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Measurement Technique of Signal Noise Ratio Based on
Resonator Oscillation for Femtosecond Single-Shot Pulse
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Abstract A measurement technique of signal noise ratio based on resonator oscillation for single-shot pulse is
proposed. Through precise setting of the resonant cavity length, optical path difference between two resonant
cavities, and the reflectivity or transmittance of the high reflectivity mirror, the three key indicators of high dynamic
range, large time window and high temporal resolution are easily realized. Meanwhile, high fidelity of measurement
signal is guaranteed using full aperture beam measurement. Theoretically, various kinds of function and stability of
the resonator structure are analyzed. Influence of errors introduced by dispersion on results are also analyzed. High
reflectivity mirrors with wedge-shape are introduced in the resonator cavity to avoid the noise of minor pulses. In
theory, the measurement of high signal noise ratio (10" ) , even higher signal noise ratio, and high temporal
resolution of hundred femtosecond can be realized in this construction.
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Fig. 1 Schematic diagram of signal noise ratio measurement structure based on resonator oscillation for single-shot pulse

0904001-2



H = # ot

B G HE AR B B S R AR AR L A IO S B 48 B Ay B BE S JE ar TT L A BIE A YIS
PR b R AEAR D TF A ko S 0 PSSR s b HL R HL, S SR T R . P ) A 5 O 1 R A R
B S BT 1 S5 23R 00 50 Ry R, AH N b, L% S 430y T A T, o M R ML, Ry BRI 42 B8 %o g 20 A
XERRIG AR . ARSI A T A Ik b B 7 VR AR s B OK [l B8 — KK R S — AN SR N T Ty o R e T oy T I
Ik (R =R, =R, .k 103 iS5 5 5 i 0 5 0028 & ARkl 2 — 1 g AL 089 B2 B R B, T A0 T 20 310 4 Jik
RN S R S AR e i S B R TET R T =T =Ty s T R T 53 500 A Wk ofr A S8 R0 1 55 30 A1 I i
o S BRA BE ETED B 37 S RSO, A Y T X Bk ol ﬁTﬁ{)ﬂE P kA K bk U, I S R
T. TR T, T

i, Ni/ﬁﬁﬂﬂwthzﬁﬂ%%*mo\?ﬂik /\%"“rtbﬁﬂiiE’JFTﬁHﬂWFFQEbkE’JHT”HﬂHFP B o e 4 i B 45 ik e
ST RO A 1Y de A G5 T 5 D 1 AT K v 2H S ) e 00 Jk e

P AR B R X ik L A 2 Fﬁm,txﬂm{ﬁhzwﬂ%l/\mﬁmﬁﬁﬂﬁ&ﬂ T 7 A E A AR I M R 3 AR
PR IE Z 5] AR REIR AT (k) LA K AE 5 1S S0 6 1 FE 5B AL ZE IR T g R SEEE

=50 pst= 499ps =498 ps  7=(50-0.1Xk) ps7=0.1 ps =0 ps

= 10
o >~ > -~ < s o=
E; I T= 49_7ps :
B ‘ i i
= i i i
& ;
S 5L :
= s At=b nsAt=5 ns|At=5 ns; g At=bns
‘g o o e ] T N
0 ‘ . . ‘
S0 5 10 15 20 5Xk  bX(K-1) 5XK
Time /ps
~
2010
2
2]
=
R
5 bt
'U wnn
S
E J
0 ! L L LN L I !
S0 5 10 15 20 5Xk 5X(K-1) 5XK
k=1 k=2 k=3 k-4 k=K-1 k=K

