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Abstract

Single-frequency optical fiber laser with high-power has been widely used in laser radar,
laser communications, laser gyro and many other fields. However, in high-power conditions,
not only the linewidth of the output laser becomes wider greatly, but also the laser frequency
stability becomes worse. Therefore, in the applications of the high-power single-frequency
optical fiber laser, some measures of laser frequency stabilization control must be taken to
meet the needs for laser frequency stability of the fields mentioned above.

The technique of laser frequency stabilization is combined with laser physics,
spectroscopy and electronics. Among the all kinds of laser frequency stabilization techniques,
the Pound-Drever-Hall (PDH) laser frequency stabilization technique has many advantages:
high frequency stabilization, can neet the needs of narrow linewidth frequency stabilization,
can be adapted for all kinds of wavelength and can avoid the effect of laser amplitude noise
and so on. The PDH technique has become the most widely used laser frequency stabilization
technique.

In this paper, the single-frequency optical fiber laser was used as the research object and
researches on PDH theory, experiment and hardware design were carried out. Firstly, the
PDH laser frequency stabilization theory was disscussed and analyzed in detail, and the
express of frequency discriminate curve was obtained. Thus, a theory base was established
for the following researches. Sencondly, according to the analysis on characteristic of
piezoelectricity ceramic and its driver, a DSP+DAC based saw wave generator with high
voltage was designed to drive F-P cavity for scaning the length of F-P cavity. Thirdly, a
FPGA based data acquisition system for PDH laser frequency stabilization signal was
designed since the digital PDH system has become the main developing trend of PDH
technique, establishing a hardware foundment for digital demodulation of PDH error signal.
Finaly, according to the analysis and simulation of PDH error signal, some demodulation
method of PDH error signal were summarized.

In order to carry out PDH error signal demodulation experiment, a PDH system was set
up. And the laser phase modulation spectrum, frequency discrimination curve and error signal -

were obtained in the experiment. The calculating results show that the frequency
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discrimination slope is 61.02mV/MHz with a modulation depth 1.12rad. The variance of laser
frequency fluctuation relative to the center frequency of F-P cavity is 1.05x10"" and the

largest laser frequency fluctuation relative to the center frequency of F-P cavity is +1.15MHz

mn 400ms.
Key Words: Optical fiber laser, PDH frequency stabilization, F-P cavity, Signal

demodulation
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XPEHE P B S AT A 57 ISE T FPGA [ IR FE b B B R 3 R, i) ]
i B FP AR IR SE AR T L T, BRfEIE% (44
432 BRIt SHE

AT X FTROT B AT R, AT FPGA SEFF R, FESCHIALN: FPGA
ADC BHATHEARRIE, £ FIFO R172 )5, YA FFT IP Core Xt 542 M Bt (e B2 v A5 #6e

BAFER S FIZ O T RER B FFT IP Core THESMIER, & HA £ 5 105 Bz 2,
Wl 34 B, ERTLUERSEE. BHIES M FFT LUK IFFT 25,

——— XN _RE XK_RE+——o
———{XN_IM XK_IMf——
——START XN_INDEX[—
——UNLOAD XK_INDEX[——
— INFFT RFD -——r
——INFFT_WE BUSY ——
a DVj——
——FWD_INV
——FWD_INV WE  ENDONE——
——{SCALE_SCH DONE ——
—{SCALE_SCH_WE
——{CP_LEN CPV|——
———{CPLEN_WE RFS——
SCR
—IcE BLK_EXP}——
— - CEK OVFLO|——

34 FFTIP Core

FFT ffJ IP Core $2£% | 3 F&5#: (1) F/KZ, Streaming /O &y, R LS
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U ET FPGA i1 PDH #2405 S A5 sl Bk i1

EACEE, TEACEE AT N ABIRMEN, FTSAT—W N S#53E, H RN ET— b
N f3E, $ITEERR, BEHHEZERERS. (2) £#£4, BustV/O &y BERHAH
BN SHIN BTN, PEPERNIT, hEHREBR/NIER, BN
B (3) 22, Burst VO 45#: 55 4 M[H, MIZEEE SN/ BB LR B,
PIE AN REFIN 31T, fEARERERERD .

