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Abstract

Dye sublimation printer print is possible to print on the high-
resolution. But Dye sublimation printer receives high heat and
pressure than Inkjet printer and Laser printer. Therefore, the
surface paper is transformed, and there is a possibility of
negatively affecting the print quality. Then, we verify the reason
why the surface paper is transformed and Influence that
transformation of surface paper gives print quality. (Key Words:
Dye sublimation printer, Thermal print head, Micro heater,
Numerical analysis, Positioning margi)

Introduction

Recently, due to widespread use of digital camera, the
demand for high-resolution printer have grown. Because the dye
sublimation printer is capable to print density tones, the output
quality is as high as silver halide photographs.

Fig.1 shows the print principle of dye sublimation printer. The
thermal head will apply pressure on ink ribbon against the special
paper which has reception layer and it will apply heat by micro
heater to diffuse ink to the paper. The dye sublimation paper
receives high heat and pressure while printing compared with
inkjet or laser printer. Therefore, it is possible to transform the
surface profile of the dye sublimation paper and damage the print
quality.
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Figurel. Principle of dye sublimation printing]
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In this study, aiming at further improvement of the print
quality, we examined the influence of surface profile of the dye
sublimation paper on the print quality. First of all, we observed
the transformation of the printed surface of the dye sublimation
paper with the contact microscope and examined the factor of
transformation. Based on this study, we have improved the thermal
head to prevent transformation of the dye sublimation paper. As a
result, we were able to improve the print quality by having better
glossiness and image clarity.

Experiment
We examined the relation between the print quality and the
surface profile of dye sublimation paper. We made print samples
by changing the relative position of thermal head and platen rubber
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of the printer and measured the profile and glossiness on the
surface of dye sublimation paper. The position of platen rubber
was changed in the range of -500um to +500pm as shown in Fig.2.
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Figure2. Position of the thermal print head

The print was made every 100um move of platen rubber.The
load of a thermal head was kept 30N constant. The speed of the
dye sublimation paper was 17.78mm/s(0.7ips). The voltage of the
heater was 14V. The gap of thermal head position from the fixed
position which is caused by friction was corrected based on
preparative experiment.

Contact area observation

To understand the transformation of the dye sublimation
paper surface, we observed the real contact area of dye sublimation
paper. Contact microscope produced by Niigata University was
used to observe real contact area.

Fig.3 shows the diagrammatic illustration of the optical
system for this contact microscope.
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Figure3. Layout of the contact microscope
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The light from light source becomes a linear polarization by
passing the polarizing plate ([poraraiza]) and becomes an elliptic
polarization through 1/4 wave plates. Because the phase of the
light that reflects on the surface of the paper becomes
discontinuous, only the polarized light that reflects in real contact
area can be intercepted by adjusting with the poraraiza and the
analyzer. Therefore, the real contact area looks black.

The real contact area of paper was measured by using this
principle. The Scm square aluminum was used for the plinth
which press the paper against the prism. The pressing force of the
plinth was adjusted to make contact pressure 1MPa.

The measurement was made at one point on the right side of
printed surface. Afterwards, the ratio of a black area was
measured from the obtained image as the real contact ratio. The
real contact ratio of the dye sublimation paper before printing was
99.70%.

Measurement of glossiness

We measured the glossiness as one of the methods to
evaluate print quality. The glossiness is the ratio of regular
reflection on material surface. The glossiness was measured using
gross checker IC-331 (made by HORIBA company) and 20 degree
method (Fig.4).
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Figured. Layout of deveice for gloss value

We measured glossiness on the print samples of experiment
We measured three points on the right side of dye sublimation
paper where we can get most steady prints and average of three
was calculated as glossiness of printed surface.

Measurement of the image clarity

We also measured the image clarity as another method to
evaluate print quality. The image clarity is a value of image
clearness which reflects on the surface of material. We measured
image clarity with the image clarity measuring instrument made by
SUGA.

Fig.5 shows the principle of image clarity measurement. The
light which passes 0.03+0.05mm slit becomes a parallel light and it
is irradiated to the sample surface. The light that reflects from the
sample surface is converged by the lens. The converged light is
measured by the photoreceiver through an optical comb that moves
right and left. If the image that reflects from the sample is not
clear, the image width on optical comb extends.