Time /ps
[ 2 HAT K o A2 A A S5k w52 g A B Ik e 3 [
Fig. 2 Pulse sequences generated by pulse replicators of fundamental and second-harmonic frequency
WEL L FTR  HEA K R bk o 7R A 1 TS IR I B[R 2D Ok B RS R T A AR R TR RN BE 25 AL EI’J
FEAE B R Bl — U, A% W00 38 R o 9 40 4 bk o ) O R 25 S 2AL , AH I Y B[R] S8 R 3 in 2AL /e
c=2.9979X10° m/sKGHL, WIS & A K i X 22 8] 38 2 185 4% B ™ 26 9 B ] 228 R

sty =k - 2oL, W
P, AL BB 73 BER T csotion KB E
1
AL :?C o T resolution o (2)
12T 58 U TR B 1A T o FT 4 o 55 B AR IR R J S B0 0 8% v, A A5 0041 418 Tk o S B8 T5E 51 — T o 119

HﬁlEﬂL:&(ﬁv%‘%mH%Mﬂi%{*ﬁuﬂﬁn,azﬂzkmujvﬁJﬁﬁE),L#%%%%H#%/ﬂlﬁr“ﬁuwlﬁﬂhﬂﬂ/\

AN WSROI 8 0 07 R S W7 ph 32 K 0 OB (B AT T o 10 7 D 2 A U i 2 5 ISR AN B D B TR

CEETiN

A 25 BE TR — T sinaon IO REIR AR (D 2R (2) 20 A GG AR £ Sk v 22 8] %) S Bt ] E 3R «

=T intow T AT (B) =T sintow T & * T recotution » (3

AT WK (AT 50 ps N EIAE IR LG s BRIIE — M2 T vitow = 50 pso BTN FHER T ruion 32 R T

AL 5] 35 3 5 B BRI B A B T ecotunion = 100 fs, WARHE (2) 20, AL =15 pom, H A 13 ALK F1E

FBOAMEEE] 1 pm BORERE L R AL RS 20T AHER S2 BLAY L RS E MR R 5 3 W IiE . A 4 R

0904001-3



H I i G
Trcsolmioniﬁnﬁrj‘rﬂ’_@_‘ l:I Twindowﬁﬁ%E 9/3%“57]\(7*5@)3X¢ﬁ K Eh:%%y%%

K =T indow/ T resolution o 4

R Hy FOH . PR R (A TR E
Ve * R =1, (5
R=0/V ), (6)

N R=R, =R, iR I R BCBE 0 B 3, (5) 255 SO 4 2 ik infr e {01 A7 4 K o sl P 7 AR B X L JBE A
V comrane B0 25 Y00 B FR) K i, 368 o0 08 0, (745 2 ok nfo e L RS 30T ) 5 6 B 32k 300 45 4 DK o i R P AR G Ak ) £ 45 5
JEE R 4 A i 4, AT S 17 D' FEL AR 9% ) 8 25 9 R T A, T 8 7R 1 W R M i 3 A o K o e A B e A v
Pk teh AN [ i B2 R AP R A i S S N ) 9 A 0GR L 1 T AT v A IR Lk e ) 58 2 A L T
ST X ik et A [ £ 2 5 B0 T 5 A 0k

—
(=

R=R,=0.955
V Lrast: 1010

cont

Attenuation ratio /10°
> (=2 o)

Do

(=]

(W)
(=]

40 30 20 10 0
Time /ps

P 3 2 80A 3 A 1 4 2 3R 0 [R] 79 72 £k
Fig. 3 Variation of attenuation ratio with scanning delay time

5V eontrast = 1075 T indow = 50 PS» T recoturion = 100 fs, W H (2) . (4) L (6) X015 ,AL =15 pm, R =0.955, Bl¥f
PRI R 22 AL &N 15 pm. & SROBE N R Z RS R $5 8 0,955, il SEEL 10" 19 /&5 15 e LL L (W] s
FEARUE K ) 7 1 A FT 2 T S0 & RAD A% & B a] 43 B

B ) ZUAT T X TS B AT IR L Ve » 5 TR RE K NS CRIB [A] 23 BE 2 T coruion AN 2D I8 20 Bl /N 5
S SCS #6 R B AT S B A, B0 4R M I v R A M L 5 AT T B T Y Bl A5 L, AT DA
JERT T A T L ol ) 0

