US009271363B2

a2z United States Patent (10) Patent No.: US 9,271,363 B2
Takatsu (45) Date of Patent: Feb. 23, 2016
(54) LIGHTING DEVICE HAVING LED FOREIGN PATENT DOCUMENTS
ELEMENTS Jp 11-97747 A 4/1999
(71) Applicant: Hirokazu Honda, Omitama-shi, Ibaraki TP 2000-3-06685 A 11/2000
(IP) (Continued)
(72) Inventor: Akio Takatsu, Narita (JP) OTHER PUBLICATIONS
(73) Assignee: Hirokazu Honda, Omitama-shi (JP)
(*) Notice: Subject to any disclaimer, the term of this International Search Report dated Dec. 17, 2013 with English trans-
patent is extended or adjusted under 35 lation (five (5) pages). .
U.S.C. 154(b) by 0 days. (Continued)
(21) Appl. No.: 14/429,573
(22) PCT Filed: Sep. 20’ 2013 Primary FExaminer — Douglas W Owens
ssistant Examiner — Dedei ammon
86) PCT No.: PCT/JP2013/075553 4 E Dedei K H d
(86) o (74) Attorney, Agent, or Firm — Crowell & Moring LLP
§371 (o)D),
(2) Date: Mar. 19, 2015 (57) ABSTRACT
(87) PCT Pub. No.: W02014/046254 {Technical Problems}
PCT Pub. Date: Mar. 27, 2014 To provide a simple style of lighting device using LED
(65) Prior Publication Data {Means for Solving Problems}
A lighting device using LED, comprising an LED group 250
US 2015/0264766 Al Sep. 17, 2015 configured with series-connected plural number of LED 252
(30) Foreign Application Priority Data and a driving circuit 550 for feeding the light-emission cur-
rent to the LED group, wherein
Sep. 20, 2012 (JP) ................................. 2012-207625 the dr]V]ng circuits 550 has a para]]e] circuit Comprised ofa
Sep. 20, 2013 (JP) ................................. 2013-195254 peak current setting Capacitor 222 and a resistor 220 con-
(51) Int.CL nected in parallel thereto, and a full-wave rectification circuit
HOSB 37/02 (2006.01) 230; wherein
HO5B 33/08 (2006.01) the LED group 250 is connected to the output terminal of the
(52) U.S.CL full-wave rectification circuit, and the capacitance of the peak
CPC ... HO5B 33/0845 (2013.01); HO5B 33/0812 current setting capacitor has a value within a region in which
(2013.01) the peak value of the pulsating current behaves to increase its
(58) Field of Classification Search value in accordance with the increase of the capacitance of the
None peak current setting capacitor; wherein
See application file for complete search history. an interruption period that is determined in accordance with
the number of the series-connections of the LED in the LED
(56) References Cited group is specified, and the pulsating current, of which peak

U.S. PATENT DOCUMENTS

HOS5B 33/0809
315/201

2014/0117866 Al* 5/2014 Hodrinsky

value is determined in accordance with the capacitance of the
peak current setting capacitor, is fed to the LED group.

11 Claims, 43 Drawing Sheets

P y
N .
:;_---_ ~._-.—----—'——__--.__-.: LEDG'DUP :
i 222 220 250 254 254 |
i 232 P4 :

H H

I { mi 9 { { | {
] 0 1 ] N
i (L ; Lepi/  £p2/  LED3 LEDI5, H
i : Recietel S itd et — ;
ZI i B, Bl IPh) curenn [Ph z
O — } P i
i el S | i
it Voltage V104 — — el — '
208 H Voltage V106 I [voltage V108 E
H LED30 LED2Y LED2S LED2S !
] ;
l : P!"} | I i 5
i | 1[ J l “‘I H
i : - L ﬁ :
590 i i :
1 32 24 252 252 252 \’\ L\ L\ \ i
I ; 254 254 254 :
]



US 9,271,363 B2

Page 2
(56) References Cited Jp 2012-69303 A 4/2012
Jp 2012-129090 A 7/2012
FOREIGN PATENT DOCUMENTS OTHER PUBLICATIONS
P 2000306685 A * 11/2000 International Preliminary Report on Patentability (PCT/IB/373) with
Jp 2003-332625 A 11/2003 Wiritten Opinion (PCT/IB/237) dated Dec. 17, 2013 with English-
JP 2005-9093 A 1/2005 language translation (ten (10) pages).

Jp 2008-10305 A 1/2008
Jp 2011-113958 A 6/2011 * cited by examiner



US 9,271,363 B2

Sheet 1 of 43

Feb. 23, 2016

U.S. Patent

03 mmmf?m | e S .E R 7 =
, &0 / ] 5
\N\ TS5 018 5T figs 048 05%



US 9,271,363 B2

Sheet 2 0of 43

Feb. 23, 2016

U.S. Patent

705 geg  ¥0s
ovs mﬁm o1s 009 ¥5T oS 8% W 48
S L T B B Nawm%_,,wv
Sm/ﬂmom DSDDDDDDGULWDQDBDB o0 @s/m&
TL9 ~s~G 2 719 s ~0
218
19 ~r~o ers (AR RN N
o O wm Oo_o oo o0 U um:% E/?
w0l Fo o oo o | =iy o—th ¢ ovs



US 9,271,363 B2

Sheet 3 of 43

Feb. 23, 2016

U.S. Patent

s

s

o S

oMm Wowm M\ Smm N,Mm

0% 00%

& 814

Z
7
1 ok

¥0s



US 9,271,363 B2

Sheet 4 of 43

Feb. 23, 2016

U.S. Patent




US 9,271,363 B2

Sheet 5 of 43

Feb. 23, 2016

U.S. Patent




U.S. Patent Feb. 23,2016 Sheet 6 of 43 US 9,271,363 B2

™~
™
m

326
323

322
326
323



U.S. Patent Feb. 23,2016 Sheet 7 of 43 US 9,271,363 B2

520
329
334
324
530
540

£ o o
™~ £ o
Ry ] Y N



U.S. Patent Feb. 23,2016 Sheet 8 of 43 US 9,271,363 B2

m
YR
® B

328
334
520



U.S. Patent Feb. 23,2016 Sheet 9 of 43 US 9,271,363 B2

540

o

Fig. 9

N
N
§
\
X
t
l
v




U.S. Patent Feb. 23,2016 Sheet 10 of 43 US 9,271,363 B2




US 9,271,363 B2

Sheet 11 of 43

Feb. 23, 2016

U.S. Patent




US 9,271,363 B2

Sheet 12 0f 43

Feb. 23, 2016

U.S. Patent

................................................................................... .”
! H
“ " ., oo e '
i 1254 14%4 ¥&T 1474 ocz ¥
g \ / Nm_m < b
m o /) 0\ /) [/ pzzosny b 06S
_ Y 3
; ! 1 i
“ m..--l i & o % o sl 1 M~ _f ." 1y
e " b
i . t 1
o $2Q3T g2ax1 62031 0EQHT i ' g0z
- 80TA @8exop] | 90TA _mmS_o> H
1 H t t
P ' 71 L POTA adejop
N ! UILIND ol
1 - 5g
“ -PR— PPN Lg—0 ] Lo £ .
‘ Pl Juauun)
~ E
“ siaz ¢qz1 [/ zam razn w
" “\ / / | wol
! /
1
~_ / / \ \ h €T
' / _ /
" $ST PST ST #5T 05T
i dnoID 31T e e m
B o e e e A VR e W W W e M Am e e Awl lllllllllllllllllllllllllllllllllllllllllllllllllll
A
08¢



US 9,271,363 B2

Sheet 13 0f 43

Feb. 23, 2016

U.S. Patent

500" — —_ — e PG
PO Z01 05T
X037
ZO+H00° L
oo -
W _ ‘ 10+300°5
Lyo-
m&n O b Koo gl LICa 20
3 U ..,....f,.d&rdv‘vd-ﬂ.ﬂnd —-—np HF00°C
o !
v TO+300°5
we 4../
v+ Z0+300°T

kA4
\g
Z01A ¥

\ Z0+305°E

ZT ua.un)

AY

~

%

(A1 11

500 -
(V) uaun)

€T "84

(A) 28e1on



US 9,271,363 B2

Sheet 14 of 43

Feb. 23, 2016

U.S. Patent

pouad pouad
2043007 - uondnui@utuaun) . uondniialul uaun) 10°0-
| A A
o f J { |
204308 ﬂ.mmw.o oo 2 200 GZO0 oo
b : ot : % 0
.ﬂ\1
ZO+I00T- A\q \
Vi 100
TO+I00°S- 1 LIIOJNBM wmmp_o\r
231Nn0s 1oMmO0od
04300 X Z0°0
00+300°0 \ I~ 5o 01
TO+I00'S v\ T o3e1s-0¢ N
E00
L ,
7043007 - ade1s-z¢
).
L\ \ :
00
ZO+430ST - e
2043007 / 7 00
(A\)@8e1 oA (V) uaun)

