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SUMMARY

I. Title
Research on the development of fiber-optic sensors sys-

tem technology.

II. Purpose and Importance of the Research

The purpose of this research is in the development of
fiber-optic sensors system technology. In order to realize
such a system, special optical elements such as fiber-amplifier,
polarization splitter or controller, frequency shifter, phase
modulator, amd fiber-couplers must be used.

Thus, in this research, fabrication technology of above
elements will be studied, and the optical fiber sensor such as
fiber-LDV and polarimetric sensors will be constructed.

By using the constructed fiber sensor the fiber-op%ic
sensors system with TDM method will be realized and 1/0 device
used in that system also studied. Specially, the basic tech-
nology for PC and MSM detector will be developed.

For many sensor applications it is desirable to have
several sensors monitoring a particular environmental para-
meter at multiple locations, or to monitor several‘different
parameters simultaneously. In such a situation, it is advan-

tageous to have as many sensors as possible arranged on a
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single fiber bus. Substantial savings may result if many
sensors can be powered by a single optical source and the
light can travel along a single fiber between the sensors
and the signal processing location.

The applications of such a fiber-optic sensors system
are primarily in a few areas. In medicine there is on in-~
terest in small and/or flexible passive sensors which can
gather data in real time without endangering or discomforting
the patient. The aerospace industry has pursued this system
primarily for their light weight and immunity to electro-
magnetic interference. Industries would like to be able to
monitor corrosive, high voltage, high temperature, or elec-

trically noisy environments.

II. Contents and Scope of the Research
1. Fabrication of the optical elements used in fiber-optic
sensor system
a. Fiber-coupler fabrication by using a tapered fusion
met hod
b. Fabrication of fiber amplifiers such as Nd doped
‘silica based fiber and Er doped ZBLAN fiber.
c. Fabrication of a phase modulator and a polarization

splitter by using an integrated optic technology.
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2. Fabrication of fiber-optic sensors
a. Fiber-1LDV » the fundamental optical system
b. Polarimetric sensor - by the intrinsic birefringence
effect of a fiber-coupler
3. Realization of a fiber-optic sensors system with TDM
method
4. 1I/0 device fabrication for the system
The basic techndlogy for the fabrication of PC and MSM

detector.

IV. Results of the Research and Suggestions for Practical
Applications
Results of this research and development are as follow-
ing:
I. TFor the optical elements used in the system
a. Fabrication of single-mode fiber couplers to have
the optical loss less than 0.1dB
b. TFabrication of fiber amplifiers to have the gross
gain of above 5dB
c. Fabrication of ultra high speed phase modulators
(waveguide type)
d. Fabrication of polarization splitters (wavegﬁide.

type)
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2. For the fiber-optic sensor
a. Fabrication of a fiber-LDV
- Construction of dual beam Interferometer by using
single-mode fiber couplers
— Signal detection from the travelling particle with
constant velocity
b. Fabrication of a polarimetric sensor
Rotation angle senscr fabrication by using the
" variation effect of a coupling coefficient as an in-
cident polarization angle of the fabricated fiber-
coupler.
3, Construction of the basic scheme for the fiber-optic
sensors system
The basic system with TDM method have been constructed
with fiber-couplers and a 10 nsec He-Ne laser pulse. This
system consists of one sensor and the phase compensating
part.
4. Establishments of the fundamental technology for the fab-
rication of I/0 devices used in the system
. Design and fabrication of PC and MSM photodetectors
. Measurement of V/I characteristics of the fabricated
detector

. Calculation of some parameters from the measured results

14



Next research processes are as follo??:

The TDM system consisted of 4 fiber-optic sensors (the
interferometric type) will be constructed and the demux
circuit with P.C. interface fabricated.

Signal processing system for the sign detection of
sensor's phase variation

Fabrication process of polarization controller and fre-
quency shifter used in fiber-LDV system

Fabrication of Er-doped silica based fiber by MCVD and
solution doping method

Analysis of co-doping effect in Er-doped ZBLAN fiber -
single-mode fiber laser construction

The TDM system consisted of few sensors (the intensity
type)

Signal processing system for the flow velocity measure-

ment by a fiber-LDV
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gdd A fFdd ws FAAM BEdo] He o ZBLAN
frefel  ErFy, & Azlstd Ao o999 #2Zy ze &l o] A
A2 A" F JUES JjEsigon sAGdH HYgM Qe
Alel 423543 1.5umoM small signal gaing 2Zgs9u
Erol H7g ZBLAN fule st fuds =z ZrAddn
A4 HHoA we emission band7} glems H4H GHg
=AEY 543 dgsiw wd sge] gYstn oZo 2 A

4 3% 2 AeAz AWy & o

A2d Ndsb @M AR g 2%

1.4 &

FH% ¥9 BFFre 19639 E. Snitzer *P s o
 Hzz AYHAY. 2 9N @de N AW s
flash lamp #9o =y ez 7o} q7] E&L Tolw A=
& dHe dolAz  @AAW 4 Aot Redd 19654
J.T. Tippett ¥ol olal P3u Adel BYE dolde A
JHsgol neHon BENE AP 44 Agndoy B

22 d7HA EAdo 1970dde ol Hes SuF A=
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2 e BARe] Asdsd AFsded, FENE A F=H
ZzA FAR7E Ags HAAddh 19853 S.B. Poole®™ Fo] A
=% deo BFEy zA] rare earth Edo HAstd FHAE
Mt n Bddoz #HF FFTHviek dHelAMrt AFsrs A

AR ol#s |AFs JAWE "HAAe FAHJ eEA

o

=%
o] ged 274e & FHL dg F e HolA deE
Az71e3 Aed gdrcs FAE Az 7E zeEan FAR 2
7] (coupler) Azr1&2 &Y TFeith

A @ od o ZAF FuHe $FEr9 FolAs ol
A7 *® glo] rare earth Z4do| Fi4d FdfE HEX
MCVD yg ozt ZAdsld egdnE ns=E=z H4T F e A

ZUH-e #Ygsign, golAd deleos FHF Ayl a2lm oF

7te] rare earth doped I g <oJs) inline repeater
Ze& BSEF AR

2 A= Nd7l H7ld B4HHE solution doping
WMoz ANzsdow, A28 F4&9 fluorescence 54, #F
4 24 28 3 small signal gain & Z=R3dnh
2. A =

Rare earth halidez} Rrzld HAHdHF2 Az= o gk ¢)
FHARG Be ALdE KAs7l Hey MCVD g4 & V| Eo=
5ty dopant & Hrzlste e wak gas phase doping ¥ 3

solution doping ge] glth
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7}. gas phase dopingr&l 2-33

b

°f WHe s1E MCVD wag okzk s Aoem rare
earth halide s 3719 o4 ez 7l9sad zol 4 =
S10,, GeO; 9 o] Z&AHA &t Waoly A zFge -8 2-2

e

Fab. dopant chamber

¥

Tube connection

v
Cladding deposition

¥
Core & dopant dep.

¥
Dehydration
]
1
¥
Fusion & collapse

Fig,2-2. Gas phase doping e ¢] 3 rare

earth doped #4§ ax KU

ZAR EAE A=xsr] Hd a9 2-37 pe dopant
carrier chamber & gl = 99,999 o4 NACL,-6H,O

S ®¥x Cl, 9% SFeg Zalq dopante &gMwGg  100%CH
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T e exdgA xo fused, anhydrous F& carrier cham-
ber 9ol FAAZD o FHAAM dAARUA dehydration o]
o] 2o}z W} wrSatgrd OH- o] #EF &4 AAANE T ox
2 uEe 233 dehydration A7l
Dopant carrier chamber
H,0 ® To exhaust
Dopant (eg NdCl,.6H,0)
Fig.2-3. Gas phase diping® & H % dopant
carrier chamber
e AHxA HAEG FAF A Azxg HqdFdd EFas
A Zx@ rare earth Z2x& SFgol & o3 HA4& T3
Mg weld AAADG 25 Wadel MCVD $Hoz B
Fole] w7k 7 : 1 o|4o] HEE FHgE Si0,-P,04-F 5
$i0,-B,0, Z& Si0; ez FIHAIUG
FolE Z4asls] el dopant carrier chamber & o] &}
wWidg 1000C Ae= 7tedse] &% rare earth clorided
Z719e 2714171}, ol lodide F& bromide sault &
Arlse Z/1ge ZANE S ded #HR F;ok REA T
A5E dopantg e 2 #Hue =g Ede FY 54
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of 9& #H$@Eo Y 2-49 rare earth Eg 59 F71 =4
o] 4%
10 From Moriarty ErCl,
i YbCl, Tb(ila /lr NciCia |
ZCeCly
- Vapour
pressure
(mm Hg} T
BOIC') 200 10'00 1 1l00 12:'.)0
Temperature (°C}
Fig.2-4 . Rare earth EA E9 ZF7 ¢ 4
1000 © WelM b 89 F71¢a 1 torr o|itelr o
emolAl  SiCl,u GeCl, & 43 weg % woms rare
earth halide o} ZF7l9t &Egso FHF HAzx2E&E A9 dd &
ottt 71 1A Wl ols Ns wEg doHq #He Wy
o F&A"<cd eolw 23 dehydration g 93 HaFe &&
HA %8 Axzd =2 7td@oh
F 35 porousgl Folge] Cl, 7122 Egu 900TCe &%
Aix 302 Ax 2x dehydration g 3t} o] 5?,]-13‘% rare
earth £43% Zgsl Ys FEA o8l @ys s F4F FZold
FELE BAEHT Aok o e FZole: g §83Y FEFE
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Fig.2-5. Solution doping®e]| ¢]% rare

earth doped #4dF AFx 4
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UE ©§ collapseg so

}+. Solution doping wy &

Solution doping® & rare earth halide & H,0¢ &
AL FE&Ae A ga= Aoz o Az FFye g9 2-59
2o WA 7)Ee MCVDH T 2ol Ed39& FFHa F, we o
=AM Folg porous s A= THIG B Azg Mul
A 2Hd8 Mdnse welstey  NACl, golo oo porous 3t
SO0t Alojg NACl, goo] mn=ggs= B H Adsde Azs
F ddtel oA B2y dehydration & &3 $&£8z col-
lapse 2 &lW rare earth =Zo] dopingy mMe B E
EE F Stk ¥ dFeAE o] wHom g= ARsrdom A

Ad Az z2xe ©e Ho 7l =8k o,

. Alge A4z

49 A8E X2 solution doping ¥o=z rndsy
=H I o]fE= gas phase doping W ef4] ¢ dopant carrier
chamber & &uss Yl A WAHE wMAzs A8 & A
T lew, 23 uu e AR ex z27 o dopant 2] oy g
doping & 7% AU, Tz =d& co-doping il  wy
AHA 7t gde 395 54 exaq YHFA m@E dop-
ingrlel =3 Brisa Hes= 25 HAAZL £ glen, wme

¥ dopant& doping @ 4+ gt o 7w el o,
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Solution doping ¥ el A dopingd§+ A=t rare earth
solution s sw o mAe Ad#e @A Y& AL FTOl
® codopingsH e AHAET = 1z rare earch solutiong 3=

wgo wWe #esimz AfAA=s co-doplnge g =3

4

7t AT

B oAddA 7 FAA @& Ax AL 29 2-59% #Zth
WA BHE Azg ANGw(Helaus, HA 20m, WA 1Tm) &
Z2R%z AR AHE F FIILER
THAA 1800C o4 =g BEAAELE Frh 2 g SiCl,
POCl, &8 1ex Aa= bubbling A]# CCl,F, % &7 24

A el

Hest O,of o3 Hg#d W=z Sz i T4 B L]

i

of o& faTW il zagy, 2 os Ata, s BlHe 2
w2 1300c Axz 7 HobE 5i0,, GeO, 9 FAHo=2 Ppro-
ous 3 =g 1~23 IS¢ ¥ Mg pe 29 2-63 o] Y

9 0.14M NdCl, &eio] 30&~1Az ok we el
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o

ge exdad ZAsA Hu fodmde Axwe aasx XH
o gz WER F EaAzol dolubA =W, e exdA T
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o] MUE =3 R dopingsE Fol Hom= 1300 ¢ &

we] emeld] Zas: zlol Erth NACl, §de FEI wod
we dopinge] 7}s@ Si0, f¥lFel dopantzM A&

¥a

1o g 2-6@s gol BAF Bohel NATP o] 2Fel

9] microscope clustering & dA4ste] #F&HE Z 71 A1 71 ok
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(b)

Fig.2-6. Alz¥ Nd7} Hrzd
@ Nd7F FEHe=
) Nd=2 ZAs7r #l
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e NACl, oA ZlgF Agwel dyg da FEdEE $
a

B 23 AAsA wew oA clusteringg upay A] 71T},
goe NACL, 8eje 0.1~0.14M Fxe Fx=2 du HIdD

