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Investigation of Electrical Properties and Reliabilities
of Chip-on-Glass (COG) with Compliant Bumps

Student: Chung Kuang Lin Advisor: Dr. Chih Chen

Department of Materials Science and Engineering

National Chiao Tung University

Abstract

Non conductive film (NCF ) is widely adopted by flat panel display ( FPD )
industry in chip-on-glass ( COG ) bonding method it provides low processing

temperature and low product cost. As.revealed by four-point test, the contact
resistances of bumps subjected to:six thermal.cyeles between 30~100°C raised form
1.6 to 2.5Q, which is lower than 5Q as require by the reliability standard. The
resistance increment is largely resulted form the change of contact resistance. For the
COG joint subjected to thermal storage test at 80.°C for 1000hours, the resistance
raises from 0.48 to 1.26Q while in the sample, the resistance raises from 0.73 to
1.52Q; all test results fit the reliability requirements. But the reason of increment is
not only NCF material degradation cause, but also the bump is elastically. Therefore
elastic bump resile caused the resistance to increase after pressing. Consequently I
used another two samples which is not thermal aging compared to test samples, the
results were show bump resistances increasing about 65%, its come form elastic
bumps itself. The best current stressing of COG was 65mA at room temperature. The
failure position took place in aluminum wire on glass. Observed the resistance to
decrease in 45mA, may be the contact was perfectly between Au surface and ITO
after temperature increasing. The resistances of NCF of COG were above 10°Q all
accorded with reliability range after 85 °C 85% humidity and 30V or 40V bias test.
The resistance of NCF sometimes increased and decreased may be cased by NCF
absorbing vapor or the resistance of measurement is higher than instrumental analysis.
Therefore the increase or decrease of resistances of NCF was caused possibility by

instrumental noise.
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F

CusSn; > 487 LB PIFE2Z 6 %X £ CusSns ¥ 4t € 355
-
CusSn; » g3 1< [EJ%? 1 aesg CueSns fr CusSny 617 RS 4 5

5 175 uQ-cm 4 8.9uQ-em[ 17) #7 2 4e % + £ 9252 Cu;Sn,

£ TG T B
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% 1 ~ Hitachi Chemical 2. ACF #.#%

Hitachi Chemical > ACF # & #%.3#%

(Wit TCP COF
AC-8604 | AC-8408 | AC-T207 AC-2056 | AC-217 | AC-4251 | AC-4051
e ] Chip Chip ToGtlass | To PWE Chip To Glase | To PWE
BEE(line/mm) - - 5 - - 5
v B wa?) | 1,500 1,200 15,000 1,500 15,000 -
R (ure) 12 15 20 E 10 20 -
EE () 25 25 16 35 35 16 45
HENF & ISR T TSRS IR
FE () 3 3 4 2 3 4 2
[E&RE(T) 180-200 160 170-180 | 170-180 | 200-220 | 170-180 | 170-180
EEE RS (sec) 10-5 10 15-10 15-10 10-5 15-10 15-10
E&ED(MPa ) 50-150 | 50-150 3 2 100 3 2
(EHFE Hitachi ChenicaliBih)

-
| Tl ] o ;
—i= i | e -

% 2 ~ Sony Chemical 2. ACF 4.+

—

Sony Chenucal-ﬂ‘i;ACFﬁ oo 0,18

Ci0eG COF TCP
- (PE020ID | FP1708E | CPO420IS | DP2252KS | CP9620FS | CPO142KS
Eas® Chip Chap ToGlass | ToPWB To Glass To PWBE
IS (um ) 24 35 18 45 18 35
HERF EREIEER wEwn | SOElR | Een
RIF BRI EED] 236 e 28R I ey I
HITE (ura) 4 3.5 4 2.5 5 2.5
T 15 B 10K Ao 200 350 43 36 48 70
B&mE(T) 180- 190-210 180 160 180 180
[E&mEfE(sec) 5 10-7 15 6 15 10
ESEAMP) | 60-80 : 3 Jiiniane 3
B iR (ue®) | 1,800 - - - - -
2/ RSPE( um) 15 - 15 100 20 100
/| RelEE ( um) - - 50 200 50 200
(BEHFEE -Sony Chemical§Fi5)
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23 AHERSILR

