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Abstract

A cause and counterplan of the increase in dark decay rate of ¢-CuPc/ PVCz
photoreceptor which is consist of the carrier generation layer (CGL) of ¢ type
copper phthalocyanine (e-CuPc¢) thin film by an aqueous coating method and the
carrier transport layer (CTL) of polyvinylcarbazol (PVCz) by spin coating, are
studied in this paper. Electrochemical deposition of CGL was accompanied by an
increase in work function of the aluminium substrate during the processes and the
enhanced work function 53 eV rose above the ionization potential 5.16 eV of ¢
-CuPc. This resulted in the increased injection of holes from substrate into CGL
and a fast dark decay rate.

Improved photoreceptor, an electron-transport £-CuPc/TNF photoreceptor, led to
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lowing of dark decay rate and increasing of photosensitivity.

The carrier generation efficiency (7 g), carrier injection efficiency (7i) and
xerographic gain (G) of the &-CuPc/TNF photoreceptor were obtained by XTOF
method and PIDC.
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1. 4 coating B& &3 H=2¥ {2 FA Az

N2y AR 2BAE AFsr) 98 Age 29 1 4 Zo] MAEA=
(carrier generation layer; CGM)ZA BASFAY ¢¥ ZgtaAlobd F3 (€ type
copper phthalocyanine; [CazHieN1sCul, Heliogen Blue L6700F)E AH83t1aL, 23}
228 (carrier transport layer; CTM)EA obd&gAle] Zeuld 7t=2uE
(polyvinyl carbazole: PVCz)# FALAAALS EYYER Z2od=
(2,4, 7-trinitro-fluorenone; TNF)& AH83}3ith

'(’CHCHZ
j j j /_K@ NO»
n=2100~2600 NO?
PVK TNF

Fig. 1 Structures of CGM and CTM.
drEdde g po) ZASAT. FBYRY BAARA veled AVYA

A¥e)  Zatsle)gA =g AddgE (polyoxyethylene dodecylether; [CHa(Hzn
-(OCH;CH2),-OH], Brij 35 Wakou pure chemical Co.)¢t A XA &2 LiBr(Gwan-
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dong chemical Co.)& 300 cc9 ol 2ZBFo) Ztzte) ¥xE 20 mM$} 0.1 M2 %=
3o AR F, e-CuPc H2E 70 mM HE= HA7tet] 608 223 ZAHTE W)
At} o] gtz i 25CoA muksled 2477 A2 A) 71 ¥, JAHA g Au
AE A BAAo T AR Y)

CGM#& ¢-CuPc ¢tadtule wzme ¢3S, ADIBE 207 = ARFAITY
2 ol 83te] AVI% 9ol AUt Wr)ge 5 10, 20, 30, 40, 60, 120 mC/cmZ A
FUEE 0110 mA/m®s) z=dos Assign. A& 2d e-CuPe ¢tzutue
ethanol®} °|2W (91 B AAdq) 48AIZr AMAA T} HAE £-CuPe St ut
e dee 353 XM RFdAz ANA Y 2 9 2L 47332 TEL

hv
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! — 4 CTL
}

++++++ 4+ |
Substrate

CGL : (~0.5 um)
CTL : (15~20 um)

Fig. 2 A cross sectional view of the layered-photoreceptor.

AZx% e-CuPc tgHlele CGL= 3ta1, o] 9o chlorobenzenes] &L
CTMQ! PVCzE 115 wt% =2 £8A)7 9L spin coater (Mikasa 1H-D2)& 1,500
pm, 20% &<t spin coating 3 %4 125 ume) CTLE &) ¢-CuPc/PVCz A
TEY FIRBAE AZHYY. = ALey CTM?! TNFE S%32Ale) ¥ 37
AN 2HZ%X) (polyester resin, Vylon 200)$} F#w) 1:12 £33 HEzZs =g &
(tetrahydrafuran; THF) £ & zAo= spin coating 39 %7 14 pyme)
CTLZ ©&9] ¢-CuPc/TNF Az +438 $7233= AAsAD. Ay 477
FAEL 50°CAA 2422+ A=z A7),

2. Photo-Induced Discharge Curve (PIDC)ol| ¢]3} 23A EQe =R
Azd AEY F7123A= 50°CAA 2447+ AZAA, JAZALAQ electro-
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static paper analyser (Kawaguchi electric Co. SP-428)2 AHAA IR ZJEA L &34
g FA9 AFEE 1Y 3 3} 2o,

