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Abstract 

Electrical properties of OPC (Organic Photoconductor) drum 
have been measured by using liquid electrode contact method. On 
conventional measurement for electrical characterization of OPC 
drum, some simulators made based on electrophotographic 
process have been used. Meanwhile, on the liquid electrode 
contact method, there are the features that the liquid electrode is 
put on OPC directly, which can maintain stable charge supply to 
surface of OPC drum, and measurement area is fixed,. And the 
time required for fatigue of OPC drum was significantly reduced 
compared to conventional method when water was used as a liquid 
electrode. Additionally, it is also an advantage that the surface of 
OPC drum is unsoiled before and after testing, unlike the methods 
using vapor-deposited films etc. In this report, we aimed to 
capture, assess and compare the characteristics of the OPC drum 
by using liquid electrode contact method. 

Introduction  
Generally, for measuring electrical properties of OPC drum, 

the simulators based on electrophotographic process with rotation 
have been using. In that system, charger, exposure, electrostatic 
voltmeter and eraser are arranged around a sample drum, and 
charging is contactless. As for TOF (Time of Flight) measurement 
etc., the methods which electrode such as ITO and Au are made on 
surface of a drum are well known. Though each mean is excellent, 
there are still a few improvements. For example, the former 
method has uneven charging, and it is not easier to remove 
electrode material in the latter case. Then we invented a method 
which clear liquid is used for an electrode, contacts with surface of 
a drum and voltage is applied directly.  In this method, charging is 
uniform, determining area is fixed without rotation during a 
measurement, and removing an electrode is easy. Additionally, it 
is also one of the features to be able to measure any shapes of 
samples. 

In this report, we show some results about characteristics of 
OPC drums measured using this liquid electrode contact method. 
And some comparison of the data between this way and a general 
and conventional method are included partially. For example, in 
fatigue test, time for a fatigue level was significantly shorter than 
general method. 

This liquid electrode contact method is still inadequately-
tested and the data is just one case which used H2O as an electrode. 
Therefore we show results include merit and controversial point as 
a proposal for noble way for characterization of OPC. 

Methods 

1. Device Configuration 
For measurement by liquid electrode contact method (liquid-

method), we used a device, “C_LIQ” (GENTEC). Fig.1 shows a 

configuration of C_LIQ. Liquid electrode on surface of OPC drum 
is connected to network system through an electrode inside the pot. 
That network system is composed of the measurement plate 
connected an electrode inside the pot and several relay-circuits to 
regulate the plate. High-voltage supply is connected the pot and 
controlled by a PC connected the network system. For 
measurement of surface potential, two kinds of probes are adopted. 
For light exposing, LED (λ=650nm) was used and irradiated from 
above to detective area through clear liquid. In this report, H2O is 
used as liquid electrode material and the detective area is 0.5cm2.  

 

 
Figure 1. Schematic drawing of measurement system “ C_LIQ” 

2. Materials and Measurements 
Several kinds of OPC drums, which compositions are 

uncertain for us, were measured as the sample in this report. And 
H2O is used as a liquid electrode. All of the data were measured at 
room temperature.  

Fatigue test – In fatigue test using C_LIQ, a sample drum 
was charged through liquid electrode, meaning that surface 
potential of the drum comes to around 0V when charging is 
stopped. And charging and exposing were continued during 
measurement interval. The sequence of the measurement was 
shown Fig.2.  

 

 
Figure 2. A sequence of LIFE test, per 1 cycle, in C_LIQ. 

In the test using CINDIE743 (GENTEC) and CYNTHIA94 
(GENTEC), sample drums were fatigued by the repetition LIFE 
test sequence; sample drums were charged by scorotron, exposed 
by LED light at 780nm (250μW/cm2)  and then erased by LED 
light at 650nm. 
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Figure 3. A sequence of LIFE test, per 1 cycle, in CINDIE743 (1), and LD2 
test in CYNTHIA94 (2). 

TOF measurement - On TOF test using C_LIQ, drum current 
was measured with 3μs of exposure. Transit time and drift 
mobility are calculated from obtained data. The charging voltage 
was set to   -600V. In the test using CYNTHIA94, as a comparison   
experiment, mobility was calculated using transition value of 
surface potential of a drum. After corona charging, surface 
potential is decayed to the set level, -600V. Then measurement of 
light decay was immediately started after light exposing. 

