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ABSTRACT

Terahertz wave is electromagnetic wave ranging from 30 um to 3 mm. Because a
large portion of molecules have vibrational states and rotational states with energy at
same order of Terahertz photon, Terahertz source becomes a powerful tool to investigate
micro world. It has wide applications in fields such as astronomy, chemistry, condensed
physics, and biomedical sciences. Though Thz wave can play an important role in
science field, the lack of intense terahertz light source frustrated the progress of its
application. Fortunately, the invention of ultrashort pulse laser provide a series of new
methods to generate THz wave. These methods include: photoconductive antenna,
optical rectification, four-wave mixing, and laser-plasma interaction on surface of solid
target. These methods not only raises the energy record of Thz production, but also
produces Thz wave in pulse form, which means it can be the source of a time-resolved
spectroscopy.

These methods can produce Thz pulse with energy as high as pJ level per shot, but it
still doesn’t meet the need for applications. Many research groups are still working on
the modification of these methods, wishing to raise the energy record. In 2005, group
from Institute of Physics Chinese academy of sciences published their new result: Z.M.
Sheng at el proposed a model to explain the Thz production in laser-plasma interaction
on solid target. According to their theory, density scale length of preformed plasma
plays an important role on THz generation. By controlling the plasma environment
properly, intense THz pulse might be enhanced.

Guided by above model, our experiment is the first using a laser prepulse to control
the plasma environment in order to verify the model and attempt to raise current energy
record. Experimental result shows that longer density scale length profits THz
generation. This result is in agreement with the model. Moreover, Intense THz pulse is
produced and has energy nearly 20 pJ per shot.
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kA4 B EK[22] 0 # TR NT BPGEEE 2 m) @ e o fe BRI R * I G AT
RAB# ¢ E-O Sampling %78 » £ 04 2 e kT E A7) L 1 60 5 4o

B :

1of ()
0.8 |-

0.6 |-

0.0 0.5 1.0
Time Delay [ps]

04 |-

EO signal [norm.]

0.2

0.0 F

6 8 10

.2‘ — 0 — 2 4
Time Delay [ps]

Fig. 1.4.3 Yuang Gao & * #7& | 3| e % 4o jd P g ik 2
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Chapter 2 1% % 7§ Stz 1T Rk 1 3 52 7 4t

Wit 4

FHEE R AL VHER DR D SH S a2 WHA D D
CARTRE F R X R SEARY T M TIRRT R - H PE R
Lt KB FE P hRIZH] - 2004 £ > Z M. Sheng % 4 3 & # 2 & PIC
Relcsts +[23] ) b PenicR Y > G RRRLI TR OReiE AR RALA 4 VA

g o B P RR T 0 RS Ko ST SR BT LA S5 gttt ke

KON

BT PT R B RYR R F VS nA 2 - 2005 & 5 Z M. Sheng %
Ty &M HE 50 8 3% (Linear Mode Conversion )i 22 #5441 » % f2 18 L 5 iR 2
SR BR[24]) 0 T - AR Mgt Pl it BREE AR o 4R P
Wi A POTHFARY RIS R B ST SRR 0 T kR
ARG E A D o B H AT ATREF DT &R AR A O B ARG
P - ARG B R G AL MR OTRRE W LR AL FRA DM

i—;/ﬁv/;\?ﬁ?’ Ji.‘g » Ev '&’T%x'\,g r_‘]ﬁifw%j'}g EARLE AT /ﬂs'ﬁ 5&’ ;Eb 19 R I8 1T - ll}

AR e B F S EALAE A AR R SRR e I R
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2.1 %E#ﬁ—%#&ﬁﬁ%ﬁﬁW@ggﬁ$ﬁ%$

Eepap LR R OT R AR A THET RS AT 0 b AR
Ve FR o B oIk 1018 /emP T %R BB AT M F 5 9THZ 7 2
ORI R RGBS DR A ATOLRRA S 25022005 & 0 Z M.
Sheng ¥ A & 217 — ¥ d i) k R AR i (L e S 22 HokR[24] ¢~ T SRR R
dOF SRS S e B TR RF O R iR TR
Aihi 9 0 MUV E R 0 i S TR A VAR TR o BT D R
WS E- R RAPFAOTRERLY 0 § R RBEIRI AR DR A2 X
Jeexjz o @ Z M.Sheng £ A & I g F % o Jﬁ;ﬁtib%ﬁ% ENELY R