NACl, gdeA AWdF el FA4% obi Eo ol AAZ F
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Jlell A 1600 C o]4rel & o porousd FE &F84719 col-
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weoz stdd wW NA*?e] dopingdE F-E B oM 7
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zol Moz Mol o gz yxu TAAd ofs N o] A
2 dopinge] HAEA «REF ¢ F odrh solution dop-

ing §og Azg @ A% Fad Ae o} F¥e soot F
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Rare earth gzdo H7ld FH 7 FFF 2¥ERHY F
de FPAFE 7 Fe HeAR ARF £ U=RF 8] 4
o7l Fde #AFE ZAHMED FAFAA FEF AHAEYS
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3l Lock in amp.& ApEstga, dA7E S1 F& Geg A
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cuton "E g Algad AAf A BARA YAsHes Si %
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dgeld o7 sd Fel F57 BA e Aol Frh & 4R
A= Ar gojx e 514.5 nmE F=2 A& g7t e A¥
FHEE ¥ 2-133 2o,

514.5 nm Ar #¢] %8 light chopper & 2 #=4d W
2 =g FFste ND-106 FAFo dAAI71H £¥HL  mono-
chrometer 2 A% Si X Ge detectorzg EAHsnz 1 4
&% Lock in ampel s Hstdnh, #dFe CHAA S Zel
mode stripping & 2y g AAdged HIH
AN &= strip chart recorder 2 7| &3t S3 9 Nd H7t
a4 &9 fluorescence spectrum® 3 2-149 v, 939nm,
1.086 gm, 1.36 pmojr 73§ peakzt uebgdoh o7& 1¥2-10
NA  tFge YA *Ign, *Live, L. TA29 Held 9
5t AolmM 939nm¢] fluorescence ¥ quasi 3 F¢ AHelH
Umde 459 A" #doloirh, =g 939 nmelMe I¥2-9
o] BESL A¥EHNAN HE ust 2ol FHeo fluorescence
7b Z A ZA & 1.086 um, 1.36 pm oA =  fluorescen-
cewt o, zzm Hd peak o =]+ 939 nm, 1.086 pm,
1.36 yme] Aot Al,0,, P,0; 3 g& EHFEg H7g
oax fluorescences peak 93z F& Heo F& HAZ
4 oltk 2y 2-14o 23 1.086 pmo] F4A42 F fluores-
cencex HE 100nmE 729 peako ¢xA7 Nd-YAG ZH
Ao wla) AR Zo g 0.026xm o]FIHT Amaphose

glass ¢ ¢ 3 fluorescence bandwidth 7} A4 FFRRAG
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#
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fluorescence efficiency & 27147l 2+ Rog] peak <]
AAEg AHANZ & Ak AL Si0, @l o NA o g5
99 solvation shell & ¥4 co-dopant oxide s =
3l S$S10,; glase network 4 &I g5 osmx microcluser-
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AR 7bs® Sel el crystale Afxd wWodEs AL @
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r}. fluorescence life times} &4
23 2-1494 eyt 2z fluorescence o] = e 4F,,
FHAAAN Lo, *I,m, I, =929 29dHe] (spontaneous
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%g..a dexd Ao o474 A Einstein A soln, fle
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% 2-200)c}, Si E2& Ge detector ¢ 1.,06pm band pass

filter & Apl&#3td pump 32 HAATH sn_1all signal gain
& EAHSAh o8 d Adde AgHs BARA Helg HAsE
Hlol @ 71x] o] Uk, Nde 1.06gm Helg e 49
AMage F4AR del WMHgeE W FYde Arige] HAY F
g 1l/eo Azi7b dd Huel &£&L ey ool FAHF
dolg AAAolctu @k weF FAF Helst HF FAod  ac-
tive medium Jolx o7 Bo] AHAH FH FEIF £&&
Ebufal £& Aolm, wref #MF Zol7t W& Zod active

mediums:J A} E.Bo] population inversiono| gl= un-

pumped #®g = do} 9gio] threshold power 7} Z7}5H4 @At
2o AL, Erg AR L we] 1.55 umo] 3 9 system

A WME 283 E2AE PAaA=dl 2R L fluorescence

|

b RAH e dded #EF7E FAA EASA " 77 9GA
o= active mediume A FFLe FoEA Hpoma BIZES O F
o] "HoAA gk z28=zg HAAZdol: orige #FF AF
d5E AP deloln 2 dHAMHE 56me ND-106 BHHE
Me2r Agstgch

® ddddMe o7 A9 #df Hol Wl o &
small signal gain-g &gstgdd Q4 #HF Hols eyt
W Zxys small signal gaine wWaizb 2 2-210lch o A
2 sl4.5nm oy 1.06pm NeFg BEF dHoz  dA}

A on FHRAN 2dld w=8 AA%7 Hsl AEE gwyn
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Hdiel gain 10.5dB7} #AEUck Ade gaing JEw A
Yo z8E gain mediumel =2e)7t ol Tio] Af o gain g
S7HE: WGERA] Bda SEls gdA ol 23l ks s A g 56 om
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X elzigel HrE WaA7w small signal gains =43
o o},



A &8 com

ficar lan i
e 220 e
12+
L
9l al
Fal
& A
Al
A
o A
3 -
A
A
0 : .
100 200 S

Purping power (mw)

Fig.2-22. ND-106 24 &< pump power = 3}

& small signal gain
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Bl o gaine] saturation g #EHEA FUYh 12 H
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lution dopingWe= #4# okl a2we NdE  3/batsic
Azd FdFE 97 s AFLE AT £ YEE AAGY
o2 G FFFE 2¥EYL FHAsYm  514.5nm Ar
#HeolA2 or]se WLAEH = fluorescence spectrumz fluo-
rescence life time -2 ZA3gch =3 1.06gm 3Foja] sm-
all signal gaing &AHsd RBFE/N =2 AlE 7H5HL =4
stel Hatth olgtge AYe o=z s Aridzei= Ertd
s F7tEd BEFA A3 windowql 1.55,um'—3‘%¥°ﬂf~1 BeF
°f o] FojAx% 3oy, fluorescence o #H2L Zolyl 3

Al,0; 32 POy 52 F73te A7 Sy olop stA L2,
4% FHe FESH2Ad FAAoA oAs)Bm M54 mode over-
laping a#4& aAsd ¥ gaing dg F =2 Nsa
T 99 #AFez WIAIY small signal gaing =xgsis=
B mAsolo} vl AEHA FHEL &7 sy wzy o]
A tiele=¢9 dichronic couplerz Bz Zs s :,ugg}%‘ ol

E obed mEsHofold FHen,

A 3&d Er-doped ZBLEAN fiber-amplifier
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o= my sgzg Muzsel Azde wiad ¥4L 49 3}
&g Eoln, 70 duh Zdl o] 7] vt 5] of o, 271

19759 oldde By doj=As RFAEF w9

o W Wz #WFEF A4 FuE Fdevm 2edA AU ol
gaAE o& § feE sl me Fxow 810, #EUS ¥

asch = sx@el ®FsH Fze BeF,, nCl,, 50,4 9

+r
BeF, 7} f88 @A AL o 50d A gl e,

o
o

zH gy waw 2Hgol su, PRl Wobd 2 EE2

ez ggoE Hele nEL HelAd FF axzs #dol =

dr HYSTEAE 0 G4 AFEF FA =2¥IHA wL
Jdadsn Wased HAd BAe He HFES ZnCl, ol
o= gt AAM oM e HHH 12pn7A HAE
o =3z Eye fn gout, FEAdel e anCl, & VIEF
Hogsg gz Awel Yok
3 Sl sgdorRy 4T dA
%

& Mzzse BAe =Th



e AAE Houth 297 A=ayoE fdib s E zAow
4YF, 7} 50mol % oldtelm, 3 HANE= BaF, 7} < 30mol%
—#al Z7l& ThF,, LnF; 7 Frdne, 23904 oddosd 2285
= e FEF Eaovh

I 2%, OE Be BIEE #Y7 rdA"doen, Ho| =&

3HE R ALAPL TP, 2§ HER 224, AF, ofd,n

T OEHE S8 VIRoE e FT4 2R 89 Agurieg
A o] & Azmdgol gt 282 fa= sgox Fele 2

&
A7t Aglon, Aoy 9o 8m TAAN dAYel Eg &
ol Hold g&

ZSERY

1

dold 328 3. 4o 9 A g8 Baxe Hasd o
Fabeh 294, oleg Az

2]
Hel 100MBES wa B4u, FH04 BUAzAY S8 Do
< N
el ma, AR, d=F, Zaa 54 drsHelgton, At 109
0.7dB/Km2 FZ#3 489 o] L O olEHQ s gt

?L 107 AB/Kmel  RwlA U B %N Rold Hge w1 qu,

GFu F2ostels fule #54%F Fa@ @ds wag



oM wWAsE oA ZRE FolHh

7l. oo s HFEF FA A4
2 AR Fz7 1S,, 28,, 2Py M FI1&

goA 7t A7l A= god, 149 AAE Fol 37 A
ot U & TER(S,P)E olFeE AF] AT

24 Z=lddez HFEMF,) 9 Afe, 2 I AT

zz Azl HM =zt AP d§ 9 =
E ==z s¥E(NaF)e sl2xoz coulombic forcesz=

il 51% A% @0l e, ojxie Nat st F 2
Halsleo] 89k ols o &g APl Ak, KFEH =obA.
wztg o dojx e TALE g4l ZAojHh

BeF,, ZnF,, BaF, & WXHE MF, sgEe Z2 34
e 3 Yooz BT, F olel 4sje Ba?olgd AYS
go] 9 &4 ol AY sPEl BaF, o, Bask T Be
Aaxz SH4 Yu, 24 AF SAo @ BeF, 2 TEH W
mo FWEch od FxRE ZBAYL FHIe AHEACd 2] st
344 H4AF FATFEE FAEH, 510, gl AEwElo B
ol @k (24 2-23).

ZnFe o] #A$E= Ti0, rutile Fzxd £ ofd HAA7
BoAe Zad A¥H Yz B2 dAE Sp, TE= E3H
o] gk ojHe £zt Adold Axsk ZnFy sMA=EAM  RAH

o mAEe Faen AT (2P 2-24).
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Fig.2-23. 85i0, crystoballite *xZ z &
BeF, o 24 =g

F1g.,2-24. g7 29 Z=edol=9 rutile F=



AlF,, FeF,, CrF, Seog Wxxz= MF A= "W+ ekt
pxzoln, Mol gswAz AgHe dx Fe oA S Mda
= sax g sHEAYd =ZAPL FRHF2 A7l HWE af -
Y BEFEE oM, ofgry Ho=2E HA VELTH(IE
25)

Fig.2-25 . MF, fluoride 2 3 x4 HELS

2rF,, UF,, ThF, A7z Z=zed sgge ¥ T£°
. oS A& dHE FAYE FTHIT MF, the A o] 334
A wEpze o =Zzgowtelr dAAE ¥ 2-26HH Fo B
o] t},

Jle"d m= MF,, MF,, MF,, MF, s#E&e {4z Al
gg, 28 gge w8 former=xd 3aAY TEFEZE IA
81, BaF, 1} NaF A3 tfx o & z2e Zzle Az modifier
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HMZEA, & 82 F4stA dun, #8494 A ZARTE sy
A, '

olelg WAdE F4A Fdst 29 F &gl HE
ol 25e AW, ¥A L£x7t 43 AYHoz AFU

ggojo] EAHH}, sNIHE FHIE MFe, MF,, MF,, MF,
gaA e AR gFsE oess FAH Avd, 8§99
AEE Z71% Rolw, zAzte fA4Ee wATE FAerl A
Sasls &5/ wald golth 899 ol# FHE  Zrtt s
F-o] A% 3 Z8sth A4z, ZrFn thEAe) £ o

Hepst 24 gEgetedld Fa3h

o

RE AL, FAFH ENHE FaFoEd Add o

rlo
i)
o

e PyAsHE AP Fodd Tzed FFEY &8

o

S
g ele Aol zm, §8de AAddw FYAMACE K= <

F ok g2 ZAxdd md f@ 24E& HPE zdsd, 44

AA ez He AA Fde] HIF WH Smeh FHH

47 AFRHA gt FHde €¢ F A

3 MF, Alele] setzde #E Zdeloop @tk 3 AW v F7)
¥

Asle Aol BHHelmg, ZE222d¥ Fie #HE

MF, & 7|% z4o23s 8 BeF, w7t A g2y #
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dojn, AFe Waleg AR At o wAA FFL S5i0,
el #e Gz

-

i

2m Qo X-ray  £Holu, A3

o sd 8 7

i
=

BeF, 4WAog, &4z 4HAESY 3

Aol gPol ¢

o
1
-~

of Fride Adan wdde EE=ow Y
S gE Feleg HraA Folx 4A wAde HE o #ae
299 stgEolth BeF, 71 KF9 g2 g %gzé g gE
3w o frelde §F A9 E=od 3EEH wgEd
2 fFde ZT=24e A%t 2 s Be-F-Be =z &
Aste Rolx, = stbe Be-F-- K* & & st

W gl S Asn, 48 A4S delAdz WHAA

FEHel A7) dEed, olg fele 123¥ dolx9 host

4 2oA fEeA Ear

T7F ol Tgsk 350T SHoln, gz &

MF, 8 718 Z4o2 3 fd: Ho 4% E=od 3
dE fodnx Ea=d, Zxde FH
215 AAe ot felrh AAdETh AdE dE Z=od 3y
st FElE vl MF, Ede AlF,;, FeF,, CrbF,,

o]
o
ch. ®E3 MF, sgEe ZnF,, MnF, 9 e MF, sgz

k)
.

