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Abstract

Abstract

Laser display is a new display technology which employs three primary (or
multi-primary) lasers (red, green and blue) as light source, and it achieves the colorful
display by controlling the intensity ratio, total intensity and spatial distributing
intensity of three primary lasers. Because of laser’s good advantages of orientation,
monochromaticity and brightness, laser display has the features of high luminance,
high resolution and large gamut, being the only technology that can realize the
BT2020 UHD TV standard. Meanwhile, laser display has the features of low power
consumption and long lifetime. Especially, Laser display has good viewing comfort
and eye protection function since it has the same principle as natural reflection
imaging into human’s eyes. |

The inherent coherence of laser makes the image displayed with laser speckle,
which hides the details of the image, and interferes with the ability of the human eye
to acquire the image. This dissertation is focusing on laser speckle problem, and
mainly explores the speckle measurement, speckle evaluation and speckle elimination
based on human visual perception, which are the key issues to be solved. The main
innovative achievements are as follows:

1. Based on the factors that affect speckle and the biological characteristics of
human eyes, we build a speckle measurement system that closely matches the
biological characteristics of human eyes for the first time. And it can automatically
acquire/process images. This study preliminarily solves the inconsistence between
existing speckle measuring methods and human visual perception.

2. On the analysis of the advantages and disadvantages of speckle contrast in
characterizing speckle, we establish a new method, speckle influence degree, for
speckle evaluation. This metric could comprehensively evaluate the effects of pixels’
correlation, intensity fluctuation and image resolution on human visual perception of
speckles.

3. We systemically investigate the luminescent and thermal properties of
Ce:YAG transparent ceramics , with different Ce doping concentration and thickness,
obtaining the ceramic samples with a maximum conversion lumen of 2690 Im. Then,
the samples are applied into laser TV and has a good performance in reducing

speckle.
11
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4. On the principal of superposition of moving speckles in time to reduce speckle,
we studied the speckle contrast as a function of vibrating frequency, power
consumption and noise when acoustic vibrating screen, frame vibrating screen and
patch motor vibrating screen work, which concludes that patch moter could
compeletly remove speckle and has low power consumption (1.51W) and noise
(43.1dB).

Keywords: Laser Display, Laser speckle, Biological characteristics of human eyes,
Speckle measurement, Speckle evaluation, Speckle reduction, Ce:YAG ceramics,

Vibrating screen.
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1.1 BB RARIR

PR RBARKEARR., BEEANHFERBAZ EHENAEREK
K. B, BABREARMEANLREXRER TIHSHUHBEER, HOEREARER
THSREGEREN R, BFEREARBR T OSEESZTIN. EWEERN
BIRR, WG RREARMR T B G H R B AN B mE E

BB RBAR A, 4. WEEAHGEMLENEREAR, KTIERE
mME 1.1 fias, 4. 8. BEAEHFEEY R, S35, EHETENSBAEX R
B&EHEE L, 2FFIERN=C8tHEES 0, 23DERRHIER L, 3t
A EREE[1].
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Fig. 1.1 The principle of laser display
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Fig. 1.2 Development route of laser display
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BOCEREAREN T 20 Z2ENMALIAN L5 2HE, HRTCLHEN T
WAGE By, HRBEREEME 1.2 Fin. BPRE0EERGRE B, A
FHRK, BEE. Foll. AOTALSEHREA, 28 7 2ESERERRES
SRS, BEE L SR (laser diode, LD) MRPRISSAFHAR K
K, JLHRE 2014 FF TURYH SR SR BE G RC—IRE KB E, HEl
=EEEFERBOLER CARNY T BOLEREAR T 51 FHALRIETR.

=E0O LD EAERSUE, 5HAVET/AEETGEME, BFREK. &K
. ERRE. K56, RS, NUL. SRS SR RS S SHS TRES
HR#H[2], FEERR, LD A FSRA R SRS T2 5B MR 7= AT B
FRAH B S, ESeHm A L RBOE B SO ILSE, BRI SEIIARAL A 7=
HATHEAER. BRTHESEBEOCHENNS, BOCEREARRA M EREAR
RETEEAITE 5, R B A ME—RES S BT2020 MRt A S n iR [3], T

(1) BN ES—ORREH,

(2) BB K—OEREE (ABEREIL 80%);

(3) JUT o iR m—— R B ERIT 4]
(4) AenHRe—BEGRERE;
(5) RERG—AFR;

(6) IR AT —TT SEUL TS B HatE R 5 %L

(7) Th#Fe/h——-TIi SR ALY AE 50%LL L

(8) Fant——FIEH T /N

(9) BN, EER, MRIE—REEANT HEH R,

(10) RARSAEE, 5EBRATHRIEGHNNRIEEMEE, VEE
EEL, &IFIR[5].

BOLERBARREME MM, BEZA T ZHRE. BE. KIT. $F
ot WHRES K mHe KAABLER~M, DIRSEE RIS, &KER
DA TR, TTIEFOCRIT . ZHMBURRA B ERE AR B8 20
B, DOBHHRE. SMINESELRREEZHERABORERE, URET
PERLZE . BRILZ SN, BOLERF RERS SN BE IR IR 5 F2 e 55 4S8

P A e Ul
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1.2 BEHPENMRINR

FEOCERFAR T, ATFEOOEEREA TR, S RABOCE AR
VRS EER, BRI RMEUTHEANR, 2S48, B3R
FEMERGRREREER S, BT EGRWASER, PETIT ARER
R& = BHaeS, EE5RMTES6].

BOLBPE A RARS T ELERERMEGRE, RAHRBOCREE,
FREFEEOEREAREESZUNERE (. JUD. XEBER, REAEE
BT2020 BirkniE. 2450 E N/ BRERBHE KR H O RS THAEM, B
% WO AR R FRRFNE AT RR, 7 Bl LN AR, B
RIE FRBOLEB &5 AR S MEILE R R AR, Bk, v 7 {2t
POt BERTUVMRRE, TELEENRIEVZRME, RABFARBOCETE R,

12.1 BAEBEMESE

MR BB FEHE UL THAESR: —, WERGEEMKETA
IRV TSE, MESRS NRKEMA RN —: =, WELERAHH
TRRAS. BriERF LERE RS BB EIAE, EAE KRS T
R PR R BB M BT T, SUAEERR, ARBSEN & TR EST
BAREZESMRK, FLRERFEZIEE. B, RAFAMERRKNZMEE
EMPEFH, ST BN BR KBS ST hRdE, SRBUER B ER,
PR BT T R A ST EHEEEER .

T4 PR B BRBE I R AN BB U B T R BB SR

1. BEBBENE T

2006 £E, Goodman J. K SFELBERIF=AEALG] . St BB MHAT7i%
JE R D R BOBE A B 2R 1) BT T RGO, BRI —EREH.
PR BB & 7 561, 2011 4E, Oxide A BB H T 2B — SRR M ERF,
ZR R BT RS B A B A U B 45 SRS M, FFRe s T BB b BN
HRERIA/N, ERREENES (~35 AARM, BESSHRUELESE
B K, 28 HNENBEMEBMA—BNER. 2012 4, YongBi FA
SR T R ST B A AR R T, 124 AT TR A a0 IR AR =,
R E R BB RRERN, AT G L, B TN E SN E B,

3
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EATEFOLRRTE AP BUE RIS 7], (AR ZIRA A E R B AR
—#E R, SEMNRL RA5E% . 2012 4, Stijn Roelandt 5 N¥4 CCD MHHLKIZ
R E RS ANRAR, s R RE N 4um, EEKEREN 35mm, Bl
KANEEN 3mm % [8], ([LEARNTAR MR REM S EABRAEHNE, &
T 5 NIRRT . 2013 48, Koji Suzuki & AFER T MBI E
EEMSEEENXER, 0T BERSKESNEN, BNt ERK9].
2014 4, Wei-Feng Hsu 28 ANIRF T JG5RA SR AL Z 0 B0 B B9 B2, 85820 F
LB R G SR R EH CCD MUAMER 1 & 2 f5, HERRAERRTET 4
BB ERRTE, o LSREHER BT B4 [10]. 2014 4F, S.Kubota Bit 7 #
! Westheimer A BRAEFY 224433 B #L (Optical Transform Function, OTF) MR
BE, AERFRTET (48cdem?), ZEEEMASHEE MBI/ MEER 1.2mm
B, 1ZEEM OTF 55 Westheimer AMRIEELH) OTF —3, E B T iZ &0 3
B BYNBRA K EE11]. 2016 4, IEC KA ¥ BN EJ7E4r#E (IEC
62906-5-2: Optical measuring methods of speckle contrast), S 8¢ B BT HHT I &
MR B MEIE R AAE R E . RS RSS4d 7TIE[12].

BRI & 7 R A BEEN £ 1) &E T Ui BF, (B4 % BIETHN =
GRS NRIBEMERA ISR, FEH—PHAS NREYZRAE=EILE
FIBRBEIN & 5 VR A &1 &

2. BAOEPENE %

20134F, K. Kuroda & AR TRGHEEIL[13], HRA T AREEEXS L
FERISEERTPEECIE 1931 B GRS, BTRARIN, TEBsEss/LF
OAFFERAN IS 8], (EREE P tLERIREK, B aBPER o X IREF 1
BTN B — BN IS, 25 R AR CEPTRHMER 2 oIt 56 E 2.
BEFMNEE. 20164F, K. Kuroda S AFRHARFRSELEE, FIHEEH
MR T ERERBRECEE LR, FTARIL, RGBZEAX MR AR
i b B R B B (Ul (B L A B AR ORSS MR, boan, B P 2R G n ik
JUFE R, B —FEGNIBIN L ER R, NEEERNEEBITIIAL G
B ERIMENEY H1[14]. R4, S. Kubota £ A\FESLI A - 4ERHITIE
BEMREesnn, MR RS FRK. Kurodafy B l4E B —%[15]. 20174,

bRE TR RS KA T EAHMMENERME: [EC 62906 5-4 (Optical measuring
4



%4 7 BRI AEOE P4 74

methods of colour speckle) [16], B2 ZARHEMRABRIEFR LR Z N,
AT RIE, <R TREERAMARE D, REH RN AEMUNRE
BN EFEME AN ERE.

122 BEEEOTEMGE

FERT AL AR H, B H KA BT LA (speckle contrast, SC) VAT
HBE[6], BBEXT R E TR EGURMITN 7 E[17-20], & XOvEBE B 15
EirEZ SV HENE. ZETTE M. WHEE R, ERERNETE
BHREHERE, ZIET NIRRT, SEOTMEREHE M-S NIRFILEX
FA—HHER. FHit, FELSEEBTHNF AN BBERRmERMARAE
WDEERFAE, 2R BRI 70 N AR B AR BB A s o) B R AN, A R PP OB T
%

123 BHAHBEHRRTE

WRYE SO C BB = B ) AT, G Ao SR — R, BOR
WMETIET LMW, ([ERRE AR (a2 BRI R T, HETE RN TR
—HE R, ANBREGTIEIRAIEEE, ZHERANARRMEREE. ANRRS
R 1838 % ~30ms, HEPIEERYZE R BRE A0 4pmxdum, [Hk, RENR
A BRI AT () —2% 18] R 722 A R BB AR T BB IR, i T R IR 2
%ﬂﬁ%ﬁ%ﬁw§¢%kﬁm%ﬁﬁﬁ,Am%%%ﬁﬁ%,ﬁﬁ%ﬁ%ﬁ%
HBERREE, thin, R N AFHREARSMIECE BN IIE, W
BRBEXT L B S/ N E B ANBE R E I 1VN.

AT AR BB oL BoR BB RE M, B M AT NIRRT B
) T7 R KB 7T [21-29] « BB H0 1 77 2% ) JoR 22 = 22 L FE V9 55 I (8] AR T PE A8
F5=s (Al AE T

Y6k 55 BsF () KR TP 0 41 B 7 Vi T R P A (R 5 51 b i A R B I RO AR A
Sfere 4 g 2 BN R . 1998 4, AR RN R L. Wang 45
PR BREE FORTET ATV R ERDE . A T Wb s OB IR, AR T HIHIROE
(1 E f[25]. 2004 48, J.1. Trisnadi ¥ — | Hadamard J8FEZIRAEAIIR, EH&
/b HIREBE EREBUA B T BT BRI [30]. 2006 4, HRHBERFICHLATI
TSR P PR 444 B T i Be T R B, Bk 60 MR, IR

5
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SHRNABE, FEARNBRRERE, FRHHE 7 H[31]: 2007 F, XRA
FETE e, A3 B i PR 75 vk PR VR IR R A B TR R AL AR DB A=
AR TR, TR R BB EIRE, DA T HOR[32]. 2010 45, #REL
poLight AS [ M. N. Akram R FJ EIZHIHUR Jv, SR AL TR, K37
THBEEE 0 B B9[33]. [FI4E, Xuyuan Chen 22 AR HSRFSIZSATH YeMl 4 Jior
BRI REHBR B R0 JVA(34], BE/E#EAT 7 MEMS H#84R H BREE R SERR[35] .
2012 %, Mehta 25 A\ RARBNZ L 7 B BRBIIE[36]. [AI4E, CaoHui A
FIVE T BEHLEE 2 W BRBIPE[37]. 2014 4E, N.E. Yu & A\ RA N it 8ok
FEER R BUBE[38].2017 47, 11T K 224 7 BRSR P 0k 2 VA 43 R 1 280 BRI [39]
R4, X&5& MRS SN2 B L B IBE[40].

Pk 55 2 (AT M B VE O T VR R 2 R RUE B3N AR (31 CCD #HL) 1
DTS AR IS, DI R 2 I MSI BB E R . 2008 4,
G. Zheng %5 AR B GESREDITEREBBE, BOGIRAIN A E KT ARE/N A
[41]. 2009 ££, Falko Riechert % N4/ MAIER R, F BN 1978
BRIZZh SR I BRELDE[42]. 2013 4E, K. Kong % \SRF /MG ERME AR IR R
T PR ERBE[43]. 2014 45, &1 E 7 A% Shih-Yu Tu JBITHIE 2RI R ELBE[44] .

FEROEE R M SEir M R, EE RS WIS & RINHIH, AR
gk, MAESBESE UMD IREE TR EG ., FFREASRAH IR
WEKAS, RSl EEERER.

13 AREXHEEARAR

AR X BRI R R REBEIER, ERAPA T EBBLOME. i 5H
PREERBIM, ZWZHIT:

B—F, NMET RO RMBOCHEE IR IR

BE, N T EOGHERNEANGRRIESE. BETREmER. HOT
HITVEREF 2.

=T, FRERTH—ES5 \REMEHERELRENERNERS, &
GE] Ll sz, AT—EIUCRE/MEEHIE.

FP0E, B THCRF BT TE: BN E (speckle influence degree,
SID), BEI7VR AT E PR B ER SRR S 2K BE Tk VA FH G T T B2 A IR R G B AR,

6
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BHE, REFRTARB Ce IE. AFAEER Ce:YAG EMMEN AT
REMEFIREREE, SRR T REEBRIRUN 2690im [ Ce:YAG MEREM, FFRHE
AT ROCBREBNLS, B2 T RENEBIEERIR.

BAE, REUTA T FpdRE . ERIRENE A BV FIRSIAR 50T
SHERRR, O T =EMARTTERMTHREMGE S LR, SRAMNF ByLIRRE
TTEAMUAT B2 BREEE, HINEMBR SR/ .

BLE, #TTEXLENRE,
BNE, MATHELHEHEMTE.
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$FE HOEEEE

2.1 HBEM~ESRI

1801 4£, LD BT AT B AR IR 20 AR AP ,  BLAEPTME
T AAAAL ZE B 5, R RN T AR (480, B —IRFESE R = MR 7ot
BITHIAR[45]. HRIETFYWLRLEFEINE 2.1 Fn, SRR B
S WA SRS B H FAEM R RINE, PMREHRFERE S ES AN Ui(P)H
Uo(P)s TP mAbi SRS,

I(P) = I,(P)+ 1,(P) + 2\T,(P)L,(P) cos § .. 2D

He, KPR P ARSTHICEAERE P RSRE, L(P) P FRS KGR L
ZEpamaEE. APE=T, BN, ST FEHRIRL46].

B 2.1 HRNETH
Fig. 2.1 Young's double-slit interference

B 1 KT A=A NWERE 3, HRMFLHRTESE. 8
£, BTRETENTREEARMRORR, LA TRR0RENT.
ATLLAA, 4 T B AR SUR B B RO R T L.

2.2 #5387 WOCHTE R4 AR T SRS BIR TTARLE R0 P L= A B
B SR M RGOCER ST E @ 0 (B 2.10)), REWAR
5 CCD B, WGOEIRINTH TR T BRCRE A, LR RR S Rk I
[6, 47-49].

LA LB AR R, TTLERA, 4,= =30 a, ¢, Hd, A AR
TN S m AR5, an 9 n AN FHRE AAREF S n MBEAKEE,

9
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On NEBIFEAL . AR STAEEE m ANFIZE n ANEREBE SN, T2 M S ALK
AN,

I’=47+A4>+24,4 coso, .. (22)
MECFFRIBUE Y, SR A e O PR SR 7S A G IR IE P 5 5 NI Fl. 55
Q2.1 A—8 BB AR A RT3 X .