MEMORY test - The memory phenomenon was measured 
using C_LIQ.  An OPC drum stayed dark was exposed by light at 
650nm (760μW/cm2) for 0.1s. Following that, it started to charge 
to set voltage by degree and detect as a pre-exposed drum data. 
After that, at intervals of 0.1s, charging was started again and 
detect as a without pre-exposed data. Fatigue test is used the same 
program as above-mentioned. 

TRAP test – In the trap test using C_LIQ, constant current 
circuit was adopted for charging by pulse charging. A sample 
drum stayed in the dark was exposed by light at 650nm 
(760μW/cm2) for 0.1s, promptly after that, pulse charging was 
started. Pulse width of charging was 1.5ms and 3.0ms. 

Results 

1. Fatigue test 
Fig.4, Fig.5 and Fig.6 show the results of fatigue test using 

C_LIQ5D, CINDIE743 and CYNTHIA94, respectively. The result 
in Fig.6 was measured after fatigue test by CINDIE743, each for 
12 or 24 hours. 

 

 
Figure 4. Transition curves of residual potential of an OPC drum measured 
using C_LIQ. All of the points were plotted each surface potential 1 second 
after start measuring dark decay (a) and light decay (b), respectively. 
Horizontal axis shows time for fatigue by light and charging. 

 

 
Figure 5. Transition curves of residual potential of an OPC drum measured 
using CINDIE743. The sample is the same as that of Fig.4. 

 
Figure 6. Residual potential transition of an OPC drum measured using LD2 
program of CYNTHIA94. Each value was detected 1 second after start 
measuring light decay. Horizontal axis shows time for fatigue by CINDIE743. 
The sample is the same as that of Fig.4. 

Comparing transition of residual potential on surface of a 
drum, the time for fatigue on liquid-method is significantly shorter 
than that on conventional method at a same residual potential. One 
of the major reasons of that is considered to charge voltage and 
expose light to the fixed area continuously. And since H2O is 
contacted with surface of an OPC drum, the humidity condition for 
OPC is stringent. So it seems to be easier to fatigue. Additionally, 
in liquid method various kinds of OPC became colorless within 1 
hour in fatigue test. (data not shown) The colorless means that 
absorbance of photoreceptor in CGL might be decreased or the 
absorption wavelength was varied.  

2. TOF measurement 
Table.1 shows the transit time and drift mobility calculated 

from the result of TOF test. Compared liquid-method with 
conventional method, these calculated values, transit time and 
mobility, were respectively about the same in the drums. 

Table 1: Drift mobility and transit time of carriers in OPC drum. 
Comparison of liquid-method and a conventional method. 

Drum 

C_LIQ CYNTHIA94 
Transit 

time 
[ms] 

Drift 
mobility 

[cm2/V･s] 

Transit 
time 
[ms] 

Drift 
mobility 

[cm2/V･s] 
1 
2 
3 
4 
5 

0.68 
1.23 
1.16 
0.74 
1.62 

1.53E-05 
8.46E-06 
9.00E-06 
1.41E-05 
5.94E-06 

0.65 
1.54 
1.17 
0.81 
1.71 

1.59E-05 
6.76E-06 
8.94E-06 
1.28E-05 
6.08E-06 
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3. MEMORY test 
Fig.7 shows the fatigue dependence on charging pre-exposure 

conditions. And each difference between with and without pre-
exposure conditions is shown in Fig.8 

 
Figure 7. Fatigue dependence on charging characteristics on with pre-
exposure conditions. Time displayed inside each figure is time for fatigue. 

 
Figure 8. Difference surface potential between with and without pre-exposure 
conditions. And fatigue dependence of them. Time displayed inside each 
figure is time for fatigue. 

 
Figure 9. Difference of differential coefficient of surface potential between 
with and without pre-exposure conditions. And fatigue dependence of them. 
Times for fatigue are displayed in the figure. 

