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Fabrication and Characteristics of Photoconductive Dipole antenna

array for Emission of THz Radiation

Student : Chao Jen Huang Advisor: Prof. Ci-Ling Pan

Department of Photonics and Institute of Electro-Optic Engineering College of
Electrical Engineering

National Chiao Tung University

Abstract

We have studied the characteristics of photoconductive antenna array. Because
the photoconductive antenna is easily saturated when the power of pumping light is
higher, we fabricate photoconductive antenna array to solve this problem. We have
fabricated photoconductive antenna array successfully. By the interference of the THz
radiation of each antenna of our designed photoconductive antenna array, we enhance
the THz radiation in the far field. And we can get higher amplitude of electric field of
THz radiation when the antenna is unsaturated. We proved and simulated the far field
of the THz radiation of photoconductive antenna array. By comparing the calculation
of program with the measured result by us, we can get enhanced effect on THz signal
obviously. Besides we compare the measured result of single antenna with that of our
designed photoconductive antenna array.

We use SI-GaAs and GaAs:As' (50, 100, 200 KeV) for the substrate. The dosage
of the implanted As™ of GaAs:As' is 5E15, and after implanting, we anneal the
substrate in 600°C for 30 mins. By using positive photo-resistance (AZ6112) suiting
small line-width (the thick of positive photo-resistance is 12000 A), and plating metals
(Ni:Ge:Au = 300A:700 A:1000A), we fabricated photoconductive antenna array

successfully.
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By using a passive-mode-locked(SBR) Ti Sapphire Laser (A=800nm) generating
130fs optical pulses, we use photoconductive antenna with lock-in amplifier and
actuator to measure THz. And we use the fiber set up by our-self to guide the light
into photoconductive antenna array. To analyze the THz radiation in time domain by
comparing the signal of single gap with that of multi gap, we can see that the signal of
multi gap is the interference of the signal of each single gap. This measured result
matches the result of the theory. By comparing the signal of single antenna and
antenna array, we find that the signal of antenna array is 2.18 times the signal of
single antenna (SI-GaAs). This result is similar to the calculated result by the theory

(3times).
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Conduction Band

Wave vector

Valence Band
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MEHE T = |F-FE (-

S >

DA R RS RS AR A Mehgap b oA G TN,

KedE TI=J0) -

P E Ry (58 2-1-1-12)

= 1 A4 9
Er,tzf———J l—— A2-1-1-13
( ) 47[806' r ot ( ) ( )

B r=yx?+y*+z22 ~ A S B WL DR G F
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Tz iht > T x=y=0> 1 =J0+0+z" =z >

£ Thy s stetfe 8 Bl ¢ G

(3% 2-1-1-13) ¥ 2B i

= 1 A a - z tt
= E(r,t) = — —J (t—— EEEl‘—)l‘——
(t.9 dre ¢’ z Ot 3 c) c
= 1 A Jd -
= E(r,t) = — ——J (¢ A2-1-1-14
(T, 1) it o 2 o1 (1) ( )

- _SWE, (2 -1-1-15)

0= o,
I+n

HY nifdumEhE TR E S Rendy b5
n,» B d 2 Farei (3779

o) 5 o T ¥

(F*2-1-1-16)

car

< 0.0 = TR im0 e =22

a7 (electric charge)

fet.
e
D
FIRY
=3
4
=H

R % ki % 4k bk
hao ; ,1\ "JDHE: 2
m(t,i') 5 ¢ = FF 0 b K ( mobility )

1, % P % el &4k 5
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7, » FE i+ hd &% (carrier lifetime)

%Qi“:*%%ﬁ%i’%“% ¥ H=o>mt)=m* 7, —oo

12

_t v ) - 7 a
2 L) =1, exp(—) (%— B®ErAT)

”Lrll*\* 1]’5—7 |1FI ('\‘ 2 1 1 16)

— [ — '2
O's(t)EMIOJ.dt'mexp[ tz )] (X2-1-1-17)
ho —e T

B (3% 2-1-1-15) ~ (3% 2-121=17) & (5% 2-1-1-14) v &

E, 4e(l-R) —t’
— I mexp(——
dre,c’ z  hw. ° p{ 7’ )
n,e(1-R)I m
(n+Dhw

= E(f,t)= —

[TTexp(—xax]? (F2-1-1-18)

