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Fig. 1-1. Configuration of single-
layer photoreceptor (upper)
and dual-layered photore-
ceptor (lower) .
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Table 1-1. Photocarrier generation mechanisms in organics.
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Fig. 1-4. Electric-field-dependent charge transfer

with a change of activation energy.
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Fig. 2-1. Schematic diagram of experimental apparatus for spectral sensitivity
measurement.
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Table 2-1. Chemical strutures of CGMs and CTM.
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Fig. 2-2. Schematic diagram of experimental apparatus for quantum efficiency measurement.
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Fig. 2-3. Spectral sensitivity (S,,) of the layered photoreceptor and absorption spec-
trum of the Azo-FO-based CGL. Illumination through the CTL (O) , and the
semitransparent electrode (A) . The CTL thickness was 17.4 um and the CGL
thickness was 0.17 um.
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Fig. 2-4. The electric field dependence of the quantum efficiencies. For layered photo-
receptor, CTL thicknesses were 9.6 um (O) ,203um (A) ,342um (),
illumination intensity was 5.8 x 10*° photons s™ m™. For single CGL, thicknesses
were 0.27 um (O) ,0.15 um (V) , intensity was 8.3 x 10" photons s'm>.
Only filled square (M) was obtained by positive exposure at 027 um CGL.
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Fig. 2-5. The electric field dependence of the quantum efficiency at the layered
photoreceptor. Illumination intensities were 1.37 x 10° (O) , 8.20x 10"
(D), 5.07x10° (O) , 3.04x 10° (@) , 1.83x 10° (A) , 1.09x 10
(M) photons s’ m?, respectively. CTL's thickness was 20.3 um. Inset shows
neutralizing rate for surface charges N versus illuminating rate of incident pho-
tons J at electric fields of 2x 10’ () and4x 10° () Vm'.
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Fig. 2-6.Illumination wavelength dependence of the quantum efficiency at the Azo-
FO-based layered photoreceptor. The CTL thickness was 20.3 pm, the CGL
thickness was 0.3 um, and illumination intensity was 3.1 x 10" photons s™ m>.
Electric field was at 2x 10’ Vm™. ‘
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Fig. 2-7. Schematic representation of the photocarrier generation including the
hole injection in the layered photoreceptor.
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Fig. 2-8. Spectral sensitivity (S,,) of the layered photoreceptor and absorption
spectrum of the Azo-TPA-based CGL. Illumination through the CTL (O) ,
and the semitransparent electrode (A) . The CTL thickness was 18.5 pm
and the CGL thickness was 0.33 um.
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Fig. 2-9. Absorbance of the Azo-TPA-based CGL at 700 nm versus the CGL thickness.
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Fig. 2-10. The electric field dependence of the quantum efficiencies. For layered
photoreceptor, CGL thickness was 0.24 um, CTL thicknesses were 7.7 pm
(©O),155um (D) ,25.7um () and 37.3 um (O) , and illumination
intensity was 7.1 x 10" photons s m”. For single CGL, thicknesses were 0.32
um (V,V¥) and 053 um (M) , and intensity was 3.8 x 10" photons s™ m?>.
Filled symbols indicate results obtained by positive exposure.
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Fig. 2-11. The electric field dependence of the quantum efficiencies at the layered

