Self-assembly of tea melanin enhances semiconductivity properties.

oy o4 38 Shen-Cheng Li
5 B 9352513
g $ WE L Dr. Guewha Steven Huang

PEAEA LT AR



Bl R R FEL S AL Y
Self-assembly of tea melanin enhances

semiconductivity properties.

Fr4 o ZFE= Student : Shen-Cheng Li

th ¥ FRWE L Advisor : Dr. Guewha Steven Huang

B o= 2 i <
N I

oL % e

A Thesis
Submitted to Institute of Nanotechnology
College of Engineering
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of
Master

in
Institute of Nanotechnology
June 2006

Hsinchu, Taiwan, Republic of China

-4

PEARAY LT ESD



6"‘75%

%Jéifﬁ%&%ﬁ%~%%#%4%%%%5%o%é%igﬂﬁg%%gi
Pt BipsnE R 2 2 BB (s, o By 221 A
ﬂﬁﬁﬁ?“w’ﬁ{iﬁimﬁr;’+ﬁy pw@4£4 2

AF LG A58 4 ARG F LB cE B REESH -

AP L ip FE? ¥
- 423 F14kDe353 3 & 3 :
’@%m*+ﬁﬁ’k%*%m ,#g5%mfﬁ&%°%*%5%ﬁ§$ﬁiﬁﬁ
Bos oo it 6 am g £24F £.8 cho

AR FER I 2UFELRAERNP RAIAM TP A SR FERL I 2
MR BT ZR R FRE B LR By BALR

WE G X ERMENT - S j
s I 2R SRR AMBRAT METEFY S RFACREAET P o FE
2 FAHEEOETHEY NG BRE D ND BRAIIEOE Y HET P A
BB FPFIEFRHEHIRDGCRER ZOETERGFER I F0 3 0 (A
LA I Fih- FB2G o

By FET O FERLIFVAL AR w K M hEEREE L EWS
FleFE2I Fp o XN ETIPREDEEFRTS R 952 B2 1 it
So i EOEARF BANBMS T R 2L o FHRF P BERHOET RS & B
Boehd fem g 4 %0 kb2 o G B T BRI L E R p ek
FHRETUR LR A Sk g aede B g 7 M TR o

U ELZ AR o F S AR ok i N e RS Vi
TS G R CEE LI e AR L L
. v

:
-
'FUE'-



Abstract

Melanin is a ubiquitous black pigments from plant, animal, to microbes. The primary
function of melanin is to protect life from direct sun radiation. Melanin is not just a color. It is
a strong antioxidant with free radical scavenging activity, a strong heavy metal chelator, a
strong toxic organics absorber, and is non-toxic and bio-absorbable itself; thus it serves as a

natural guardian against hostile chemical and heavy-metal environments.

We have extracted melanin from tea which is soluble at physiological pH. Tea melanin is
non-toxic and exhibits all biological activities as melanins extracted from other resources. Tea
melanin is homo-polymer with single molecular weight of 14 kD. We disclose, for the first
time, the nano-structure of self assembled tea melanin using scanning electron microscopy.
We also obtained nano-crystal of tea melanin. Thus is plausible to explore the chemical,

physical, and biological properties of melanin,nano-particle.

Melanins are also thought to be solid:state biomacromolecular semiconductors. In 1974,
McGinness et al. showed that éumelanin could behave as an amorphous electrical switch.
They postulated that these materials..may. be - disordered organic semiconductors.
Semiconductor properties were observed in melanin derived from tea. The formation of tea
melanin fiber enhanced several orders ‘of this‘conductivity. Schottky barrier with threshold
voltage of ca. 5 volts was observed for amorphous thin film; however, such phenomenon was
negligible for melanin fibers. In this thesis, it is described that our attempts to unravel the

structure-conductivity relationships of these mysterious biological conductors.