When the image width is wider than the slit on comb, the
amount of light to photoreceiver decreases. The calculation
formula is shown below. (JIS K 7374:2007)
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C(n)= T Mam x100[%]

C(n) : Image clarity at optical comb width n[mm)]
M : The maximum amount of light at optical comb
width n[mm)]
m : Minimum amount of light at optical comb width n[mm]
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FigureS. Layout of device for image clariity

Result

The surface profile of dye sublimation paper

Fig.6 shows the image observed by the contact microscope.
The surface profile of dye sublimation paper almost remain the
same after printing when platen rubber is at negative position.
However, it was confirmed that the surface profile became striated
when platen rubber was at positive position.

—300um

Figure6. The picture of the real constant area of papers

Real constant area ratio and glossiness

The relation between real contact area ratio and glossiness of
dye sublimation paper is shown in Fig7.

Horizontal axis in the graph is a distance of platen rubber and
the vertical axis is real contact area ratio and glossiness. It was
confirmed that the glossiness decreases as platen rubber advances
toward positive position. It seems that the glossiness decreases
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because the surface profile of the dye sublimation paper is
transformed.
The data shows that glossiness and real contact area ratio

change responding to platen positon change is fairly corresponding.

As a result, we could confirm that real contact area ratio and
glossiness of the dye sublimation paper has strong relationship and
therefore transformation of surface profile causes the decrease of
print quality.
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Figure7. The result of measurement
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Thermal head surface profile and surface profile
transformation of dye sublimation paper

Fig.8 shows the thermal head surface image. The U-shaped
electrode above the heater is higher than the heater and it forms
step. The pitch of this electrode matches the striated trace on the
paper and this fact provides that electrode is a cause of surface
profile transformation of dye sublimation paper.
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Figure8. Surface of themal print head

It is known that the contact pressure of a thermal head while
printing is high in the center of the contact width. =~ When the
platen rubber position is in between Oum to 500 um, this electrode
postion is in the center of high pressure area. Therefore, the dye
sublimation paper will be strongly pressed by the electrode after
heating. As a result, the shape of the electrode seems to be
transferred on the surface of dye sublimation paper.

Then, in order to confirm the influence of electrode step on
surface profile transformation, we have done an experiment with
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the thermal head eliminating electrode step. Fig.9 shows the paper
surface profile .

Normal Improvement

Figure9. The picture of papers shape

It was confirmed that the surface profile transformation did
not occur with step free thermal head. In other words, we were able
to improve the surface profile transformation of the paper by
eliminating the electrode step on thermal head.

Next, we compared the print quality ( glossiness and image
clarity ) of the dye sublimation printed by improved print head
with other printing methods. Fig.10 shows the result of print
quality comparison. Horizontal axis is glossiness and the vertical
axis is image clarity. Measurement was done on two directions
(horizontal and vertical). It was compared with inkjet, silver
halide photography and electrophotography.
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Figurel0. The result of comparison

The glossiness and image clarity of silver halide photography
are high as well as luster feeling. The glossiness of dye sublimation
is higher than ink jet even before printhead improvement but the
image clarity is lower. It is known that human's actual luster
feeling is more closer to image clarity than glossiness. Because the
image clarity is low, the luster feeling of dye sublimation print was
felt low.

However, when the electrode step on printhead surface is
eliminated, since the profile transformation of paper won't occur,
the image clarity increased about 30% and therefore the luster
feeling have also been improved. Moreover, as improvement on
the paper side, if PP substrate is used for dye sublimation paper,
glossiness increased about 10% and image clarity increases about
20% which made the dye sublimation print quality more close to
silver halide photography.
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Heat and surface profile transformation of paper

Next, we examined the influence of heat against surface
profile transformation of dye sublimation paper. We compared the
real contact area ratio between heated printhead and non-heated
printhead under same printing conditon as 2.1. Fig.11 shows the
result of experiment.
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Figurell. The result of thermic effect

In case of using non-heated printhead, the real contact area
ratio does not decrease even if the position of platen rubber is in
the range of Oum to 500um which makes the pressure high. It
shows that surface profile transformation of paper does not occur if
it is printed wihtout heat. As a result, we understand that surface
profile transformation of paper is greatly influenced by heat. It
suggests that physical property of dye sublimation paper surface
have changed by receiving heat. Therefore, in order to study the
improvement of print quality in the future, it is important to
understand the influence of heat to dye sublimation paper properly.
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Conclusion

In this study, we aimed to improve the print quality and
investigated the relation between print quality and surface profile
transformation of dye sublimation  paper. The following
conclusions were obtained as a result.