HRSITEUE REERIHE, HEELIHERENFMELIGE. KANRE ADC
MITHRY ADC, FRHHEREASHEAES, REATRENHESHE—EX
PR EE, % ADC MBERH L RS R EMES1ER FIFO WSRH#ES, Bl
FIFO IS EE(5 S R RIFE SRS . 7 FIFO 7, &Eid7E ISE HiFA
FIFO IP Core SRSEHL, BECEFHIRE Y 1024, TEN 8 fiL;

T+ FFT IP Core ;R 2, Burst VO 454, 456 FIFO LAERFF, it REZEH
BB RAR B 35 B

T
\_

' N
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Y

T

TR
RPN |

I'N Y
fft done=17?

K35 RERIBORER
B RIS S Prog full {5 5N EHE SRR ELEEEZIEEIE, J FIFO S
AN—IEHEZ S5, Prog full 1 0 4809 1, FERFEF A rter AR B F, MR FIFO 5%
R, TEBAHYE, FFT FAESHEMN, B30 FFT, L FIFO Ry mi#EdE. B
7| FFT Theetith =i — &k FFT 34 fft done (5525, BITH FIFO B5{fiRe, RRE
& FiRTheEdiRE. HOTES RwE 36 Fin.
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it sk |
Bl 36 KEEHERGALERHE

BT FFT ML RATH, FTULTESHRE T EHRE, SR
7@ A Cordic Hi% IP Core R5EH. Cordic Hi% R F FPGA F(5 S A2 %44
FRF AR, TSR EMIIEE, FIFAEAN Translate THELT DASCHLE S i &R
HRHJTEE. Cordic IP Core BN HEGEM BT LIAR, HATHASRE IR E =i E
>R Translate DIRER A B IIAERS BRI BB IRBITE-1 B 1 208, HIEFRMA 1QN #
X, BEE T AWAL: FFSOAMEHEG, F70 0010110101=00.10110101=0.707. {14
HoRA 20N # X, BEHEE S A=/ | MFSHEMBHELKENS, HW
0000101011=000.0101011=0.336. 3 T ¥ 2 H 3K, 7£ FFT IP Core % i ##E A1 Cordic 1P
Core By B Z (AN A ARFE AL REAE L, ¥ FFT IP Core %1 MBI B A LB — @
AR

4.4 RGO

4.4.1 ChipScope Pro BB L

ChipScope Pro &% %} Xilinx FPGA FITELL A WE S LR, BHEEIRERE
L JTAG #1, 74k, THTAUEEH FPGA WEBKI{E S5 . ChipScope Pro [f135E 7% J5 2 2 48
H FPGA A #IAR £ F #) BlockRam ¥R, AREF P %52 (0 fih k&K 5 S 2t i RIS
X4 BlockRam 1, #A/5i8IT JTAG B0 EAEBHEHLH, M EFRE EERE
b PR 7 o

{8 ChipScope Pro %% FPGA W HIE 5 AL, REMARXEY M4 —R JITAG
R R AT S04, WG5S MIBEMTEGEE S h 28 4R &1 BlockRam ¥ & ik
£, REERZ, TTHENGESHEMNFEEIREMEA. ChipScope Pro A] L4 B ZhitE
Bt Mz, BHIHE P ZMEREA B FERITHIMNESR, ChipScope Pro ANME ] L7 1)
EFRFUEES, ETURERERIMKR %M, H ChipScope Pro # IP #% R{f /L&
MR L TIRA A A 8 IE, XNERITRIEmE/N. BTS2, ChipScope Pro A LfE
FPGA RERRBET, M/ AT LU7 BT FPGA M EMFTE S-S, & FPGA AT
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% T FPGA ¥ PDH (5 5 402 sy 5 %3