Keywords: Melanin; Semiconductivity; Self-assembled structure; Schottky barrier
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PR R el T B RS S e i R S A1
X 2 2 4 £% yaa P
BarziEedht ”&Vﬁhwlg’y“?‘”@[&—&i—‘-g £FE W o

B RIgE 2 % 8 0 e~ 2 % 45 (Incubator) i 7320 = e % 4
ABFLFE A > A LR R E o AV IEARY o BRI T & S
ATETRER R R B8 R E LR ER P ¢ FIMA IS
fOEREY N X o RFEBREBEE37C ) MR A TITERER > 7

FERREDFHFEFET S BRAFREE® MERMRL > - A2
T R BB & 4 o RETIY S BAE 100Ul SRR B B 0 AT F & e

RSS20 A4 @ 0.125% - p e MM 3 R 97 & 30 4438 o

3.1.3 plokRit s

¥ RigEE 2 B F 0 o r 12 % 45 (Incubator) i 7 37 = MR 0 0%

& oo 2 . - y = = - - T ’ 2 . W
AT ;}J 4 Il;:,\.;kh.aﬂa AL T Vo o % ﬁéé 2t BRE SERen B oy 1 \:ﬁ /}ﬁi%

S

P T0%Ep iR S % 0 SRR 4 5 900Ul > of FF & B R Y
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& 10cm > #HF &5 7 P il "$ T AERTEFNR T R0 o F

hRBR CERERE 06 B TR
BWALE FT o WL IR R

3.2.1 k5 s (Optical Microscopy > OM ) 4~ 45

= OEE T E £ G A 8k (Surface morphology) ©

3.2.2 #Fpis® ¥ iks (Scanning Electron Microscopy ° SEM ) 4 47

F1#* #F 45 5% T F B st (Scanning electron microscopy, SEM) ¥ 1 gL &
FEAENCIE 2 T E 4 5 ehe fi (Surface morphology) i@ * #$7] B 72 F &
%49 2 % HITACHI S-4000 ) 2 ## N T F Bics » F(rF4cd TR L 30

KV 12, V'\ ’Fﬁ}"%"’? -H’I‘J"?v\' mgfé‘”i% ] i[tll S
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3.2.3 ZHgpi2 28, F P %% (Semiconductor Electrical Parameter

Measurement ) 4 7

Al * L Egp 2 2 Pk S ( Semiconductor Electrical Parameter
Measurement )¥ B L &S IEE T o R D gt o # * A LR

FE Aty o LE A 2HcE P ks A8 L HP 4156 0 14 Diode

mode # ¥ > f]* % X B3, > 60 nm f= 80 nm nanogap © RPFEEFEZL I %

eE B L EM BRAT R - e B ERR LA §
R AR L REEGE L A B o 22 v

nanogap £ {7 7 [+ & B °

3.2.4 % % & (Optical density » OD)4 17

4% sk & % B (Optical density » OD)& 151k » A PP U@ FE L I 2

A A

Bz jr % 3§ o £ 5 d Tauc model 4% ¥ 1% 3] /& %50 Energy gap -

A 100uL ~ 0.1% N FE R ¢ 2R RF A ERTY L > 0 B4
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R T 37TCREIE  BRERY TLERRAPFREFT A

3.3 pEERBHETA

3.3.1 #Fpm %3 &4t (Scanning Electron Microscopy ° SEM) 4 47

F1* #F 4 3% 7 + ¥ dcsi(Scanning electron microscopy, SEM) ¥ 14 L% p
‘e Bt 4 6 A) % (Surface morphology)- i * 83 A B3 F ~ 2 F &% %

HITACHI S-4000 %] » & (Tt @B 30 KV o 1004 AR5 o= o

3.3.2 X k3% (X-Ray Diffraction » XRD) 4 47

X & bt 40 Y812 (Xoray diffraction, XRD) 5 - #f 8 ~ & & - 2Lplsf
a3 E o T AR E S S PR A 5 o # 4 (W. L. Bragg)

e X ks e pEs g?ﬁt}fi”"‘”TE"%\‘iaam”TFﬂ‘ 4e@ 3.1 #75F ©
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Lo

B13.1 34 st

BN ARTRSH G TR S A F Bk 5 - kiRE o d TR

Yebt 7 = (Bragg’s Law ) :

2d sinf=nA +(3- 1)

