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Thin film transistor measurement by transient current

Student : Shang Kung Tsai Advisor : Bing-Yue Tsui

College of Electrical and Computer Engineering

Institute of Electronics and Electro-Optical Engineering

ABSTRACT

Amorphous silicon thin film transistor has been widely used in active LCD(liquid
crystal display). Although its electronic, mobility is lower than poly silicon, it is good
enough for display applications:: Moreover,.the'.leakage current at “off” state on
amorphous silicone devices is much lower than poly Silicone and that’s why amorphous

silicone has been extensively adopted for large'size LCD.

Because of the high photoconductivity on amorphous silicone devices, a light
shielding is required for the amorphous silicone-based TFT-LCD. As such, bottom
gate structure is used for TFT-LCD, and which is different from the up-gate structure on
semiconductor. In the process of the device channel development, to over etch n+
after etching drain/source metal is required, and this process will lead to drain/source

metal residue as well as channel damage which would eventually cause trap defect.

In this paper, we will discuss the root cause and mechanism of the discharge mura. First,
we use different method to distinguish root cause. Finally, we find Transient current

measurement is a good approach to get trap defect density and discharge time precisely



as we used Transient current measurement and Modified Levinson theory to obtain the
channel trap defect density. Although Modified Levinson measurement can get the

trap defect density, it can’t verify differences among devices and get the discharge time.

As measuring the I-V curve is not able to observe the difference between normal
devices and discharge mura devices, we use Transient current measurement method to
obtain the difference by Keithley 428 current amplifier and with formula calculation,
we are able to get the trap defect density of each device. Finally, we produce new
devices to verify Transient current method in different NH, plasma treatment condition.
After measurement, we observe that Transient current method can effectively get the
trap defect density and it will drop down gradually by increasing NH; plasma treatment
time.

In this paper, we provide the new approach to. measure device transient current and
get the transient current discharge curve.—-Upon this approach, the trap defect density
can be obtained after formula calculation.__ln-actual practice, engineers can modify the

process recipe as the trap defect density is acquired to solve discharge mura.
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AR P Ve TR P AR R hlopiiiis, 4B 0 F]P 3T HE78EDCR
o TR Al g oon b o F A EACTHE B 1 BV, TR

F15V=7 33 OVEFES £ Rl @@ g Foneha it > A vy

BEDA F2 BTG TinP s b g SRHLB 22
R M BB A AR § R A TR D T AD
£ E o

2.5.1 @ & A £ ¥ S (Modified Levinson) sk 32

503 AKATT HIRE I S A AR R alicE 0 A &) e LR
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PR - TR MFIEY S BB T
FREZER G R G B
SRS T SRS A A

ERRE - BUN PRSP $IEC Y Feta ) i

T A F B R

bt @d
=R

(MR

3

Y T S U A LA VR

gt 3£ 1989 # d R.E. PROANO & R. S. MISAGE & D. G. AST
[ B TR B DI REE AN S

os =W /L )*Cp, * (Vg —Vig) *Vis * g0 *exp{_q—B} """ (1)

E =q QT t/8‘95| ox VFB) _____ (2)

t= {8KTtox\/(gsi /gsioz)}/{q(VG —Vea )} """ (3)

B qiom kI A &8 Y8y e dF AT Vil C ARty
R F ot R o Vg T B > Eg & & f i B iv Fi(grain
boundary potential barrier) > Qr&_Z 442 A% & o A B #-235(2)% (3)

F (R o GBI T T S

d oy m® RO 24eaR g RQrE £ R A F(Slope): & 7 R
MEFAZDARHL TR S b A RIG T-R
BRd g | IR T I ps T BT VT B T E Vg 0 FI BV ihiE

For N G Y 2 In{Ips/(Vo-Ves)Vos) H 1/(Va-Vip)(x 107V )
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y=5
b
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B
|
=
74-
ey
\\_
da
o

BARERI R N IFAE R LT 4 1o i Keithley 4200 B £
Tin(le) — TRV ¥ & B VT BR L SVa Vi TR e
FE-20VE] 20V » & 0.5VERl- = » T 7 @ 54eB 2 - 9 hTin-T
B e oAk G RN TR () - TE(Ve) o AT A
ek do@] 2 — 14000 APTH NAS S RS RATEY » 2509)
pOIE LR B R R Qro Mg A frena B R g o £ I ehT R
(Ids) = & /B(Ves) ¥ SRA4cH® 29 R | BH 2 2 V=V =-2.5V>
L EEHE T EIIR 205 ol o FE R DA F=303 0 A
A B ARd = 3450x1056m 0 #AFESF » 20 @) F FHQr =