A fEL i B
TCP HAEE R EEET A ko ER £
B A2 AT e
2% chggd IC & & 3
COF v ST
T am AR
GETER'S Ea
COG S NN 7 % € 1 (Re-work)
i w A % % Mura 22 37 4 < 0 4

¥ % Fine Pitch & &
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%4 &4

e

P TCP COF COG
S LR k] PI % (3 &) PI % (2 %) -
At ERE 75um-125um 25um-38um -
&FHE R 18um 8-9um -
HEZ SR 600um-1000pit | 400fm-700um 200um
WLECE = i 35 45um 38um-40um 20um-30um
ML BE 40pum 35um -
A NG USDO0.41 USDO0.35 USDO.11

Source IC USD1.2
Gate IC USDO0.95

Source IC USD1.2
Gate IC USDO0.95

Source IC USDO0.8
Gate IC USDO0.65
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5 e 3k Wy

/
FHEEB
Bl1-2~ % ¥ 3 EY 22 FOR EFE 2 M@ REE ~b)FEF

ERE-ORhHiEE
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[SiN, ] [ SiN, ] [ SV ]
TiW TiwW

TiIW TiIW

ITO

Glass

Bl 1-3 ~ 3842 3. (Compliant Bump ) 4
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UBM (AWCWTi)

( UBM deposition)
Sn bump 'U'
[Metal line

( Metal line and Sn bump Formation)

nea (]
o

( NCA dispensing)

UBM J
(Auw/Cu/Ti) PES

( Before bonding)

Thermal source
{ During bonding)

B 1-4 ~ #ti+ 2 4= Reflow :B542 % £ 5 7 3 B
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20

- 75
g 18 -
E - B0
g
= 16 -
% . Average contact resistance < 45
g N N
bt F “y \h I Y
g —————a
E’ - 30
o 124
g
£ ) 415
2 Failure rate
- 104 T
A & & & & i & & I W = 0
] T

L DL DL LR L LA L LA LA B
0 100 200 300 400 500 GO0 OO 8OO 900 1000 1100
Thermal cycles
Bl 1-5 ~ 1000 =% 73k {5 M T e g

| il -
| =~
16.0 B0
15.5 4 _ 0
g T ]
15.0
E 1504 160
g 14.5 1
§ o] ] 17
14.0 1
@ { &
g 1354 1%
a 1 ! Average contact resistance a0
£ 13.0+ ‘H = 7]
8 ] e _;_———‘____#_ 1
g} 12.5 e < 20
12.0 ]
..% ] Failure rate 11
1154 1
| am 4o
11.0 T - T T T T T T T T T
1] 200 400 GO0 a00 1000
Aging time (hrs)

Failure rate(%)

Failure Rate{%:)

Bl 1-6 ~ 100°C £ % 52 1000 | P 14 fh b T o chasg 1t
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2-1 COG # % %—’f#_
COG i # Ik 2 H/BRPIF DS ¥ R4 R Y 28um~ & & 0.8um >
S LB 5 & 104um > § 22um~ % 10um #0 Polyimide (PI) * 4%
2 - & TiW % 300nm 74 > 33 K% 5 Mo/AV/Mo/ITO . TH
Mo % 16um ~ & 0.05um > Al & 22um ~ 5 0.1luym > ITO & 22um ~ %
0.1um > 3+ L H rpitch 32 30um - COG # # & 77 & Bl4-@ 2-1 -
- #60°C/40mA % 80 °C # pF»2ip|:# 0 COG ez 3 Pl a0k B
% 22um -~ % A 15um >~ % A& 10um »BE {4+ L. e pitch 5 20pum » #