£ QRAGEE KA o THRARER

"

Hed 3 REGL  FB R AP

i# (' phase-matching condition ) -
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211 ApinT Feif i

TRATHF0p® TRAT FIPTRUE A WG~ B9 4 G

w? =k?c* 4+ w} (1.7)

w? = 3k*v¢ + w; (1.8)

Hizd B3 K ITRAeT

Cangmuir -~
/ wawes -~ Slope 32y,

! -
i

-".:"fr’ | k}VDE

1

Fig. 211 REFAFRFFF & TRk - TR LT {1

B P T AR § k=0 PP i B i R S TR 2 TS

TR @ RRE BT R iy KRR S

Y(x, t) = pr(x) X (t' —x")cos b (1.9)
_ oY1)
k = T Tae (1.10)
1/
W, = ("Pez> (1.11)
P EMe
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He ot'ex' T g ¥ ol AR Ex =x/Ay 0 T X EH BT S renid £ 'Fﬁﬂ‘
vt =t/Te T UE N BT SRR BT Hreh— B3k (laser cycle) (FEF - 1 o @ m,

BeArWETIFELRTE OREATH K2 aEe otk o

BRRTFOHA LA LB e e el o, = constant: & » (1.10)5* -
A FIEAAT X E L e B KED 0 RRABREAP T RIEE > EF R

TR B S TE  TIRT RAPE R - AR T RBRYA
BB A4-Fig. 212  x 8w E K

lwp (X)/cl x (3x" —t") cos

2x’

(1.12)
k=

n, = n,(x/Ls)

0 L Ls

w

Fig. 212 L% T %3 RER

BSUP I X =tU/3F €3k=0> 2B EET RAh X FH ki T o
FeRx =ct/3nim B v ARSI RAU o » FAGR 0 B E - PR R R T e iR
ﬁ&ﬁﬁﬁﬁﬁﬁiﬁﬁﬁi%—%%%é’E%?”ﬁ%?&%ﬁ&ﬁ’ﬂi

2 - KEEER e FRADTRT w0 o A0 E LA S RIS
FAARFMOGHAL > THRBATLT - BHPALALRRRADSEGFE -
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212 RPEBSET iy £ R
BT R ACFiQ 212 TR E AR 5 Le TR R AR AOM I 4 Fin

BT ORGTWRSULHC ik hi £ oS o 12 57 v pR(25] 0 RS S

_4q2/3
n(wp, Ls, 0) = 2aq(2 + aq) exp 3 (1.13)

N
™

. zldAi(mr
N IPT(S)

= 2.644

(1.14)

q(wp Ls0) = lm] X sin%0 (1.15)

Lo LR M F 5 wpeni i chmdh » #7022 Loy, Lithdndie o § q = 0.465% -
ket § RS En =050 K58 (115) AP ¥ g 8 dodk & R F 4 hw)y,
BB el o PR R RPL R S ,T.%{J& Blig — Bt o eh ;r]z;gz
BRYRBE F 2 > P @i ad s LMzl » AlL,% FRE - - A
P S et R TR B

PR k= Rkl ]\/ﬁ»ni P TR IR BT RA PR GG

A M3 8 A A kPR R A o
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213 BBt HHRITS R T S RO i
ﬁﬁi?}}?k?ﬁfi—'mﬂ’%’% BT SRR R G d AR N SR j]g\»,\ R

RUE ST % 5 0p 08 PSR G Ey, 3

mewycy (ad\ . (nd
saont) = (7)) on (52

-G oo}

(1.16)

-1

H ¥ ay=v,/c=eE,/m.cw (normalized vector potential of linear polarized light) -
Ap = 2mc/wp R & T ffféiﬁ» g £ oo dodk NP RTEE ARGy & W Bico PRSI B K fRpE
Ap ¥ Ep B B E 0 d A, 07538 3 i STid B 4,0 - B i E vt bl G R