HHEA Aol &, AdRxo® PbF, & modifiersm 3y} 71®
#oh. & A 2A, FeF,-MnF,-PbF, 3447 (¥ 2-27).

PbFeMnF, &8 =

ox

e uPd dfel ETH e Ao spin-

glass %42 uHole As8 oo WL folrh
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Mn F2

Fig.2-27. FeF,-MnF,-PbF, 34Ae #d 99

300 T ~ 400 ¢ FJolH, A
o] H29

o] MF, &A=, fFaist 2570
ZolA dolubm, 650 TellA o shEl o

NEL S #en, 58 s W wgd A dF

w3 EXAFS RAel ostd M-F A 2 0.19

b

-ray

474 serge @% AN

A 0.20 nm FEoln o]& 2 )

4. M Fwe] F AFE ofMelW, MF, 8®WA elF  #ed

712 ¥l th

=47, X-ray =@ oshd, M-M Adz AgepA M-F

& e
Aeel 2ol s wHA gkch MM Al #ige WH
0.38 nmolu], o] 24 M-F-Mo] AAHdZAol o, 8AAN A
e #ge ogatd B UES ¢ 7 At

PbF, 7} #2 A= S8 AgHwW, PbP A7 L9
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modifier 2 223lct Pb*? Folde] H 2 Baae Nz us
dol 47 Frl4e ya&A 551, non-bridging £=zg2d8 wE

A WETzY FHHYL Amac

2
AlZolt}, ul&, ZrF, 7} g5 &8 dMHe &4 2
Ak, BaF, ¢4 geo modifier Zzgow

SloWZTAZ W zad 24 s "o o 2-289A B X
°| #d+& ThF, x=% LaF,=& Bhgead, 459 da oy
4ol 3A F4 "o awge ZrF,-BaF,-LaF; Al¢] #als 99
= FAdtz gl AR gis Y g F9e FA g99
Tt A ESx& AlF, 2 4% A7tdeozn F43 za
o 559, ZBLA®% D Zy¥gL Ay &4 56ZrF,-3BaF,-
6LaF,-4AlF; o}, ol fde 72 ggu= Zr¥, 3 ZrFy; <t}

dACIH, o FFs] mddy waos &RstE  Zr,Fy, dimer

stable glass

60ZrF Ziﬁ unstable glass
33BaF, 1;{\, BaZr,Fo
\ “-\ 5,,'/
7LaF3 ’,” R ’a
=360
LaZrF = "’j\\ BaZrF
[ : 6
Y
N
Lak. [/ .
a 3 Fa AN B&Fz
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g, 3545 Zzd sdE fEH T4 1P

HAd BAd9 Fze wWHEsA #EE€ 5+ fou, d#H7HA
e r, g9, a8, A7y 54 F #2d =dA 54 o
FEEE rdg Feprtn AT

NEHez, T4 AEe odHAd fEde 43 HENE
Az ol Byl wWEd fgA zdg vE F Ju 2¥eE= Zr-
F,7b 9o #ds ZrF, fele wed +x8 #ed, 2 o+
= ZrFn tid A7l MFn oz dAsr] wfield,

BaF,-ZrF, 2747Ale ZT=z=es A=zzdoeE K 74
rgs mrjelch fElE @9 ZrF, 7 50 %A 75 %A o
29, 3483 d9ez 71F 44 deldle 4 & Bair,F ot

2y HA= =

i

Fzs Annm, J2zyg A4t
Mol glm Zr-F A& 0.21 nmolth, W sE T.500 o 24
ZXF, s 2rF, el Ael sl vrse d8e ¢ & Atk

WE At 1lAs Ezed VAR =i 4o es, 2
w¥e 7.57¢ ®e Ba-Fo 3.570e] 71 Ba-Fz uoglch

2r-2r e MY W glol ZAAE FTRHEL Lr-2rA
2= 0.415 nmo| o, '

Zr .- Ba® &2 (.44 0.5 nm Hxeoln 2r-F..Ba?

o 2 AdH, Mg AvE @e AR A4 £ Aok
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Eu“, Eu‘**, Nd3+, Er 3+' H03+, Pr3+3]- @-9— _@15% _.;L_J,__':-_

p

# e HER F&d Wg F5F 2 ww 2@, Bu, Bu
ol dig Mossbauer g%soz AdAe FTzE & 4+ 9o
TN, AER F& oleg ZAAY WM/ Fgao  ww
dRE wedME HER F& oo modifierz FHgsme
A7t R deor XNEadg #uHd HES F& ol
= fE 4ETEY uiFe EAsH, dEFE A 549 o} 2}
871 E 9/ Z=2odY #AE HHF WAz A¥stzm Yok

d8Aor Azzalg Fzeols Ky IrF, 3 ZrF,

HRAE /e g9z Zow, sl Edstd adz2-29%9 5

.1 S
i‘ F 6
. B Rig F/

F
NB\ ' /Fé i~ ‘ / .
VA . Z’} Zr2 — ....Zr7

/ VA
Zr/B E«B -FB EJB_
5 ! l
Zr8 : ‘ A
2

Fig.2-29 . Zr,F,; 9 3z, ZrF, ZrF, o]
2MElg TR

71



gaA7 mMeg F&ele Zr,F, oAz 7TAH flth 3A

A uF7]4L o Zr,F,; ddAs FARE TN #ET

Fig.2-30. Bair,F, &=e 3394 w5714

FE T
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Ay A2adgy E20d d%F fKIAE Az $ &
fal 24 Age 9L B A ZiFer s o FHRK
Az8 & built-in-casting¥oz RAS AxF Ao
clad casting 3 core casting a8z ZFHHF A& F AF
Hel dAY FAglel wEH=zz ZAAsy #F dojuxl g (A
5 fral ZAolojel @ =g clad fH% core fo EH
3 Al2=7] usstadof s z® clade] core §& L£§4g cas-
tingg ¥ FHF =2A(ES clad)rr #&=Hz gow core
& clade] Awdel ARSAAM HA&deol Hojch
vd re FHARE A xs7l sl core 9 clad ¢
2 & A(AN 7 HA 0.005 olAojeolet Fok RE  AlEHe
2d¢ 23 W clad feEldAd Hzzadg dil d=zdge
2 Ase clad FeEeo 2HE&EE EFAHY, core {9 HE
F7lsld  core fEle] FHELEL EFAW EI H9 AlF, <}
Nal' 24& WA #34d d&& =dat

watA FHR B2A Axg AE23dg 22" #eEgd =
4 dde #oe 2AAge] W 4AHy, core Feg clad §
go] 4@ F s+, core Fs clad sde zAE Ao, BE
o gxo we wWalg T nsteob ok

Y L2

d B #FAaH5 Azd Algs
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o WA F2-13 gem TP 2 ATA A9y Fe

Al

rJ

AHe Azs Azzadg Fod feo =4

et

TABLE | :
COMPOSITIONS AND SELECTED PROPERTIES OF Conre AND CLap GLASSES
{NaF DopanTt)

T T Dol Na | Lal Al| im [encomt | aita /s
CORE | 533010 4] 3 1.5092 189 _—
CLAD | 531207201 4 { 3| 14991 176 2.5
TABLE 1l
COMPOSITIONS AND SELECTED PROPERTIES OF CorE AND CLAD GLASSES
(LiF-PbF)

T.T Tndes [Retr. Enarnr] Therm, Ean

Zr{Ba| Li{La] Al|Pb s (Keal/mul) | «110 /0
CORE |st{16l20f5 |3 {5 ]| 15224 108 1.34°
CLAD | S3120} 20] 4 3 {—1 15086 112 1.41°

*Vajues are quoted from [8].

TABLE 11I
COMPOSITIONS AND SELECTED PrOPERTIES OF CORE 4sND CLAD GLASSES
{NaF-PbF,)

Wel (nden Jiicte Energy| Therm. bap

Zr{Ba|NatLal Al'| Pb (13 (Ksirmel? | avl0-%/ X1
CORE |53|15120f 4 13} 5] 15106 151 2.87
CLAD 153120 |z0) 43— 1490 176 2.75

TABLE IV
COMPOSITIONS AND SELECTED PROPERTIES OF UORE AND CrLAD GLASSES
(GdF,-AlF,)

Wl Taden JAcis Enerqy[Therm Ean
Zr | Ba{Gd | Al | Tin L cKeattmen § wiie )

CORE |61 32) 4| 3| 15162 144 1.69°
CLAD {59.6(731.2{38{ 54 15132 158 1.63*

*vglues are quoted from [10].

I
TABLE V
COMPOSITIONS AND SELECTED PRoPERTIES OF CORE AND CLAD GLASSES
(N.F"AIF))

Wel Tndes JAcri. Enerpy] 1 heram, E2p
Zr{Ba[NafLa] Al| "t [iXcalimeit] et10 /10

CORE | 53{20]20| 4 3 | 1.499] 176 2.75
CLAD [51.4{19.4/19.4] 39[ 59| 14948 148 —
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#4& 2rF,-BaF,-LaF,-ALF,-NaF #Aojc Zo|x H: niel gz

°f 2d& HEE Ysld HHe Fg2e NaF, LiF, PbF,,

g2 sdE fFUe #FEQe Fz Yge B oa
TLdolm, 3, U4, avne §3 g o 2oy sy =

. 18] x optical window 29 F4 WY zZs= OH 7] &
g EeEd il F2 #edol swmnh wepa 4 YR
AA ¥dol Fasm 2.55ume X 0.01 dB/Km ol ste] FEAE
= $H#e] PPd o|dlolot g,

ol F% o022 AAGGE Alg AA BHo = ZrF, ol
BF T~10N 77 sles £ad 7% NaFeo =< 7T~ 11N 7}
A 7?%‘2} Na,CO; & ol &3 &u =24 So g OH™ 71 §
ol BEE HAE Az ¥ Alg, NH,F-HF 37}, NF,,

CCly 5 W8 7128 ol&9 reactive atmospher process

g, &, WG Fog AMAsE wiy Y 2229 IPgge

B 28714 S84 234 gzod g32 go

= B0 TelA 650 T wAHoE 7Y 3§ £ A
4 2EE 800ToAN 850C Hmoln

BEAe dv = ode wye, A8 sZzoy wguas

HA WFAII= NHFHF 2 Al gsig, o whoe 300 ColM 400 C

A 2xelA Yojun, dwye H=oa

_Hto_‘\.‘

d=& g H7)



stefol S bW, B4 FrUS ZFzod HPEd Eddd s
AEe fds Bzod HAPYEz WAz dgelrh F& o
BU S Z=0d YRS 800THAN Esd Raégc odw
Hatz el NH,F-HF & A7

BEHel e wPU FARFES AR AT z2dAe 1
cE Y88 Azss AoH, Hel &, JEF T, 2 Lo
2 (0H™, S0%, POJ” ) 5& AAsdol &tk o5 ol2Ee =
22d H#E9 optical windowedlAd FHEFE doilg,

Fol Z2&W Wwr olyel, 2rF, o ge Huwy =04
#gge =syol o stdg Fe?r, Cu?t, Co?', Ni?*, Nd*, Ce®,
Pr3v £ 2249 sy dolesg AASL oF B & Eol

glol=, 10 ~100dB/Kme} &

&
e
2
o
)
2
o

o}
&4 Bagg doslw PPd o)d =z AHAsoop Fch

st} AW (CVD) & ©1 48 FAR Aol FHe B
A% @ WPl @ 8o, 2rCl, % IrBr,eo Frige A
o] & sHggut F MIE o wh F7 AdolA Fze9
bash wgAA  2rF, 2 Azsd 1eE #UEde de 4
9] o,

Fz2z2d SAFEL FHH dWEAN OH 77} BBz ¢
#o, OH™ 7] optical windowel @ 7lgdHod & FrdE 3
Adetm, OH™ 7] & <£o]7] 9 3led Robinsonol Hzxg BIL 71A
2971H (RAPY & Awsgd, ¥ CCl,, SFs, NF,, CS, 7}A=

&84 = &eAM OH 7, 07 F9 2gEg Cl°, S§* =
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Agg, NFy 2ozle 89 918 a3 =H7IE2 FANA,