1. The surface profile transformation of dye sublimation
paper influences glossiness and image clarity.

2. The surface profile transformation of dye sublimation
paper is caused by the shape of heater electrode which is pressed
and transferred.

3. The surface profile transformation of the dye sublimation
paper is highly influenced by heat.

The result of this study provided print quality improvement to
our products.

References

[1] M. Ikegami, I. Nitta, H. Terao: Effect of real contact area on the
optical density for the dye-sublimation printer, Imaging Conference
JAPAN 2006 Fall Meeting (ICJ2006Fall), 93-96(2006) [in Japanese]

[2] M.Iwashaki, Nitta, Mkegami, I. H. Terao: Contact analysis of thermal
head of dye sublimation printer :Hokuriku Shinetsu student
association The 37th student member graduation research
announcement lecture meeting lecture thesis collection:159-
160(2008)[in Japanese]

[3] Y.Hosokawahigashi,K.Mitsuyasu:Investigation report concerning
quality of paper of luster postcard for inkjet, Institute for Posts and
Telecommunications Policy monthly report 16 volume first issue
customs clearance 172 and pp.4-27(2003) [in Japanese]

Author Biography
Hirotoshi Terao received his BS degree in materials engineering from
Mining College at Akita University in1991 and .he received his Dr degree

from Niigata University in 2006. He has worked at Alps Electric Co., Ltd.

since 1991 and is currently a senior research scientist chief engineer in the
R&D department. His interests are in research and development of thermal
transfer technology and thermal print head. He received a technical award

from The Society of the Electro photography of Japan in 1996 & 2010.

669



	Technical Programs and Proceedings
	Introductory Materials
	Copyright 2011; IS&T: The Society for Imaging Science and Technology
	Table of Contents
	Conference Committees
	IS&T Board of Directors
	Welcome to NIP27
	Conference Sponsors
	Welcome to Digital Fabrication 2011
	Week At-a-Glance
	Conference Exhibitors
	Special Events
	IS&T Corporate Members
	Corporate Member Conference Sponsors
	Technical Papers Program

	Keynote Talks for All Days
	Kenyon, Managed Print Services: Technology…pg.1
	Cahill, Evaluation of the Effectiveness…pg.2
	Allen, Digital Printing and Workflow Evolution…pg.6
	Shibata, Paper vs. Electronic Media: Work…pg.7
	Baumann, Printed Smart Objects and Their Digital…pg.11

	Electronic Paper and Paper-like Displays
	Wang, Photonic Crystal Display Materials…pg.12
	Pishnyak, New Developments in Full Color…pg.16
	Liu, Full Color Reflective Electronic Media…pg.20

	Color Science/Image Processing
	Shapira, ICC Profile Extension for Device…pg.24
	Lo, Robust Spectral Implementation…pg.29
	Gorji Kandi, The Effect of Paper Texture…pg.34
	Morovic, HANS – Unlocking New Print…pg.38
	Wu, Color Reproduction Capability…pg.41

	Advanced and Novel Imaging Systems
	Kanungo, Direct Electrostatic Toner Marking…pg.45
	Leoni, Small Dot Ion Print-Head…pg.50

	Ink Jet Printing: Processes Day 1
	Massucci, From Ink Bottle to Ink Drop: The Flow…pg.54
	Massucci, Nozzle Plate Observations…pg.59
	Hoath, Dependence of Drop Speed on Nozzle…pg.62
	Hsiao, Jetting, In-Nozzle Meniscus Motion…pg.66
	Tuladhar, Influence of Printhead Geometry…pg.70
	Khalate, Performance Improvement…pg.74
	Alecrim, Flexographic Ink Film's Resistance…pg.79
	Tembely, Towards an Optimization of DOD…pg.86
	Castrejón-Pita, Ultra-High Speed Particle Image…pg.93
	Voit, Evaluation of Crosstalk Effects…pg.97
	Kwon, Development of Inkjet Monitoring System…pg.101