photoreceptors. CTL thicknesses were about 21 tm and CGL thicknesses were
0.08um (O) ,0.15um (A) ,024um () and 0.35pm (O) , and illumi-
nation intensity was 1.1 x 10' photons s'm?”.
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Fig. 2-12. CTL composition dependence of the quantum efficiency at the layered photo-
receptor. CTM contents in the CTL were 90.9 V) , 800 (O) ,615 () ,412
(A) and23.1 () wt. %. CGL thickness was 0.12 pm, CTL thicknesses were about
22 pm, and illumination intensity was 1.0 x 10' photons s’ m®.
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Fig. 2-13. Quantum efficiency dependence on the intermolecular distance of the CTMs in
the CTL. Electric fields were at 2x 107 (O) , 7x 10° (&) ,5x10° () ,2x 10°
() and1x 10° (V) V m’. The incline of dashed lines indicates that quantum effi-
ciency is controlled by carrier transport process adjacent to the CGL/CTL interface.
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Fig. 2-14. The electric field dependence of the quantum efficiency at the layered
photoreceptor. Illumination intensities were 3.42 x 10" (O) , 1.61 x 10"
(D) ,804x10° (O) ,362x10° (@) ,1.81x10" (A) and 8.84x 10"
(M) photons s m”. The CTL thickness was 19.5 um and the CGL thickness
was 0.12 pm. Inset shows the neutralizing rate for surface charges N versus
illuminating rate of incident photons J at electric fields of 2 x 10" () and 4
x10° (@) Vm™.
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Fig.2-15. Illumination wavelength dependence of the quantum efficiency at the lay-
ered photoreceptor. The CTL thickness was 19.5 um, the CGL thickness was
0.12 pm, and illumination intensity was 1.8 x 10" photons s m’. Electric fields

were at3x 10’ (O) and 8 x 10° (A) Vm™.
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Fig. 2-16. Schematic representation of the photocarrier generation in the layered pho-
toreceptor. Photon absorption and carrier generation occur at different sites, while
carrier generation and carrier injection occur at the same time.
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Fig. 2-17. The electric field dependence
of the quantum efficiencies for the
layered photoreceptors (@) and the
single CGLs of negative (A) and
positive (H) exposure.

(a) Azo-AQ-based layered
photoreceptor : CGL thickness was
0.15 pm, CTL thickness was 21.1
pm, and illumination intensity at 520
nm was 5.2 x 10" photons s™ m™.
No PID was detected for the single
CGL (0.21 pm) .

(b) Azo-DSB-based layered
photoreceptor : CGL thickness was
0.35 pm, CTL thickness was 20.4
um, and illumination intensity at 560
nm was 7.9 x 10" photons s” m™.
For single CGL, thickness was 0.35
um, and intensity was 1.1 x 10 pho-
tons s’ m”.

(c) x-H,Pc-based layered
photoreceptor : CGL thickness was
0.31 um, CTL thickness was 20.7
lm, and illumination intensity at 780
nm was 1.6 x 10" photons s™ m™.
For single CGL, thickness was 0.27
m, and intensity was 3.1 x 10" pho-
tons s m>.



B. BETF3ROGIRIEREKEFNE |

Fig. 2-18 12, Azo-AQ & Azo-DSB &4 CGL A L - BRI OB TR
DERKFHEE , CGLOBRIRANRZ P& L HITTY, WThOREbRTIHR
REEEEET R bBEXE RNV LT —EDEEZRLTVS, Zhb
D7 VEEHL, AnFO. Azo-TPA DHE & k. RIS L Y BV BIZRIBICE)
BENTTSITRERZRBIZETEML. ZZHHCIME DR TH v U 7TRAE
LTWB EEZbND, RIERRREBIZBEL BEFTHY , ZRBCIME D
BFBBEIOCELEESND,

—%. x-HPc D ¥ ¥ J TAERIXFFETHIT L7 & 5 I, internal conversion =T
MY CHRASNTREY ., RERHERE () HFERMEA LE Y Y TRAER
OOV TNARZ AR oTND,

C. ¥¢%

Az0-AQ & Azo-DSB %% 4 CGM & L THWEEBRILKICOWTHF ¥V T
RADE 5% COL B & et L, ZORE, Azo-FO L Azo-TPA DHA L
FkE. 7Y BEEIE CTLOM TR Y U TRETHZLRALNITR T, TD ex-
trinsic #HEIX. Azo-FO. Azo-TPA DZN LR L LHEESIH., CGL/ CTLAERE
FHANILAX Y TERBIXENTHDZ LEZRLTWD,