Hood 5 fom JESE 0 5~k 8 G & & o

FRARE L RRALE A2 HHEE o LR 2 IRIGE G S P2k
AR EEME T od Xk LR LEAEMLE PLLRE =
BREZEEP > % REFHHP IR T BHDAFTL 17 o X L84 & (Xeray

diffractometer » XRD) 2. BIZ > T2 HZ X KA E L scg 2554 0> *

1R S RE2 B OFE O 4eB) 3.1 AT

« B F k¥ o Rigaku XRDX % $e8+ 2 47 % » k7 3

R STES E 2

=
7

i

2 2,
£
% 1

2

?,ﬁ-‘l

SHT B SRR R T H R ITE e

F_L

AL A =
FRER G F AW

/
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X kiR G 4rie (CuK,A=1.54056A) » %5t & B 20 5 60°~80° » #Fpyi#

4.000 deg/min > #% (T % & 5 30kV » T/t 5 20mA o

L
ETTRS

3.3.3 g2 28,kF P k% (Semiconductor Electrical Parameter

Measurement ) 4 7

RS
P
(s
)
I
)
-y
8
e
H
I
Qo
T
W
\\-F

R B p e R T LR

EN e R W ENE

i

#ic® Bl & % (Semiconductor Electrical Parameter

Measurement ) %k B~ {8 p 0 RE 4 7 2 ey

1 RREEE RS o g RS 0 A 41 * photolithography i >
WELRa Wi - F P awHT o FDF ﬁ};ﬁﬁi",ﬁ% TETHEFZ

o FER RF R S AR REEAT IR LK A YL

Ik

Fl& o F £ B(Ag-Au~POE § HF EE e AEY (AW S THEE R
I S e S R SR RN (e L S E R
Boo kthe % AWCHSIONSI T FEL ¢ 2 Rpl* cnT it ¥ g

\

AEZ AR5 - A BRI 2 Rk R £ TR R -
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3.4 A~E4liE

3.4.1 # 748 (Thermal Evaporation )

F1* B Fe4v e fih (resistance source ) i R Ad §4E L G 3 T

e et TR MR R R SR A ¢ RUR Y 0 LR AR
TORERE o R L A B EERGIRES o L EEN
U 4G BEX) 1400°C > F AR T At £ 0 4FE X UM

Rg
W
P2
e
=g
4
¥
&
T
™

3.4.2 ##= 3 (Lift-off patterning )

kpe - R kT A L kiR E f ke 1 ko kA
fer e@RE LY ple nBlE  F 2 0 f KR EIF pORE o d LT

ke cfEdr R o ¥ R 2 f P p I E o Fp F AL N AT
SR WAL o Ay REART R

& % e FH6400 > FH6400 5 & 5%
ke EE A lum =+
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BRI A R ARKS 2 K BB B RR LY
ﬁﬁp)irgmwv\—if KRBT BT A o 4ol Pk is H g LA
YT VR AR ARKINLSPFT 0 B °2%t§3?iﬁi?u$féfﬁ;?
TR N ] 1 i ke B 1 A (Acetone)

N “,f;larg °

@ %4 = A5 (Lift-off patterning) @AM EZfI* TF £ Hh "2 Ll >

LBl FHEEBY D L ERIRB ] S N R E B R AAE W R
Beh g BNF o R HataE EA 2 EREBIERENG T o

FAc B3 . 24057 o
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@Rl 3 <20 Jift—off 7~ 4% ]
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3.4.3 ~ixgivinse

A ardr gl R AeT ntype (04 B & F o

. 47§ WAk FE RCA clean jie i 3 tf ok A

R F RN V2 K 5000A - F & (SIOy) (FATIES

ﬁi °

owm - kR o

(2) 3-8 5% B » 45 0 12 150°C B2 30 Aks > FE R A H A G K o

(b) + HMDS > r25 -t s f2 FH6400 & % 6 %% o

(c) % + &t k12 FH6400 » % — FF B d&:# 1000 rpm > 10 sec » % = FFEL i
i# 5000 rpm > 30 sec °

(d) % (soft bake) : 80°C » 3 4 4 -

(e)g&k @ & * Karl Suss B4 » 7 4vmst > REFF 5 8F) - %427 4&

(D) B8 4e R 1 iR~ BERAR AZ300 ¢ 9 60 )1 > % D & 5 kL3 )

