/
19.5+ !
0 4 8 12 16 20 24 28
t/s
4 2 IR AR TT AL B] Y A2 A
Fig. 4 Relationship between power-up time and

Doppler frequency

UnTEL 4 Frs R B P UOT LT R 2
TR LIS 17 s 2o 4k TR E - T A6 ik
Z R RO AR TR 2L AN T 2
MR . XG5 R R YA 2 R G 12238
o BEAT ECHE L DL O B R A I R G R TR
I [R] (28 58 RE R BR 196 2 0O 1 IR 5 D00 T ) 7 22

AR SCER X T B T 5 S AEOE R ARG
03 2R 8 SR AN [] 26 17 286 28 R T A H O B 4R A5 1Y
R 5 DR S B 25 5 0T e T 4% R g2 o
Bt ARG ME RGER . BT R LR
R AER B B R T2 0O B IR G 15 5
AN S 5 O A B AR A AR B E R
I~1. 42 18] TAER BE A BN HARE I HIR &
fis. F.EHE THOL A RS RENITHLE
R ERIFOLGE 17 s 24 ST
Z A R E THERR AR E . DFRai Rl T
P T 2 S SR OG8RI AR G A DOL IRk 4%
MBS B PR T .



R B 5885 BT U A S SR OLAR 19 B R 5 I S 27

S % k-

(1]

[2]

(3]

[4]

(5]

[6]

7]

KING P G R,STEWARD G J. Metrology with an
optical maser[J]. New. Sci. , 1963,17:180-182.
RUDD M, GORNIKA E. Laser Doppler velocimeter
employing the laser as a mixer-ocsillator [ J]. J.
Phy. E, 1968,1(5):723-726.

LUL,GUI H Q.XIE ] P, etal.. Effect of external
cavity length on self-mixing signals in multilongitu-
dinal-mode FP-LD[J]. Applied Optics, 2005, 44
(4):568-571.

OHTOMO T,SUDO S,OTSUKAL K. Three-chan-
nel three-dimensional self-mixing thin-slice solid-
state laser-Doppler measurements[J]. Appl. Opt. ,
2009,48(3) :609-616.

GUO D, WANG M. Self-mixing interferometry bas-
ed on a double-modulation technique for absolute
distance measurement [ J]. Appl. Opt., 2007, 46
(9):1486-1491.

WEIL,XIJ,YU Y,er al.. Linewidth enhancement
factor measurement based on optical feedback self-
mixing effect: a genetic algorithm approach [ J].
Opt. Ay Pure Appl. Opt. ,2009,11(4):1-9.
SHINOHARA S, MOCHIZUKI A.YOSHIDA H.

et al. . Laser Doppler velocimeter using the self-mix-

fER A

B ZAI8—). B . LZBEEANEH
B AR L 2000 4 F 2K AR
At 24 7, 2005 4F T i [/ B 2E f R
REEFAFE 207, BN F S 15K
HE A SE D7 Wi A F ST . E-mail: li-
anglu78(@ gmail. com.

3 AI(1985—) . 55 L WF ST AR . 2007
ETRBORFRF LA, EENE
HL A% 8% N I &R 8 1 BF Y. E-mail
zhangke8596@163. com

[8]

[9]

[10]

(11]

(12]

[13]

ing effect of a semiconductor laser diode[]]. Ap-
plied Optics, 1986,25(9) . 1417-1419.
SHIMIZU E T. Directional discrimination in the self-
mixing type laser Doppler velocimeter[ J]. Applied Op-
tics1987,26(21) :4541-4544.
HUANG M,ZHOUN Y, HASNAIN C. Nano elec-
tro-mechanical optoelectronic tunable VCSEL [ ] ].
Opt. Express,2009,15(3):1222-1227.
MANDRE S, ELSABER W,FISCHER I.etal. . E-
volution from modal to spatially incoherent emis-
sion of a broad-area VCSEL[J]. Opt. Express,
2008,16(7) :4452-4464.
LIM Y,NIKOLIC M,BERTLING K, et al. . Self-
mixing imaging sensor using a monolithic VCSEL
array with parallel readout [ J]. Opt.
2009,17(7) :5517-5525.
TUCKER J, RAKIC A,BRIEN C O’,et al.. Effect

Express,

of multiple transverse modes in self-mixing sensors
based on vertical-cavity surface-emitting lasers [ ] ].
Appl. Opt. ,2007,46(4):611-619.