TTEE Fe' ddz A o Fu, Fed = A FdelN F

d d¥E fFEdAd 07 BEEe £ ogx 92 s
2. AbheE M-0FE 2sg P4 sy multiphonon F4=tfe)
HstE SEd, multiphonon d9el shoulder & =msrxh 2ax
o Fel mEAAN, 0¥ 2x0, AFL wEY, A U} =
P, 2 9A7E 0.2km o)stetx  Rayleigh Mae ym oars

TR maba galel da BEES A6 #3ted wg 7}

>

971 AMzy (RAP) & A g3t 2o ExL AR Az

S35 #g3hu,

Tl g% Fol okl F&BhT™ olfa Sy wae

e

24l frel ZxEd Er't olee #ssio Eroj o] 14I,,,
EAAM fIisn AUA ZHEY A QolE o gaw s
°f Aol fI,st 714 olux THoIEZ #HY Hyx &
A WA 39 Hux F297 amso ez 3-level of

¢l Fav, Ereled Fmst 1% oo o} deolA  wzol %

St Er o) 2o F4 yolzp oA mume F5ego g
qP8 FulAg FTEer A=aye fgd @A, Er
# o] 2 2] ‘I 13,2 1 A ‘T 1502 29 A o] Asg =9} T 9 =g
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aT dE;
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a5, 9E,
. = ——— G i A AL L 3_
Fie = 35, [, aT, |o (3-53)

4 (3-52) 3 2 (3-53) & AR 3l plezoelectric adg
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E
T, = Coqa Sq - e, E, Cpe Sy - o P 0 (3-54)
D
Se =S, T, + d;, E; = Seq Tq + Gip Dy cverrmrneciiiennee, (3-55)

d;, = ej'il‘ Tip = €ig Sgp vt e (3-56)
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e, = ejfhjp =d,, cq: ................................................ (3-58)
hi, = 8 e, = Giq Coap  oreerromermssmueseneseses oo (3-59)
g1 = -g_gji_ ..................................................................... (3-60)
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¥ 3-1 ‘Acoustooptic &A= Al &5 = Piezoelectric

Transducer crystal.

PIEZOELECTRIC TRANSDUCERS FOR ACOUSTOOQPTICS (Section 14.2.1.2)

Density Freq. Mechanical

Point p Coupling Diglectric const, impedance

Material group  (ghem’y  Mode® QOrientation factor constant (GHz - pm) (10° kgim?s)
Ba,NaNb,O, mm 541 L z 0.57 32 3.075 333
S Y 0.25 227 1.83 19.8
LiGaO, 2mm 4.1% L Z 0.34 85 313 26.2
Li,GeQ, 2mm 3.50 L Z 0.31 i2.1 3.25 128
Si10, 32 2.63 L X (+.09% 4.58 2.87 15.2
S Y 0.137 458 1923 10.2
LiNbO, 3m 4.64 L 36°Y" 019 386 165 339
5 163°Y"® 0.62 429 2.24 20.8
S X (.68 343 2.40 233
LiTaO, 3m 7.45 L 47°y"® 0.29 42.7 370 552
S Y 044 42.6 o 31.4
LilO, 6 45 i Z 0.51 6 2.065 18.5
S Y 0.60 8 1.26 11.3
AN 6mm 3.26 L Z .20 8.5 52 340
Zn0O &mm 5.68 L Z 0.27 8.8 3.8 362
S R G 0.35 8.6 1.62 13.4
S Y 0.3 8.3 144 16 4
Cds fmm 452 L Z 0.15 9.5 2.25 217
S 40°Y° 0.21 9.3 1.05 10.1

. 019
Bi,,GeOy, 23 922 L (114 [I.UJSSJ 38.6 1.65 304
(.32

5 {11 1(07235] 386 0.878 16.2

* L, longitudinal mode; S, shear mode.

b 2°Y means that the plate-normal is rotated a® from the Y axis around the X axis. Warner et al, J. Acous. Soc. Am.
42, 1223 {1967).

< The angle between the plate-normal and the ¢ axis is given. Foster et al., [EEE Trans. SU-15, 28 (1968).
See Refs. 14.6 and 14 7 for the preferred nomenclature.
Source. From Uchida and Niizeki [14.8]

152
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A7bstel PZT7 23 was 4w BHRE =dsts 2o
AEE W2 £ Qg oy g PZTel 7}sk A gtoj
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Plezoelectric gun wilg o= ATk BT BHFN g
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3 m=oge A4 WP A= stressF B2 FHdFe He
7} Loletn @uw oS3 o] HEFHACM

= dg QB D e B}
A(b—-ﬁAL-I-L-aH'AD-}-LdDAD (3-62)

A7 B ©Y 2= PR FYRF AR A+, n
FdF ok EdE, D BHH Zohy AHAoH

A (3-62)9 AAFe &R =P straine] o FH B
ARl 4ol wstae 9% A, EMFEL straine] o3 F7]
¥ BHE A B strain-optic a4 & I, AN F
A Zeobs] AR WP F #4F% =% =mce  disper-

ion axe] o ZoFe A4 WEFE IAST (2H3-29)
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FAH AR 45 S AR =;okel FAE nFe) BA

ol =& Wzl mE AW A5 fo AHFL

olet. o7 K & F7lE 929 Ag Aot

A FHRA 4" PE ALG FYAHI DA EE
strain® stressg FPYE A8y EBMHozm FAFT F Ut}
strain ¢ ¢} stress g FALI A Po] <oz FAs3l

stress & ®A®E o o go] HAEHEL

—F

P T T TP P T TR T T T T (3_65)
—P
P
€X —F (1 ~-2x)/ 8

c = =1 b (3-66)
€y ~RP (1l —-24x)/E
€Z —R {1 ~2p)/E

o714 p& Poisson Mg, Ex FAH A=Y Feold

o RAM  HEF FHel o8 A7¥Y YA  strain-
optic a8+ FAHH Axe optical Indicatrixe wHzlz ‘E
Ag % At
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B el shear strainel §794 oy Bdoe st-

raine] e, =¢ =€5=20 o1y 1, 3J=1,2,3 49 strain-optic

tensor Y& oug A

Fond

dEo Y Adrne R FHE A=A

9 @A o

4 (3-68) & 2] (3-6T) 9 sy FHHF strain-optic
e tgy gol mHACH

A(%z)x“:_(]?/]g)(l_zu) (Pyy + 2P ;) coerevvennannnns (3-69)

AR 88 4y Pol B BAF ol =z
g AEE FHH Aae EHoz gAd

__ 1 4 1
Z}.n——*fn A(C Hz)X,v

D3(E/E)(1—2y)(2P12+P11) ........................ (3-70)

D]

EE, U Bl o9 #4e Tl 44 way
&P:fxDx_HD(l—zﬂ)/E ....................................... (3_71)

2 g¥Hddg
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SEE!
2 /K ? n
b = B /2 ° "";d ................................................... (3-73)
nct)re nclad
V=K,D/( nfore_ N2 g ) e e (3-74)

NAMAT F=E 4 (3-63) ~4 (3-14) 4 4 (3-62)o] o 9] 31 o

AR =% IA%e dn 9¥W Pesz zNew oo po

_ 2
?Eé:_ ﬂ(lEZ#) + };I;: (1_2#)(2P12'+P11)
V3(1-2p) db
= 5 AED? U T (3:75)

T A7HANM A z®  Fused silica F 59 e  He-
Ne Laser stgeld 7t wisge goa g
A+ Fo Fd8 n=1.456, Y s3I 21=0.6328 um,
i I e B=2zn/2=1.446 X 107/m, Poisson Mg p=0.17,
E=7x10"¥N/m?, P,=0.27, P, =0.121] o] t},

BHFY @Adr= =2y povy dispersion a;*—@%_:?g 3-
AN V=24, db/aV=0.59 A8 Uy mys o} o)

Aol Sumdu @y BHG a0 g Enge] A4 wayge
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f8l 71¥ Arm3z} HA Arm& 7}z Mach - Zehnder 7+ A =

30em coherence ZolE = 6328A o] He-Ne La-
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Fig.3-34. Schematic of an electro~optic phase modulator
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ferometer for spectral analysis. (b) Setup using

self-heterodyne technique for spectral analysis.
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= y=0r =00 waiAo XH4d I 9dtf. lateral eq
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&4dol Qth 2wl filtere <lAgeld 714 S  spectrume

Syy(£) = ( I'P;,R)Z-[f4, ,i | = Py (Kfgp)P,(K'fgp

k =— k’:-:n

—Kfsp ) By (F—K' fgp) | 28(F—K' fgp) ] rerees (5-19)

olch, oluf r =P, /(2P )X P,(f)= pulse =2y P,(t)d

Fourier transforme|c} A 71H noise g A=

g

spectrum &

Spy(E)=(7% £ 5 |P(Kig)|?|Po(K’fsp—K fep)|?

=~® k' z—cw
.|Hl(f'_K!fsp+KfsP);zj'(2]’Pin)(zeR) """ (5—20)

olty. Single-sidesl dc A713 A sy noise o] spectral

density SNR, =

?[fgp by Pl(Kfsp)Pz(—Kfsp) Hl(Kfsp) 27’Pin]2
SNR, = ke

ac

2hoCfse X % |Pi(K/5p)|2(Py(K fsp—KFsp)i 2| Hy(~K” f p)}?)

k==o | =—o

kit
e
o
i

a

et pulse gk P, (t)r} filter 9 impulse

295



sg P(t) » h(vystel Fol Hu meFol wWax wevd (G

s 4Ae ded gk

| Py (0) H,(0)|%2rPy,

SNR, = (—— )
3 - (-3
2hy S P, (Kfg)H (Kigp)]|?
k=—ca
T..
= D) ({ ! 7 pin ................................. (5-22)
v T

2 #¥#dcd o714 T, = P,(t) h,(t)2 autocorrela-
tion Xoju. o A$ Fojzx pulse 2<F P ()&% b, (L)
o3t autocorrelation * Ti & Adsu=z (5-22)4 %
28 4 9ty (5-22)4e 2l&d noise ulE FHoisr A A

#l Ti,/t viE AW A dtdop gk ady AAE e

|

crosstalk & #H4s stz A8l T;cl_t AES Eus=dy 2

p

A7 e ATHT Hojopwr @, Switche Fz Fasy F
e T /ATE1le] SHxEE FE3 ok dvh ¥ -1l =
o] demultiplex-ing% °ls] 712 switch oi4 % switch
71 Abe" | AAr FEed d9gste A3 switching i
of M @aE £ae @xw wFw Ay, o AF  (5-21) 4 (5-
22) Aol o8 $x¥ &Y noise H T detector H,(£)e]

=g Zatejel Eo R@sch Shot noise(shot noisee| ali-

)

-

asing a#E rdadd &M AgE AN BwE odsH
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AN T 1 hy T

—2 = e i, (5-23)
+ B SNR , ” T;c] TPin

Hl repetition rate t=(N+1)IATYu =

VAN hy (N+IHYAT

e T T e (5-24)
R B Tf T;.;]T Pin

olt}, ¢ 5-12 -

dad Ay Iz

NAel MM E £33 o}zl ]2} shot noised]

T Hoth ola 5 =905, v = 3.66 X 10*Hz, laser

o] FAz e l10mw, Bragg cell o conversion 252 50%=

At T /AT=19 2dg 73 mes ou

Hol@d ldeal s Al~¥als  shot Noised] o]

@ ABEH A AAAS g4 wmza lg-rad//HZe] 7=

13 A Ee multiplexing® 47 g wmer e

AT A Alzsy

= AlAMe gxe
Toe,/ AT=10,59u)
multiplexingfj-_}

L Nx"e ga

sen a8y Yab B pulse o LA S
RS E 5ol gy multiplexing g < g
FASA Hoh A=A, 395129 b lineo
lerad/ YHZS! Zez 71 1049 RS =)
T7H U 2@ 5-129) gHe ideal stx w

FEE RoFdg. Ladder o TS 4 sAlEw

directional coupler & alo]gj d4d return bus, o =1 BT &
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F oarme]l 5 dE&Fdel gdm s % Myl od Ba4alo
0.15dBelgtn & mE FYHFE FokAl BHGA olg B2y
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golsE wel ArE Yo line C: T, /AT=1¢ 4us
UeEtl e old  lgrad/v HZ o ZEE 2= 89 MM mul-
tiplexings 4 9t}l, Line Jdx Tl,/AT=052 v} 1p
rad/J/HzZe Zwg 2% 149 442 multiplexings =

L .

