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[57] ABSTRACT 

An illumination device includes a cold cathode ?uorescent 
tube having a heat capacity of 0.035 Wsec/° C. or less per 
unit length (1 cm) of a glass tube of a ?uorescent section of 
the cold cathode ?uorescent tube. The illumination device 
has a superior operation characteristic at a loW temperature. 
The device is driven by a method and is implemented in a 
display device. 

23 Claims, 19 Drawing Sheets 

Illumination device 120 

Thermally coupled 
Cold cathode Temperature /9 
fluorescent tube sensor 

l_ _ — _ _ _ _ — _ _ _ _ _ _ _ _ _ — _ _ _ _ _ _ ? H — __—1 

Lamp temperature 
information 

polynomial, control table etc.) 

Duty ratio 
l_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _.__T_._____J 

| | 
l | 
| l 
| | 
| | 

' : 
i [ Control expression (First-order expression, ] | 
| | 
l l 
l | 
l | 
l | 
l | 



U.S. Patent May 23, 2000 Sheet 1 0f 19 6,066,920 

8 FIG. 1A 

1 10 or 120 

FIG.1C 

W 



U.S. Patent May 23, 2000 Sheet 2 0f 19 

FIGZ 

Start-up ambient temperature dependency 
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FIG-‘.3 
Comparison of pre-exponentiai factors 
between present invention and conventional example 

+25°C, 100% luminance after 25 mins. 
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FIG.4 

Arrhenius plot of ‘pm-exponential factors 
of present invention and conventional example 
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FIGS 

Luminance rise of present illumination device 
+25°C,100% luminance after 25 mins. 
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FIG. 6 PRIOR ART 
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Luminance rise of conventional illumination device 
+25°C, 100% luminance after 25 mins. 
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FIG. 15 PRIOR ART 
Ambient temperature-luminance relation 
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FIG. 16 PRIOR ART 
Luminance adjusting characteristic 

350 

300 

250 

200 

150 

100 

50 

0 

Luminance 
Duty ratio [%] 





U.S. Patent May 23, 2000 Sheet 17 0f 19 6,066,920 

UL .; EBEQQEB =0; 

00? cm? 00w 8 8 8 

[gm/p0] d9 eououuum |auod 
cow 

5236220 85282 EzoalSBEmaEB 

m; 65% 



U.S. Patent May 23, 2000 Sheet 18 0f 19 6,066,920 

?t FY2532 o2 03 E55 I... l om-‘ 

T25 25 8:825 
3 

3 

3 

3:8 “as; 
a 8:55 Essa 

E5 305; 1 S 3:25 gamma “W 7 E28 32% 
2: 3:25 295 

2:8 505; 
com 3555 39E @ 85E; Egg 

CD 
CD 
--4 

E 8:25 Egg 

C) 
C") 

855E; 8253i 

Ambient temperature 
C) G 
<11 N 

38582 uwpcwmi 

om 

[gym/p0] aououuunq 

o3 

855:5 E2685 :0 EBEBEB E225 B 3522 

82 m“ 65% 



U.S. Patent May 23, 2000 Sheet 19 0f 19 6,066,920 

TEL 35 5:830 Q2 Q2 ow ow 3 ON 0 

FY2235“: I‘! on 
. 2222 

m ‘\l @NI 

@ 3555 Essa 

<ll. 2 m. 

- w 

2 3655 Bass; ml. 0 u 

< o 

m N 

DEE: @ Emma m m 3 W 

8:2 . :5. < W3 2. e 

m llul. LL 

0% 852.5 BEE A< om 

b m s 
cm 

8%582 89685 Co $33 5238 8555c 5:82am 62 B 8555 

cmdwm 


