	Toner-Based Printing: Processes
	Hamamoto, Effect of Transfer Roller Surface…pg.105
	Otsuka, A Study of "Deletion" Mechanism…pg.109
	Kawamoto, Pale Defect of Halftone Following…pg.113
	Sasaki, Non-Spherical Toner Behavior Simulation…pg.120
	DiRubio, Toner Adhesion State Control…pg.124

	Printing Services and Solutions
	Kawamoto, Numerical Simulation on Dynamics…pg.117
	Giannetti, OaaS: Optimization as a Service…pg.128
	Kothari, Toward a SLA-based Marketplace…pg.132

	(Mathematical) Modeling of Printing and Related Processes
	Whitney, Toner Charge and Environmental…pg.136
	Kemp, Analytical Modeling of Electrostatic…pg.140
	Simske, A Consideration of Real-Time Imaging…pg.144
	Sim, Wavelet Analysis and Modeling…pg.148
	Zhao, Computational and Experimental Study…pg.152
	Schupper, Modeling Hole Transport Mechanism…pg.156
	Tembely, Inkjet Printing of Fuel Cell…pg.160
	Wang, Numerical Simulations of Dielectric…pg.164
	Ito, Prediction Model of Paper Curl Formed…pg.168

	Methods, Tooling, and Processes
	Nielsen, Thermal Inkjet System to Enable…pg.172
	Tada, Application of Electrostatic Inkjet…pg.176
	Jones, Transfer Methods Toward Additive…pg.180
	Walters, Digital Fabrication of "Smart"…pg.185
	Blaudeck, Hybrid Manufacturing…pg.189
	Perelaer, Combined Sintering Approaches…pg.193

	Image Permanence
	Salesin, The Scratch Sensitivity…pg.197
	Eguchi, Abrasion Resistance of Aqueous…pg.201
	Burge, Effects of Nitrogen Dioxide on the…pg.205
	Gordeladze, The Effects of Various Adhesives…pg.209

	Track 1 Interactive Previews
	Hasegawa, Dependence of Rewritable…pg.213
	Inada, Performance Comparison of Readings…pg.217
	Kinjo, High Contrast Image Projection…pg.221
	Mori, Comparison of Eye Fatigue Among Readings…pg.225
	Lee, Edge Enhancement for Good Image Quality…pg.229
	El Asaleh, Customized ICC Output Profile…pg.233
	Shi, Strategy of Map Rapid Guarantee…pg.237
	Zhao, A Monitor Gamut Description Model based…pg.240
	Li, Study on Influence of Filter…pg.244
	Wang, Research on Color Matching of Real…pg.248
	Comstock, Reproducibility between Xenon Test…pg.251
	Comstock, Impact of Light Bleaching on Dark…pg.255
	Pu, A Modified Phenolic Resin…pg.259
	Chen, Digital Watermarking Security…pg.263

	Image Permanence continues
	Fricker, An Evaluation of the Humidity Test…pg.267
	Fowler, Weathering and Light Stability Testing…pg.271
	Mason, Communicating the Results of Image…pg.278

	Ink Jet Printing: Processes Day 2
	Watanabe, New Developments of Shear-Mode Piezo…pg.282
	Zhou, Nozzle Wetting Dynamics…pg.286
	Berson, Experimental Investigation…pg.290
	Lee, Development of Micromachined…pg.294

	Track 2 Interactive Preview
	Zhou, Green Plate Making Technology based…pg.298
	Jia, Research on Ink Droplet Placement…pg.300
	Schein, Two-Layer Multiple Trapping Model…pg.304
	Ahuja, Nano-indentation of Polycarbonate…pg.307
	Tai, Influence of Coating Paper Properties…pg.311
	Sun, Research on the Performance…pg.315
	Sun, Study on the Influence of Primary Ink…pg.319
	Jia, Investigation to the Influence…pg.322
	Gao, Study on Luminescent Properties…pg.324
	Yan, The Study of the Pigment Surface-modified…pg.327
	Zhang, The Effect of Resin on the Property…pg.330
	Pan, Research on Filtering Conditions…pg.332
	Taniguchi, Novel Approach to Thermal Transfer…pg.335
	Zhang, Study on the Soluble Properties…pg.339

	Ink Jet Printing: Processes Day 2 Continues
	Ellinger, Lateral Merging Continuous Inkjet…pg.343
	Seo, A Study on Drying Process of Ink…pg.347
	Etter, Membrane Keypad Printing…pg.351
	Baek, Study on Image Quality of Page Width…pg.356
	Morrison, Inkjet Printing of Non-Newtonian…pg.360