& UBM 3R (> 22 + if 4p e o

2-2 RPN F

COG v A pl:& £ EHRE A % £ 30°C~110°C> £ # % 7% 10mA
~40mA > # [520°C & * v BB P LHE T 0 BRI IR 10mA
T EE BT R GERIE AN S5Q Y - F AR RIE L £# COG
FRBEFAT MRS > F IR SmA v B3 R- X BETIE o FIRR
BS ks RBRTTILA A 1000Q 5 pd » ¥ 2 AR =Y o
B E A AR ZRIE % 80°C £ pE sz 1000 - PF>E IR 100 ) PEELRE -

PR W L - CRE N R NI 3 e F S AU MW ki )l ol A =L O
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}iﬁ

TAERT ELE R ILBLR L Y 5Q 5 B o I RIPIR B ‘L’}#(Comb
Structure ) 4] 2-2 BF i%3F 30V & 40V chip /B 7 ¥ % 85°C v 85% %
BB T o & - $HhE2 BT IRE R D SR T RS 500 o) B
6 &1 100 ] FFRRI- THRBHEGBH DT ZRIZ L@

* HP4156 ¢t 4 OV 3] 100V hif BEFTERT o8 0 TARBH T LA

3 10°Q 3 AL

2-3 A1 E
A AT ie * o9 SEM 5 JEOL:6100 - SEM ¢ T + R fr@E ¥

€ B3 ¥ (Conduction Band) eng + #F d1» ¥ i - KT 3
(Secondary Electrons) » & io E87<50eV o d > it £ 7 F » 97
MR G ORREEE S A G K S0~500A RRFERP AL TS
TFWE LR A G ARG RIT] o d W T F AL lKE > g X
TP A AR RIRE R sru Al - = F F+ B (Secondary

Electron Image, SEI) L& J138 % £ 5 2.3, ik -
¥ g% b sgudp ik (Infrared microscope, IR) B4 B g &
A d R IR FRIL Gt g AR e A B AR
H A}—”J-,Tﬁ‘,@ SeEEE 0 T A dreni b g B4 ;Iuﬁ% o AN VPARE R

N R K ¥ T ik e g S enie thay B T R B RCR T R R
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HP4156 & plA2ic ] T > B B G 247 R ARF LB T I ARA

T_o i@ F ¥ R F] Pico Ampere > &*’\ﬁg?]:"l;r%i:é 2W o
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8l

IC Bump Size BB WA B R
Al Pad Size 106 um 28 um 0.8 um
Passivation size 90 um 12um | PE oxide 0.15 um+SOG+Nitridel um
FI Size 104 um 22 um 10um
Metal Size 113.5um 26 um Aun 0.3um
(Glass Size F B wE B
|A] Pad Size do b [§] 16um Al 1 0.1lumMo : 0.05um
ITO size dw k. 22 um 0.lum

] 2-1 ~ COG 47 &
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Comb Structure

+ 15013 - 73

B 2-2 ~ ik 21 (Comb Structure )
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3-1 » X FEHRE COG HP BT fechsp i

1% w 2B RIB 3-1 (a) FEF Fard o B - P T g i
B AR R s en % 4oB 3-1(b) B 3-1(c) B 3-1(d)~
B 3-1 (e)> Fi HFERIE > TIROALOQFAT]21Q 2+
ARl P R IEALRE TR F]S PLE Gold #9804 R #rig

o RIET AALE SQ (EF THAE 5Q 8

fg

SR ERIRIE N
Be)  eBFF T EEABRFRRE LA ETROER T L

Fw R BT w4 R o B30 (FLR % S0mA B T Al A

:'K%/Fﬁii%\»?ég\ﬂg%ﬁ VR BAad AEENTRE > BTV 5 PI SR
AWIES s WPFE S £ LGP ITO RS L SR v BTk
R EREA O A TR R T AE A Ad 48 ITO 4