" Xe lamp 7 Sample

|
2 IR cut filter § . Potential probe
30 WV cut filter 9 : Condenser
£ ND filter 10 Turn table
5 Interference filter 11 @ Amplifier
6 Mirror 12 Recorder
& g% ez
1 234

5

Fig. 3 Schematic diagram of an electrostatic paper analyzer.
(Kawaguchi electric Co. SP-428)
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LA A

e-CuPc/PVCz AT 4 f71723A 9 2 $de d2% 38 ND g8, A4 €
AH At"eEe} 600 nm DAFYEE FAANA I FAE 36 pW/em®d 600
nm¢ ©A3E ALEEIT e-CuPc/TNF A4 4712329 29 22 3
HEY 335 54 pW/em?Q 600 nme) ©M3-& A3t}

=
.

3. Xerographic Time-of-Flight (XTOF)¥o] 9% Y& & A
AzE e-CuPc/PVK AHZE {7123 A9 2RSS A7 9% XTOFHA
g 243Ae) AFEst 29 4 o e Qo
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Fig. 4 Schematic diagram of the corona charging apparatus

4

for the measurement of quantum efficiency.

B oY ZRY A7) (IWATSU Elecfax PC 301)el &jsl =z cidd Al
27F #H9AYA (Trek Co. 362 A)2l %9 probeZ7tx] ©]&3% ¥ Xe flash lamp
(Hamamatzu Phetonics Co. L 23599 98l pulse =3 gt 2lx ojmje} FHHMS
728 2H3ld A/DHIAIA FFEH (NEC PC-9801)e) A9 datags dZAH. 3
pulse’= cut filter(CSNO.175,Y-50) ¥ 7H4d¥H KL 60 o] &3t 600 nme] <43
& o]l&3 9}l A EE optical energy meter (Photodyne Co. Model 66 XLA)ZA]
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Fig. 5 Dark decay and photoinduced discharge curves illuminated

by a flash of light.
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m Z3 ¢ 3%

1. e-CuPc/PVCz 33A19] 23544 L 473d g u&

2 AFANME e-CuPcg 44 coating® & ©] 834 CGLE #33}3, PVCzE spin
coating®te] CTLE A &std A2d #7] AR 23AE Agspygs0—3),

H 1 o e-CuPc/PVCz Z3AY Az 2P W HAAAEAF} xerographic
gain o] Uet P03 oestn A EHEE $A coatingHel @
e~CuPc/PVCz. 2349 71s4dE BHAFAR, 53 H&HXE 300 C <A 930 A
Ax9 CGLY FHA=Z Azd ZFA7I =2 xerographic gain® ARAAIAZAEZE ZtE=
AL & F AR Y AAAE EA FAA Avtydez 4@Hrt E A

YER 3 Qi)

Table 1. Electrophotographic Characteristics of
the €¢-CuPc/PVK Photoconductor

Corona Voltage : - 6 KV | Light Intensity @ 3.6 #W/cm?®
Measurezent Initia! Exposur"e Residuz.al Dark Halfdecay Sensitivity Light Xer.‘ogr‘aphic
value potential |potential |potential |decay exposure (Vo/2E112) decay |gain
(Vo) (Ve) (Vr) (V) (E1/2) ’ (Va) | (6)
Charge volt volt volt volt/sec ex‘g/cm2 Vo . cmz/erg volt
Density Heating time : 30 min Electrolysis temperature : 60T
oC/cn’ Current density : 0.1 mA/cm’ Weight percentage of PVCz: 11.5 wt.%
5 -195 -182 -27 9.9 120 0.76 17.4 | 2.35%10°
10 -196 -197 -42 16.3 118 0.83 60.0 | 7.15%x10°
20 -248 -226 -37 15.3 121 1.02 61.7 | 7.21x10°
30 -263 -237 -40 14.2 135 0.97 58.3 | 7.02x107
40 -286 -271 -48 13.7 151 0.95 49.3 | 5.92x10°
Charge Heating time @ 30 min Electrolysis temperature : 30T
Density Current density : 0.1 mA/cn’ Weight percentage of PVCz : 11.5 wt.%
5 -212 -143 -6 21.4 82 1.29 59.3[ 8.02x10™
10 -371 -294 -60 19.1 141 1.32 65.6| 9.07x10°
20 -434 -392 -51 20.3 81 2.68 157.8(19.22%x107
30 -413 -411 -7 23.2 115 1.80 154.4]18.40x107
40 -339 -323 -55 19.7 122 1.39 113.3]13.32x10°