1.08x10"%cm™

BEFRO6REAE, PR3l F (X § F- White mura) % 3 &
F TR BRI G e 2 (X 4 Black mura) 0 S FEF BRI 6 B

et gk R i (les) — TR(Ves) # BT AR 0 4ol 2 - 9 %7

Fle e LR F 72 LR EfRR AL A %R

FonE- MRS LB NS FL BN G T - AR
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 2-1 T MRk ER
Layer Material Thickness (A) Tool
GE Ti/AlITi 500/1800/1000 | Sputter
SiNx 3450
AS 3L a-Si 2000 PECVD
n+a- Si 200
SD Ti/AlITi 500/1800/1000 | Sputter
BP SiNx 3000 PECVD
ITO a-1TO 750 Sputter
% 2-2 W R PR
1 2 3 4 Average
White area | 880 960 880 920 840 896
Black area | 1120 | 1160 1120 1080 1120 1120
# 2-3 Pl %EEpE
Pl & & (um)
BV ®RE | 2F BE
1 1018 580
2 1029 659
3 646 838
4 640 670
5 1000 789
6 1157 719
7 719 579
8 620 539
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54700 10.0kV 11.2mm x3 50k SE(U) 11/16/03 11:59 | 10.0um
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0,06V 12.0mm >b0.0k SE(L) 427001 0606 B00nm

840,
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UNIPAG 10.0kV 12, Jmm x60,0k SE(U) $2001 08:21  BOlinm UNIPAG 10.06Y 12, Imim 60,0k SE| g2 GOUnm
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Ids(A)

1.0x10°

. —&— Black mural
1.0x10" P —e— Black mura?
Black mura3
7 —— White mural
1.0x10 White mura2
. —<— White mura3
1.0x10"
1.0x10°
1.0x10™
1.0x10™
1.0X10_12 o [ o [ o [
-20 -10 0 10
VW)
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|ar soomv

1AL 26.0ms
@:25.2V
C1 Mean
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|
1
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Tek HXeE Single S(:.q 10.0kS/s
T
[T

Chi
ch3

2.00
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= <]

Ch3
Cha

20,0V

==

700V WM20.0ms Chix  3.28V 1 Oct 2002

17:32:09
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3
|

W

32V

1A 20.0V
{AL 65ms
L@ 6.0V
C1 Mean
1.360V
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24 48 72 96 120

-i3.60F

In {Ins / (Vg™ Veg) Vns)}

-1392

-13.68

~13.76
- MODIFIED

~13.84 - VOLTAGE DEPENDENC

]

(Levinson et al. theory)

FOR GATE

ON CHANNEL {\
THICKNESS \

DEVICES TESTED: Gate oxidation at
150°C with 4% HCI

1 | l i

S 10 15 20 23

I =3, ,-2
(Vo=Vog)? (x1I07V ")



In{l_J/((VV )V, )}

-18.4 F

N

-18.6 *‘*A

| w Y =-303.61x - 17.889
-18.8 *

3 a,
-19.0F \A

| -~
192} -

- \a
190.4F Sa

15 20 25 (30785 40 45 50 55
(V- V)t (x10°V )




55— 2 oy ok %o 4k AR 2
& = B %ﬁ‘{{) e 2 /z":‘ A ,JL‘: ‘?VD‘;‘I‘TZ"‘IL

A F A B FIF o #2 § % 75(Discharge mura) £ v & 7 £
M3 Ka® B (defect density) » 12 T - ¢ FLP #7 i 7 /% (Transient current)
SRR A T R BRI RE GRS RE SRR LT BAR B
?éﬁ,ﬁﬁ{?" A AR R 22 RRE G R F N I R AT

ik 2243 3% 1% & (Trap defect density) i i@ o

3.1 HhE T mhRE

AL T e, o i ha IFk i P 0 42 KaP < (Trap center)

3

BOLT A < B T b e
T M R B

SEFS L RTINS Y

RED - BEITOTIN - FEMB G > A d bR TIPS

228 (a-Si:H) ~ 2 A ¥ B 75 F LK AL R kA
it 77 (SINy) ¥ 2L 8y 77 e /i i 4% [(interface defect) ~ 258 7 k& & ¥ cdh
Fak # oo N g A% (8974 4 add [ 2000 # Lemmi & Robert A3t
0 E R RIZER P A S S, 6] - A 3 2 T R
B ek fe T AP fh fk(source) B T o Pl Las e Ay TN 0 35 1B AT AL

