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Summary

In this research, soybean oil and wasted engine oil are made into
graphene-like materials by high-temperature rapid annealing system, and
nickel and nickel films are used as catalysts. Moreover, this research uses
different oil quantities as carbon sources. The samples with
semiconductor behavior in the above conditions are made into the
research of the Schottky diode.

In the first research, different amount 'of used engine oil are heated at
800 degree C in a high temperature rapid thermal annealing system, with
a nickel plate. Some region of samples in 0.1g and 0.2g oil are found to
have the semiconductor behavior and the characteristics of the
graphite-like.

In the second research, different amount of soybean oil are heated at
800 degree C in a high temperature rapid thermal annealing system, with
a nickel plate. It was found that the components in the used oil will affect
the characteristics of the sample.

The third study used different oils of soybean oil and waste engine
oil in a high-temperature rapid annealing system for 800 ° C heating in
the atmosphere. With nickel film, we found that samples with a sample of
0.05g oil have semiconductor and graphite-like behaviors.

The fourth research is to use sputtering metal method on the
semiconductor behavior samples under above conditions to make MS
diode for measurement. Some samples have good IV and CV curves.
However, a few samples are presumed to be broken when graphene-like
Is stripped from the nickel sheet by tape. As the result, the characteristics
of these MS diode are not observed.

Keywords: graphene-like, boiler tube, MS diode
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Processing option - All elements an: FE
Number of iterations = 4

Standard :

C CaC03 1-Jun-1999 12:00 AM
0O Si02 1-Jun-1999 12:00 AM
Ni  Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 21.74 56.86
OK 0.87 1.72
NiL 77.39 4142
Totals 100.00

2mm ! Blactron image 1

Bl 4-14 0.059 = B %3 - 2 & EDS B *# SEM B

Processing option - All elements an:
Number of terations = 4

Standard

C CaCO03 1-Jun-1999 12:.00 AM
0O Si02 1-Jun-1999 12:00 AM
Ni Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 771 2858
OK 0.71 197
NilL 9158 6945
Totals 100.00

e J Esectron Image 1
Bl 4-15 0.059 ~ 2 %33 - 2 &5 EDS B2 SEM &l
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Processing option - All elements ana
Number of iterations = 4

Standard :

C CaCO3 1-Jun-1999 12.00 AM
0O Si02 1-Jun-1999 12:00 AM
Ni NI 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 832 3030
oK 0.69 1.89
NiL 9099 6780
Totals 100.00

2mm b Electron Image 1

Bl 4-16 0.059 ~ 2/ %3 = 2 k& EDS Bl 2 SEM ]

Processing option - All elements an
Number of ilerations = 4

Standard

C CaCO03 1.Jun-1999 12:00 AM
O Si02 1-Jun-1999 12:00 AM
Si Si02 1-Jun-1999 12:00 AM
Ni Ni 1Jun-1999 12.00 AM

Elem... Weight% Atomic%

CK 269 nmn
OK 060 195
SiK 025 0.47
NilL 9646 8587

Totals 100.00

<mm b Electron Image 1
Bl 4-17 0050 *= E % ¥ 1w 2 & EDS B %2 SEM R

Processing option - All elements an
Number of iterations = 4

Standard :

C CaC03 1-Jun-1999 12:00 AM
0O Si02 1-Jun-1999 12:00 AM
Ni Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 629 2336
OK 269 749
NiL 9102 69.15
Totais 100.00

amm ' Electron image 1

B 4-18 0.059 ~ 2/ % ¥ 1 2 tk& EDS Bl % SEM Rl
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d Bl 4-13 1K 4177 7 #0059 ~ 2 2 fh& Bt IR
THRZMPDBEE T ARRPE o TR 418477 o ML R
AER'EEFEREE M A AR T NS G L ia A RARRT
B s R R o

120
100 91.58 90.99 96.46 91.02

77.39
80
60
40 21 74
20 7. 71 8.32 2 69 6.29

E@Z- @ﬁk: B = BT @A
miRE oL mEE IR

Bl 4-19 0.05g < & # Pa‘épﬁs‘;jl\;ﬁ_mé ﬂév\/%ﬁi
Processing option - All elements an; e ~ ; : ’
Number of iterations = 4 .