Coherent Light Coherent Light

B 2.2 BRI 4:  (2) BRRINE — SEARIOE, ZABHERRERER, (Ob)
IR R AL R FTREH EBEAAHEAD [50]

Fig. 2.2 Illumination of speckle emergence: (a) each point of the surface can be seen as a
secondary source, emitting a spherical wave, (b) the field in the observation point can be molded

as quansi-random phasor sum [50]

TENBEASRBCER T ENBREG, EFRIONBE—NERN TH#. B
2.3 AERESBOLENRBCIR AR EE . B 24 AL, G, BEXSEH
SR E AR BEE AR ER, E—FARECEBRER, BN R K
EHE, S=50880TRERGHTIEE. MWE 23 FME 24 o, FTUEEIFERH
REFRCRBR . B 2.3 hEBASBUGER T ERNETTILE 2.4 S A0800
WA EAHE, ZRANSESEOLENZTRE (~0.1nm), M¥EE
PR RRIE (3-5nm), KTEMEMPEETREBK, BES £
P BRUbZ AN, B 23 FEAUEL, B RGB =ZEEY SABILRMNE S
JUFARR, EEBRRANE, X2 AROUBEESHN, ARXSFEHEEH
o PTLAERT RBORH R T R, BE UREHBREGIEAI TR,

10
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B 2.3 £RESBOERSENEREEE
Fig. 2.3 Laser speckle image
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Fig. 2.12 Speckle image with fibre length of 1.5m, (b) speckle image with fibre length of 5m
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Fig. 2.13 Distribution of intensity at the output terminal of fibre when coupling angle is (a) 0°,
(b) 11°, (c) 15°
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BRBEXS LLEE /N, 9 0.5643, 5 0.87 ~0.88 MHELIRERIK.

FeA PR R— TR RE Y, ZEEBE R /NT CCD AL &/ N HE TeRT
ZAHBBRIAE PFR T A AEE M5, S8 CCD AANLIGVE IR B A BB
KL, TR —MEERRITTHIETE BRI TR — B, [ T 350 5O Bk /)
SRR H—AHEERNA. 7E CCD W BGHMFHIREF, BMERMNIETE—
MNREE, SEERETANKEREENT, FRFhEGSLRAGE2
e Bk, RABBERTERE, CCD A REMEHE AT A MHPE N BRI,
MR EEFHBPEX L5 R . [FE, FA CCD M= [E A RBAK, 2R
B& XN, B LA R IR S PR e I AR &5 18 B E @M =M FHER K.

1.0} &
0.9}
0.8}

I
%0.7.-5/
!

ﬁw&

0.6}
0.5
0.4 i I % PP RN SO SR 1 i
0 2 4 6 8 1012 14 16 18 20 22
Speckle Size(pixels)
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%4 7 BRIARIAR BTN A

& 2.19 RNRESBER TSR, (@)1, (b)1.77, (€)3.93, (d)5.73, (e)8.09, (£)9.73, (g)
14.09, (h) 19.93 (pixels); (i) BAPERT LLEE(SC) S8BT R T (speckle size)H e £ i 2% &

Fig. 2.19 Speckle Patterns with different speckle sizes of (a) 1, (b) 1.77, (¢) 3.93, (d) 5.73, (e) 8.09,
() 9.73, (g) 14.09, (h) 19.93pixels. (i) Speckle Contrast (SC) as a function of Speckle size

2523 RGESLBETFLENHBE (MELE) AR

R S O BUE FLR B XN NA=nsing, Hd n ZITHE, 0 ZRELKIECL
BARN T REP ORISR BTEANMSEELN 1, B oE BB, i
PRGBSk BB R TR BRI,

_D
2L

X, D ARBERNERILERD, LARGELSREANEER. E5R
KB EFL A B R, AR a8 T RMEREBEMELLERXDIHIEER.
4 [ i % 8 R 4R 10 25 () | R RN () | RIS, REOPER B AT SRR A [12],

sc= [MENEL .. (2.33)
MN

NA,
N=(—%y .. (234
quill 11111 )

K, MANAEBHER, NAZEREHEL ‘&7 PRI ROERARTHE
R R L R R AR E R, X RS IR AFERANE L Mium
REESELIEEILE.

B, BRRRGAE KB TR R/ NFILER BE B X HEx LU EE A, BRI
B4 B 2.20 i, BH, F—17EE@-RMEEREDY 690mm, 21T
B(d)-(H) WIVIEZBEEN 1035mm: 55— 5 B @) fM(DFECAZN lmm, £
7| EBH& (b)) KB LN 1.2mm, ZB=FIER () FOMBIEFLEY 1.5mm.
A B BB LB TS R AT A, MG SR ILAEARZE, WEER
HANET, ERBEX L E RN, AMBEEEAE, MR RKE RN, B
xS . BRIz 4t BB R R NSRS A ER, BHEAL
RARE, BAIEEEX L EEARAHER.

WG, HEEENEEEMERILE, HARLELEIT TN L ERRE.
% BRI B B AL, B (2.34) RAR (233), BEREILE SHH
St R R R A,

Ny, ... (232)
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I Ainase ...(2.35
SC= J +(1 M)(NAW,,,,,) (2.35)

st BT T HEE, SRME 221 PRELHR, EREARNT
0.0005 LAF, BN LLEREAAE, HBHEALKT 0.0005 /5, #FEX HE L
FRRIE LRG0 . W E MBS LB fLE (pinhole diameter, PHD) 4374
PHD=0.8,1.0,1.2 F1 1.5, BUERWLERE, Ml 7 HBEx LE SHEFLAKXER,
IR ME 221 FREBRAR. SRS RS &RI—,
PR BT X b B o BB AL AR A3 N T 38 hn 9] -

3 {e}
Bl 2.20 ARIRIFER/DNFIMEIE RS FIRB PR G . £—1TERBNMEEEE Y 690mm,
F T EGRIMEREER 1035mm; FE—FIEEREFLEN lmm, 5 EBEIEEAL
7R 1.2mm, E=FEEIBERLREN 1.5mm. (2) Ninage = 0.00078, SC=0.384, (b) NAimage
=0.00092, SC=0.426, (¢) Ndimage=0.00114, SC=0.478, (d) NAimage = 0.00052, SC=0.274,

(€) Ndimage = 0.00061, SC=0.311, (f) NAdimage = 0.00076, SC = 0.360 [9]

Fig. 2.20 Observed speckle images at various observing distance L and aperture size Dimage. The
first row shows L = 690 and the second row shows L. = 1035mm. The firest column shows
Dimage=1.0mm, the second column shows Dinage=1.2mm, and the third column shows Dinage =
1.5mm. (a) SC = 0.384 at NAimage = 0.00078, (b) SC = 0.426 at NAimage = 0.00092. (¢) SC = 0.478
at NAimage = 0.00114, (d) SC = 0.274 at NAimage = 0.00052. (e) SC = 0.311 at NAimage = 0.00061. (f)
SC = 0.360 at NAjmage = 0.00076 [9]
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%4 T ERAREAE BTN X

0.12 >

J’
0.10 — %
i

0.08 ,
G 0.06 / ¢ PHD=0.8mm | |

oot Lo ~6C | opHD=1.0mm |

S$PHD=1.2mm
0.02 XPHD=1.5mm |
OIm ¥ L § E ]
00000 00005 00010 00015 00020

NAwncye

& 221 RRAFEAALNEESREN LE, BERFRRNNZEBN LESHE LMD
KA [9]

Fig. 2.21  Measured SC with different NAimage, the dotted line shows the theoretical fitting
function with A=761 and NAiium=0.0153 [9]

2524 RGBSk FRXTEEE (IHLED 8IS

FBEEk FHUE SUNBRSKERR F 5FUEER D MtLE, B, FefID. SR
85k FH7 £ AN : —J7 T, F 8R0S EBBIR T 12846 55—,
FERZLEA CCD RGBS . KPR N ER A B~ R .

B, WitREEk FHBESRBRR T EE FHE) FAERRE.
FEVERBE R T 4 R E K R(8],

_412F#2

4= ... (2.36)
XA, 1 BRI RO, FOARBERL F .
WZ R SRR E ST, TRE HEH N AR RA6]
4 A <A
N=i4 > 77 .. (237

u'—‘

4 2 Ap
A, 4,8 CCD BERR, 4 HEGRRT .

¥R (2.36) M (2.37) RABIEN LERER, BEETENHES AR
Bk FHBIRARN,
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B 167 nm RES 2 ESEEART

AF,
1 2 = AS < Ap )
Sczjﬁz 7A, ... (2.38)
1 A4, > 4,

AR, HEBERTNTERRRTH, M EREE F R ng
VR I. BF FEBAISE i B R n, Mt R ~F R P B R R, B
SR, 5T 1. Erskyl, MR, S8R AT 2 HngE
FGTRE, BT B A Reas B[ 10, 12].

RK21GIH T BB LERf N S0mm, SRASEE SR E06 28 (1=532nm)
TENRRBIGIRRS, RIEEMBBER T EARK[12, 54, 71], BHAIEL F 58
BRSTERR. RIER 2.1, B FHNT 168, FEMEERT AT 2 MER
~f (CCD MHLEME R R TN 4.4um=4.4pm).

R21BERT 5855

Table 2.1 Speckle size and lens parameters

F{t/D) D{mm) S,uniim)
{.8 2777778 0.9939
2.8 17.8571 1.5132

4 12.5000 2.1446
5.6 8.9286 29911

8 6.2500 4.2643

i1 4,5435 5.8580
16 3.1250 8.8724
18 27778 9.5797
22 22727 11.7070

222 BART HMBERF AT 2 MERRE, FHOHBER LR,
MBI, & F HUHin, SOet iR 8, %55 TR B,
%P MSRSEHINE, & SBEGIR Y AT 2 MEER, MR SO R T
MR (B ,2.522 %),
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54 5 BRI FEB N T

B 222 AGBEk FBOBOLN RIS

Fig. 2.22 The effect of F number of imaging lens on speckle contrast

ok, MWE 222()-(DFFTUEER], FEE FHAEM, BEGHRREE, X2
FNBEE F M, @EXILEREAD, SENGE CCD 1258 Li-FItaks
K. FERZEN CCD BWMEE, BANBERERWE, FZRARSA
SR BB R —E (B0 2.5.2.1 7).

2525 HEEHNBEREENEE (FELE) g5
BigELS FEARNEE L=300cm K, AHEXMENTRERE, Bl

A5 CCD BB RN RE/BEERE, HRRGEANREEENIIN thE
HISZA .
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HIR 167 nm FE I 2 ESBOCIRT A

100 150 200 250 300 350 400 450
L (em)

B’ 2.23 AB G K A0 R ARRE EE XS ARBENT LU B A RANi

Fig. 2.23 The influence of the focusing of imaging lens on speckle contrast

Bl 2.23(a)-(OXF R BB EE RIHEHREE S L 73508 (2) 100, (b) 150, (c) 200,
(d) 250, (e) 300 A1 (f) 350cm, E(e)fid 7 EPEXS LLERE L BRI iZE. FEE
HREEREM, REEINERERETHEEIREHIEENTL, S
PEXT L IR T SRR/ i s . X ERFIERME 8. Shrtk, K
TARIE CCD U ITEMTE, MREIEEAAEREE BN, e BBt thE
T RKRME.

2.52.6 CCD BREREXIEaEE (FELE) AS2Mm

CCD BRJGBT RN BBEXS b s ma E AR IMER T —, BRLE A2
CCD HIRMYER: =, B R RRS NS5 §15T B
H N,

B JEET (A6 CCD Sl & 152 M -5 NS o6 3Rt BOBR 1 S e — 3,
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%45 BHARENAREHBILFAN T

REFR, X B FEHHERGE [RIX AR 4 i8] A SRR R E FIR2 .
PSSR A oG], REEET HiEshiEE R v, BIIEA T, MEBEBE
M AIRIRA[72]s
M=o, ... (2.39)
X, o HEHEI RS, BIZRAAR (2.33), BRIEPIX L E 5B 6H [a] 1956

RA,
sc= |2 NEL ... (2.40)
avl,N

2.24 #3R T CCD B FPEREMFE, & NS EAFN, W
St SRR Bk R [72, 73]. HA, SERAREREUSER, S8ANEL
LI SR 5. AR AT 4N, AE AR R BT SRR &M T, Bl BROLR IR b,
BRI LB A s ZEAR R ARG (A1 4 T, BEE R FrigshiE R Mg in, #ok
S b B AR

H4BRGA (] 0.08s B, BEEEUN FEshiEEMN 0.12mm/s HINE 7.5mm/s,
BABEXT LU B 1 7% IR E 2%, 4683 nEst Fisa R, AT thE
WA REF 2% A%, RFRIT: S8BT R R, RGP EIIR ALK
BT 2n UE, XEMASEEMFMMIAER, BN LERRAE
B4

0.20 P :
: Y % - o Vg8 9.?2 m&
" 3 %
%
S 0.15 | T 7] B e e T
v “s ,‘%\ o i w1 78 rnfs
g . 'xx A
8 .10 % “g\”
5 A"
2 9
g‘ ™ o NS@
o e >
0.05 ¢ - = =
- i jﬁ e . -
~ g8
0.00 — e

H
H
fbuditiad

0.01 0.1
Exposure time Ty (8)

2.24 NEIBES Frizsn e nt, BROGR BXEUBEXS LhE MR [ 72]
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HIR 167 nm FEI 2 EFBOCRT R

Fig. 2.24 The influence of exposure time on speckle contrast under different velocity of

moving diffuser[72]

2.6 BABEINEITT IR

HUDRE F0 61 77 3 48 2 T o BB S M X 3 RN SR A Ak ST O LR A S A B 2
SRETHRY (L 2.5 50, ZHZ DN ATRSE RSO R, BT BB 2B
MTTIE 23 BRI B A (6]

A0 BRI SRAR G IR P NL RO BB IR, TUISRANAS 21 5 B AR B R
AURSEENS ELEE N,

sc=M*r .. (2.41)

1+?
H, r = B/L, LA L RIAMAEEEEFERFI9E, R N AR g
EIREARDN, BAOBEXT L AT R
SC= “%::772 ... (2.42)
XA, LASSRAMPE n NESEEERFIRE.
AN (2.42) FHEDETFHREMEN CIEWN n #F L=k, FIfEi
BUBENT b R,

SC=—— ... (243)

JN

IR N AHESKRIERE EREARDN, AT DAE I A R AR R N AME R BIROR
BREFE B N AR (A0 RIESE IR, B BR EAEAR N . A4S,
BRETHEEAR, EREMIETEE N FHRERERNL.

PR BB R #R A — R ROR, BN NBRAR I [RIEL CCD A8 #1
BROLRS RPN, FRAE R BEZ ORI BADE R, J X s R Dt IR FE SR L A B i
SRYB TP L EE[72]0 T LA BR IS Af () A0 TP A0 8 58 = R AR T 1R 1 4 J7 Tl Sk
HIEE, BRI BB %R0 A 2.25 B

SERRE I, B RN R EIE T R S MR MG T, SRR EMHI#L
W BEMEBSENGNER R SIIAR B EHE, WETEX LR R T [F
KETR, FEFXA[6],

SC = .. (2.44)

&=
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#4F BRI ESTTN T

R=R,R R,R, ... (2.45)
A, ROVEDEICIRRIB K SR A BRI F, RARF Rk 2 FE L4
HIFEREE T RoNIEE RSB RGN A E LR ENRERE T, RoOAZEIR
Z R A R BRI T

B 2.18 BBEMEITT D3R

Fig. 2.18 Classification of methods of speckle reduction

27 FRENGE
ARETEABEHAT T HAINE, TEAFWNT:
LAB T BB = AN RIER .
2B T BB A
3NBT RS
A4S TR R RHET .

5.0 TR L ERNE W EER .
6.4 T BB BT






4 F BRI BT

38 ET AREDFFHENHBENE

TR PEOL SR M BB IR RS A, IER W IERBR I 7 % 878 Rk,
HEEHHPIERNE . W30, 3B 1 X E A SMEEEINE BT R IURET T
R, 52 EXEPTMELS ROERERET T o, WAL, BEfEFRLENT
BT ERNT R EES AW AT F—, BHNESROEZRMEROMR, £
EAFFNG IR BT BRBERBELRE. SEREK F . fEB e L%
e (B AN R HE A 28 (charge coupled device, CCD) BRIGHT 8] K2, X LELHF
5 45 R IBRE B BG4 T BN A SE IR Bat; 3, ORI E AR T,
BIEHA Oxide A7 Kubota & AR H1HUSE I £ ACH o BB Bt AT 9 B
(Academy of Opto-electronics, AOE) & B %5 A B IR FERBEM B . XPIAFHEL
WRENSERLE: AEDEEEAEE, THBRIESERCHERRSE, 7k
EEPLR T BBt ESE; FEEARANEML. F, SR EREER, &6
R T TS EHHT RSN E . (B2, U EWMRESEREmERANREY
M SHANEAERHE, FEBSOMM R RE T 82—, 28K T HAEEERX
NRBABEHREREN, SHERNREREFE HIES5 AR FEWBEA B
WER, MR mE 3.1 .

% 3.1 BEENRNSYE \RSHHIR T

Table 3.1 Comparison between parameters of speckle measuring device and human eyes

S PN Oxide BUBEH B AL AOEZ P SRS B 1Y
% CCi)ﬁ?:R ~4pm 6.45um X 6,45pm 3.5pm X 3.5um
g BASHA 0.33—1’ 0.44' 0.17'—0.04' |
B maRv 2mm~$mm ‘{’,,‘1’22‘;’,‘2‘1‘22‘;‘2, TV
gpppmy  ongnrAR %a A
HEEEN TS SREREARE | BN HESCEel BOE % LS C=0y1

R, ZEERIEHEE, BOTNENGR T AR LR Rt KBS0
o NBAEYFRAE, 5 ANRBGSR—3. AT HEEHUERSEN AT
R, AEPATTET AREVZHAENBEENETE, TERAFEHBUTILA:
BEAR T NIRAEYFRHESEOM AR RG2S R B TR RESLIN &
KRG, HTET REMICHEBRE, 5 Westheimer AR FIE 24418 K 2L
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BT 167 nm R BN E RS BOLER R

HAT T, RABEDARMERNERS, FH IR HME R IES
(electromagnetic micro scanning mirror, EM-MSM) I8 AR 34T T &
FMPAN[74], FENRAEF = B3R EMEET th, U E & 0E 50 .

