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Abstract- We developed a micro-thermocouple probe in order to 
measure the thermal responses of a cell. A micropipette with a tip 1 
µm in diameter was used for the base of the probe. A Pt/Au 
junction was constructed on the tip. The average thermoelectric 
power of the probe was 2.1 µV/K. The temperature and time 
resolutions of the probe were investigated by using a laser beam to 
irradiate the tip. 
Keywords- Thermocouple, microscale, bio-thermal response, 
micropipette, cell 
 

I. INTRODUCTION 
 

easurements of thermal rapid responses in a 
biological micro-region, particularly a cell, can 

provide new physiological information. It is known that 
cellular temperature change, that is, heat production, is 
caused by the reaction to the administration of a certain 
substance to brown adipocytes or to the electrostimulation 
of neurons. However, a real-time measurement technique 
on a target of a cell has not been established. 
Measurement using infrared imaging microscopy [1] has 
the advantage of non-contact, but the temperature and 
spatial resolutions are lower than the required values. The 
method using temperature-dependent fluorescence [2] has 
problems with temperature resolution and biological 
toxicity. With the recent development of micro/nano 
fabrication techniques, contact measurement by means of 
a sensor probe such as a thermocouple has expanded the 
capabilities of microscale temperature measurement. Fish 
et al. [3] made a thermocouple probe based on a 
micropipette. There are also several reports on the 
development of the thermocouple probe based on the 
atomic force microscope (AFM) cantilever probe [4, 5]. A 
micropipette is suitable for application in cellular 
measurement because a micropipette (glass capillary) has 
been used for cell operation and the injection of DNA 
fragments or substances into a cell. Furthermore, 
micropipettes also have been used to measure the electric 
potential at the cell membrane as a patch electrode with 
the tip improved for contact with the cell membrane [6]. 
Hence, we adopted a micropipette as the base of a 
thermocouple probe. The aim of this study was to develop 
a micro-thermocouple probe and to apply it to the 
measurement of thermal responses of a cell. We describe 
here the thermoelectric characteristics of the developed 
thermocouple probe and the capability of measuring 
thermal responses at the cellular level. 

 
II. FABRICATION OF THERMOCOUPLE PROBE 

 
The basic steps in fabricating a micro-thermocouple 

probe (Fig. 1) were as follows. (1) A glass micropipette, 1 
µm in external diameter and 50 mm in length, was made 
from a glass tube, 1 mm in external diameter, using a 
pipette puller (PB-7, Narishige). This puller partially 
heated a glass tube with a hot wire and drew it with 
weights. The size of the tip depended on the heating 
temperature and the weight. (2) A thin platinum (Pt) film 
30 nm thick was deposited on the micropipette by means 
of the ion-sputtering technique. Before the Pt was 
deposited, a thin chrome film 10 nm thick was deposited 
on the pipette for good adhesion between the Pt and the 
glass. (3) A silane coupler (VM-652, HD MicroSystems) 
was applied as a primer for good adhesion of the 
polyimide coating (Pyralin® PI2556, HD MicroSystems), 
which was used as an insulating layer. We also used SiO2 
instead of polyimide.  (4) A gold (Au) thin film was 
deposited by means of the ion-sputtering technique. (5) A 
coating of polyimide/SiO2 was applied. (6) Finally, a 
coating of MPC (2-methacryloyloxyethyl 
phosphorylcholine) copolymers was put on the tip for 
good biocompatibility. MPC copolymers have an affinity 
for phospholipids due to the phosphorylcholine polar 
groups on the MPC copolymer surface [7]. 

The junction of the Pt and Au was created by the 
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Fig.1. (a) Schematic representation of the structure of the 
thermocouple probe based on a micropipette. (b) 
Microscopy image. (c) Scanning electron micrograph of 
the tip. 
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following two methods. First, when the probe on which 
the liquid polyimide was dip-coated was held upright, it 
was found that the Pt surface was bared at the tip because 
of surface tension and gravity. Second, after the 
polyimide film was formed, an N2-dye-laser beam 

(390nm, max 22 µJ/pulse, 0.5 µm in spot diameter, 
LaserScissorsTM, Cell Robotics) directly heated the tip, 
and the polyimide film within 1 µm in diameter was 
ablated. In both methods, whether Pt surface was bared 
could be judged by measuring the leakage current of the 
probe immersed in an electrolytic solution. However, with 
both methods, it was difficult to precisely measure the 
bared areas. They could be estimated by such techniques 
as scanning electron microscopy, energy dispersive X-ray 
spectrometry, or electrical methods. Although there was a 
problem with the junction to be investigated, we initially 
used the first probe and investigated its characteristic 
features of thermoelectricity. 
 