 
Figure 10. Comparison of charging characteristics on each setup charging 
voltage. The voltage values displayed inside the graph are setup charging 
voltages, and voltage is charged by degrees from 0V to setup voltage.  

The results in Fig.7 indicate that charging in the case of pre-
exposed drum is delayed relative to that in the case of without pre-
exposed drum. And it was also showed that the peaks of difference 
charging curves in Fig. 8 are downshifted with increasing fatigue 
of the drum. In the Fig.9, all of the curves respectively have peaks 
which are thought to be attributable to the carrier emission from 
the trap by electric field. The time τ, which carriers are trapped, 
has been explained by the following equation. [1], [3], [4] 

(1)  

(2) 
 
The ε0 (eV) is the depth of trap, E is electric field, k is 

Boltsmann constant, T (K) is the absolute temperature, d (m) is 
layer thickness of OPC, and each τ0 and α is the constant. Then the 
current Jabs which is attributable to carrier emission by the electric 
field is expressed by the following equation. [1], [3], [4] 

 
      (3) 

 
n is the density of trapped carriers.  
Additionally, dependence of charging characteristics on 

charging voltage was able to be observed in Fig. 10. 
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4. TRAP test 
The comparison of difference on charging properties is shown 

in Fig. 11. It is demonstrated that charging quantity of a pre-
exposed drum was decreased compared to without pre-exposed 
drum at the same time after start charging. It is thought that surface 
potential is canceled by carriers liberated from the trap. 

 

 
Figure 11. Pulse charging waveform. Comparison of difference between with 
and without pre-exposure. A Heavy line and a narrow line shows with and 
without pre-exposure, respectively. Inset is their enlarged view. 

 
Figure 12. Difference between with and without pre-exposure charging waves 
calculated using the data shown in Fig.11. And comparison of charging 
characteristics. Pulse charging time was 1.5ms/pulse at upper (c) and 
3.0ms/pulse at lower (d). 

 

The difference voltage signals between with and without pre-
exposure were shown in Fig.12. Compared to the maxima in each 
pulse, those in wave (c) were decreased with charging time. On the 
other hand, those in (d) had a peak in the transition and decrease 
gradually relative to wave (c).  

Though it is still not able to be estimated the quantity of 
carriers by pre-exposure because signal is too small and noisy to 
estimate, it would be enough to do it when these problems are 
improved. 

Summary 
We tried to investigate the liquid electrode contact method by 

measuring electrical properties of several OPC drums. As a result, 
it showed that the values obtained by liquid-method were 
relatively the same as the results by using conventional method in 
TOF test, and it considered that this liquid-method is useful for 
fatigue test because the measurement time for fatigue is able to be 
dramatically short. However, it still has problems in this liquid-
method, meaning that it is necessary to reveal the effects on an 
OPC drum from liquid materials and also improve signal detection 
to analyze in detail.  

The method using liquid electrode is under investigation. 
Although the problems have still remained, it would be useful 
method for characterization of OPC, especially in trap and 
memory phenomenon. 

References 
[1] C.W. Lin, et al., Dependence of Photoreceptor Charging 

Characteristics on Pre-Exposure Conditions (IS&Ts NIP 14,  
International Conference on Digital Printing Technologies, 1998) pg. 
548. 

[2] C.W. Lin, et al., Analysis of Traps in Photosensitive Materials from 
the Dependence of Corona Charging Characteristics on Exposure 
(IS&Ts NIP 13,  International Conference on Digital Printing 
Technologies, 1997) pg. 270. 

[3] Y. Hoshino, et al., “Measurement of Traps by Pre-exposure Effect on 
Charging Characteristics in Organic Photoreceptor” Jour. the Imaging 
society Japan. 37, 542 (1998). 

[4] Y. Hoshino, et al., “Thermally Stimulated Current Measurements on 
the Trapping Levels in a Cu-Phthalocyanine Binder  Photoreceptor”, J. 
Appl. Phys., 52, 5655 (1981). 

Author Biography 
Toshinori Nozaki is the president of GENTEC Co. He graduated 

Shibaura institute of technology in 1969. Since then he established 
GENTEC in 1982, and has been involved in research and development in 
the field of imaging engineering and electrophotographic technology. He is 
a member of ISJ (the imaging society of Japan). 