TERBIAEH 8.
—ROR U, 7E{f A ChipScope Pro B, RFEZELEM P& HFFILBIF IP AT L,
— BB BB H{U% (ILA Pro Core, Integrated Logic Analyzer Pro Core), Rfitfilik
MER BRI IR ThRE. — R &5 H854#% (ICON Pro Core, Integrated Controller Pro Core),
1157 ILA Pro Core FLI A IAHE OHIBE. —A ICON A LLES 1~15 4N ILA #.
ChipScope Pro ZEL{ERT, ILA #ZARHEA 7 i ERIALA SFAHRREIE, SAETE ICON #
ST, B R ITAG B0 £ S ENL L, B/5H ChipScope Pro Analyzer
B HAESEE
442 PFHXER
LEIR A ChipScope Pro X RGTHAT LTI, ¥ RGUE ITAG 5 PCHLEH,
55 R4S/ ADC #i\ 100MHz B4 IE52{5 5, ECE ILA #%F1 ICON #%, #EEZEMN
HPESHFFT AHZ ENES, RERMEZGF, BEWHE 37 LR

ﬂ Ch:.pScup o Analyzer [f_ft ‘tnp}
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4.5 KENGE

K534 PDH B AL KBRS, %4 PDHRER ST, B TET
FPGA ] PDH iR £ 5 S AL fa i, 5o T 2R 2 UL R4 s g JR 2 AT PCB BRI
XA ChipScope Pro Xt il {Ef) BB HEAT T IR, SERREERRAPTIRITHI B EA LA]
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# 7% PDH RAUE SHRE AT L RLHH R

$FE PDH AESBIBHARIDIL R LRI

A E T ZIRYE PDH Fa sl A 0 R 58 BB ST AR AR G0 B 1 e AP Z R R 4
ESBEEARNELRLRHR, HLIAEREESHRM. &5 E PDH B
H, MRS ESHETERESHNE, RS ARAR BT S, 30
PDH FI3R(5 5 % B KIAR 5 Rt 4T 845 BSR4 PDH R A S R B S @B R S,
BT BOCAL S R, BE REGORBIRE, BITHAREDLA 215 S REEE,
RIUEMM L, BATIRREFESIHN.

5.1 FREIEILIRSR

5.1.1 PDH #2505 S 451

WHIEANS B F-P I b, SHR 28 KR, WA ERIEH RS R, S0k
B ET F-P EEIEIRIER, WOLTERE TR R, (HRB NI S E F-P BAlH
[T HEEE B —H0r . BTLA F-P B SRS IR EEA P 4R B F-P A0
5 IR S R O R D6 AR s A BB BB e o . AT 615 5 e N B e R 58, 7
WAL RSN ZMRT Y, WERREASE,, WHREERNGE S, BENEL
& BTRAAIREAE . AAAAE R, PN S B S AR AR A f Ik
NFESE MIGLARR, BTUATT AU, BRUSHHAMIE 5 A% . LiZEEH A
F-P B, FEBOCERET F-P BRI, B DARFEHR, 15 SRR N
F: HABAMEMESEINE, K IBHMLTHIEE UMK ARSI, &
17 B R ARVERS AR, TR 254 HA 0 F i 1

TEAROLR AR B =, 7T LU 74— iR RY k7047 PDH #8401 5 .

TG ) FI7 AR R P [ BB SR HR AR @ BRI e s () i 8] 1) B Sk R o i i A
BHMSH RMEASHITHE, B4 BRSNS R F 4 B - AT 2 P i St
Eo WF-P B RE BRI TR E I LR R E&RFER, ERIERAN, PP RS
REAEAR

O
Fa et (5.1)

T OV
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EFEMEMRREM L 220604850

E =B *F=i[E ¢ s (5.2)
BB HEF B ERE, BT AAE FE A QmmEks
> W38 FiR. Ll o+ QBIEESIMSF R AE QRET, TUS0-Om
G SRR 1B M B QR FR. B T IRBISREGS, PIAN RS F-P s
BRI, EMIMAR— NS ER E TR AR, Edigs,

