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Abstract

One of the most difficult problems in a tri-band fluorescent lamp manufacture is to search a desired
color by an adequate mixing of tri—color phosphors. When a light spectrum of a phosphor is slightly
changed or distorted due to process variable or when another spectrum such as from Ar, Kr or a
phosphor of calcium halo-phosphate as a first layer exist, it is even more difficult to search a desired
color. In this work, a rapid approaching method to a desired light color was studied. Three single—color
fluorescent lamps and three—color-mixed fluorescent lamps with different mixing ratios were prepared and
the spectra of these lamps were measured, from which the mercury and the argon spectra were eliminated
to obtain the modified color coordinates. From this modified color coordinate, lumen ratios of green and
blue to red were correlated with their weight ratios. This correlation was applied to the industrial line for
single and double layer coating and proven to be valuable as a desired color matching procedure in
tri—color fluorescent lamp manufacture.
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Table 1. Chemical formula of phosphors
Color Chemical formula Max.wave
length (nm)
Red Y,05: Ed®* 610
Green GdMgB;0,; C**, TH** 545
Blue | Bag 1My, 0AL,Op. 15 Eug 13 ©*| 435

2.2 X &Sddl XM ¥ 09 &=

dUdER] A& vlo}AY LA Butylacetate
€ 431 v¥RIYZ Nitrocellulosed £3AZ1 &
Homomixer2 WNFAIA HIRICE $H38] &3l
o} ohe o] &9 100[glel ¥k 249 394 §
B4 70[gle EFSTE a8y mEA 24 HYE
2] geld F AZAA NcclE B BAHES At
< A4 200mesh]A2 AFsle] HFHoE ©
¥ 898 A3

2% X0 ¢, i T¥E 9 =X og}
< dglow x5 3upgEA didlel gEiTe
o7 sl E¥IYPLE ok EXNME LA
Buthylacetate tAlell Xylene2 ARSI wiQl2
£ Ethylcellulose® EF3tATh o] fofof 343
EAE 3389} U1 YA =X} ojx; =X
|AE 23 olf YA =X WHol ol EX
A £4E2) GEE 517 $steA otk

3533=(SD Lamp)ole] =¥+ FEl (WAE:10
{mm], Zo]:56mm)E FHo2 1A ¥, T

colE] RES & gAoz Ar|A stz F 9Z]

X AFom mELAE Tojeud Uik
gao] gato® NFL Grlgez wEo) TEg
o] ThA] HlolAZ F TS sl TEHA @
& Qe AAsR

2.3 &8 &

HPEF] =XE Y FYUe Az FAA
L& BTIZ Az 3z, SH3) Az7t 8 &
A2 0TI 1583 24e 3, fed &
Bo AFE EHh o] BE o] B IS
P35 AzIYAAN WEE 10° [mmHg] 7AA A

Journal of KIEE, Voi. 13, No.1, February 1999



Fog 3k o BYNAE WA o JWFes
e 2lg 3 3 A Wi EES EF A
Astz, 8 7k ok2Ze #%tel mmbglrt
A Stk 9714 #LE ¥a B ThAas 2
o] Eoj7ke &S Bl ¥BTE Azt 2
F =X BF9E 1IAR o gRitds =¥
B FEel A Y 8% £ =¥ 9 &=
¥ wis} 22 WYow Az siuth

2.4 38S9 AHEE =X

YB35 ~¥9ER ZYFXE 94T BenthamAlolA
A &%  Spectro Radiance Systern(M300  Series
Monochromator)- & 79J8te] ARt 2HEH
27439 F5-& BenthamAte] T2 781 SS9103
2 olgslyrh o] EE2IWL Color Coordinate(CIE
x,y), Color Temperature(K), Luminous Flux(im),
Wavelength(nm), Peak Wavelengthinm) 5 %%
9 BAES AME £ Ut AAe nAHe
Standard?! CL2E& ol&3ldch 35 ~HE] &
AL, &34 A HAFEHE TEAIIL FFEAA
SS91032 Al#AIZch ohe SSO103el A SAUAES
330[nm]ollA] 780Inm]7H*12 A&, Monochromator
HAE 380[nmlollA 780{nmI7HA 2 E oS Slnm]
HHog ZANTE AL I3, Y¥PEL Feo)
Al HE-T(Integrating Sphere)oll Wo] HEA F
2083 dgAHTE d4ge] o W SS9103e0A
g FEAA F4E FYsiTh

2.5 &HH0| Color Matching &

EEZ 3 Mo disid HA, =4 2 P4 9
ZAYE 8= Colar Matching2 o3 & &
Az APsH. wA 4 G YPEy FEY 5
I BY rat ARG 58 1o 449 B A9
ERE Tl BY 7hae AHERS 7 g
Al WA olZHE WA Wy A JFE T

oL ¥3x2 240 2 o ¥J5L A Al o
A AZsln BQlrlie] AHMERS W HY AFF
g Ztd 7tk agn GAgREe] Wy A
Bl o] BEAE A Mo ¥ MY FEe)
Al gg T Ao o =4 2 Y4 9
Al gkl HlE i)