7

Sy

o
[e]

R o BE NPT 304X L F F Y
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(g) A *% (hard bake) : 120°C » 3 ~ 4& o

(h) £ &1 © U # %454 (Thermal coater) » »+ % 5 F L %4 200 A E
4 (Cr)> £ &8 ¥ 541 2000A B (Au) o Z4E4e% TaEF A
(adhesion layer) » ™34 £ 22 & P en & R o

(i) lift-off @Az ; #4545 £ H%HFIE » 7 Ak (Acetone) ® o & Z4E30L e
P g e T RIL AR fEA RTT 0 ST RINTE > FHRAMIRYT o 4
oo ko Tw ke b 2 g Bk - B RT T £TROBEA

Lo

AT R LT SRR A - AR i E

FIv P RRFER S F R EFAFDTRES -
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401 FERE RALEETRTA

4.1.1 x5 &4 (Optical Microscopy * OM ) 4 #7
F11# ok 5 B i (Optical Microscopy * OM ) & 47 > 7 MBRLZR & f8 = 5

i 2T JEgend & A5 ik (Surface morphology) 7 S % 4cB 4.1 ~ 4.2

4.3 = R 0.1% 0.01% 2.0,001% %@ & F] b 290 7 %25 it A

:, E i %E,};Lglj%f# 0

(a) (b)
Bl 4.1 01%FE2S ZEWSORZOMB (a) HiEILENFEL S
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(a) (b)
Bl 4.2 001%FEZS ZH%50E OMMB > (a) B BOLischFER S

(b)) - BEERS F

(a) (b)

Bl 4.3 0001%FE2 ¢ 2F%S502 OMMB »(a) #it AL hEER

¢ %
(b)) ~BEERI R -

NPT UFIR o B AR FEL S AR RFELI E T RY

HRe R 0 R g MY i
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4.1.2 #Fm;i\7 3+ BH#cs (Scanning Electron Microscopy, * SEM) 4 17

f1* SEM (Scanner Elelctric Microscopy ) BLZ & %% & S 2 A3 7
RAZRLA e od SEM BREFEL I F22R LA w2 A6 A 45 4

FiplidS4o@ 4.4

SEI 15.0kY  X1,000 10pm WD 8.2mm

B 4.4 225 i & top-view 22 SEM [

d SEMBI¥ 3 I0 » & 5 #cenE W3 E 7 1 ehd & > Fwmapl B R

‘13

T TR A IRPENEA C BRERES AR FAYLS % o d 0D
SR € TN kA B TN AE R 4 e 4o 0 R P AR
AR 0 B P H D A et AP @i Tk R

Fdeoo b Beni & R T o
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4.1.3 L EpE 28 P %4 (Semiconductor Electrical Parameter

Measurement ) 4 7

&
\\\?{r

Fow L g8~ 2 S Pl % %L ( Semiconductor Electrical Parameter

Measurement )¥ 12 g & F e

TR AR R LS T . R

-

ThEl e TR —L BY AR H AP HETIE e > A A S
FRIBLR T 0N A AP F 60 nm e 80 nm S fAF R o
nanogap * KiEFTRIFE c TSR 4B 4.5 APEF UFR > G 1%
%% 60nmnanogap t ¥ M B PFIMIBER G T A f RBIFFHET 0 5 N
i# (break down):3R % & 4-» 7 80 nm nhanogap ' - P F M EZ I E R

FE T B L& R (rectify)EREE 0 £ H L 1% 025%85 5 B E o
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1.5e-9

1.0e-9
5.0e-10+
00 A
<
G -5.0e-10-
5
O
-1.0e-9
—e— 1%60nm
1594 & O oo 0.5% 60 nm
——-v—— 0.25% 60 nm
—-—A-—- 0.125% 60 nm
-2.0e-9 A
-2.5e-9 T T T T T
15 1.0 0.5 0.0 0.5 1.0 15
Voltage (V)
(a)
4e-10
»
3e-10 - ‘)/"
2e-10 4 ",‘f
_ 1e-10 A
<
T
5
B e
o) —e—— 1%80nm
-2e-10 1 5 oyt 0.5% 80 nm
v ——-%-—- 0.25% 80 nm
-3e-10 4 é — —A —.  0.125%80nm
-4e-10 T T T T T
-15 -1.0 -05 0.0 0.5 1.0 15
Voltage (V)
(b)
Bl 4.5 To—7/Bd 5E° (a)60nm (b) 80 nmnanogap °
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4.1.4 k%5 % i (Optical density > OD)4 #7