CEFE - Bl R dUAy =127 0 4 RAGREA L g B ARl 5

“gev ot b

o

En7j &=

[ Rode » 9% e S HpE E3H 19 g 78 o
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214 )%
Bk A SRS A AR PIRHCS B HOA] T S A 2 ig SAE S

S(wp, Ls,0,d,) = n(wp, L, ) X E4(w,, dy) (1.17)

B F P g Bt ool T g ehfg B g BB o ¥ -

—,‘-,;%

S m BT S e T BRI HAR G 0 ST A K AP e

1\
=
Anb‘)
g

TR PFOE & Sl
Biolkw» FAPTIa, =05 »540=30" > FAPFZAL D S

HE A B8THZ pF » ¥t G ch 38 > B e Sk S8R 5

no = 1.12 x 10¥cm3 (1.18)
Ly = 365 um (1.19)
dppe = 49 pm = 163 s (1.20)

FAPFZ CMFRALTHZ =+ > TR 2T % FHEMNES ¢

ny = 1.12 X 10¥%cm3 (1.21)
L, = 18.7 cm (1.22)
dopt =393 um = 1.31 ps (1.23)

ELEA B FANTEELTRRER DR T FRA S0 =112X
10%cm™3 > w3 AP EIL R B X BEL T AT RS DRE R b
Bl2-20 2 g Vi F Fhd U 8THZ % 2 LTHz pF » S B Lg4r % bt & £
8z =34 %&{512 2R FLT fJ\,'}]’ﬁ ﬁﬁﬁiwpﬁi?\/n_e;ﬁ»_ﬁ oo K e AR

R R ken8 A2 - ’E%Z@fﬁ”’mjﬁ? PR R kB4 Az - 0 F - 3G A
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AEZEEOXEERAAL B THZ AT RFOX BHRREE AL 8H > 1A H

EA KT g E?ﬁ%)ﬁ:mﬁ}if@if@ % e 1/834 %{1/5120

43— B B 213 & ¢ N (L16) 0 A B T ag s F B £ % epE

A

S R R gL PR G R E Menag i g% 0 e 3 SR
R |

EEAFH T e BE 0 FFEA P A KTFHE K

- A~ BT R e £ 5 L 0 IRAR TR R B 0w

¥
=
g
&
M

R F T ARG A RS AR EGRPEAIES G FH LA D

WAL R GO T RRRYAPEGTE > AL BR g5 -
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22 REEE AT ARR

SPgH R 0 in ASE s 21 4 ke i 40 N BB s A RET L 59
—'\Anggﬁ,a_v;wyegeﬁp;,ﬁg;gqrﬁi‘g'@ﬁﬁ;ggz » T AT A fETE AR R — A MK Rl

ﬁﬁ?%o&i?%ﬁaﬂW%wxﬁW@uﬁﬂﬁ (Rl P T ;Qﬁ%ﬁ,
WFHFL >N FT A A F R EAE PR R S A F TG R EEa

{ﬂk};};@?mf,%wﬁ_o}xf“m‘%"’;’é;bt’w&m}_;ﬁl AT R B

Previous ) ours

yZ
\/ y

Fig. 2.2.1 A9 S * — ¥ 34| crag ik ek 33 % 4 5% fbrdr » w0 eh g ffféIi’af;;

AE IR IR N > T OOE R AR R T K R et v AR
ki T HFH Y IR F T BA EE R o

TR A A N B e R B A BT
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year | Ecr | Tiaser lpeak(wcm-z) coE:Legcl‘gng p,a:;%l:)orlofi|e eTningy
gerkeley’ | 1993 (200mi) 120%s | 1 510" No | 05
Osaka’ gggg’ 120mJ | 100fs | _2410" | 0.12sr No 0.05 pJ
Delaware. | 2008 | 2mJ | 40fs | .2,10" | — No —
ows | (@Dt | wo’ €5 Yes
Table2.2.1 & 73 %k 582 F %'t % 7| 4
AF P L% g i £ 9 5 200 A e 1993 & 4 B R AT § M hE bt
LR T E PG MOV ARERE TAPRE PRE AW L] XA TR FG e
PR ERG ()b SRS APOE PR E e 7 HRRTERE
fois 1 el - B#E % o
dONRRAFAEFT LRI ECOR I REF AT R Rk ARk