3.1 ARREYDEFE
31,1 ARREIBZFELEN

RS R4 3.1 s, ABRE—DRIERIERKHESRIE M, H=1EY
BN SMTHE (RRFMAED, FRNEE (HKSE, $odBAammap
AR MNE (FEBHMRA R, BB ARFELER-—I5) [45, 74-76].

e i -
e /7/:’: B L g, /{%MWCZR
: Pe i A B 7 e
Reif T // / B
. N Bl N\
) 72 ! y gl T X
5 % [N *:%
Agurous chamder ; Fuves ?,% Frs e ! x“’ | ;%
% R Y i3 3 3
¥ el agi ?{ £l B R Y g ey iy
{iptics} ‘jjswo» e TR i 3 % DS%%&Z/&;‘ } i}
- g Alens Ceutre.of rolation i 1y y, P #
Jels H ; / (oot 538 #
&“W&’ Gpticdne “’}’f " AR\ Rl Vi
o, W F s PR SN /
Corngs \"’ oo Ciliry bad e N
\\f" A A \\\ //
Q}Q L Ml g
M i Jer

B 3.1 ANIRAFE
Fig. 3.1 Sructure of human eye

R332 ARRETEAERERAD

Table 3.2 Diameter of pupil under different brightness

ENWIZEE (ed/m?) 1077 103 102 01 1 10 102 10 2x10*

i fL B & /mm 8.17 780 744 672 566 432 3.04 232 224

RSN ERETIRAAIR, BR—EEEREHE, AW NRE. A5
JEMTIE, WTREARE L, PO, BEEARBOCRE, REBREER
RPRFLRIGHE . BRI BRI, B2 8 H% Rk RanE
3.2 fivn, BENFEH 10°cd/m? IME 2x10%cd/m? i, BEFLEREH $mm %
NE 2mm. HEZ FERERE, FRER—MERIAETY, BEDIRES
RIEAR, HE R R TR, TAERORER, S5 AR BE B UM IR BT B AE AT
PR _E BRI o SRR 5 R BT 53 AR L, 400 009 L 2 A BR B 2R 4 RO B2 0T
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848 FEHANRERWREOESFNTTE

FEMECREIOLE S E, BMEERmERMEE.

312 ABREOS UGS

1. ¥Lf

BB SRR, A SRR Y ATE R L AR AR /N s Ak By K
Ny TR b g N S Y SRR /NG 26, 0 S YR T IR RS HBE B
£, BAVEERAMAELIFAEE, WHAECH, —ERAINHIFER
(EFADFHLD M SRR ORI, 0 FF. XK,
AR, MV E BRI, WA/N, WAL RN

2. MRS PRI

SRARALA IR ST MRS, THN4 B 000 ST B A AN TR/
R A ARIE . BRR, RATGIT R SMAE AN, RIERIT 05 H 7

(1) ‘A

FITLEF B85 4335 T S ST 43 5 0 A5 15 St o T B 3 48 MU LN 43 £
Fl Oin 3. SR TFETF RPN, NBRTHPHXFEMIA; LA
INT BN, AR TETE 55 K A A

(2) NBREIS SRR

B 3.2 ik T AR A PR IR A R SN — AR LR — A
G5, RIS MR, BN a AR b BTG 4E A2 1) /b (7 —
AR RIS ARA, T ABE AT LAt R B EBUR o AUGUS d FTRlik e
EF/MEARAE, UREABREHA L, LB RA— AN A.

TE— RGN T, /N A B S P (AR B 4 A 5 o
7E NIREEBEAL, BT, MIAEMIFR A4 1.0~1.50m, ARAHLIAL IR L
9 0.5~1.0pm, BEFL A0 BB R B B 40N+ LB K . R E AN
1.5um, MRAEANLA ARG 0.5um, BEFLAORE B MBI S 16.67mm,
T ABR BN £

_ Aum
" 16.67Tmm

BN A RNE TS, BEEN U, BIRE, AOATRER 057, &
£ 033 WM.

~0.83" ...
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A
N/

(b)

B 3.2 (2 RIBHIAAERD A E: (b)RDNDFHA[6]

Fig. 3.2 (a) Distribution of stimulated ophthalmic cells; (b) minimum angle of resolution[76]

A 3.3 ARG FE[77)

Fig. 3.3 Imaging proccess of human eyes[77]

3.1.3 ARBIRGEESAFEZIBERH

AR B R — A E RO, B 3.3 R SR A RBIT7),
ARSI AR RS T A, BRAAS ST FALRIRE L, TRk R, bSOk
(S BRRBR BRI BIN B T, BN, BRI, %
NIRRRIS, ARG LS S LA I TR, A TO o 5.

I RR RS R B BT A 0 B EUR T, AR
FEBE L (optical transfer function, OTF) K3 A A MBIR A& . FEHFA AR
SRR, BIEEIIET SRAGE, ACHHE Westheimer AMBMET, 7EiZ

J
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24 3 ERAREIR AN T

BT, 3mm BEFLERRARGEERRECON(11, 78, 79]

0.01562

OTF (p)=02865¢ +———~_
OTE(p) 0.1479° + p*

.32

AF, p=Wnl+v?, HER IS EAL, vl vy 2 B ZS [E SR 4075 -
RERENRILAE (NRMEEALRD) T RENRERERS s tEEA.
B 3.4 IR T BB RS REELFLERRR[80]. BATH LB BT
BRAR, —, AEAILARGETERETZLRE, BRRHEIRIEST
TRE ST B8RS, REEEIHEEMERSR, BSARFNAAEERY =
HERTEALILE RN T — i B ERER RANCAEBERIL.

R EE — Rt 07 AR T A B L 2R R R 7L AL AR R HOR 20 B2 A N R B
BREN . YEHTUBIERAENES, BT AREFERIELRD (B
KR, BAEBELENAE. SRERMEKE G TER) PR RS
ERATATBE, XA BEE A AR R R, ER RIS 22 ay
BERSAOER, BINERRARERER. dIkER, ARKBELLEAUE
RIERBARTEPE, T BBt T & MTH R B INE, AW T AR E

------------------------ R o~ = g

.
L[ manRRR | T epaan | |
i |
CELE —- CELET O
| i
| 3
| [ mmaraan | — 2 [ smpayeEk | |
: |

o e 1o - i G S 8 0 2 e s e - e e od

B 3.4 BALFLFRE, HPEBRH BESY BRI RIRE ST BRI < RE[80]

Fig. 3.4 Relationship of Pupil Function, Optical Transform Function, Intensity Point Spread
Function and Amplitude Point Spread Function[80]

3.2 HERIARKMBENE A5

B A B E RSB R, S R R AL ORI R
S5, DURENE R AR R ES AR SR BRI, (E %7
A S T AR F A B 2 B A |
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B 167 nm RE I £ B S BOLIREPT R

1. RS

FEREWANRSETTE, KIEARKEDZRFMESH UL 3.1 1), AR0EE
FIEk TV AHHL Manta G-201B 1 Point Gray CM3-U3-13Y3M-CS 23 I#840L ABR,
ISP HHER, B HBEMERSk (Computar) FARIEITAN 35mm, M3
ME LNk 3.3 fis.

B, ETHCEEEREEWERNST, HFER L WEEEILEE
I p WHI RGO A E R, FREA[81]

Py P Ly
OTF,(p) = ﬂ[arccos(po) 20, : (2/90) L ... (3.3
0 ,  Hh

Kb, po = ENFRFHOBILIE, 4 AHEIEEOES.

27d;

R 33 BHARKENEESH

Table 3.3 configuration parameters of CCD simulating human eyes

CCD camera Manta G-201B Point grey CM3
Focal length/mm 35mm 35mm
CCD resolution 1624%1234 1280x1024
Pixel size 4.4%4 4pm? 4.83x4.8um?
Observe Area on screen/mm 94mm *x71mm 94mm x7Imm
Visual angle(HxV) 11.2°x8.5° 10.4°x7.8°
Angle resclution 0.4' 0.46'
Work distance/mm 475mm 475mm

NiE, FIARGI)THEHBNRK AR (Manta G-201B) EARNRSH T
TRIBREL, 5 Westheimer NIRFEEL 2L BB EL, SRWE 3.5 Fim. B
i, RO AR Westheimer ANIRFEAIZE 3mm BEFLET FGL 8 R, Gl
MR AL IR TIHBIER N 675mm. 475mm K, SBENE RGH62
RERE. NETTEYE, Bafik5a6. KEMEHRKEHNRE, BREH,
K HFREE MR R AR IR RES Westheimer ABREEY 15 524533 3 25
A T IZNER BN RE, BEAZEPTNE RS LA BRI
ROt B ERE.
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1.0,
0.8}
0.6
0.4}
0.2}
0.0} -
00 01 0.2 0.3 04 0.5 0.6 0.7
Andle resolution

B 3.5 EiSHEHIN  Westheimer ARREE (B 54k) 3mm BAERIEZAE R
S5 2 RAME RS 475mm (SFEBEL) T 675mm (A ESEER) WMEZHE B 1t eid

Relative intensity

Fig. 3.5 A comparison between OTF of human eyes (dark) and the OTF of a 3mm

diffraction-limited circular aperture when ze=475 (green) and ze=675 (red)

2. BHES

B IR MSBEIE RS 7R T REALS SRR, TITNERSENE
FULEAT, B FRS MRS R A BT RIS A T3

B RGBT R E I 3.6 FR, SEHEINIE. HRER EANE
ES BT . SRS R SR IR SRR RS, SRR BB
. XTTLUBR T SFLE CCD AR AR M. BRI E R B LI
PRI, 3 ERANEEETEAl. CCD RE S BBE R ERE
R, W AAEER A, EUEAA BRI . BLEZ A
RS, —EBYTEE, WA S CCD MNRIEBIRG %S
45 TRHT I FR X

CCD MMLEIEHEE S, MR BGASFEY RN NN E
(P AR A I, A TRTETE_ ERTRRRRS, 4 BRI ERTY M U 2
GRS E, FIRESIG e SR AR (L5 4 3). BERRIER
OB AT B L AT « X OB B R B A 2 A BB v B O R R B R B (4
i BOLR. SEERLLE OS2 3. SREE L 48) MEETM
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Fig. 3.6 The working principle of the software system
BREERKBEARITRE, SOt TESRNERGEFAE, WE 3.7 PR, &R
HEZERI T LR IIRE:

a) T grab”iZfll, RATRBHTHEERGRE, FHo LA ZEHsSEY
B _EBUAR CCD MBNLEIBR GRS 8] 135, v EE 24

b) “Camera Name”FISRIERRME(FE T, LURA B 7E AR (8 AW & 4L

¢)  “o”ENBX I (reigon of interest, ROD) , 7] AFFNER A+ E X 15,
RETHARZXBO - EAEG . ZERER. 834 R~ st
S LR E

d) “image grab” 2 TEREGIEE, “Histogram” Fik 2 IiZET
BHIKREEN B, “binary image” FISk 2V E G+ ROI KA —
MBS

e) “save image”#Z 451 T BIERIAIAFME, “introduce™ Z40 7] S NI
“End”#Z 45 R AFIEAT .
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AR O B R

TELREE
HEEIREE
B TIEn
BRMILE
- ROIE]
BEBREBHDHE e BAREE
ROIEIRSEAESD

ROB-EHEE R~

& 3.7 BORNES |

Fig. 3.7 speckle measuring surface

3.3 iR EM-MSM 2 4HIHIEIDERYRIR

A, R R R R BTN E &, SRR LR S)
(1% B 499 X 59 45 (Electromagnetic micro-scanning mirrors, EM-MSM)£&44 #1fill #k
BERIRR .

33.1  EM-MSM 4 ,_

EM-MSM 24 g ez B mE 3.8 fin: B AMiRENRE S
A, ERXEBNRSX, REERAREHPAN T AR B)y EM-MSM
RAMIREIE D, %S T LD IRSN B AT DAL RS (227 fd K S 5 # 1f
FRIAIREN), AESENRMIRSMAN, BEOSLNBMIEINMAG: E()
39 EM-MSM B4 EESSE, RETMERRA 6.5mm, ZIR4= BT BHEER
FELELRE, 7EAMIN R £k B 2 A RS AR IR AL, B T BB R R AR
TREERIMEF 77, X R IR SN R 07 BRI R AU > AR L I BR A RN T 26
k.
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@ \_ (b) (c)

& 3.8 TR RLAKEN IS B T 8 SO 4R
Fig. 3.8 Electromagnetic micro-scanning mirrors (EM-MSM)

B, WEERHRE RIS HLIRTE KN XAES RKELS AFG1022
UKz EM-MSM, [ RshTh=, (EIENIHNEATLE 100Hz—2000Hz H2AR1L,
B B A O e N R R R, RV RAERIRIE (ZHEEREE RN,
HAMERISE 4 DIIRGEO . WELR, BB AELIRIIESR 620Hz, R
Y AR R LR AN E Dy 1563.8Hz.

S8, MIE EM-MSM IXFNIEE )Rtk 185 0 & IR, REN
R AESWIITIRENRR, LIRERME 3.9 iR BB BHAEME N 620Hz
B (IBRILIRAER), MERhIIREM, THAENEN,. BERNEHAEN
7.8°, SEETRIIRBNTHFE Y 104.22mW. WEIRIFRIEN 1563.8Hz B (Hhimit
WMD), FEEWSITHRAEIN, FikmEEm, AfAERRN 6.53°, MK
RFNTHEA 101.52mW,

- —m— 620Hz
[ —o-1563.8Hz

Mechanical Ahgle(deg)
S o RW B TN =IO

0 20 40 60 80 100 120
~ Driving Power (mW)
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& 3.9 EM-MSM HIHUHE /B SRR MK R

Fig.3.9 The Relation between mechanical scanning angle and driving power consumption of

EM-MSM

332  EM-MSM A5 RBE

¥ EM-MSM 23+ B THREOLHE RS, #HATHETNEIS, SKB/REENE
3.10 FiR, LKA 5320m A ESBEOGEEARIDEIR, BHRERE
EM-MSM & 4f, fFMEseH £ M ENRICORREIDCE +, HREHILE
TGRSR L, I CCD ARG, BB RN ETHENALEE.
Jeiktn, K O SEEBEZ RNERN 30mm, RYERSFEZRAKNESR
9 930mm, HEHL 5 FREMEEE A 475mm, W B HE R E AR, B0 48cd/m’.

EMIMSM diffuser prajection lens

s o
s <
- o ndee Vi 3
. N O 1
S st ok B

Libhpipe

L e
o,
g
i

&

&l 3.10 SEHAR E
Fig. 3.10 Experimental setup

% B ik AB R IR Eh B R EM-MSM T B B RO ERISH (R f B39 4°,
BREFN IS F I IR SRR A B A 1563.8Hz Fll 620Hz . K EM-MSM #8344 X [ 8 IT /5
g BB, M EEENE %45 Manta G201B A1 Point Gray M3 4 B2
REPTEG, R T AR L.

Bl 3.11 RAEHENE RS Manta G201B iCRMEHER. BFE—ITE
EM-MSM X8, MRBEBE G k F 0309 (a) Zi=475mm, Fyi=11, (b)
Z1=675mm, Fs=11, (¢c) Z1 = 675mm, Fy = 8 BT FIRIEIREER . BF58E 17,
KT ES-MSM $TFF4h (REMRIEEN 4°), HELHSE—TTRNER K. X
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S0 B (GO0 B AR T LU INER 3.4 FiaR, X S —4T BERI 88 AT BR A HiE R
LEE, 25 EM-MSM #3844 H 5 F BT J3 B, BRBEXT LU T B B PRAR, BR1K T ~35%,
FREDT: 24 EM-MSM FF/ER, EM-MSM {856 A AW, 74 TELZK
TATEOPEEIRE, fE CCD MR IH AZINFYy, SEEPBEXS LRI,

SEEE 3,11 (d) , (e) A () R, gk FHUERE, WeE e ine,
MASRIEGE LR RS, REATN: LM INeT, RSk ELAL
N, SEEBEN LR /N9). ZNREE e, F RSN, A BT
WS, REMTR: 2 FEBURANS, BB RSN, SEGRAEIEE CCD B &
BT TR ARG, RSN H RN

RYE amp

& 3.11 KA Manta G201B CCD AHALIH IR BRBE 1R, FIHIREM N 157graylevels: 17,

PRGN R R M 0°, BBEE Ak F H0 310 () Zi = 475mm, Fy =11,

(b) Z1=675mm, Fx=11, (¢) Zy=675mm, Fy=8; 4T, FHIRE VLYY

e fy 40, WMBIEENGL FHEN BN (D Z1=475mm, Fy=11, (¢) Zi=675mm,
Fy=11, (f) Zy=675mm, Fy=28

Fig. 3.11 speckle images captured by the CCD camera (Manta G201-B) with mean intensity I =
157graylevels: the first row, EM-MSM half scanning angle 0 = 0°, (a) Z1 = 475mm, Fx = 11, (b)Z;
=675mm, Fx =11, (c) Z; = 675mm, Fx = 8; the second row, EM-MSM half scanning angle 8 = 4°,

(a) Z1 = 475mm, Fz = 11, (b) Z1= 675mm, Fy =11, (c) Z1 = 675mm, Fs = 8§

% 3.4 CCD Manta G201-B e S IREBEN
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Table 3.4 Speckle contrast recorded by CCD Manta G201-B

Fu observing distance Speckle contrast (%)
(cm) EM-MSM off EM-MSM on
11 475 333 14.6
11 675 31.1 11.8
8 675 22.7 8.2

FIREH, S Point Gray M3 BIBEE R Gl EM-MSM 2472 AR TAF
WETHEEER, BT ERESINERSHN CCD M, ERFM4S5HE 3.11
R —3, SSRERMNE 3.12 fiR. F 3.5 FUH T ARZME T BEEOT A,
EM-MSM #4 &5 A BT E R, #MEEX EHBREE 35%AFA, X5 Manta
G201B KM EL RAA—5. 4T, BT Point Gray MNBERRT KT
Manta G201B AHLETE R R T, SEMEHRBIERE P AMEERBTATE TER
TR AARSY, fE Point Gray ARHLINARHTRITER LLEEBI

B BRI ELE R A4, EM-MSM 4/ EE#, A 98 KRS
R, [N, BEOEDANBREDERAENEGENERRNVES R, 5ARNF
EFHRMBENEZAE - THTXERRNERZRAE R, LI Manta
G-201B A, HSH5 Oxide BFTMEN . AOE BEBHNE M ARAIN HnE
3.6 Fi7R.

