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Table 1. #7) 282 Aao) #F 7154}
- LEAY G g AP
— %355 B4 A
%S9 a8
AE F Foy
_ $-0 —— ed E
v e — 3% 712 ) 8 (thermal mode)
(5538 71%)
—4—-x — T #F AR aEA
R e g R
B3 BY —— — 4% —[ g Wy
vy F5 AE
r HEA} — 8 W=z, L&
=3 & AR
#a E4 ki | 35 9} 2 (wave guide)
— (554 7% 53 g A4 Fae
A electrochromic A &
— A A Ag
— Hgt
3 JH% Bto)l A% Lo sl 7| 2 1E-5F
P AR AEet B 43 g g ) 3 PVK—TNF (1 : 0.1)
Aol o3t o]a = 3B M EA} A7) LA nt -6} (yphotocurrent
SR B Ol B 714 wEA AR ) °| @ dorkourrant
ezl o oAty ekl dFACE ,é: 1E=7
N
I HETA DEXQ 7= Y g B8
5
o

AR F ARAL {7] AB5AA Bolg o
7HA) 7% FAME HuAH o8 ARE FEEL
A 7% F9 shtoln 19501 t)ol] PVCz(poly-
vinylcarbazole) 7} Az} B-Alo) A8E AHro o
FAEES Belo]l HRE ol BUglel AFH
g}, 36

F AT A7) A B3] Fo] 2
A7l AxErt F7kshe A
ZEA7}F F ATAS Blo) ¥
AR &85 A8AE
Heert dA3] Aokt shuj(F Axx/g Aee
> 109 olg}gt =g wkEFl= A= 23] A3
Hof Atk (Fig. 1. A= g F A=A ¥
AA7F FIE FGE DRAANA ALY 7}

Foll 2 3}ed
Bl g2 TR
SE AT 2 A4
Ao us) %

[«

=

A

IEXDEE g M 13d 635 19903 119

1E-9

1E~-10F

1E—11 } t t
10 20 30

V172 (volt)

Fig. 1. Photoconductivity of PVCz-TNF CT complex
system.

B EHQ nRA2E PVC2E & 5 AT 28y
AAHo 2= o]E 1EAS} electron acceptore}]
CT(charge transfer) complex T AAH3F 7o
o g Sl ol HAIF FGollM e F Ax EAo]
L@ rk(Fig. 2,3,4).°

o]H g F Ax AL AA AL 7198} cha-
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Fig. 2. Dye sensitization for photoconduction Photo-

conduction action spectrum of PAC sensitized with

pinacyalol(curve 1 and i); Absorption spectrum of

pinacyanol(curve 2), after V. Mylnikov and A.

Terenin.
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Fig. 3. Chemical sensitization for photoconduction (CT
complex) Spectral sensitivity of 1: 1 PVK : TNF (1 :
1 TPC) (20y) compared to amorphous Se (50g) and
ZnS : CdS (25p) Curve 1, negative charging ; curve 2,
positive charging.

rge carrier?] 47t @ HE JeiRo F oY) A
A 2 9ol vdehs dgozA, 3 ord ¢
3§t charge carrier (A} E+= hole) 2] A7} WA
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Fig. 4. Absorption spectrum of CT complex

T€th

Se, Si 59 ¥7] # AxFINHE conduction
band7} E&x]38t< valence band2}9] forbidden gap
energy ©)’de} % o) E ZA}3}1H valence band
9] H2}7} conduction band 2 excite=)o] charge ca-
rrier®] 7} F718HA ®oh 2@y §olRdA e
2] 4A4 Fol 2§ charge carrier 44 vl7}
YFo] ul-¢ BZ3ln o] AL exciton o}%, charge
carrier®] A A U carrier trap 5 & 3 2] 3
35 A4, APy, =& charged] o] E%(mo-
bility) = #2}z} Van der Waals interaction -9} &
A QA wjZol] 7] she Aol vlsle] vf$ on
A2 2 2xo A F9Hn £F E2H Aol
get 2 32717 2 o9 AR g6

Experimental Technique

TAL AR 5L d7sked Yol BAA
7t He 42

@ carrier mobility (u: carrier velocity per unit

applied electric field),
@ sign of majority carrier,

@ carrier deep trapping life time,
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4 efficiency of photbgeneration (® : number of
free carriers produced per absorbed pho-
ton),