T 1U244n2 JO snjeA jedd

¥T "SI



U.S. Patent Feb. 23, 2016

Sheet 15 of 43 US 9,271,363 B2
L
=
Py
§L g?a
il
LN
o |
ot
Ll.
| &
—
\ I [Ta)
f_{ N <
S < ) ™ I ™ o vt i o
E o o 0 o] ™ o e o ]
g < o o o o



US 9,271,363 B2

Sheet 16 of 43

Feb. 23, 2016

U.S. Patent

41 w00

SEOD

80

0o 100

100 S00'0 0

19500°0

£9900°0
£9900°C

y9900°0

595000
- 899000

£99C0°C

899000

- 69900°0

9l "SI

V ua.1un)



US 9,271,363 B2

Sheet 17 of 43

Feb. 23, 2016

U.S. Patent

41 g

e

051 001

L1 "84

§ 59000

9800
§901°0
S9%1Q
S90T°0
Gos’0

1 S90E°0

S95L°0
SO
G950
589050

v uaun)



U.S. Patent Feb. 23,2016 Sheet 18 of 43 US 9,271,363 B2

25

20

15

Fig. 18

10

*-— 0.51F
: |

Current A

4
.35
325
G2
-4

065
)

15




US 9,271,363 B2

Sheet 19 of 43

Feb. 23, 2016

U.S. Patent

€)1

()5 1814

OM0E GH0T #3403 G ¥

LEQ

wo

£0

@m@wm"

SO0

- SO0

0

15t

oNjen aJuejlsisal uo mucm_ocmo_w_u 7] JUalind JO anjeA jead

6T 'S4



U.S. Patent Feb. 23,2016 Sheet 20 of 43 US 9,271,363 B2

i Series 1

0.62

0.015

Fig. 20

0.01

0.005

0.08

oo &



U.S. Patent Feb. 23,2016 Sheet 21 of 43 US 9,271,363 B2

.02

0.015

ey Series 1

Fig. 21
001

0.005

0.12
0.1
L 4

0.08
0.06
0.04
0.62
-0.02



US 9,271,363 B2

Sheet 22 of 43

Feb. 23, 2016

U.S. Patent

0 2ouRISISaY

0G00T 0008 oQas 000 00T 2

T SOLIDS ~—o—

000S

. ] |

- SO0

00

51070

L zoo

SC0p

- €00

92070

Q0

SO0

v uaIn)

¢c ‘84



US 9,271,363 B2

Sheet 23 0of 43

Feb. 23, 2016

U.S. Patent

) i I SO0
pouad uondnaiziul Juaain) pouad uondnaiajui Juaiing pouad uoiydnuajul Juaaun)
SEQD £0°0 S{G'0 [434] S0 W00
) o]
<00
o
o8e1s-6

4 SUO
20
sT0

€ "84



US 9,271,363 B2

Sheet 24 of 43

Feb. 23, 2016

U.S. Patent

a21A3p Bunys oz

0LL 00£ 211

N

\

£\ | soinsp Supasy|©
\J WRLINI SBIE e mn [

UMD

Suidieyd gt

e 1
H
r—=——=—q rm=-= X
AT +r: i
1 ¥
[ 2N N 3 —. m.\
i
Nmm\—ﬁ\.\h §
sz 5
H
JuauImn
Twmz aal L¥ CIA

T LNl

Aewndaaiie
AT Al |

u34IN2
Aewnid

\\\v

Lo et

I
h
Iy

R R e B

H
»xn ¥ y
H i
uann — w
uoissIWR-IYB a1 9 w5z \"\\ M
“ —— -

i
]
t
T
t : I
| usuni Aewud g ! W i Li
H —f -
” i O£z \M RN
k

i oZe 2zez O

R et Galale

uN2.412 Suipaay Juan3 Atewd 0§

A o 3 . B T T o ) N R S B e . O T8 1 0 o W e

\col

00!



US 9,271,363 B2

Sheet 25 of 43

Feb. 23, 2016

U.S. Patent

aa1nap Sunysn §0¢

187

1e

e " o

uoissiwa-3y31| 319

—

LNl

a8eyon paiddy

i
1
|
i
[4 AN 1
i
|

SwiBieyy zt

juauina seiq

uaund

g

|
v 1
]

r—y |
i
i
1
}
]
i
|

Ty

0oL

Juaund Arewnud Z

G¢ "SI

¥EC
i

Fl'l'!l“llﬁli‘

unu Suipaaj Juaund Aewnd 01



US 9,271,363 B2

Sheet 26 of 43

Feb. 23, 2016

U.S. Patent

Ld

51°0- -

S00 -

10 -

ze -

B I I R

IUILIND NI [F|BIBY wihe  ITEON 32UNOS JISMO  aiune

9¢ 'S4

0sT-

a0t~

ost



US 9,271,363 B2

Sheet 27 of 43

Feb. 23, 2016

U.S. Patent

ot

€L (28 TL vL £L ral 1L

| Ld poed g ld tozd 1 Ld i 2d i

. o oy o R T > N

m/ \h - d < .\_l. \—I L _l “i

1560°0 600 | £580°0 800 1 15200 00 1 15900
wq i - w i - k [ 0

D lﬁ Ui, 11 Vi, Wk ITLHLD L o
b ¢ [y I Y [\

1 ¢ 1 I b i 4 0z
vO'0 4 . ‘ . . . .

N

: \ 1

%0p -
80b -
I \ i 1 I i 1 i 0s
[ARY . . . . X . v
_ - N P i erw fi 05
TP T ) 1 pu¥is 4 1 | i _ "
910 3 0L
Zuaund Alewpy o= mwdﬁnﬂuuw _n%_.“ &W_mu i




US 9,271,363 B2

Sheet 28 0f 43

Feb. 23, 2016

U.S. Patent

€1

AN

Led W

SO0~

£00

HF0C

100

— .

£0°0

S0'0

Lo°0

600

o

€10

ualind
u:_m._mu_um__u‘m:_whm-_u i TZ UdLInd Afewing (17 i 7 IUBLND AeUiId sl

8¢ "84

51°0



US 9,271,363 B2

Sheet 29 of 43

Feb. 23, 2016

U.S. Patent

q0°0-

¥0°0-

$ bk d

€00

Lol

0’0

BDLIND QT welFiem

waund Suidseyasip-Suidieyd

6¢ 'S4

TUDLIND AIBWILLJ i



US 9,271,363 B2

Sheet 30 of 43

Feb. 23, 2016

U.S. Patent

S80°D

2d 3 gydeso

2d » v ydean
Zd —3t gudeo

< za > ZHde
3> Zd! | ydes

1€ 1d M

WA id 1 VmA T
e Id i €
' Id + ”
le Td bk

m SLG0 i

i bV seo

¥ 200

- 00

96’0

800

Lo

[ARY)

ade1s-gg

o8e)s-pg e~

agde)s-gT =N~

93e15-g =i~

i

a8e15-g =~

910

0¢€ 814



U.S. Patent

Fig. 31

Feb. 23, 2016

Sheet 31 of 43

uojeanp uondniidjul z 3uarind Alewlnid

3

2
<
5

0.006
- 0.005

- 0.002

- 0.001

weipms  [nterruption duration
Graph 11 .

woll 04

o0
&3
<
o
ji
|
!
|
L

o o o o
Q‘ngmr«

[ R e T o N
W s m

|

US 9,271,363 B2

50

30

20

i¢

oljes uoizeanp uondniidul g Juasind Alewlid



US 9,271,363 B2

Sheet 32 0f 43

Feb. 23, 2016

U.S. Patent

bd 3 zd i
D V.
bd D 8d
T 5 \\m
5800 800 wa 1! 1 5900
: N i .
. - - 0
" |
i i
— " 00
\ A
i !
. U \ : i 00
k 900
/ k / 20°0
% Frudes ) \ % | \
10
% \ \/ ZT ydean X N \
— K NQ A0
— ( J( v1'0
ﬂ 98e}5-9T pal =~ a5e1S-9T imu w
910

2¢ 8i4



US 9,271,363 B2

Sheet 33 of 43

Feb. 23, 2016

U.S. Patent

(4v) ozz J010eded Jo Iduerdede)

ST

+

ot

L

T ydeio

91 ydein

ege '3i4

D000

S00°C
oLo0
S10°0
0z0'0
qc00
0€0'D

55800

(v) 1uaaand Suidieydsip-suidiey)



US 9,271,363 B2

Sheet 34 of 43

Feb. 23, 2016

U.S. Patent

adnep Sunysn 5oz

wauna gyl 9

¢ 814

[4°74
M.. had lm‘ o et et e e

1 M q.!..l..WNMlllll oz
| N i Jr/ 3 \“\1 X
t N : ]

3 ;
rlv‘m.» 20L _M f 0
ml ..\l«\.. ~ I i $EL i n.|”.-
vSZ 7 7oz ! I ! o
I I i &
X i I )
vLIN3 seig p— =
[A7T4 Y SuiBiey) 71 m
T2 t gz | Q
- 1 -4 ||\yv -+
n llll \l — w— — ~ AVMN _ \\\
.A 0z
uaund Alewld 7 004 |
i

