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Development of an Optical Phase-Locked Loop
for 1-THz Optical Beat Signal Generation
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KA
Schematic configuration of OPLL. (Solid and dotted
lines are optical and electric paths, respectively)
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X2 Si-APD 2B 5 a6 AAH L O Eh1E 5 Lo B

(a) : = MEF N EBET LD ¥ 1 I v FREEDER,

(b) 7 A4 3 ¥ FiREEI T OB OFE B A

Operation principle of all-optical phase-detector using

a Si-APD.

(a) : Definition of timing error 7 between optical beat
signal and external optical signal,

(b) : An example of integrated photocurrent as a
function of timing error 7.
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PEDPRSTH L0, AL—7LDELTHEHLTWENET
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LD OBRE) I, 3R &9 12, FEMIE BRI % Hefi L
PR S /NS 7 B X ) \ERBYERE AT L7z, F7z,
NP REOLEF IR LEMICEE SEERET TITo 722 B,
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Modulation .
signal EERR
Vce

3E#®DFB-LD /

3 37EM DFB-LD O S
Wiring diagram of three—electrode DFB-LD.
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IO RIS E TIA O IR ALS LB L 7 255, RIS
T B S SRR AR SIS EE T 5720, TIA OFfE
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WA WIS D 72012Si-APDIZBIT B ATEF D AR Y
A A% 43 um 285 % EDORISE T - 720

B2, )V — THIED)ILAI T 5 726, )V — TIRIEREH A5V —
TR A AR A GRS AR E R ERE 256,12, 22T,
— TRBIERERE & IAARFREE 5 AYOPLLN OV — 7 % {nfik§
LD HIFRTH S ROPLLTIE, R4DHEMHETHEN
TWE V=T HHER L TR ERZ EREY R T HWTHA X
145 x 44 x 110 mm3iZ & ¥ = — Vb L 72. K512 OPLLE
Ta—VOWRERT AEYV 2 — VD)V — TR L
1 nsTHY, 100 MHzELF OV — T8I L CL— FBIE
R T 2BETH 5,
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Loop ons
o filter ___@_ ___@

Si-APD

4 OPLL Ok (EDFA : erbium-doped fiber amplifier,
PC : polarization controller)
Configuration of OPLL.

K5 OPLLEY 2— )VOAMH
Appearance of OPLL module.
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3.1. 160 GHz E — MEF XD/ EBEEIEER
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BIE RPE—MNEDFAI Ty ¥ @EEMERT B2,
160 GHz ¥ — MEF o R R 2 47 > 729,

FREAE 5ot & LT, G i K 1540 nm#g U R LR R B
40 GHz/ SV A§2 ps DIE/ OV AF % V7218, RAMERE Sk
D7V ATREIE, 160 Gbit/sfE 5 THW 515791 ZAMEIZAH Y
LTk, 160 GHzY — MEF W& FEAETH L HIZYAF LD
LAV =T LDOWKERZFNZN, 15577 nm, 15590 nmiZ L
720 SEAPDIZBU A AT 8T —1k, BRESE 200 mW, <
A% LD:50 mW, AL —7LD:3 mWTdhb, TIAD FT >~
AL vE=F U A%5 kQE L, wikidds L 280 MHz 23
Lice 97V —=KZATDON—=FTT740V% EH, Jb— T5E
1d~ 20 MHz \Z7%5E L 720

OPLL O [RABIER RS 572012, € — ML &b EbE
SO EMBEMEZ 1T o 720 WEROHEEZ 61K T,
160 GHz ¥ — Mgt & MBS 5Ot o A HAH B o AR 1213
Si-APD# w7z, & 2T, 160 GHz ¥ — ME5 62 OPLL @
WIS 28087 4 Vo ZHWTHY L7z, ¥— MEH
I L AN B O MR IR IERR IS X D IRFI L T B,
RI7 12753 & 9 (2, 6.25 ps A O IE TP AS R 12 7 CHUL, ¥ —
MEFHDIEBEF IS L T2 2 L0555,

160 GHz
BPF BPF Optical beat
OPLL ' S-APD  LPF
40 GHz, 2 ps “— > } Oscilloscope|
Optical pulse | ___
source EDFA TIA

X6 AHEAABSME RO (R 7 7 A /DR, S
XU (BPF : band-pass filter, LPF : low—pass filter)
Configuration of a cross—correlation measurement
system. (Red and blue lines are optical and electric
paths, respectively)

Cross-correlation
(arb. units)

Delay time (6.25 ps/div.)