Standard ;

C CaCO3 1-Jun-1999 12:00 AM
0O Si02 1-Jun-1999 12:00 AM
Ni Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%%

CK 9038 9511
oK 514 404
Nil 3.99 0.85

Totals 100.00

. X Eleconlm1
Bl 4-20 01g =~ e ®i- 2 & EDS B2 SEM B
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Processing option - All elements an:
Number of iterations = 4

Standard ;
C CaCO3 1-Jun-1999 12.00 AM |
0 Si02 1-Jun-1999 12:00 AM f
Ni Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 2849 6501
OK 1.29 2.21
NiL 7022 3278
Totals 100.00

. G0um ' Bectron image 1

Bl 4-21 0.1g ~ 2% %33 - 2 & EDS B2 SEM HF

Processing option : All elements ans
Number of iterations = 4

Standard :

C CaCO3 1-Jun-1999 12:00 AM
O Si02 1-Jun-1999 12:00 AM
Ni Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 4973 8175
OK 1.50 185
NiL 4877 1640
Totals 100.00

Zmm k Elocron Image 1
Bl 4-22 01g ~ & %"= 2 & EDS B2 SEM B

Processing option : All elements ans
Number of iterations = 4

Standard :

C CaCO3 1-Jun-1999 12:00 AM
O Si02 1-Jun-1999 12:00 AM
Ni Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 4115 76.09
OK 163 2.27
NiL 57.22 2165
Totals 100.00

2mm ! Elecron Image 1

Bl 4-23 019~ E% ®¥Fr 2 tk &5 EDS B2 SEM H
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Processing option : All elements anig
Number of iterations = 4

Standard :

C CaCO3 1-Jun-1999 12:00 AM
0O Si02 1-Jun-1999 12:00 AM
Ni Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 1692 4875
0K 1.46 3.16
NiL 81.61 48.09
Totals 10000

-

Zmm ’ Electron Image 1

Bl4-24 01g~E @ BRI 2 & EDS B2 SEM B
dBl4-19 3 B 4237 @4 01g <~ BW2 H 50t RIERT
HE2 MG B A RRE GBI » 4o T Bl 4-24 577 - inE B A

e RNEF EESETE MO AR gl e L B RIREFEESE E o
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Processing option - All elements an
Number of iterations = 5

Standard :

C CaCO3 1-Jun-1999 12:00 AM
0O Si02 1-Jun-1999 12:00 AM
Ni NI 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 4402 7340
OK 1.23 164
NiL 5475 19.95
Totals 100.00

2mm X Eleciron Image 1

Bl 4-26 0.29 ~ E ¥ %33~ 2 & EDS Bl % SEM F

Processing option - All elements an
Number of iterations = 4

Standard :

C CaCO03 1-Jun-1999 12:00 AM
QO Si02 1-Jun-1999 12:00 AM
Ni NI 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 3226 69.04
oK 1.12 180
NiL 6662 29.17
Totals 100.00

Zmm ! Electron Image 1

Bl 4-27 029 ~ 2 %3 - 2 thi& EDS B2 SEM B

Processing option : All elements an:
Number of iterations = 4

Standard :

C CaC03 1-Jun-1999 12:00 AM
O Si02 1-Jun-1999 12:00 AM
Ni Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 3638 7181
OK 232 344
NiL 6130 2475

Totals 100.00

—

-

g

Eleciron Image 1

Bl 4-28 029 ~ 2 % ¥ = 2 k& EDS B2 SEM B



Processing option : All elements an:
Number of iterations = 5

Standard :

C CaCO03 1-Jun-1999 12:00 AM
O Si02 1-Jun-1999 12:00 AM
Ni Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 69.04 9084
0K 1.14 1.13
Nil 29 81 8.03
Totals 100.00

amm ' Eloctron Image 1
Bl 4-29 029 <~ 2 ®¥Fr 2 k&5 EDS B2 SEM H

Processing option - All elements an:
Number of iterations = 5

Standard : WD
C CaCO03 1-Jun-1999 12:00 AM &0
O Si02 1-Jun-1999 12:00 AM
Ni Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 67.37 90.17
OK 1.22 1.23
Nil 31.40 8.60

Totals 100.00

2mm by Electron image 1

B 4-30 029 = 2 %37 2 & EDS Bl 2 SEM B

d Bl4-252 B 4297 ¥ @aro 010 * 2w 2 a7 REEART
B2 BB E R ARBRDEL > 40T B 430477 c L EF A
EREFIERE M @ AR~ T A 5 AR R e E

WA ER
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B4-31 020« &8 7 F % Az g £ 4 kA

Processing option : All elements analyzed (Normalised)
Number of fterations = 5

Standard

C CaCO3 1-Jun-1999 12:00 AM
O Si02 1-Jun-1999 12.00 AM
Ni NI 1-Jun-1999 12:00 AM

Elem... Weight3% Atomic%

CK 8497 9316
0K 580 477
NiL 923 207
Totals 100.00

d [l 4-32 snSEM 4 477 14

§ORE S B 4-26 ¢ s SN %

®HE A B IR oo
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422 iz B L AP UITHEE 5% 2 EDS 2