(5) recombination life time,

& bulk conductivity 5o]t},

A4 AN A o del i Ajelre Hs}
A ol me AAY A7), 2%, A8 BF E
Z6) wa} o}bF tzZ A YElGBEE o]&9]
s asl7] $lslode olEY H71H AEd 7
ae) 2214 34L& AE3IA dt {71
2te] A7) ARRE AR 48 WHoEe
g 2, ARk, olFkd we 2T o5 :
2o A dute] Aeede AF ¢ Axxe
o] =4 8 o]9jo] time of flight’71%, xe-
rographic #A'%) 7} o] #qlnk. o]ejd &3
7142 B #H A<l bulk conductivity (c=ney) =3
off vgte] H7hx] oldo| It} o5 s ng &
gl ZyPFoz A% = 9o deep trapo|tt
AAHE 59 life times SAY Fx Urh

DC Dark-Current2} Photo-Current =X : o] H

T

> RO oox oz
Mo 3o ofr u%

%

N
-

=
x

ofd
)
hy

o+

o ohaol Ao} 3 24} Ale] M7 ARES] Aol
Agstahe Wi oz A AlgE Fig, 5149 2o] F
& A Aol sandwich@ o 2 Azeich, & 3 =

e
%
é =

Polymer

Fig. 5. Schematic representation of photocurrent mea-
surement

aExinstnl 2l A 1A 6% 1990 11€

A A AR 2R et Had 3% AT e
Y, BT WEY A58 A8aT). Agdes o
AFE dark chamber Wlol A, 3 AB= wlEgst
A=5 E3} white light %+ monochromatic light
ZAA Y B AFX (Fig, 6)2HE H7EA 8
—‘L_—‘l:ﬂll Fig. 1& o813 Wl 23 22 Aute)
#lojct.

Time of Flight'® et : Time of flight 23
(Fig. )& Alg ¥E89 #HOo2ZHE Q2 carrier
sheetS FYA|A o] carrier sheet7} 239} &
W71l ofa Zejrt 4o Ao E2E= tran-
sit time (t) & &3 3c(Fig. 8). matA & o
FAol we} AR B BB carrierd] 257 AR
Arch. o]t time of flight % Ads 22Ho g
(Fig. 8)7 Zad o]z22E 2(1)~2(3)oh &)
ol F%=(uy) E carrier A A} F& (@)L A
A 5= 9l

i=q us E/L (D
t.=L/{(uq E) (2)
d=q/eF (3)
*
Voltage on

|

Volitage off

|

Current

Time

Fig. 6. Photocurrent response curve.
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Fig. 7. Schematic representation of time of flight tech-
nique ; (1) Xe flash, (2) voltage source, (3) digital sto-
rage scope, (4) CRT, (5) CPU, (6) LP.

Fig. 8. Response curve of time of flight technique.

@, g total charge injected into sample by the
incident light flash F(absorbed photon
per second),

t. . carrier transit time,

Uy - carrier drift mobility.

Xerographic Discharge Technique' : Xerogra-
phic discharge ¥ (Fig. 9)& dark Ao A co-
rona chargingoll o8} E% - d3E shHA7 ¥ 3
ZALe] o3 B 97} idhs AL grlehe
Yo 2 Fig. 102 o] wWo] 93 =4 oo},
o]2{ 8t Xerographic discharge &30 2E t}e}
22 A EFRe HEE 98 F AUrkFig. 10 F2).

(1) Half decay energy (sensitivity)

ol 271 ¥ HHA(VOrE 128 Hed dad

Fig. 9. Schematic representation of xerographic dis-
charge technique : (1) microcomputer, (2) isoprobe
electrostatic voltmeter, (3) digital storage scope, (4)
voltage source, (5) electromagnetic shutter, (6) XY
plotter, (7) line printer, (8) corotron charger, (9) Xe
lump.

700
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)
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X 400 .

300 ;;7“”*-*
« (9V
200 (G-
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Fig. 10. Response curve of xerographic discharge te-
chnique.

4 o Aol

@ Carrier generation efficiency (®)

ol # ZAb| mhE x7) A 2L ((AV/dt),),
3d F(C), % photon flux(F), Ag9 vd
H (A)ZRE 240 23] At