——m e m -

MNP Suipaay Juannd Atewd 01



US 9,271,363 B2

Sheet 35 of 43

Feb. 23, 2016

U.S. Patent

ao1nap Sunysn 007 m H ozt
ﬂ» { [A7 N, \\.\
i lﬁ
\‘M
0oL i AI.INII' 8vL
1 . 87L juaun3 Suisiey) g1
H
e
i - oL 9zL
L ) o o] e o e e o e e o e ma e e
ﬂ L A i Wl W e MR M AN M S e J
2 . w x |
ez \"\f a / I
m [AX4 i
I t, (4574 Li 1 \,C
! o 0Tz
u3LIND 1 = ¢
752 selg v I o, rmmmfmmy 001
- 1 i
] wm N 1| 8 ! -
' D — = 1 mr,
i LA
- . AIlA. * \ - “ i 1 I S04
i i
i pee s e ! it I
A% I ose - M ..... Mt
e ITET N ] waun g e
5 75¢ aatg Aewud ¢ I 1
S G SN WA SR Emy SN SR emk MM s L 3 b
™
\\ U241 Suipasy Jualnd Adewnd ¥01

osz ge w_n_



US 9,271,363 B2

Sheet 36 of 43

Feb. 23, 2016

U.S. Patent

ao1nap Sunysn §oe

fas7A ¥9L

S N

II.V_||I|.|<$

0s?

o¢

Hnoas Suipaay juauand Aewd v

‘814

i
oTL
1 l_l e !
L~ 88L 951
U e T [T
i 14 o 1
! i
i
" 174 !
zez " ¥8L i
"
1 N, , 0L . N //u/
1 R RS S — - e . Ny —
| O - - - - e e o N0zL BLL
|} ~ -
4
RO | ; ?m = 98L |
t t qmm.&\. s.w. | ™11
_l\u\l LAY I ) ) ! o Z feulwiay
i 5 e ozz !
uaLing I o \! i
(44 seig b i = U N g
~ o oy o i K I
t T\.m ! 1 < " _ , 00T
{3 mu :
T T A.|4 \ . (e AL
: 134 v 7 H ! 1T [eusuiay
I h\\ ” 3 Omm\\ al\ lllll 7ﬂ 011 |
iy e juauing juannd
vz’ zsz| ‘amo Aewnd z ” T _
llllllllllll -~ =



US 9,271,363 B2

Sheet 37 of 43

Feb. 23, 2016

U.S. Patent

ainap Sunysd 5oz

134

I

g - -

[A-14

-lllll"!""ﬂ
0ZL wme/ 1

(A%

(444 bl
Al.ﬂ\

juannd

Suidieyy

JuaLind
selg v

W e e W e e ek

SOt

] e

004 .

ﬂ.lllll!'llullllljl'llll

i
H
i
1

wuaun
Aewiag ¢ UN341D 3U1pady uaund Alewnd 0T

L€ 31

001



US 9,271,363 B2

Sheet 38 of 43

Feb. 23, 2016

U.S. Patent

SQ0- -~ 1 08T~
gz ydeio /\ﬁ >
YA\ oot
4]
i as-
$00
S60°0 00
; 0
106 =
09
deu
10 TZYydeis
L
zz ydelo
FA I 081
ua.un) ageljon
W Ldd] e CTERES INTTI St

8¢ "3i4



US 9,271,363 B2

Sheet 39 of 43

Feb. 23, 2016

U.S. Patent

00

- 00¢-

- 0ST-

“ " 001~

\

\

¥0'0 -
9600 it 9800 8 cLo'e 0 S90°0
i i O

| .

900 - \

|

\

At 08
v 00T
\ r 1z ydeig
10 I 9 rJ . 05T
9z ydeig
NH.O i ODN
SITEIS1hle ) 31794 Jemifffp IN'TT G vl a8ejjon

6¢ 314



U.S. Patent Feb. 23,2016 Sheet 40 of 43 US 9,271,363 B2

510 Light ray




U.S. Patent

Feb. 23, 2016 Sheet 41 of 43 US 9,271,363 B2

400
480

424

AN

™
43}
ﬁa
- D
™
¥
ﬁ/ 5
©
4 3
-
&
o B
< )
kK
g
fm )
o

Fig. 41
432 422

Z
424

480



U.S. Patent Feb. 23,2016 Sheet 42 of 43 US 9,271,363 B2

Fig. 42




U.S. Patent Feb. 23,2016 Sheet 43 of 43 US 9,271,363 B2




US 9,271,363 B2

1
LIGHTING DEVICE HAVING LED
ELEMENTS

FIELD OF THE INVENTION

The present invention relates to a lighting device having
LED elements.

BACKGROUND OF THE INVENTION

A lighting device that uses a light emitting diode (herein-
after referred to as LED) has a large number of LEDs. To the
LEDs, a driving current is fed to cause them emit light to
illuminate as a lighting device. When a forward supply volt-
age to each of the LEDs used in the device as the light source
is increased gradually from a state of approximately zero
volts, the LED begins to pass a current at the prescribed
voltage of VLC (V) and light emission starts. Further increase
in the supply voltage causes the current flowing through the
LED to increase, and the light emission amount of the LED
increases.

LEDs, unlike ordinary diodes, have a large forward voltage
drop, which invite large power consumption. The power is
consumed not only for light emission, but in addition a con-
siderable portion of the power uselessly escapes as the heat
loss causing rise in the temperature of LEDs.

If temperature of the LED rises due to heat generation of
LED, there arises a danger ofignition of dusts, and in addition
the life of the LED is adversely affected. Therefore, a heat
dissipation arrangement of metallic material having an excel-
lent thermal conductivity is provided. This arrangement dis-
sipates heat that the LED generates and suppresses, thereby,
the temperature rise of the LED. For example, Japanese
Patent Application Laid-open No. TOKKAI 2012-69303
(Patent Literature 1) has disclosed a technique, wherein a
metal pedestal 30 having heat dissipation effect is provided in
astraight tube 10 and fire heat generated from an LED module
20 is dissipated thereby to suppress the temperature rise of the
LED module 20.

LITERATURE ON RELATED ART
Patent Literature
{Patent Literature 1}

Japanese Patent Application Laid-open No.
KATI2012-69303

TOK-

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

The straight tube lighting system described in Patent Lit-
erature 1 has a very complicated structure. This is because of
the fact that the structure uses a metal pedestal having heat
dissipation effect to radiate the heat that the LED module 20
generates. It is essential to provide a heat radiation structure
for suppressing temperature rise of the LED module 20.
Therefore, making a straight tube lighting system have a
simple structure is difficult.

To suppress the temperature rise of an LED element, less-
ening heat generation of the LED element is a fundamental
matter. There conventionally has been a device of a little
temperature rise such as a security lighting but not as a light-
ing device. Such security lighting uses an LED element, of
which amount of luminescence is very small; thus, the LED
used therein flows very little current. Due to this, the tempera-
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turerise is alittle. However, it is difficult to use a device of this
kind as an ordinary lighting device.

An object of the present invention is to provide a lighting
device using an LED element having a reduced amount of
heat generation.

Means for Solving the Problem

The fundamental invention to solve the problem is to sup-
ply the currentto be fed to a series circuit of LEDs in a feeding
pattern having alternately repeating periods of a low current
period, in which the current value is low, and a lighting
light-emission period, in which current for lighting is fed.
Thereby, the heat generation of the series-connected LEDs is
suppressed, ensuring the required luminescence that a light-
ing device should have.
The first invention is a lighting device having LED ele-
ment, comprising:
an LED group having series-connected plural number of
LED elements that emit light with feeding a light-emis-
sion current and a driving circuit for supplying the light-
emission current that flows through the series-connected
plural LED elements of the LED group, wherein
the driving circuit has alternating current power source
terminals for receiving alternating current supply, a peak
current control circuit element that controls the peak
current of the light-emission current, and a full-wave
rectification circuit that full-wave rectifies alternating
current inputted into input terminals thereof and outputs
pulsating current from output terminals thereof, wherein

the peak current control circuit element and input terminals
of the full-wave rectification circuit are provided
between the alternating current power source terminals,

the LED group is connected between the output terminals
of the full-wave rectification circuit, and the peak value
of the light-emission current flowing through the LED
group is determined in accordance with the peak current
control circuit element, wherein

the light-emission current fed to the LED group has feed-

ing periods of a low current period that is determined in
accordance with the number of the series-connections of
LED elements of the LED group and a lighting light-
emission period the peak value in which is determined in
accordance with the peak current control circuit ele-
ment, wherein

the light-emission current is a pulsating current that flows

repeating feeding periods of the low current period and
the lighting light-emission period.

The second invention is the lighting device having LED
elements according to the first invention, wherein the peak
current control circuit element is a peak current control
capacitor, and the capacitance of a peak current setting
capacitor is in a range from 0.5 uF or more to 20 puF or less.

The third invention is the lighting device having LED ele-
ments according to the second invention, wherein a resistor is
connected in parallel with the peak current control capacitor,
the resistance of the resistor is 3 kQ or larger.

The fourth invention is the lighting device having LED
elements according to the first invention, wherein the peak
current control circuit element is a peak current control resis-
tor and the resistance of the peak current control resistor is in
a range from 200 Q to 700 Q.