SEM £ 4%

SEMBZ < B W T2 87 &% % 0 fe & EDS & {7k K-ch
BT
Processing option : All elements ani
Number of iterations = 4
Standard :
C CaCO03 1-Jun-1999 12:00 AM
0O Si02 1-Jun-1999 12.00 AM
Ni Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 1354 4265
OK 0.95 2.25
NiL 8550 55.09

Totals 100.00

Zmm " Electron Image 1
Bl 4-50 0.059 * B % ¥ - 2t & EDS Bl 2 SEM ]

Processing option : All elements ani;
Number of iterations = 4

Standard :

C CaCO03 1-Jun-1999 12:00 AM
0 Si02 1-Jun-1999 12:00 AM
Ni Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 11.60 3857
OK 0.71 1.78
NiL 8768 59.64

Totals 100.00

2mm . Electron Image 1

B 4-51 0.05g Acsé %4 - 2t 5 EDS B2 SEM B



Processing option . All elements ané
Number of iterations = 4

Standard :

C CaCO3 1-Jun-1999 12:00 AM
O Si02 1-Jun-1999 12:00 AM
Ni Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 1339 424
OK 0.80 1.90
NiL 8581 5566

Totals 100.00

2mm b Electron kmage 1

B 4-52 0.05g &% %3 = 2tk & EDS Bl %2 SEM B

Processing option _ All elements ang
Number of iterations = 4

Standard :

C CaCO03 1-Jun-1999 12:00 AM
O Si02 1-Jun-1999 12:00 AM
Ni NI 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 790 2883
OK 1.19 3.27
NiL 2091 67.89
Totals 100.00

2mm % Electron Image 1

B 4-53 0.05g A %2 2 th 5 EDS B 2 SEM B

Processing option - All elem:
Number of iterations = 5

Standard :

C CaCO3 1-Jun-1999 12
0O Si02 1-Jun-1999 12:0(
Ni NI 1-Jun-1999 12:00 A

Elem... Weight% Atomic%

CK 1335 3445
OK 1405 27.22
NiL 7259 3832

Totals 100.00

omm . Electron image 1

Bl 4-54 0.05g A H¢ %7 2 5 EDS B % SEM H)



d B 4-50 3 B 4-54 ¢ ¥ a0 005 * B2 R a7 R
THRE BB R A kR R 40T B 455 7 c RANERT
AEREFIERE MO A AR @A L 2 R RS T
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Bl4-55 0.05g Atbib 7 b %2 4 eh? £ 5 A kR

Processing option - All elements an
Number of iterations =5

Standard :

C CaCO3 1-Jun-1999 12:.00 AM
0 Si0O2 1-Jun-1999 12:00 AM
Fe Fe 1-Jun-1999 12:00 AM
Ni Ni 1-Jun-1999 12:.00 AM

Elem... Weight% Atomic%

CK 1875 4674
OK 809 1514
Fe L 31.42 16.84
NiL 4173 2128
Totals 100.00 ¥ 2mm s Electron Image 1

Bl 4-56 0.1g &tse %5 - 2 % 5 EDS B3 SEM B
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Processing option : All elements ar
Number of itergtions =5

Standard

C CaCO03 1-Jun-1990 12:00 AM
O Si02 1-Jun-1880 12:00 AM
Fe Fe 1-Jun-19090 12.00 AM

Nt Ni 1-Jun-1899 12:00 AM

Elem... Weight% Atomic%

CK 1480 4310
OK 2.75 6.08
Fel 2455 21.85
NilL 48.01 28.88
Totals 100.00 ) 2mm R Electron Imape !

Bl 4-57 0.1g At % - 2 & EDS B2 SEM Rl

Processing option : All elements ar
Number of iterations = 4

Standard :

C CsCO0O3 1-Jun-1080 12:00 AN
O Si02 1-Jun-1000 12:.00 AM
Fe Fe 1-Jun-1900 12:00 AM

Ni Ni 1-Jun-1880 12:00 AM

Elem... Weight% Atomic%

CK 347 13.24
OK 4 44 12.82
FelL 3582 20861
Ni L 58.27 4424
Totals 100.00 2 ’ Electron kmage 1

B 4-58 0.1g s 8= 2 5 EDS B % SEM B

Processing option : All elements an
Number of iterations =5

Standard :

C CaCO3 1-Jun-1990 12:00 AM
O Si02 1-Jun-1900 12:00 AM
Fe Fe 1-Jun-1680 12.00 AM

Ni Ni 1-Jun-1989 12:00 AM

Elem... Weight% Atomic%

CK 21 27.07
OK 10.84 22.01
Fel 30.8¢ 1953
Ni L 40.08 20.50
Totals 100.00 b v Electron mage 1