III. THERMOELECTRIC CHARACTERISTICS 
 
A. Impedance 
 

Resistance of the probe was 347 Ω (S.D.=72Ω, test 
voltage: 20mV, n (probes)=16). The factors affecting this 
value could have been the thickness of the Pt and Au film 
and the junction size. Considering the thickness of the 
polyimide film between Pt and Au, the probe had been 
expected to have large capacity reactance, but the 
reactance at 100kHz was –3 Ω (SD=2 Ω, 20mV, n=16). 

 
B. Thermoelectric Power 

 
The thermoelectric power of each probe was measured 

by using the calibration system shown in Fig. 2. Since the 
thermoelectric power was slight, a preamplifier consisting 
of a non-inverting negative feedback amplifier circuit and 

a low-pass filter circuit was located near the probe. The 
signals occurring after the preamplifier were amplified by 
the main amplifier (AD-641G, Nihon Koden). The tip of 
the probe was immersed into a temperature-controlled 
bath, and its thermoelectric power was recorded. The 
reference temperature was recorded by a T-type small 
thermocouple (200µm in diameter) located at the point of 
symmetry to the tip of the probe as viewed through a 
stereomicroscope. Figure 3 shows the thermoelectric 
power in µV of each probe with temperature differences 
of 14 K and 22 K between the junction and the reference 
point, ∆T. The results of 16 probes are plotted. The 
linearization of these data indicated that the average 
thermoelectric power was 2.1 µV/K (max 5.0 µV/K). It is 
known that the thermoelectric power of Pt/Au thin films is 
less than that of bulk Pt/Au (7.2µV/K). However, the 
reason for the low thermoelectric power seemed to be that 
the conditions of the Pt and Au thin films and their 
junction did not satisfy the quality requirements. For the 
same reason, there was a variety of these thermoelectric 
powers among the probes. In addition, a significant 
correlation between the resistance and the thermoelectric 
power of each probe was not obtained. 
 
C. Temperature and Time Resolutions 
 

In order to evaluate the temperature and time 
resolutions of the probe, the temperature responses caused 
by heating the tip with a laser beam were investigated. In 
the beginning, the irradiation time of the beam from the 
laser diode (650 nm±3%, max 5mW) was controlled by an 
electromagnetic shutter (1/15 sec), and the beam was 
condensed through the lens. Although the received energy 
at the tip could have been estimated from the laser output, 
the irradiation time, and the received area, we identified 
how much the temperature rose from the known 
thermoelectric power. The average peak voltage was 

Fig.2. Experimental apparatus for the measurement of 
thermoelectric power. 
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Fig.3. A plot of the thermoelectric power of each probe. N=32
(16 probes were investigated). 
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equivalent to an increase of 0.25 K, which was in 
accordance with the thermoelectric power. Comparing the 
peak with the amplitude of the remaining low-frequency 
noise, it was obvious that the identification limit in 
temperature was lower than 0.25 K. In this measurement 
system, the time resolution cannot be predicted accurately 
because the irradiation time is rather long and the 
received area of the tip cannot be controlled. 
 

IV. DISCUSSION 
 

The advantages of using a micropipette as the base of 
the thermocouple are as follows. (1) A micro-tip has 
already been formed; (2) the size and form of the tip can 
be changed in making the micropipette; (3) various metals 
containing alloys, which can be coated by ion sputtering 
or vacuum evaporation, can be selected; (4) the injection 
function is combined. Furthermore, considering the 
multi-functionalities of the glass capillary, photo 
stimulation and measurement of an optic fiber [8] and 
strain gauge [9] can be combined. 

Using Pt and Au has the following advantages: (1) the 
thermal expansivity is similar to that of glass; (2) they are 
unreactive; and 3) they are treatable as ion-sputtering 
targets. For modifying temperature sensitivity, however, it 
is effective to use a pair of metals whose thermoelectric 
power is larger than that of Pt/Au. Since it is difficult to 
apply photolithography to a 3-D probe such as a 
micropipette, in this study, we were obliged to use the 
passive method of controlling the junction. In addition to 
ablating the polyimide by laser beam, another technique 
such as ion-beam etching should be used in future studies. 