 
 

218 ©2012 Society for Imaging Science and Technology


	Introductory Materials
	TECHNICAL PROGRAM AND PROCEEDINGS
	Copyright 2012
	ISBN: 978-0-89208-302-2
	Welcome to NIP28 and Digital Fabrication 2012
	Conference Committees
	IS&T Board of Directors
	Table of Contents
	2012Week At-a-Glance
	Quebec City Convention Center
	Conference Exhibitors
	Conference Sponsors
	Corporate Member Conference Sponsors
	IS&T Corporate Members

	Technical Papers Program: Schedule and Contents
	Keynote Talks
	Frey, 21st Century Libraries -- from Print to Bits
	Rolland, Paper Microfluidics as an Enabling…pg.1
	Shinada, Single-pass Inkjet Digital Printing…pg.2
	Tzori, The Nanographic Printing™ Process…pg.6
	Stasiak, Digital Fabrication: Enabling Ambient…pg.7

	NIP 28
	Actionable, Security & Forensic Printing
	Ulichney, Combined Covert Data Embedding…pg.364
	Vans, Progressive Barcodes…pg.368
	Gaubatz, Mobile Capture of High-resolution…pg.371
	Simske, Incremental Information Objects…pg.375

	Advanced & Novel Printing and Applications
	Chatow, Custom Cloud Printing Solutions…pg.266
	Ilmonen, Biofabrication of Cancer Microenvironment…pg.269
	Yanaka, Integral Photography Using 2D Printer…pg.273
	Henry, A Multi-pixel LED Print-head for Novel…pg.277
	Sekizawa, New High-resolution Technique of Image…pg.280
	Pu, An In-situ Formed Cross-linked Coating…pg.284

	Color Science/Image Processing
	Recker, Challenges for 3D High-Fidelity Soft…pg.124
	Zhao, A Printer Point Set Gamut Model based…pg.128
	Koh, Custom Fan Deck for Multi-primary Visual…pg.132
	Kitakubo, Experimental Results on Brain…pg.137
	Liu, Color Difference Evaluation…pg.140
	Yamanouchi, Automatic Color Reproduction Using…pg.144

	Commericial & Industrial Printing
	Ujiie, State of Art of Inkjet Textile Printing:…pg.17
	Ishikura, Design Studies on Ink Jet Printhead…pg.20
	Matsumae, Development of Digital Quasi-embossing…pg.24
	Xu, Preparation of a Novel Dispersant…pg.28

	Digital Print Fulfillment and Finishing
	Moore, Cloud Computing for Graphic Arts…pg.106
	Karni, Seamless Publication Using 3D Proofing…pg.109
	Mizen, Revolutionizing Photo Books through…pg.113
	Hoarau, Intuitive and Scalable Operational…pg.116
	Song, Understanding Post Finishing Performance…pg.120

	Electronic Paper and Paper-Like Displays
	Zhou, Development of Bistable Electronic Inks …pg.32
	Hsieh, Advertising Efficacy Research…pg.36
	Kobayashi, Organic Electrochromic Materials…pg.39
	Shibata, Comparing Paper Books and Electronic…pg.43
	Zhang, Study on the Photo-alignment Performance…pg.47
	Inada, Analysis of General Rashness of Reading …pg.51

	Environmental Sustainability
	Voss, Deinking of Recovered Paper Mixtures…pg.522
	Bhattacharyya, Effects of Paper on LEP Digital…pg.526
	Mittelstadt, Deinking of Thermal Inkjet Newsprint…pg.530
	Simske, Sustainability through Variable Data…pg.533
	Black, Imaging Devices, Sustainable Design…pg.537
	Fischer, New Deinkable Water based Inkjet Inks…pg.541
	Gong, Application of Wet Image Analysis…pg.543
	Sobotka, Explaining the Present Parameters…pg.547

	Fusing, Curing, and Drying
	Maza, HP Designjet L65500 Drying and Curing…pg.463
	Bae, A Numerical Study for Fusing Process…pg.467
	Eguchi, Analysis of Electrostatic Offset…pg.471
	Onishi, Toner Fix Analysis Using Numerical…pg.475