i e P o SRR K

¥R 5 E B U700 i

F I g

é_—r,_ J &

AR ALY

EWEE

BEPGR 0 2 23 o m

A I R S g

3 0.02 sr>

t-‘_‘_}f*,i HIE T (A 1<

FAD T F R T LR
E AR =
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\\ﬁr

Bkt

—«\

2.2.2 FE%

FRERESFALEH LG  THRERRIHFRIA PR HTF TR
TR RGEREE Y R0 AT i R0 o L W B ki H A G
7 e AT P R EEOF PR A 0 R P Bg R R 4ART TS
SRR B AR R AR R e A e B L R IR R A
B R e

SRR E o R AL EF R g
ﬂ&:ﬁi@%’ﬁ$>}wﬁwmﬁsiﬁ%’%uaﬁaﬂ%

Rm AT R L AR T8  ARIREDL BN PEATRRATR DY -
BEER > B3 23FEBFFREE > FIP LG £ATRELR
P17 4 R i o

LR APERSBA T A R PR L TR RS s AN
$E - PR LT o R R o e RPF R ARG A AT RRA

B At IR R AR F A R o R p T H R T R4

small energy/short delay ">

large energy/long delay = ‘

Fig.2.2.2 gk ifretne € ~ /| & T ’l‘ffiﬁﬂifﬁ“ R ATT R jﬁ‘%)iiﬁi’ﬁt
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PEREIXF TR EEEE LTS S EEERLY S R R
I OB A i B 200m) k SRt 2R 211 & endi 5o L% R T4~
FERE RS SRRSO SR E S S i SRR S
PR L o BT HEK > TR BRI IR PP RP  n

B L B f % )l AP %ER T 1ns,5.6N5,95N0s = fEIEE T TR % Bl

B A Feh B IEMG A B ih

\\\?{Ir

oo BRSSP A R b RpE R 44 fs 2T
R A R EORE B SR FR A B0 qm 24 W R i £ &
PETRRE - [ R REAL  LOREREBNE LT 8 pum et ] o ] R

@7 /T 50um o b AEEP T 0T A PR R

main beam Full power, about 200 mJ

prepulse delay -1ns, -5.6 ns, -9.5 ns

prepulse duration 44 fs

prepulse spot size 50 pm x 50 um

Table2.2.2 Fz&7 1 8 £¥id 2% T
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APk k- Btz FHFRE 2P - BAag A % ropk
E’ﬁﬁ%ﬁMAEﬁﬁ‘éﬁlmié:E—ﬁ&W%ﬁWtﬁﬁ%ﬁﬂ%%&
BomBERFBEALIMIFI20mMI 2 % « ApBpl ot BABERT » o Dt

ARG oo T AR AT T RE

2 dimensional scanning

pump pulse duration

44 f5 70 f5 100 fs 200 fs 1000 f5
{(13.2um) (21 um) (30 wm) {60 um) {300 um)
22 THz) (48 THz) (10 THz) (5 THz) {1 THz)

lml
2ml
prepulse| 3 mJ
energy
4 ml
Sml
10mJ

15ml]

20ml

Fig. 223 = s B #Hk

27



|l

Chapter3 R REBEZEXRBF T 2

31 - FALEHAR

AP SR AT R E S AENY LA FHI - B Sk s
Rz Exd > Hi kg inB7rE3 LR PR 30fs crdgierkfbr > & % 54 5

BE-FYL o EMEBDTH I RARIRLEE L SMPRENERA
SR AT HE KBNS FRRE AR KT HAF 601 100TW » ¥ ot
£ 800nNm ena kL vh o ARG RPEY Mg S 20TW ek o ¢ ol £ AW G
800Nm 22 900Nm > 5 e B EH > UEHENFHR DT R AFHREUAE
800 nm ~ 20 TW ek & 1F 5 1 "k Bk iR » 4ok F BB Ta o 27 > P 54§ 8-
HEFREF g 2 100TW L RREFT - sk o 7 k> APpai e 4o
Bl