Carlson processoll UAotA Z3A 9] dztdrt 29 BFAY 3R EH vedFE
9] AR} DAz F&8HA Zadr] Wi dde AERAEe] oA Ho| 3t
Ao ZEAEV AstHe $9 @A /HAY 1 wEd 4% coatingY T spin
coating -2 A 23 e-CuPc/PVCz 23 A loiA ¢4t st 4AS XA
o 2 g sty HFEZF a3,
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Az ASYAFA7 & GAHE dodle dUe) 183 CTLY FAHAZF 7]
A& Aolgts AZoA (1) 7193 CTLE AQsts 94, (2) CTLe AsE W3}
Al#A CGLTe] Aleldl carriere]l & WA 3tE Wy, (3) AFo <3 7| AW
g dAsE 9y 22 7199 CTLY BAE ZAbske 485 334949 234
o W dRHE MMGA @3, FAHA Y ¢S vAEs A9E UATH

Hepe Ao & AP A7E dJQe=2A %z CTLAA CGLe=
carrier Y & Z3A MY 4 carrer’t AAE F ZA3AH Ao RAE
Fatay) geBlolgn Azete ojde AR Hstd e e AL P
Aach A7 2ALow 1Y 63 2L 3FFH ANEE BEUT. AR (A)E duF
718 Yol A4 coatingB g e-CuPc®l CGLE A&3la, 2199l spin coatingo =
PVCz §1 CTLE =X  e-CuPc/PVCz B A0la1, ARE(B)E e-CuPcg £4F A)7)
2} 3, BARAIQ LiBreb XA A&} 2 <l poly(oxyethylene) dodecyl ether ¥H& &3
AfAoz FAd3 R0z AHE P Yol spin coating®E PVCz d CTLE A
2tg e-CuPc/PVCz 23 A0la, AE(C)E AsiAelE 33kA] 23 spin coatingS 2
PVCz ¢l CTL%g T ¥3 AlRo|t}

’,_L [
- CTL
X Conrnn] eee— CGL
L R e e o
™~ Al
A B

T+ + ++

Cc

Fig. 6 Schematic diagrams of photoreceptors with and without CGL.
Aluminum surface was subjected to electrochemical treatment
execpt for the sample (C).

F 29 A& (A~ &89 43l YdeEd Ao 9714 HFAH 2 {74
#Aglel AAAYE T A8 (A)BE A=RAE 347 2A Jdebdd B, A
AAHE AAF LS AR (O 47347 &AL e BAEH AE (A),B)Y vz
Al CGLe &gt @Al 4247F 2A Yeves RN CGL WHAM & carrier
o] Aol &7H F7te) Aol hvFHE AL ¢ F Atk AR (B),O)Y ¥ A
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AROE + BE - BAF Z9E 974 A BREA Gy doF )Be
A AL AR (O 47 u 7 e Ae CTL EWA camier £ ¢l
3, dFuE EWS A5EZ0] Wae) blocking2 o2 H83: Qy) Yol Az
At = AR AR AFE LulE 7 Be GEANEN[ g =

A FFE mAE AL ¢ F A

Table 2. Dark decay rate for samples with and without
electrochemical treatment.
Electiic field : ~ 5 X 10° V/cm

Sample Dark decay rate (V/s)
A 115
B 118
C 10

2 Az
%LM Qe AaiAge] & Yuly 7)Be) Wste] o] 7|@oA CGLA
3 2 Ede v AEE 2351517 g&o

71%e] 4347t CGLA A& CuPcd) ol &3 Zd
Ak 2-HE ol Hol g Aol dAET aeldld MFEZ 3 AT U2nEY)
B s ANyElo -f—zgs—}oa o WsE #Esd

E 3 ANl Axge 4oy vlun dHLE AFYEAFLEE WA
7 4RuE 719 g =3 @47} Ueht gt dsiAE s sAge o)
F 7199 a4t 285 geg 19 428 eV 9 olyE AL 1% B30
Arstete AR Fe F izl 9 LulE BH FLEo g Jgoladn
AzbE o),

Table 3. Variation of the work funtion with the electrolytic
process of aluminum plate.