RS EFA AREE Ao g H4e] FAM)

Y - BRAVESEHRGE 138 £13% 1998F 2R

AR - 8

JE
[i:)

223 ANl g e FAuE Tl F&u
¢ FAE Aolo] BANE deth o BANE o
B3te] ZxMo] T sk= 349 FAMIE 78 5
7k ik,

ol$A LA FFTol ity MRE Yol B,
AEE, ANB7HRendering Index) 58 T34
= Y3 vlwstAck

Color Matching®) &A= 29 1 % 2ot

Z60 OB W HBE
o Rz

AR EH &Y

—

RINAES ¥

REGBEY ANEN &
a

S0y #3E BX

AREY &3
BRI AREN A
By UBE A

Al @ N BY
S8 78

HYo B2 MUY ¥
49 NY5E Ue

EEELERR 21X T
B ¥4 Y mu XK
HMEHOZ Lis

Y
MY I8 mM U N REYFRY ABTH —\
% gTUl AN THHAY 38
BANE UE
LT g 4

vl o2 YUE NE
3o Yy

SENNEH D

a8 1. AUE HAS9 Color Matching®l &AM
Fig. 1. Color matching procedure of tri-pho
sphor fluorescent lamp

3. 20 ¥ &

3.1 2 HM s E4

ag 2¢] Y72 HAR), SMG), HY
(B) ¥3Ae) ~¥EY 20 2t 9N YPA 2
EfA B9 a2 2dedS AAT wIALS
9 2¥EY R, G B & vl a3 o)s
2R Fg 4 9 PP i N FEwe} ¥y
AAE g H 24 Ytk gz o) AR
e 39 390 et

an n



intensity

Fig. 2.

Wave Lnng".(,,m)

MM (R), =M(G), HM(B)ICID PEE
HUS(A)Q) AMER, Pl R, G, B
= MM A U HMORRH $EE Y
50| AHERS HIHS BE ANEZ
Spectra of non-coated(A) and coated
lamps (Red: R, Green:{(G), Blue: (B})
R, G, B are the spectra obtained
from R, G, B by eliminating the
spectra A.
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Table 2. Color Coordinate(x,y) for the lamps
coated with red, green and blue
phosphor and their modified
coordinate
Color coordinate(x, y)
With argon Without argon
spectra spectra
Red (0.5563,0.3184) (0.6587,0.3482)
Green (0.3207,0.5133) (0.3477,0.5718)
Blue (0.1633,0.1396) (0.1554,0.1268)
Ed 3. MM =A T)al HMSAHO Md B
H E&% 9 19 HIg(w)
Table 3. Different mixing-weight % of red,
green and blue phosphors and their
ratios (w)
Sample | Red | Green | Blue | Green/red | Blue/red
1 300 40.0 30.0 13331 1.000
2 40.0 200 40.0 0500 1.000
3 40.0 30.0 30.0 0.750 0.750
4 40.0 50.0 10.0 1.250 [ 0.250
5 50.0 300 | 200 0.600 | 0.400
6 50.0 | 400 10.0 0.800! 0.200
= 4. = 39 ool MTE(x, ¥)
Table 4. Color Coordinate (x, y) for the
samples of Table 3
Color coordinate
Sample Without argon
No. With argon spectra spectra
1 (0.3202, 0.3475) (0.3443. 0.3858)
2 (0.3215, 0.2818) (0.3436, 0.3130)
3 (0.3408. 0.3246) (0.3687, 0.3646)
4 (0.3723. 0.4064) (0.4079, 0.4578)
5 (0.3750, 0.3463) (0.4077. 0.3879)
6 (0.3939. 0.38%4) (0.4326, 0.4396)
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Table 5. Lumens of red, green and red and
their ratios (f)

Saﬁ:}?le Red |Green| Blue |Green/Red| Blue/Red
1 0.198510.4830|0.3185| 2.4357 1.60>4
2 0.277110.2800|0.4429] 1.0103 1.5880
3 0.2851(0.3924|0.3226| 1.3764 1.1322
4 0.2824|0.60310.1145| 2.1357 0.3914
5 0.3581 |0.4077{0.2327| 1.1333 0.6480
6 0.3580(0.522510.1133| 1.4124 0.3093
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Table 6. Mixed weight ratio of red, green and
blue phophors for examination of
production line

Name Red Green Blue
Sample 1 28.0 34.0 38.0
Sample 2 333 344 323
Sample 3 400 340 26.0
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Table 7. Comparison of characteristics for
target, monolayered and double-lay-
ered fluore-scent lamp
Target | Monolay- | Double-lay
lamp {ered lamp|-ered lamp
Color coordinate  {(0.3110,( (0.3122, (0.3174,
(x. v) 0.3284) | 0.3244) 0.3288)
Color temperature(K) | 6596.0 | 6563.3 6248.0
Luminous flux(lm) { 11785 ] 11743 1090.7

Power(W) 21.13 21.55 20.63
Color Rendering Index | 83.57 84.77 83.27
Luminous flux(Im) | 10746 | 1068.0 10389
after 1000h use(rate%) | (8.2%) | (3.1%) (3.2%)
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