@ % 7 % current surge model {F 3| % e i e % H k- B

g o SV R (Y 2-1-1-18) Rk ® o TR, 5 > BPER

\/_I =% opt

A

g 5 BRlE T kg

AGRAEGf (3 27385 ko r=oxBENEROL I

mIH
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v L po Ae(1—R)m
4re,czhanm
L Mel=Rym

T (n+Dhanm

(m*s/J)

(m*/J)
S0 (34 2-1-1-18) ¥ % B 3

Cyx[1+DF,, [ Texp(~—x*)dx]?  (F2-1-1-19)
T —oo

_ _F
E(t,t)= — BE, —exp(
T

vt THz 45 530 T Fn & o
2-1-2 REW PR

€7 THz €41 % THz 3 5ok 2% ek prdasd o plzgpF - 2 £ R0
BlR e R o SRR I E @R THZ 584 3> AP
THz 45 & £h 2 H-fe H Rl h R 2 B PRSI R RIT R T

J(t,)= [ B ()0, (0=t ) (*2-1-2-1)

AP BRI E RS T o, BEK S
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1
0 , t,>t

(2-1-2-2)

§ 0 Sk ERAR R R 0 LT AL G o, 081 A o

sog,>>0 0 #0d (3 2-1-2-2) T U H 5

0 , t, >t
o,(t—t )=
A1t)=10, : t, &'
Td

Bk o (34 2-1-2-1) ¢ > ¥ 4

O-o
Td

J(lp) = J‘ZwEmd (l')dl'

(*2-1-2-3)

Bk THz "% e prdet F e »7 (342-1-2-3) ¥ B &

j(t,) =

(02 oo
2 E t")dt'
2Td J:m rad ( )
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B - GAPREN RO THz F R F 0T HFR AR (Y 2-1-1-19)

B (54 2-1-2-4) v @

BE.F - 2 '/t
o, #j' exp( tz )yx[1+ DF,, [ “exp(—x?)dx]?dr'
2t, 7 - 4

J(t,)=—

opt .

(F2-1-2-5)

d 4 THz §5 8402 8% S ehd & o (e p|pFAr & (236 Gads VWafer
“ri g wafer A4 - B F MR (11— &9 xSk RG S )

B 2-1-2-1 THz 1 pl=8 ek 543050
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B

ML e F s £ a5 0 AP E i Fresnel formulas {8

Bl B4R enE R M 2 s (5 9-125) T g AR

n+1 -
F/F .

j:—O'OCEb4 (2-1-2-6)
1+(F/F,)
_ (n+hhw
o " ne(l-R)m
c:#
drne,c'n,zt,

Lot um kb T O x| (e ) cndr it
ho & % £
n, & pd 3 Earei (3779Q)
R:ZEFERR (54:8) chF ¥
AR ERE DR G (B 5h)
g, 7 pd ZTENAT ¥ ik

¢

5

<
E
>

*iE

pi

i

C

7,5 1+ 2 & (lifetime)

ll\

(5% 2-1-2-6) ¢ > - (xR FRR) 977 Pk o

F, 5%
C i i@HF 8 RID ik /BRH o
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arrad (5% 2-1-2-6) % E=

J o, \fpr e 18 |
o,

E/F,
"1+(F/F,)

L APERLEERIOTHz F F %R -

2-2 ARET| R

d AR A AR BT L HE- AR BT K
BRI DT HL T ED e BRI T IR R NITE o AT APE
XS] B BT A 0 LA PR - 2 AU K e
THz @ %% A 2B E@FTHzhT B3R 5 E - B 2-2-1 5 BxF
BHE-2RPF Az (x=y=0) + "PRIEFP- 2 5L AP

'jﬁs?-%im‘l D8 1#5%23
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ya 1o
A .
N I
r,- r1/; ‘t\‘f/
) 0 ‘ G,

B 2-2-1 =&AL 74eERE

FoE - B A EH - X Ml R A PRS- BT H A AT
ZPEpHREgE TS (Fla FETIEHRL T F)

| E(G1) | E(2) |= oo =| EGN) = E(r)
e i P BRI T HAR G

= E=E®r)e "™ + E(r)e ™ 4 . + E(r)e'*™M )

— E(r)e—iwteikrl[l_l_eik(rZ—rl) +eik(r3—rl) + +eik(rN—r1)]

AR MR HFehip i E 5 S=k A ¥ A=ndsing k=kn



s o0=kdsin@ (0=k(2-rl), 20 =k(r3-rl)........ )

= . E:E(l")e_th ikrl[1+ ei5 +(e[§)2 +(ei5)3 n

—iwt tkrl (e )
=E(r)e 2 e T

/2 /2
iON (8107\/

_e—i&V/Z)