& 3.12 5% Point Gray CCD MHLI#IR I ENR, FHIREEN 157graylevels: F—17,
HIRE IR RS H R A 00, HBIEEE L FHL A (@) Z1 = 475mm, Fy=11,
(b) Z1=675mm, Fs=11, (¢) Z;=675mm, Fx=8; FE 1T, FHHFIRGEIEHEFIS 5

IREEf A 4°, HEFREFSEL FHS RN (d) Z=475mm, Fs=11, (&) Z;=675mm,
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Fy=11, (f) Z1=675mm, Fy=38

Fig. 3.12 speckle images captured by the CCD camera (Point Gray) with mean intensity
I=157graylevels: the first row, EM-MSM half scanning angle #=0°, (a) Z; =475mm, Fx=11,
(b)Z;=675mm, Fx=11, (c) Z1=675mm, F=8; the second row, EM-MSM half scanning angle 6=4°,
(a) Z1 =475mm, Fx=11, (b) Z1= 675mm, Fx=11, (¢) Z;= 675mm, Fu=8

# 3.5 CCD Point gray it F (EEEN LB

Table 3.5 Speckle contrast recorded by CCD Point gray

i observing distance Speckle contrast
(cm) EM-MSM off EM-MSM on
11 475 28.5 10.7
11 675 27.5 10.3
8 675 23.7 8.4

R 3.6 HOENEMTRER S NRSHHIXT

Table 3.6 Comparison between parameters of speckle measuring device and human eyes

2% AR Ox“*eﬁ&m’é AOELBHMEURN | FALE
CCDﬁ%ﬁR ~4pm X 4um 6,45pmm>< 6.45p 3.5pm X 3.5um 4.4pmX 4.4pm
ﬁ BN 9.33'—1" 0.44' 0.17'—0.64' 0.4'
& ¢0.8mm,p1.0m
# . ~ m, ¥
i LRt 2mm~8mm o1.2mmo15m 2.4 3mm
m
teptepmy T AR e R4 o
MBI T vk EH %ﬁﬁ% ﬁggﬂ 15/&1;3 BB LS C=0i/1 %%B};@"@fg)

3.4 KENG

REMFET AR T:

LR T NIRIALZEMM PR, 2 T ARMRGERE, #3TA
MR e A2 i R 4

QERTHEREDARMHHNE RS, RENERENSH, HHART
UL EC AR B Y622 A5 1 bR 4

3BT EM-MSM Z8FROTERE, TG, (F S E IR
HUBE I B RGN E T BB I iR -
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FaE ENARERRAVBBIEMN

3 S R RT LL BE (speckle contrast, SC)JRRIEEPE, ZRAE 7T EMME,
WIHR A I . (B R ERBE N LU R AR LA B R R ERRRTRE, BT HAh
FEE RIS I[82-86], FERMLRE T HIE AR EMBEZA—EHIFEIR. 2004
£, Wang Zhou 2 AR H T FI FH £ H #8100 (structural similarity index , SSIM)E
WP BB BB IR E, Z7RR T RS RIESE RGN RERNR, BFETE
BEEMSERR. SSIM BB UCH AR EED BRI T RIGEHER, EWH
KPEN BE FRETN BB EENRM[18, 87-90].

AEHRAET, BESNT H AR A BB B G R RE . FHRE TR
AT . REET SSIM HREM, B TEMWMEE (structural deviation
degree, SDD) 1M 535, BN A TEEEGIITEN, HS5MIEX LERITDy
R, BIR T %R B T AT . RERE T BRI E (speckle
influence degree, SID)F7¥%, FEMBEKER. BN L EMBMGEW ZE =771,
STRALL RBEAT T A AN R

41 HEEEGPREMRE

TR EREN A, ESEBOLE HARUL, BOCEER. Soth . Joi
FIZ A6 EI2S (digital micromirrors device, DMD) & —RFDtETTiE, 1EA
SR ERGRAERE, FELNEGRE B ARMMER CCD HHLEE, A
MR ML ERERE. FLl, EAMRS CCD MNRE BT, BRTHT
BOLHT MR R R BERR S 2 4, B AERA RS, TEBREFHEEANEIE
B RAALS . DMD ERRSS GG =AM CCD B RS .
AT HEEGENKEE—RIZAT CCD REER5I RAKERR, CCD B Btk
FALVREEANGT, AR, RBERIENSERAMBEGRS, AR
BRI -

4.1.1 S EH=HRIER
2016 2, EFr#HEITZER4 (International Electrotechnical Commission, IEC)

KA T BTN EWRE 62906 (laser display device-5--2: Optical measuring
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methods of speckle contrast). ZFRMEFHE: MEHBATERSNH#HIT, B TH
TR ERBOOEIE, BB UER LI, DOk G E AR BT 5o 8k
PP RO R s B

2017 £, IEC KAn T AP EIRHE 62906 (laser display device-part 5-4:
Optical measuring methods of colour speckle). ZARERE: 74P EHBIM &R
B, TEXNERICHT A

DA_E AR HE S0 T BR ARS8 A1 SO BRBE PN BU 2 S T R SR, DL
o IR I E 4R . X ESREA AT PT80S B
HE OGRS

FETR, RBATR B BB 25 (annular notch filter)VH Br3F14 5]
ERICHITE. BARGBOE E G TR SRR BRI, %R, 8
SRR A B A B VA ERRIVAE S SO A B, A RICATI& .
SN, KA IER S B R AE ST S . &5, FIAEE
M AR, 4 MR AT B (B 2 (B33, BB R T AR50 SRR BBE 4

4.1 NERAT MR SRR OT RN EREREE. B (O N
CCD ERMBEBIEE (=RE). B (b) NEGEEHESREARRE,
BCA&E TGRSR SER, PRSI, K, mENEIHHIHTRE
. B (o AB (b) HRREREGREHEENETHRENERESG, mE+
ERMERAM, 2EHHIEERIERE, FOBTRECEWHER.

/ @ , )

Na

& 4.1 (a) CCD REMEPIERMZ R, (b) FEIURA, HEFEEIERSEAERR FHEE%
ABEE =, FEERAAFEFER SRS . (o) BB 5Eat Bkt

Fig. 4.1 Raw speckle image captured by CCD, (b) in spatial frequency domain, the annular notch

filter works on speckle to remove the effects of background, and the inset is annular notch filter, (c)
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speckle image after uniform-conversion backgroud

Bl 4.2 J OB ERRME IEC 62906 FHIH BRIEHSIE L8R G . B (2
(b) (¢) 43R CCD FHFRATE . & 4 (blue, green, red, BGR) #IEEIR, K
R T SRR PR E R, EEERRMEEERBEERER,
AES A7 88 . 3B 10x10 R/MBIEAR, X ZEAR N IR S H ROLLHE,
RIERFEsIE O, WEAHREMESROIAEE, REBIE (D () (D
FIlIE s CEHaEROLER) MERERA.

s

(e

B 4.2 (a) Blue, (b) green, (c) red BIPHREE G BHRIATMULEFE (4 blue,
(e) green, (f) red BABEEIE

Fig.4.2 The raw speckle images of (a) blue, (b) green, (c) red ; (d) blue, (g) green, (f)red

speckle images after post-processing of uniform-conversion of the background

412  FEEARRERERR

1. BFEWRSHERM LM (digital micromirrors device, DMD)

Bt BN PR LB — & DMD, LUEE VIALUX A R/#T DLP®
Discovery™ 4100 0 AT £ HI V &% DMD A, /48 DMD BZ5 AN TAER
., WA 4.3 PR, (2) 9 DMD HMAMREEE; (b) v DMD BRI A,
DMD HMURSTEEREFIA R, SRR EME DR RTERNRTT, MR
REL2°HMRER, HABESLTN; (o) AMRFEEIIBAE; (D AN
DMD B LAEREE, JHRAHE DMD RE/E, DMD HRIEIINE 5 e i ik

TS| (Pulse Width Modulation, PWM) {55184, € G/ MU S5 10 W
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R ML (8], 454 RGB =& ORI HEABIE.
@ ®)

Window g— DMD array

\ ;
¥ g i\\w
[ty

Outpx;t*goxt i

B 43 (a) Bt stiEes 4 (digital micromirrors device, DMD) &A% iA%I28, (b) DMD
g1, (o) MRSTEFES] (d) DMD TAEREE

Fig. 4.3 Spatial light modulator called digital micromirrors device (DMD), (b) the inner structure
of DMD, (c¢) arrays of micromirrors, (d) the working principal of DMD

2. JEHAME S kIR

BOCHREEN P DMD BB ST EMEFIER, B MRS IR AR
R R AL, ERMR RIS, £/5 DMD £ 2 EBK
R, WERTHMHELRNKE, AEGHENT HERRS.

FIEARE St SR MEL BN EESE %, B 4.4 ARG ENL
(FRRICFHER A R AR =) RE MR ERNEREER. FHERE
BGEERANXR, BEEMANRESEEN, CCD HRNE RGBT
JE B

AL DMD & A BIR SR 14.5mm=8.16mm, BRI EN 19201080, £
RERT 9 7.56umx7.56pum. K DMD FAREMEHRHFE 100 HFHWESRE L
(221mx1.24m), WA, DMD MR FRETHERFEREGE LWV R T H
1149um=1149um . NP M E R4 F 89 CCD (Manta G201B) B &R R~ K
4. 4umx4.4pm, FLMEFEY 50mm.
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# 4 F BRAREVAE BGEN T

2 Z £ 1) DMD TR N F—AMEE R 4.4um BY, CCD R REA R
SEEEFIAR, TRIOEEAAS RS, W, RERGER, SHE
BEES 7 KT 13m A, 1055 0 BB P60 ¥ L 0 75 0 F 48 AR TEC 62906 5-2
S W B AT, TR B T R B R 3 4%, ARME AN, U F
G BB B J~6.63m, /NF 13m, BSRENE, 0B R L 2
BT, UFONRASEEE T, A AR RN

A RSB R B R, TR, RS LR
ch, I P R L AR R b B — 25

3. IR S

BB RRANITES 411 TR RS SRR, A
P T 18 L A R A TR e VR P 4.5 R T 30 B S0 (S 7
AR, F@)N CCD RPN EHREE, L aiERAERN SRR,
T AR B, S BB L 13.91%. ()N B R
S, (o) I, T DA 0 R P AL M HE B SR TR B . (O
R4 A1 4 7 B S 2 i T AR R ST R s P 38, UL R R
PRI B R, BI(d), BRI E A, S R H e 2
SRR, R FRE R OCEE, TOLE B AR, R f
BEXT LA 8.46%.

B 4.4 B4 BRENAEBINE

Fig. 4.4 Speckle measurement of laser display device
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e @ ) © @ O\

Original image Fourier image Filtered Fourier image Corrected image

\\ SC=13.91% | SC=8.46% /

B 4.5 BRIEEAREREUE BT EMRS, (2 BCTRGEE, (b SEERnEg,
(c) FEABISIRARIRN, () RIEFHER

Fig. 4.5 Notch filter to eliminate periodic noise in speckle image, (a) original speckle image, (b)

Fourier image, (c) filtered fourier image, (d) corrected imag

4.2 LEHIREE (structure deviation degree, SDD) RN ELBE
42.1  SDDIEHH

£ Wang zhou 3% MBI E IR R 2 118, 88-90], AICE T
F T 8058 B -AN 1 4554 I B [ (structure deviation degree, SDD) ¥k, &%

T B b B VAN T ik, M IR B T MU B R T 8O B SR
R, HHEET BERREYRE, RRERMT,

2up,+C, . 20,0,%C, . +C,

xy
2 2 2 2
H, +luy +C1 0, +ay +C2 O-xo-y +C3

K, Gl G G REH, UMRIEEAN SN 0. K, Cr= (KLY, C = (KLY,
C3=C2/2, K1 F K> 5y HIEUE 0.001 1 0.003, L AEBE R NHETEE T 8-bit
HBR, SSTEEN 2550 el py AR S E B x AR EE y K78
38, ox M oy T HRSFEEG x TR ER y KIBEREE, oy A EEE x

MEMAER y WX R, eiTRERDT,

SDD=1-

(SDD =1- L+C+S) .. (4

1 &
M :W;xi . (4.2)
_ 1 & _ 25172
o, = (g 26 - ) - (43)
1 &
7y = )= . (44)
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BR@2)FRE3)FH TR x Bh y, BIA py M oy BIFREI.

— R R LB MEGIEASEER, SMRBEGRESEEBEE X
i, SDD {5 0, HWAEKRESXEBZELMER, SDD EY 1. thEiil,
SDD {H#gK, R EEGRIBPEME; SDD Ef/N, AR EGRIEDED .

K 4.6 BRTEMRBERNRELR IR “REMCE™ HEBS
s, Bk TS5 EGMENHEHEGN=EMLUE L BETFYRE
AR A2, B (0) B (@B E .

MEFATAEH, REMECE LXT py=pm X% BESFEEHNTERE
B i AR, HREGETHRE by BREEISE BRI TR M,
EEMEE L BEERER, BRRAERE 1, 4y NRERE i B
MERR, RESIWEE L RMSBMEkE,, EE8T 0.

MNEFZATUEH, H2%5BERAFYRE n BRI TFHRE i
ZEMR, EFENEEERRR, R E L AR, filtn, 2
FRE(10, 60)ZEZE (60, 60), L EHALA 0.67, THALAREH(150, 200) Z£Z(200, 200),
L EZA 0.04, ZMESABRRERMD I $hE—3: E2BHETEN—E
BRNGHER, RIRARBENSEENESN o, 48 INARKNRING I,
W NRBE R FEEINENT &, XM NRX TERNA I iz, WAIFHHE
ﬁ" .

SHEEMALE C SREMUE L REX—8, ZFHRLE—E 1
BEFHAEE. EMHELES, HRTSEEGSMKXBGRNSHHEEE.
o)

Mean intensity comparison

56 100 15'0 200 250 300
it

X

B 4.6 ZEME L 555 HBREG. WRESEERGRFIIRE nHl g XA
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Fig. 4.6 The relation between brightness contrast L and mean intensity of reference speckle image

and test speckle imageuy, 4

422 ZLWEE

i/ SDD JTiExHEE BME AT 7%, slnR BB EmnE 4.8 s, 5
REBCFRBOCRERGNHBINERAHH . BORERERALESEL
BOGSEATRIGIRE, BotH LN 5320m, BEEHIIER N SW, Sits
MERLE, BOtEdRESHHANGE, AEHREELREERR. BHHN
& RS01%5 H Manta G-201B -5 CCD #HAL, #EALAE 5 3k Computar M5028-MPW2,
MERAKBROHEN 1624x1234, BERTN 4.40um>4.40um, HLEEN
50mm, EJABBEERES, SERIFRENY R RE 48cd/m?.

AT SRR, RE 7R BB R, A S an & 4.7 iR,
FAA M ThREan T Bz

$#%41“Load Image 1" A F NS E R 1A,

¥l “Load Image 278 S N B ;

m.ifi“Calculate SDD and SC”, i+ 518 5 ¥ fWBS & SDD L SDD =44
BE: £WMELE S, REALUE LA HEMALE C. R AR B S
BREENS L SC LAKBREARIEZ Sigma FEREFIME 1, HELERERES N L
ARAEA

Speckle Calculation

77

B 4.7 727 H P Fin vt & SDD(structure deviation degree)Fl SC(speckle contrast)
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Fig. 4.7 Guide User Interface (GUI) used to calculate SDD (structure deviation degree) and SC

(speckle contrast)

Screen 5
Projective ]ens mmmmm
- :

diffuser gpticat Tnbe

Green laser

Bl 4.8 sLinit B K
Fig. 4.8 Diagram of experimental devic

423  ZXWHER51TL

SEib e, KA VAR R GRS SDD FIRAES R, AR THE SC #HTX H.
FE—HARRNF I FHRENETEEE: F_HATR F HEREE,; 25
ZHERNREBRERENERELG:; FLANAERERENBRER: FRAERN
NEEPENT L B R BN AR BRI R I EE B .