f

| Sample Electrolysis Current Charge Work
*‘ Number Temperature Density2 Density Funtion
(T :C) (J:mA/cm®) (p :mC/cm’) (eV)
1 No electrochemical treatment 4.4
2 20 0.005 10 5.0
3 20 1. 000 150 5.0
4 60 0.150 150 5.3
5 60 1.000 150 5.3
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a3 Ay N P E JRES NYRX ¢4 9 vEy dEgs
7} 06~09 eV A+8%ct FdEFe) dele M ¢ e AAUES HYENE=
g&ex] @1, xR gEe A& LUt )AL CGLY AFA AsNa
BAAA fnE EHL) AF R ik A e dvE EWY o3
(283173315} 919le] s AL 4ZEYY,

2% 7o) e-CuPe/PVCz #% A9 Auxe&y =48 Jela Aok 714 A
Melo] e 27te LFUFE 71w €S 53 eVeE CGMY e-CuPc®) HOMO
(highest occupied molecular orbital)®) zt 5.16 eV 2°40) g %5z CTMQ
PVCz8) HOMOS| # 6.1 eV Mo Haste gé wdad e <oy /)
@3 CGL AY Atel8] A ¥4 blocking BAe] Hasle] @M ~thug H& o,
dFuE 7|89A CGLE holes] #£4°) 4A doivtunz 4747 Fiste A&
¢ £ ek

Al CGL CTL
LUMO
3488
4 ‘
i
i
[
| hv
44 ¥
I
ELECTROLYSIS :
5 i
5.6
53 HOMO
6 p—
> HOMO 8.1
CuPc PVK

Fig.7 Schematic energy level diagram for an £-CuPc/PVK photoreceptor.

o|st& ZoAM 5% HHBYE /A £4 coatingd ol s MY WAy
BAE 27 HeM e HAAeLSY CTME Algdte Wi oleslEeidoe] ¢nE
o YdgFEY ¥& CGME AHgdte W€ 28y 4 Ut

2¥ 88 AX44Y CTME AHE# e-CuPc/TNF 239 ouix)2&$ 8ot}
e-CuPc8] LUMO (lowest unoccupied molecular orbital)e ©lobe=P®lge] B ae
# 346 eV, TNF9) LUMO%® R.ORoutfy™®ge) wu% & 3928 ol 433}
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3l Al CGL cTL
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346 F—Qﬁl
s 4r : TNF  LUMO 3.96
3 ' hy
- ol
§’ :
5} X
516
53
CuPc
HOMO

Fig.8 Schematic energy level diagram for an £é-CuPc/TNF photoreceptor.

e-CuPc/TNF 7o +Widg 3t gvls 71%el — A3 Ao CGLAA
dolE Z|Boz AHFo] ojFdnz dvuly 7|BAA CGLE A2 FYo] Fx%}
o} 77t AojEH 3, e-CuPcollX FAE HAE LUMOS 3ol @& TNFZo=
Fol & "dvta AUAEY EHE T R3S 5+ QU

olg} Ze& AZt A CGLL e-CuPc HEE AN LE 60°C, AFLE 1 mA/cmd
M AFLE 30,60,120 mC/em”2 44 coatingdt®, A543 CTM TNFS $%
wAAle) Z]dl AHE5X] (polyester resin, Vylon 200)¢} 34| 1112 3t g Eg
3=2}F @ (tetrahydrafuran; THF)O| &8i3F & N8 & ZHOF  spin coating 3}t
o T4 14 yume CTLE wES e-CuPc/TNF Az 48 F712FAE A &34

o

Table 4. Electrophotographic Characteristics of the & -CuPc/TNF Photoconductor

Corone Voltage : -6 KV, Wavelength of light : 600 nm,
Light Intensity @ 5.4 uWW/cm®

Initial Exposure | Residual Dark Light { Hal fdecay ..
Measurement R ) . Sensitivity
Value potential | potential | potential decay decay | exposure (Vo/2E12)
(Vo) (Vo) | Vi(30sec) | Va{20sec) | (Vi) | {Ex2) o
Unit volt volt volt volt/sec |volt/sec er‘g/cmz Vo, cmzlerg
Charge [£-CuPc/TNF Photoconductor]
Density Heating time : 30 min Elecrolysis temperature : 60°C
(nC/cn?) Current density @ 1 mA/co’ Weight Percentage of TNF : 15 wt.%
30 463 414 85 9 168 54 3.8
60 467 349 41 9 130 90 1.9
120 468 349 124 7 111 162 1.1
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E 49] A2E e-CuPc/TNF Z3Ae 2354 € 4339 34 ey 3.
e-CuPc/TNF Z3Mc ¢4zs7t dA43) Zidtn, 2349 ZExe-CuPc/PVCz 7
AL AHENe 53] AFLE 30 mC/om®E ARE AL $58 45 Ug
Wt 2y IFAN7E Folete AEE dehiz, olRe AP P4€
Brzo] €% 71% #lo A2E -CuPcd 5o EQLHE dLo2 47| old o
¢ AMAE 228 ot A,

