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New Combined Phase Conjugator Consisting of Fused Silicon Rod
and Optical Fiber
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Abstract A new type of combined phase conjugator consisting of a fused silicon rod and an optical fiber is realized in
experiment., This conjugator combines a large diameter fused silicon rod with high laser damage threshold and a fiber
with a low stimulated Brillouin scattering (SBS) threshold. The composed SBS oscillator-amplifier construction of
the two cells type makes a forced SBS process, in which the Stokes beam reflected from fiber injects in the fused
silicon rod. According to this mechanism the combined phase conjugating mirror possesses lower SBS threshold and
higher reflectivity than the conjugator with bulk fused silicon, single optical fiber or combined fiber. It can also be
used in a high power laser system. In a laser diode (LD) pumped high power high repetition rate master oscillator
power amplifier (MOPA) laser system with the proposed conjugator, 42.05% reflectivity under 100 Hz was
obtained with high beam quality. The beam quality parameter M? was reduced from 3 to 1. 6 and the beam spot was
stable. Under 400 Hz repetition the beam quality parameter M? reached 1. 7.

Key words laser technique; combined phase conjugator; stimulated Brillouin scattering; beam quality; fused silica;

fiber

I B #8 :2007-03-07; W EIMEBAR H 3 - 2007-04-13

EeU B :-ERXAAPERSTETRYHEPT B S 24 (10376033 BT H .

EEE N P A982—) WA P54, TENEBOL S ELRENFE T mBBR.
E-mail : wind112@163. com

SHE P FA946—), L WL A #0814 S0, B RTRFSE 7 1 b IR b2 (B AR BOL S .
E-mail: chenjunl @zju. edu. cn

* WIEBE & A . E-mail:chongliu78@ hotmail. com



9 T % BORBEILSHRNHTEE S RAMIEES 1213
1 51 5 FaEF 2 WA BN S R R EA B A

ot — R (LD) iz B9 & 2 R B (R B0 4% B
AREEPR 2 ELN IS &R AR, &
AF—NREEBOE RS . HEZMEAEEHIL+
HERFEHNTABELEETHENER. XK
A A AN R B SR R TR B BB RGBSR
JO7 AN, Ay W AR S A . 52 o B UK O (SBS) 2 —
Fob 7= 2 6 SRR 1 36 5 L A 8 kM A B B RO 19 T
M B R P A T BN LS R B LA
kU i THEA I T AR AR E ERE TR,
LA B3 N A 58 42 T 35 45 WA A0 S MR BEAH BE B9 1
SRR A AR AL R A T IZ MRS .
W0 SR N AL L HE A R A ST IS 1 SE
ML R BRI R, d TR BABRKE
A5 P BB AN/ B S AR R D B2 A B I U 4 R
HA B Y 32 A B O BE A R B R A
shod B, X T ORI 3R E R WO R
B iz Ot /N BRSNS T AR S 108 B
Bt LA B AT TC 18 2 ARG LR B A RS R 4L 5 64
YR oA AL B i SE I AR R 7E R SRR R A
WRTHATHE . R A AN TR F
HEARW LUMARMR K, i b 3 R BOETERE A 3
2B P G 2 3R S T BT 3 R LR A BRE . (R AR A
A 7] B 250 SLH R T 0 1R A% B L N R B Y iR
Ao B REAXEERR EHTT RS, HE
2 2 B RN Lk A9 8 A D Berl 47 S 5 85 52 46 AR 2 A IR
HREFRT BATHNOT o A SCRR A O e
MOGEr LR B & RAR A L HE 55, M B T IR G-I
RI A X =X 32 WA N O A, A