B84 # = { FcE 9 Temperature. Coefficient of Resistance (TCR )
Tl R % Bl 9%+ curing 0 41 curing GUE R K 120°C 2+ 0 e
B 3-1 (g) #* IR & Hot Stage % 100°C snffi= ™ #7 & plenid &
50mA 82 16°C 2+ » @8 w ka2 w fIldednmyex E\‘"ﬁ
AR 2 BREPHABE T FREALE GEpE 22 £2 ITO

MELMTUTHER AR

P
N
=%
.
A
BEN
=
ey
Rd
{\s
O
.
A

)
(ﬁn
\Lr""*
ki
S
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3-2COG & 80°C #pFscfs # 2 BB T WA T IV R

tp e e * { Brpeahe BRERIRI 32 (a)> d WEPIF SR
¥ BAEESUNT 1L 0.9Q 0 MRS lic BN § HiE f ApeniE AT
a‘r"‘,/-rf ko R BT I 0 KSE K 1000 ] FFEE AT B % Ao R 3-2
(b)) BRiE P ciE Pt S4B % 3-2 (a) B 32 (¢)> d *
LA FP_TEU;H& PRI Flifie i FEERE > AFD

RS i 1000 ) P s %:I‘P_i%‘»i 2 65% =+ =2 EFli PILE#EME &

179

Eafsx gwilBd S RMTIY A A p vl S ngel e

+

REEEEEE e ANy

K

=

L
5 44
(54

=%
{w

—
—i

&

¥R ehy A FRoed & 3-2(a) T I A4 T PR AR ] i
bR R AR S AR R TR AR R e PR 4 AR

< Pl wal i B 5 AR > Fpt £7 [TO £ & s > gfig\é°

3-3COG zEERFata imi ?
> ZEE Pt & Bl4cB 3-1 (a) 77 0 BRlEE 4B 3-3 (a) H

BB ¥ ORE X 65SmA e i o BLUR B 40§ 3-3 (b) s B e F A

-3‘31‘

ATABER D NP AREER e AR TR A PFRT §
b OEBE R ol 0 i AR BT o bk 6B 3-3 (b) Bt

65mA £ 70mA % B EEE 4o 3-3 (¢) ¥ U F R FF X 45mA
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B 43 55mA T e T B 0 HAT IR R ik 0 B fadaipl:
(a) 51% 4 e COF 2 fx [13]> £ 45mA fhsid 3¢ TCR »%fk
g g #9541 B 4 posteuring Jeig 0 d T & M A e & ITO

T RALH & F D B BT g § R R e A o B

(b) & Pl & &AWL R Az 845 ¢ Fla

\n'

PI & “Erf’»[:uﬁlgzkz\mnlﬁr,mrungta ITO #2t2 £ &5 &

45mA T i A e R @ PIWARS » T Al g &9 ITO 7§ L 4 -

3-4 COG "3} +1 & % i /BRPIH
20 hk B Ac B 3-4 (a) 0~500 -] B 30V 2 40V i & &3 if

B (85°C 85%:R R ) BRBELBIFEE &~ F B AT @ * HP4156 £ 73]

E
\3;
3

%5 4e®l 34 (b) ~3-4 (m)> BP ¥ FEROTING I LS
WA R F AR A S RS RIS ES e B R
- P Bichidp et RRITI O f TN ind SARSHEL A T AR -
[V R 7 sl ad R4cB 3-4 (n) 3-4 (0)r & - BT [eeh

B LBE 34 (b) ~34 (m) ¥ I Fin 30V 40V chal & 4 e

B B RS R T g SR T AR g



sx G A

FoRFIV A B AR TURA 2 BE S RILT A

—\\

Fime a2 % FERBRBERITE RPN ok A RS 9 F X
AR BRI A B A A F AT E S AR R R R
BRI Az k72 27 4 AR B et TR o BT e A ;FPK 4

10°~101Q 2 ¥ e 2 12+ 10° P @89 b BT 87 Al
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Compliant Bump