4. BbCe AC Detector coupling s os #AP A

A714  switch7l detector u&ugoi Algsw AzA
2 mRAIE samplingeo] o3 DC AEE Zrsu, Switch o
9 detector 2o ACHIE OE HMME Abo]el  cross-
talk & #Hdaoh =3 Axde HAgA ge  duty cycle
Bl Ane ¥¥s4 @t F @ pulses} FAUGW FHw
pulsecl #¢l 94 noised 9§ F A= noise v} ¥ @ g
o AC coupling-& 44 pulse ¢ 29 94 noises ¢
ZIstAl dAh A 190 Azy B =y thated dg L &)
Detector Zagolr NAY MM EAQH e ne Z pulse

&2 F34  spectrume e o

Yioo(£) = fgp N:*JI f‘, od2(N—1)mm/ cp AT P,(m f¢p)
n=1 m==ox
.[5(f_mfsp)+xyn(f“mfsp):l ............... (5_25)

299



o7l x N7 e 7FA1E2  Zv= ladder T35 71380 filter
& ®#3% pulseo wigs g = Hi{f)=1a3 Amgq
N pulses s =z=o noises¢] spectra = X, olet xdAs

Cﬁ — L
e Yo ()& DC 423 pulsed t¥d AHAHM spectra X
én

pulse £ spectrum o] . o Fagn

to
b
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2
&
2
o,
[yl
ali

GOFHE BAA E AB/2(AB/2 ) Aol Fumaz 5

Yo(£) =Y, (D) — £, z P, (0)(4(E) +X, (f)]x({—)
" B
=Y 01 (B) ~AY(E) e - (5-26)

°l "tk o97M xw(f/AB) = tectangle 4ol _AB/2
B +AB/2 074 1o g Ay g= Tl 09 g

o 1 =
S VR A7 SWitchZ & 33 filterings Spectrum o

Yo (E) X fep 3 P, (mf)a( f-mf )

M=

= (Y XLgp 3 Pa(mE)d(f—mEe,)]— [AY(E) XL,

m==m

2 Po(mE) e 6CE—mfp)] e (5-27)

m=—o

°f s ¥4 xe  convolutiong oA G, ol BEore) w4
T4 & DC coupling o g8 Ma Hr oo UER H 2w
= o = T 51

A
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©
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AY(E) X fop & Py(mf)a(f—mfgp)

m==m=

N+1 ®
2 X [(Py(mfgp) + X, (f-mfg,))

n=l m=—o

2 #¥¥H Bandwidth £, & 7}z low pass filter= (5-

27 Heo Mz g filtersiw
Yier(£) — £p f 20 PL(EXPY(E) AECH(E) + X, (£))

\ £
— £30P, (0P, (OX (N+1)4(E) + '3 X, (E)Iw (5
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R e ey vy
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Azg 4 AdA Hoh add, dydea e
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o] YAATE AL 44 Arme ZHole di#EF WmAEHTH
Bdomm #Holx tolecss AgdTE Holx 20m FIPF A
% L oAUlM A} Ageel P ¢ 4 At o
&l HZol FAG Aol imoldte 23 WM BFI F
Ag £ de Wwygsel AgyE u ALk
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coupling ratio fiber coupler C, & AWM IFAHE %1]
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ty7l A9 1o HEE slFozs S/N HE Az FHF7 4
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2y 5-139] BHH AAM ool Axde F3 #F pulse
of TEY BARE Hi yYuigdz Fddch BHF AAEAM B
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29 QAdRRE A% ¥}z Avh
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Ea (t) - Alei(zxft + ¢° + ¢com )

Eg(t) = Blei(zxft T oo b

olsi 3¥s 27 # pulsed TAI}E F pulses Mrue

E:“('t) :Azel(zxft—i- ¢o + ¢3m+¢51)

Eaz(t) :Bzel(ZTCft-l- 9‘50 + ¢Sl+ QSSz) ........................ (5A35)

oz ¥FHEcL orirx A L,BA,,By,By = z}z+ 9 e coherence
710] , directionnl coupler 9] coupling H, Z4H Hd&aH
BNG AA] o3 Fed Az o3 AHAAS Agroln ¢,
= Nz Armeld B A, dg b, Pms AT AAL,
A2, B AACdM B fdwsFs xANTh

(5-35) 4 Algslod FTRA  #F pulse ¢ Intensitys i

A s
| | ‘ 2
. z_é_lAlel(ZJL'ft+¢o+¢wm) 45, (B + 6, 40 |
B B (5-36)
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tygs 334

1= lAzei(Zﬂ?ft‘i'@i'.,*f‘qf'sl'l'@Scom) +B,el(ZFEL+é,+ 45,
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=§[A%+B%—I-ZAszms(gScom——qﬁsz)] .................. (5-37)

olt}h (5-36) 47 (5-3T)AogxE Z=a H pulseg Inten-
sity & Mach-Zehnder ztgA &8 #3734 22 f£4oz H
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tlo
o
ol

25 H=aA

:h
s
rlo
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)
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7b Asi R
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A dgd AAIAES d4 scalarg V) (r,t)z B
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dulus & VIXrt)= Jepdo)

$&x r3 Al te 349l real scalar g Fourier

Ao FHY F glrh

1

Te V(r,w)exp(-1iwt)dt e (5-38)
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V(g ,w) = j‘i: VI (g,t)exp(i wt)dt e (5-39)

A7 Vifle Agelm=zm V(|r,-w)=V*(|r, w) o]

)
]
o

spectrumg <o) F 4 spectrumy #2 A
3

VASRE: BB V(r,t) & &z ol HoFrh

V(r,t) =2Lx- f2V(I,w) exp(-iwt)AW  emeeneenees (5-40)

714 V(r,t)e Vlg e Fi: MMy AE
Z, V) =2Re(V) e @A ok Ve Foixw V(r,w) &
T # den wgEd V(r,t)E ¥ 7 At

weol Intensity I(r )& 9 Y4849 odd @

Al

it

7H7 o,
I ,t)=V(Y ,L)V*(Ir, L) o (5-41)

Ax  jr, 14 1x correlation &4 Mo ggFf Zo E

rO(n, q, )= 80 S 5T V0T, t- 0 )V A (x, , B)dE

.................................... (5-42)

2] A& V(r,t)e autocorrelation %oy ®EF V(r,,

t4+r)V*(r,, t) e #HFZELE e mz  (5-42) 3.2

rvdie,g,,r) = {VQir, t+ ), VOir,t)y - (5-43)
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1) (1)

e (1) = —— e h-44
r V(L0 Voo {I(r,, 0 (5-44)

(5-42)Heo=Re ri(y,, 0,,-c)=rV(y,, 4,, )7 =
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+
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b 1ol oglos zZawoh wed ;0o ez, = o
del P, TACA 1/2ud 2 9ES A= 4 guh o o

o

o] P, HolA coherence areavln =

o
il
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il

|
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herence gtsof 2a g3 Hol Famco

PO, gy, 0 )=V, B+ 1), VG,,E)) e (5-47)
NormalizeZ 3 $14 2

r(l)(ql!:q:!n T)

7(1) (I[l: ¥, ) =
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&
2 wEd F 98 99 #¥ S coherence Ay
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2" 5-159 A Pl Az t/e HHE ANsEZ V)

G2 FE F TEe §98 Aasd FHA da MM g4
VZKIV(Il,tf—tl)—f—KQV('IZ,t'7t2) .................. (5_49)
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i
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i
i
A

2 dese] holee dimensions ¢ Ay}
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of AAA, z, 3 T, H™E sel osh Falk

34y secondary st g4 YA BEA x/2 AR

=1
K, = |K;| exp(-ix/2)
Kz = |Ky | @XpP( -1 /2) @ ccecerniiiiiiimiiiiiniiiiinierenann. (5-49)

TeF t=t'—t,, t=%L,~t,olgtn Aoy (5-48) 2 &

V=K, V(zx,, t+r)+KgV(Ig,t) .............................. (5-50)
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Fig.5-15 #H=zl7|#&A< spatial coherence 2] de-

gree & =337l 3% Young zt4A.
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I=VUV*s=1,(t+r)+I,(t)+2Re(K,K,* V(Z,, t+7)

V*(Z’z_t)j Meaeniseasetennassenarrtesvisenarrnnesnan (5*.51)
s | edzlA I, @ I,& Z,Z, Fo2FE YA P el
A 7zt #¥®Ee Intensity Eolrh
I,= (K |21V, ,t+e )| 2= (K |? I(Zy, T4 )
Iz=leI2IV(Iz-t)l2 — iK2|2 I(.I'z, t) ............... (5_52)
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.......................................... (5-53)
7} "ok (5-52) A o 2 R E
Fr =, (<I(Z,, b+ I)CI(Z,, £ITVE e (5-54)

28 RHogFU
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(I> = <I,5 + (Tp) + 20<0,0<T00 2 Re(y (2, 24, 7))
Z (L) (T, 4 20K KT 1 @) as (¥Ce)—(Wye ]
.......................................... (5455)
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Hatgado. 28530 w444 OF @ Armelxd @ pulse
£ moEvh Iy, HF AAM ojde] e &% P pulse
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=  coupling #H[e] wIE Wxstz AA¥el 4AFsE fE
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Znge AsD EAd AZayl 9# demux® A FI Aok

2ol Fol A= TDM WA ol #as Al eofElo]l Al AT &
el fs AwARz shuel gAR AMet B4 DEdR 7
dwli: TDM WAl Al A" Ajdstel  lonsec F pulser ©
Gte| Sl AAlA  Ald 2 % pulsezre] 7HAlg FHelsglvh @3k 2
Aol g e AWAE st 4A ode] A FAE AEs

¢}, Coherence #Ze}7} 20emgl He-Ne laser 32

s}

i
L

g Agdn

2 A a4 sl Hde Aojk mA A 4R 2ol &
Qs Wl oldee sad & oddth w3 ®e @ pul-
se(lonsec) & Argstmz £ % pulsefol wy  FFHHC
NS wa s f4ame] delax lined A ot ke olHEn Sl
AT F YA

sk ol FadldE WAAR HAHAe #AEd s Eolu Bragg

cell & Apgslol Aja®lg Adst A7lel laser diode & 5

Qog AgFdE ATE FPsiop stAlcoh
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A 6x FAZLE 1/0 £3

A1H A =

anAe 5g 7R axEg Fie Ao
Ad Aze SReFE AT, BlUxE 9@ ez #HAA ol
9e AAHe Nsz wREelFE Aew T F dud, ddE @
AEd, TAE P49 @B s FHERE 9A B Hy xH

( Photovoltaic effect ) s} 3

i1
2

# 3 ( Photoconductive
effect )2 T2 4 dtd FARHA sy F=2 AEHL
Ae AL F7HY adolrh

1970 Aol SeolAdy A&Hd Si0, FHF A4 0.8um
ZAhe] AlGaAs/GaAs RtEA @ oA ( LD : Laser Diocde )9l %
£5% AFTo

Si, Geg FZFowd p-i-n, APD 59 A5

2
b FrRAozw oFolAd nFLY HAFA wdEdd Az 7

L
=

4y

o] &3 EAo F& AHHAU|Ist wEAAum vk 1980doie]  Eof
<

ME Si0, #4859 HAE4do 1.3um~1.6pm FFiRo=

N

ol7te} wal InGaAsP,/InP LD7 swsEigoen, was o F A

28 F e 27T AR L AT/ BB A He, Ge

o

AEegd APD7E 1.3.m FHHEdel A8Hn de AAeld 1
%

Boests 2sFA AxgoddE R FEE} e Sioly

#d1 Ge-APDE QHFo Fgeo HuAH zAm, 5§ 1

dr
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o
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Ge ¥ty o E&mrsE & ABEC ao7HE=R HIde o Gaks,

InGaAs, InGaAsP, AlGalAs 5& M52 AF+EC FF& °F
o] owol HBAAYP A olutrRTF Aer AHaHETh
ZupAedel (1.3gm~1,6pgm)elre] Z7]e ud PDAFE

InGalAs, InGalAsP, AlGaAs T2 =z =3le, o1 Si1o]r} Ge
of wol JFEolL p-i-ne|i} APDe]l #3 Aol b1 gfo]
He] AL A7t stgsHAMy nae AAL AHAANNE TR
= AeA e LPE @ty & 21g3glovt GahsE basez 3
v InPE& basezst MOCVDWY VPE ®Wgel 1) u&xe 9
seaEe B4 dn i) FA8 das Aasid Add S
9laz i) uf FA o] Fheeieh 45 = Zdm el 3 e MOCVD
1} VPE Wi¥ e wo]l Al&slw 9tk 28|y} GaAs E baseg g
materiale Az L FANxo] by ¥y lattice

mismatchzt 7] ef &, otz SxAz 2 FA7|Eo] @ UHEE
A2 lattice mismatch?7} ¢ InPE& basezZ3d A 85%F09
PD of Fo] ®ol o]lf&sn gt FE£doxw Ho mesadz pl-

anard o2 U&= ol =dl %7 InGahAs Ad PDyg g1 o o}

-
1

A& THEEm AL 542 FAVE due FedA mesa JeoF
Al zEe] grh 67678 2% passivation oy} AFHA, A HAHF
mesa g o} -vjs] ZF& planar g APD Go] Ao+ ava-

lanche gaine] % wo (20 )FAHE6%1Wel gt o] g
Ze BAHPe Si, Ge planar® PDo| olv] Ahg® B e

uard ringg wESe Zowid HAH F glo] 61,2 mesa F,
g = T =]