The fifth invention is the lighting device having LED ele-
ments according to the first invention, further comprising a
straight tube LED lamp having a resin board therein and a first
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fixture and a second fixture respectively installed on both
ends of the straight tube LED lamp for supporting the lamp,
wherein

the LED group and the driving circuit are mounted on the

resin board, and each of the first and the second fixtures
has a lamp mount for fixing the end of the straight tube
LED lamp, a fixing base for attaching the straight tube
LED lamp thereon, and a supporting column that joins
the lamp mount integrally to the fixing base.

The sixth invention is the lighting device using LED
according to the first invention, further comprising a case that
accommodates therein a resin board, wherein the driving
circuit is provided on the resin board and the LED elements of
the LED group are arranged outer periphery of the driving
circuit.

The seventh invention is the lighting device using LED
according to the first invention, wherein the low current
period is a current interruption period where the current flow-
ing through the LED group fed from the driving circuit is
Zero.

The eighth invention is the lighting device using LED
according to the seventh invention, further comprising a bias
current feeding circuit, wherein the bias current feeding cir-
cuit feeds abias current at least during the current interruption
period.

Advantageous Effect of the Invention

The present invention is capable of obtaining a lighting
device that uses LED elements, wherein the amount of heat
that the LED elements may generate is a little.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 This drawing is a front view of a straight tube
lighting device 500 which is an embodiment of a lighting
device using LED.

FIG. 2 This drawing is a plan view of the straight tube
lighting device 500 which is an embodiment of a lighting
device using LED.

FIG. 3 This drawing is a bottom view of the straight tube
lighting device 500 which is an embodiment of a lighting
device using LED.

FIG. 4 This drawing is a cross sectional view taken along
the line A-A of'the straight tube lighting device 500 illustrated
in FIG. 1.

FIG. 5 This drawing is an explanatory illustration that
illustrates a connection structure between a cylindrical case
512 and a fixture 502.

FIG. 6 This drawing is a cross sectional view taken along
the line B-B of the connection structure illustrated in FIG. 5.

FIG. 7 This drawing is a cross sectional view taken along
the line C-C of the connection structure illustrated in FIG. 5.

FIG. 8 This illustrates another embodiment of the fixture
502.

FIG. 9 This is a cross sectional view taken along the line
D-D of another embodiment illustrated in FIG. 8.

FIG. 10 This is a bottom view of the fixture 502 of another
embodiment illustrated in FIG. 8.

FIG. 11 This is an explanatory illustration that illustrates
the arrangement of an electrical parts 30 held on a resin board
570.

FIG. 12 This is a circuit diagram to illustrate an electrical
circuitry of the lighting device using LED.

FIG. 13 This is a waveform chart that describes workings of
the electrical circuitry given in FIG. 12.
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FIG. 14 This is a waveform chart of a current 14 that flows
through an LED group 250.

FIG. 15 This is a graph that describes change of the peak
value of the current 14 with respect to capacitance variation of
a peak current setting capacitor in the circuitry given in FIG.
12.

FIG. 16 This is a graph that describes change of the peak
value of the current 14 with respect to capacitance variation of
the peak current setting capacitor in the circuitry given in F1G.
12.

FIG. 17 This is a graph that describes change of the peak
value of the current 14 with respect to capacitance variation of
the peak current setting capacitor in the circuitry given in F1G.
12.

FIG. 18 This is a graph that describes change of the peak
value of the current 14 with respect to capacitance variation of
the peak current setting capacitor in the circuitry given in F1G.
12.

FIG. 19 This is a graph that describes change of the peak
value of the current 14 with respect to resistance variation of
a resistor 220 in the circuitry given in FIG. 12.

FIG. 20 This is a graph that describes the behavior of
transient current at the time of power on under the condition
that the resistance of a fuse 224 in the circuitry given in FIG.
12 is 100 Q.

FIG. 21 This is a graph that describes the behavior of
transient current at the time of power on under the condition
that the resistance of the fuse 224 in the circuitry givenin FI1G.
12 is 50 Q.

FIG. 22 This is a graph that describes change of the peak
value of the current 14 with respect to resistance variation of
the fuse 224 in the circuitry given in FIG. 12.

FIG. 23 This is a chart that describes a waveform of the
current 14 where the number of stages in the LED group 250
in FIG. 12 is two and nine.

FIG. 24 This is a circuit diagram that illustrates the elec-
trical circuit of the lighting device using LED in an embodi-
ment of the present invention.

FIG. 25 This is a circuit diagram that illustrates a circuit of
the embodiment 1, in which an example of a bias current
feeding circuit of the electrical circuitry given in FIG. 24 is
shown.

FIG. 26 This is a waveform chart of a current that describes
workings of the electrical circuitry given in FIG. 25.

FIG. 27 This is a waveform chart of a primary current and
other related feature that describes workings of the electrical
circuitry given in FIG. 25.

FIG. 28 This is a waveform chart of an LED light-emission
current and other related feature of the electrical circuitry
given in FIG. 25.

FIG. 29 This is a partially enlarged illustration of the wave-
form chart given in FIG. 28.

FIG. 30 This is an explanatory chart that describes change
of the LED light-emission current waveform with respect to
variation of the number of stages of the LED element in the
electrical circuitry given in FIG. 25.

FIG. 31 This is a graph that describes the interruption state
of the primary current with respect to variation of number of
stages of the LED element in the electrical circuitry given in
FIG. 25.

FIG. 32 This is a waveform chart that describes the change
of the primary current waveform with respect to variation of
characteristics of the LED element in the electrical circuitry
given in FIG. 25.
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FIG. 33 This is an explanatory graph that describes change
of current value of the bias current with respect to variation of
the capacitance of a bias capacitor in the electrical circuitry
given in FIG. 25.

FIG. 34 This is an electrical circuit diagram of the embodi-
ment 2, in which another embodiment of the bias current
feeding circuit of the electrical circuitry given in FIG. 25 is
shown.

FIG. 35 This is an electrical circuit diagram of the embodi-
ment 3, in which further another embodiment of the bias
current feeding circuit of the electrical circuitry given in FIG.
25 is shown.

FIG. 36 This is an electrical circuit diagram of the embodi-
ment 4, in which still further another embodiment of the bias
current feeding circuit of the electrical circuitry given in FIG.
25 is shown.

FIG. 37 This is an electrical circuit diagram of the embodi-
ment 5, in which another embodiment of the primary current
feeding circuit of the electrical circuitry given in FIG. 24 is
shown.

FIG. 38 This is an explanatory waveform chart that
explains waveforms of the LED light-emission current and
other related feature in the embodiment 5 given in FIG. 37.

FIG. 39 This is an explanatory waveform chart that
explains the waveform of the primary current in the embodi-
ment 5 given in FIG. 37.

FIG. 40 This drawing is an illustration that explains another
embodiment of the embodiment given in FIG. 6.

FIG. 41 This drawing is a partial cross sectional view of a
side view of a downlight in which the electrical circuit
explained in the embodiments 1 to 5 is used.

FIG. 42 This drawing is a bottom view of the downlight
given in FIG. 41.

FIG. 43 This drawing is an explanatory drawing that illus-
trates a circuit board of the downlight given in FIG. 41.

MODE OF IMPLEMENTATION OF THE
INVENTION

Modes of implementation of the invention (hereinafter
referred to as an embodiment) are capable of solving the
above-mentioned problem described under the heading of
Problem to be Solved by the Invention, and obtains the effect
described under the heading of Advantageous Effect of the
Invention. Embodiments, which will be described hereunder,
are however not limited to the described examples. The inven-
tion is capable also of solving other problems not described
under the above-stated heading of Problem to be Solved by
the Invention, and obtains also other effect not described
under the above-mentioned heading of Advantageous Effect
of the Invention. Further, the present invention is applicable
naturally to the straight tube lighting device using a straight
tube LED lamp described under the heading of Title of the
Invention. Accordingly, the art explained in the following
embodiments is applicable to lighting devices such as a cir-
cular downlight other than the straight tube lighting device.

Typical problems that the following embodiments solve,
the configuration for solving the problem, and the effects are
explained hereunder, wherein following embodiments will
provide further details of these features. To help understand-
ing each configuration, the following description uses the
reference numerals appearing in drawings. It should be noted
that the typical problems might be a duplicate of the above-
mentioned problem to be solved by the invention or, as the
case may be, might be another problem. Also it should be
noted that the typical effects might be a duplicate of the
above-mentioned effect described under the above-men-
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tioned heading of Advantageous Effect of the Invention or, as
the case may be, might be another effect.

1. Simplified structure by integration of straight tube LED

lamp and fixture
(2) Integration of a straight tube LED lamp 510 and
fixtures 502 and 504

A conventional straight tube LED lamp uses a manner, in
which purchasing a straight tube LED lamp, replacing the
straight tube LED lamp alone, and then putting in use, like-
wise in a fluorescent lamp. A background of use of this
manner is that the service life of a straight tube LED lamp is
short as is in a fluorescent lamp; and because of this, it is
necessary to replace the straight tube LED lamp repeatedly.