HBO ) BETHEBHIEVS ¥ ) TREDREZ R TEER 7 I T2V
ZAWT b REEREREIT o TR, 7 YRR THEl S hizcTMIZ & 2HEE
KEIABDONEDP 2T, ThRLL, CGLANVI BT DX Y Y TERTH S Z
LRI,

-37-



1 R ] 1 ) T 0-8
[ (a) Azo-AQ 2
> :
o B 3
3 £
© ©
= <
wi
£ 3
3 c
£ 3
S 5
o 3
<
0.1
400 450 500 550 600
Wavwlength / nm
1 T T T T T T
)
> c
Q 3
C .
0 Q
o ®
b
wi ~
£ )
2 e
C (3]
S 2
& g
Q
<
0 1 L 1 1 ] 3 L 0

400 500 600 700
Wavelength / nm

Fig. 2-18. Illumination wavelength dependence of the quantum efficiency at the
Azo-based layered photoreceptors and absorption spectra of the CGLs. Elec-

tric field was at 2 x 10’ V.m™.

(a) Azo-AQ : The CTL thickness was 20.5 um, the CGL thickness was 0. 19
um, and illumination intensity was 3.1 x 10" photons s™ m>.

(b) Azo-DSB : The CTL thickness was 24.4 um, the CGL thickness was
0.19 um, and illumination intensity was 2.7 x 10" photons s m?>.
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Fig. 2-19. Schematic representation of the photoinduced discharge via extrinsic
photocarrier generation at the CGL/CTL interface.
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X, EBEERHCBWTRHERBOMAZEBIFEL LTHEATHY., Zh
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Fig. 3-1-1. Schematic diagram of experimental apparatus for electroabsorption
measurement.
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#(=ay;PB0E/7uRr—F—) IVBONEHEE LRV RS oF -
BNVCRHEL, YNV EBB LI pinSi 74 b - FA A —F BRF =
7R 83072) L2774+ —H AT B, EADEBIC, 1 kHz DEFRERREE2H
ML, ZORWEEZ Y - v« T 7 (NFEE; LIS75) iu vy 7 &h3,
BANEBRALT 4 b FAF— FITER UENITXER EEERT V7 TEEIC
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Fig. 3-1-2 IZ, BFERDBUIRD EARXAXRY MV % £2 DRINART pAB LT
FO—RWRW LK AR b e & HITRT, Fig.3.1-2 (a) i1, xBIES
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F—FEIK T EA AT FViX, ZIRBGBRINA 7 bV ERLSEEILTHWS, &
DIZZD EARNY MITEERFER T, BIZREIhTWETF—FY L—HL
T3, TOZEhb, x-HPc #2020 CT-nature B /S K (1.91, 1.61 eV)
EROZEIPERTE D,
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B TEA AT MVIE, ZIRBGTBRINA R 7 b E RS AL TE Y Azo-TPA D
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VUTVRFTH D Z NGB, Fig 3-1-2 () IZiX. RERIC Azo-AQ DFER
7Y, Azo-FODHE L& ARICT VU r VBB TFEBRT 2 B3 8h 5,

UED LS, WTFhbBRBREL T RBRCHAT VERThoTH, 0
FhiEFIRERIX 7 L Z VDT & CT-nature BiE ¥ & 0 2FEBREET B LN
HALMziRo Tz,

B. Xerographic 7%

Fig. 3-1-3 12, FHEBEREAEB LV CCGLEBOETFHREZ LB L TFRT, CGL
HEORTHRIBERBRBREKOZN LIRS L TYEBEEAVWREAIZAREL
HbETCTLIZ K> THRBREINTEBY . CGM/ CTMRBITH XY VY TRETHZ &
BG3Id, —J. x-HPcliZOWTiX, CTLIZ K 3BIIBH O T, CGLEHKT
xF¥ VTRELTWVWDZ EBDH 5,