— E(r)e—iwteikrl e

ei5/2(ei6/2 _ e—iJ/Z)

N
sin ——

— E(r)e—iwteikrleid(N—l)/Z( 2 )
sm—
2

. N
) ) SIHT
— E(r)e—zwtez[kr1+§(N—1)/2]( 5 )
sin —
2

NS
s1n—

5)

sin —
2

— E(l")el(kR Wt)(

O R=%(N—1)dsin0+r1

RHGF 14 B PR

——

- EE

~ Joc ——

2

sinz(N—5)
[=] — 2

° 0
. 2 “
sin”( 5 )
Sinz[l\fkszlm9]

sinz[kd 521n0

=1

]

H 7 1T fHsource= PRUflux density
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N
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R
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.«ﬁ m (@]
hy N Il
Il OUm

A

B fh s AR
dsiné

- kdsin@
2z d sin

=m

—sin@,

d
A

=mA =

B l,' II,'#;WEI'?}I%%} 'J)

Ui

L
A

JERITNRTRN

]

e

.Y

¢ N=3

=R

~Y o
r}_

X A L 1x3
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2
|

EM

m

3k A 2-2-2

e

B S-S5 A

=K

rig

d
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A

ARERRER ==

=4

(degree)

2-2-0 % SUL VB HH R A G A R (N=3)

[
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-+

BEFAPUREITEFERGER LA~ o

kG kA T |EGDE EG2)E . =| EGN) = E(r)
d2-2-3 AP rpm L
cos@cos@
0 A

F

cosfcos g

Bl 2°9-3- g H AR R

HY r A A RIgHF? w8 (300=0>0=0) g > A 1

TRIBH 5 - BEFEH

sin —— No sin —— No
- . E = E(’”) RS wt)( 2 — 2 )=cosfcos p— ( ) RS wt)( 2 2
2 2

Sl AP E i R ek 5 |

—_—

Y e BB
2
sin’ (]\f) sin’ [de251n 9]
-7 L 2 2 2 2
I=1I, o cos” Bcos” =1, . kdsin@ cos” @cos” @
sin (5) sin”[ ]
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¥ N=3 p&

sin2[3kd;me] 3Sin(kdSln9)_4sin2(kds1n6?)
= 2 ‘o= 2 2 2
I=1, . kdsin@ cos”Bcos @ =1[ Y 1" cos” Bcos” ¢
Sin [ 2 ] Sln( )
=IJ16ﬁn%kdmn0)—24ﬁn%kd2n9)+9kmszeamz¢

Fia%%ﬂ%ﬁ%%,g%@¢%,gaﬁ@@&%@¢,@lk
R R MIE R B R o 1R O =000 € F I S5 A o A
" Matlab ik i b 3% R @ Feh Ot (@=0) 28R4 & > 4o

Bl 2-2-4

B 2-2-4 XSEFRFHHR 2D A v B e A (N=3)
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A ke R EITF SRR RAR RS § oo iR R

d/A=1

d/A=2

» @3B 2-2-5 (A)~ 2-2-5 (B)~ 2-2-5 (C)

10

gy T -
(degree) 0 8 Intensity
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d/A=3

(degree) -0

(degree) i - tensity

B 2-2-5 X MEFpHPw DS B e A (N=3)
(A) d/ A=1(B) d7A=2 ¢C) d/ A =3
SERR == TR S Ll e IRE o S D L B L

BRI AR AR (53R RG] g8 SRS S

e

’fr'é\‘. e W eh B W e
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¥z®g TsmirnAizge

Mg R AR I S F 0 BT A P R

F\, Irﬂm‘l‘a:o

o R AN PEARDLE > R NN

31 e

- BL AR AR R (Mg AL M AL T T T

(electron-hole pair): FiEF%S — BHER > P HER2 T §

- A w3 T 3 2 Tk a0m S ot fE2 S R R0k (photo

current )e fI * & B K IZs AP & — 4 L H 48 5 (substrate)

Flr WAz 2 > Wirh S BRI A aE Y T - i wmi(gap)
RETHRIMFBF ARG > AR RPD A - BB LRT S

%ﬁi‘éL,Yﬂéj—@&gﬁm4ﬁ FH o 4o 3-1-1 ¢

electrode P Gap

s,

Substrate e w—

B 3-1-1 # ¥ =< %R
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A AR TR S R ET iR 0 4oB] 3-1-2