= =
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planar go| @A Az=g o}, 32 #3333 = ( OEIC : Opto-
electronic Integrated circuits )o interconnecting
components, higher density, more compacf circuits %o
ddel 9ve Ao A S0 planar o] @wo] o 8w <ol 80w
H}  Fwel Zo] computing and signal processing, inter-
connects, LAN ( Local Area Network ), communications
e s8omA FAYAH =2 Zwe 1+ PDY @rs He
sl sler) PDe] FETse] dA@e 2 Zaas H &l 7h 3
ATk olebzte QEICY 7)Rax2s PD- pin / FET, pin /
JFET, pin / MESFET 502 Hd7He ugx( -29dBm at 560M
bits/s )¢ pin / JFET 6712 " 1}o}l714  superlattice pin -
PD (SLPD) & ©¢]83 monolithic wavelength demultiplexer,
polarization sensitive detectort 12 o gantdzze wu
L e 2y pin/ FETe #A ¢ dilEFze BAHE, = 3
R e H%E(tzxw”mﬂ),4=mn$Wﬂ intrinsic
layer ¢ high transconductances ¢ sl D2EFEE(~10em?),
T3 A9 FET channel %4 Alo]e xjol=m pin / FET A zte] o

A

Gl
v dudun, olE 2Eir s A AlEE, & GalnAs

"

Pin-PD / InP MISFET61415 So] o 79m 9 o1l InP-based
transistor el 7)o GaAs-based Wt} Mol dAxo)gle], o}
4 rPRERE 4dds A9 Zazm 9o

¥, FAF (0.8 pm~ 0.9 gm )P A A Gahs= A gza-

¥ PDel #atde we A7 ojRelmEd F=z  PCD(photo-



conductive Detector )2 MSM ( Metal - Semiconductor -
Metal ) - PD ¥ofel A ol Fol@ch wAFIAAd ATFE 510

s ge Az 2 i Ms wad HAAUY  Gahds o

:'J

ARAE B Asze] wWel wgxoel LAN B R 4 el

a

o
oy

glt} =7]e] MSM-PD dF#+ C.J. Wei 6716 o] Mott barrier
= 2z mWa =e  junction barrierd o) % wo oA F,
symmetrical pbarrierd 9] st symmetrical response =
totally depleted channelo] 93 fast response TEE A
Mg W, Roth 56710 23 DST ( double Schottky 1in-
terdigitated ) diode & 2ol ~10pse rising, falling
time s 18 GHz 74xl¢] flat3d responseg Agrtm HuHEH
otk 7% MSM-PDe OEIO® F@FAaAzMe a4 dHe 2
oo Al mumepgl, F2H Nastom Qs d& FvhstA S
9o, 19864d O. wadat-1® So| ¢/ 3 MSM-PD 2 MSM / FET
7= receiver 24 nwH AEFE AFS( 5pA/HzZ2 ), 1L
242+ 1.5Gbits/s ) z2xe wustgch HA InPE& base
= & #3434 wge heterostructure MSM-PD A7 5% 18]
A8 gl 671920

pcDe| 7%, p-i-noji} APDMT} A golgz MESFET
g 44 RA%y 5 dvs FPew ng PCDo BF ATE
ol W BE s sted gl 82 CLW. Slayman 5 6-22]  Cr - doped
GaAs PCD d3& (50ps¥y rise time®# 4GHz<9 tgig H

aav qlod, T2 @em ofSd ug AT Bw ol FA
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o]4#< APDRO @& FLEFH & o]5Fo] BuF u JYrpbzs
HA s e A7dm 3 1980 vl qboj

A, Antreasyan 623 o] 2|& FET %9 Ao pin/FETS H @

HE g%y BRa®El o&E d#x photomuliplier (PM) PCD

array & o¢]4&3 image detector 7tz dF . ¥ uda gl o} 626

Nlig

2 BellMe Az2HAM FHFHE PD & pin-PD,
APD, MSM-PDs=} PCDe) #3 F23 29 optical comput-
ing and signal processing, optical interconnects,

LANs, optical communication 52 FOS92 spectroscopic
system, multichannel detection system, monolithic wa-
velength demultiplexer, polarization sensitive Z o
Zopl Aol PDEE&E AMFYm, A3HAN FxA ndgdd o
£&del Ags MSM-PDet PCDe MHA 2 FHL MHysigo
#H, Ad4BAMe= AFsE HP-4140 23 Au 2, A 25 MSM- PD 9
I-V&dyd dA74E8 Aastga, A 5-alx = interdigitated’

structuree| d7] &% £ W Zd #AF ol8H¥a FAL Hgg
o, #4e structure A4 z=d ¥ ANFE AAsz, M6

o A& ® AVdE Age ey
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saaxe Tzer fHe 4¥arld @A WA FFEA

7}. Photo Detector 2 A5 )
) AxdL&=F :wmxs photodetector (PD) & BaEe 54 o

2 AAgZe zz Ygov v ol FAETH

A AE AgaEdeln de 9wy QsALAN TP Ee
Aol wad 9w AAALE EdFE, AL FIFF

ol 7@aste] PDY RC AAFI T

%

o,

(2) =kzt&E-& ( quantum efficiency ) : 9+k¢l photong <
of et @A Ax-zeR) F2 o Foddw ged del &
Al o

p = (_Ip/q) J (Pope /Ry) eree (6-2)

S M Pt YAE AHeH, I & HA-wE w9

& wABolt wmad He YAEES AAANHE FL W

.l?_.
2o FAst 2o £HA 1/eng sckdt 2Y6-1e ol
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PDe] FaEg s Lu( responsivity )& viebd Aok o4

Aol PDe AL p=lel® Si, Ge B o WEA 3t g & ol

o GAESS Zuw ASS ¢ F Y 2¥6-2% o PD

dase H4A5=2 ey Aocw 0.8 gmolMe GaAsel FF
%

2o Al of a=1x10"4em™ o) T},

3) <g<£x ( response speed ) : PDe et 7]EHO
T g fiaEA o &Fh
Gy el o3t wAH MR- zEEe FHF 99 AN
( transit time )
h AgAdsFd A9 RC AAF
@ #¥W=9 neutral region oji i ol st WA FH A
4. 529 HA(oAL HE $HE=F =#A FIH)
adstedor @ e AAgHFH transit time Apold trade
off #AZ Yoe Aot (¥ 6-3Fz). @% #Hol FE e
8 = ( active layer:d ) o= zAe A4S (MSM, PC) 9} (B9}
Zo] 28 %nds 24 A ( Schottky-PD, pin-PD,
APD), 2% &4z 99 d7 z}olx 4% transit time o] W

A AdAozw AAL@o AAA dvh BFH 2 FAEES

A7) HsiAE= FAYZo] FE FEI FFEwd FA (@ a9,
l/a~W, 8 A%, 1l/a=4,+d)E 7tdAckstnz A A& FH

transit timeg A Az B A FAzege nASA &
2

7 AALLF transit time Aol 9 M z=A o, transit
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timeo] REgHH F/9d /2 A=HES FHF FAE AAYsE

= Aol AP 62 Faa&wrl 107em/sol 5i¢ H$ 10GHz

t- M

o EEdHH Fridl dsl #FHF Add9 FAs % 5Spm etk

e St
b

Fig.6-3 Photodetector s 43w

4) e Z ( bandwidth ) i Z e YAa"E FAH B3 &
gede] 1/2(-3dB)H& FaAge ddg %3e HAo=

Beneking6-29e] ol gl o Z o

o2 FoA A 1y effective life time ), low pass be-

havior RC circuit & za@d rise time t, 3 &3y e

#AE Zerh
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t, = 0'836 .................................................................. (6-4)
(5) A F (dark current ) : ¢4xFL= shot noisee 99
°f He=2 %2 ZZE /MR PDE A7 ML HasA AL
gk dHAFY Hgdeoe=we
P 92 dHor2 generation - recombination cur-
rent
lewa €xp [ -E_/2kT ]
&Y #4249 (undepleted regions ) oA thermally
generation ¥ 4489 FPZozol Fa
@) surface leakage
@) p-n junction defects
(W) tunneling : & & <lrtAged de), =& o U 2§l =7 o]
% =44 da Fagt.

L}. Photo Detectorsg Txgf

1) p-n HEFH

PDe| 7124 del7t sl Hoew p-n diode ol =2
H6-4= p-n FHY diodeo YA Wz tholo] IPoaz B
FH(2H6-4-a,b)lNE AFsE 522 Low, nie A
ol e AEmtizt s =2r vz EF9lz REH dolAd glomz o
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| Te 24T B2
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WA Edeg ArsE #@A4 n=N; exp ([ ( -Ec+E.)/kT1=
FEl AR wEvh 348 Tadth p3d FANGAME ze
o2 AT wEs fFadn mey HFAGAME 7t ny,
PA Zo]l A% HFg TE/ A e FTRAH(OE FY
Folgk @H)E wEo] $HoA RaE: oeE(nIFdE P,
PHols ©Ool&)o FAd® nygeld p¥HFo=z FHHAA EE
AT (AE6-4-b ). oA YN p-nHYel AW Ay
£ HolFW (2¥6-4-c) FTEHL WolHm IRdAE d
AA AR A9l s=A e ogge A%F <ty A
A #g& =zAsdFd dAst sgol generation Fu, FUA

Al sl HaAE nFoz, 322 pzxo=z B ¥ drift

A3 =HdES #wEFEPG 19 6-4-d= p-n FEFF PDe I-V

E4Zos #o| glewe FHIUN meBz, e wa @
=

o8

Pol FAZ HH= Hre

pin-PD &= n¥ 3 py 2A Aelo] FEI ¥ (~108m?)
A4 % (intrinsic layer )& gEoFE ZRoez 29 6-5%= pin

-PD 8] dd=E uYed et Fxrvt %2 dAAF i m=

4
bl

2 p'E, "3 HFE olFe ITPFE o FAHIT #&

].

’

22

BN

Ab & o 248 HAA-z&Bo] FTPF HA s ol F
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A4 9 RAe p-ndP¥H 5YS Haold, A¥E igd ¥
& zds FozH YAEEY 2UEEE BY 5 dx AL
2o Ao, BE #e 2P 6-59M HE prd  Hwdl EA}
o = % o] FEEFNA FEHI =gyl A E prEe H
AZb H E3AY l/ertt FE23 oM Ho F4U giRE A
Zol dojuel gtk #e FWwAlE nEstd F¥ FAEE

e Tewn guew
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1H 6-5 pin-PDe ddx
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o S eld AwWa debgel AL SRELE ool trade
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off A EAFE W, ofF Aole HYzpe FASY FAA

d=1/a Et 2/ac]A o Fojzcy 6-®

(3) APD ( Avalanche Photo Diode )

APD o] 7]EHe Fxx p-i-n# #lAZx 2 p-n FHY
i zeov, APD = e E43E = absorption regiong]e], mul-
tiplication region o &A%t} 1¥ 6-6& APDS T E(q)
o SHlAHb0S vetd ARolth 2 6-6-b X HRo Fg i
o absorption region oM WA # AR - xgol e oFu
A7FAG C(~ 10V ) o os Fundel A= HAELE o71A4d F
RXE TE FEHI EdYAE s multiplication region
o7 Bo7tM FEA g3 AzE AA-zTLEE A= AF
AN AFoES ded FEHEEE AFAINE 245 gelM A
qE A o, multiplication regionoli o/E2 A7 9 &
aralanche build-up time, InGaAs / InPe¢ AS hetero-
junction ¢ 2]3s hole trapping %9¢] ¢t heterojunc -
tione] ¢]3 hole trapping & absorption region I} mul-
tiplication region alo]lo] grading layer & #HA ( SAGM -
APD O AN AT oRA #dd ¢ Aoh M, @¥e oS tran-
sit time 3y RC timee] dominant sl A A g EFL 7}
A 7Bdl $e o549 A= Avalanche build-up timeeo] dom-

inant 3t o]l S FUle] w2 9 EF FAE HoE 9
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S W92 Fol U4% H4¢ zErvh 9w, APDe| shot noise
/4 &  PDEG atk de FWAFE Fag Fuse

E4dolet AT Fu AP o 23 HH W oaw, A
of #Ysol FWsHEt #A4olMq BAsE shot noise: o H

#ol FEAHT
L) = 2QI,BMZF  creerereivcrenisnsenisssiinsinssnese st sss s ans (6-6)