X7 160 GHz ¥ — ME&t& 40 GHz 7V A GO H AR
WL
Waveform of cross—correlation between 160 GHz
optical beat signal and 40 GHz optical pulse train.
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LC, FHBIEIC & Y MRS IcEmd 2 2 L0 b 1H
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B ERE DD S RMEE O Z 2 L5 < 2 & T, OPLLIZLY
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ZENT o T,
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FHDIA IV TV v FIE0] s THo7e TOTE LD, V—
THARDNARE I Td 5 OPLLICBW TR Y 4 I 2 7Y v ¥ D5
By — 7 BIERE O S EETH L 2 LR TE 2,

Free running
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R8 160 GHz ¥ — MEHEOMAHRZEE F I (KEX) & #
OBPE T 7 7 () CRBIZMEM, K ERR LT sHET)
Waveforms of phase error signal in 160 GHz optical
beat signal (left hand side) and its frequency graphs
(right hand side) . (Black and gray lines are measured
signal and background noise, respectively)

Estimated curve under free-running

!
[0}
o

Measured spectrum
under the OPLL control

Power spectral density (dBc/Hz)
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Noise of the measurement system !
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X9 160 GHz ¥'— ME5 Ot A<~ ML (Fif:
OPLLHIfIEF D A7 b )bo IR - BIE R OMES O A
N7 Mo BT =T v =y FREOFEAL)
Phase noise spectrum of 160 GHz optical beat signal.
(Blue line; the spectrum under OPLL control, gray line:
background noise, and black line: estimated line under
free running) .
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XBHTENEES NI,

3.2. 1 THzE — MES XD ERFIHIEER

V— MESHDEW I 2 DM RO EETHIRT B 720
WO ERE AR, & bESR T 5 Si-APD 1D TPA
DISEHEIL100 THZUL EH B & &b, 207z, KROPLL
13160 GHz & ) b —HifREBE B SV — METhE . &S
WZEIITE B SN D, £2T, ROPLL Mk % i
BRI 5Lz, 1 THzE — M B Lo Ml E5 % 17 -
72100

FERHE R AR AL & —F LT 5720,
160 GHz ¥ — M5 ER L B4 2 e RIRT. T
1 THz Y — ME5XEBAET 272010, BiEiOFEBRRIZEITS
YAZLDDOATEEEZ, YAYLDEAL—-TLDEENE
115663 nm, 15582 nmIZfk5E L7z, &KIZ, #HBMES e L
TNV AEZR L L, POk E1540 nm D40 GHz#E ) K L
500 fs 7SV ABE 7218, 2 OSSO OV AE L 1
Thit/sfF5HETHW SN LEFHD/ OV ATRIZAHYS LT,
—73C, Si-APDIZBIF L& E 50037 —1F, JHREZ
YAZLDEUAL—T7LD%FNEN195 mW, 708 mW K
46 mW ERIETIOEERME L 1T A EF UMEICHRE L7z, it
DEINHE LR, SiFAPD DO ATIZB VTR0 DB A X
7 MBS NI, BB, YHBEE RO/ VAR L o7
72, T 7 ANDEENZ L) IV ANEDIR A D R TR
T o TWDo 7NV ARHIED B &R ZEE 5 OIRIED/N
L 2B o ORERTIE, MAHRAEE S ORI IRK L 25 &
INABEFEE L Si-APD B OYE 7 7 A N O#SEED € 1
B X EIRE D72 DNT 7 A N EEAL 72,

1 THz ¥ — MEa5 o/ EE 5 Ik 3 2 M % igsR 3 % 72
DI, MEF RO EABEEE 2 0% Lz, R L Cwivg;
SR TH 5725, B L TOBIBEIEMESIHBE LD
L7201 psJHMIOWEAMETE B EWFESN D, HEAMY
WIZMERIZX6 & FEETH 2725, 7 4 VY O REx AREER
WHEIZ 2 5 £ ICHEE LI L7z B11IZHE L 72 AH B AHBE
W% RS 1 ps FWIOWEDSHCHU, 1 THz €— MEok
WHRRES ISR L TR L T2 2 & AMER S L7z,

1 THz optical beat signal
20 - master LD

External optical signal
(40 GHz, 500 fs pulse train) slave LD

o

Spectrum (dBm)
o
o

|
S
o

1530 1540 1550 1560 1570
Wavelength (nm)

10 Si-APD AJJIZBIFBHARS F v
Optical spectrum at Si—APD input port.
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o

Cross-correlation
(arb. units)

1 1 1 1

0 1 2 3 4 5 6
Delay time (ps)

11 1 THz ¥ — ME5GEANERME B C A HAHBE T
Cross—correlation signal between 1 THz optical beat
signal and the external optical signal.
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W R
Phase error signals of 1 THz optical beat signal (black

line) . (Gray line: background noise)
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K13 1 THz ¥ — MEGHOMMMEE A~ bV (FiZ
OPLL fil#IFE M52 M, HAREIERIIRFOFHREA, Ik
LT )
Phase noise spectrum of 1 THz optical beat signal
(Blue line: measured line under OPLL control, black
line: estimated line under free running, and gray line:
background noise) .
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