Bl 3-1-2 B SEHE (¢ 7 Rl 35 B)

B oMkt gapprod WL EMAL TR FHE A LI NER

M Pk A (quasi—metalliclﬁhotbconductivity) v e 3-1-3 ¢

Bl 3-1-3 "+ TR { By ET LE
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¥ gap 2 X F AR o d 344 £ ¢ (recombination
centers) 2 T @ 0 A T MR ken? B GBI o &
vLk RS (ERRR SRR R R PE S g A4 - DR GE - dLa T o Rk
s B2 B R R EAPRL EARNLE B Y TR By X
e+ B 5 (mobility) > FEFEIT ~ 4 TR ~gap T &
 EFRHEFEG MR TIREERTRA SAIG LB L FAER(rise
time) 2 w4 PR (fall time) > H ¢ A @ L& & F stk ik fir
EARg g AT ARG M A v REFETRELS AL Y

(carrier life time)> ~#&% W 254 (RC constant) % §*+ @

3-1-1 e 4

(photoexcited carrier life time) &> ¥ - B & ;‘—? % B &

(mobility)& & > & J,;."mﬁ R g & CEM AR X RS2 (S A

-

v
g
EL
1\
=
o
=
>k
o0
-t
4
|
o
St
=
R
=
"
|
~
F*
[
ik
s
=
+\4
N
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d Fa ¥ 4

mﬁ')‘gg voove P ey ’&_%Jﬂ;_} 2lon 4

X g

W kae 7 A5 Fk e (deep level ) efp & ¢ > e F§ Vi 51
~x %

B Fewnle o d 00 BUR T R A R RS R S ehi B
R ELAR F R K e T A

-1
Tc = [Nto-c < Vth >]

_1.4x10” m'e
N

t mUEO

ol om RhE ’FLZJF"[ UEE

m T L ES

U (effective mass)

= Jgﬁquasi — static dielectric constant)

RN O

¢(relative dielectric cons tant)
N, FEee i (defect density)
UELEN PRI (carrier mobility)

T ELEN E Fﬁfﬁ—fﬂ(carrier lifetime)

o, BUAF R i (capture cross section)

<V, > BV I (mean thermal velocity)

R R Rl L IR T g
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A BPRRGET e BRI BE IR KA F A
oo @ 3 it ead B AP 4] FE % F 3L (annealing)

%k KR R B 0 S R e § R

Bt EROTR A IR R E I VM-E R T R R
P

Eo ot od T avE sl sk peds 5o Bl ahd S HARE S
B F AR R PP AR USRS A8 o

B E LR B2 UL R A AR -

3-1-2 At iE

BRI E R A L B e v 4 (ST GaAs) MR RS
i e R it 4 (arsenic-ion-implanted GaAs)e 2V # 50 ~ 100 »
200 keV i ® 0 5x10"° ions/cm® @ g kB 0 3 = A A
o RISE M BERE N (furnace) APt 130§
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GABE FREE Y REM LS N 27 600°C 0 30 A e

g Bl 3-1-2-1 51 LB

As* ion implant
( 50,100,200 KeV
5E15 cm-2)

) Furnace annealing
J 600°C 30 mins

GaAs : As* substrate

B 3-1-2-1 ¥ H

S SRR el SN S L YR LR L

ks 2 AR AR
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3-2 ket

Fla g & aE B EiE ifﬁ;c\} ‘b \_}'ZH"HTL(%<1’1—+L\, ez
Foo F g s 1THZ chx 8 5 > 2 A=300m > d >0 8%
Hok (B 3-2-1) iR * hERksas L@ E5 125ume
"31» <l>&@p defe o T s X Mgap 2 WM pEd & 5 8

125um<d<300um -

Bl 3-2-1 @ Ek7T L E

APEd s 250ums SRS BI LKL o ol
ABRFIT o kR ER D T d AP F LA (X3 5 A
2 N=3 » %:% s T PRk ih e (TR Bk KR ) 4 B

3-2-2~3-2-3 (2D f= 3D) :
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-80 -B0 -40 -20 o 20 40 60 &80

N=

(degree) -0 -

50 T .
(degree) 70 e Intensity

B 3-2-3 X sEF) 3D EHA G HEE (N=3)
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bil®0 &2 Mgap FIEd 2 6o #RT K& gL gap
o et 7] — B hheniE: R H .3%‘&;33; xR R (IX] B R)
Bde o M 3x3 XA REF] L 6] 4Bl 3-2-4° AP H- T RE P

g 3x3 4B o

:
e
il

B 324 = 8L

T ke S g LR TR Bl g R
BBt @ f KGR 2 0 AP I RE B - X R
7| > #7rife gap B PR € i < 20 250 um o AT A P ARG R T R