T BRI BT B WO BN R G AR . SRR
BAREE TR ageE, B4 2R L g B A AR A0
2 YA B R RO B L 5 R ) B2 A B N A B

2 EEARE

B 1 AFIREAEBERDCA W RN E & BIAEAL
PG A R W BN ROUR AR AL 3% BE ' BY 52 5 3%
B, HEORTHREMEZEMN Nd: YAG #6 QIRE
FWOE, B KR ERwE . WA (PO RER
St A% (Farady rotator) &4 1 By Ik Z KK G
BIEOETE ARG H P 3 IR G R . Bk
K Nd: YAG B (AL, A) HF6 mm, 160 mm,
B L,,L,, E=% (vacuum tube) K 90°f H g F%
FQROHARBIERRG . G b AR YR 83
A, T 00 B 32 o B UK RO A R RS R Y
RN 9% . Ly RAEEH410 mmA BB A
FHEREM H4E30 mm, K200 mm P IF A EEH,
L, BB #5200 mmf) N &E S, BH&E K600 mm, K
2mMBEARENARELEE L WESZE,#
B AEBENLH L BEFEAGE P, &
Outputl 1 Output2 £b43 3 20 23+ & 20 & DLt
B A R P05 A0 32 WA BN BT R ST &
B A BRI P08 3R 15 B9 32 0 B U RO S ) B
JCR AR 1 M2, #1758 B R G M w
& A P, (Output) Ab%r iy . AR H TR B S &
BT S Al AR A7 B AR L 7R D PR 2R — G ot R A5 B
B, AT 32 e i B DR & .

output3 fiber
. outputl A4
‘ Faraday p71 Ly vacuum L» P G, blate L; L,
TR P I W
oscillatorw | U  —— U A, //\ ) —
in QR fused sillica
plate output2 rod

A1

HETMEEELERE

Fig.1 Experimental setup of combined phase conjugator
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Fig.2 SBS reflectivity with both combined phase
conjugator and only fused silica rod under

repetition frequency of 100 Hz
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Table 1 SBS reflectivity and pulse width of combined phase conjugator and fused silica rod

(repetition frequency 100 Hz, coupling lens f=410 mm, amplifier current I, =1I,,=90 A)

Oscillator Pump SBS reflectivity SBS reflectivity with Pump laser SBS with combine
current laser with fused silica combined phase pulse phase conjugator
energy ro 0 conjugator 0 widt ns pulse widt ns
/A /m] d /% j /% idth / 1 idth /
59.1 25.2 No reflectivity 6. 45 68. 82 31.28
59.5 29.8 No reflectivity 19.2 62. 48 31.34
60. 0 33.2 3.5 31.5 60. 00 32.56
60.5 40. 3 24.8 40. 6 50.73 32.94
61.5 41.9 32 42,05 61. 43 30, 40
T '(ak)' oscillator combiqed phase
. current  fused silicarod conjugator
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Fig. 3 Pulse width of input laser (a) and reflected SBS

output with combined phase conjugator (b)
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Fig. 4 SBS laser speckle of combined phase conjugator

and fused silica rod under repetition frequency of 100 Hz
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Fig. 5 Far field laser speckle after
double-pass amplification
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(b) fused silica rod; (¢) 0° total reflection mirror
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Fig. 6 SBS reflectivity with fiber as phase conjugator
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Fig. 7 SBS reflectivity with combined phase conjugator

and fused silica rod under repetition frequency of 400 Hz
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Table 2 SBS reflectivity and pulse width of combined phase conjugator and fused silica rod

(repetition frequency 400 Hz, coupling lens f=410 mm, amplifier current I,, =1, =90 A)

Oscillator Pump SBS reflectivity SBS reflectivity with Pump laser SBS with combine
current laser with fused silica combined phase pulse phase conjugator
/A energy /m] rod /% conjugator /% width /ns pulse width /ns
55.5 30.0 No reflectivity 4.9 56. 69 28. 84
56.0 36.4 No reflectivity 9.57 53.32 18.58
56.5 43.1 1.3 10.5 62.78 30. 32
57.0 54,7 2.6 11.76 60. 09 29.41
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