BT O LRI A5 2R AT HL A 3G A (PMT) I R I A9 K B Lt PMUT 14 e 7 B[] e — M o i
PMT ) EFHEA 1 ns, FREWTH 2 ns, L TR RN A Aol & 30 PMT 220005 5 i /N E B A 5 ns Dok B
FPASFEAT 5 I LA A B it v ik b w22 18] 9 B (8] 18] B9 152 88 Az =5 ns, B4

JAVAR NS

L=
2

=0.75 m, 7

RIIE PR s i B2 0.75 m,
22 FEMEEAARX

A T B R 400 (BBOD & R B AT Al 2Rk 2R 0K AR DG e 4 5 K 363403 1 {8 v 25 P T, R ik ol Jok 5 A
5 W BN 5t 1) 1 R AR B A DG {SCT 5 AT R I R A . AR D 8 b AR RN A A AR R 35 Ok BBO @A £
BRVCEL T R Type 1Co+o—>e) . FEATOG 5 545 6 28 18 0k 20 B3 5 43 B I » vh 090 30 1R fs A0 490 30 3R s 2 461 1
Jok w7 410 5 A SR B FRUEAE FH B BBO SRk b, & 2R BARSCAE T, FAs UG i 75 X8 Type o+ e—>e) , i %2 5 i
(2 s O T S BUAH AL DE AL, A o SR RS AR e SEHCEEARY , F e FATE B2 19 BBO fh A 6l DL IR BT A%
WL B BBO &b 465l A T 1) il .
23 SREE,£2O@MKERUE

DL B4 Bk v £ M L 00 2 8L pR T 0 T A5 B A0 R0 1 SR e A O A 1 SR AR S R gy 5K
P8 I8 T 28 SR 7™ A Ik v AT A2 B K Jk e £ 30 1T 430 R 1 229 48 s B — B 43 ™ AR S [ ) B ) E R 5
F18) B 80 3 A 5 ok 2 D) 4 A o P T 40 B0 T S ESF Sk w0 90 T A A 49 o R vl X R 2 7 30 5 R R AR 57 1) 3R o

0904001-4



H = # ot

A7 30 TG 43 A0 AN F1 5T R e 0 5 SR

G381 XA T7 A B A AR E A 7 T B AR AL B T ) A IR P D37 4 Ak 1 I ] 5 2 ) 45 1 = A
[ {10 ARSI B b 9 O SRR i R — E FEARL, B, T RE 2 DR BRI A RS B A T I R 25 1 A7
%E:H45:o

BT 5 R L E =0 LRI 4 L AT 5 4 F B8 5 0 Jok o %) D oy 5o 88 3 A 15 A5, a4 5 88 R 57 81 1) LA
LGRS R Y S P i 2, BT s i R L,

3 IR AR E AT B

A1 (2) AT A7 ZEARAE T recotunion = 100 s R[] 73 FF 3, T WAL IR IE K E L =0.75 m BT ORIE
AL =15 pm (/MK 25, 308 BRI IR s A A s A s M A A LA PG 3 R 1 728 1 45 174 5% i R 5 7 7T 422
ZVEE . 20078 L=0.75 m MM R BRI K A 3 sh 8 B R 8 7E 0L =1.35 pm DUF %A E
P R BRSO RS R P A O 1

1) e PR TH T B AR R PR BE TR A AR O BRAR A K R B0 MR o2 IS Al . PR R EE 1Y
Fas il T SR FH i R K A R A L LabTech 23 &l 9 8 48 sCH6 PR K 1 48 L s 0K B2 vT 35 81 £ 0.02 °C (8%
B 5~35 °C) RN K R B0 BT R FH BB (RS % & S A9, LI (20 CAAD) T IIE Ik REUNT
1.6X10 °°C 1(0~50 CHNY, LTSI L =0.75 m, R G M . B #5175 (20£0.02) °C,
A A A IR B A At 5L '<C0.024 pm /T 8L =1.35 pem , W] JE %R 10 R PR SR