In the embodiment described below, the fixture 502 and the
fixture 504 are attached to the straight tube LED lamp 510 in
a structure that does not allow a non-specialized person to
detach easily. Background of use of such structure may
include that the straight tube LED lamp 510 having the LED
group 250 and a driving circuit 550 for feeding current to the
LED group 250 therein permits a long-time use without fail-
ure or deterioration.

In spite of'its very simple circuitry, the LED group 250 and
the driving circuit 550 for feeding current to the LED group
250 causes the LED group 250 to generate very little heat; the
LED group 250 and the driving circuit 550 will be explained
in the following embodiments. Further, the heat generation of
the driving circuit 550 is also very little. In addition, the
amount of light-emission of the LED group 250 can be main-
tained at a proper level even without use of a semiconductor
switching element for forced interruption of current. The
reason for this is that the peak value of the current flowing
through the LED group 250 is controlled by setting the
capacitance of a peak current setting capacitor 222 connected
in series to the alternating current power source. Thereby, the
heat generation inside the straight tube LED lamp 510 is
considerably reduced. As a consequence of this, the service
life of the straight tube LED lamp 510 is significantly pro-
longed. Because the straight tube LED lamp 510 and the
fixtures 502 and 504 are manufactured as a one-body product
on a condition that they will not be detached, a straight tube
lighting device 500, which will be explained in the following
embodiment, can be usable for a long time without need for
the replacement of the straight tube LED lamp 510 by install-
ing the invented lighting device at a lighting-required place.

(2) Reduction of heat generation by use of a peak current

setting capacitor 222

In the embodiment explained hereunder, a ceramic capaci-
tor, which has a long life, can be used as the peak current
setting capacitor 222. Unlike the conventional art, use of a
smoothing capacitor is not required and use of an electrolytic
capacitor, giving a long life to which is difficult, is also not
required. In addition, using the LED group 250 in the condi-
tion of lessened temperature rise prolongs considerably the
service life of an LED element 252 that configures the LED
group 250.

Further, in the embodiment explained hereunder, pulsating
current produced by the full-wave rectification circuit is fed to
the LED group 250 and the LED group 250 is configured with
the series-connected LED element 252. The pulsating current
that has the current interruption period, which varies depend-
ing on the number of series-connections of the LED element
252, is fed to the LED group 250; thereby the heat generation
of'the LED group 250 is reduced. An increase in the number
of the series-connections of the LED element 252, which
configures the LED group 250, prolongs the duration of the
current interruption period. By making the number of the
series-connections of the LED element 252, which configures
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the LED group 250, to be nine or more, it becomes practicable
to reliably ensure the current interruption period.

2. Providing a straight tube lighting device in a simplified

structure
(1) Simplification and downsizing of the straight tube
lighting device 500

In the embodiment explained hereunder, the resin board
570 is provided inside the straight tube LED lamp, and the
LED group, which is configured with series-connected LED
elements 252, and the driving circuit 550 are provided on the
resin board 570. The amount of heat generation of these LED
group and the driving circuit 550 is very little compared to the
conventional lighting device of this kind, therefore the fol-
lowing embodiment do not need any specific heat dissipation
mechanism. Because of this, the straight tube LED lamp
gains a very simple structure.

The straight tube LED lamp 510 has a fixing structure that
uses the fixture 502 and the fixture 504 for fixing so that the
straight tube LED lamp 510 can be installed in a place as
desired such as a ceiling or a wall wherever lighting is needed.
As mentioned above, a thermal-conductor of metal or heat
radiation fins for heat dissipation is not required because the
heat generating power of the straight tube LED lamp 510 is
weak. Therefore, the straight tube LED lamp 510 is light in
weight and small in size compared to the conventional
devices. Due to this, the fixtures 502 and 504 to be attached on
both ends of the straight tube LED lamp 510 can be made to
have a very simple configuration. The lighting device in the
following embodiment has a very simple structure compared
to the conventional devices. Therefore, in aesthetic point of
view at the installation location, there is an effect easy to
harmonize with the surrounding state. This effect is a very
important advantage and is a response to the significant mar-
ket needs that lighting devices are always demanded.

(2) Downsizing of fixtures 502 and 504

In the embodiment explained hereunder, the resin board
570, on which LED group and the driving circuit 550 are
installed, is provided inside the straight tube LED lamp 510,
but a cooling metal plate is not provided. Therefore, the
internal structure of the straight tube LED lamp 510 is very
simple. This permits the straight tube LED lamp 510 to be
slender in its style. Further, downsizing the fixture 502 and the
fixture 504 is also practicable.

3. Improved productivity

(1) Fixing the resin board 570 inside the cylindrical ease
512

In the embodiment explained hereunder, the amount of
heat generation of the LED element 252 and the driving
circuit 550 installed on the resin board 570 is very small.
Therefore, the resin board 570 does not need to be provided
with a cooling metal plate thereon. Therefore a configuration
is employed, wherein two grooves 326 are shaped facing each
other inside the cylindrical case 512, made of resin, of the
straight tube LED lamp 510 so that both ends of the resin
board 520 fit respectively into the grooves when inserted.
With this configuration, the resin board 570 is easily fixed to
the straight tube LED lamp 510 by inserting the resin board
570 having the LED group and the driving circuit 550
between two grooves 326 facing each other. This simple
configuration and an eased fabrication step exhibit an excel-
lent performance in a viewpoint of productivity improvement
because the resin board 570 having the LED group and the
driving circuit 550 can be easily fixed to the straight tube LED
lamp 510.

In addition, a longitudinal warpage of the resin board 570
can be suppressed because both ends of the resin board 570
are secured along the longitudinal axis of the straight tube
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LED lamp 510. In a conventional structure, fixing the resin
board 570 to a metal plate for thermal-conduction has sup-
pressed the warpage of the resin hoard 570. In the embodi-
ment explained hereunder in contrast, the metal plate for
thermal-conduction is not needed, which brings up a new
problem how to suppress the warpage of the resin board 570.
However, above-stated structure is capable of both respond-
ing to the productivity improvement requirement and solving
the warpage suppressing problem of the resin board 570.

(2) Fixing the cylindrical case 512

In the embodiment explained hereunder, an opening is
formed on either or both ends of the cylindrical case 512 and
the grooves 326 facing each other are formed inside the cylin-
drical case 512. The resin board 570 has a elongated rectan-
gular shape and the length of the resin board 570 along its
longitudinal axis is made longer than the length of the cylin-
drical case 512 along the longitudinal axis. Therefore, both
ends of the resin board 570 protrude from the opening of the
cylindrical case 512 when the resin board 570 is inserted in
the cylindrical case 512. Grooves 334 are shaped inside the
fixtures 502 and 504 provided on both ends of the cylindrical
case 512, and both ends of the resin board 570, for example
both ends along the longitudinal axis, protruding from the
opening of the cylindrical case 512 are inserted into the
groove 334 and fixed. Since the resin board 570 is inserted
into both the groove 326 of the cylindrical case 512 and the
groove 334 of lamp mounts 520 and 522, the cylindrical case
512 and the lamp mounts 520 and 522 become fixed. Thus, the
cylindrical case 512 and the lamp mounts 520 and 522 are
fixed with a simple structure. By applying glue between the
cylindrical case 512 and the lamp mounts 520 and 522 in such
simple configuration, the cylindrical case 512 and the lamp
mounts 520 and 522 are closely fixed in a simple configura-
tion.

4. Breathing mechanics in the straight tube LED lamp 510

(1) Breathing mechanics through the fixtures 502 and
504

In the embodiment explained hereunder, both ends of the
cylindrical case 512 of the straight tube LED lamp 510 have
openings, and a communicating passage 544 is formed inside
the fixture 502 and the fixture 504; thereby, a fixing base 540
of'the fixture 502 and the fixture 504, an opening on the fixing
base 542, and the inside of the straight tube LED lamp 510
communicate through the communicating passage 544. With
this arrangement, air inside the straight tube LED lamp 510 is
allowed to breath in-and-out through the communicating pas-
sage. This is capable of preventing condensation of the air
inside the straight tube LED lamp 510 attributable to the
temperature change. If the breathing of the air inside the
straight tube LED lamp 510 is impeded, change of external
temperature may cause condensation inside the straight tube
LED lamp 510. In the embodiment explained hereunder, the
air inside the straight tube LED lamp 510 can easily flow in
from the outside through the communicating passage and
vice versa. This suppresses a sharp rise of humidity inside the
straight tube LED lamp 510 and prevents occurrence of con-
densation. By this, the straight tube LED lamp 510 is saved
from the shortening of its service life. In addition, that an
opening is provided in the bottom of the fixture 502 and the
fixture 504 reduces the possibility of accidental watering in
the opening and restricts ingress of dust.

(2) Weight reduction of the fixtures 502 and 504 and the

power cord routing

In the embodiment explained hereunder, the communicat-
ing passage 544 is formed inside the fixture 502 and the
fixture 504, which are for attaching the straight tube LED
lamp 510. This structure reduces the weight of the fixture 502
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and the fixture 504 and eases the resin molding. Further, such
structure makes it possible to route out the power cord from
the straight tube LED lamp 510 passing through the commu-
nicating passage 544.