G714 I, = M=1 dd2 HAF, Bg WgF, M SMs, F

FEgA Folet, 2¥6-T L2 i=1.3 gmo] A In GaAs SAGM-APD

fr

g oZ - w9 uud AowM o 70GHzY oF . WIS F

& RoFan Y&

(4) MSM -~ PD
MSM ( Metal - Semiconductor - Metal ) - PD = ¥ EA &

Aol FrHe] WA Z<l Schottky barrierd #HAAlZl Rozm &

djm

dEY ofuA W golo]ade 2W6-89 UEhAR T MSMe

ol dsl we dAFrh By LWBB@ET glEd C.J, Weltl®

b

o} H, Beneking 529 5 MSMo WA H ouxwE 543

N

A AAge FREF ¥4ol wME SEEES 1ud 2osg

A

™, symmetrical schottky barrier heightrs} ¢AFE &

rr

Fol PCHY U meedge HA@Enn: Hh WE SUsEE

of

e HA & (~0.1pF ), neutral regiong RAQ=z I3}

dr

H&o A generation @ H=zA - 3L9 transit timeo] £
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so) ZaARAPel Hmw, g ¥WE FAE A4 p-n AHE
o]}, Schottky barrier ¥ K} w=u, 6-29 o oz F= con-
tacto]Al¢] Schottky barrier height & Hol o= HA: 5E
o] Zgom Qs ZAolgtm M. Itod¥ Fe FYHoe=z HIHu

gt 2= ¥ YRS S Axdelde notch WEel#tm

(5y PCD

Photoconductive detector = ®HELEA) A 549
ohmic contact g stz HAog #g Wgg 4 449 HEE
( conductivity )7} Z7st= AAE o&F Ao zr, AEFY
=77} band-to-band transitiono] £]%o generation ¥
AA - B2e] ¥z Zrbela] 7120d A ( intrinsic PCD ) 4w
A ( forbidden gap el & BB AWA EAAA A
g = 2wz AR 329 G714 g slAdgE A
( extrinsic PCD )& 2% 4 dxk PCDo WFEH FHL

So| w2 WHe PDEOE z:tE Holth static stated A

Teps (Vo +V, ) _ _Teff
£ t

T

2 Zolzt ozl Az, = effective lifetime, v,, v, =
A7 -5 &%, £& channel length, t & transit time

ot} J.P, Viliot 6-24:39 o M, Constant 6-3 = o n - GaAs
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planar PCDE& HAstE 107° ~ 107" wel A] 108 ~ 10%°2) ol &

¥uatm slth ol9ze PCDE E& o] Se, obTg @ g

o

# 272 #A%s LAY hole trap Eo] =aste] effect-
ive lifetime g Z7}A|7)]7) i ol 28} effective
lifetimes] F7l&= Ay xd ez falling time & <&7}A]7) 9] )

AE2 FdFA €@k Z APDANAY oS -gAEFe AW

M)

&
da PDES H4HE uUrd Ao

N
2
o,
2
H
rlo
£

2. ¢FAAe L83 arrayed detector

FET 9t 433 w4 photodetectori: receiver( i
multi-channel arrayed receiver )ef 712 Az7} 5o FOS
(Fiber Optical System ) = optical computing and sig-
nal processing, optical interconnets, LANs, optical
communication o] o] &£®c I¥E-9L pin / FET receiver
o @HEZ Yehd Aol pin-PDE  Ingg, Ga, . ASE, FET
+ Jate material & SiN_ = 3 InP-based planar o g
A3 =Hddd d2 J.C. Renaud %712 = monolithic GalnAs
pin /JFET %4 o2 107 BER, 560Mbit/so]A] -29dBme 2
s R Ao 2Y6-102  GaAs-base 4-channel ar-
rayed photoreceiver o dwuixz@e 3zxmE ey 2ot}
°| receivery 1x4 array= a3 xgon, 1.5Gbits/s
¢ bit rates7A < #A3 channel Aje] of 4% coupling 2}

8ol A9 Uz, 1Gbits/solAe ZPEE -26dBmos o3
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5 ) o, 6718

oL

H,

by

PD3= FOS 9ol x spectroscopic system,

multichannel detection system, monolithic wavelength
demultiplexer, polarization senstive detection = o
okl A &8 Rau®Elm gttt ¥ 6-11L wavenumber 500 ~
1000 emloA) MoO;e] Raman spectra$ notched GalAs PCD

@9t Hamamatsu R268 photomultiplier b= £A33% AL Y

Ei

AT P

L

"

] 1 1 L
600 700 800 200 1000
el
a

Ww“

1 1 1 I
gc0 700 800 900 1000

cm’?
)
Fig.6-11. Raman spectra of MoO3
(a) Notched photoconductor, bias voltage=1V

(b} Hamamatsu PM R268, VPM=_950V(6-26)
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gty el Aolw, 1 6-12% 5-element arrayed PCD 9
image detection & uEd Aoz, dojzxl image = laser
beame] Gaussian distributiong ¥o o] image detec-

tion 9] A g arrayed - PCD 9] H&A & <& 4 v}

] — ".‘
photosensitrve LAY
areg S '
! ]
Wr M ) ;" Y
— — 10'4 L ',. ~ -
" L=
c S
_n- -
5
16° 10 .
15 35 5% 75 95 15 35 55 75 @5
a X, um b X, um

AV

Fig.6-12, Performance test of a five-element PCD .
array in image detection.
+=630nm, one-element bias voltage=2V,
one-element PL=50nW
a. Measured photocurrent as a function of
element position

b. Corresponding obtained image

38 6-13 & dual-wavelength demultiplexing pin wave-
guide detector array @<} polarization sensor 2l o

EE dvod AHelth
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v, Yy
?
Dotoctor 1 % 2 Detleclor 2
o v,
0.2 ym pt-GaAs
proton /1.0 pm p-Alg 5:Gg75As
L 1.0 um undoped superiottice

implantation 2 :’: /4
z . iy
Cr/Au /: Cr/Au/"

1.0 pm n-Alg 5 Gy ,q AS

nt-GaAs
i
p— - .)‘
— ..-_..../'._A..,...._
4
A
Ady _]_ AuGe/ Au
(a)
Detector 1 Detector 2
V-' '} V:
)y Iz
< _-‘,"-’",-’/

(b)

Fig.6-13, (a) Schematic view
demultiplexing
guide detector

(b) Schematic view

polarization sensor
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A3d FHLE AHA H FF

1.4 A

detector & TFzx9 @e@d4 u&gde AFPEF planar
MSM - type ¢} PC-type o2& HdAZPoer, mask pattern &
interdigital 24 finger width 2.5 pm, electrode spac-
ing 1 um, finger length 145 pym 2 ohmic ¥ gate
292 mask 2 44 39ct substrate = sumitomo Ale] VPE
2 AAF n/S.1. GaAs (n=1xX10%emw?, d=3um)E A&

st Ao

2. ¥ A

ofd

1Y 6-14 = detectord FAAA L vER AHelrh S|
#}Ae 74 patern ¥4, bonding pad ¥4, bonding o2 i}

5 o U

7}, pattern 3§ 4

1) A4 :n/S.I. GaAs & 8x10mm? o7 &3, Trichlo-

roethylene (TCE) & 587y #o F¢ i, Acetone, Meth-
vyl alcohola A=z ztzb 3827 #£%, DI waterz ¥

Fo} N, gas blowingoz HxA7 9tk
{2) photolithography

#&ug  lift-off wHos YAYAA &Hpx, PRE F
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PR cooting
patterning

metal {Au or Au—Ge/Ni/Au)
evaporation

lift—off

Ni evoporation

fA e g Lol s [ Lt

pctierning

Au electroplating

=1 FSl SEL L RS

PR remove

Ni etching

Fig.6-14 MSM-PD, PCD M%zg 93 FAE
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A7t F7AL ek 8™, T-shape overhang el mpghA s
photolithography 23 &M d&3 zg

fH Prebaking : 250%¢, 15% |

() PR coating : 4,500 rpm, 40 %

() Soft baking : 85 ¢, 5 &

(B) Mono-chlorobenzene soaking : 15 =

(°} N, gas blowing

(M) Exposure : UV light, 65 =

) Develop : AZ 400K developer : DI water

= 1:3, 90 =

19 FP#YF Prebaking F) e wafer Fw e TS 84
A PR#H wafer Ajo]g] adhesion g AA717] 93 A
°|t}, ()2 Mono-chlorobenzene soaking g Mono-chloro-
benzene (MCB) o 0.2 ~ 0.5 umz}z PREW S A Esq, EARN=S
¥ PRE Aoz develop & T - shape overhang & &
BAIZIA @, 0739 olm e Hs® PRe  developer o &3 5 =
FE7h MCBe] ggg wxge oo PRRU gy w2 o] o,

overhange] 7= gsoft baking 21}, Aj7}, MCB socaking

Azl me weba o,

(3) pre-evaporatiocon treatment
photolithography Ao 3%, develop ¥ R 4o wrolg) =

2% PR (polymer )z asinre Schottky contact &

ud
rit
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Aa7ng oE #F PRF AT A

oX
te

ohmic contact &
A7t Radth o FHE AFITHF lift-off §3& A =
= Wad #AFez HNIFFTH A He) ®we 7hyA  etching
# =e=i AA7 seeith £ o Fof A= etchant 2 NH,OH
.DIwater=1:1002 348 g4& Agddon, Aol A o
2 27t etching gdth o9 zojaledo @AW L& NH,OH 34 &
o= etching &% DI water 2 8 Fo FH wafer 49 4
aaiste] gy e ng, etching % wj= N, gas® blowing 3}

oot gk

4 FEHTY BIFH
PRo| ols] Mw@ax o=z masking d wafer < thermal
evaporation g o= PC-type o 7AF 70 mge] Au/Ge 3
10mge Ni, 150mge] Aug A= ZzxA7ov, MSM-type

o #$ 150mge AuxrtE Z 2 A1 7 ok

5) lift-off

lift-off == masking PR $j¢ JI&WEE A A AT} F
a% B%& pattern @t dE7T Aoz, 2% FF¥y wafers
acetoned] = 20] FH, PRol acetoned =01 PRASY E
Agd THeol AAHETK lift-off ¥&o] BF PC-type &
ohmic contactg $sted FaE7l FelAM, 450cC, 3®L &

A2 s FAch
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L}. Bonding pad ® A
Bonding padel #H4& s PDe AZRe ge bon-
ding pad mask& emulsion ¢ g Al &Astdct 19 6-15%= bon-
ding pad 848 93 sz= gt A o=, electroplating

T

o
2
A

A7AANY] FHe ven g
pre-evaporation treatment : NH,OH : DI water =

1:10, 3

7+

S

- thermal evaporation : Ni 80 mg
- 1 st PR coating : 4,500 rpm, 40 =
+ soft baking : 85T 71x] HAAHs], 58
« 2nd PR coating : 4,500 rpm, 40 &
soft baking : 85T 7lx WA, 58
+ bonding pad exposure : UV light, 150 %
- develop : AZ 400 K developer : DI water =1:3,

120 =

develop ¥ % electroplating +AE FdFHgor F=d, de-
velop 8 pad 9o Nia electroplating 23 & 53 Au
=9 Abole] dEgdAlA 2 adhesion & &FAA7Y]  2lsle] Au-
plating e oAl NH,OH 28] 387 Nio eteching
% % plating 338 Syauc

Au - plating W= A2 L AR = electroplating
% W=l Z#3lE electroless plating wo] 9l omn f‘46,41’
=+ A7 9 ZFEngelhard A% S-51 model plating set
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oyErerLpse elerbrod .