WANG W M,GRATTAN K T V,PALMER A W, et
al. . Self-Mixing Interference inside a single-mode diode
laser for optical sensing applications[ J]. IEEE Journal
of Lightwave Technology , 1994,12(9) :1577-1587.

‘G (1984 —) . 5 WL 5E 4k, 2008
ETRBORF ARG L2, FENE
6 H A B B N R S T 5E . E-mail
dj3577@163. com

K OEA982—) . B LR A U
Ui, 2003 4, 2008 4F 43 5| T2 BUOK % 4K
L o N 1 e Z VAN S N B i R
B R G F Y . E-mail: oezhu@

163. com



28 it K Y %19 %

ARSI (1963 —), B, WL, B4R 1l &
A0, 1985 4E T LB R L
2L, 1988 4R T £ BOG 4 K % AL A
ST M 4 24 41, 2001 4 T o [1 B 2
BRI A RAG T L2, 32 2 AR A
AR R N RS 5E . E-mail.
benliyu@ahu. edu. cn

BE SR (1977 —), 48 4. 2000 45,
2003 4F, 2008 4F T 2 B2 23 i 3115
b WL A, BN A
JE N 2 G2 Y 58 . E-mail: slzhen
@ahu. edu. cn

MR (1972—), 5 L WF58 4, 1996
AR TG O R 2 3R A 2 2B L, 2007
T RACIE R PAF0 A, F 2
o 2 % & BOF 58, E-mail.
hwl1972(@ gmail. com

@ THAT &
TR B RUE BN S FEREL

Takayoshi Kobayashi'**
(1. University of Electro-Communications, 1-5-1 Chofugaoka, Chofu, Tokyo 182-8585 Japan;
2. ICORP, JST, 4-1-8 Honcho, Kawaguchi, Saitama, 332-0012 Japan)

TE Rull(TPP) (CO) H, F FI Ik 58 <5 fs 30O Ik ol PROG IS [ i 0F 50 1 i PR st Fn AR sh sh 45 . #iF
%U\y‘]’ﬂﬂlQm,o)(ﬂﬂT* ) and lem.o) (mym” )FE:/_:EE,:J/]UE:%EIQX(I,O) (mom” )_’lem.o) (o )" (d, ")
—=>3(m, ") ' Quoy (momw™ )= (dy ) =% (rry ™ ) B P M B fE 2 32 0 3K BE 48" Qearoy (s
) Qoo (o™ )3 (dym ) 1P (e x )Y FH AR IR (230£70) fs, (1 1504260) fs,(2 150+
360) fs MR T 4.8 ps.” (dom ) HI (o™ ) W FF AR Al 31 (2 150 £360) fs FIR T 4. 8 ps. HHH B
Stokes-shift i3 72 HF A HE & WK F 2 TN Qoo (o™ ) BN Queonoy Crrs ™ ) 1R P 8 B[R] A7 (190 £ 40)
fs3! Qoo Groome™ ) I 3 5 32 IR (V] — 5P AR O 98 o o A 435 &1 1% 43 i 32 T A0 s [ 722 £ 1) i 2
G5 B IEA LA 5, B e W] LU b i 2 58 R Bl A R = H A 2 (R] A AR T Y [ £ 52 T UK
RIPEETH Franck -Condon 0 E] =8, BF5E &I, S G (a7 5 b {5 20 2545 5 A0 1) 48 B0
WOE 2 = F SR 3 15 5 30 1 48 B KB 2O RoR X Rl 288 4 . A S iR 3l A 1 28 Ak 1 B R A
IS . B G R AR SIS A S AR S T A AN R TR SR = A R IR B S . R
(1) I S A0 T 398 R FR R S = A AR S TS S iR K . X B B AR AR 5 S Y 3h S AR AR
) o 30K o Y 40 2 S %) D DT R A8 8 Oy i 2l A5 199 28 A PT L AJ t, A: D0 Ak S e R IR IR S B O
MR SRS TR ESM = E SN ESR.