Rk B P A HOIF 5 ol 9% i+ (chirped pulse amplification » CPA) © %

ok

B EFT U FREIFE  HF NI IR0 - BELFE 0 T HRER
PG +w3k josid b B A B S8 > - P E_ A3 T 23 b PR B 4
A4 > BEL L EH 21985 # D. Strickland 2 G. Mourou # ! #% = % 0¥ {7 f2
A2 [26] LR ETA 4 T AU R 2104 H 210 R enE a0 2 18 4 %
Bl B & ek Bt R BB R Y R TR PR S R R
FERARFFFTH  REFTAWU LS H FT MDA - BAHR - HF L

R GRS DR B o AR B S e L 40T B
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| o y

stretching amplification compression

Fig. 3.1.1  #Oif *% B2 + 7 & )

T8 ke o £ - & d FEMTOSOURCRE = @ #1 @l i$ crds & F 244 %
4 H-F 5H9R i % (mode-locked Ti:sapphire oscillator) - # #7 & 4 7k k%5 Nd-YAG i

kT 5 BW b s o 2 SRRk B & 5 Tl A S TEMHZ 0 st

795 nm > #E F R 5 56 nm ; & F 0 % RS dE - % E & B (pulse selector) o H-gF s
05 5 10HZ B ens Bt B2 ed TSR H 5 T - o % RISiE R e

7 7% B (pulse cleaner) sk #& B o fF 1 chsg & $H0t 0 2R {0 EE % et B E (pulse
stretcher) #-#% #rpF § 2 + ) 190 ps » 2 {8 F e % BAR o

- Bk B LN iE 2 E(8-pass amplifier) » = &< BE 7wt B
(5-pass amplifier) » f&+ #% ek R igpt & F 2 BRA TS S0 & 260m) > ¢ it
£ 7 805 nm % ek o P F 2 &k wl R g B Ak 2 A
AR 2 s B g A - B3 7 B gk B (vacuum spatial filter ) » s &
ER t«r-r'%rr

BF o RGO D2 R0 - A 100TW § 2 skt B o T A A

w]ﬁi;?]/\ 20 TW( 900 nm )% = &3z~ B 20TW( 800nm )% = %&3xc+ B &k

ﬁw

P
T

Bl

29



B o 3 A i F AR BT RN E i - R

Prd Bk e i B

%ﬁﬁﬁ’u@%?ﬁ%

C s AL R KRS PR R e R e L

ARREA RN - > AP AR DERRTRFT R AFRE

@ % 20TW(800nm)k & » @ ¥ %

e 3 ke £ 9 250 ) RmpE R 44T $ s enst 5 R

B Y
Gl

U SRR R 0 4 G 2 R A

57TW - &%

Rl ﬁi;—] hRAREXR G DFwANE FEI AT R RET
(Ithiams.sinica.edu.tw) - = B 5 & 7 & % LB 4B AT LR ¢
. pulse - ultrafast pulse 8-pass
oscillator =¥ selector "’preamplmer_'pulsecleaner_’ shaper —»| stretcher ¥ amplifier
]
energy vacuum =
L e tuner compressor[®| el [
—P
; 5-pass amp. heTgy TSV TR —
spatial tuner [ compressor"’ 0l e
filter
* energy vacuum
5-pass vacuum fiiniar compressorl] delay |5
amplifier [|spatial filter | 20-TW 2
5-pass amp. s
energy vacuum
tuner [ | compressor[ ] delay "g;
]
_| white light 900-nm
P COMPTESSON == 4 oneration [P] Stretcher Plg hass amp.
Legend: |
gain energy vacuum
module 90(;Inm tuner compressor [~ delay [
vacuum 5-pass amp.
energy vacuum
module wner ™| compressor[~| delay [-»
L |
computer control
Fig. 3.1.2  § &% % el @427 &,
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3.2 kR i
321 kil