€ S F P R R VR T 48 %k & (Steady state) 0 @ AE B BT AL T R
PIPER _107°5] 100 #) 0 & i T onvE i ABABIT Y 1/t 0 o)

18



31 o AT AT R ONERY WY R FELP Y B
FaB R o d Wi BAAT A & d g T 2 (Channel charge
emission) % A &£ ff o &+ 1) & j7 (Drain contact injection)#7 & = > & &
TR e DT T AR A A R IR R A RE
B S B R oA %~ 7 2 % (Depletion) 2 7 ik % ## (Holes
accumulation) =ik i 0 2§ A RE o S T Hn R AR L
teiZfld o "i’,j* ¢ 1¢ =i ¥ 7 % (Punch through)?) = A &4 o & !
% /7 o Lemmi & Robert A7z~ £ 3] > % Vg B T & 13 +0.8V >
Pl AT o 5007 Eij“u FLENE R FIR Ve TR MY +0.8V

N

SR T B D) end AL T On ,T}U:—; SOME R E T N ST

34

Wha iy Ry EIER P BB IR R -

FANPERTE A BRI OHET E XA E R MRS G A

At 3 393 e F 0 o 7R T B e o g < e e (thermal emission)
X A 1 - [P Le  A- v
w4 ‘}Bbf EKT?FFF!F’éc\ﬁLSFFé&P\mﬂvirﬁﬂﬂbﬁE«%)iﬁ
NE): * Sl bR sx(B) » TEaEaFHY hh Ao 3 -

2 »Ecix BEF oA L2 f(ED: B EF b oy F 5 #(Fermi

function) » #7r g4 i gL F 5 [7]

ddQ_quXLXN(E )xX(E;)x J. f(E t)xa)oxe kT < dE ___(1)

’ ﬁ/ﬁ»“i ﬁ:ﬁ'{ p‘?}f‘/ﬁ’_}i’LL’E’WQVv’J%\



E,(t)=E for t<t, =w,' xe!T
~ @)

E, (t) = E, — KT xIn(a,t) for t>t =, xe"

BYE AP N R ARET =] > ol A& 5 24
& 5 1x10"sec™ » % # (valence band) s & Rt 5 %3 it P o BK E-E

>KTY PRt~ v, 12t BIE)T #if iz 5 ¢

~(3)
BEG)EAF (DS P RS BT g R R T

I(t):quxTxLxWxN(Ef)xX(Ef)x% - (4)

SR L R 3 (I h F

_ 1(©) 5 .
N(Ef)_quxTxLxWxX(Ef) ' (5)

3 (40 R T RI)E PR L 3o E A s R B a5 i E ()
SHPE (0 S0 ek AP AT R - AR T

0 WA h P R i eB R~ (B RIS T 0 A S a1

32 HWHETmER 4
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b BB R T AR AN BT R Rl
HA Ims 3] 100s 2. FF o {3 R <3 1s W P pF o> ¥ U H
Keithley 4200 & + & # (electrometer) > v & 3 f#+47 & 0.1 fA s 4
A e e cn® iy 7 o P 3 & 2 Keithley 428 & 73~ B3 e
Tektronix TDS 784D # =7 A F— 4z * o e+ FE 5 10" V/A
g B o e e R AL F o 2 B R gt # i (Rise time filter)

VRS

% ,i“r;‘.;%(Nmse)—‘La‘/;& odrdk VAR RAS CEHIFEF L E

d *t Keithley 428 & =t 71 ¥ 33 B A 10 B e < =R 4o 10° 3

107 > Bt 5 - =k RAFEF VRS 00 iF Keithley 428 #r £
DR AR F AP B AR ER PR E A o

3.3 fe i

e e Epl R MR T R E B o — A3F 442 p) - (Probe
station) b i3 ¥ 44 (Shield box) A& £ g & & 2 4F Ip & ¢} feg e
4a@{?%ﬂﬁ%&?ﬁ@%1%A’ﬂ%ﬁﬂﬁﬁﬁ§%ﬁg¢
Ttk Bar kit PR RIBIGERER c oB 3 -3 47w 0§ ¥
FiEfcfan & H U IR P 0 €5 5 0.85nA hd B e o 1
TR S EEE ORI AL RN PE o g Rt ahgeaT o