	Toner-Based Printing: Materials
	Kim, Effect of Additive Blending Temperature…pg.365
	Nash, A Model Analysis of the Triboelectric…pg.369
	Tan, Biobased-Chemical Toner Prepared from…pg.374
	Tsunemi, Effect of Negative Externally-Added…pg.378

	Track 3 Interactive Preview
	Killeen, Optimizing Developer Roll Design…pg.382
	Ahuja, Model of Toner Impaction and Developer…pg.386
	Karunanayake, Toner Charging Characteristics…pg.391
	Wang, The Research of Process…pg.395
	Jia, Study on the Influence of Printing…pg.399
	Ma, The Effect of Initiator on Deep Curing…pg.402
	Luo, The Study of the Influence…pg.405
	Sahagian, Rapid Determination of Cure Rate…pg.409
	Huang, Study on the Influence of Coated…pg.411
	Duan, Improvement of the Quality of Digital…pg.415
	Xu, Line Quality Analysis in Digital Printing…pg.418

	Toner-Based Printing: Materials continues
	Sankaran, Biotoners: Technology, Ecology…pg.422
	Ribes, Preparation of Chemically Prepared…pg.425
	Kamiyoshi, Novel Process for Aqueous-based…pg.429

	Printed Electronics
	Christenson, Direct Printing of Circuit Boards…pg.433
	Schuppert, Ink Jet Printing of Conductive…pg.437
	Wu, Inkjet Printed Silver Electrodes…pg.441
	Reinhold, Inkjet Printing of Electrical…pg.445
	Zipperer, Printed Electronics for Flexible…pg.452
	Feng, Characterization of Inkjet Printed…pg.454

	Printed Materials
	Eiroma, Development of Conductive Carbon…pg.458
	Büttner, Pre-Treatment of Silver Particles…pg.462
	Diel, Digital Printing of Phosphorescent…pg.466
	Carmody, Novel Low Temperature Copper Inkjet…pg.470
	Al Amar, Effects of Size on the Optical…pg.473

	Digtial Fabrication Interactive Papers
	Ha, Low Voltage, Printed, Flexible Circuits…pg.477
	Sato, New Digital Pad Printing Technology…pg.478
	Chen, Study on the Flow Testing Instrument…pg.482
	Natsuki, A Method to Prepare Silver…pg.485
	Sun, Surface Morphology and Conductivity Study…pg.489
	Tang, Preparation of Sliver Nanoparticles…pg.492
	Walters, Digital Fabrication of a Novel…pg.496
	Doubrovski, Exploring the Links between CAD…pg.500
	Schiffer, Industrial Ink Jet Printing…pg.507
	Xu, Manipulation of a Small Conductive Ball…pg.508
	Paulsen, High Resolution Conformal Printing…pg.512
	Wang, A Novel Chemically Amplified Positive…pg.516
	Zichner, 3D RFID Transponder Antennas for Smart…pg.519
	Kipman, Low Cost In-Situ Drop Analysis System…pg.522
	Liang, Preparation and Optical Spectroscopy…pg.528

	Commercial Printing and Digital Packaging
	Sanz, Technical Evolution of Ceramic…pg.532
	Takenaka, New Technologies for Printed…pg.537
	Clippingdale, Meeting the Challenges…pg.540
	Simske, Printed Antennas for Combined RFID…pg.544
	Heilmann, Comparison of Print Durability…pg.548
	Qiao, An Image Processing Method that Enables…pg.552
	Nossent, A Breakthrough High Speed Wide Format…pg.556

	Photoelectronic Imaging Materials and Devices
	Seino, Depletion Charging and Surface…pg.557
	Fukuda, Effect of  &omega;-hydroxyl Group…pg.561
	Uehara, A New Sensor Adjacent Methodology…pg.564

	Ink Jet Printing: Materials
	Vadillo, The Effect of Inkjet Ink Composition…pg.568
	Ilmonen, Eco-friendliness of Inkjet Inks…pg.573
	Shakhnovich, Reactive Heterocyclic Diazonium…pg.576
	Cross, Thermal Inkjet &ndash; Can the Ink…pg.579
	Nauka, "Tweaking" the Pigment Color…pg.583
	Annable, Polymer Stabilized Pigment…pg.586