W FL o RESEDEL gap 2 B enpedp > 220 2 ($4cH] 3-2-5 -
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B 3-2-5 &ML LR

e BATRFARD DIRF IS
FF " AutoCAD & &1 2% i 29 % cipk B o A\ P2k 3t e AL 7 g

1x3 ~ 3x1 ~ 3x3 ~ 5x5 » wfa L Fle L.k BI(H 3-2-6) :

b 333
1x3
3xl

Bl 3-2-6 =&ALk E B
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A Ix3 e AL LA o R A4cE 3-2-T -

v 2bgm /
o I L 20
5&]’“ %:l—l LI L T gm
4 F
250 m
I |
Jmm

Bl 3-2-7 = SUL5|A4 R

3-3 WA

FOOREZE RIRIIF AT DB ANFHE 3
E IR o QA B FkE ] - A E AL
Ao kPR RIrELERZ Ban B3R B Az - 57— 2
B ood >4 g3 bonding A 4T > 48 & K 3 0 & B 1500A 1+ > #7
1 Jerf_z'v’ﬂ.%fiijki & A 4500~TH00A 2o B o Bk i iFpF o 1K
a3 o T EI G R AR Kol R PF o pattern * € F)
LR RE A A5 1 r F L KIERE 2 5 & Gadswafer LB+ o
EREI IR el 2 IR IESAER > 2 RER D ke

pattern # %25 > { E AP fed ehd g o
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3-3-1 WAzinAz

< A AR e AR Ao B 3-3-1-1 ¢

[ 15 1% wafer ! |- [ NaD J ||- ‘ Wk (90°C) J
S 5 N

{%?ﬁ?wafer(ACE)’ NOI -II 1?.:%.%%35
A
| (1200) | -

N
5
ck

w
4

F=ERA %
[ 4N Ge:Au) J I—)

B 3-3-1-1 4z Zn e

AR A

- ~d AR * chwafer €_GaAs (= 7 %% ) A7 PEE 17 * b
HMDS » ¥ & 78 -+ HMDS erpF ¥ o ¥ *F AEf K g PF > gk
e (AZ6112) 7 & & I kiQ7k > & iR 8 A FE T 4 i
oSk pE e 1F 0 v RF Gk PR B OR PRIE YRR A B A sk

ek B oo K AER L 304t o BT BTk
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RET BB okl s BERAEE 30 44T AT
- iEg k ?—_,T*-i check & fEfok & » & 7 0L A X Faph R

HMDS » *+ HMDS «hp= > &30 ~ 42 (5 & + HMDS 3%

S CBRFALEFOFFE BN L5 GaAs wafer 2 DI water %

£ > R § F #exdc o 2% ¥ hot plate (120°C) + 2 *% 2

iy

~3 &4 e 4%k B B wafer i o ﬁﬁlﬁ Lk B ena TF R

K e

SRR KL MR R IR 0 R ER R and T AP aE sk
PR R R & AR Eehr B AZ6T12 0. Spin coater fiEiE % T_i
Step 1 : 1500 rpm 10 #;

Step 2 : 4500 rpm 25 F)

Stepl l‘g ’lf_"‘f% %Fﬂ{if#i;jg 5S‘tep2 l_@ E—E#IJJDFEE%?}%—}—Q o

N S ) LR J’Ifuii'l hot plate(90°C ) it % » $oM% e (71 &

G k4 2R R Aok B o 1 e k2 e wafer SR F 4 o

9

< TG % s pattern Pk € v fads 5 (1@ * hot plate

B A KR4 o AT SRR E b B ) o A PE R 90 F) 0 10T
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ML SR pattern § A5 E0R AL 0 (e 4e T RELZ 1 Rk pF
R E o L NDL R T 5o kbt R S 524
AAvmst o RAOFRF S 184 o BAE A _wafer 8 &k E 5 B
Bf »pattern 41 7 € 45> 4 7 sbzﬁﬁf v ¢4 wafer BA > ¥
cEz g RA (kg el ) TR T S RAE Z 9
1A % (7 it contactl80 iR T 4 > 4% & contact160
PEA ) e o SRR R e 5 RifFhIL g > &% £