E iebonas =~ 2\/_ sin Qf (5.3}
Im(E)
o—-Q | w+rQ
0 Re(E)

38 EFHE R GE
F$%%&%ﬁﬁ%@%ﬁﬁ%%ﬁ?ﬁ,%%ﬁ%%ﬁ%%ﬁw,ﬁﬁﬁﬁ%%
NEIRIEHIF T, TR

2
ref I carrier +Esidebands J

(5.4)
& B:(—) $2F — 4P P sm Qt —2P cos2Q
7o

Fi Matlab {5 543 F4n & 39 B R eshE MBS 5

it e
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B /8]

B39 SehEmsmEs
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LHBIEVRUEY, IERERRS R R EEIE 40 Frm sz im s
RECSEWFRES.

fReiEE
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B 40 BRI ERSUES
HLL Lol s, NS M B E S EBA =M ERAS, FENRHHE
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PIT ¥ MET . PDH RS SR EIE FIME 5 42 el NI R0 AT T B AR 3 A
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R, HAMFE—ErIEE. '
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IEEREM AR ET LA

5.1.2 PDH #2305 S fEH A

PDH TS5 S MM BHEAERMGE S, BT TESHEAEE, LN
FFRERRRRY, BURE B WIS S PRI A RS RS B R

T, A% 2¥H AE B REN RN BRENS TSR b, TR
VN ML TR IESE LRI EER. MRS AE, BHREES
HOAE i LSRR g v o AT B i ST e AR e, T AR UK AR e T AT 4 A5
BUR B HAHIE RIS S AR fa . ARBEHIE B8 AR KSR % AR RN E
R, DAKBER IR SIS S5 08 5 5 e SR A A BUE AR TR AR R 0t

(1) FREUR AN E) 2 R

N THMIFARKRBEES, BRMSEE SRR EEENE ST, XfES
FIER, ARG IEE GUR, HAMIBER B, fERW AL, AR
AR AT E 42 . ERAMELT, NTFERARGES, MUERKNE
BARWHIK AN, THAEH e B URIT Bk, &% HEEnE 43 FiR. o Tix
PR REZRER RS, 8T ARBEE NN RN EUE, A AR R
FoRERIINE . B X FIRIE(E S0 TG SRS EUR AR T . XA R
MHREE SRR, T HG88E e SR AR B E A, FRVEAREHE el R . &

F 5 A R SRR
UO Uo
3Tz Tz
2 2 ) 2
| | | 1 | | | |
Lot L
2 2 2 2
B 42 AR M B 43 RSB L

(2) FREUR B A [ 38
FRECR i B R R AN 44 BT, B e AR R 33 A R i 28 eR R A A

Lh X L LPF | o,

|

B 44 FHERENEEER
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# 7% PDH RMESHIBTORER LR A

B R B — RS RE, HiIBERES UL AU, =U, cosQrcosar ;
RERAI LR BE(ES Uc AU, =U,, cos(axt + @) .
X, BHIESHKHAE o TUMERNEE. ARBRER, ®U,=U,, . EREEF,
55 UL M Uc #83€, N#HHRES Uy -
U, =U,xU, =U2[cos Q cos at][cos(at + )]

=% U? cos Qf[cos(2at + @) + cos ]

U2 2 (5.5)
:—zﬁcosgocos Qr+ —4’”—005[(2a)+ Ot + @]

2

U
+ ji’— cos[(2w— )t + p]

X (5.5) R, FEBABHESERE: cosu. cosQo+Q) . cosQw—Q)t =T
HIg At 45 fios.

Up
LPF

} 1}\;]/2 U2 /4 ’ U /4
! | |
Q 20—-Q 2w 20+ Q=2xf
B 45 FHER A E
Ho>>Qn, R{REIREESS LIER Uy HRIBEARIE, [ SUS  28 10 B 22 5 1

N

2

i =%cosgocosﬁt (5.6)

X (5.6) FH:

1) FRBURE SR T SRR, 5 S SIEE SRS S HRERE.
P, BEAEVRANE ILHRIEE S U, cosQ ;

2) HBREBNEEESHNRESSEE S EMANE p FX. EHERFESIE
EAZNFET, sRRENFHERKESNSEES ENHEMLE.