While improving the probe, it is necessary to reduce the 
noise of the measurement system and to improve S/N by 
an effective signal processing. One must especially take 
into account the fact that the thermal conductivity of 
liquid (culture) is 27 times larger than that of air and it is 
difficult to measure thermal changes in liquid. However, 

it is possible to make a micropipette penetrate or attach to 
a cell membrane and to enhance thermal conduction to the 
probe. 

The developed thermocouple probe is currently applied 
to the measurement of the thermal responses of a cell (Fig. 
4). Our interest is focused on the heat production of 
various cells to cytokines, nerve transmitter substances, or 
antibiotic substances. 
 

V. CONCLUSION 
 

We developed a micro-thermocouple probe in order to 
measure the thermal responses of a cell. A micropipette 
with a tip 1 µm in diameter was used for the base of the 
probe. A Pt/Au junction was constructed on the tip. The 
result of calibration with a temperature-controlled bath 
demonstrated that the average thermoelectric power was 
2.1 µV/K. Voltage changes caused by heating the tip with 
a laser beam were measured in order to evaluate the 
temperature and time resolutions. The results indicated 
that temperature changes of less than 0.25 K could be 
detected. In the future, we would like to improve the 
thermoelectric performance of the probe and apply it to 
the measurement of the thermal response of a cell. 
 

ACKNOWLEDGMENTS 
 

The authors wish to acknowledge all members of Artificial 
Biomechanism Laboratory of RCAST, the University of Tokyo, for 
their help in the development of the probe. We also thank Professor 
Kazuhiko Ishihara of the Graduate School of Engineering, the 
University of Tokyo, for providing the MPC copolymer. 
 

REFERENCES 
 
[1] H. Tanaka, H. Yoshimura, Y. Miyake, J. Imaizumi, K. 
Nagayama, and H. Shimizu, “Information processing for the 
organization of chemotactic behavior of Physarum 
polycephalum studied by micro-thermography,” Protoplasma, 
vol. 138, pp. 98-104, 1987. 
[2] I. Tasaki, K. Kusano, and P. M. Byrnem, “Rapid mechanical 
and thermal changes in the garfish olfactory nerve associated 
with a propagated impulse,” Biophys. J., vol. 55, pp. 1033-1040, 
1989. 
[3] G. Fish, O. Bouevitch, S. Kokotov, K. Lieberman, D. 
Palanker, I. Turovets, and A. Lewis, “Ultrafast response 
micropipette-based submicrometer thermocouple,” Rev. Sci. 
Instrum., vol. 66, no. 5, pp. 3300-3306, May 1995. 
[4] K. Luo, Z. Shi, J. Lai, and A. Majumdar, “Nanofabrication 
of sensors on cantilever probe tips for scannning multiprobe 
microscopy,” Appl. Phys. Lett., vol. 68, no. 3, pp. 325-327, 
January 1996. 
[5] O. Nakabeppu, M. Igeta, and K. Hijikata, “Experimental 
study on point contact transport phenomena using the atomic 
force microscope,” Microscale Thermophys Eng., vol. 1, no. 3, 
pp. 201-213, 1997. 
[6] E. Neher and B. Sakmann, “Single-channel currents 
recorded from membrane of denervated frog muscle fibres,” 
Nature, vol. 260, pp. 799-802, April 1976. 

Fig. 4. Approach of the thermocouple probe to a PC12 cell. 
Right: The thermocouple probe. Left: Micropipette for 
administration of a substance. 



4 of 4 

 

[7] K. Ishihara, E. Ishikawa, Y. Iwasaki, and N. Nakabayashi, 
“Inhibition of fibroblast cell adhesion on substrate by coating 
with 2-methacryloyloxyethyl phosphorylcholine polymers,” J. 
Biomater. Sci. Polymer Edn., vol. 10, no. 10, pp. 1047-1061, 
1999. 
[8] H. Tatsumi, Y. Katayama, and M. Sokabe, “Attachment of 
growth cones on substrate observed by multi-mode light 
microscopy,” Neurosci. Res., vol. 35, pp. 197-206, 1999. 
[9] P. Cappa, F. Marinozzi, and S. A. Sciuto, “The 
‘Strain-Gauge Thermocouple’: A novel device for simultaneous 
strain and temperature measurement,” Rev. Sci. Instrum., vol. 72, 
no.1, pp. 193-197, January 2001. 
 