2) AUMES M7 I, BT I B A R G 22 6 B8 IR R 0 A7 A L A5 B B 0T A B BE HLIR Bl Y
M) Jo7 AN R R MG S 06 3 IR BE T HILBRURR S A 2 T AR Y

Ty Ah MR TTRE S SRR FR M SN AR R, % M R RE SR F B EOR ARAR B AT RE R R R 14 e A S
DG TTA I I R A 2O R A AL AT SF RO A R IR R BUR K AR g, — RBOLE Y AR
10~50 pradlAiN , DL KA 50 prad 61 HEAT 50 87 . 0 516 ) 55 R0 4 A8 b ik 8L =0.088 pom, /N T i
KAt sh it 8L = 1.35 pm. 0% BB LG R MAIEAE 2 prad DUT, K98 0 F 808 K4 &
OL'<C1.5X 107" pom, ST /N, RO o A 82 %t I 6 £ 52 M) 2 v L ZZ0 66 Y

4 A O ik v iR AR B 5 )

AT MR LU I & R R T Tk o A R IR e ok o] B SR L B RO B AR IR I A 1.5 mL L
Veontrast = 10" 0 T intow =50 PSs T recoion = 100 fs Al 1 (4) X MHF . K =500.55 K Mk & BOLfE L, =
750 m, ANARAE A SR RE L D0 23 D00 S B0 CRD K b A R L A ARG (A T R

P n AE P AL LERY T .

2406030 15997 j
130 —g? 38.9 —¢*
( p j {1 ~+ £ (0.817 —0.0133¢) X 10"
720.775 1+ 0.0036610¢
KA AR P BBAALIA torr, 1 torr=133.322 Pa,t AHICIERE AN Co=1/2 HIEEL LN 1 /pm, 56
SRy A SRR, T 28 f RN R

RG2S 2 SCk s AT LA B S ko 5 M b 22 R B AR AR e &R . XK SE R 30 fs, Bk I {E AT 50 ps
ALAFE M EE SR 10" Y s 30T Bk b, FE A 4% Lo =750 m MY B 5 . 25 5 B L = B R0 D B e i, LA MR L B 1S iR
RS b B R4 SR e 4 firs .

4 M IKTE 30 s FE 50 ps ZLAFME LA 10" B9 A G = ik ofoR B & 4 () Fros s iR s o s
s B AR HE R SRR AEH Ly =750 m J5 {5 ME il 10" B 2] 100, FEAREE R 2 N R (L4 b
AR MR (U BY FU28 FE A58 =) L AR MR e AR AR/ )N DR LB Bl 2 4 v M LS B R 0.1 Pa B, T 4(h) i £
M s AL HE 5 Dk vt Ze 5 A STk o th 268 5 47 1 L OR300 1 RSN AR S DR I 1 M8 b 2 8 D0 o I, 00988
I A TR i s 1 AR 0.1 Pa 19 B2 BE , DUTH R (8 0% ) o Rk B 52 1 Ik o 2 LA R A8 A AR L E

0904001-5

n=1410%. [8342.13 +

}+f(5.722—o.o457az), (8



iy
H
&
g

_92 -2 ——101 kPa
10 kPa
-4 —1kPa
—0.1Pa

Normalized intensity 1g I

o
S 0]
Normalized intensity 1g I

0 5 -5 0 5
Time /(10¢ fs) Time /(10" fs)
Bl 4 COBKTEHN 30 fs.7E 50 ps A0 {5 M HL Ry 10" 9 A 5 o5 3 fik o 5
(D) AGT IR AL HE Lo J7 - 38 PR i v 28 SO 3R 0015 W LU 149 52 1)
Fig. 4 (a) Incident Gauss pulse with duration of 30 fs and signal noise ratio of 10" at 50 ps;

(b) influence of air pressure on signal noise ratio in resonant cavity after incident pulse propagating the distance of L
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