B 4-59 0.1g Ac¥sid % e 2 5 EDS B % SEM B
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Processing option : All elements ar
Number of iterations = 4

Standard :
C CsCO2 1-Jun-1000 12:00 AN
O Si02 1-Jun-1900 12:00 AM
Na Albite 1-Jun-19808 12:00 AM
Fe Fe 1-Jun-1000 12:00 AM
Ni  Ni 1-Jun-1880 12:00 AM
Elem... Weight% Atomic%
CK 50.44 78.74
OK 5.50 68.55
Na K 1.02 0.24
Fel 040 3.18
NiL 33.55 10.72
Totals 100.00
Bl 4-60 0.1g &1 ®F T 2 k& EDS B2 SEM H
o B 4-55 2 Bl 4-60° ¥ #5019 At 2 N7 REEAET

BREHNERETAREDREL > 4o F Bl 461577 c PERF A
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Processing option : All elements an
Number of iterations = 4

Standard ;

C CaCO03 1-Jun-1999 12:00 AM
0O Si02 1-Jun-1999 12:00 AM
Ni  Ni 1-Jun-1999 12:00 AM

Elem... Weight3% Atomic3%

CK 1354 4265
OK 0.95 2.25
NiL 8550 55.09
Totals 100.00

2mm by Elactron image 1
Bl 4-62 0.2g Betsid % - 2 5 EDS B 2 SEM R

Processing option - All elements an
Number of iterations = 4

Standard :

C CaCO03 1-Jun-1999 12:00 AM
C Si02 1-Jun-1999 12:00 AM
Ni NI 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 10.44 3563
OK 0.99 253
NiL 8857 6184
Totals 100.00

Bl 4-63 0.2g Acsi % 3 - 2 $ 5 EDS B2 SEM F|

Processing option : All elements an;
Number of iterations = 4

Standard :

C CaCO3 1-Jun-1999 12:00 AM
O Si02 1-Jun-1999 12:00 AM
NI Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 970 3378
OK 1.01 264
NiL 89.29 6359

Totals 100.00

emm J Esoctron image 1
Bl 4-64 029 A&t %2 = 2 5 EDS Bl % SEM B
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Processing option : All elements an:
Number of iterations = 4

Standard :

C CaC03 1-Jun-1999 12:00 AM
O Si02 1-Jun-1999 12:00 AM
Ni Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 1050 3572
OK 1.06 271
NiL 8844 6156

Totals 100.00

2mm o Elaction image 1

Bl 4-65 0.2g A0 ®id e 2 k& EDS B2 SEM B

Processing option . All elements an
Number of iterations = 4

Standard :

C CaCO03 1-Jun-1999 12:00 AM
O Si02 1-Jun-1999 12:00 AM
Ni Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 2320 5803
OK 1.95 3.67
Nil 7485 3830
Totals 100.00

2rmm o Electron Image 1

B 4-66 029 & #7% %21 2 £ 5 EDS B 2 SEM B
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432@ infafg 2 B EWITHE &% 2 EDS 2 SEM &~

¥

"SEM BB < b & B AR iE2 877 &4 0 fe & EDS
AT s Rl AR SHK
‘Processing option : All elements anz
Number of iterations = 4
Standard :

C CaC03 1-Jun-1999 12:00 AM
0O Si02 1-Jun-1999 12:00 AM
Ni  Ni 1-Jun-1999 12:00 AM
Elem... Weight% Atomic%

CK 10.78 36.62
OK 0.75 1.92
NiL 88.47 61.47
Totals 100.00

> 2mm v Electron Image 1

Bl 4-83 0.05¢ % & 44 %
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Processing option : All elements an:
Number of iterations = 4

Standard :

C CaCO3 1-Jun-1999 12:00 AM
0O Si02 1-Jun-1999 12:00 AM
Si Si02 1-Jun-1999 12:00 AM
Ni  Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 11.64 3535
OK 2.75 6.27
SiK 7.64 9.92
NiL 7798 4846

Totals 100.00

2mm Electron Imaae 1

Bl 4- 84 0.075g = & i 44 %

SElI 10kV WD15mm aSSO x5,000
THU-EE nano

Bl 4-85 0.0750 « 2w ¥a 3 B 5T “rHFnR
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‘Processing option - All elements anz
Number of iterations = 3

Standard :

C CaCO03 1-Jun-1999 12:00 AM
0O Si02 1-Jun-19992 12:00 AM
Ni  Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 5459 8470
OK 1.04 1.22
NiL 4437 1408