	Main Menu
	-------------------------
	Welcome Letter
	Chairman Address
	Keynote Lecture
	Plenary Talks
	Mini Symposia
	Workshops
	Theme Index
	1.Cardiovascular Systems and Engineering 
	1.1.Cardiac Electrophysiology and Mechanics 
	1.1.1 Cardiac Cellular Electrophysiology
	1.1.2 Cardiac Electrophysiology 
	1.1.3 Electrical Interactions Between Purkinje and Ventricular Cells 
	1.1.4 Arrhythmogenesis and Spiral Waves 

	1.2. Cardiac and Vascular Biomechanics 
	1.2.1 Blood Flow and Material Interactions 
	1.2.2.Cardiac Mechanics 
	1.2.3 Vascular Flow 
	1.2.4 Cardiac Mechanics/Cardiovascular Systems 
	1.2.5 Hemodynamics and Vascular Mechanics 
	1.2.6 Hemodynamic Modeling and Measurement Techniques 
	1.2.7 Modeling of Cerebrovascular Dynamics 
	1.2.8 Cerebrovascular Dynamics 

	1.3 Cardiac Activation 
	1.3.1 Optical Potential Mapping in the Heart 
	1.3.2 Mapping and Arrhythmias  
	1.3.3 Propagation of Electrical Activity in Cardiac Tissue 
	1.3.4 Forward-Inverse Problems in ECG and MCG 
	1.3.5 Electrocardiology 
	1.3.6 Electrophysiology and Ablation 

	1.4 Pulmonary System Analysis and Critical Care Medicine 
	1.4.1 Cardiopulmonary Modeling 
	1.4.2 Pulmonary and Cardiovascular Clinical Systems 
	1.4.3 Mechanical Circulatory Support 
	1.4.4 Cardiopulmonary Bypass/Extracorporeal Circulation 

	1.5 Modeling and Control of Cardiovascular and Pulmonary Systems 
	1.5.1 Heart Rate Variability I: Modeling and Clinical Aspects 
	1.5.2 Heart Rate Variability II: Nonlinear processing 
	1.5.3 Neural Control of the Cardiovascular System II 
	1.5.4 Heart Rate Variability 
	1.5.5 Neural Control of the Cardiovascular System I 


	2. Neural Systems and Engineering 
	2.1 Neural Imaging and Sensing  
	2.1.1 Brain Imaging 
	2.1.2 EEG/MEG processing

	2.2 Neural Computation: Artificial and Biological 
	2.2.1 Neural Computational Modeling Closely Based on Anatomy and Physiology 
	2.2.2 Neural Computation 

	2.3 Neural Interfacing 
	2.3.1 Neural Recording 
	2.3.2 Cultured neurons: activity patterns, adhesion & survival 
	2.3.3 Neuro-technology 

	2.4 Neural Systems: Analysis and Control 
	2.4.1 Neural Mechanisms of Visual Selection 
	2.4.2 Models of Dynamic Neural Systems 
	2.4.3 Sensory Motor Mapping 
	2.4.4 Sensory Motor Control Systems 

	2.5 Neuro-electromagnetism 
	2.5.1 Magnetic Stimulation 
	2.5.2 Neural Signals Source Localization 

	2.6 Clinical Neural Engineering 
	2.6.1 Detection and mechanisms of epileptic activity 
	2.6.2 Diagnostic Tools 

	2.7 Neuro-electrophysiology 
	2.7.1 Neural Source Mapping 
	2.7.2 Neuro-Electrophysiology 
	2.7.3 Brain Mapping 


	3. Neuromuscular Systems and Rehabilitation Engineering 
	3.1 EMG 
	3.1.1 EMG modeling 
	3.1.2 Estimation of Muscle Fiber Conduction velocity 
	3.1.3 Clinical Applications of EMG 
	3.1.4 Analysis and Interpretation of EMG 