Fie, TYEROFTH, BETOX XY Y TRADRICENRH S Z & Fig.
3-13 () - ) LVALNTHB, 7V IR FEERT 5 Azo-FO & Azo-
AQIX. BOBOHMTIZTLAEF X Y THRATERVE, ZHIZT7 L 7Rt
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3—2. BEFDIEK

3-2-1.#E
BREXAOBBEORBUCKE LTI, EFNFEER (CGL) » b EBMEERE
(CTL) ~DXF ¥ )V 7T DEAERBER L W O BB L oo T& 7, ZOX¥ V7
BEAEWIBRIL, CGLBBMTHF vV TERAETE D L BFHRITR B,
BIETHLMNI SN L DICT VER%Z CGM & L THWBEERBILAD X v Y
THREIX, CGL/CTLRAETETZZ b, ¥V TEAREEZ bETe,
CORBEICBITANEFY U TORAER Fig. 3-2-1 ZHOWTHAT S L. KO X
512785, TR OPCITERH 21T 5 &\ CGLAV T TRBRIL ENEHET (G,™)
DBAERY D, —RICEIEFIIFERT D (energy migrate) ¥ 25, G * IXCGL /v
755 CGL,/ CTLREIZH L, TZ CEFBEBRGICLV Xy ) 7E2RAE
5, ERLIEZ7 ) — - ¥ YT, SMBERICZ-TBE L, BRIz
HEINREEMEPT 5,
—fRIZ, BEFOSIER T E DI, ARMERER T R4 500 ABRTHY 2,
LB RERAE IR e LIS 7 3 A 53
BV 1360 ~200 ARRE L #ESh
TW3, FERLE D CGLER 11E
¥01~03 p mBECHEHINE hv T
B, CGL/\V 7 124 Uk phig T3 CGL
REOEREZBE L TR LTEDR

CTL
1“+
TCGL/ CTL S HEICEETE 5L G')e'
WO RRRIBAET D, L LOHEIIRD & ;
CGL G,

DX, CGLIZE ik Z AV T bR
RIICREW S ) TRADRIIEDZ S
CRVH, REZETFHRBHE T 05
ULDBRBRR/LATVS,

FHETIX. CGL./ CTL RETHEV
¥k v ) TREHNEREZTRT Azo-FO %
CGL IZAWARJE OPC & Hlic L Y ganic photoreceptor. G and T respec-
EIREOER & U TR FIEBuRE tively denote CGM and CTM mol-
YERT 5, ecules.

Fig. 3-2-1. Schematic of extrinsic
photocarrier generation in layered or-
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3-2-2 . BAE
A. RN
ANV Z Azo-FO & CTM DLZEEEIXIFE 2 EITR LY THD (Table
2-1BR), BAEOERGEIRIRTEY THD, £T.COM LRI v =17
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BEz, 7V—FBILLTEXMN22 1 m® CTL 258, BMEBLEE/ER L.

B. #IZE

BEFHROPEIX. DO L an FHELEREEOREEMEZILBHTT
B 3 xerographicis TIT o 7o, BIBERBIZOWTIX. BEICHFRLELEY TH S,
BAEOREBADONIFIL, 580nm D AN (CGL D HARILEE & iX 583 nm)
ZCTLAIL Y BAKICRHE LAIE L., REBMONXBET —F ZAWVTETFS
REREHL,

BAKROMEOBEL, ZRMEFEMSE (TEM, H3Z; H-500H) TiTo7, E
X 1000 A OB OWIER I % Ultramicrotome (LKB-Producter AB ; Ultrotome
8800) ICKVEIVHL, av A /KL BEEI—RVBEATHIS0 Ay a
DEEF v b EIZO®, TEMBEICHE Lz, CGMO o EURRIX, RiH OSSR »
M EIZCGLABRTHRZ T WY | R LZRICTEMBE L, CGLDRINA
X7 M EBKEORBERIEIL, F2ELRICEELZAVWTHIE L,