®=(dV/dt), C/(eFA) 4
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® Carrier mobility(uy)

ol 271 B9 AV, x7) AL ZH&((dV
/dt),) 2 AlFe] FAL)Z £ 2(5)d o) A
22i=

#g=2 L% (dv/dt),/ V2 (5

Charge Carrier2| Photogeneration

A1 E 2} Alg ) A19) charge carriere] AAlo|= in-
trinsic carrier®] A4 @ extrinsic carrier 442
F7RA7E dckh f7] EAlo] 92 B2AFH A A4
Be] A7 of7) Az Hol 224 "o} b1 o
A2 non-radiative £+ radiative process (¥,
D) 5& AA oA 714 ez HAY 2 A
A-hole] & HA43HA o). old 44 e A
Ap-holeo] 22 433te) % Ao oot A%
HAY R Ao 93t A4 A=}9} holeZ 2
ZE(Fig. 11). o]8J§ #/}-S Onsager'?s) o3}
of EE o]2Q] o]&%e R #F g2
Asid 89" & 9tk , A4 carriers] AL
A e AA-hole o] 9% Mol o5t B
28 Zolgka 7HHEHAE o)A ¥ A8 O(E,T)

hv

D+A

«—f «—0

(=]

&
LIBLBLILRALL | LR R RN | LELBLLRALL| TTT
>

['D---A] Encounter complex

['D* A-] Nonrelaxed exciplex

{D*...A~ ] _Bound hole —electron pair

o

Electric Separation | Geminate

field l to free carriers J recombination
at+b- [D* A~] Relaxed exciplex
—hv, A
D+A
®(E) 1—®(E)

Fig. 11. Mechanism of charge-carrier generation D=
electron donord and A=electron acceptors.

IEXDE Jis A 198 63 19909 119

= 3 Zo] 33 4 Yok(Fig. 12).
®E,T)=®, [ P(r,0,E.T) g(r,0) & (6

@, @ : yield of thermalized bound pair
P(r,0,E,T) : thermalized pair®] %z]&§

g(r,0)  initial pair distribution function

Fig. 132 &A] Al¥H1 Sl PVCzt AAE
PVCz9 carrier ¥4 A&7 FA7o 4d Ao
o}t BAE PVCzol A B carrier A4 A& v}
go] Al gt Ad FuE Fs o] Ag
FHl= carbazole chromophore®] A=} A4e) e} Y|
3 5d Az Feois A a8l B B
BEA A A3 oo W AFBH U
PVCzu} A=A & PVCzo 79+ carrier A4
AL BEE 5o Fean),

Photosensitization

PVCzot & T EAEL A 29X ggGoAnt

107!

1072

108 104 10 108 107
Electric field, V/.cm

Fig. 12. Field dependence of photogeneration efficie-
ncy in triphenylamine molecularly dispersed in poly-
carbonate at 40% concentration. Solid line is calcula-
ted from the Onsager theory using ro=2.5 nm and &,
=0026: 0O, L=20um: @, L=42pm; A, L=62
pum ; and A, L=8.8 um, where L=thickness(9).
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Fig. 13. Spectral dependency of carrier generation
efficiency . () absorption spectrum(PVK), (—)
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F ATAS Jehi =g o] E9) spectral rangeE 7}
Al B zo g ARFAFY] Y3t gL A7t o)
Z2olzon Fz2 98/UZE EAAIIAY charge
transfer complexE FAA)7)& o] o] &HA
(Fig. 2,3,4).% o]dj9] carrier 44 wl7hEE o
7% sensitizing molecule?} T H-2}¢] chromophore
xtolo] M3} o)Fol 2EiA Lot sensitizer(S)
¢} matrix(T) Ato]9) )& oA Fofl &Jstod
A A} T3 holeo] transporting polymer binderoll 5
YA |k (Fig. 14).

Charge Carrier Transport

o] AL WA carrier’} AAo] 3 W3 A
20 3 drift¥]& processE w3}, F& 1A vix
Astzd AMEHO]
classical band theory=Z+ & AEA E A T
2%]= carrier mobility9] &% 2 AA &S A
gg 4 gick. AA, ¥ A=A LEA| carrier
transporty= AA W3S we} I localized site 25
E] T} localized site22] “thermally activated ho-
pping transport” 7170l ¢l ds o)1 gl B
o2k 22 th7N drift mobility (ug)ol I H7t
el dubFleo g §7) st 3 HA=A(0PC) <]
s A% A 42Te vehach GillM 59 @
ol ©)5b3 drift mobilitye A7) 2 £xo tha) A

Ao} carrier transportE
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Fig. 14. Mechanism of dye sensitization of organic

photoconductors.
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>
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Fig. 15. Carrier transport process Typical plot of log

u against T for the temperature dependence of mo-

bility for a photoconductive polymer

(D e BAZE H¥ci(Fig. 15).
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b, u, : prefactor mobility (depends on the film
composition)
B . empirical coefficient
E, : zero field activation energy
T, . extrapolated temperature at which the

carrier mobility would be independent

of electric field

21(7) & insulating solid®] A% 7]31Q1 Poole-
Frenkel models wj$- §AES & + dvedl,
9] dtoll 218hH coulomic barrierol] trap¥ car-
rierg A2 2 3= Poole-Frenkel modele 4]

(—CHg‘?HmO-)n

.