1. SDD PFOTAS RIS )63 5 L A B RA BT R

B 4.9(2)-(OF RN NP MEBTEME, E(@HidT SDD 1 SC
FEASHERE R L. BRAGCFERE, X NBSEEGRFHKEE

435K(a) 64, (b) 87, (c) 114, (d)132, () 151, (f) 186graylevels.

MNEEARET S, SASICIHEEME, BREREZE S BIGIRKE RS G
N, HEPERPEN LLEAL . HERmER AT A, B LR B A 6T 158
R ImE/DN, E 4.9eFTR, XIHERKATHTN 252, XEEHFH
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Fig. 4.9 Speckle images with different mean intensity, (a) 64, (b) 87, () 114, (d) 132, (e) 151, (D
186graylevels, (g) SDD and SC as a function of mean intensity

R 4.1 FETHR B B R 0 254w 2 B (SDD) TR EL EE(SC)

Table 4.1 Structural Deviation Degree (SDD) and Speckle Contrast (SC) of speckle images in

terms of mean intensities

Mean Intesity

(graylevel) SC SDD
64 0.085 0.32
87 0.082 0.46
114 0.079 0.62
132 0.078 0.70
151 0.078 0.76
186 0.077 0.84

2. SDD P A E F #8R E &

B 4.10(2)-(d) 2 B8k F 45108 1.8, 2.8, 4 1 5.6 IR AEBEERE,
E(e)fiiR T & MIRES E MBI LLERE F A0z, FRR0, CFEIRE
{84 63graylevels Bf (T EBE R BIENSE, THHEBIREE ISR EEMER
STHE, SRR 42 Fin.

SDD (%)

S Y
16] -=-spD / 70
] P -60
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& ‘ .50
o -30
1 = 20
gy T 10

2 3 4 5 6 7 8

B 4.10 N[FE F #AELERAEET RS (2) F4=1.8, (b) F#=2.8, (c) F+=4, (d) F4=5.6, (¢) SDD
1 SC BERG Sk F 20 sl £

Fig. 4.10 speckle images with different F number of (a) F+=1.8, (b) Fz=2.8, (c) F#=4, (d) Fz=5.6,
(e) SDD and SC as a function of F number
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Bk F MM 1.8 3= 5.6, X RGP IREEE S0 1264 55, 7 F1 2.3
graylevels, FHNRIRPEXT L EEZHTHE R, TS5 IR B B el /NG SR . Bl(b) 5
SEEGNREMUEER, EEWMERERD, k8 m F 8, BEE&FHK
FAERR, REAMLIER R, A0S E 2 HEInEaA.

BRDEXT ELE BB S SRR 8, XREDY, S E BT
KIEAERARNS, EMRSREZABKTE F2RIET CCD M IR = A B iR 2,
XX LA, HEESHIERKT 1HHEN.

R A2 ARGk F HmRrEO B 4 44005 8 B E (SDD) AT BB HL (S C)

Table 4.2 Structural Deviation Degree (SDD) and Speckle Contrast (SC) of speckle images in

terms of F number of imaging lens

F# SC SDD
1.8 0.0769 0.5420
2.8 0.0793 0.1721
4 0.1013 0.3430
5.6 0.1311 0.6006
8 0.1748 0.7833

3. SDD TH AN [RI B BAT [ 8B 1R

B 4.11(a)-(h)4 BN ST [A] 25, 30, 35. 40. 45, 50 55 F1 60ms B3
HIEBE B, E(e)MR 4.3 iR T 4510 W & FEFIBOBE T EL B B MR e i (A A 284k 55

LA IR BN 63 graylevels FILHBE BEIEANSE, HEBBEEEBIEH
R BN LR, FTLAE , & CCD BEJGRT (A f93En, ERBEXT HL A PR,
MM RS R T &, ERRF A CCD BT [H B3 N5 A5 6 F 556 3848 fn
FIZR—B BRTERBREHE T REEEMN, UL T AUMSEhER.
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A 4.11 A EESLH RHIR AP RS (2) exposure time =25ms, (b) exposure time =30ms, (c)
exposure time=35ms, (d) exposure time =40ms, (€) exposure time =45ms, (f) exposure time
=50ms, (g) exposure time =55ms, (h) exposure time =60ms, (¢) SDD FN SC BEMGEG 8] #2244 Bl
53

J Fig. 4.11 speckle images with different exposure time of a) exposure time =25ms, (b) exposure
time =30ms, (c) exposure time=35ms, (d) exposure time=40ms, (¢) exposure time =45ms, (f)
exposure time =50ms, (g) exposure time =55ms, (h) exposure time =60ms, () SDD and SC as a

function of exposure time

3 4.3 TNFIBRGRS RIS IR A B PR R 554 1 EE (L (SDD) A BERT L EEE(SC)

Table 4.3 Structural Deviation Degree (SDD) and Speckle Contrast (SC) of speckle images in

terms of exposure time

exposure time SC SDD
25 0.0832 0.1556
30 0.0812 0.1807
35 0.0802 0.2396
40 0.0791 0.3004
45 0.0788 0.3670
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50 0.0787 0.4309
55 0.0782 0.4867
60 0.0769 0.5420
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B 4.12 A~ [E 2= I B R SR O BB B2 (2) L=100cm, (b) L=150cm, (c) L=200cm, (d)L
=250cm, (¢) L=300cm, (f) L=350cm, (g) SDD I SC MBI B 124k £k

Fig. 4.12 speckle images with different exposure time of (a) L=100cm, (b) L =150cm, (©L
=200cm, (d) L=250cm, (¢) L =300cm, (f) L=350cm, () SDD and SC as a function of observing

distance

R 4.4 7NF) WL SR BE B BRI I P 4 B 4 400 80 BE (L (SDD) A BSBRER HL BEAEL(S )

Table 4.4 Structural Deviation Degree (SDD) and Speckle Contrast (SC) of speckle images in

terms of observing distance

observing distance

(o) SC SDD
100 0.0521 0.2904
150 0.0614 0.3421
200 0.0741 0.4054
250 0.0967 0.5841
300 0.1398 0.7403
350 0.1246 0.4980

5. SDD PN EI RN B RO BRSE B 1

KR OB T 4 B E T R R AR R EAESE, 18T o i S A 5 L
BETHRSIAR, FEAANLENBREG. REATE MO AER:
B R B B RERE NS T TR AR N R, T DA SR AL LM S SO B
MR, FEGRBENDCTFHBREEEAT. ALRP, ANRELERFIE,
14K [ Y37 7E(185+2.8)graylevels , FBNRE /DT 1.5%.

4.13 T3 4.5 #H3R T SRS FE RN L B 8 R R R sh A fO 2L 1R
W BEE REEREAZ N 15.18Hz 3L N % 56.98Hz, BABEXS LLE 1 6.7% F&%3.8%.
5> Stth, DIEHIREE A 193 3graylevels IITLER B GIENSE, SHREE
H 69%FEE 42%, SHIPIX LLERIZEMAA—F, MR H, HX LEX A
RIS, SHMEEER SHBE L EAR KR
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Fig. 4.13 SDD and SC as a function of vibrating frequency of screen

R 4.5 DEFRFEHER KGR LR (SO H7 E B (SDD)

Table 4.5 Speckle Contrast (SC) and Structure Deviation Degree (SDD) in terms of vibrating

frequency of Screen

Vibrating Frequency

(Hz) SC SDD
15.18 0.067 0.69

20 0.062 0.645

25 0.051 0.558
29.57 0.055 0.592

35 0.047 0.518
394 0.042 0.462
43.31 0.042 0.469
49.16 0.042 0.469
5271 0.039 0.429
56.98 0.038 0.418

6. SDD PN AN [FI BB R T st B 5

4.14(a) 9 T7H5 SDD M HEEHE, F1“CAS” ¥ EFRI 2% (Chinese
Academy of Science) TS, & 4.14(b)-(h)= 53¢ Pl AU v A Bl 008058 BlME,
BB RT3 9 177, 3934 573+ 8.09. 9.70. 14.09. 19.93pixels, FHJIREE K
(80 £ 4.8)graylevels, EG)NHPEE (L) (OHFERE—1LBH T Z R, Hyp
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MBEAMET S, BEERER T M, BERIELE SRk TemkE, Hit,
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B 4.14 (a) Z£BH, SRR T HEBEE R (D) 1.77pixels, (c) 3.93pixels, (d) 5.73pixels,
(e) 8.09pixels, (f) 9.70pixels, (g) 14.09pixels, (h) 19.93pixels, (i) BPEEIBRDb). (A)FI(HIA
—ih BT EER . (§) SDD M SC FEEPE R 210t 2%

Fig. 4.14 (a) Refference image, speckle images with different speckle size of (b)1.77pixels,
(c)3.93pixels, (d)5.73pixels, (€)8.09pixels, (f) 9.70pixels, (g) 14.09pixels, (h) 19.93pixels: (i)
normalized autocovariaion function of speckle image (b), (d) and (e), (j) SDD and SC as a

function of speckle size
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R 4.6 NRBERBEEE GBS HE (SO MW ES & (SDD)

Table 4.6 Speckle Contrast (SC) and Structure Deviation Degree (SDD) in terms of speckle

size

Sp(e;geelss)lze e SDD
1.77 0.8476 0.9452
3.93 0.8719 0.9369
5.73 0.8810 0.9341
8.09 0.8717 0.9297
9.70 0.8718 0.9181
14.09 0.8810 0.9071
19.93 0.8658 0.8538

7. /NG

A AP P BEAASE RS SRR A B 0, et EL T G5 M0 0 B8 FE AN SRR b 3 TG
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BRSBTS LU B 88 A MR B, (EX BRSO S, SHREES
METT VRS BN Ll RAL 77 i3 AN RE R B0 R~ 5k N BRI n B R 5 (i

4.3 HIBERZImEE (speckle influence degree, SID)iF BT

IR, BT EOEE R T RIEEBENT L LASh, MBI B th a0 AR R
A EG AR . A TAEWR THIREWMERT TS, BOTSmE T ikss
BT EEERN . BB LB BUE B R, RN EREE, 5
BB N Ll 2 PN S5 M0 i 25 5 () R A 45 B AT ST B
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ERE R AR, WEUR B R EGEWE, Wl 4.15@05, &7 PR 5 1y
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(NEEEBAZE “CAS™ THEEPBER T MBI L E, WE 4.150b)FR.
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Fig. 4.15 (a) Origin image, (b) speckle image
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Fig. 4.16 Theoretical analysis of Eq. (2). speckle influence degree as a function of (a) speckle size
and image contrast with a speckle contrast (SC)=0.5a.u. (b) SC and speckle size with y=1 a.u., (c)
SC and y with speckle size=10pixels. (d) Speckle size with SC=0.5a.u. and y=1a.u., (¢) SC with
y=la.u. and width=10pixels, and (f) image contrast with SC=0.5 a.u. and width=10pixels
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& 4.17 () CHEETFIHMIEL, ARESERTHEBE0) 1.77, (c)3.93, (d)65.73, (e) 8.09,
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Fig.4.17 (a) Free-speckle image. Speckle images at different speckle sizes equal to (b) 1.77, (¢)
3.93, (d) 65.73, (e) 8.09, (f) 9.70, (g) 14.09, and (h) 19.93pixels. (i) Normalized autocovariance
functions for different speckle patterns, and (j) variations of the speckle influence degree (SID)

and SC as a function of speckle size

F 4.7 AREEFER T T BB L E(SC) SR S B (SDD)FIETE RS W B (SID) 5 He

Table 4.7 Comparison between Speckle Contrast (SC). Structure Deviation Degree (SDD)
and Speckle Influence Degree (SID) in Terms of Speckle Size

Speckle Size (pixels) SC (a.u.) SDD (a.u) SID (a.u.)

1.77 0.8476 0.9452 0.4165
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393 0.8719 0.9369 0.7418
5.73 0.8810 0.9341 0.8166
8.09 0.8717 0.9297 0.8608
9.70 0.8718 0.9181 0.9092
14.09 0.8810 0.9071 0.9135
19.93 0.8658 0.8538 0.9403
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Fig. 4.18 Speckle patterns of different mean intensities equal to (a) 29, (b) 58, (c) 83, (d) 120, ()
170, and (f) 237graylevels. (g) Comparison between SC, SDD and SID in terms of mean intensity
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MEZ AT

% 4.8 NFEFEHERE T SC, SDD and SID {HHIXTEL

Table 4.8 Comparison between SC, SDD and SID in Terms of Mean Intensity

Nieg‘;;‘yﬁtve:lssl;y SC (a.1) SDD (a.u.) SID (a.)
29 0.9951 0.9609 0.7409
44 0.9795 0.9568 0.7303
58 0.9545 0.9507 0.7116
71 0.9107 0.9435 0.6790
83 0.8719 0.9369 0.6500
104 0.7900 0.9250 0.5890
120 0.7274 0.9152 0.5423
135 0.6731 0.9073 0.5005
155 0.5911 0.8953 0.4407
170 0.5321 0.8864 0.3967
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S A
H G k!
Ea)

AN %
2hR TS s

SC/SDD/SID
o
=

8.2+ ~8—5C
] —&-5DD
0.0 3D

00 62 04 066 08 10

Image Resolution
B 4.19 AEERGEME » FHESEEE, (a) 1.00, (b)0.60, (c)0.33 F1 (d)0.14, EAIRIHE
JR~F 3.93pixels, FHIREEA 170graylevels, () SC, SDD 1 SID &5 EHEIE M E B AL #h
579

Fig.4.19 Speckle images at different image contrasts v of (a) 1.00, (b) 0.60, () 0.33, and (d)
0.14a.u., their speckle size is 3.93pixels and mean intensity is 170graylevels, (e) SC, SDD and

SID as a function of image resolution.

* 4.9 NEEGLERE SC, SDD 1 SID & HE

Table 4.9 Comparison between SC, SDD and SID in Terms of Image Contrast

fmage Contrast SC (a.u.) SDD (a.u.) SID (a.u.)
(a.u)
1.00 0.5321 0.8864 0.3967
0.60 0.5321 0.9187 0.5554
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HE AR 167 nm IR 4K 4 & B S EOCET R

0.33 0.5321 0.9424 0.6612
0.14 0.5321 0.9642 0.7367

4.4 KEING

REGA T ENNRBGITN 73, FETRNSTIT:

1. BRFL T XE O AL TR RIS 511 RGN DMD i e, et
TR TEREIR ISR AR BRIE I B RO 75, LA BRSI AR IE R 4% T BR
DMD JAHAREFE 75, 23] T T BRI S 1B B4

2. MBI TR . B8isk F 3. CCD BEYuR ] BB Bk RIS
BRBEXT b B DA R BT R T 75 J7 TH N O B0 52 i A, P B T 7 45 4 v AT
BRBET L WM T VRPN BB A RE )T, SR B, TER RSN LA AR M

3ARH T BB B G R BOBE I BN Tk, 2l NERBERST . BT L AN
EHGIEMT R = /N7, WFF0 T 8RBT LU . S50 (i s A sl B = b g v v
INHBE BIE R RE, R TR, BOERR L AR S RO RAE N IR B R A9
AN, FEIEAVE AR WAL R SEA 5
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58 CeYAG BRI T R H R BB R AT 7T

$58  Ce:YAG ZHIMENIEEFE R HIHREBIR R AR

(99 LED (white light emitting diodes, WLED) FREFEFRRE. KEME
5, FEHT IR TS A B BoR. PSS MIRAR T 2N
4 WLED B85t LED 53 CS IR IHMAM A, BT HIURF BZoth
WHRBET LED L, KRR, SARTRBNECREFFEB
Je[91-97]. ERENKES SREK. WHMZE. HEUEHA, S8 WLED
HIR S ThE ZRIRRE], HIEK A6 S HOLHE AR, A mBERR
[98-100].

BI#4HBA (solid state lighting, SSL) RSB —FBIMRT R, HAK
FBETHIER RS WLED FIENR, BESAEYE. MRE. BT
MITeER: S, RENERE. RRERB\N—MEHEE. TR EER
PE[101-103]« FEE[104-113]. B FB[114-11615M . FREER M & k& Jufa) &
BT EA R, BHFERRT6H, EREHENSHER, WaREIE, ~A5
Bk, MZ R HA RS, SRS LA EREN AL, RERAK
E117), RS TFHIERRST R ER S KERBERR[118, 119]; HHTE, M4
EMELEESIE TERE, BRIRETE. SAMF. MRESNA, FEES
T AR

Britbz 4h, BREMEIFE AL TBR, ~100nm, WXHE 2 ENAT
BT L E SR R R, BARMBEAREREET, BRI SN
PEXT L EE RN . Rk, AISRAERIGRIGIMEOL £ ICIRIE K S FEE, U
HIBEE, ANEhIE Ce YAG EHMEIENH A L.

¥ Ce:YAG EBHMEEN A TEOL R REREBST 7, FEAE. EERE
S Ce:YAG B EREM . ABERNAEF, HE, N7 CeYAG ZEWRER
SEHIE TS, O TRMEEREE, WETRANEEE. A5, Bt
BET—ETWREE, HTHARE CSHRE. FARBE. FREER CeYAG
BIAPEEE SR BRI . &5, & CeYAG ZHBEEMRRNAT
BotER, BFAT HEBRERIIAR.
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B 167 nm RS2 BESEOLER

51 CeYAG iBRAMEEM R

YAG EFMEAEARRROEEMRE, EdEEHBEERFBERE T
RGBT A A RERIGIE RS, RS 788 YAG BHBER N —M IR
HI G R RTTNE T YAG EREENYIRFFIERN Ce:YAG E WM&
RIS T2, 087 7 EER mIERRIE, S T .

