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Abstract

A novel chemically amplified positive i-line photoresists can
be  formed by  2,34-tris[2-diazo-1-(2H)-naphthalenone-4-
sulfonyloxy] benzophenone (2,1,4-DNQ) and an acidolytic acetal
polymer. When irradiated with i-line light, the 2,1,4-DNQ
sulfonate undergo photolysis not only to give off nitrogen gas but
also generate sulfonic acid which can result in the decomposition
of the acidolytic polymer. The lithographic performance of the
resist materials is evaluated and significant advantages (higher
resolution and  sensitivity) over  conventional  novolak/
diazonaphthoquinone (DNQ) resist system can be observed.

1. Introduction

We have reported the preparation and properties of a series of
novel ester acetal polymers which were synthesized by the reaction
of dicarboxylic acids and divinyl ether compounds ['"*). These
polymers can be easily decomposed by strong acid generated from
photoacid generator (PAG) and so new types of positive tone
chemically amplified photoresists can be formed by them.

The performance advantages of chemically amplified (CA)
photoresists, compared to novolak/DNQ chemistry, are
demonstrated by their high sensitivity and resolution. Meanwhile,
novolak/DNQ based resists can provide excellent contrast.
Combining these two types in one resist composition probably
afford new i-line photoresists with high performance. In this paper,
we tried to form chemically amplified positive i-line photoresist by
2-diazo-1-naphthoquinone-4-sulfonate and an acetal polymer with
high acidolysis activity. When irradiated with i-line light,
2,1,4-DNQ sulfonate can be photochemically transformed to
3-sulfoindenecarboxylic acid™” and so can functions as a
photoacid generator

2. Experimental

2.1 Measurements

FT-IR spectra were measured by a Avatar 360 FT-IR (Nicolet,
U.S.A.) spectrophotometer.

The UV absorption spectra of the polymers were measured
using GBC Cintra 10e UV spectroscopic system.

The glass transition temperature (Tg) was detected using a
DSC 30 (Mettler, Switzerland) with 10k/min and N, protection
with the second heating/cooling cycle.

The molecular weight of the polymers was determined by Gel
permeation chromatography (GPC) using a Polymer Laboratories
GPC50 chromatograph system.

2.2 Materials

2.2.1 Synthesis of acidolytic acetal polymer
Maleic anhydride pimaric acid (MPA) was prepared by the

516

Diels-Alder reaction of abietic acid and Maleic anhydride. The
compound was reacted with hydroxylamine to give N-hydroxy
maleimide pimaric acid (NHMPA), which was further reacted with

1,4-cyclohexanedimethanol divinyl ether(CHDDE) to give
p(NHMPI-CHDDE):
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2.2.2 Preparation of 2,1,4-DNQ sulfonate

2,3,4-Trihydroxy = benzophenone  was reacted  with
2-diazo-1-naphthoquinone-4-sulfonyl  chloride to give a
2,1,4-DNQ sulfonate:
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2.3 Lithographic experiments

Resists were formulated by dissolving the acetal polymer
p(NHMPI-CHDDE) and 2,1,4-DNQ sulfonate (3/1 and 9/1,w/w) at
15wt% in propylene glycol monomethyl ether acetate(PGMEA)
and then the solution was filtered with a 0.2 pm Teflon membrane
filter. Resists were spin coated on waver and soft baked at 90°C for
60s to yield 0.6-0.9 um thick films. Exposure was carried out using
a Nikon NSR-200si9¢ stepper. After post exposure bake(PEB),
exposed resists were developed in a 238 wt%
tetramethylammonium hydroxide (TMAH) aqueous solution for 60
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seconds. The SEM images were taken by a KLA-Tencor 8250
CD-SEM system.

3. Results and Discussion
3.1 Properties of the acetal polymer
3.1.1 Molecular weight
Figurel was the GPC plot of p(NHMPI-CHDDE) with a Mn

of 0.41x104, a Mw of 0.94x104 and a polydispersity(Pd) of 2.3
which was much smaller than that of novolak resin.

Hgh 1 Low
68— Limit

Response (mv]
-
|

T 17T T 1T 17T 1T 1T 17T T 17T 7T T T T T T T T T T°71
] i3 14 45 16 47 4B i3 0 M =

2
Retantion Time

Figure 1 GPC plot of p(NHMPI-CHDDE)

3.1.2 Thermal properties

P(NHMPI-CHDDE) had a glass transition temperature of
82-85 °C, which can be attributed to the large multiple alicyclic
groups and the imide rigid structure of the polymer. The polymer
was thermally stable and did not show any apparent decomposition
until after 220°C, as evidenced by the DSC measurement (Figure
2).
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Figure 2 DSC plot of p(NHMPI-CHDDE)
3.2 The UV absorption spectra of acetal polymer
The UV absorption spectrum of p(NHMPI-CHDDE) was

shown in Figure 3 . It indicates that the polymer is transparent in
the region above 230 nm.
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Figure 3 The UV absorption spectra of p(NHMPI-CHDDE)