5. Suppressing the amount of heat generation of the LED
element 252
(1) Reduction of heat generation

In the embodiment explained hereunder, a pulsating cur-

rent is fed to the LED element 252 from a full-wave rectifi-
cation circuit 230. The voltage applied to the LED element
250 varies periodically and, depending on that, the LED
element 252 repeats turn on and off in synchronization with
such voltage variation; consequently, there periodically
appears a heat generating period and a heat non-generating
period. This reduces the amount of heat generation of the
LED element as a whole and suppresses the temperature rise
of the LED group 250. By ensuring repeated occurrence of
the turned-off period of the LED element 252, the effective
value of the current flowing through the LED element 252 is
reduced and the heat generation of the LED element 252 is
suppressed.

(2) Setting the low current period, the current interruption
period for example, according to the number of series-
connections of the LED element

In the embodiment explained hereunder, the LED group

250 is configured with plural stages of series-connection of
the LED element 252 and a periodically varying power is fed
thereto. Thereby suppressing the heat generation of LED
group 250 is enabled. The pulsating current fed to the LED
element 252 has an interruption period that varies depending
on the number of stages of the series-connection. The inter-
ruption period elongates according to the increase of the
number of stages of the series-connection. By setting the
number of stages of the LED element 252, the interruption
period can be determined to a proper duration. With this, the
LED element 252 is suppressed with respect to its heat gen-
eration and can be controlled in a proper condition.

(3) Reduction of the heat generation by the peak current
setting capacitor 222

In the embodiment explained hereunder, the device is oper-

ated within a region such that the peak value of the current
flowing through the LED element 252 is determined by the
capacitance of the peak current setting capacitor 222 of the
driving circuit 550. In a region where the peak value of the
current flowing through the LED element 252 is dependent on
a resistor, the resistor heats requiring a cooling mechanism.
However, since the capacitance of the peak current setting
capacitor 222 is determined so that the device operates within
a region in which the peak value of the current flowing
through the LED element 252 is determined by the capaci-
tance of the peak current setting capacitor 222, the power
consumption in the driving circuit 550 is very small and the
amount of its heat generation is a little. The maximum amount
of luminescence of the LED group 250 is determined by the
peak value of the current flowing through the LED element
252. This peak value of the current that determines the maxi-
mum amount of luminescence is determined by setting the
capacitance of the peak current setting capacitor 222 so that
the requirement for determination of the peak value of the
current is satisfied in accordance with the capacitance of the
peak current setting capacitor 222. Thus the heat generation
in the lighting device is reduced.

(4) Reduction of the power consumption and the amount of
heat generation by setting the interruption period of the
LED current

According to the study by the inventor, when the number of

stages of the series-connection of an LED circuit 254
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increases, the interruption period, in which the current flow-
ing through the LED element 252 is interrupted, increases. If
the LED group 250 is composed of one LED circuit 254, in
other words if the LED group 250 is composed of a single
stage of the LED circuit 254, the current flowing through the
LED element 252 is interrupted momentarily; the interrup-
tion duration is very short. Due to this, the effective value of
the current flowing through the LED element 252 hardly
changes from a current state in which the pulsating current is
flowing through the LED element 252. When the number of
stages of the series-connection of the LED circuit 254 is five
or more, preferably nine or more, the current interruption
period of the current flowing through the LED element 252 is
ensured in a proper condition. Thereby, the effective value of
the current flowing through the LED element 252 is signifi-
cantly reduced. On the other hand, the intensity of the lighting
is affected not only by the effective value of the current but
also strongly by the peak value of the current repeatedly
supplied. This means that suppressing the effective value of
the current by increasing the current interruption period of the
current flowing through the LED element 252 will reduce the
degree of decrease of the lighting intensity.

6. Noise reduction in a lighting device 200 using LED

(1) Noise reduction by omission of use of a switching
element

In the embodiment explained hereunder, the value of the
current flowing through the LED group 250 comprised of a
series-connected LED element 252 is controlled by setting
the capacitance of the capacitor 222 series-connected to the
rectification circuit 230 in the driving circuit. Because of this,
the use of a semiconductor switching device is not necessary
in controlling the effective value of the current. Therefore,
noise such as electromagnetic noise that a conventional light-
ing device using LED may generate is a little. In a clinical
setting, various devices are used for the maintenance of life
and a highly precise measurement is performed. In such
scene, noise must be reduced as much as possible; this means
that conventional lighting device has a problem concerning
noise generation. In the embodiment explained hereunder,
electrical noise is little generated and therefore electromag-
netic noise and noise that may intrude into power supply line
are little. The lighting device by the present invention brings
the most appropriate effect when used in a location where the
electromagnetic noise and the noise mixed in the power sup-
ply line must be strictly suppressed such as a clinical setting.

(2) Noise suppression by omission of use of such as an

oscillator

The embodiment described below does not need use of a
high-frequency generating circuit such as an oscillation cir-
cuit. Due to this, noise such as high-frequency noise is not
generated. Therefore, the embodiment is suitable as a lighting
device for a place where a precision instrument will be oper-
ated.

Further, the problem to be solved by and the effect offered
by the embodiment are described in the following explana-
tion.

EMBODIMENTS

1. Structure of the straight tube lighting device 500

FIG.1is adrawing of a front view of a straight tube lighting
device 500 and FIG. 2 is a plan view of the straight tube
lighting device 500. The straight tube lighting device 500 can
be mounted directly on a ceiling and a wall or in the other
lighting-required places. Further, one or more sets of the
straight tube lighting device 500 can be installed using a
fixing plate 600. The fixing plate 600 is however not always
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necessary. It is natural that the straight tube lighting device
500 can be installed in a lighting-required place using the
fixture 502 and the fixture 504 of the straight tube lighting
device 500. By using the fixing plate 600, the straight tube
lighting device 500 is mounted first on the fixing plate 600
and then a plurality of the straight tube lighting devices 500
can be installed in a lighting-required place at a time.

In this embodiment, two sets of the straight tube lighting
devices 500 are mounted on the fixing plate 600. Each of the
straight tube lighting devices 500 has the straight tube LED
Lamp 510, the inside of which the resin board 570 having the
LED group 250 (refer to FIG. 12) and the driving circuit 550
is accommodated, and has the fixture 502 and the fixture 504
for fixing the straight tube LED lamp 510 on the fixing plate
600 or, if required, in a lighting-required place such as a
ceiling and a wall.

Conventionally in fighting apparatuses such as fluorescent
lamps, a structure that permits a simple replacement of the
fluorescent lamp alone is employed because of the fact that
the life of fluorescent lamps is short due to easily-occurring
deterioration or fault. In the embodiment of the present inven-
tion however, replacing the straight tube LED lamp 510 alone
is hardly necessary because the life of the straight tube LED
lamp 510 is very long. Therefore, the straight tube LED lamp
510, the fixture 502, and the fixture 504 are integrated into a
single body using such as glue to form a structure that does
not permit an easy detaching of the straight tube LED lamp
510 alone.

The resin board 570 accommodated in the straight tube
LED lamp 510 has the LED group 250 (refer to FIG. 12)
configured with a plurality of series-connected LED circuits
254 having LED elements and the driving circuit 550 (refer to
FIG. 12) for feeding current to the LED group 250. In this
embodiment, it is possible to reduce considerably the heat
generation of the LED group 250 and the driving circuit 550
and consequently the temperature rise of the LED group 250
and the driving circuit 550 is very little. Therefore, it is pos-
sible to provide the LED group 250 and the driving circuit 550
on the resin board 570; and further, a cooling metal plate or
heat radiation fins for heat dissipation is not provided on the
resin board 270. Thus, the thickness of the straight tube LED
lamp 510 can be made smaller than that of the conventional
products; moreover, the structure is very simple.

The fixture 502 is glued on the one end of the straight tube
LED lamp 510 using such as adhesive and, similarly, the
fixture 504 is glued on the other end of the straight tube LED
lamp 510 using such as adhesive. In this embodiment, the
straight tube LED lamp 510 is fixed on the fixing plate 600;
however, the straight-tube LED lamp 510 can be mounted
directly on a ceiling and a wall or in the other lighting-
required place.

The fixture 502 and the fixture 504 have the same shape,
which is detailed below. The fixture 502 has the lamp mount
520 to be secured on the one end of the straight tube LED
lamp 510, the fixing base 540 for securing the straight tube
LED lamp 510 on the fixing plate 600 or on the other lighting-
required place, and a supporting column 530 for securing the
lamp mount 520 on the fixing base 540. Similarly, the fixture
504 has the lamp mount 522 to be secured on the other end of
the straight tube LED lamp 510, the fixing base 542, and a
supporting column 532 for securing the lamp mount 522 on
the fixing base 542. The fixture 502 and the fixture 504 are
made of resin; the lamp mount 520, supporting column 530,
and the fixing base 540 are one-piece resin molded into one
single-body; the lamp mount 522, supporting column 532,
and the fixing base 542 are one-piece resin molded into one
single-body; and further, in this embodiment, the surface of
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these parts are chromium plated. The communicating passage
544 is formed inside the fixture 502 and the fixture 504, which
will be detailed referring to FIGS. 5 to 10.