4% % # % & (Optical density » OD)A 45tk » AT UBFFEL J 3

a5y

ey

a5y

e T ko0 L ;T% d Tauc model #% & 7 | & % Energy gap ©

@(E)E=B(E — Erqu)’

H ¢ E % photon energy ° B 5 edge width parameter o =& |2 & F d

% %(ODXE)"? $ E ¢hff] » £ ¥ *h3EJ] A chsUpE 30 > T 1 b o i e 5

ETauc °

4oBl 4.7 4977 0 0.1% A EL I FEWE 5 ~0.5¢eV 1 Energy gap © & &
L E R Si e 1.12eV >~ GaAs 57 1.42eV ~ Ge 70.66eV 48 F > ¥ &> narrow
bandgap o £ FH T EFE B EM  2LEM HEF R4 L2 w

Tk i A 0 R B AT T R i
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0 T T T T
0 1 2 3 4 5 6 7

E, " (V)

B 4 7. 28 j 4% %2 optical gap

4.2 FEZS 4 nEBERTA
4.2.1 k% xis (Optical Microscopy » OM ) 4 #7
F1 % kB & ey (Optical Microscopy » OM ) A 47 > ¥ 1L & f6 15 2

T p KB4 & A i (Surface morphology) o F S 5k 4cBl 4. 8~ 4.2

RF LA

o

43w kR 1%~ 0.5% -~ 0.25% ~ 0.125%F £ 2 ¢ %]
M Eivp v RS At A Y 5 3~ B 4F glutaraldehyde hpt 3y ~ £

= § i“ ¥ ~ B 4F glutaraldehyde eh= § * 77 & o
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(e)
Bl 4.8 ZE2J 210050MR > (a) AH A (b)) AH iz

glutaraldehydesnst 3 » (¢) AH 52 > (d) AH -5 % > (e) A4 5

i3 4 glutaraldehydesn= ¥ it 72

APTIFER 0 B AR G & Eakiiad G 0 FEL S

e

EOT 00A S 2 ek g i
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4.2.2 FH 73 B4 (Scanning Electron Microscopy ° SEM ) 4 17

FUEFEIO) APFUFR Am s TR LS F P F LG 0 05 = 40

(tripod) & %k (fibrous) e 48 » iz u ﬁ,{}fﬁg‘ 5% enp B ERE

/

SEI 10.0kY X330 10pm_ WD 7.9mm

® 4.9 2§ % p K% SEMA

BTE R R APFR S EERES S BT T ERY - §
FOORRRPME . p et p d ARk § i La BEkE
ETIEE G EFF AR R AP T L RET P R RS @R
ST HAAEH e RN F P hE G o B F CRAEFFH S AP

2 g 2% R e A (S 2 wp BB AL ’ AN
MR R BELEDZES BN o f mER R LA o

40



NONE LE ) 50KV 00 ™ MONE LE ! X100 100pm WD 7.8mm

(a) (b)

\ j

NONE LEI 15.0kV X100

(c) (d)
B 4.10 % /28 p w542 SEM®Bl»(a)10 min>(b )30 min-(c )50

min > (d )70 min

4.2.3 X k%5 (X-Ray Diffraction » XRD) 4 7

FI#* XRD (X %3544 47 ) i (7540447 0 BI9Tr 2 ATRIT2E5 &

FE XRD Bl 0 $55 £ 20978 cps % 7 B R 0§ peakd) & £ 7

Y
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' feef 5 & (intensity )3 % hk B 130 5 A4 RIF 4 JCPDS 4 -

ek = From oo

hkl d(A) 20
001 4416 21.41
100 4.036 22.01
101 2.890 30.92
110 2.850 31.36
111 2.351 38.25
002 2.073 43.63
200 2.018 44.88
102 1.844 4938
201,210 1.810 50.37
112 1.677 54.69
211 1.655 55.48
022 1.446 64.38
220 1.427 65.34
003 1.382 67.75
212 1.361 68.94
221, 300 1.350 69.58
103 1.308 72.16
301, 310 1.280 73.99
113 1.244 76.52