Totals 100.00

2mm

Bl4-86 0.1g ~ & b 447

Electron Image 1

4r[§] 4-83~F] 4-86 7. SEM % EDS 7 3 Rt 0l b g F X B 9
B Aem 85 & 019 ok (B 4-86)% ILE £ oo A EIE AR

& 4 0w i B OE i+ T ez i® 0.0759 ok & o

Processing option : All elements anz
Number of iterations = 4

Standard :

C CaCO3 1-Jun-1999 12:00 AM
0 Si02 1-Jun-1999 12:00 AM
Ni  Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 1410 4341
oK 1.49 3.44
NiL 8441 5315

Totals 100.00

LS 2mm ! Electron Image 1

B 4- 87 0.05g &1 4 44 5%
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Processing option : All elements an:
Number of iterations = 4

Standard :

C CaC03 1-Jun-1999 12:00 AM
O Si02 1-Jun-1999 12:00 AM
Na Albite 1-Jun-1999 12:00 AM
Mg MgO 1-Jun-1999 12:00 AM
Si Si02 1-Jun-1999 12:00 AM
S FeS2 1-Jun-1999 12:00 AM
Ni  Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 7572 8873
0K 738 649
Na K 085 052
Mg K 034 019
SiK 058 029
SK 075 033
Ni L 1437 345

Totals 100.00

i 30um ’ Electron Image 1

Bl 4-88  0.05g &b 440t F B F T A0 R

Processing option : All elements an: |
Number of iterations = 4 2

Standard :

C CaCO03 1-Jun-1999 12:00 AM
O Si02 1-Jun-1999 12:00 AM
Ni  Ni 1-Jun-1999 12:00 AM

Elem... Weight3% Atomic%

CK 20.14 54.10
oK 1.37 275
NiL 7850 4315

Totals 100.00

Eleciron Image 1

. 2mm

B 4-89 0.1g Bk 1 45 %
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'Processing option : All elements analyzed
Number of iterations = 5

Standard :

C CaCO03 1-Jun-1999 12:00 AM

0O Si02 1-Jun-1999 12:00 AM

Na Albite 1-Jun-1999 12:00 AM

Si Si02 1-Jun-19929 12:00 AM

P GaP 1-Jun-1999 12:00 AM

S FeS2 1-Jun-1999 12:00 AM

Ca Wollastonite 1-Jun-1999 12:00 AM
Ni  Ni 1-Jun-1999 12:00 AM

Elem... Weight% Atomic%

CK 60.13 8226
OK 578 5.94
Na K 0.32 0.23
SiK 3.96 2.32
PK 1.27 0.67
SK 1.14 0.58
CakK 2.49 1.02

’Ni L 24.90 6.97

! 2mm ! Electron Image 1

Totals 100.00
B 4-90  0.2g A e 48 v
4B 4-87~8) 4-90 7. SEM %2 EDS ¥ 2 Zpi ikl B8 T E B S e

MR s 5 0 & 0.20 0k 5(R4-90)3 IRE EDS T 3 H s ~
FAOm o ARAAPE P SR AR F B YA AR N ER A
& 005 (R 4-88) ed BT+ R AR IAY . P LEE

fOAXELF B B o
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442 BELEB LAY T H T2 MS - &1

IV 2 CV &R

8.00E-04
6.00E-04
4.00E-04
2.00E-04

0.00E+00

Current(A)

-2.00E-04
-4.00E-04
-6.00E-04

-8.00E-04

\/nltasel\/)
Bl 4-96 Pt#0.1g « 2448 * %2 |-V F

9.00E-13
8.00E-13 W
7.00E-13
6.00E-13
5.00E-13
4.00€-13
3.00E-13
2.00E-13

1.00E-13

0.00E+00
-1 -09-0.8-0.7-0.6-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Voltage(V)

Capacitance(F)

Bl 4-97 Pt#01g ~ 24 FH5x2 C-VHE
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Current(A)

Capacitance(F)

Current(A)

6.00E-04
5.00E-04
4.00E-04
3.00E-04
2.00E-04
1.00E-04
0.00E+00

-1.00E-04

1.06E-12
1.04E-12
1.02E-12
1.00E-12
9.80E-13
9.60E-13
9.40E-13
9.20E-13
9.00E-13
8.80E-13

1.00E-04
8.00E-05
6.00E-05
4.00E-05
2.00E-05
0.00E+00
-2.00E-05 -1
-4.00E-05
-6.00E-05
-8.00E-05
-1.00E-04

-1 -09-08-0.7-06-05-04-03-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1

Voltage(V)

Bl 4-98 Ti%t 019 = & 4% # 4k 52 |-V R

(LA

-1 -0.9-0.8-0.7-0.6-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1

Voltage(V)