Inside the straight tube LED lamp 510, the substrate 570 is
fixed; and on the resin board 570, the LED group 250 (refer to
FIG. 13) configured with a plurality of electrically series-
connected LED circuits 254 is provided. In the following
description, the reference numeral accompanies only one
constituent for simplicity, because, if all the constituents of
the LED circuit 254 in the referred figure are accompanied by
reference numerals, the description will become intricate.
The resin board 570 has a configuration as detailed below.
Because the heat generation of the LED group 250 and the
driving circuit 550 in this embodiment is very small, therefore
the resin board 570 does not need a metal plate for heat
dissipation and the surface of the resin board 570 is given
merely water-resisting treatment only. Thus, the top and the
bottom face of the resin board 570 are exposed to the air.

Although the resin board 570 can be formed in a single-
board style, forming in a multi segment style of plural resin
boards, for example a quaternary form composed of four
pieces of resin board 570, is also applicable. Such style of
resin boards can be easily fixed similarly to the single-board
style resin board by inserting them sequentially between two
grooves shaped inside the cylindrical case 512, which is
explained below. By dividing the resin board 570 into a multi
segment style of plurality as stated above, the warpage of each
resin board can be reduced. Since each of the resin boards 570
does not need a metal plate for heat dissipation in this embodi-
ment, the resin board 570 can be used very easily in any of the
manners of the single-board style and the plural-partite style.

The alternating current power for operating the driving-
circuit 550 is supplied through a power cord 590 installed in
the communicating passage 444 (refer to FIGS. 7 and 8)
formed inside the fixture 502 or the fixture 504. The power
cord is an ordinary flexible electrical cord for supplying the
household commercial alternating current power. Although
illustration is omitted, a plug for connection to the plug fixture
is installed on the outer end of the power cord 590. The inner
end of the cord 590 is connected to the resin board 570 to
supply the alternating current power to the driving circuit 550.

FIG. 2 is a plan view of the embodiment given in FIG. 1,
wherein two sets of the straight tube lighting device 500 are
mounted on the fixing plate 600. On the fixing base 540 of the
fixture 502 and the fixing base 542 of the fixture 504, a screw
hole 548 (refer to FIG. 8) is provided and the fixing base 540
and the fixing base 542 are secured on the fixing plate 600
with a screw 546. This configuration permits the device to be
screwed on a ceiling and a wall or in the other lighting-
required place using a screw hole 612 formed on the fixing
plate 600.

FIG. 3 is a bottom view of the straight tube lighting device
500. The figure shows the bottom of the straight tube lighting
device 500, wherein the fixing plate 600 is not attached. The
fixture 502 and the fixture 504 have screw holes 548 for fixing
the straight tube lighting device 500 and, further, the commu-
nicating passage 544 that leads to the inside of the straight
tube lighting device 500 is provided. The power cord,
although not illustrated, can be routed out through the com-
municating passage 544 on either of the fixture 502 or fixture
504.

FIG. 4 is a cross sectional view of the fixture 504 taken
along the line A-A in FIG. 1 and the fixture 502 has the exactly
same shape. Because of this, the explanation refers to the
cross sectional view of the fixture 504 as a representative of
these fixtures. The opening of the screw hole 548 given in



US 9,271,363 B2

13
FIG. 3 has a chamfer 545 on the lamp mount 522 side. Inside
the supporting column 532, the communicating passage 544
is formed.

FIG. 5 is the explanatory illustration that illustrates the
connection structure between the cylindrical case 512 of the
straight tube lighting device 50 and the fixture 502. FIG. 6 is
the cross sectional view taken along the line B-B in FIG. 5. A
view given in FIG. 7 is the cross sectional view taken along
the line C-C in FIG. 5. The fixing structure of the straight tube
LED lamp 510 to the fixture 502 and the fixing structure of the
straight tube LED lamp 510 to the fixture 504 are the same.
Therefore, the fixing structure of the straight tube LED lamp
510 to the fixture 502 is explained as a representative of such
structures. The fixture 502 has two spaces each having differ-
ent inner diameter. These two spaces are a first space 328 and
a second space 329. The inside room of the first space 328 is
formed a little bit larger than the outer periphery of the
straight tube LED lamp 510 and the end of the straight tube
LED lamp 510 is inserted into the first space 328. The second
space 329 has a radial dimension smaller than that of the first
space; the dimensional relationship between them is such that
the end part of the straight tube LED lamp 510 is inhibited
from inserting. This relationship produces a step 330 at the
transition part between the first space 328 and the second
space 329; and thereby the end of the straight tube LED lamp
510 is positioned at the step 330. The fixing structure of the
straight tube LED lamp 510 to the fixture 504 is the same as
that in the fixing structure of the straight tube LED lamp 510
to the fixture 502. Therefore, the insertion position of the end
of the straight tube LED lamp 510 is determined by the step
330 produced inside the fixture 504.

Making junctions among the fixture 502, the fixture 504,
and each end of the straight tube LED lamp be intimate and
air-tight enables prevention of ingress of dust or water
through a gap in the junctions between the fixture 502, and
also the fixture 504, and each end of the straight tube LED
lamp. Further, it is preferable to fix mutually-rigid the fixture
502, fixture 504, and the straight tube LED lamp. To do so, it
is preferable to glue the junctions between the first space 328
formed inside the fixture 502 and the fixture 504 and the end
of the straight tube LED lamp 510 for fixing them.

FIG. 7 is a cross sectional view taken along the line C-C in
FIG. 5; the figure gives the internal structure of the straight
tube LED lamp 510. Two grooves 326 are shaped in a posi-
tional relationship as shown in FIG. 6 such that they face each
other on the right and left side of the inner face of the cylin-
drical case 512 along the longitudinal axis of the straight tube
LED lamp 510. These grooves 326 are shaped by forming a
ridge 322 and a ridge 323 on the inner face of the cylindrical
case 512; the ridges thus shaped create the groove 326
between the ridges so shaped. The resin board 570 is inserted
between two grooves 326 facing each other and fixed. As
stated above, since the longitudinal length of the resin board
570 is configured to be longer than the longitudinal length of
the straight tube LED lamp 510, both ends of the resin board
570 protrude at both end-openings of the cylindrical case 512.

FIG. 7 is a cross sectional view taken along the line C-C in
FIG. 5. The grooves 334 are shaped on the right and left side
of'the inside of the lamp mount 520 of the fixture 502 facing
each other as FIG. 7 shows. The groove 334 may be shaped
directly on the inner face of the outer wall of the lamp mount
520. Instead of that, the groove 334 may be shaped by forming
ridges 324 on the right and left side of the inner face of the
outer wall of the lamp mount 520 as given in FIG. 7. Because
the groove 334 on the right and left side of the inner face of the
outer wall of the lamp mount 520 is shaped in a position that
leads to the groove 326 given in FI1G. 6, both ends of the resin
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board 570 along the longitudinal axis thereof protruding to
the right and left from the cylindrical case 512 are inserted
into two grooves 334 shaped in a positional relationship as
shown in FIG. 6 such that they face each other.

The end of the cylindrical case 512 is fixed with glue on the
outer wall of the first space 328 inside the lamp mount 520
and the lamp mount 522. Further, the resin board 570 is
inserted into, and fixed to, the grooves 326 shaped on the
cylindrical case 512. And moreover, the end of the resin board
570 is inserted into the grooves 334 shaped inside the lamp
mount 520 and the lamp mount 522. Thus, with this configu-
ration, the cylindrical case 512 is firmly fixed to the fixture
502 and the fixture 504 with high reliability. This configura-
tion permits the constituents to be fixed very strongly com-
pared to a fixing manner with glue only.

The groove 326 given in FIG. 6 may be shaped inside the
cylindrical case 512 along the longitudinal axis by concaving
the outer wall of the cylindrical case 512 from the inside
thereof. A structure having concaved part on the outer wall of
the cylindrical case 512 may reduce the strength of the cylin-
drical case 512 itself. In this case, the groove 326 can be
shaped between the ridge 322 and the ridge 323, as given in
FIG. 6, by forming in the reverse direction the ridge 322 and
the ridge 323 on both sides of the groove 326 along longitu-
dinal direction of a cylinder 446. This configuration has an
effect that enhances the mechanical strength. The cylindrical
case 512 may be an ellipse instead of a complete circle.
Giving for example an elliptical shape can increase the
mechanical strength against the rotational movements
between the fixture 502, and also the fixture 504, and the
straight tube LED lamp 510.

In the structure given in FIGS. 5 to 7, the inside of the
cylindrical case 512 is open to the outside air via the first
space 328, the second space 329, and the communicating
passage 544. Therefore, the air inside the cylindrical case 512
can be replaced with the outside air moderately. If for
example the inside of the cylindrical case 512 is a hermeti-
cally sealed space, humidity of the air inside the cylindrical
case 512 will change depending on the outside temperature
and condensation may occur when the outside temperature
lowers. Since the inside of the cylindrical case 512 is open to
the outside air in this embodiment, there is an effect that
condensation will hardly occur. In addition, the temperature
change of the outside air does not produce atmospheric pres-
sure difference between the inside and the outside of the
cylindrical case 512. Thus, providing a communicating struc-
ture between the inside and the outside of the cylindrical case
512 increases reliability.