% 4.1 JCPDS %
HERPEE4cB 4.11 %757 > FE2LF F 7 ‘35%,3‘;&&1’ X & 20=61°
68° ~ 78°F M3 ek J& 0 B BEGKH PR ﬁ_{% >t cubic system > P gt T#}é?

it % simple cubic °
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o o
1
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N
o

MMl \‘mh\M“Mll‘ ‘ \l LT

; ; 2 The:: (deg) : ;
(a)
80
N MMM( “‘ MH lh..l.MH ||“|(|MWﬂml\“nh‘ﬁlH“nu“ulm Il
60 65 70 75 80
(b) 2 Theta (deg)
B 4,11 FE2F2XERENE > () LXLH - (b)2Eh & Tw
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4.2.4 ZHEp AL 58 F P % 5L ( Semiconductor Electrical Parameter

Measurement ) 4 7

Fl* L gg 2 29 E Bk 4 ( Semiconductor Electrical Parameter
Measurement ) » # {7 21 B8 f e A en T frlicdy o HRIZ B KR A4cE 4.

12 -

3.5

Current Density (amp/cm) x10°

Bl 4.12 2E24FpeXSHEHANE 92 current density—

e APT R fEER R ARRAT 2L HANR
( Schottky barrier ) > Fim— 3T R XAMM %> » ®T R EF 5.75x10°

2z

-1 -1 v g . s
ohm cm™ 2 % » & 2b0 f5 W30 (B 4.13) ¢
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Conductivity (ohm'1cm'1) x10°
w

0.0 0.2 0.4 0.6 0.8 1.0

B 4.13 FEZ I Zp BEASHEIZHE E 2 conductivity- voltage ]

SRR 0 AR A YRR e ik i

PEETRZESAG G RESE LS TR AR - EMAG 0 d G
o W en# A3 ( Schottky contact) # 5 p 2 X B SR B &

( Ohmic contact )

ﬁf
e
=
s
=
iy
3
L
(7
o
iy
=
#
o4
—h
s
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=
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Qe
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o
¥
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o
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0.000014 -
0.000012 <

0.000010

0.000008 —

0.000006 -

0.000004 H

0.000002 ] ' m
0.000000 QU zziZZ) vz . LA

& I
0 20 40 60 80 100
Oxidation Extent (%)

Conductivity (ohm™'em™)

Bl 414 p 9% S iR $ET R

Fl- 4 BRI AR A L BT LEFE 3044
o R AR A 1.4x10%°0hm em” ik kB0 28X HE 0 B 5] 70
Aapchbol B BT EF R s en L AT T4 A

HEHAE R S AR A R o deB] 4. 10 977 0 F 1

FRTIE 30 ~40F > p XSl d 2 A0 3 PP AHE ERIEL

ETBZR o m 2 BREFF CARRR o p R RSRES AR T
Mo R LETHR BHELTHRT A5 A28 > B3T3 hiddid 5

FEERE o
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4.3 ~iEgsmedT

4.3.1 #|3=3; (Lift-off patterning )

A R R s Ta T T
SRR PRI R E K RFEARE > P A DB F T AR o
d 3 AR %I ®FIES 10—40um > #7020 A F @4 b 7 E B Ak

PR Bt @ F A K¢ ik 2 FH6400 © £ 7 i&de kB ] 0 8 F g ¥

g
(=i
La

FOBE o i FARBfe AR AR > B TAR LA > FY AL BR

2 43 1A/s o

DRI ARl i Y i EILEE > £ TG H)% ol
ek E o b St B PR 0 B lift-off { e Fl¥Le 12 k2 5 FH6400
Ao Bk e kPR A0 A pREe - BPER > Aok r A2 g L Rkl

(Ultrasonic Cleaner ) 4= » ¢ 7 $&if 3 f % o - HLm 2 0 50 RE

BN B Ak 4 S AR kB 3006 L1 0 § & AR
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-
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