51.1  YAG ERREZERIIREFE
£ 5.1 P TRELEA (Yttrium Aluminum Garnet, YAG) 1% BR P & )38

FFAE. FERAEMT
(@) YAG EPEERILERA Y3A100, 2H Y203 F1 ALOs 3R FREE/R E
35 WEERNN, BARENLTEN, & nEME, T ;
(b) Bt R, R, JEd b e B R
(c) YAG 7E 1064 nm ALBUHTET RN 1.82, FH EA Bk $4% M 0BT %,
(d) YAG & Y HRERZUR LB FHLEREEL, A5LAREIE NS

Vi

() FIT=MFELE F B IR EAE BT AME ] 2

(o) ABEEE, 28 14 W/(mK);

(h) BERG, A9 (GRAEEER 10, AREER D.
F 5.1 YAG ZHRENWESH[120]

Table 5.5 Physical parameters of YAG transparent ceramics[120]

Properties Data

(B R=c5y Y3A15012
X E 593.7

rR RS On'%(Ta3d)
(o) 1950
L (gem) 4.56
HitFEITE@1064 nm 84%
i E @1064 nm 1.82
23°C EE#vE// (g KD 0.59

23°C HFE W/(mK) 14 ?
(CdE 9
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58 CeYAGEBHEEMTOURE R ELERERMNATR

512  Ce:YAGIiZEFRMERISIE

Ce:YAG & B MR KRN SR AERHEE R, 5Bl &
TEZEHEX. FH A203(99.99%, Taimei Chemistry Co., Ltd.,Japan)
Y203(99.9%, Rare-chem Hi-tach Co., Ltd., China) I Ce02(99.9%, Beijing DK
Nano tachnology Co., Ltd., China)fENEAM ¥, RAHBESEERGEFIE T AR
Ce3+E FIRENAREEMEE . SWELENT[111]:

B, FARAESNPEREEMEMARIBEEERET, A 0.5 wt %IEE
B 7. BelE BRI G, BREE 12h. HIRA TR 80°CREA A 12h, £
B E T R e 4

BaJE , TR K BT I B, 4T 200 B i I8, EIRERAT,
K UE S R R AE N A R SRR T . ARESETHEZE 250Mpa, FEHF(1.0 X
10-5Pa). 1700°CF, 7EESME TR 10h;

55 167 FIVR B M S W TE %, 1B BIRT R R Ce: YAG & W F B R i,
W& B £ 9~20mm.

B & CeYAG BHMERME, BRIV THRMSWRIE121]. B
fEF XRD 4474 (Bruker Advanced D8) MR T #E M AIATHERE, &l 5.1 fF
. BHETRTETA, B4 K CeYAG FERINRAREN, BaHMEME, WA T
e iE. 25, KRR ARMETEME (Hitachi S-4800, Japan)
SHRERTESHEAT A, B (2) BIRT 0.5mol%Ce B TFHBRH YAG ZBHME
MRERSHETUE S, EERANMIXSS, PRSI 14um, BAM
StV BT 6 T . $EEI(b)N 0.5mol%Ce BT RR YAG B USRS, A
BIRERZERE.
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BN 167 nm IR KN E BB IER 7T

1.0
0.8-
0.6
0.4-

::(2; “l Il lultl .IUJ o)

T ¥

20 40 60 80
2-Theta(degree)

5.1CeIRE N 0.5mol% Y Ce:YAG & IR EFE M XRD A74HE; #E (a) 5 0.5mol%
K Ce:YAG BHEER HINREHEAE;: HE (b) 7 0.5mol% Ce:YAG i% A Mg AFE S

Relative Intensity(a.u.)

Fig. 5.1 XRD patterns of standard Ce:YAG transparent ceramic with 0.5mol% Ce>"; the inset
(a) the surface morphologies of Ce:YAG transparent ceramic with 0.5mol% Ce3*; the inset (b)

picture of Ce:YAG transparent ceramic with 0.5mol% Ce**

513  Ce:YAG ERAMEMI 514
KB T 9 200nm—1200nm B9 732656 E 7 (Lambda 950, Perkin Elmer),

XF 0.5mol% B RIKE M Ce:YAG & MM BRI FRFMET TR, B 5.2(2) &
7 T IERE R R B (DURE R BDIE I SR RAE), ATLAEE], 7E 500 nm~800 nm
WEN, $ CHETH YAG BWRISRENERELRERT 82%. 3H, H
T C¥'FE 4f—5dy Fl 4f—5d) BRIL, 78 YAG:Ce ZEHIETE 340nm PHUTFN
440nm~470nm JEE A, 73 HF — MR . Ce:YAG ZEHMEWE LMK,
TEIES H A OIROY 550nm BB, HARSER S IGEIE 5.2(0)f 7R, MEFT
&, REPROGHITE RS, & %EEIEH~100nm.

100 : :

_ 90 @ 3;1.8 | h)

& 803 Z .8

8 70+ 8

g 60 = 0.6r

£ 2 0.4}

£ 40 £

& 30- = 0.2+

20- &~ 0 . L N
100 200 300 400 500 600 700 800 '200 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)
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555 % Ce:YAG BHMER TG E R ETHHREER AR R

B 5.2 (a)0.5mol% Ce: YAG 75 BA Mg &Rt M 0B Tl 28 (b) 156 LD $UK 0.5mol% Ce:YAG
M= R e e

Fig. 5.2 (a) Transmittance spectrum and (b) Fluorescence spectra of 0.5mol% Ce:YAG ceramics

excited by blue LD

Ak, T RAE Ce:YAG iE B ME & G RGBS A, ZATENE 1Y
MR s s R i 2, WA 5.3 praR[121]. WE 5.3 FRTLLEH, 78 53.5ns B
Tk, Fija 550nm kﬁﬂl%{éikﬁ’lxj‘ﬁﬁ%ﬁ_ﬁﬁ, H 1/e i 9~69ns.

sityi
NGOl
M MY NSRRI IV

N (1225, 036788)

i L B LY

3¢ : R
.Ce”" Fluorescence Inten
+

.0 50 100 150 200 250 300 350 400
- Tlme (ns) e

5.3 Ce3 R 4TI 550 nm 56T il 2%

Fig. 5.3 Fluorescence decay curves of Ce**emission peak at 550 nm

52 WENHE Ce:YAG EREEHZ MR

i

521 ERAR
52.1.1 XWHERE

5.4 AP ERE IR IR ER IR B B . AU Ce: YAG ZHM R
B T EERHENBREELE L, ENBEFRGTESNE, HER 500cm
BIFR 4 BR(CGIFQ500, Hefei Xingyue Luminous Technology Applications Institute,
China)¥t&e, FIF R E I E(CL-500A, KONICA MINOLTA, Japan) 7 )5
EAFRFIEIR, FARAEE IR IERIEHE.
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B 167 nm R4 £ B S BOCIER

1

----------------
-
-
-

Integral Sphere

-
-
-
-
-
-

. N
Spectrophotometer illuminande

Blue LD Temp. controller for LD Temp. controller for Ceramic
B 54 LREEE
Fig. 5.4 Diagram of experimental device

52.1.2  FESHEEES (blue laser diode, blue LD)

I R A ARG TG FHBOCE A (BN RBOUR O A IR AR A
), RN 400pm, NA=0.22, #ot2sseyR LA 5.5 E .

MR T 25°CEHMAT, BOBUGSR M HIIE SR BRMKR R, WE 5.5
7~ BWOLBRIBERIRAN 04A, MNAMBOLHHINEA 0.573W, ALUEH,
LBROCRFBRATEERRE, BUtRHIE S RRELEXR.

PR T RO R R M TR R R, B 5.50)FR. KA
B4 (HR400CG-UV-NIR, Ocean Optics, USA)JREE Y LD %3, TTLLE W, B
EROCHRIEDIZEIGM, BUOGE M T OVae, BRCCERRERATE, K1
FH 0.573W HEE 15W K, BOGF.OEKH 452.5nm &N 456nm, 5 Ce:YAG
PE S BT BEAR ELAR DN, X R R TR M B R M BT LA BE A U
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555 CeYAG BHMEIIICHIE R I BRI A R A BT A

®)

30— 456.5
252 L A86.0 e e
it E 455.5- SR—
2004 = 455.04 | __f
~150 29 454.51 Red shift 3.50m ,/ e
E P % 454.04 3 o / ! é‘&;# [
a 107 Gas3zs] | MR oEw o
5p §453,o_- / £ f _
|of . et il T
0.0 0.5]1.0 1.5 2.0 2.5 3.0 35 22 0.40.6081.0121416182.022

I(A) I(A)
B 5.5 7NEIXEN R T R
Fig. 5.5 Spectra of blue LD under different driving currents
5213 REARS
AR M SRR O B —— 2 B4R 5] 48 (thermo  electric cooler, TEC)HJ
TAERTER, N E T RIZHRN T/ERERA R T 5 TR AL 248
JEEHIRE RS

@) )

Hot Side Temperature 27°C Hot Side Temperature §3°C
s = 5
HEAT (IATIS)
LOAD .
" (WATTS) 600 i e g g 54
e AT NS o : 7 700
T 500 e e N
Suo0 |t AL AT £ Sa0 Z==NNEY
A ) S g X
% //)//;,/"5:’" ''''' Lot 289 p V77 Vs L :::: 3
200 /{/:'/)’/f Tt 329 0 ;"’///{}’;9; b o
WU ///z Il 89 WA S S
VoY o 580 re e S a
o0 1Y A#Z"""'*::\ s9 o . ] 65.0
7
e
hiﬁ ¢ > 5 Aaso
3 [
I+ o g
S120 126 £
o o 2{\ ¢ 7 i
2 80 A e T e £ a0 B 2SS et SO
g P R I o 2 7/ - i 0,
24 v 4 o . 2 v, 2 T
a0 AL £71=0 40
V7 ‘?{
o8 08
06 20 A8 60 80 160 08 20 4% B8 8¢ 100
CURRENT (AMPS) CURRENT (AMPS)

B 5.6 TEC 12708 4> HU7E iR BE (2) 27°CHI(b) 50°CH I T1F Hi 2%
Fig. 5.6 Performance curves at hot side temperature (a) 27°CHl(b) 50°C of TEC 12708

1. TEC RYyi%k#Y
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HA0 167 nm R4 & BEESCIETT

SO0 N RIS IR AR R B R A2 SRR, ARYE SR B AR A
A5, EFE BB RTECHE TR, TEC & FI 3 SAM R R FH IR i
RS, ARAEFTE IR AT I, TEC BERT#W A, BB LR shEi.
EEACT-NECL Pk g

AR TEC #54 12708  (marlow industries, inc.), HAF, 127 {RFRE
A R, BASH TR AL V = BEX#x0.12V = 15.24V, 08
TR RV B K IRE AN 8A.

5.6(a)(b)5E — 1T EIFIAR T Fy (DUNFRER ) &9 27°CHI 50°C
B, AT HRE. AREHEES TERRNKR. HPf, YBIFAT () &
RABEGIRE SBRAREEZE, HA4F Heat Load (A) RARFMEFHE.
CAE 5.1(2) 1, 6BA TEC M TAERRME, W TFHiIR:

— . B B E S BRI AR F (AT = 0) (il 4R 5 RALFRII AT 20,
BEE S E B OW EINZE 70W (I EaFTk), TEC M IT/EHRE 0A ¥inE
6A.

. HREHFEREEER, UFFRER 70W Mg ), YRR ZAT
5 TEC TERRAIRR: = TEC BN 6A K, BEZEAT 50, B, fAZEE
SH#EEIEE A 27°C; FE%E TEC TIERRAIGI, BEZEAT B2 ¥, &,
PEURE N, 1X 2 B TEC &R BB RE ™ # S ER0 42880 TEC BYFIRE 9.5A,
FEIEEBEIRERE 27°C (AT=0). B4R, H AR TEC LIEHR, LT
RIFERARET, FCRABIRA BRIEs, iGN NE MR EEFE.

5.6 FEATEHER T BFER EIEHITE 27°CH 50°C, AR HMEANZTQ=
OyFA#r . MImIEEAER (AT = 0)Ff, TEC B 1-URAZMLZL. ATRIEER], I-U
BHEAELGHEXR.

A LMRIE AR A EMEGIRER T TEC MERsIHER, RIE U LR
€ TEC WIREN . REFEEME, 76 TEC MMEFHMRER, FAR4LHE B ERLT
ZFHFNF TEC FFERE, UMRE TEC ML, AEHPBERAT
=2 TEC BESRRIE M .

2. IR AHIE

& 5.7 #iR T DL ELB-FR 43 -1k 43 44 1 2% (proportional-integral-derivative control,
PID) % 0B BEEIR TERERE. B, FEEH A mE AR Te
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5% CeYAG B YK TG ER I BRBEL N B 7

Toot BE e #e N EE Userr IBEERES NTC IR BN BIR AN Tacty Taa B
BB Unceto B2 A HUKEBE AN B R SRS, AR ZE TR G INE H B £ (Vi=Va=V,
V=Vi=V ), B#H 4 NERB- ALY ELIUETZHANEHEE
(Metal-Oxide-Semiconductor Field-Effect Transistor, MOSFET, f&#k MOS &),
BFF BRI, MOS e BB LRSS PRI, ARk 58 B 5
(Pulse Width Modulation, PWM), PWM &1t R EIER G, H#HoU TEC
T ERIBs B E. IRBEZAU>0, M Ver> 0, TEC =8y IRAU <0,
M Vers <0, TEC fill¥.
5.8(a)F 5.9(a) LI BT AR HIR, LA A ALSEEL PID =HIZhaE, A
PWM&LC B A FIREE, SCIRFInHEI PIF TR, HET DA
TAERE, SCRrBCE A0 10k NTC R &85 , IR 3% 615 B 8- 20°CE 100°C,
WSS E L 0.01°C, LGB & e KR E (ASCI Y, STH
EELI B OB A i D, PERRIRAR B A RETE R SRR K.
R, 78 S236 -t ] DA RS i e B . s A EMR S,
TR SRS B, 2B LY E B 5.8(c)f 5.9()FTR, SV AR ERE,
PV ASERMEE .

(a) (bzl

Tset - Uset

& 5.7 EEEHIR G TEREE

Fig. 5.7 Working principle of temperature control boar
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B0 167 nm IRE L BESEOLREM R

(@) (b) (©)

2500 25.00 .

B 5.8 IBIE8R A, FE T/EREHERAN 24V 10A. (a) BIFHEEK, bLEERR, OEES
7~ R

Fig. 5.8 Temperature controller A. the rated working voltage and current of 24V 10A . (a)

temperature control circuit board, (b) Temperature controller, (c) temperature display panel

@ LN ©

B 5.9 BiE4E B, FE TIEBRERTRN 12V I0A. (@)EF SRR, (bNRIER, (OEEH
BEAR

Fig. 5.9 Temperature confroller B, the rated working voltage and current of 12V 10A.. (a)

temperature display panel, (b) Temperature controller, (c) temperature control circuit board

3. RIERGHE

HE T AR RGE HENHMERR. BIEE A M¥ e TEBREERA
24V, 10A, HTIEHHEOE LD KRE, EEREEWE 5.8 fin. HE%E B 1
W TARBERTIY 12V, 10A, ATEGHEERGNEE, ZE~ERWE 5.9
B .

(1) B LD B

RAEE G LD B TARRHERIE TIRE 63 S, B RN E 5.10@)F7R .
WFEA RGN ER B, JFREREH R, DI fREA M i 4
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5% CeYAG BHMKM R ERHBHENMNATA

FEEE 25°C. BB LD MRE A 25°C, XRFEA, % TEC ARAMIRIE
ZEAT RHER, 7 TEC BARBE—EMERT, RATAZNRARES.

230 E ARG LD MBI H Th 3 N 32W, ThER K 7 i 4y
HT0W, REMBABIRK. SRBFRERRT TEC HSERER, HIHR
BEIE, SH LD BEAR LT, FRAESR, EERK LD. N T#%EER
581, $A1ZE TEC Wi 53556 LD Z IR T A MR, FIsRmg: S AE=,
k55 TEC 38, AR~ A 100mmx100mmx>7mm, FFEERIEE #x B s 1L
MRS =R TBME.

(2) MERE IR

IR Ce: YAG BOIMZERERMR (HAK 20mm, EE 0.5mm-3mm) Al
TR, HIETIEEEHREE, BESYRME 510 (b) fix. KEEFR
THEEHREENVIEN, FEEL-ESAER, ARMEEEEROLEE
SRR EE. NTC ABEMERLFELERAIL, EREIRETLIE,
DA VR R T ) P S B

EERENR, EREAMELZENFERHZNE, HEAFAE,
HWHAT: TEAHAEENSRATL N 400Wm K, CeYAG ZHMENT
HREAMLAHN 20Wm K, MESKFHRRBERE 0.024W/m K, Fit, FEESH
HEBNELEMEOAETSAR, SWANRERERIRARY, ERANE
BRI, EETEIE.