	Image Permanence
	Salesin, The Light Induced Deterioration…pg.378
	Bugner, Factors to Consider in the Design…pg.381
	Gordeladze, Colorant Fade and Page Yellowing…pg.387
	Hodgson, Test Methods for the Water Sensitivity…pg.392

	Ink Jet Printing: Materials
	Wakabayashi, The Study of the Relation Image…pg.54
	Yu, Synthesis of Aqueous Blocked Polyurethan…pg.61
	Zhang, Study on Droplets Formation Process…pg.65
	Bai, Modification of SMA Using Epoxypropyl…pg.66
	Suzuki, Application of Color-changeable Ag Films…pg.70
	Hall, UV Inkjet Inks with Improved Stray Light…pg.74
	Li, Preparation of a Cross-linkable Emulsion…pg.78

	Ink Jet Printing: Processes
	McConville, Waterless Inkjet Process for High…pg.95
	Nishi, Development of Novel Bend-mode Piezo Ink…pg.99
	Jia, Research on Droplet Spreading…pg.103

	Ink Jet Printing: Processes continues
	Tada, Stability Analysis of a Drop Generation…pg.396
	Grace, Jet Fluctuations and Drop Velocity…pg.400
	Mace, Digital Printing of Packaging…pg.404
	Hoath, Regimes of Polymer Behaviour…pg.408
	Hsiao, Aerodynamic Effects in Ink-jet Printing …pg.412
	Snyder, Dot and Line Formation Analysis…pg.416
	Talbot, Drying and Deposition of Picolitre…pg.420

	Mathematical Modeling
	Wang, Plasma Dynamics and Charging…pg.479
	Kitazawa, Heat Transfer Simulation for Thermal…pg.483
	Kemp, Semi-analytical Model of Charge Image…pg.487
	Wang, Charging of Surfaces with a Wire Corona …pg.490
	Takahashi, Simulation Technology to Predict Paper…pg.494

	Media for Digital Printing
	Wu, Color Reproduction Consistency…pg.8
	Le Galudec, Inkjet Wallpaper and Decor on Demand…pg.12
	Chen, Research on the Printability of Coated…pg.14

	Print & Image Quality
	Zhao, Analyzing Print Quality of Large Printed…pg.230
	Simske, Use of Face Detection to Qualify Image…pg.234
	Whitney, Laser Spot Size Measurements…pg.236
	Pykönen, Experimental Comparison of Wettability…pg.239
	Shi, Tone Reproduction Characteristic…pg.242
	Lei, Hybrid Target for Camera-based Document…pg.245
	Kumagai, Observation of Electrostatic Latent…pg.250
	Kasuga, Relationship Between the Readability…pg.253
	Boley, Performace of Print Masks Using Image…pg.256
	Park, Implementation of Halftone Blending…pg.262

	Printing Systems Engineering/Optimization
	Ecer, Simulation of Toner Mixing and Delivery …pg.219
	Beltman, Improved Ink Registration through…pg.222
	Kuo, An Adaptive Model-based Approach…pg.226

	Printing Systems Engineering/Optimization Applications
	Kahatabi, Dielectric Properties Study of Thin…pg.287
	Oohara, Analysis of the Paper Curl Amount…pg.289
	Suhara, Potential Profile Measurement…pg.294
	Nauka, Sensing Volatile Hydrocarbons…pg.298
	Inenaga, Technology of Media Capability for Color…pg.301

	Thermal Printing
	Yasuo, A New UV Curable Inkjet Ink…pg.58
	Fujiwara, Development of the High Durability…pg.81
	Taniguchi, Novel Approach to Plastic Card…pg.84
	Toyosawa, Study of Thick Film Thermal Head…pg.88
	Terao, On-demand Transcript Foil Print…pg.92