B 4-99 Ti¥01g =~ 2@4 &2 C-VE

-0.5 0 0.5

Voltage(V)
Pt

B 4-100 Pt#+0.29 ~ 274 7 52 |-V B
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Capacitance(F)

Current(A)

1.20E-12

1.00E-12

8.00E-13

6.00E-13

4.00E-13

2.00E-13

0.00E+00

1.50E-07

1.00E-07

5.00E-08

0.00E+00

-5.00E-08

-1.00E-07

-1 -0.9-0.8-0.7-0.6-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 09 1
Voltage(V)

B 4-101 Pt#0.29 = & @4 7 &2 C-V R

-1 -0.9-0.8-0.% .4-0.5-0.2-01 0 0.1 0.203040506070809 1

Voltage(V)
B 4-102 Ti¥ 020 ~ 4% 5 &2 |-V B
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1.02E-12
1.00E-12
9.80E-13
9.60E-13
9.40E-13

9.20E-13

Capacitance(F)

9.00E-13
8.80E-13
8.60E-13

8.40E-13
-1 -0.9-0.8-0.7-0.6-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Voltage(V)

B 4-103  Ti$+0.2g = & /4 4% * & 52 C-V K|

019 % 029~ 8@ 4% # 2 k5 P IREPtE Tig 7 IV 2 CV
TR BT A IV ERIDEAR ¥ d Bl 4-92% B 4967 540 &
2N BETI & 3% oE e BEREF > d 0.3V~04V B 45 % IR0E
o A PR T A 3 I B A B IR eI % o @ 3R] 4-93
% R 4-97 ¥ 5 R T etk 55 PN = 148 e MS 4514 - @ B4 Pt

etk & R = B da g 0 4o B 4-90~4-91 2 [B] 4-94~F] 4-95 #om o
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443 BELBLABIYE T H T2 MS - &1

IV 2 CV &R

6.00E-02
4.00E-02
2.00E-02

0.00E+00

Current(A)

-2.00E-02
-4.00E-02

-6.00E-02 Voltage(V)

Bl 4-104 Pt %+ 0.05g i 45 * k52 |-V B

1.14E-12
1.12E-12
1.10E-12
1.08E-12
1.06E-12
1.04E-12
1.02E-12

Capacitance(F)

1.00E-12
9.80E-13

9.60E-13
-1 -0.9-0.8-0.7-0.6-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0304 0506 0.70809 1
Voltage(V)

] 4- 105 Pt 0.05g & #7444 & & 52 C-V F
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Current(A)

Capacitance(F)

Current(A)

2.00E-07

1.00E-07

0.00E+00

-1.00E-07

-2.00E-07

-3.00E-07

-4.00E-07

1.14E-12
1.12E-12
1.10E-12
1.08E-12
1.06E-12
1.04E-12
1.02E-12
1.00E-12
9.80E-13
9.60E-13

4.00E-02
3.00E-02
2.00E-02
1.00E-02
0.00E+00
-1.00E-02
-2.00E-02
-3.00E-02
-4.00E-02
-5.00E-02
-6.00E-02

-1 -0.9-0.8-0.7-0.6-0.58%%-0.3-02-0.1 0 01 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1
e
Voltage(V)
B 4- 106 Ti % 0.050 A8 44 ke x2 -V R
-1 -0.9-0.8-0.7-0.6-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Voltage(V)
Bl 4- 107 Ti 43 0.059 At & & & 52 C-V Bl
-0.5 0 0.5 1
Voltage(V)

B 4- 108 Pt 43 0.1g 487 4% 7 &2 -V §
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Capacitance(F)

Current(A)

Capacitance(F)

9.00E-03
8.00E-03
7.00E-03
6.00E-03
5.00E-03
4.00E-03 ‘
3.00E-03
2.00E-03

1.00E-03
0.00E+00 e MJ

-1.00E-03 -1 -0.9-0.8-0.7-0.6-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Voltage(V)

Bl 4- 109 Pt 0.1g A #4452 C-V §l

1.00E-07

5.00E-08

0.00E+00
-1 -0.9-0.8-0.7-0.6-0.5-0.4 -

-5.00E-08

-1.00E-07 /
-1.50E-07 /
-2.00E-07 /

-2.50E-07

.Z-01 0 0.1 02 03040506070809 1

Voltage(V))
B 4-110 Ti ¥ 0.10g B30 41 5 B &2 |-V B

3.00E-04
2.50E-04
2.00E-04
1.50E-04
1.00E-04
5.00E-05

0.00E+00

-1 -0.9-0.8-0.7-0.6-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0,5 0.6 0.7 0.8 0.9 1
-5.00E-05
Voltage(V)