AR R T EE R RS, EEA T FIThEE:

D StFigE AT R AEM AEI RGN, BRI HAIRFIE .



EEMEHRARKRFRLEMIRX

2 X RIEREE S, RS OAE R o= 0/ ¢ =180 FIFRA. X,
AR (5.6) &H

2

Lo=0; Ug=%cos§2:

§¢=1&f:cgz—%?amgr

RRY, LHKEESEESAMMLN, HBESAEE, B2 H0E.

30 X TR BERARAL RIS AL 60, AR B0 S S IR TS B s
BIE SACLRBH B LR RN O TE G, AR o 08 . X Fh TV 2 R
WM E AR T2 R
5.1.3 PDH 45 SHRESSI 5 2

PDH BIESHEIT REBG =R SBUBMSMEIE TR, SUROCS R =
KT FPGA HIBIF = SRR &.
5.1.3.1 HREVEIMBRME 7 %

SERETR T SRAB R A% 58 PDH R G0 T R F IKIAR 5 22 o FLAR Pl i [ 28 41 1) 46 i
o WM BE SRS, BEFT FMK, REBTPOMER 100MHz
HUTIB TSRS, RN . TSR R ST A 2 SR B, 55 EoM
RERNFIRF SRS S TR, ISR H IS S HE gk . (RBiss S
R 2IREURRE S MY, %5 R R E R,

BRI W BPF

i
bﬁﬂﬁ%ﬁ .——»:éﬁfﬁzk » LPF ,L"*E‘

K46 fRAREREEE
LR TT AP M0 B8 A VBT ES , — A P XU AR 471 58 DBM S AT M AR 3
RIS B 2 M T NI 1S . MB35 DU &R o A i R R b R
SR, REARGHH KBS, HUEENITHEESmIEN RN ERE.
TRINER M1 PR SEBUMER A e, IR . ZEBUopL Lo Pl VRATAR , M5 S
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#7Z PDH RAE SHREAEL BB

I SEIRE SHE £ AR, PERRFAES £, RIS THIER, BESH
Z f MRARRBBBINER, L 1.

TARE PR AT 38 R T IRIEMEE, REFIEHRE, (B2 R A i L b e
BASEE LD, BEFHBEMER. BEER, HeME B0, AETRMRNER
b S AR RN 5 AT 1R K AR T ST A A . AR XCT RN AR R TAEAETT R
FSRAM, HARMRIm O S8 A 0 =

TCFETRATSS F] LAY B N M 28 R F « A i D 30 HE ELIR A X BT TR A2 A A 25
A%, FANRNR AR F B R AN, 2PN AT A I A 2 . XUV TR AR
CRAAEEB, FTUR - REHEG, EASHEREAN BRI SRS, &
R & . RAMES RS AR SR, PREREINAS SR LIS, SRR S 28
Fi

BT HHR AT AR FVE S5 AR 33 R IR AR ME FA I — MRe] o S AH 28 1T 55 2 LIRS 1 5 4
MBS Z BIRFAL, 7577 AN SHAZE R ERIRE BE . RS HXCFE R,
AT A E RS, TN R & O Z B R SRR RS, R AFEMH SN EESRt.