&

& 5.10 (a) %% LD #iHEE, (b) Ce: YAG EHBER A

Fig. 5.10 Heat sink of blue LD, (b) heat sink of Ce: YAG transparent ceramic

520  TENHEK CeYAG iBRRMERR LTI
FIA FRSZB AR, BEHRAES CEWE. NEEER Ce: YAG #EH
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B4 167 nm IREK S 2 BIESEOCHEB 7

BRI R, BFEEERIMERN . MURRER. Lk, aiRNaLizE. fE
G, WEFERFEIOCENEMS, BRMRNEE, WAAREETHEER R
PR TR BME RN . BRI SRR

522.1 CEREMNEZIFFERZMN

LT Ce:YAG $.&, WERBBRERIREN C*, Bk, w{EHE®Y
PERFE M FRRIOGIB E122-124]. & CSM BRI E IR MG HHa R R,
BN Ce IR R B TN R B HACE, (HEEE C B AR M M
SHDERIAS, FAREBRMETE. £S5 1mm EEH R NRES CRE
AT T S20AT 70, FRIREIRHIZE 20°C, MRT CSHBAIRE NN 0.5, 0.8,
1. 1.2 1 1.5mol %M KB ER SR I . SEIREE R T AR

B, i XRD MR 0.5mol%% Ce WRE MG MM, WHE 5.11(a)
FiR, SRERGIED CeYAG FEMIBINRARG, WA FEAGAH, Y8 TR
SRR TR

RIE, MRBERE SR BOEE . B 5.11(b)&2& 1mm ER 0.5mol% Ce:YAG
VR S E AL, BT LU B 55T 420-470nm Y8 P FOE06H AR IR,
W BA LR AT DM 2 P BR A Gk, L RITEEET

2 G, WEAARS CSIRER R ERCHIM IS B TR ML,
A 5.11()FTR. IWEFFLEH:

1. HEYE LD HIThERN 14.6W B, 0.5mol%B RIKE K Ce: YAG & B & ]
PAF=4E 2087Im BI%6, BUETROTRIGARER N 1431lm/W, 4R 4RI N T R F] B ™=
AR, BN B4 BN EREES, FObtRERMEDE TR T Y
KRR ETTIAAE S, BT LA 2087Im iR bk A=A R R e 0@ &

2. H CSBRIRERT 0.5mol %A (0.8. 1. 1.2 F1 1.5mol %), FEHME
PRI R AR E R BL 1.5mol%38 IR E IR oA B, HIESETIE N 8.2W BT,
PEGAT L= 4 775Im BI%00E, SREINiENThER, FEAENTOLBEAREM,
RMETEES . XRETHRABIRGE RS HE LD BREERF
mbf, —ENBEEIE NIRRT HR, H—Ho R ERIRS, T4
RE, FREENBEENS, BTHENR, LHAEFEBINHERNTEER
SEThE B IR RS, IO ThERIE N, REThE R M ENIIIR, HEIEK
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5% CeYAG B MBI TOCEE R HHFREPLIORLHIB 7

WH.

55, RAMBNIERIIE (73W) K, WRAE CHBRIRENERE
PP AT GEE, WA SR TREREN T TFHES, REW
i, CeBZRIRER 0.5mol% I &R M AT I B MmO EE, AR
MR E. FE CSIRBERBIN, WENMBEMIGRIEIEMN, JTEN Rk
B3I S BB . HWEFIHT CeIRE 515 0.5mol%H 1.5mol% ]
WA SEPI

(a) by
8ot
= g
3 S w0l
e ' §
B =
5 £ r
. 5 20}
il “ E | Bt ‘
A 20, 36 4:} so 86 90 S0 350 «m 350500 350 600 650 I
2-Thets (ae;,ree) Wavelength (nm)
o (€) .
AZSGG) w.-.ff.?;% D0F
E2000} = 0:8% 7 12004
o s & :‘;,115}9;
1500} 450 1000}
& g0l 15% E o00}
RET— e
g1o0p - 1.5% 2 800}
£ 5001 £ 700}
g E 600}
- OF 3 500l

072 4 6 8 10 12 14 16 04 06 08 10 12 14 16

Power{w) , Concentration(mol%:;)
& 5.11 (2) Ce** IR B 0.5mol%F Ce: YAG & WM %1 XRD MKE: (b) 0.5mol%, 1mm &
Ce: YAG Mkt BB SRS : () 0.5+ 0.8+ 1,1.2F1 1.5mol% Ce* ¥R, 1mm FEEHY
Ce: YAG MR R RET I ICOLIBE, (d) MRAMELE, 73 W, BREE, 5 CeikE
390.8.1.1.2 F1 1.5mol%fIMERE fh 7= A R IEE, FHEA Ce IREN 0.5mol%A! 1.5mol%
WA i S A

Fig. 5.11 (a) the XRD pattern of Ce:YAG ceramics with a Ce** concentration of 0.5mol% ; (b) the
transmission spectrum of 1-mm thick Ce:YAG with Ce concentration of 0.5mol%; (c) Variation in
the luminous flux of 1-mm thick Ce:YAG ceramics with respect to the power for Ce
concentrations of 0.5, 0.8, 1, 1.2, and 1.5mol%; (d) Variation in the luminous flux of the ceramics
at a fixed blue light power of 7.3W for Ce concentrations 0f 0.8, 1, 1.2, and 1.5mol%. The insets
in the top show images of the 0.5 and 1.5mol% Ce: YAG ceramics
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AR 167 nm REH & BSBCETR

5222 EEX&FERZNE

RFH, BT AREER Ce: YAG MIERE SR, CEBRIREY
79 0.5mol%, FESREEYN 20°C. B 5.12 /2 6 A E B E(1mm—1.8mm) iM%
B RST R IR IRERE G RBIMLL, 24 Ce: YAG &R IVEREM
Imm BHNE 1.6mm K, BOETHER 0-10W JEE N KR BB R EAR R, b
EWOLTIESE— SN, AEREITERIE, K 1.emm FER &I KR
Bem, MRMFRAGEE M RE . SEMMEEREEE 1.8mm, RCEES
BOLThEAR b 2R AR B B IR, X E TR NI E AL R GIgm, S5
B S SR R et R 1A

M ERBTFEERTTH, 0.5mol%Ce BARIKE . 1.omm JFREAIRE M, BB 4
BEERZRIGGEE, BARSIGERIE, SRR ERNTOOCREML R
MEFEE B RN ML R 513 Fon, WETETHM, HELThRET
19.5W i, F= AR R B E RS, 9 2690Im, Xf B # sk 137.91m/W,
AR R(0.481, 0.524). HF=ERRN (EH) SERUEENLINES, BIHf
S E YRR BE(0.3444, 0.3134).
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Fig. 5.12 Luminous flux as a function of the exciting laser power for samples with thicknesses

ranging from 1 to 1.8mm
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5.13 # Ce3-+HK[E 0.5mol%- FEHEE 1.6mm FJ Ce: YAG ZEHMEREE "*7‘& LD ThE1¥
IR AR B E LR

Fig. 5.13 Emitting flux and light-conversion efficiency of a 1.6-mm Ce:YAG transparent ceramic

(with a Ce*" dopant concentration of 0.5%) as a function of the exciting laser power
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BAM 167 nm IR E I E RSB CEN R

K 5.14 (a) BEXFFERNRIGICEERRZM; (b) 0.5mol%-. 1.6mm FE/Y Ce: YAG FEH R
PR R AR EIRE 10°C-80°CZ IAIAALL; (o) ERIFRIRIZAE 10°CHI 80°CHY, %t
BeEaBELENMLE: ) AREET, BESENTIOLE

Fig. 5.14 (a) Temperature dependence of luminous flux; (b) color coordinates of the emitting
yellow light under different controlled temperatures of 10-80 °C for the sample with 1.6mm

thickness and 0.5mol% dopant concentration; (c) shift between working at 10 and 80°C when the

exciting laser power is 6.732W; (d) emission spectra with respect to the change in the temperature

B 5.14@R N REEFR T, YOOtEEMIBELAMEL. HEE)
FIRE, WUR MRS A SO B E MR R AL, RERE R
0. H[ELTIERE N, MEEBTREMN 10°CHINE 80°C, W% K6t
BERR. XEFAN, BEMFARME TR T2 MK6E, N7 e S8~
A IO B E R

&l 5.14(b) R I AL AR BEIR S AR h 28, BEE IR 10°CIS N E 80°C,
AR x BEZRHEIN, v EZER/D, B x EBMEERS y BEKERJLE
ME, BEtREY, EREENASSSERIORELE. NEFETUEH, &
RIS FERAIIERLR . B 5.14(c)B7R T HaE H 7t Hie s
PRBEE 1 PR PR IR IR B 5. 14(d)BR T RIS R RE f iR I I 10 21K,
ATLEE, BEEEEM 10°CHEINE 80°C, N H LK H 559.00m AR E
565.7mm, RIGIGE T N~100nm. FEERE S E A F R RE B E R IR E AR
WAL, AT DA A T 0 CeYAG & BB E = A 7 e MG T S, X
NTEmEESRAMSE ST AT EENNANE.

523 I

RATHR T WIEBUR Ce:YAG BHAMRER REAR CHBRIRE . AREE.
NRIRE T RIR SR, 251K, 0.5mol% C B RIRE . 1.6mm E(E 12 20mm)
FIEHRERE R, EECERIIERN 19.5W, BEEHN 20°0CHEHT, 74
THEA 2690Im IR E. ZLWERY TRE., METLEAMKE
NENHAEFEENNARR.

53  Ce:'YAG 1ZERBREEEREE
BT+ EiRST Ce: YAG iE B M &R S E W Y6 IUR T BB Al e @ B
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% 5% CeYAG BYMEMTICRE R FHBR BB AR A

VERIBESE, A6 CeYAG MIER A THOL BB, AT 7 RO ERASI00

Z3

?’L.o

531  ZEAERR

mE 5.15 Fim[125], 488 (b)) =EXSAE06a (WUl FRERR
HRAF G HWA AL SR, 4B 0K 2509 638nm,
520nm il 455nm, L EERICIBMNELL 6:4:2.4 MILFIRBER, FAEBEN.

BB —aE e SREoLs (F) HitmEkad —neagRit/E, A
B E CeYAG BERER, RHEMNBEATMS=6EFEBOLBRTERNAER,
WIBBANREOTCHE], HE= LA R HBOCHELE], B& & MM
FF ¥t E R B ER.

R ARSI EBE R S Y, N T SER, N4 EE LD FFE, BT
GO 5 EATOLIRA LI F BT R AR -

Dichroic Mirror Combiner
White light

Bj /
e xvm
Red Laser ;

Green Laser  Blue Laser

g

. .
% Dichroic Mirror
Blue Laser
SR
Phosphor Wheel e

&l 5.15 Ce: YAG M %7H RAPESL 30 Ve B I [125]
Fig. 5.15 Experimental optical path map for Ce: YAG ceramics reducing speckle [125]

532  CeYAG MREHEHBEMIAEGR

KA FREGIZIEE, AT Ce:YAG 5 IEITHIBE FIE R AR - & 5.16
FizR, BESPICREEEAIG. LRESFARHLESRABOLEANR
B BT BB K E B, BIOEST LT E A9 3.5%. 8.6%AN 21%:  Ce:YAG
Ve R G T e e R R T LN 100nm, AHTFEREE, LLIRIGIEAIEIR, /EE
RGBT (BB LR T ARSPEED; FRREEHOLAER
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BT 167 nm R R 2 BEABOCRDT R

PO RLA DY Snm, MTKERET, FERNBRBRFERD; 2EEEEEOCEEM
KRN, Q08 Inm, MTFKERK, ZRETY, PENIETHR™E.

S

5.16 ARBHRENEEERL, (2)Ce:YAG FZHEEFAENWN, b)) LFEBOLE~4
MERIET ()2 B/ PO = A RS
Fig. 5.16 images projected by different lighting source, (a) yellow fluorescence emitted by Ce:

YAG transparent ceramics, (b) green laser emitted by laser diode and(c) green laser emitted by

all-solid-state laser

RIE, B EGFEPOGERAFE LFIR S, A E LBl i f 5B i ke
R, ZWLERWE 5.17 fim. B 5.17(a) 8 R B WEE RS 09752 66 K IR B IR
RIBBEEG, A RIEDENT LN 3.5%. B(b) NI /E S aE S80S, 7t
S5 EHICHIEIN X snlx we = 1:4, F CCD e FEPEE G, BUEEXTLLE R SC
=6.5%, WEIEFARBOCHIIMA FE T FGEN ELEE RO, 484280 SRt
B ELE, 25 3R a0 : B (c), IR A ELBIA IX sclx s = 1:8, BT LLE A SC = 6.8%;
Bl(d), BA IR IX sndx a0 = 1:9, BEEXTELE G SC =8.4%; E(e), JBEL
BUIA X spilx wre = 1:13, BOEEXTHLEA SC=9.3%; B, BE AN IX selX s
= 0:1, BORXS LEX A SC =12%. LI /AR, FEBOGIRRIGEEF, I Ce:YAG
PEE = A ARG R A DGR, T LA AL B B O s IR
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55 Ce:YAG B Y AR TOLERE R EHBRETGE RIS BT 7

5.17 RASEHARRERA LA REHEEIE R, (2) K welx ax = 1:0, SC=3.5%,
() IX 321X % = 1:4, SC=6.5%, () IX sex:1x st = 1:8, SC=6.8%; (d) IX sew:lxX we = 1:9, SC
=8.4%, (&) IX sxlx ax = 1:13, SC=9.3%, (f)Ixzelxax=0:1, SC=12%

Fig. 5.17 projected speckle images with different propotions of fluorescence and laser, ()

Xiworecence: 1Xiase= 1:0, SC = 3. 5%; (b) 1Xfuorecence: [Xiaser = 1:4, SC = 6. 5%, (C) Xftuorecence: [Xiaser = 1:8,
SC = 6.8%’ (d) IXﬂuorecence:IX]aser: 1:97 SC 8 4%, (e) lxﬂumecence lxlaser 1 13 ) SC 9 3%! (f)
Xfluorecence:IX1aser = 0:1, SC=12%

54 AEBPEGE

KENET Ce:YAG EHMEMERIGIETE, A TRENIOCRORE

HEBERPHBBPINNE, FEAFDT:

1. BT CeYAG BHBEHMGIE TS, 2 TBENEWRE, NETH
oA pire e

WART CeYAG BHMELEEAEIEMRT, TR CSBRIKE. ~F

B, RREBETH CeYAG BHREMAEN, SRR, WARAEAR
HRREREN, RETUAE 2690im BTG, JEIE¥ T % N~100nm.

3. FIRT CeYAG ZEMME LS ¥ SUABOLEHH B BOLIR &1 RIRBLH R
B, SEIGeEER, MERERFEAER TG DIA ROt RO B A T .
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#6 T RENFHFHERE

BeE RIDFRIHREE

ATREHOCE/RER, SMHEIOHRTEFMSRY, TREFETHEK
ZREME[126-128] ML HENE[40, 129, 1301 (RIRZS FEME[13 1R 2 [A) 2 Rtk JR 3
HOBCBE MBI T ik (42, 68). SR, WKSHERMFIRBEETE, FEEHRITH
BRI, RAE R BEEER: AESEENMGIROETE, RENFET
iR EIRE, X& ERBEZER, BSR4 NFELSSBBEUGIRRFRME
Rt RIESREMERMGIEEE T, BB LLEREZRIR N2 f£. KRtz
A, IX LI ERBE A 5 VI B R SR R RO, T A BR S 1 2 BE i3, B
B AT RRAERTERES . TR ARNER. TE L, FERATR
RN T ERE R FRRSGE, SIRSNIRIEAS] — MK 1, WAL 2n MM
i, FMEBEEIREZ (AR R AR, MERER MG, AR 2| TR
 TE M E A

1947 £4£, Mason # Hauber %5 A A% 38 BRI HIE . 1967 4, Eric
G.Rawson 4 NIRH TETEIEEENIHRE, SFEBsI—1 R BB3)
WA ZE S BRER, WAFEZAERBEEMEES. 2009 £, Riechert &
N R BE TR R B R RO, (BB A % 7 A BB AR 9 1) &
[42]. BEJE, TARMMIADL, @By EREE x Ry FaBs~1mm BE, =5
ERESHZERIBRIIFR, TLEREDETE. A, JUREERTRE
TEEA RERIT N, SRR BIESE .

AEF, BIHERET —EWHHF A ERRSE . ERRENF BliRE=
FOTEHEBERORE, IR T =M RERAE SN LR AR, W
BT M B IRIE D FE R A 132].

61 SBEE
L BOCRESE L EERE. LERS

I BN (IR A B LK A532m i SAROEE RN
BRERHEE R AR, BOUEI R A B, BT R AN
ARSI , BRI S R L, P T IR A4 OB N
% FiManta-G201B CCDHINLAAERE £= SOmmP iR 5 S HS e T 45 A BR (0 00
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B 167 nm IR K S £ FFOCIRRT

MET &, WRARERFZFMFTEBSEEE, MRS ERZHCCD, SEIE
RARTTE . BERRE. RF. SELE L KR ASE HEMLThEE . IRERAAR
IR I E LT 3o

)

BB

Bl6.1 (a) LGB, LYWL, O)R-OIRTF, (d) MHEHL

Fig. 6.1 (a) Experimental optical path, (b) horn, (c)feccentric oscillator, (d) patch motor

2. fRBERG

SEI 1% 8435~ (200emx115em) K HEEEE, A T B IE EARIRSH N £ 5 R
SEITIN, RS AR EE, FEFERETTFN s FREER.

K O 4230em AU\ E B E E AR B FAESomit, @S ETFEBEFHE, 7L
EAFVLE BEREREERIE, Wy aEe.1(b)Fix.

PINERE B R 12V RO B 7 20 A B e TR FAEL MR EELR, b
R] AR — fEHE SRR B — AR ZE IR BN P A T ST B U e, B R R S
ORETHEINE, WOBTFSPInE6. 1.