Bl 4-111 Ti % 0.1g A8 48 ¥ 52 C-V B
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Current(A)

Capacitance(F)

Current(A)

8.00E-02
6.00E-02
4.00E-02
2.00E-02

0.00E+00

-1 -0.5 0 0.5 1
-2.00E-02

-4.00E-02
-6.00E-02

-8.00E-02 Voltage(V)

Bl 4- 112 Pt 3 0.2g A& #4245 ¥ % 52 |-V B

9.00€-13
8.00€-13
7.00E-13 WW\MMM
6.00€-13
5.00€-13
4.00E-13
3.00€-13
2.00€-13

1.00E-13

0.00E+00
-1 -0.9-0.8-0.7-0.6-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 09 1

Voltage(V)

Bl 4-113 Pt 0.2g &t 4% 5 # &2 C-V Bl
8.00E-08
6.00E-08
4.00E-08
2.00E-08
0.00E+00

2.00E-08 -1 -0.9-0.8-0.7 -0. 0 010203040506070809 1

-4.00E-08 o » o
-6.00E-08 .‘r'

800E-08 po @ ®
-1.00E07 g

-1.20E-07
Voltage(V)

Bl 4-114 Ti %029 et 44 7 k&2 |-V B
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8.40E-13
8.20E-13
8.00E-13

7.80E-13 Ww
7.60E-13

7.40E-13

7.20E-13

Capacitance(F)

7.00E-13

6.80E-13

6.60E-13
-1 -0.9-0.8-0.7-0.6-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.50.6 0.7 08 09 1

Voltage(V)

W] 4-115 - Ti ¥4 0.2g B84 41 7 . 52 C-V &

AR RS At S BEPLE T T &IV
Bt ¥ J §] 4-106 ~ Bl 4-110 2 [ 4-114 ¢ 5 0 %5 4e i
REE > o 0.2V~0.4V B 45 % JIE o il ST 0 46 4o ih v R

g 0.1V~0.3V #F i % o @ Bl 4-107 2 §] 4-1115 ¥ 5 41 ex T

‘.‘2‘31"\

k& F MS = et e CV 41 o @ 2 0.1g At ehi 5 X F MS
- R CV B
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Voa =0.2--0.3v
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443 BeEERB LA B8 % BB 45H 58 F2

Current(A)

Current(A)

5.00E-02
4.00E-02
3.00E-02
2.00E-02
1.00E-02
0.00E+00

-1.00E-02 ~
-2.00E-02
-3.00E-02
-4.00E-02
-5.00E-02

4.00E-07

2.00E-07

0.00E+00

-2.00E-07

-4.00E-07

-6.00E-07

-8.00E-07

-1.00E-06

MS = &% IV 2 CV &3]

1 0.5 0 0.5 1
Voltage(V)
Bl 4-117 Pt # 0.05g =« & & 45"tk 52 |-V

-1 -0.9-0.8-0.7-0.6 -0, -0.2-0.1 0 0.1 0.2 03 04 05 06 070809 1

Voltage(V)
Bl 4- 118 Ti %+ 0.05g ~ E jd 4% "tk -2 |-V B
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Capacitance(F)

Current(A)

Capacitance(F)

7.00E-13
6.00E-13
5.00E-13
4.00E-13
3.00E-13
2.00E-13
1.00E-13
0.00E+00

-1 -0.9-0.8-0.7-0.6-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 04 0506 0.7 0809 1
Voltage(V)

B 4-119 Ti#+ 0.05g = & % &'tk &2 C-V E

5.00E-02

4.00E-02

3.00E-02

2.00E-02

1.00E-02

0.00E+00
1.00E-02 -1 -0.5 0 0.5 1
-2.00E-02
-3.00E-02
-4.00E-02
-5.00E-02

Voltage(V)

B 4-120 Pt ¥t 0.0759 ~ & 7 4 %4k 52 -V B

1.76E-12
1.74E-12
1.72E-12
1.70E-12
1.68E-12
1.66E-12
1.64E-12
1.62E-12
1.60E-12
1.58E-12
1.56E-12
-1 -09-0.8-0.7-0.6-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1

Voltage(V)

Bl 4-121 Pt 0.0759 = & /¥ 44 5%k &2 C-V F
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4.00E-07

2.00E-07

0.00E+00
-1 -0.9-0.8-0.7-0.6 -0,

-4.00E-07 .
-6.00E-07 x
-8.00E-07 :

{ ]

-1.00E-06

-0.2-0.1 0 0.1 0.2 03 04 0506 0.7 0809 1
-2.00E-07

Current(A)