B13-1 (a) w 2L 7 & B
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Bump Resistance(Q)

Bump Resistance(Q)

2.6

25|
24|
23|
22}
21 |
20}
19}
18}
17}
16}
15}
14}
13}
12l

2.6

25
24|
23|
22 |
21}
20}
19}
18}
17}
16}
15}
14}
13}
12l

P —
— . . o
— A W
— |
= = & " ~-m
/.
|

—m— 1st Ramping
1st Cooling
—um— 2nd Ramping
2nd Cooling
—m— 3rd Ramping
3rd Cooling
—m— 4th Ramping
—m— 4th Cooling
5th Ramping
—m— 5th Cooling
—m— 6th Ramping
6th Cooling

20 30 40 50 60 70 80 90 100 110
Chip Surface Temperature("C)
B3-1 (b) 10mA®™ 2L R 38 [+ L. T Ju
20mA
g — —m— 1st Ramping
ey - . = 1st Cooling
- - —m— 2nd Ramping
A — —— 2nd Cooling
- o -~ —m— 3rd Ramping
3rd Cooling
—m— 4th Ramping
—m— 4th Cooling
.~ ————™ 5th Ramping
—m— 5th Cooling
= —m— 6th Ramping
./ 6th Cooling
| | ' | ' | ' | ' | ' | ' | |
20 30 40 50 60 70 80 90 100 110

Chip Surface Temperature(°C)

B3-1 (¢) 20mA = BL¥ JP|5EM L H. T FE
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Bump Resistance(Q)

Bump Resistance(Q)

2.6

25|
241
23|
22 |
21|
20}
19}
18}
17}
16}
15}
14}
13}
12l

2.6

25|
241
23|
22 |
21}
20}
19}
18}
17}
16}
15}
14}
13}
12l

—m— 1st Ramping

1st Cooling
—ml— 2nd Ramping
2nd Cooling
—m— 3rd Ramping
3rd Cooling
—m— 4th Ramping
—m— 4th Cooling
5th Ramping
—m— 5th Cooling
—m— 6th Ramping
6th Cooling

110

—ml— 1st Ramping

1st Cooling
—ml— 2nd Ramping
2nd Cooling
—m— 3rd Ramping
3rd Cooling
—m— 4th Ramping
—m— 4th Cooling
5th Ramping
—m— 5th Cooling
—m— 6th Ramping
6th Cooling

- //."/‘:l(
l,,<—5' M .\\\.
—n
A e . E—
= T % ‘///:LI
./l
|
I/
| | ' | ' | ' | ' | ' | ' | ' |
20 30 40 50 60 70 80 9 100
Chip Surface Temperature(°C)
B3-1 (d) 30mAm g P3|+ LB T JE
40mA
g ///.\‘/“:I/
—— ..\.\\‘\\\.
—n
7/~ &—8—
—a
= T % ‘//—Zl
./l
|
I/
| | ' | ' | ' | ' | ' | ' | ' |
20 30 40 50 60 70 80 90 100

Chip Surface Temperature("C)

B13-1 (e) 40mAw 2ZLE JPISE 4 LB,
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Bump Resistance(Q?)