TR EFHRE TN R B RE LT A AERE - kR E S E 6.8 cm

% T B % ST @ % 5 B Sk Hen dielectric mirror #5100 iE o~ F B ERE 0 4
T - bt e B B2 e R A 30R LR ENFERLG o TR LT
LA TEIRMEL H Y E K A RS kA Kk I AP ATHE AMSRE- 9t 1
kAR MR Rk - & L 0 17 10%;;?&_% I 5 FE% sk o F] 4 TR A% Bk B % 0
AR sk Pl de 0 T T AR B RS SRV RAE 0 IRk B A PR B 9 ns
L b B RS S R % ek k23 X 101 cm/s X 9 X 107% = 270 cm © 3\ ¢ &5
TR Pk B 4T 5 4.5 cm o — & 55 dielectric mirror #E5lie ~ B 7 R 0 RIS K- B
et g B E > LA R B AT Il4Riez b oo TRIP 2 d kgL IR
frord 1p S ¢ BEL b en it B R ern CCD A2 i et 1% 4L( relay image system )»
B LS pr R e TR R R SRS B2 AR RA S .

CR AoehE d KPR I A DB T RS R B - G i E R

Yo =% 23 2o bt w40 B IS 3 E A 0 WA PR Y g JANOS &
7 ‘| iRE 4 47 (unprotected gold coating mirror ) s F1 A B /S G 2 B 0 Y
APRFE ek ERE > B 2 B ARG o AR R AN E TRz
Bt - Bk ERd A G ITO phag § 7 SF3k 5 ITO 33 L3F A e e L L7

B RRAF S $hn kK g R B EA RRA F S TR A R e

PAERA REPIT LRAE o VBN AR SR IO P RBF LT E

@ BRLES APETR Y 2 G A fEH 0 - 4 (germanium ) > F - 8
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# (silicon) > & f F3F ¢ ko oh k3

o 387 RT T AT AR

~mjs

BN S d ke 4

N

RN

—_

| Relayed image systeml

1C

-

™

Rl W

ek 22 3 0% fhesk cndlp & A5

P )

LA g

i

Shielding system l]:

|

machining pulse
(from 20=TW system)

pump pulse
1 (from 100-TW system)

v

ump pulse
\\ pump p )

Fig.3.2.1 #s ki %%
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322 £&FLVHMEGLE RS
Fbﬁ\i K '&'Tﬂdféé’/ﬁ»"ﬁ‘,ﬁ VT’E}-}?. ’ Pt”fi{@,p‘,m,ﬁ,n [i [ A ,\;}“E’ > hL'_?ﬁ
ERERS RFEAF #TF ERT * skin depth ~ % &3+ - Skin depth + *

Hagen-Rubens relation :*+ & [28] :

’ 2
skin depth = 55 = m (124)
dc

2P @53~ TR DEM T o p i e S (permeability) © o4 5 3% & HDE IR R
ET oL pEFenE L THZ chkf > e R * e i & R r 2o
skin depth 8, =88nm o 2 = & * 7 JANOS 2 7 ¢h “f& WL W & 4"

(unprotected gold coating mirror )45 4 5 & 5 200nm > £45 5 * F A ugEHE -
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323 #EF ITL pEHF

e

g ARk A 4 e

3 v % A& 2 (white light generation ) » @ ® 3 #% fbr ~ ¥

=

Tk RSB R A AR kR 0 T ARRE Y AR ERE Y gk
O ERET ) SR R
1THz 3 6 THz chwv #h 4 sk or i el & §5 B 5 50 pm 3 300 pm > # 1% 5 7

L = H’g - B E E’ﬁ’lb?lg 7 7 F?'*tﬁ'-ﬁ), /ﬁ»m?ﬁ P-;—,QTFEII

Silicon (5.89 mm)

100
80
3
S 60 .
540’}I{
o | [ L[ [T
’ NN
0 | | | ‘
123 % 56 7880810 2.0 3.0 4.0 5.0
Wavelength (um)
Fig. 322 XHp a7 HFFH I I Fn B
;ﬁ-/ = I &1um?110umiﬁ'.“ﬁ Y- BT HEMLE 2 %?;‘;”ﬁilffﬁgﬁv