	Printing Systems Engineering/Optimization
	Kuo, Adaptive Digital Press Optimization…pg.590
	Chaurasia, Roller Surface Morphology and…pg.594
	Lee, Assessment of Resistivity Uniformity…pg.598
	Okano, Liquid Cooling Technology…pg.602
	Kuo, Calibration Color Patch Reduction…pg.606
	Ecer, Simulation of Toner Manufacturing…pg.610
	Matsumoto, Modeling of the Paper-wrinkle…pg.612
	Boley, Direct Binary Search for Print Mask…pg.616
	Martin, Holographic Measurement…pg.620
	Casaldaliga, HP's Optical Media Advance…pg.624

	Novel Applications and Topics
	Natividad, Magnetic Cell Separation by Inkjet…pg.628
	Yanez, Printable Biodegradable Hydrogel…pg.632
	Bollström, Towards Paper Electronics…pg.636

	Energy and Photovoltaics
	Ren, Inkjet Technology for Large-Area OPV…pg.640
	Haenel, R2R-Technologies for the Production…pg.644
	Khatri-Chhetri, Printed Fuel Cell Electrodes…pg.645
	Reinhold, Inkjet Printing of Isolation Layers…pg.651
	Liu, Discovery of a New Catalyst…pg.655
	Umezu, Fundamental Characteristics…pg.659
	Rodriguez, Direct Etching - Targeting…pg.662

	Thermal Printing
	Terao, Study of Performance Improvement…pg.666
	Kato, Development of High Quality True…pg.670
	Yamamoto, Development of Durable and High…pg.674
	Terashima, New D2T2 Photo Printing Material…pg.678

	Security and Forensic Printing
	Simske, Staggered and Dual-Channel Barcodes…pg.682
	Simske, Variable Data Void Pantographs…pg.686
	Aronoff, Automated Optimization of Void…pg.690
	Wood, Why Isn't Digital Printing Secure?…pg.694
	Adams, 2D Barcode Sub-Coding Density Limits…pg.696
	Ulichney, Tracing the Source of Printed…pg.700
	Verkouteren, Ink Jet Metrology: New…pg.705

	Design for Environmental Sustainability
	Bousquin, Life Cycle Analysis in the Printing…pg.709
	Williamson, The Future of Toner: Life-Cycle…pg.716
	Fischer, Recent Developments in the Deinking…pg.719
	Bhattacharyya, Fatty Acid based Alkaline…pg.722
	Sobotka, The Impact of 20 Years Environmental…pg.726
	Etheridge, Carbon Footprint Analysis Comparing…pg.728
	Kariniemi, Communicating Environmental…pg.732
	Hausmann, Sustainability of the CEWE PHOTOBOOK…pg.736
	Gambeta, Exploring Existing Measures…pg.741
	Wingkono, Surface Treatment to Improve Print…pg.747

	Fusing, Curing, and Drying
	Eichhorn, Nanoscale Testing of  Specialized…pg.750
	Kim, 2D Thermal Analysis to Predict…pg.755
	Eichhorn, Fuser Roller Core and Drive Collar…pg.761
	Avrushchenko, Super Soft, Very Low Compression…pg.764
	Battat, Image Fix Model for Belt Fusing System…pg.767
	Kim, Induction Heating Technology for System…pg.772

	Print and Image Quality
	Sender, Automatic Troubleshooting…pg.776
	Whitney, Calibration Technique for Accurate…pg.780
	Nachlieli, Perception Guided Automatic…pg.784
	Chen, Research on Moiré Fringe in Frequency…pg.788
	Gamm, An Analysis of the Factors Influencing…pg.791
	Farnand, Perceived Image Quality of Printed…pg.797

	Special Topics: Digital Fabrication and Smart Packaging
	Simske, Smart Packaging for Security…pg.801
	Stanic, Integration of 2D Codes in Paper…pg.805
	Nelson, Metal Oxide Transistors with Good…pg.808

	3D Printing and Prototyping
	Hammerschmidt, Micro-Three-Dimensional…pg.811
	Huson, 3D Printing of Ceramics for Design…pg.815
	Southerland, Edible 3D Printing…pg.819
	Puukko, Digital Decoration of Consumer…pg.823


	Author Index