§H3 ~
€CH,— CIAf . g \_
G=0 %
1®)
O S~
i =
CH,

1078

‘(‘:H‘CHz)n 1077

\.
(N

1T CHj
I
{'CHZ‘(‘:‘)H

C=0
i
CH,—CH, CH;
>N
E;

N <::>N( — Ey
N
E{ O/L<<:)>7N\El

€ (lZH —CHgp,
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ohe

Fig. 16. Hole drift mobility
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g e Ax WyhES ddsteds A8 sFEE Ve 248 sk 2719 F A=
& glgo] wrE A webs] A(7) 2 #AH= OPC AZE Se, CdS 59 ¥7] #BA Hold T

A o)Ale] carrier transporty & ol Aol 23| Exoz QI3 o]F o] &3} electrophotograpay 7
trapping-detrapping ¥l = hopping transportql$- v Zo] A3 wAFo] o} ol A= WEA
ehjlE= Aotk M ojajdt Qo= Qs §7] AEA B2A2A 3 = AR Fig dd 3§ He
B AR W pe A F AxA BlE) of ¢ 2R WA Yo|Hd uidt = FF Fol &
oo Fig, 162 2% A4 oizh 48 24 B ARoz AR ek’ oj2id FAY A4 U
oliL ek’ oz §7) ¥ A= £3(0PC), 53] 7134, ¢

HZ Aol A 52& ¢ Ao olsx HA MG 8 Bz AdAle] foldE 1T ZE ALEAA
3= 23 oy F ARAS dux 3= A7t 3 A% - g A7t 43 o]FoAa
gars] Waso] Fig. 173 22 Ago BAF th, OPC AF 7)ol 714 28l vis) 243
(CGL) &} 7hg)o] ©}52(CTL) 9 AF F27t 7V Ego] 2o Aol EAFPo R AHHAAOY 17
$53 EAL BYo] WA o]E o] &F A A =3l8 B At 2y el JFAo R o]F
Jbo] Eg o)f: gk o} 70\t el AH AAre] dAlel FolE

XM DEXe s S Folen daHog A URFAE A 7}

Ho M AR 73 71%(electrophotographic a1 9t (Table 3 #2). wet @A o]& OPC &
technology) 2 ol& o]43 14% A AFA A Aol 714 AEe mj$ g3 AMHa AeH ol
wo] 78] ERA 52 s st Aok ol W @@ 71& L) A WFE Table 40 243

We # AT JI5Ug olgdte] mau d-=% o
~ By @4 - gedolehs 29 e F3o

‘_ S Table 2. A A} AbA & 723 718 87 B4
ol8) imageo] transferg® 7FsA 3 7IEEA ° — — °©
oF A o 3 S =8 A o Z A
(Fig. 15) Ag¢Ho2E Aa AR B BAP), 4 % ,ﬂlf 3 ;4} #84 2 03§24
' . . @ A& H HA
OA(H) HAH, AA AR AR, B shiderkmi- o ST L T
crofilm, &2 1854 thermoplastic 712 film 5 @ B EE 2B BF B B FE
o] g5 9}, 3* o] 3} electrophotography “FH] ® WEY 2 WA
U AEY A5 AHe 3 AxA 544 o 2 ® 7hEA (a7, 7t
Al #4510, Table 201 ol2id # Ax B2 @ =
® %24
@ A2 54
Semitransparent hv
electrode; or . Electroph h 22 F AsH e A
corona charge\g &) Chzrge — Tal‘)le 3. Electrophotography & 4% 3 1o 4
transporting A+ 3(1985)
polymer =5 AAF(TS 100 =) Mg
0,
ol Charge OPC 121 2%
® 7 ¥ carrier Se 288 37%
Metallic/%////////// generator cds 57 7%
electrode 7Zn0 15 2%
Fig. 17. CGL/CTL layered structure A layed ptotocon- a-Si 6 1%
ductor in which charge photogeneration is separated *“HA JsAY T2 J1E7, pd37, BAAL
from charge transport. 19873
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Table 4. A= ARG 3 A= 23] A W

oft

T BA, 29| 14%3

1) n43

2) 11E4 3Pd(image)

3) BAHLCHAA

)

@ #3A Mgl FEHs(AAHE F)