MG Fr BBHLEOAIE FE 3.0V, AIUE S 3k T B K BRI a80mA, 1B ALY T 1k
#790.55 ON/OFFIR BRI e, Mefe oWt 4t E5zxUe . 6.2 s A
LRSS R, HiEn3.0VEER, 180ms/m BN HIAFI15000rpm, 250ms/5

A 2 5 S{H16500rpm, 400ms /5 ¥ EA E 2 16000rpm . EARSZIN, KH6
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%6 & IRBNGFHIH R

AN LIRS SRS, B ALAE K TR B [ Y (R B34 950em,  PA2x3%E R
R T RS E, @ R EERE. WA Bl (LBQ-08VMO2,
NIDEC SEIMITSU CORPARATION, Japan) S£#4n&l6.1(d)f=.
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Fig. 6.2 Rotating measurement of the patch motor

3. SERT U R AR LR T R

S5 FE B4 24 {6 9 Hlo-Ne O 23 O L STHIOBAE A HR I CHLMN 4B 8,
SPL-HN310P) , e HTh& A3mW, Bk K A632.5nm, EROCANEME
EERRE L, AT BRI 5 (Thorlabs, DET10A/MYSEMT, #RMIZH
R TE A 55 (Tektronix 5 Series) F, BLSzi U FBE MOSRENR . LIHEZRIREN
B, wE6.3(a)b)5 MR T fR-OIRT TAEE2.0VAG.SVEER, FEIR3NATH
o, WEIRTTA, SHOETRETLN, FRERDHRLMY RERKNEL,
RERHEREEERE, RIS TRE L.

26.68Hz

Ao 29, 5TE7
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AR 167 nm RSN 2 B SBOCIRHT 7

El6.3 MR OIRTFIIEE (2)6.5V, F (b) 7.0VEER, FEEIRSHRE AR

Fig. 6.3 The waveform and frequency of screen when eccentis rotator works under (a) 6.5 V, and

(b) 7.0V

F P # 8 &1 (BENETECH GMI1357)7 3 H IE & R 22 60cm A E IR &
G g, EEANBRG RS B, BB, MR F, RIER
HERERS, Rik—I3&%E.

6.2 =MIREHIEREIR
6.2.1  FEIEIRED

PRSI BT R A & 6.4(a) T, HEN-20dB E-8dB B, BE&E
P N 10Hz N2 100Hz, EBEXT EGAE Seipk /N a3 hn . FCREXT Eb ek 7
JRER . B RAERSISRER A (10Hz & 30Hz), FEARMET RS ER N,
ENBRFASNET R 30ms Y, EZWHBEENSS5RGRETY, SHEG#H-F
Sk, HENRBAIBEERD, ARG INE 30Hz I, XS AR LA
No RN EIG NN, BEEN HE I INEKES, REDT: H—, FE
REZRACHIMRI IR S T RTEIE, 1RU58 T BB RS BN, V82D T A0S m B AR
BE: B, BEFRSERNEM, SIETREERE. FEXESIA MRS,
EERERMERZRMEZEBIIRNE, FENTELRIRZIE.

Bribz 4b, BATKIL, 10Hz-100Hz SRETEE AN, & E-8dB XK FIHBERT
FEE/NFEE-20dB W R FTEBER L, X R FNEMBERSIMET, F87-8dB
MRS RN RERRIBATSEN-20dB FIERK, BRABRENZEES L&, A
IREEFENB/NTPFEATA d ARFREAT d B, 74 TR,
4 FERIEDNT d i, PERESEREZ RDAFEMRE, SBEREEGD
FERBE. FL, REBERBRBRAMUSIREMEG <, TE5FRNIRs)E
EExK.

W HBEXS LLETH EAE RAA R EVRZ b, BB AN T 5%, A
IRENFEE, BEAEBIRMNPERLER, AFKEEN-8dB i, 7E£ 20Hz-50Hz
FriRa e, BOOEERR.

B 6.4(b)% Hh 7 AR IR AR 9 30HZ Fl 70Hz B, BRBEXT LL B fif B 28 4k,
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GBS —BIE M, R RO 2 B SRR AR ARIB A R .

B 64D RIHR T 30Hz A1 70Hz FERIAE T, BEFTERBEM, %
D\RIThEEFIE k. ST, HASTET, RFEHMEN 70Hz B KIHI\T)
FE(R TR 30Hz WAGTHHE, ERXRFRE. SEEERETHHRAR. e
MRS, MEIFRIRESAZE 30Hz. F EN-8dB, HLATEIBENS L 4.60%, T 30.1W,
RYMRFE Y 48.6dB.
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B 6.4(a)F IR ESTR X BB LU RO, (o)A T, WO\FEXHSENEW, ()
ARAEET, WS, (OFFEME, FEEENWIFERES
Fig. 6.4 (a) the influence of acoustic frequency on speckle contrast, (b) the influence of volume on

speckle contrast under the same frequency, (c)the power consumption of horn under different

volumes, (d) the noise produced by the horn under different frequencies and volumes

6.2.2 HEZRYREN

B 6.5(a) ik T —FAHEZRIRENN — 4EHEZR RN % BB BR A0 ANT . SR b2
MR RAELEIREIRE v 35Hz, BEEIRSNIAF B 10Hz IEINE 35Hz, HPXSLL
EENTRESE. NEFT AR, —ERR EELRIRN, B
FEBARARIA 6.19%A1 5.60%, LR, ABRIAGEE BIIMREOE, HEladl,
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B0 167 nm FRIPEBSBABEF R

PRI SEIN AT T, HESLHREN A RESE A T PR AT .«

B 6.5(b)NE 6.5 ()Xt T —HEAEZEREFN — 4EAE ZR4R B VH BB A0 TR A e
P BPEXT L/ AIBE R 6.19%H0 5.60%0T , — 40 i 7 TAEAIREREN 0.77W,
Ry 43.1dB; —4E (-0 7 ER TIERIFERE N 0.85W, REiEEFS 43.3dB.

9 : 10
A (a) <o One ® ag) ~+One )
84 R, s §.84 — Two o TWO »
< \: : . a ;/
% 14 ;2 'Y} . ’»: 0’6. /’/. g 42" ;’
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:8 ) - 3 a”/””
%6« one . N # g4 /"// B 40- A e
B 1e Two RN B / ) -*‘%ﬁwwe —/
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Bl () P (g Hi# ()

B 6.5 (a) TEZRIRFNIMFEXTEBE RN ; (b) —HAEZEHRBNAN Z 4EAE B IR SN M D FEREIR R (1938
s (o) —HENEZRIREN AN —YENE BEHR MR 75 ME AT (AR 1L
Fig. 6.5 (a) the influence of frame vibrating frequency on speckle contrast, (b) the power

consumption of one-dimension and two-dimension as a function of frequency, (c) the noise

produced by one-dimension and two-dimension as a function of frequency

6.2.3 s B ALIREN

Ws Fr EBALTAT TR O 4 523, By TRELE, MERERN
50cm, ZFEFRUE 6.6()FTR. B 6.6k T ARSI EHF AR AL
TRFER, IREENBIEE WM. AT LRHRHRSIF R, BT EER
PR = (110 He), BEIRFMENIEIN, BBTEEN, XRETHEER
R AIEIN, FRERSIBERAN, SRR 6T 8] Py T R A L BB B R 5
B, M T HBERER. B 6.6(b)#A TR BN B X B AEm, A
RHIRESIA G258, OB, ODB@DE. OE@EEHOOC@®E®, HEER
S AEE RN, RAREBENT LA 6.89% %5 4.97%, HEIEBEWERR. ME
6.6(c)MN & 6.6(d)HITHFEMMRFS HI 8 7T LAE H, TEASANEBALARIRED, BOBEXT EE
LB 4.97%0F, EHLEITHFEN 1.51W, REIEEEN 43.1dB.

104



%6 % IRBNGFRIHBREOE

{7+ 0une (a) 704 | B
o Budd e Six . o P T\ )
& EitOne 57, = Ny
PO 2L o 1 4 o 651 % :
% 5.64 T E \z
Eo < £ 604 :
853 27 i
5 g ©
=48 2 5.5 e
= k) N
g 44 ¥ ™
Faol | "% 1 D @ ®
106 120 340 1607 186 200 1T 2 3.4 35 %

Numberof chip motors

1:67 e

43 @
£ 14 e | @ ® ®

41

404 )
c/

39

13273 & 5 6 1 2 3 4 5 %
Number ofchip motors Nuniber of chip:molors

£ 02

& 6.6 (@) FENLIRSNIRE ST BLBE R0, (D)W FEA ARSI S B BRI R, (WA e
ARSI THFE, (DG Fr EBMARB KBRS

Fig. 6.6 (a)the influence of patch motor frequency on speckle contrast, (b)the influence of the
number of patch motors on speckle contrast, (c)the power consumption of patch motor, (d)the

noise produced by chip motors

R 6.1 =PRIETT RS

Table 6.1 Comparison between three methods of vabriting screen

Acoustic wave Frame chip motor

vabration Vibration Vibration
Speckle Contrast (%) 4.90 5.60 4.97
Power Consumption (W) 30.1 0.85 1.51
Noise (dB) 48.6 433 43.1

% 6.1 X T SFREHEE RO R/ N OB LU . DOREATR S . HApR
FE VIR FNNG B B LR Bhik BIERBE I8 BR A OO ELEE AR 4.90% 4.97%,
MEZRIREIE B B B /NSNS LU SR 5.60%, S RLAITHFES 5108 30.1W. 1.51W Fl
0.85W; FELERGREFS /A 48.6dB. 43.1dB #1 43.3dB. ZR&XSEL, W f MaHldR
ﬂﬁ&%&%ﬁ%ﬁ%,ﬁﬂmﬁﬁﬂ@%$,Eﬁéﬁ?ﬁ%ﬁ%¢%ﬁ%ﬁ

105



FAR 167 nm IR 404 B S BOCE- 5

28
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EA R AR IR AL BTN 7 v |

5. MRT Ce:YAG BHREMENGE TS, ST WERSERE, JF
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BT WRHGEEE, TRT CeYAG BHMEEEEBAT, REB Ce ik
B, AREE. NEARENEERGIOUREE, FRER, faRkaH~4E
2690lm HIE ARG, JGikEmATE AL 100nm; BIK TH Ce:YAG &R MK
ST 5 S EBOCEA R L ENE & B FITE B RUR , R IR 96 A LR
FATROGERF, BB REE.

6. BET—EHIRE. LEFREGRNERERE, it T =FIR3N 54
BB T, M ERIRBIBEEE . EAEIRBNGTEE . W LR R BFA
TEMARYRET N, IRAEACE . BESHOERICRIIRR, T =%
FREREDFEMRER ST, SRER, W BIURS FRERERN %, &
I RERS AN, B IR E N IR A RE T, HEAIIFRM. BE /R,
U TR R A T K.

WG T —ERBRENN RSN E . TR FIERRIOMER T %, 2
BT BOERR R BRI BT E M BTN T, BB S SR S5 IR E R
—E, BB NIRRT R BT T RAT R

SRTA, RT N IR BB E PN R R, TR AR 2 R TR 9 e R

1. BHARMBHRNERS, FEH—PREESARYILEREE, thn
BRI AREEFL K/ HE R T RE, 5 CCD MNLIE&TEE %4,

2. BHANRKEBPIN TEFTH#—SEZ MR E, £ ERENHE—
AWE, RN TTEE R EE k.

3. ETEUARVBHENEMTNIFALR, FEFE—EBERARDY
BRI BRI B IRA R ERENL, RSN RERERIEMS A .

4. KT CeYAG ZHEE, T—F IR, IIA RGB =MBEOLESE Ce:YAG
MR ICIRE, A&, DA PWM (ES%], BIRBEOtERENTHHE
BRNEHEHBHRG R

5. KT BNURE RGO, EROLRRERT WA RZCES, ZiE
MMM TEER, ALEAR, T—STERMNFENT, HAFHEHEE.
R AR BB AR R TT 2 -

6. WA BB HBEHAT TIRF, MEhr L, B2 %Y RA RGB =
e, Bk, FETERTEABRNEE ., ARBMNE GRS
DA EEBTIME . AT AT IR EG B AR .
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#sE ELHEEMTRE

EE HTHEAHEMTE

LA, BT RTEEHRWMALE, €257 (EXmREE—F
BB R R RERE) RS T/, EEMAR TR TRETN=4ERRZH DN
AR A (e, FEER T XH R SR BRI REE . 7 2 5IUR LR
RKIEJT AR FREW .

8.1 HTFRETR

1. JRHE

B F4% (E-paper) B, XHRAKBKER, REHIENHEME (BT
2ok, SABERESE SRS, B RETEDGERIRRRE BIRBoR[133,
134].

2. I EIR

BTREREARTEG =/ Bk, WE. BIEEN35]. KTEkEaE
AEARBEIWT A, BEEREETLR.

(1) BHBETFHRER: 1975 4, EEHS (Xerox) AR REHIKETE
KATEL; 1996 £E, R T 2RaR L Bk NIRRT R T EKEAR; 2004 4,
SONY AT HH T & FRA BT R2KBARN BT ; 2007 4, Wi (Amazon)
B TET 6 #THTEK (Bink) BRRME—R Kindle) BT HB136];

(2) BEBEFHKER: 2001 £, E-Ink A75 Toppan Printing 27 &1E,
=i FIF Toppan KIEEEHA, £ RGBT 2002 £ 3 AMARERBEL,
HILT BB EETEE, 2007 £, AXRHBRTEHEARTR, 6%
HRTIE 4096 5 2015 4, ENEFIHGRFEHEEZHFRENGR T BE Z.
YRt R I G S k.

HETHFEKOBETEMBSHIETZEBOVRR, ERTH (W Kindle
FES). JTER. BTFNESSSE O —ERETH[137]. 2018 &, £IKHE
FRETRMA RAEZE 31.07 2%7, HF, SETARE (E-Ink) &
BT ERBEFHRNTG 95%;: BN ETRESTIESERE, RO EMEMRE
71, BETFEK, BEREZOMEIREESMER

B R SRR R, EARUE G R SRR MR, B
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WX B R B F AR RN B AR WA A AT . B EEREEF T .

3. LB

WA SR, BT, B HEOLRHERER, 1EAXFER, W
BEHEER, TEAMEES: EEFHMERE.

BT IEAR (16: 1) ¥R BIK (150ppi-300ppi) KK, MAGER
AR EE AR, WS EE (50-100ms) [138-140], MG B RshSE
B%.

4. RIEJTIA)

(D BFREREAREE (BHAER). BERDFE. REAEHHE 2
MF, BB ARRE R~ MmBETZ.

(2) WRPIRm A AR REAR[141, 142]

5. B

REBKETSWERTH. TEE. BFNESSENNATS, 635
ML TR RIHT A

8.2 ZHEIR

1R

=% (3-Dimension, 3D) &7, HRILARR, FEHAME:

WHMEZE =R RN, RIEXEBMERE, SFFVERICIT AR A E
D HIREA BT R RS I B2 K B R A HR 15 DASEIN[ 143, 144].

G =4 B BR R HE RIS ER LA BB — M =4 R
AEAR[145-147].

SR, FAMERE (1248 B3, 24N EREshME
TR = A ISR R 7R [148]

ERE=H B, SNPEREBREK. IRIBFHEM, AIEEZEBU=4K
(149, 150].

2.1 5IIR

(1) MEME=4E7" 1838 £, HITELRY THF EE—NIHRIRE;
1900 ££, F. E. Ives KHI T 73 B30H 3D BIGHIAR; 2002 45 8 2 FIAFH] H e

XE4ERRER.
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Bal, EMS 3D HARUNEMESLGEREANE, (0. Bl B
ATV . TR « WEEFEE 255 18 B LUK R RARTH BT [ 151, 152]
S F TR BRI TR

(2) ERBE =48R 1908 £, Lippmann &4 T S BERE AR HEES; 1997
4, NHK A7 RFABEENARERMESN 3D F3Ridx; 2004 48, JH.Park 55
NK BT AI)# R 2D/3D SRR BRI .

ER, SAE 3D SRERBOIRE, BRENELANFERZSFMEAR
S, BRESPE. WM. REEES.

(3) =45~ 1996 4£, Downing E A & AW R HESE=ZLEBRER;
2001 4F, 2E[ Actuality Systems A& & B TG =4 EREA.

a0, R=4SRBARI AT R MR RS R B

(4) A=#HE7R 1948 £, Gabor 3 TA2BARKEES; 1962 &£, EHE
NEB T Bia BBR; 1969 4, AWAH TRILEEAR; 20 #HE 60 FAUR,
HHESZARETHFEERR.

HHTALE, BSANHEF U CFABEIRNE B RERHEER AT M.

3ALER A

A 3D EREESBTU=FNINER. 2EE=LE RN EREEEI
MR . IRIEAAEAL, TUME=48rR. %%,

Bl MZE 3D ESLRRE, FEEMRK HERRESSENE, ATHER
MATMA R, SHRE, FERMAE: ERRGELEERIHR. WA,

FEGESEH Y RERNEES4HEREETRR, HERHEESEEELE
o] B,
4. REHIA

(1) 3D ERFEARDE AL AR, AR EDEZIEEREROTT
AER, £EEZHEREARERARREWNEETTH, ENERESR, F
fii. £MET. BB HLXNEMNR RS EG ZHTE.

(2) mFmEkEEERARSETEEERD. FREERNITEE. BEN
AL AR _EEBEIME] DR EIR RS R ER L RBEANTYA, &8R4
BREARERTHEAT RN, T FH AR E .

5.2
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(1) TRERBMENERBE=HE TG . WE LY Borr 4T
EEME, HHBREESEERE,

(2) HEFELBAZRBTHARIGSH I THANREHR, HI2
SHS 5 I BURE L
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