(D) #75 Fe i frfap & DR LRG> 4oB 3 -4 #17

WA LBETRAME BB
(2):B frfainf & L BB e h 3 IS F P o 4oRl 3 -5 4 o
(3) 3§ # Pl 4~ 02k i (substrate) # % E_4c # 4% (Thermal chuck)
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=
N

Fod TR R S B AR  A FRIP R
f o e s S B E o R R AL
Eir i L B o Aol 3 -6 Pror 0 1 AR iR o Blea

oo B
& B
=R

=5

3.4 BBk hE R

WAL T enah RS N e B 37 T 0 B RS RiRSE- B
FEp -3 ek £ T Keithley 428 Fon2c < B+ > 4rB] 3-8 o #-4
BEREER B R WLEFPTET AN § 3 2B T
JrenR s ¥ b AR RIATRE T IR > Ve € KISV 3T OV 0 st
BofE B AR (S DI R0 VI QEERTRRGRIZERIE F - R 06 B A2
BAETm o F V& 15V>238 3 OV (8 v ul A 2l 5L 4c B 3 — 9 #7577 >
FAREEIE 2 15 0 F D Aol 3 - 10 EnRT AT n R T PR W AL o J
B3 - 107 EDEFo dFBRELSEEHFATETHHBI T
PR XS 300msec:+ > B x - FFERTEMTERFS L o0 B
FREFEMBSBIFNYET I HEI T BFRFH5 650msec

) by A5 > E : 2
e BR - RFERTEICRTER L o

bR T SRR R AR IR T A b6 B2
AL Ea% ANE) AP RREET S F WA T A AT
£ B BT o KR 310 @R T e T
BEAZ2 43— 1 F 246 & Fm 1 Aly= 2510 AFF > ¥

G

e PR 5 300.84ms 0 #-A 2 OL/W = 4.5um / 14pms? § 25
X(Ep) 5 125nm > B3 o~ 2 58 (D)7 18 4 d fak R N(ED &
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N(E,)= ® «
qx KxT xLxW xX(E;)

#7120 N(Ep) = 2.3x10°'cm~eV ™!

Ko 2 AR PBBRER R E 3 - 1()E () 7 LR
B2 ¢ FRNBABR AR R GHE T F BB e ¢ KRR
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% 3-1(a) o #is

s AR R e ¢ FNE R R R

White mura-1 | White mura-2 | White mura-3
iR (A) 2.5x10°° 1.0x10™ 1.7x10™°
7 15 P ¥ (sec) 0.30084 0.2748 0.32026
ﬁ 'J‘ l': %
Rk etk & 2.3x10% 8.42x10"° 1.67x10%
(cm?eVv?Y

% 3-1b) § WA AEWABEF TR NPT I FNBBR LT R

Black mura-1

Black mura-2

Black mura-3

ik 7R (A) 1.9x10% 2.9x10™"° 2.0x10™°
% 5 P 7 (sec) 0.60006 0.78476 0.66485

Y e IR

# e ik Fath R 3.49x10% 6.97x10% 4.07x10%

(cm3eVv?Y)




1.0x10'85
; ‘ Set of 100 a-Si:H TFTs
1ox10°F m Vos™
' E \ V_, switching from +15 to -5V
1.0x10™° \
0\
S:/m | .-
—° 1.0x10 F 'I._..
; N
[ n_,
1.0x10™ ..1.
|
E o
1.OX10'13 FEPENPPPY EENEPENIPPN | PP BRI |
1E-3 0.01 0.1 1 10 100
Time after:V_ step(s)
Bl 3—1 L TR AL B [ o AR R
A |
E |
|
|
|
|
|
im Nitride% Gate
|
W [
|
—  X@{) T :
|
Ev Channel I