	Toner-Based Printing: Materials
	Kakiuchi, Crystalline Polyester for Chemically…pg.171
	Hoshino, Powder and Film Charging Characteristic …pg.175
	Naito, New Submicron Silica Produced…pg.179
	Nelli, The Effects of Fumed Silica Structure…pg.183
	Lai, Latex Optimization for Emulsion…pg.187
	Chun, Materials Compatibility Assessment…pg.190
	Tan, Palm Oil-based Bio-Resin for Toner…pg.194
	Mizuhata, Advanced Process for Polyester…pg.198
	Zhang, The Research on  Recovery…pg.202
	Shi, Effects of Toners on Photothermographic …pg.206
	Kambara, External Additives for Toners: Character…pg.209
	Birecki, Temperature Effects on Liquid…pg.213
	Nozaki, A Method for Measuring Electrical Proper…pg.215

	Toner-Based Printing: Materials continues
	Zhou, Semiconducting Polymer Matrix as Charge …pg.344
	Forgacs, Electro-Rheological Model of HP-Indigo…pg.348
	Kim, Aggregation Behaviors of Colloidal…pg.352
	Nash, The Effect of Carrier Surface Morphology…pg.356
	Veregin, Linking the Chemistry and Physics…pg.360

	Toner-Based Printing: Processes
	Kawamoto, Parametric Investigation on Dynamics…pg.498
	Anthony, ElectroInk Charge Retention in the HP…pg.502
	Leoni, Small Dot Printing with Ion Head…pg.503
	Whitney, Toner/Transfer Member Adhesion Response …pg.507

	Toner-Based Printing: Processes con’t.
	Kadonaga, Three Dimensional Simulation of…pg.510
	Yang, Cartridge Clustering for Improving Tone …pg.514
	Kobayashi, A Model for the Dynamics of Charging…pg.518


	Digital Fabrication 2012
	3D Printing
	Jones, The Influence of Residual Toner Charge…pg.327
	Huson, Solid Free-form Fabrication of Ceramics …pg.332
	Klein, 3D Printing of Transparent Glass…pg.336
	Umezu, Digital Fabrication of 3D Bio Devices…pg.338
	Hoskins, 3D Printing of Self-glazing Ceramics…pg.341

	Devices
	Chen, Direct Etch through SiNx, Selective Dope…pg.148
	Hermans, Inkjet Masking for Industrial Solar Cell…pg.151
	Hakola, Optimizing the Performance of Metal Grid…pg.155
	Shin, Front Side Metallization Issues of a Sol…pg.159
	Platt, Low Cost Metallization Inks…pg.162
	Shen, Intelligent Packaging with Inkjet-Printed…pg.164
	Espig, Central Challenges When Up Scaling…pg.168

	Devices continues
	Zipperer, Touch Sensors based on PolyTC…pg.549
	Ueberfuhr, Inkjet System for Printing Mechanical…pg.550
	Maejima, All-inkjet-printed “lab-on-paper”…pg.554
	Beckert, Inkjet Printing for Applications…pg.557
	Magdassi, Nanomaterials for Printed Electronics…pg.561
	Lorwongtragool, Inkjet Printing of Chemiresistive…pg.564
	Sanchez-Romaguera, Enabling Low Cost UHF RFID…pg.568

	Formulation of Functional Inks
	Deiner, Mechanochemical Approaches to Ceramic…pg.318
	Kanzaki, Method to Synthesize Silver Nano-particles…pg.323

	Metrology, Instrumentation, Design of Print Pattern
	Ellinger, Patterned by Printing—A New Approach…pg.304
	Ramon, Inkjet Geometric Design & Compensation…pg.308
	Reinhold, Measurement of Mass of Single Inkjet…pg.312
	Cahill, Evaluation of Inkjet Technologies…pg.315

	Pre & Post Processing
	Reinhold, Spectrally Enhanced Photonic Sintering…pg.424
	Lim, Inkjet Printing and Sintering of Nano…pg.431
	van Dongen, Digital Printing of µPlasmas…pg.436
	Farnsworth, The Photonic Curing Process…pg.440
	Hammerschmidt, The Influence of Post-Treatment…pg.444
	Wunscher, Inkjet Printing and Low Temperature…pg.448

	Printing of Electrical Connections
	Reichenberger, Low-cost Ink-jet Printing…pg.452
	Rathjen, Feasibility Study: Inkjet Filling…pg.456
	Grouchko, Copper Ink-Jet Inks for Flexible…pg.461


	Author Index