FOREL T 0L R AR R R 0 Mg B v kR o T A P IR B B e
EHE

EEAPRAE TSR RT A A A Llum 3 10 um eh¥ bkl o FLE o
VAR R 0 R BAPERT LR AREY o BHI B AL ST S

'FiT}g]:
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Germanium

100
80
3
S 60
2
2
-
2 40 N
s W\
=
|
20 \r
0
1.2.34.56.7.8.910 20 3.0 4.0 50 10 20 30

Wavelength (um)
Fig.3.2.3 TR HEEHTEF
R TR R 2um 3] 10 pum 2 B eh T S5 B0 A o AP T
MEER FAF SRk PR R AT AR ARG ¢ 7R lum 2
um B R 0 50 FER G 5 Uik £ A B AR Y BKY i

Rk BK7 chd S A T M

BK7 (10-mm thick)

. 90 %
g -
% 50 500/0
g \

o 400 800 1200 1600 2000 2400 2800 3200
WIAWELEMGTH IN MANDMETERS

Fig.3.24 TRAHBKT 375 3% %
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B! T A BKT g e 1um £ 25 um 2 B 405 7 45605 E 50 ho) 2t 2um
s FIN 7SS4 AR 90% 0 4 E Bl RILREA P 90%hE 3 F kW
;JVE'./ATE: t‘Llum i\!] 2um Fgﬁj%/&%é& °

d g BK7 pt3g 7 g 1oam 5] 10 pm ek R S fp s kR A Bl

FIv i B4 A 2 R B (1am 3 20 um )em B Sk 0 AP T R AR

A%

@RIk A A o Rk B R R ﬁ.ﬂ?"/;‘ v BB 3.4 &P oo
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33 I FNpH i

Fig. 331 £ AF %z AR Y hAREHALE  § o5 HF- BER @
APLF RIS LB E I T - BATEE o B AR T B8 R g S R
#A0HzZ > £ Lot A0 AP TIaE S - S - Ll
(FHdF - SAGEHERG 200 BrEv EBhF 0 - T{REIEH (#H
PHBEIALET  FERBEF P FLRL IS ARAL T BT -
R RN o

AR B S B T SR 2T S

%‘T
=%

oM Y BBl LR 204

ﬁ'{#;i'/ FTroE o Bt- -i—’lgﬁ’*?gﬁi:-":

dor
o

FHFELOFTHE Aok MR R A i
HETERE T RE G AP ET - Bed F VIR ks 32 Fig. 332
R AE N AP ERPE o e A T 5k sLepd st 0 48 2 15 em/sec siE B
AT HE B L FRT 10 Hz enficdpfPid 5> fpioet < gk 2 0 F oo g o

Fig. 3.3.3 #¥e Hit S FF (5 chpe * > A BFFEY 1.5 mm o

rrrﬂraeno"
;;_ Errcecoceoee
rerrenecrno®

Fig.3.3.1 HiieH FATE
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Flg 3.3.2 ﬁ"g] F 5\ e +# ,:‘f %

Fig.3.3.3 1 * i1 sodeie 4
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Bt SLeni i R 5 BEEHES AR gEF - B 2INERMEA L
G o R TG - BAHALEEER S REF LT o APR
* Labview 42;% k¥ 4199 8 5 iF ondd id 22 6 Bldc > Fig. 3.3.4 5 3% Labview 4% 5%
A H oo e P APRUGEUNT HBEFRFF A BFROTIE 250
P L AT I ENHEIES Bl FANELRGT ST YD - B
MR > FHkTERT H e B FHEEHEES -

AEF AP R R4 > A H i e T FR > 4 2 REEF T HK IR
Bl o R AP A T ERP PG md RIES PR F T e 0
Ao A Bt S EBEAEME s e g 0 BRA- s j*u{;ru_ >
Gk L REEE R RET e R R ARG BEF S pnsEd o AP AT
FHiEARY A FREBRAE F AR - EHA S RERE ) S EER

a4 o » duEdsne 2 ERAVLERRERTET - mF Hprei o
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b ZER program by Yi-Hsian beta 2.1 vi
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