Voltage(V)
Bl 4-122 Ti % 0.075g = & i 45 %k &2 |-V B

1.76E-12
1.74E-12
1.72E-12
1.70E-12
1.68E-12
1.66E-12
1.64E-12
1.62E-12
1.60E-12
1.58E-12
1.56E-12
-1 -0.9-0.8-0.7-0.6-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1

Voltage(V)

Capacitance(F)

B 4-123 Ti ¥ 0.0759 =~ = /& 4 "k &2 C-V §

B ik B4R RS R P E TR T a5 A IV
BRlhA R 7 d B 4-118 2 B 4-122 ¥ 5 > 5 e B G RPE o
0.2V~0.3V B 42 & g i ¥3d chi/m > g seid m /R PF
0.1V~0.2V # F chap 4 o

BB PR BRI R T OUF T 6 4] (v R
e R R RS T WITM O A A e BRIV AT R A

AR > 4o 4-124 1 o
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o

EEEHEAE 2

Ven, = 0.1v

P .% P Vpa=— —0.3~ — 0.4v

Current(A)

Capacitance(F)

B 4-124 ~ & 2R T2 RS Ti 2 C-V £

1.50E-01
1.00E-01
5.00E-02
0.00E+00
-5.00E-02 -
-1.00E-01

-1.50E-01

1.40E-12
1.35E-12
1.30E-12
1.25E-12
1.20E-12
1.15E-12

1.10E-12

(2R & § $&EE4 1.5mm)

-0.5 0 0.5 1

Voltage(V)
Pt

Bl 4-125 Pt %+ 0.05 80 48 ik 52 |-V R

-1 -0.9-0.8-0.7-0.6-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1
Voltage(V)

B 4-126 Pt £ 0.05 & #7443 54k 52 C-V Hl
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Current(A)

Capacitance(F)

Current(A)

8.00E-08
6.00E-08
4.00E-08
2.00E-08
0.00E+00

-2.00E-08 "1 -0.9-0.8-0.7-0.6-0.5-0.4-0.

-4.00E-08
-6.00E-08
-8.00E-08
-1.00E-07
-1.20E-07
-1.40E-07

1.10E-12
1.08E-12
1.06E-12
1.04E-12
1.02E-12
1.00E-12
9.80E-13
9.60E-13
9.40E-13
9.20E-13

8.00E-07

6.00E-07

4.00E-07

2.00E-07

0.00E+00

-1

-2.00E-07

-4.00E-07

-6.00E-07

-8.00E-07

0 010203040506070809 1

Voltage(V)

Bl 4- 127 Ti % 0.05 A 184 48 "k &2 |-V B

et

-1 -0.9-0.8-0.7-0.6-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0506 0.7 0809 1
Voltage(V)

Bl 4- 128 Ti % 0.05 e 48 4% "tk &2 C-V §

-0.5 0 0.5 1

Voltage(V)

B 4-129 Pt # 0.2 A7 4454k &2 |-V B
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Capacitance(F)

Current(A)

Capacitance(F)

3.00E-10
2.50E-10
2.00E-10
1.50E-10
1.00E-10
5.00E-11

0.00E+00
-1 -0.9-0.8-0.7-0.6-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 04 0506 0.708 09 1

Voltage(V)

Bl 4- 130 Pt # 0.2 A4 4 43 558 52 C-V §
1.50E-06
1.00E-06
5.00E-07

0.00E+00

-1 -0.9-0.8-0.7-0.6-0.5-0. »2-01 0 0.1 0203040506070809 1

-5.00E-07
-1.00E-06

-1.50E-06
Voltage(V)

B 4-131 Ti # 0.2 e 48tk &2 |-V

9.00E-13
8.00E-13
7.00E-13 WW\V\M\WM
6.00E-13
5.00E-13
4.00E-13
3.00E-13
2.00E-13
1.00E-13
0.00E+00
-1 -09-0.8-0.7-0.6-0.5-0.4-0.3-0.2-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 09 1
Voltage(V)

B 4-132 Ti# 0.2 8 4454k 52 C-V B

A Sz RS BET ) 2 IVERSHEIRT T
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Bl 4-127 2 B 4-131 ¢ 5 & > 5 4e i HRPF > LG P A il oh

“.‘EI\H

i o G e R PES 2 B R

RS TR R R A e

53 2 0. 0bg 0.1g 0.2g
B EAERHEE b

14 2 o
" Sl o)
¢

W 4- 133 B 4o 27 400 ] (T2 4k R4E Ti 2 1LV £ R
(R2RIE f 1RiE4 1.5mm - Bl® & N 2 25 P A 2 B FR g E )
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