Bl 3-2x(E) i § %A



; EEF,
A,
o R, Y
o B
oF e, e
= HAY S &=
=l i b | x"'-"k:- -
- e e Ul

B 3-4 %kp# 7 60Hz e kiR






W &
+15V~-0V A

Power [: Keithley
supply 428

Tektronix
784

ik

Bl 3-8 #iT e RRE A2




Tek Run: 25.0k5/s  Sample [EEE
—¥F—

1
it A 4.249ms
i 3.88ms
0 |
|
|
|
|
S AE——— | -
G2 - b B e T S R
I
ral
:I I'lj 4
| {
¥
|
| |
|
|
I
|
............ | PSPPI PN L. N
= MZobms ChI S =66V 3 Nnov 2003
5.00V 21:50:28

o7 PE R =4.24msec Pk B = 10°

Tek Run: 5.00k5/s  Sample [EEE 0
—— 1
A 15.6ms
@®: 17.8ms

bt b gl

<t TMI0Dms CRI ST -EEV

i 3 Nov 2003
5.00V 21:53:22
—a o My N
&1 e

AT iy P R :186msecIl %

Tek Run: 1.00kS/s  Sample [GEE 0
b i |

& 2TEmMsE
i ' @®; 255ms

5.00V

M50Tims CHI S =66V 3 noy 2003
21:57:28

W7 fE PP =278msec 2T 1 F = 101

=

B 3-9 AT HEEE L



Current(A)

1E-7 F

—&— \\hite mural
i —@— \\hite mura2
White mura3
1E-8 F % = Black mural
L \ Black mura2
[ . ==/ Black mura3
1E'9 !‘ \ -
1E-10
1E-11
0.001 0.010 0.100 1.000
Time(s)
B 3-10 %‘r,@??ﬁl %‘rﬁ;%@éﬁ@' 4 [B]



»
N

- . A » . r / Fé
SR WA RIAER W g

~

AR LR WA TR E ST AR 2 a2l f
;5
:

4 gy gy s
S B

Baa%g(TFT);bfi o d AtzZb 84?”141—-15@7‘\—5 ER %Q?;@ﬁ%ﬁ#’

B Tt A g %ﬁfé 300C 1% § o il]‘i}%@IE—’_(NH3 plasma treatment)

k;{i@ﬁimﬁﬁ%ﬁ'}Pﬁjﬁ;:,Qﬂj&.g/\ﬂl;b/, B@iﬁiﬁiﬁﬁﬁﬁ@@_ﬁ}‘
2 ~

B B2 R ATRTIE TR RS R A

B R (100) 8 o 7 So it LIRSV E L (wet oxidation) s 3N B
TRe RN IHORE T MR RGP AR
%o EF A 550°CAFH 100nm: 2t s (amorphous silicon f§ £
a-Si) > i%ﬂ?—,‘r’ e g s s G-line /LB 2 BRI & 0 1B SR
g1 # ¥ & (active region) > ] * T iﬁ{féli’%'] RIS E
B F O ARE IR RS cBFY MR EF AHKLPCVD) R L
f 50nm chF b @ ITL ARG GE > KBRLE L RAPRE ARE
B % 550°C i » 5 %85 TEOS %2 % /4% 100nm 7 5 £ # (poly silicon)
P TR R(gate) T & * o I % HcR HT e & B & B % (gate pattern) >
5 S AR A R 0 3 F R 7 R i&(source)/ & H&(drain) sF% (As)
B3 E o ME L 5x10%em? i 65KeV o X R/A TR B
B S WAREE AR 2 F SR A 600C 12 o) pFE PF
3845 L E Y3 8 f2 8 (dopant) o 1 * J\i“af it F § % AF(PECVD)

AN

K& 7 300nm % @ > 1% & i % & (passivation layer) » B {5
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FI* e Pt & O & BEP ¥ (contact hole) %2 ¥ 4 (interconnect)
%‘gﬁ G-line #ic B2 A 2 573 dfi § > RS 8IEfI 7 31 NP & c4r &
B (Alpad) it s £ipl @ * > 2imana 2P hoB 4— 1 27 o

SEPENS LTIy oy ﬁﬁf@i» TRASLIR A6 2 5 E R 300°C »
< 200 watt ~ A2 4 10mtorr~ FERF ¢ 45 60 A 48 % 120 4~ 48 > 12

.Lxu

o

4

ﬂH

B Rk A o ¥ b S B

=h
v
oo Tl Ea el R 2 RIS ehd o

A F RISy FARISOETI LTS § ¢ RL L
B (grain boundary) ¥ &% % 42 (dangling bond)  — ® & 5 424k 3 v
%%ﬁ@%ixﬂ—i:}ﬁ)@.ﬂ? LS L Feogv R fp Ay 0
FI2ARp A el $0 258 35k -F 428 200 L d R
PRI EE T LI 0 Fla s F O A Rl 30 B4 T
F it & # 7% T & (oxide breakdown) ©