TLRAE R, BIMRANG S (RIRFSHHD MAEAFE., RIEARFE, 7ErAELA
oo BT, i RO IR AT AR R AU E A, FE AR, AN
AR ARIES A A, TRAME SRIAAG AR EE, i BB 2R EhHE
WoE. —MRIBSTER:

V=4, cos[(@, — @y )t — (@, — D, )]+ 4, cos[(@, + @, )t —(®, —D,)]  (5.7)

Xp Vo AR BRI 4. A4 AFE: o O AAIREERNAIRLHY]
URARAL, 0 @ A AT R AR R AR AR AL

EEMBNAY, o,=0,, FUZFELAUFE ST (0, -w,)=0, &

V,=A4, cos[(®, — D, )]+ 4, cos[(w, + @)t — (D, —D;)] (5.8
R FIE LR AR 2wt VR i AUE 2, 78 3 8y O
V,=4 cos(@, — D) (5.9)

FULTFT I, SSARSS MM E R SR c Bk, B—HAEREE. ZEEXRALE
Z KA ZER KR, MEMBRADSYE, B—FREHL. AWHEENMELER
90°RY, EFMIHEEARAT. KT 90°r, Ml sHENIE, T 90°", Ml EN.
7E 90°+60°FEE M, AT EUA 9 R S AR A B S 1t X 3
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LR EMA R L ZAR L

TEAE LA IR 75 20t PDH Ra#E SHHTRRART, BT eBg LA R A ER R & BRAH AL IE
A, FEAMERESSSESmRANE SHAEL, BERBIFRESHH
5.1.3.2 BUMEBKBMIAST R

AR K 2302 AR (S S0 0 M SR R A BT = B8, 3 B I8 AR I e 75 P
B¥ES, AELESNERES. BLR EE-AMAR, BEREEFREPNREE,
AE oV ZRHEE, DIRIRGRIESIIGIE S, FIALES R — TR %S iR B
855, BR—MEMACGRATTIEEBIN, FrABAHRRSERGRT AT,

E—RHEESWEN, NEERSEES, FRBEEMESERMHES R AKRITE
HE, ERENRBEX -HKESWUES, KRESESAEERPUERF S, HILEE
FYRR 2R St X —RE S HE, LN ANRIERE SRR, XALEE
PR B IR BB A R H R I . PDH Fadiifs S mh 2 5| AMALIE S st 2
HIES, RAMMRANES, W ERHSHBORSRBATAL I -

DA REME 47 fin, HEESETEIE, Z5EENESRE=H7
. (55 BB RIS T E OSBRI A, 5 B BORAs R TR MRS RS (E
ST MR, Al At B A fE VP R T IR e R S 4 S I RiEEE .
SEIBEAREYAEANBALE, KEEEARER - S5HNE S R HMC TR 2

(EREpLbLI AR5

A 47 SRS EEE
wWMANESH: U, =U,,coswt
%554 U, =U,, cos(at+¢)
TESARESRZ RN
U, :%UmUw cosgp+%U$mUm cos(2at + @) A0 -
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HH = PDH BRHE SHHENAE R LLRMA

i o MNESMSHESHMLE. REBRHESHIED 0 SFTH (2
B0 SR 204k, 74535 HEMRBISHRIERAMIT, BRI, AT LSRR
M A

U, :%UsmUm cos @ (5.11)

B b A0, SRR R SNBSS EESHIBEUE —E M0 EEs
KA, FTUABUAHIBOR B AT LUK B3 A A 5 B DR E AT M Air

ESEIRE, BB EEHSEE 5 HAEL @ , 7T LB BRI B2 1% H kb,
Ho=08/f, ¥t @=r2MRHBEIAT. RULAANESTEESEESH
MFEFE S, BdRK, TGS NEAS 25 E SRS, Mima bl
PSS 55 1kl
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FRARGMEEGE RN RGN, T0HE LT Ashhisd. BREE
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MRS, BT E WG] S X PDH A0UE 537851k, 7TLL#E % B ADC 1 DAC
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R B B B S AR HEAT Z IRk . B AAFIR P B AT TRAETT R . TR
VPR FHFPGA N T A% T2 88 SEBH, @id 1 F e in 23 IPA% B ] S8l . 38 3 1 P L4840
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FTELK A FPGA SKSEILELY PDH A28 R G AMHE v ScEL B 4% 2 AR ), T BLiE
AN AR S HNRAESHITHGHE, +051E.

53



T A b RV

# 7% PDH #2455 MARAE R RELRFA

5.2 FRESKIGHIST
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