3. e-CuPc/TNF 239 Photoinjection Efficiency

XTOFg'331-96)e 7127 239 pulsed& 9 carrier 44 L 559
7€ AL wle SAWYY, XTOFHAME AAY AAAA YT go] A
2% ZEANd Z2Y GAHE Yo, HE AT B pulsed ZAIY e EHA Y
S ¥gE 29 5 Zo] FL Al M9 A7t Yot o)y mw
A FHFHANA carrierAFo BY U ARE T F 7 Ak A A} 3
T AHRe HYAA carriers) FEEE FE 7 A2, ANGA R A
€ YEld W79 JdaMe FYADY, trap, carrier &) EXAHE g n o
2 AZED, Helo] 43 AH7t He 999 #HYo) A carrierd] AAHEE L A
HYA 2N FE2o02 FUELL FE 7 U

€ =ddMe #F7172BAH JdM FAAEEL Xenon pulseFS A Fo) gw
A8 AN T3 carrier Ao el HEF sQch FAEES BFA
F4E IS P EAAMNE 29N camier®) £ 4N 98 A1) go]
E}ﬁ.;}&lzl.

webA % pulsed] ¥ BEAMY ZHF gVE 2HHEEZAN & FE 47 AU

23y ZAAM =Fd L& CGLAAN EFH| carrier’t BT} ©] carriers
24 99 Yebd uieh Ze) CGLAM CTLE FYHo CTLFY oS8ty A
o &% BEUAHNE L2PAIIZEAN BANE F&o)

metA M2 AN YAEE (9)e Ao Yebdulst Zo) CGLYIA 9)
carrier & (7g), CTLAZ carrier Y€ (7)) ¥ CTLAMY carrier 4 & &
(708 Fo2 Yehyace?

D o= Dg o T DO orveeeeeeeeserereesssessesesessese s oo e ons (2)

CTL %9 )€ carrieres CTL %9 trapdl E8Ho] 4 E &0 Aol a8
Y % pulse ZALF, 83 AZHE e RAd A8 £ carrier 7} AWE Woa A
239, carrier TEEEL 10 © 7} Utk ol E 2 oM Y YAES
< g M Jede AT o) carrier ARELH FYE LY Foz YEE &
7t A},
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Fig. 9 Carrier genaration,injection and transport in double layered photoreceptor.

7g ¢ Carrier generation efficiency
7i * Carrier injection efficiency
7+ ¢ Carrier transport efficiency

7+ 9] xerographic gain (G)3=

Nh

geche  dV

Np

olm, 127 1 m°d ZAHE #FAY F (np)E

Np =

o2 2 xerographic gaine

G =

A=(utE/L)I[1 - exp(-L/urE) ]

Io I >
= (ZU /7 SECTNT) weoeeeeeeeeeeeeeee e
E hc
E€o dv
= g NiT A
Dgnp, dt

2 gA"Y. zea ptE ) L 9 emission limited photodischarge 7 ol#jdjA &=

G =

g’

7i
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o] §1, pgt XTOFYo2 Ttk 283 PIDCAM T8 G vldtd 7%
78 $71 Aok

23 109 AFLE 01 mA/em®, PVK 115 wt.% 9 ZAA AL 5 10, 20,
30, 40 mC/ecm® 2 ASHLE 20C,30C,60,C2 A=AE e-CuPc/PVC, 28 239
carrier A4 €8 XTOFH s 33 ARE 2AEt) AN v A 2571 ¢ &

Electrolysis Time (sec)
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Fig. 10 Dependence of carrier generation efficiency on the charge density
and electrolysis time for an ¢é-CuPc/PVK photoreceptor.
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Fig. 11 Dependence of carrier injection efficiency on the charge density
and electrolysis time for an €-CuPc/PVC, photoreceptor.
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Fig. 12 Dependence of carrier generation efficiency on the electric field intensity
for an £é-CuPc/TNF photoreceptor.
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