#* > 2 Rwafer § RE o

A~ AZ300 B R BRERFR LD 2 EE ERERT >0

£ P ¢ #B% > pattern § €7

=~ DI water ®F » REPHE &1 ABI2 A B2 B S -

Ao B e (OM)F pattern % @ & A PR o
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4~ a-step BERIKRIEER A FFE o (AR BH T A

Yok RSB T UG T B X AMERIRIEER)

L~ 4e% pattern # 4 & AT o ,T%LJE "R =R e Ak (ACE) -
% % wafer

\I E} r%

N . pattern @ & 3\ ’—'Lr',?‘;" R8s ) Ij‘bféiﬁg )J% 11 1% > 23] hot
plate(120°C )% b » 4g. 8 5 i {4 i@ L[ v aqaifdiy o (> %
F o 14118 kel % BE 0 SRS R o R AR AR

KIEE 2T F o

+ = ~ 4 NitGe:Au=300A : T00A : 1000A

+ = ~Lift off#2 %o L* f Rz B FI= B RE
PR EHET RS SR BEFY RJILE S SRR PR
wafer » ¥ esgicd ke o (AR T F AW LS R Fli AP
% * hE_GaAs wafer » R 3 iz ¢ 4= wafer R4 » AL 5 o7

ELF A 2 R ENERERYE LR % pattern» § 7 4F
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B 3-3-1-2 @Az B

43



3-3-2 WApiEis

Tdop el ARiE

X M AZ6112  (Positive photoresist)
. Step1 1500 rpm 10s
X B % ff E -
Step2 4500 rpm 25s
B JE (90°C) 90s
18s (without filter) 32s (with filter) [F'I'F", in NDL]
R
10s (without filter) 25s (with filter) ["A'F", in NDL]
E AZ300 15s
= Dlwater 1 min
B & (120°C) 5 mins
# £ (E-gun) Ni:Ge:Au 300A:700A:1000A

% 3-3-2-1 @WAwixit £

d A PE B A 4 R R 25 300A+T00A+1000A=2000
R s 2z ) 3 %’I'{EVJ@ Y R 2 N L B A 52 1
Ao 2w P i%i‘]?)SﬁSS 5B E (JDI‘E'.‘S A g%%ﬁ 73 5 lift
off » RILX BRIZ Z 241353 R ) AT A PR LR o &

6000 A ] 10000 A 2 & - 2 AZ6112 krem % > B 3-3-2-1( a -step
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BE)F

e 7 fe e Step? #i# 05 R L% -

‘.‘E\“\

2.0 4
18; \\\\\\\\\\

1.6—- \
14; \\\\\\\\\\
1.2-

104 \\\\\\\\\\\

0.8

—u— AZ6112

The thickness of P.R. (um)

0.6

T T T T T T T T T T T T T T T T T T T 1
2750 3000 3250 3500 3750 4000 4250 4500 4750 5000 5250
Spin, rate:of Step2 (rpm)

B 3-3-2-1. AZGL12-#erese ¢ 445 & [§

S0l AP E 4% T Step2 4500rpm 0 iR S Sl G TP ERN
e do A b RIEE R M a-step Bl £ 2k & 11000A F] 12500A
2 o g ARt B R BT - Bho 2 FrE R4 Jift off e F
2o A e Stepl 454 1500 rpm o » L ESKEFEIES F oo

IR ERE > AR EEH 60 F) 0 i KPR 60 F7
BLiEE 0 MR ELNA M A R oo R P AR R 22 ‘,4;? @ Bk

ko T BIRG € FRAP AR L contact PF > wafer € fok ¥ Ak -
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Az P APE SR 90 F) 0 M 23 f A IR AR .
BLFFR I P IDHE LI NGk APHIEEFRF L
HEREOREET > REFF L L g ERER > N F
pattern ¢ ¥,  REFF ~E A §#F 2 F ABLXLIEL G v T
i 1ift of f BF > € 3 A& chpattern S4B o #7447 g} & pF
RERERP-Th f TN - o4 AL H A4
BEER N KIEE N Ge: Au=300A 1 T00A : 1500A > 2 {8
KFIRAEDE £BSE T > MR A Lift off &) € 7 v #2747 1ift
of f enfFa) > #rr2ts Kegg Nivv Ge + Au=300A : T00A : 1000A > 12

i lift off 2 EenfFiw &
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RN A NGRS Ty
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I Lift off 2 (agx &)

Bl 3-4-6 % % pechx en OM BI( @ % Bk 56 B 404 s chfER T )

B 3-4-6

49



B 3-4-7 % = # % 5 0M B :
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/ /././
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