Fig.6-15 Bonding pad 34 JI3=

o] 3 electroplating & A st¢cl Au-plating set

il

=  Kau (CN), powder ¢ make up salt, make up bright-
ner, replenish salt, replenish brightner, Acid-N &
A

© %4 bathd £#ch64? Plating & HAsf HE

1=
-2

ku
4

= BRe v Yot

ofo
tlo
P
o

g‘ﬂ
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(1)

(8)

120ml DI water of 36 g¢ make up salt g gsA7ic)
°f &9 2mle] make up brightner & #7147l

o0ml o} DI waterd 1.2gg] KAu (CN), powler 2 g
AlZlch olwl  KAU(CN), o= 68%¢ aurt E o
A,

T 8AE He ¥ oawuksie

DI water & ®o} A4 volumeo| 200ml 7} = A sl

1% 6-16 & Au-plating #x¢ AaFxs Yed Aok

Q,

—thermo -
meter

j,r.___.—r_:lip
- Al

| —wafer

™ slide
glass

\__ stirrer »,

Fig.6-16 Au-plating #ale] e
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t}. Bonding
Bonding 7|¥ ¢+ thermocompression bonding (TC
bohding)ﬂ} ultrasonic bonding o] 4da] Al&=m5zm 3 om
= d7elAME PDe] s-parameter A& il FAFAA &
Ztet microstrip kel bonding & thermosonic gold ball
bonder ( Kulicke and Soffa Ind. Inc, MODEL 4124 )= bon-
ding & x4 ‘E?P‘Sslé.@ 242 bonding FH AL oA BgYsx

%8s PD dF %7} wafer g 2 dojAls FALe UdYul

A4 59 4 A

2@ 6-171 A#A"E PD9 Normalskyeol SEM AlRL A
Aletid. @y A3}s® PDE Normalsky #eldo=z= 400w &
st RA oz electrodes electrospacing o] e uLs
HWolz #dstA o Foizd mYe& HAFu PD 9 B AHiz
d pattern§& contact resistanceg 2ZFsl7] s dA
g Aok b= @olAd # PDe AFE finger m¢g SEM
At e 26,1008 HFuhste B Aolrk 1¥ 6-18 & electro-
plating 4ol probe stations =% 3lE HP-4140 &3 Ao
9% FWF 2FABE MAG Holth @& MSM-PD o A
ol® 5Ve HurE HgtelAM 25~50nA 9 JHRE FHY F
sRem, FHRAGL 20~35VolM Aoyt (b= PCDe A A

#olsy, hysteresisz} #AHAUZ, 20 pAo] LAF, 3.5 VA &
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@ Az® PD2 Normalsky Az

H ?’“ #

€.1kx 1.657 @48

by A14® PDel SEM Abzl
Fig.6-17 A ="® PDe Normalsky@se SEMb) ARF
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(a) MSM-PD  1I-V curve(dark:vol/div=5V, curr/div=0.2mA)

(b) PCD I-V curve(dark:vol/div=1V, curr/div=L1gA)
Fig.6-18 A =¥ PD2 I-V &8 =4 ( darkness )
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Srqtel dojxith MSM-PDo] we YHFE Aus ¥E bar-
rier heighte] <3 Rez o 4+ glon, Schottky F&%

ogx WSi, 8 Agso ~nAg UHF ZHRIE 6

As54 ol&y ni

1

2:1’1,5”
2 HA"Erth ogrielr effective lifetime 1,4 &= device?

g Ee A 2dAA ddFF A (6-3)] 98 B=

p -

7F. MSM-PD
MSM-PD = %7h¢] symmetrical Schottky barrier & g
JA71el #Roz 2% ##AHF(active layer ) HAZ FPF
of Ho oM FHE&ERE RC AFAF(E =R, +RC: Ry &
loadx %, R; 2 series #*3 )¢ transit time t, = L/V,,,
(L:3&9& HFA, v, : carriers saturating velocity)
of AAHDBR =t +t 2 HAHTDL

oely e B

1 1

- e e (6-8)
2r (t,+ 1) 2E(RL+RC)C+2uE

sat

o pe Moz uehfol
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b, PCD

2 we ZFASAAN gSARAF A7E FAAY Fe, Gre
( G : generation rate, ., : effective life time ) o]t}
ety g RdE or"E Ae dx Ang An=Grgeold,
HeEE FAHFYUE TJ= JT=gqAn{pu,+u, ) E24, q= elec-
tronic charge, p,, gz, & #7Zt AR -ELE ol FEoH, E=
applied electric field oft}

3gH, oy 'L

photocurrent flowing between the electrodes
primary photocurrent

olmz V, 7} #4399 BHyz, Lo electrode itole] ol
& of

ro Lt _ A _ann Capt ) Brogs
qGV, q(An)-A,L gAn L

Teff

vV .
= Typr (ftatsp) T2 olck, orlelx V= applied vol-

tage o|t}, PCDE o5 -dd%ge] dRPsnz

v i 1 Y
L B _ — - = ( - —
r hﬁ(#fﬂw)Iﬁ (2#%”) 2ﬁ\ﬂf+%) T2

ol k.

Rittner 6-4 o] ol Hjo| He

Iy 2%( 1+ £ ) (for n-type material)
Hy
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Iy = 1 ¢ 1+£") (for p-type material)

= 1 P

e

Jz2 HYo =M HYE By, e o5 fYEFos ¥

\% .
Bhin = 1 o T (for n-type material)
o
v (6-9)
1 \' :
Byin = — (for p-type material)

min T HMn Ez

WY EF2 AN 3 RAAY active volume g 2wtg nHEE=
A ol9e] device T2Y =77 ¢ =35 surface recom-
bination, contact recombination & malsle Zolo} 3,

AE Hee Hu2H (6-29) A4 HYo

2. 30 8%
o7l M+ interdigitated structure& 7}x MSM-PD
o} PCD 9 AA{HL F&r)= sk finger number N,‘fin-
ger length ¢, finger width w, finger spacing L 9]
interdigitated structure ¢ AHziLLe lex go] FolxA

];]_ 6—32}
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X18~-13

CAPACITANCE FARAD

mn

S

a
a-p‘-rTFrrn"lTTTﬂ‘nﬂTTJ
. _-/-___‘,

T

-

a7

8]
TR

a3

BN

LN
W/p‘rrmrrrpmnwmrmr

Ill#llllilllllL_ﬂlll‘lrl lm:l_l__l._l_l.l__i:_ll._l—lTl'L_-J_

o

4 . B .5
WL RATIO , x1@~1

Fig.6-19, Capacitance versus W/L ratio four various

finger numbers
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] dielectric constanto|s, K2 K & complete elip-

tic integral 24 &3 ol Ao

K = K(k'), K72 = ] c K2 i ittt e (6—14)

W, Hilbergt 4o K/K’'o] &3 TAFZ

, oz /1+Kk’ 1 K

..................... (6-15)
2 (6-11) & 4 (6-10)° o) ¢dshd
_ ome (e ) (N-1D 4 T 1 /
C= 11k’ ke={1-tant (g 1
zgn{z(]__kf )1/2} ’ ‘
..................... (6-16)
o] ®ru}

13 6-19 = finger length ¢ =145 gm 9w, finger
width we} finger spacing Le] v (W/L) ¢ wsle] ma Az
&% Co e AN AHAolvk I 6-1908 oshd W/ Lol =7
el met AALEHF C F745 gasivrl saturation®@EL ¢

4 3t} saturation o] A} zF:

i

+ W/Lg finger number n¢

F7tel we F7i9d. waA PDe responsivity§ u@ w0,
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finger width W7} 71533 2olof smz saturation o] A
ZE e FEA W/Le ¥E ZA7FEy T el uhEA oL
old] finger length ¢= 145 mo}lx, 10GHz2 o9&
#+ MSM-PD & A s o sHF gwe W/L gg 73
of B A (6-8)A series A& Rg=0, load A& R, =
50 Qo] 2} &my Ve = 1 X107 em/s o] 2 &2 L=1 pgme o &}

10 GHz o] tioZg o7 fads YAEF CE 0.1pF o Hojo}

ah, 2P 6-194 0.1pFe] a9 = WLe HE BE N=18
dwf W/L=5.7, N=6 duj W/L=2.6¢ #Hrc} & finger num-
ber N=§ , finger spacing L=1 ,m, finger length ¢ =
145 pm ¢1  interdigitated PD¢] doj®Zo] 10GHz7 &7 6l
& finger width W) 2,6 ym g2 (W/L ) 2.6) structure
& designdls o] uEF s

Fb6-2= H(6-4), 4 (6-8), 3 (6-9), 2 (6-16) 2 HEH & o

Fol A A A MSM-PDse PCDeol W&, ulelE, rise time

to

Adgd Aoty PCDY A Fg FEW  p,=250e/V-S, L=

lpm, V=132 33Urh

interdigitated spec. & «c}&3 P}

N

finger number N=18

finger length £ =145 gm
- finger width W= 2.5 pm

finger spacing L=1pgm
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£ 6-2 MSM-PD s PCDe o &3 A A3,

MSM-PD “ PCD
Ad & (pF) 0.2 0.2
o F (GHz) 13.7 7.9 (min,)
rise time (pS) 26 45 (max,)
Aed A =

ol FolA = %‘fﬂl%% I1/0 224% 49 arrayed de-
tectoral /MWL 98 Eridxe dAAdadz Photoconductive
% Schottky type detectors AxzFA L FYP&d 718 FF
71E€& AUt okge AxE PC 2@ MSM detectore A

/ A} B4 o AxzRE dolzxl datad odFd )Rz
detector 4430 W@ ALY FHEL FSHAT @ARA
dAEe FHHAHA ge 2259 FdHEM, A7AdEY N2 F
ZAAN 7ldE® Aol E3F MSM3E detector 9 leackage
current 7} 20nA 24 olp] &gy oy AAE ol 4o
gl AFeldr. i F, sensitivity & #Fedg EXNEL 37

Axol FFHoz 487 oot
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A7 AE 9 EY

BAFEge B=EZrslzk MCVD¥ 3 Solution doping
¥, Buind - in casting ¥ of aa AHz=HAgon ol fl-
uosescence lifetimed FEZ ol =zArxle] o ZHi} 5 dB
ol ake] BT Fol doj vk ArjdEels Eritel HUE de7aEd
82 A xsdx fluoresecenced {FEL FEolv] sl Al,0;4}
P,0;5 & #H2Asle A7 FasHook g2t Er] ZBLEANS
A%e dYdR=FARE Azxse TAAL] ASHA FAFIS

oA d&wste fiber-laserute] ofH|Adygol AW ojop &

Aolth =&, 98 Hd4+59 co-dopingaxns W3 =xAHo
oF & Aol

=
FANE BEAAZRNNE ZFags AFE HgAA Az
d 5 de LFAWA oe] fiber-coupler 7} A ZzHYowH,
AFF PITAH LHFE B HAstu PITSHSN HA4E 718k
FAFFdud APH 27 AzFAUAdR oY WER5AHLE AT Z
# 30 KHz ol HelM = A zrt Az oFodE & 5 AU
o @A @1l gl AzxHE B} S, JAEER7I HIE

g7)s AzE LiNbO,sl@elel Tisags oemmyd os

L

denzg FHen ofld Al 43S H4Fo=M o FolFrh

ELEE NPT ESDREES

ol
L
L
A
>
g
m
=
2
rir
2
[
X
S

o sdsigen ARLUNE werzd NYERE S8 M=



e Aokslgen Az -Ad4d3 TES T™Mrmez=e @¥g

o

27k dojue wEAAWL AFAE HAgHzrY AZZAE B
gesd olur Fg Egd FzU ASFEANE A=Y AT
olv) WP Az/ES BEH YA WVFREL dd=
24¥ 4 & #@AFAN AzE Aedza @ s B
se AT f&=3719 108 Faaded 4T Agelth
2448 clgsed A4uEE #AZ7dM & fiber-coupler

o WREFIEHE 43 polarimetricAAM e {FHE29 e

4
N

dual-beam o2 335 fiber-LDVe] tld FHF o=z ¢
3 =gl cl, fiber-couplere] 3z dMo] w2 polarimetric A4
°of ZYHE SAF A% doF A3 AT g ¢ o+

il Fiber-LDVolM = T4

o
skl

Feld Eim @S A

S
=
r>~
st

of o3 FAHdE W4T AAE APA FozH H&

A

_»1_?_
o oBEd EFFANEE GEFerREH HESNAw dH A FAT 4

34 elAtelesg AeF fiber-LDVAF7E P E oo}

Gl e FHARAMNE ogeolz FAHsd AAses fiber-
optic sensors AlAHIFTHS A7 AE2dAZH v FHH
Aot FARS RANTFE HADHAE oFoAE ANEAZAA
B2 FA%an He-Newold (A4 3)ads palse-slicerd o s
10 nsec 2o =2 slicing &o 10nsec £ APYAE uSo] TDM
gl #BAZFHAAl Sy Ho BYx  7h4

8
Ao dadael me dolge #Asdth AsidxeE A-0 B



M Z7] 8 olg3d 100nsecAdwEo FHP2Z du 2704l B4
SAHNE TA"HE TOM A AZAaARE FdGa AGEEIE
,demux circuit & A F o8& PCo dFAIe= Aol ) &)
iz Holty, Hg, intensitydsE olgste FAdRAMG O E
oled BABAAEL FARE ATE JPHoo T Relth
B4 2% I/04x0AME= photoconductor s} metal- se-
miconductor-metal (MSM) typeo #H&71& GaAs/|#4 el
Azse A7zt ¥l olEe V/IEAE ZASIE olm2PH,
A gel A8 Hry L#F dIgFTTE ALE ZFH oln
#9 o 9= tE F-d FHENYG A Hxd 54 dd
Ao ek AFATANE FHEVNE v T @A ol
gy TAE AAreL A%sn AzdEe FHE7
electrobonding ¢ ao A2 olgd FHATES LS
g Aolx}
olabe] AFZAHE ._Tf__E;]ﬁ]-ﬁ fiber-optic sensors A] A® P
BrEE F, 2893427 A 2, BEAFAAA =, FAS
A2l 7E2 48 #AY7&EFol Arldzdrdd e asdye= &
g A g, Arjdede o
=

% Aol BAS

N,
fr
[
o
i
A
3
EY
)
£
g
1

N
i)
ok

X
2
o

ol

se $8% 4 Ax BEgord o
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