Table 5. Commercialized Electrophotographic System

g5, OPC Ag9 AR

2 plain paper copier

(PPC) 43terel Z7hsh dlol#l ZeiE) Alge) &)

of o 23

=,

T3 90 a-Si A5 9o

A3 market share7} o]20}& Ro =z AMzt=),

Ao A TRl o ARE

+3 Fol sloy

dolAx ZTHE} L HFE 7] A 198435 9] A)

Manufacturer CTL CGL
CH~CHg¥ 0
IBM | | NGz
CT-C 1
Mita Ind. Co. © © O‘O omplex
O9N N0y
_CHOHO
/Me
s
Et O / \Me
CH=CH N
IBM E(\N O NN \g mc/ CNH
S y g St
ANvA
El\V MeMe /Fl © -
—« z;—CH—Z: :>— I
EK El, @ \E[ O Q()_@— ? _,@_Oﬁ}
M 0
of: *
i
Ci0g
Q 0
E N—N Et N @ @
b }—< :>-N/ Ne-N . N—Me
Kalle o ‘OJ\ \, . @ @ 3
R0 o =
Mitsubishi @:@—CH=N—N—© o  N-N o
Chem, N éHq ©© N:N@'{o}@-N:N
| OH HO
Et
Me ? O ¢
“€—©—NHC CNH-< §>_CH
CH-:N-N ScH
Ricco @N’\/ ©_© OH
\
I oCH
Q-
+CH - CHoy -
Matushita . z
Electric Co. a-Se, Se-Te

IEXDEL Iz A 1d 63 19909 11¥
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AAze dojgte OPCY F2#Fe YA wH=
50% F2o) @8t YAHCMC 19843 =5). ¥
7t & GrA T 1983 o] F 9] PPCe} #ojA =X
U9 RFEL 539 YORE Ed] £
HAEL B Ao FA3a rh

OPCE 2143} PPCx= 709t 8] Kodak, Kalle
(Hoechst) oA} A|#+-& 7WA18+9 5L 811d o= Ricco,
Mitsubishi, 821 ©]%ol+= Canon, Xerox, Mino-
ita, Dainippon Ink% F B-& 7Ig¢] A&t
w3k Az AR OPC <14 #-& Kalle, Polychrome,
Fuji SolA A28g 7jasted Algatn ok

g7 e] OPC &A= PVKE A3 74 959
A|2de] Abge Azsta glon iAo Hat
A 2=(CGL : Carrier Generation Layer)3} 73}
24:4% (CTL : Carrier Transport Layer) 2] %%
2 w22} kel v (polycarbonate[ PC], poly(methyl
metacrylate)[PMMAD ol o] £4+3<l 117% OPC
g (w7t =P 1 micro J/square centimeter ©]
37t 2FE o] FaL Qth Table 5+ o5 OPC A
7 g 7t JrZe pxE Holx Akt

AP |E dEA

AAAFA processE ©]£3 plain paper copier
(PPC)& &) Biprle] FH2A dBoAIE <
ZF Abeink o o) ke Arz A AR BAdE
o utgisith, z7)9] PPCE #3A| 2+ Se, CdS,
In0%29 ¥71A #ZEA7E AHgEILY 19709
IBMA}7} polyvinyl carbazole(PVK) /trinitrofluore-
none(TNFYA #7] :¥# 7Z-4A(OPC . organic
photoconductor) & &35+ PPCE Alg 7|AI8E o
#, OPC 59 7% L A ol e 7= 4
&alo] 3go] Al A PPC Aatare] Gyt ool
OPCE A=3la 9lon ol Hl &k FAAoR
)7L qleh, ol#}g OPCE o] &3 systemo]
dEol7he olfaAe iR AF/E e Hold
Aty a4 gigo] F714 Se, CdSFY 9
=4 7+ 9= de] OPCARR o] A9+ 34 v
| EA gt A VIiEd kAt

#7)e] OPC AzE 70 Q) Zuke] PVK/TNFs}

Jot ofN

<3

Fig. 18. Xerographic (Carlson) Process.Schematic illu-
stration of the steps in xerography. (1) Surface char-
ging of photoconductive plate P. (2) Copying the do-
cument by scanning with light, thereby selectively di-
scharging the plate. (3) Selective addition of toner
onto charged areas by carrier beads. (4) Electrostatic
transfer of toner onto paper. (5) Heat setting of image.
(6) Removal of excess toner from plate. (7) Re-illumi-
nation [same lamp as in (1)} to remove remaining

charge on plate.
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