
PHOSPHOR 
HANDBOOK 

Edited by 

Shigeo Shionoya 
William M. Yen 

NICHIA EX2019
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


PHOSPHOR 
HANDBOOK 

Edited under the Auspices of 
Phosphor Research Society 

Editorial Committee Co-chairs 

Shigeo Shionoya 
William M. Yen 

I1 

Members 

Takashi Hase 
Shigeru Kamiya 

Eiichiro Nakazawa 
Kazuo Narita 

Katsutoshi Ohno 
Masaaki Tamatani 
Marvin J. Weber 

Hajime Yamamoto 

(g) 
CRC Press 

Boca Raton Boston London New York Washington, D.C. 

NICHIA EX2019
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Acquiring Editor: 
Project Editor: 

Cover design: 

Robert Stem 
Albert W. Starkweather, Jr. 
Dawn Boyd 

Pre) 

Library of Congress Cataloging-in-Publication Data 

Phosphor handbook / edited under the auspices of the Phosphor Research Society ; editorial committee co-
chairs Shigeo Shionoya, William M. Yen ; members Takashi Hase ... [et al.] 

p. cm. 
Includes bibliographical references and index. 
ISBN 0-8493-7560-6 (alk. paper) 
1. Phosphors-Handbooks, manuals, etc. 2. Phosphors-Industrial applications-Handbooks, manuals, 

etc. I. Phosphor Research Society. 
QC476.7.P48 1998 
620.11295—dc21 98-15663 

CIP 

This book contains information obtained from authentic and highly regarded sources. Reprinted material is 
quoted with permission, and sources are indicated. A wide variety of references are listed. Reasonable efforts 
have been made to publish reliable data and information, but the author and the publisher cannot assume 
responsibility for the validity of all materials or for the consequences of their use. 

Neither this book nor any part may be reproduced or transmitted in any form or by any means, electronic 
or mechanical, including photocopying, microfilming, and recording, or by any information storage or retrieval 
system, without prior permission in writing from the publisher. 

The consent of CRC Press LLC does not extend to copying for general distribution, for promotion, for creating 
new works, or for resale. Specific permission must be obtained in writing from CRC Press LLC for such copying. 

Direct all inquiries to CRC Press LLC, 2000 Corporate Blvd., N.W., Boca Raton, FL 33431. 

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are only 
used for identification and explanation, without intent to infringe. 

© 1999 by CRC Press LLC (English language version) 

© 1987 by the Phosphor Research Society (Keikotai Dogakkai) (Japanese language version) 

Originally published in Japanese by Ohmsha, Ltd. under the title Keikotai Handobukku. 

No claim to original U.S. Government works 
International Standard Book Number 0-8493-7560-6 
Library of Congress Card Number 98-15663 
Printed in the United States of America 1 2 3 4 5 6 7 8 9 0 
Printed on acid-free paper 

This vol 
Handobu 
was org 
issued t 

The 
in the t 
Formoj 
inphos 
opmen 
are pre 
and els 
uted d 

Th 
have a 
with a 
princii 
of the 
chapte 
Them 
Reseai 
the pi 
andrc 
to the 
theirs 
devel 
this v 

A 
and i 
phor; 
role i 
this t 
and< 
will 
Rese 

NICHIA EX2019
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


f 

chapter five — section two 

Phosphors for lamps 

Shigeru Kamiya 
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5.2 Classification of fluorescent lamps by chromaticity and 
color rendering properties 

There are many kinds of fluorescent lamps of different chromaticities and different color 
rendering properties. According to the appropriate or particular application, lamps with 
suitable color chromaticity and color rendering can be chosen. In Japan, the classification 
of fluorescent lamps for general lighting is described in the /IS Standard Z92221 in accor­
dance with the chromaticity and color rendering properties. 

Classification by light source color. The described chromaticity ranges of five different 
colors in JIS are shown in Figure 2, together with the IEC specification. Designations and 
symbols of these five colors are shown in Table 3 as compared with those commonly used 
outside Japan. The 5000-K lamp is exceptionally popular in Japan. 

Classification by color rendering properties. Various kinds of descriptive wording are 
used by manufacturers to describe the degree of improvement in the color rendering of 
their lamps; words such as Deluxe type. Super Deluxe type, Natural Color, etc. are com­
monly encountered. /IS first introduced a standard designation system according to the 
color rendering indices and characteristics of the spectral power distribution. 

Fluorescent lamps with wide band spectra are classified into four types: ordinary type, 
color rendering A type, color rendering AA type, and color rendering AAA type, depend­
ing on the degree of improvement of the color rendering indices. The minimum required 
values of the general color rendering index and special color rendering indices of the lamp 
belonging to each category are given in Table 4. For narrow band fluorescent lamps, in 
addition to the requirement for color rendering indices, the ratio of the radiant flux within 
the three specified band wavelength regions to that in the entire visible wavelength region 
are specified. The symbol for narrow band lamps satisfying the values described in Table 5 
is designated as EX. 

367 
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Figure 2 Chromaticity range of light source colors of fluorescent lamps (From JIS Standard Z 9112 
1990 With permission) 

Table 3 Chromaticity Range of Light Source Colors of Fluorescent Lamps 

Classification 

Daylight 
Day white 
White 
Warm white 
Incandescent color 

JIS 9112 

Symbol 

D 
N 
W 

WW 
L 

T 
(K) 

5700-7100 
4600-5400 
3900-4500 
3200-3700 
2600-3150 

IEC Publ 

Daylight 

Cool white 
White 
Warm white 

81 

(D) 

(CW) 
(W) 
(WW) 

Note Correlated color temperature T values are informative reference 
From JIS Standard Z 9112 1990 With permission 

Fluorescent lamps with wide emission bands Ordinary fluorescent lamps employ cal­
cium halophosphate phosphors, which have a broad continuous spectra Emission inten­
sity m the region longer than 600 nm, however, is insufficient to reproduce reddish colors 
correctly To improve this shortcoming, various combinations of phosphors have been 
investigated to realize a continuous emission spectrum close to that of reference light 
sources such as synthetic daylight and full radiator (blackbody radiator) Lamps con­
structed with this concept are called wide-band spectrum lamps For ordinary lamps, only 
the general color rendering index Ra is specified because these lamps are produced with 
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