Temperature Increase AT (°C)

18

17 +
16 |
15 +
14 +
13 /
2r —H— 1st Ramping
11 + b
—m— 1st Cooling
10 | ;
ol —m— 2nd Ramping
gL —Ml— 2nd Cooling
7 -
6 |
5 -
4r f:':'zl_'_i
3
i_.|.|..| Bl Ml P e FM.I.I.I
10 20 30 40 50 60 70 80 90 10 110 120 130 140 150
Chip Surface Temperatfre(°C)
B13-1 (f) 50mAw ZE&RIE | LT e
30
28
L | |
26 |
24
22
20 |
18
16
F |
14
12
10
8r |
6 —
4 - /
2 |
./
of [ B ! ! ! ! ! L. !
5 10 15 20 25 30 35 40 45 50 55 60

Applied Current (mA)

B3-1 (g) ~ Hot Stage 100°C IR & ]2 %
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1.6 x 103cm

B3-2 (a) = 2BL& P57 & B
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1.6

15k F el I
14 —m B e m
12 .
@ 1.1 L ’,l
o) . /
Q 10f
Z oof
é 08 -_ /.,,,r
o o7k ® /
E L | |
206
05 |
04
03 —
o'?1ool (IJ I 1(|>o I 2c|)0 I 300 I 4(IJO I 5<|)o I 600 I 7(I)O I 8(I)O I gclJo I10|00I1100
Aging Time(hrs)
F13-2:(6) 800@#: i »c
232 (a) Pk phoc i %
P 5% FHES| WREe | HEET
0] ¥ 0.480Q 0.73Q 0.63Q 0.73Q
0.70(2 0.81Q2 0.68(2 0.81Q2
(45.83%) | (10.96%) | (7.94%) | (10.96%)
0.89Q) 1.12Q 0.83Q2 0.91Q
(85.42%) | (53.42%) | (31.75%) | (24.66%)
1.0812 1.26Q2 0.91Q 0.97Q
(125.00%) | (72.60%) | (44.44%) | (32.88%)
1.19Q 1.42Q2 0.990) 1.02Q)
BOOTE | =% | rax | pak | Az
(147.92%) | (94.52%) | (57.14%) | (39.73%)
1.26Q2 1.52Q 1.07(2 1.18Q2
(162.50%) | (108.22%) | (69.84%) | (61.64%)
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600 800 1000
Time(hrs)

400

200

250

| |
o o
o

%00TX("H/4V)

B

B13-2 (c) Pz
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Bump Resistance (Q)

35

30

25

20

15

10

F13-3 (b) COG g =hspEspifizi
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Bump Resistance (&)

32

30

28

26

24

22

]
g m—m—E—=n L
|

N\

10 20 30 40
Applied Current (mA)

B3-3 (¢c) COG % FpriFtf

=

40

50
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Comb Structure

* 150 i@ = 53

B3-4 (a)~ Fekk FH ( Comb Structure )
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Current(A)

Current(A)

-3.00E-009

-2.50E-009
-2.00E-009 |-
-1.50E-009

-1.00E-009 -
-5.00E-010 -
0.00E+000 |-
5.00E-010 |-
1.00E-009 -
1.50E-009 -
2.00E-009 |-

2.50E-009 |-

3.00E-009

-10

0

10

20

30

40 50 60 70

Voltage(V)

B3-4 (b)~ 0] P30V IR R F4p0E

-5.00E-007

80

90

100 110

-4.50E-007
-4.00E-007
-3.50E-007
-3.00E-007
-2.50E-007
-2.00E-007
-1.50E-007
-1.00E-007
-5.00E-008
0.00E+000
5.00E-008
1.00E-007
1.50E-007
2.00E-007
2.50E-007
3.00E-007
3.50E-007
4.00E-007
4.50E-007
5.00E-007

-10

B3-4 (c)~100-] EF30VHEE £RE %1V

0

10

20

30

40 50 60
Voltage(V)
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Current(A)

Current(A)

-4.00E-007
-3.50E-007
-3.00E-007
-2.50E-007
-2.00E-007
-1.50E-007
-1.00E-007
-5.00E-008
0.00E+000
5.00E-008
1.00E-007
1.50E-007
2.00E-007
2.50E-007
3.00E-007
3.50E-007
400E-007 L i o 1 1 o 1 1 0 11 ) ) ]

-10 0 10 20 30 40 50 60 70 80 90 100 110

Voltage(V)