3-2-3 . #BREER
A. COL DRXWINEMEL ¥ ¥ Y TRAEZR
Fig. 3-2-2 12, CGLERYV V7NV DOEE & 583 nm 2B 2 B RENEDOBEGEE
RY . B FiE, I AR COGL ARz RER T L T/ER L7, Fig. 3-
22070y MIRREZBEDERICED . 3.2.1) X TEZHILD Lambert D¥ER]
29,

A=a *d 3.2.1)
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Fig. 3-2-2. Absorbance of the CGL at 583 nm versus the CGL thickness. Inset

shows an illustration for light absorption that obeys Lambert's law given by
eq. (32.1) .

T, ARERE, o XIEREFRE. JIEEEERT. —RIC. BERSBGRON
bk b UCROBELE B D BAREND 2, Fig.3-2-2 554K CGL MBI B
VTR « AL < HIIRE I Th D | Hxo 2 DRI BE LTI &
HIREDZEBND, fo T, CGLIZBIT BRI LI & E = 35
BFOAERIX. 32.1) RiZZ->TEREFMIZHMEZA L. CGLSVZ TRZ A Z
- LBHALNTH B (Figl-2-2 ODFAKSR), |

Fig.3-2-3 12, T8 OPC B L V' CGL BB D EFR%E CGLIREZITE X TH
ELERREZTRT, BRICZOEREHBT T, REENMDIERFE S emission lim-
ited IZRBZEBFE_ETHPoTVEDT, WTFhOEFHRLF ¥ ) 7RA
PRETFERLTVD, TR ZFEEOPCOX vV TREDNENCGLEEDNZ
N EE> TV BRI, CGL/V 7 TAER L B 733 CGL,/ CTLR ET* %
YT EAERTBZLERLTVS, ki, BB OPCORETEHEM, COLBEITHK
T LRWVRERIZ. CGLANV 7 BEET 20T OB LEEICR o TRV &
T, RO REFARITBERIICaPUATRI S L ENTVW ALK
ATEBHELTYH, BRFIK, CGL FOBFIMEBREETIIR, HALE
COM IZEF A (n) Th 5= LAMBRTV SO b, EFMEPHERE
WHRRRZFENRZ L LTYH, BEF%% 1000 AbDORBREZ B TE S &1
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Fig. 3-2-3. The electric field dependence of the quantum efficiencies. For layered
photoreceptors, CGL thicknesses before the CTL coatings were 0.09 um (O) ,
0.20um (A) ,030um () and0.49 um (@) , and CTL thickness was about
22 um. CTM content in the CTL was 474 wt. % and illumination intensity was
3.8 x 10" photons s m™>. For single layer CGL, thicknesses were 027 pum (1)
and 0.15 um (V) , and intensity was 8.3 x 10" photons s m™. The filled square
(M) data was obtained with the 0.27 pm single layer CGL sample using a posi-
tive surface charge. '

EFRLEEXSIEEZIZL VW,

B. b i BRRE O HEE
CGL 7NV 7 THBMUT & Y AR LT BhEE-Fid. CGLHZ 3 L CGL ./ CTL #
ETxY Y 7EERT 5, AEICBIT5RETFOMBENRFICEZ 3 LIET S
&. CGLIEE (d) PRIBAE DO (¢ ') BIUEHE () LY EVWEE. v
VT REDEFHBIIRTERENS™Y,
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Fig. 3-2-4. Reciprocal photocarrier generation efficiency versus reciprocal ab-
sorption coefficient of the CGL at the layered photoreceptor. Experimental
data are given in Fig. 2-6. '

Fig.3-2-4 12, CGL B2 R 2% 2 THRIE L7 BRI D xerographic B F %)
RBOFH L CGL DRIRBOH K OBEGRERT, RIORTHERIIEE 2/ -5,
hiE FILBORR A X ¥ V ?%ib:ﬁé% LTWRWZ L Z&RLTWS, Fig.3-2-38
XU Fig. 3-2-4 OFERIL. BhEE FICHERRENS S 1000 A2 B icli 2 5 = L 2 &%
5HDTHY, ZOEITETRALIZINECRBE SN TV EREFEEE S
RELHBXTLES,