i 4 % i?ﬁjﬁw‘ﬁ LS A e e g ’nzéx?é"f{&i%ﬁ
%f%fiﬁaﬂ?ﬂ;ﬁ?ﬂmﬂﬁﬁp#
FeJR e L BB AL AR 5 d e 4 FRt 5T

e sk R 1 B E R F T R i

%mfi



&ﬁéiéﬁﬁﬁiﬁﬁ?m—*@wﬁw@42Mm %&i}
B % Vg ¥ 5 12 V ¥ A% B Vg=3-6V = tg(swing) & 5 5 4.3
V/decade » (&7 #-Ed2 (s 60 ~ 4518 V% 5 9 8.1VE &% FFVeg=3-6
VA4 g &9 5 1.1V/decade » 57 #AI 120 ~ 48 Ve % 5 73VE &
% B Vg=3-6VZ tg & % 5 0.91V/decade » P B e it endd by 43, Vy
R s RRF g TRILE g R

Mo B ek 4—1 RS E 7 ?,5]%/?@2 mhe % 1 B A2 E L 10um
L S0um) o A H X TRA A KB 4 - 3 B A AR

(2-4) » ¥ F1Qr= 1.98x10%cm™

B ERREERIEA AT BRALAE 3 EEE 60 A
ﬁiﬁ?%@££3£@@hmaﬁg P&ﬁi£i’ﬁﬁﬁﬁ
it lmB R 7T A 4-1(@)-(c) o ATV UFREE S jf&/z*@;%; ’

F e
%, BRI R AR B P SiEE ’E‘i*ﬁ/@fﬂ_@,ém
Bapak g B A RISl E ] 0 @ 56 120 A 4§ R AL
L
v

At 60 2 4B g F R R eIRendicE | o gﬁ@;ﬁ%[g]%ﬁu

>

i Ep AR \ﬁ%#%ﬂ@%FﬁJﬂ&%W%fﬂ%E?iiw
i BRI BBk B B BT AT R PE
44 ZEE F T ajtft A A R o) R R BTN

AR BRI 2 RRIRAS AP 5E 60 A4 E TR
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3 =il 120 & 45 % ;F:’j]‘%@g_;ufigﬁ%fr;; o R 44 RWHET S

#
PR R R -

2% 3 RApk e RRET A AT ARSI TE
P HAp R T L AR o KB 4-3 W R E T e
PR ek 4-2(2)-(c) ¥ ALE F TRASL R4 E 1B A & 1ds
=1x107"A PFRIAPH Beh e T PR L 32.92ms 0 P A b L/W =
10pum / 50pum £ 3 »c% 5 x (Ef) 5 100nm > Fpt F » 2 58 (3-5)7 1 &

Ak % B ON(ED) =1.59x10%em™eV ™ 5 #r4 A i e Ak iad

|

B3 &R 4-2(a)-(c) FIf K BRI I BB IERRET N E g L
&d g F %‘:iﬁﬁ}%@ii R BB AR R EFRE B em )o@ AP
d

4

A5 2|0 F HFELLETINER G BV R

L 4-1()-(0)% % 4-2@-(0)F MEFH N AR T T2 W
TR RSB TR o ot B R IR R AR R
5 FUFRA AL T HEEL SR I BB IR A

R RALE - XX A Y F - - X om i

&
N

i

[

&y

=H

6”5* <% =
&
\\

\F‘b

Flen— o] BT AR R4 ESZ A2 - 0 - ] PRI S

G

=
;2:
K

o

7 ERNLE IR AR T I RN DR R BRI K F
4 F(shallow trap defect) % % & # 4% 4% [i(deep trap defect) » F? &g 4 >

é\

ARSI g N 2= S TR N = 93 :f]%/%@l_%;; B - PRI A

ird o A g (swing) 2 V-] 0 P 0 AR E AL T 0 ATy
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o 4-1(a)d e A F FFHFERLE TR RAsk A DB B AR A

Bhet & 1 Bhets & 2 JRRY N
Ves(V) 2.0 1.5 1.5
A% -848.62 -1000.3 -1000.3
#4345 1 B om” 1.82x10% 1.98x10"% 1.98x10"

%4 -10b)d e AP HFRERENRILF D i]%/%@; 1hr &2 4% 44
Féﬂq,)i

NH3 1hr # & 1 |NH3 1hr 4 & 2| NH3 1hr 4 ~ 3
Ves(V) -0.5 -0.5 -1.5
Al -293.6 -293.6 -182.34
B A8k 1 B om’ 1.07 x10% 1.07 x10% 8.45x10M
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