	3. 2 Posture and Gait 
	3.2.1 Posture and Gait

	3.3.Central Control of Movement 
	3.3.1 Central Control of movement 

	3.4 Peripheral Neuromuscular Mechanisms 
	3.4.1 Peripheral Neuromuscular Mechanisms II
	3.4.2 Peripheral Neuromuscular Mechanisms I 

	3.5 Functional Electrical Stimulation 
	3.5.1 Functional Electrical Stimulation 

	3.6 Assistive Devices, Implants, and Prosthetics 
	3.6.1 Assistive Devices, Implants and Prosthetics  

	3.7 Sensory Rehabilitation 
	3.7.1 Sensory Systems and Rehabilitation:Hearing & Speech 
	3.7.2 Sensory Systems and Rehabilitation  

	3.8 Orthopedic Biomechanics 
	3.8.1 Orthopedic Biomechanics 


	4. Biomedical Signal and System Analysis 
	4.1 Nonlinear Dynamical Analysis of Biosignals: Fractal and Chaos 
	4.1.1 Nonlinear Dynamical Analysis of Biosignals I 
	4.1.2 Nonlinear Dynamical Analysis of Biosignals II 

	4.2 Intelligent Analysis of Biosignals 
	4.2.1 Neural Networks and Adaptive Systems in Biosignal Analysis 
	4.2.2 Fuzzy and Knowledge-Based Systems in Biosignal Analysis 
	4.2.3 Intelligent Systems in Speech Analysis 
	4.2.4 Knowledge-Based and Neural Network Approaches to Biosignal Analysis 
	4.2.5 Neural Network Approaches to Biosignal Analysis 
	4.2.6 Hybrid Systems in Biosignal Analysis 
	4.2.7 Intelligent Systems in ECG Analysis 
	4.2.8 Intelligent Systems in EEG Analysis 

	4.3 Analysis of Nonstationary Biosignals 
	4.3.1 Analysis of Nonstationary Biosignals:EEG Applications II 
	4.3.2 Analysis of Nonstationary Biosignals:EEG Applications I
	4.3.3 Analysis of Nonstationary Biosignals:ECG-EMG Applications I 
	4.3.4 Analysis of Nonstationary Biosignals:Acoustics Applications I 
	4.3.5 Analysis of Nonstationary Biosignals:ECG-EMG Applications II 
	4.3.6 Analysis of Nonstationary Biosignals:Acoustics Applications II 

	4.4 Statistical Analysis of Biosignals 
	4.4.1 Statistical Parameter Estimation and Information Measures of Biosignals 
	4.4.2 Detection and Classification Algorithms of Biosignals I 
	4.4.3 Special Session: Component Analysis in Biosignals 
	4.4.4 Detection and Classification Algorithms of Biosignals II 

	4.5 Mathematical Modeling of Biosignals and Biosystems 
	4.5.1 Physiological Models 
	4.5.2 Evoked Potential Signal Analysis 
	4.5.3 Auditory System Modelling 
	4.5.4 Cardiovascular Signal Analysis 

	4.6 Other Methods for Biosignal Analysis 
	4.6.1 Other Methods for Biosignal Analysis 


	5. Medical and Cellular Imaging and Systems 
	5.1 Nuclear Medicine and Imaging 
	5.1.1 Image Reconstruction and Processing 
	5.1.2 Magnetic Resonance Imaging 
	5.1.3 Imaging Systems and Applications 

	5.2 Image Compression, Fusion, and Registration 
	5.2.1 Imaging Compression 
	5.2.2 Image Filtering and Enhancement 
	5.2.3 Imaging Registration 

	5.3 Image Guided Surgery 
	5.3.1 Image-Guided Surgery 

	5.4 Image Segmentation/Quantitative Analysis 
	5.4.1 Image Analysis and Processing I 
	5.4.2 Image Segmentation 
	5.4.3 Image Analysis and Processing II 

	5.5 Infrared Imaging 
	5.5.1 Clinical Applications of IR Imaging I 
	5.5.2 Clinical Applications of IR Imaging II 
	5.5.3 IR Imaging Techniques 


	6. Molecular, Cellular and Tissue Engineering 
	6.1 Molecular and Genomic Engineering 
	6.1.1 Genomic Engineering: 1 
	6.1.2 Genomic Engineering II 