!
|

B3-4 (d)~ 200/ PF30ViRE, &R 2 %1-Ve 5

-4.00E-008
-3.50E-008
-3.00E-008
-2.50E-008
-2.00E-008
-1.50E-008
-1.00E-008
-5.00E-009
0.00E+000
5.00E-009
1.00E-008
1.50E-008
2.00E-008
2.50E-008
3.00E-008
3.50E-008
400E-00 L0 00y

-10 O 10 20 30 40 50 60 70 80 90 100 110

Voltage(V)

1

B3-4 (e)~ 300 F30VHE £ RIFEEI-VE R
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Current(A)

Current(A)

-6.00E-010

-5.00E-010

-4.00E-010
-3.00E-010

-2.00E-010

-1.00E-010
0.00E+000
1.00E-010
2.00E-010

3.00E-010
4.00E-010

5.00E-010

6.00E-010

-10

13-4

()~ 400/, FF30VinER. & Bl % %1V

Voltage(V)

-4.00E-009
-3.50E-009
-3.00E-009
-2.50E-009
-2.00E-009
-1.50E-009
-1.00E-009
-5.00E-010
0.00E+000
5.00E-010
1.00E-009
1.50E-009
2.00E-009
2.50E-009
3.00E-009
3.50E-009
4.00E-009

-10

B3-4 (g)~500] FF30ViR /R & plE5I-VY

Voltage(V)
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Current(A)

Current(A)

2.50E-009 |-
2.00E-009 |-

1.50E-009 |-

1.00E-009 - /

5.00E-010 |-
I _m

0.00E+000 - m—m—m—B—B—H—§
—

-5.00E-010 -

-1.00E-009 | \

-1.50E-009

\

-2.00E-009

-2.50E-009 TR I VR I T [N TN (T TR [N TR ST T T N T I —

210 0 10 20 30 40 50 60 70 80 90
Voltage(V)

100 110

Bl3-4 (h)~ 0] 40V m R AdaE £ RS EL-VE R

2.50E-009 |-

2.00E-009 |-

1.50E-009 |-

1.00E-009 |-

5.00E-010 |- "

0.00E+000 - =7l< —————
-5.00E-010
-1.00E-009 -
-1.50E-009

-2.00E-009

2B0E-00Q L—— 1 00l 1
-10 O 10 20 30 40 50 60 70 80 90

Voltage(V)

B13-4 (i)~ 100-] P40V H/E B pl% % -V
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Current(A)

Current(A)

-4.00E-008

-3.00E-008 |-
-2.00E-008 |- o
-1.00E-008 |-
0.00E+000}- ®—®— w—m—§—§—9"— "

: "
1.00E-008 -

2.00E-008 |- [ ]

3.00E-008

400E-008 bt t o 1 o 1 o 1 1 0 1 1 1 1 ]
-10 0 10 20 30 40 50 60 70 80 90 100 110

Voltage(V)

B3-4 (j)~ 200/ F=40VimER. & Pl% %1V &

-1.00E-008

-8.00E-009 |
-6.00E-009 P
-4.00E-009 |- _—
-2.00E-009 |  m—
0.00E+000 - m—

I\.\
2.00E-009 | —

\.
4.00E-009 |- T~p
n—

6.00E-009 | n

8.00E-009 |-

100008 L1+ 1 o0 e e
-10 0 10 20 30 40 50 60 70 80 90 100 110

Voltage(V)

B3-4 (k)~ 300/ FF40ViK B &R 2%V R
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Current(A)

Current(A)

-1.00E-009
-8.00E-010 |-
-6.00E-010 |-
-4.00E-010 |- —
-2.00E-010 | n—"
0.00E+000 |- E—fg—

2.00E-010 |-

4.00E-010 __

6.00E-010 [ \
8.00E-010 | N

100E-009 b o 1 o 1 o 0 o 1 1 0 1 1. 1 1
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