—F. a?'DI>dORE. BEEFAOEEY x 2 T5 L,

¢ (x=0) =¢, | (323.a)
¢ (x=d) =¢,/2 (32.3.b)

207 BTHED o KIFHEILR, Fig.3-2-3 B X W' Fig. 3-2-4 DFERITTe L
B, 20K > REHED D\ RO S — A 2% L b0 LRT 5 H R HR
THd, ZOMRIZENIT, ¥¥ ) 7REEET S CGL/ CTL AEIZCGM AL F
LFETHZ LITRY . CGL/CTLREHBA Y MA G EEZ L > TV B
T LERRT 5, RIZZDRIZOWT, CGL/ CTLAEZHKBOBE L\ 584
NHFRDB,
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C. CGM D L CGL / CTL A mDIEE

FTCILMbEZD L. ZHHESFCT™M &34 /ﬁ—iﬁﬂa#%tﬁéi’&ﬁk
THHEH, FEmbaEb < vs e FEICA T L A OWERETHS ¢EZx2bh
%, —74 . CGLIZCGM ¢ BHIED N EIETH 3 » HEENICIIFRHYETH 5, Fig.

3251k, BTHP O CGM D5y BREBEZ R T TEM B TH 5, REIFHK 01 1 m,
EEIDHD 001 1 m O—WRLF A, REFRICESE LT _RALFETBE LTV 5,
IDXDRGBHEEZHE L TRIBTRE AV THEI N CGLIL, FEH* 100
%THdLiIXEZLNT, BLAZAETHI L THEINS,

Uto X5 c B3B8 2>/ CGL/CTLRRE DA% TEM TEEL
72. Fig.3-2-6 (a) \ZF&f@ OPC DWTEER /"%, CGL,/ CTL FMEICiX. FicHE
EHRRLNIRWH, Fig.3-2-6 (b) DCGLEE LB L, CGLBBLZ 2/ER
BIZEL RoTW5B, EHIT, Fig.3-2-6 (a) P CGLA&IX, (b) BIZEH TIIRL,
T LACGLEAR L CTLOFRINFEED L 5 IR ITEMbNE, TRLDERIX, £
FLAE CGL O I~ CTL 2R T B2 LARA T b D LAFIRTE | /8 OPC D
CGL X CGMALTF & CTM 43 F L BIEF LIEBRRICR > TWH L HETE D,
7o, CGLIRE D 25122 5 fmR1 0. Y ED CTM A CGLIZ LARATND L
HHEh, 3L CGMALTDEY ZCTMAF BBV BHATHS bDEE XL
nd,

D. CGL F D RhiEF Dk

UEEY, FxVTHREYA PP CGMBLTREICHD Z EBHETE =,
BT OWEA RT EEEIZ 2 o TWARWZ & #5RT Fig. 3-2-4 OFERIX, AHi
T & AT 25 72 CGM & CTM BT 5 CGLOMETHRATE 5, BEF OB
B AEEREIIB R TH CGM — KL FLANTH I D, F ¥ U TRAEDRICHE
T 5 B F LB RIT. CGL DESIEKFE L RWERNER TE 3,

COM—RRIF BT B0 FEIZHOWTIX, BFORES 12 & L, AREER
BRETHE, $7000 HOZTFOEEETHZ LRAELOID, BAY I3,
BIREED CGM B b—E RI YV UHEBER LB Z L EZRALMNZ L LT, %2 7
I ROINR=NVBRB I OKRBROKERER ZHES LT 526K BRI MTD
TWABLHELTWS, —J5, Pacansky & Waltman '@ 13X, :‘/‘XTJ%’H"(“TDZ)?

- 60 -




















































































































































