	6.2 Cell Engineering and Mechanics 
	6.2.1 Cell Engineering

	6.3 Tissue Engineering 
	6.3.1 Tissue Engineering 

	6.4. Biomaterials 
	6.4.1 Biomaterials 


	7. Biomedical Sensors and Instrumentation 
	7.1 Biomedical Sensors 
	7.1.1 Optical Biomedical Sensors 
	7.1.2 Algorithms for Biomedical Sensors 
	7.1.3 Electro-physiological Sensors 
	7.1.4 General Biomedical Sensors 
	7.1.5 Advances in Biomedical Sensors 

	7.2 Biomedical Actuators 
	7.2.1 Biomedical Actuators 

	7.3 Biomedical Instrumentation 
	7.3.1 Biomedical Instrumentation 
	7.3.2 Non-Invasive Medical Instrumentation I 
	7.3.3 Non-Invasive Medical Instrumentation II 

	7.4 Data Acquisition and Measurement 
	7.4.1 Physiological Data Acquisition 
	7.4.2 Physiological Data Acquisition Using Imaging Technology 
	7.4.3 ECG & Cardiovascular Data Acquisition 
	7.4.4 Bioimpedance 

	7.5 Nano Technology 
	7.5.1 Nanotechnology 

	7.6 Robotics and Mechatronics 
	7.6.1 Robotics and Mechatronics 


	8. Biomedical Information Engineering 
	8.1 Telemedicine and Telehealth System 
	8.1.1 Telemedicine Systems and Telecardiology 
	8.1.2 Mobile Health Systems 
	8.1.3 Medical Data Compression and Authentication 
	8.1.4 Telehealth and Homecare 
	8.1.5 Telehealth and WAP-based Systems 
	8.1.6 Telemedicine and Telehealth 

	8.2 Information Systems 
	8.2.1 Information Systems I
	8.2.2 Information Systems II 

	8.3 Virtual and Augmented Reality 
	8.3.1 Virtual and Augmented Reality I 
	8.3.2 Virtual and Augmented Reality II 

	8.4 Knowledge Based Systems 
	8.4.1 Knowledge Based Systems I 
	8.4.2 Knowledge Based Systems II 


	9. Health Care Technology and Biomedical Education 
	9.1 Emerging Technologies for Health Care Delivery 
	9.1.1 Emerging Technologies for Health Care Delivery 

	9.2 Clinical Engineering 
	9.2.1 Technology in Clinical Engineering 

	9.3 Critical Care and Intelligent Monitoring Systems 
	9.3.1 Critical Care and Intelligent Monitoring Systems 

	9.4 Ethics, Standardization and Safety 
	9.4.1 Ethics, Standardization and Safety 

	9.5 Internet Learning and Distance Learning 
	9.5.1 Technology in Biomedical Engineering Education and Training 
	9.5.2 Computer Tools Developed by Integrating Research and Education 


	10. Symposia and Plenaries 
	10.1 Opening Ceremonies 
	10.1.1 Keynote Lecture 

	10.2 Plenary Lectures 
	10.2.1 Molecular Imaging with Optical, Magnetic Resonance, and 
	10.2.2 Microbioengineering: Microbe Capture and Detection 
	10.2.3 Advanced distributed learning, Broadband Internet, and Medical Education 
	10.2.4 Cardiac and Arterial Contribution to Blood Pressure 
	10.2.5 Hepatic Tissue Engineering 
	10.2.6 High Throughput Challenges in Molecular Cell Biology: The CELL MAP

	10.3 Minisymposia 
	10.3.1 Modeling as a Tool in Neuromuscular and Rehabilitation 
	10.3.2 Nanotechnology in Biomedicine 
	10.3.3 Functional Imaging 
	10.3.4 Neural Network Dynamics 
	10.3.5 Bioinformatics 
	10.3.6 Promises and Pitfalls of Biosignal Analysis: Seizure Prediction and Management 



	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	Ö
	P
	Q
	R
	S
	T
	U
	Ü
	V
	W
	X
	Y
	Z

	Keyword Index
	-
	¦ 
	1
	2
	3
	4
	9
	A
	B
	C
	D
	E
	F
	G
	H
	I
	i
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Committees
	Sponsors
	CD-Rom Help
	-------------------------
	Return
	Previous Page
	Next Page
	Previous View
	Next View
	Print
	-------------------------
	Query
	Query Results
	-------------------------
	Exit CD-Rom