3.3 The acidolysis of the acetal polymer

The ester acetal linkage of the polymers can be cleaved by
strong acid generated by PAGs. To investigate the acidolysis
activity, the film of the acetal polymer containing 3% PAG
(sulfonium salt) on salt slice was exposed to low pressure Hg light
(254nm) with the exposure dose of about 50mj/cm?”. The IR spectra
of the film were measured before exposure, after exposure without
PEB and after exposure with PEB separately. It can be seen from
Figure 4 that the IR spectrum of the film displays no apparent
change after exposed without post exposure bake indicating little
acidolysis reaction at room temperature. After exposed and baked
at 100°C for 1 min, the absorption peak of the ester group at 1721
cm’! was partly transformed to that of carboxylic acid at 1692 cm™
indicating that the acidolysis reaction after PEB is rapid and can
result in a high dissolution rate of the exposed district.
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Figure 4 FT-IR spectrum of p(NHMPI-CHDDE) film containing 3% PAG
1. before exposure; 2. after exposure; 3. after exposure and PEB

3.4 Lithographic performance

I-line lithographic performances of the resists were
investigated. Description of the resist samples are shown in Table 1.
Two ratios of acetal polymer to 2,1,4-DNQ sulfonate was chosen.
PEB was conducted at 100°C and 110 °C for comparison.

The CD-SEM images of the obtained patterns were presented
in Figure 5. It can be seen that clear patterns with resolution of
0.35um L/S were achieved in all the resist samples. The high
resolution benefits from the narrow molecular weight distribution
of the acetal polymer. Increasing the ration of 2,1,4-DNQ sulfonate
to acetal polymer will enhance the photosensitivity of the resist,
which is much higher than that of common novolak/
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diazonaphthoquinone (DNQ) resist. A higher PEB temperature will
also benefit to the increasing of photosensitivity. Besides, another
advantage of the resists is that the reduction of thickness of the
resist film before and after development is less than 2%. This
results from the insolubility of the unexposed area in aqueous base.
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Figure 5 SEM images of resist pattern (top view)

However, no pattern can be obtained without post exposure
bake (PEB). The exposed film can be developed only after post
exposure bake because of the relatively low acidolytic activity of
the polymer at room temperature. This also indicates the chemical
amplification effect on the DNQ based photosensitive system.
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Comparing to common novolak/ diazonaphthoquinone (DNQ)
resist, the novel chemically amplified i-line photoresist can readily
achieve high photosensitivity, resolution and film thickness
remaining.

Table 1 Description of the resist samples

NO.Sample Film Thickness  PEB Thickness EO
(nm) Remaining (mJ/cm2)
1# 31 566 110°C/60S 98% 42
2# 91 634 110°C/60S 98% 99
3# 31 766 100°C/60S 99% 66
4# 91 847 100°C/60S 99% 129

4. Conclusion

2,1,4-DNQ sulfonate can undergo photolysis when irradiated
to i-line light not only to give off nitrogen gas but also generate
sulfonic acid which can result in the decomposition of the specially
designed acetal polymer. Novel chemically amplified positive
i-line photoresists can be formed by 2,1,4-DNQ sulfonate and the
acidolytic polymer. Excellent performance was investigated in the
lithography experiments. Comparing with conventional novolak/
diazonaphthoquinone (DNQ) resist system, the novel CA i-line
photoresist can readily achieve high photosensitivity and
resolution.

Acknowledgement

The authors thank Kai Yan of Kempur(Beijing)
Microelectronics, Inc. for his assistance in lithography experiments.
This work is supported by National Natural Science Foundation of
China (50773006)

References

[1] L.Wang;X.Zhai; Y.Huo, Novel 193-nm positive photoresist composed
of ester acetal polymer without phenyl group, Proc. SPIE, 6519, pg.
65192H (2007)

[2] L.Wang;Z.Chu; L.Cheng, Two-component photoresists based on
acidolytic cleavage of novel ester acetal polymer , Proc. SPIE, 6519,
651921 (2007)

[3] L.Wang; Y.Huo; F.Kong, The synthesis of novel ester acetal polymers
and their application for chemically amplified positive i-line photoresist,
Proc. SPIE, 6923, pg.69233R. (2008)

[4] G.Buhr; H.Lenzt; S.Scheler, Image reversal resist for g-line exposure:
chemistry and lithographic evaluation, Proc. SPIE, 1086, 6,117. (1989).

[5] B.aumbach; J.Bendig; T.Nagel, Synthesis and characterization of
substituted 2-diazo-1-0x0-1,2-dihydronaphthalenes and their products
of photolysis and thermolysis, Journal fuer Praktische Chemie (Leipzig),
333(4), 625(1991).

Biography

Dr. Liyuan Wang is currently an Associate Professor in the College of
Chemistry, Beijing Normal University. He received his B.S. in Chemistry, his
M.S. in Physical Chemistry and Ph.D. degree in Material Chemistry from
BNU. His research group focuses on the research and development of new
photopolymer materials and their application in IC manufacture and
printing plates.

©2011 Society for Imaging Science and Technology



	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