FIGS. 8 to 10 illustrate another embodiment of the fixture
502 and the fixture 504 explained previously referring to FIG.
5 and FIG. 7, in which the fundamental structure is the same
but the details of the structure are different. FIG. 8 illustrates
another embodiment of the fixture 502; the fixture 504 has a
similar embodiment configuration. The lamp mount 520 has
the first space 328 and the second space 329 and the step 330
is formed between the first space 328 and the second space
329. When the end of the straight tube LED lamp 510 is
inserted, the end of the straight tube LED lamp 510 touches
the step 330 and the insertion allows the step 330 to serve as
apositioning ledge. The resin board 570 protrudes beyond the
end of the cylindrical case 512 of the straight tube LED lamp
510, the protruding end of the resin board 570 fits into the
groove 334 shown in FIGS. 8 and 9, and the resin board 570
is fixed. To fit the resin board 570 into the groove 334 means
the straight tubs LED lamp 510 and the fixture 502 are fixed.
Since the fixture 504 has the same structure as the fixture 502
has, such fixing feature is the same in the fixture 504. By
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fixing the inside of the first space 328 and the end of the
straight tube LED lamp 510 with glue, the end of the straight
tube LED lamp 510 and the fixture 502, and also fixture 504,
can be fixed strongly in a hermetically sealed state. Likewise
as in the above explanation, the air inside the straight tube
LED lamp 510 is open to the outside air via the first space 328,
the second space 329, and the communicating passage 544.

The groove 334 is shaped within the thickness of the outer
wall of the second space 329. Forming the ridge 324 as
illustrated in FIG. 7 and then the groove 334 may be shaped
on the ridge 324. The fixture 502 and the fixture 504 are
one-piece resin molded single-body. On the bottom face of
the fixing base 540, concave-convex portion of a mesh shape
is formed as shown in FIG. 10 for reinforcement and warpage
prevention. With this structure, the lightweight and strong
fixture 502 and the fixture 504 becomes obtainable. In addi-
tion, deformation such as warpage with age can be sup-
pressed.

2. Electrical parts 30 provided on the resin board 570

FIG. 11 illustrates the configuration of the electrical parts
30 accommodated in the straight tube LED lamp 510. On the
one end of the resin board 570, the resistor 220, the peak
current setting capacitor 222, the rectification circuit 230, and
the fuse 224 are provided. The series-connected LED circuits
254 are arranged regularly over the entirety of the resin board
570. Inthis arrangement, by providing nine or more sets of the
LED circuit 254, the current interruption period of the current
flowing through the LED circuit 254 can be ensured and the
temperature rise is reduced, as will be explained hereunder.

In FIG. 11, the household commercial alternating current
power for example is supplied through the power cord 590
comprised of a lead wire 331 and a lead wire 312 and the
power is led to a power supply terminal 208. From the power
supply terminal 208, the alternating current power is led to the
driving circuit 550 via a wiring provided on the back of the
resin board 570, which is not illustrated. From the driving
circuit 550, pulsating current is fed to the LED group 250
comprised of the series-connected nine or more sets of LED
circuits 254. The pulsating current thus fed drives the LED
circuit group 250 to emit light.

In this embodiment, the LED circuits 254 are arrayed in a
staggered configuration. Although a linear array is also prac-
ticable, the staggered array of the LED circuits 254 as in the
embodiment has an advantage of reducing ununinformity in
illuminance distribution. In FIG. 11, the peak current setting
capacitor 222 is comprised of one ceramic capacitor; how-
ever, a plurality of capacitors may be connected thereto in
parallel depending on need. To elongate the service life, use of
a ceramic capacitor is preferable. Ceramic capacitors are
small in size and have an excellent feature of being long
service life. However, they have a disadvantage of available
capacitance being small. Therefore, although a use of one
piece of capacitor can be realistic, the use of, depending on
need, plural capacitors connected in parallel offsets such dis-
advantage; and the peak current setting capacitor 222 can be
configured thereby.

In the embodiment of the present invention, the heat gen-
eration of the LED circuit 254 and the driving circuit 550 is
very little. Therefore, the resin board 550 does not need
providing a metal plate for heat conduction. Further, since the
amount of the heat generation of the LED circuit 254 is small,
the deterioration of the LED elements on the LED circuit 254
is little with a long service life. Thus, the replacing of the
straight tube LED lamp 510 in a short period is not necessary.
This feature permits installing the straight tube LED lamp
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510 in a lighting-required place, such as ceiling and wall,
attaching the fixture 502 and the fixture 504 on the straight
tube LED lamp 510.

3. Configuration and operation of the driving circuit 550

FIG. 12 is a circuit diagram of an electrical circuitry of the
straight tube lighting device 500. The electrical circuitry 580
of'the straight tube lighting device 500 has the LED group 250
that emits light and the driving circuit 550 that feeds the
current for light-emission (wherein the circuit has the same
configuration and workings as a primary current feeding cir-
cuit 104 of the below-mentioned embodiment). The LED
group 250 is held on the resin board 570 and a plurality of the
LED circuits 254 are connected in series. As will be men-
tioned later, increasing the number of stages of the series-
connection of the LED circuit 254, i.e., the number of the
LED elements to be connected in series, extends the duration
of the interruption period of the pulsating current flowing
through the LED group 250. Ensuring the interruption period
of the pulsating current flowing through the LED group 250
reduces the amount of the heat generation and suppresses the
temperature rise of LED elements. In the following embodi-
ment, it is preferable to connect nine or more number of the
LED elements 252 in series to ensure the interruption period
of the pulsating current flowing through the LED group.

In this description, a circuit that has at least one LED
element 252 or parallel-connected plural LED elements 252
is referred to as the LED circuit 254, wherein the number of
the LED circuits 254 connected in series is referred to as the
number of stages. In the embodiment given in FIG. 12, the
LED circuit 254 is comprised of a parallel-connected three
LED elements 252. In addition, about 30 of the LED circuits
254 are connected in series. In this description, such configu-
ration is expressed as “the LED circuit 254 is connected in
series of 30-stage”. When the LED circuit 254 is connected in
series of five or more stages preferably nine or more stages,
the interruption period eftective for suppressing the heat gen-
eration can be ensured. When an alternating current power
source 100 is a 100-volt household commercial power source,
excessively large number of stages reduces the energization
duration overly; and as a consequence, the ensuring the
amount of light emission becomes difficult. For the 100-volt
alternating current power source, an acceptable number of
stages is not more than 40 stages and preferable number is 35
stages or smaller. If increasing the number of the LED ele-
ment 252 is intended, it is preferable to increase the number
by adding newly the circuit illustrated in FI1G. 12.

The driving circuit 550 for feeding current to the LED
group 250 has the peak current setting capacitor 222, the
rectification circuit 230, and the fuse 224; these constituents
are connected in series. To the peak current setting capacitor
222, the resistor 220 is connected in parallel to discharge the
charge stored in the peak current setting capacitor 222. Fur-
ther, the power source terminal 208 is provided. To this power
source terminal 208, the alternating current power is fed from
the alternating current power source 100 via the power cord
590 mentioned previously. It is dangerous if a charge in the
peak current setting capacitor 222 at the time when the power
source was turned off remains as an undischarged residual.
This residual may develop to a dangerous level when the
power source is again turned on, because it is probable that a
rush current occurring on turning on the power source again
may act bad due to a composite relation with the residual
charge in the peak current setting capacitor 222. Thus, the
residual charge in the peak current setting capacitor 222
should preferably be discharged promptly as much as pos-
sible on turning off the power source. The resistor 220 is
provided for this purpose.
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FIG. 13 is a working waveform chart of the electrical
circuitry given in FIG. 12. This working waveform is a simu-
lation result obtained by applying the simulation program
QUCS, presented by University of Yamanashi, to the circuitry
given in FIG. 12. The conditions of the simulation is: the
frequency of the alternating current power source 100 is 50
Hz and the peak voltage is 144-volt; the capacitance of the
peak current setting capacitor 222 is 1 uF and the resistance of
the resistor 220 is 100 kQ; the resistance of the fuse 224 is
100Q2; and the number of stages of the LED circuit 254 is
32-stage. To exclude the behavior in a transient state, the
simulation started 0.02 seconds later; the graph indicates
behavior until 0.07 seconds passes.

All the characteristic charts and each of the waveform
charts subsequent to the description herein are a result of the
application of the simulation program QUCS presented by
University of Yamanashi.

Waveform V102 is a voltage waveform of the alternating
current power source 100 and waveform V104 is a terminal
voltage waveform of the peak current setting capacitor 222. A
current 12 is a current fed to the input terminal 232 of the
full-wave rectification circuit 230. The current 12 is full-wave
rectified in the full-wave rectification circuit 230 and output-
ted in a form of a pulsating current, which is then fed to the
LED group 250. The horizontal axis represents time elapsed
in the unit of second.

The behavior of the LED element of the LED circuit 254 is
as follows: When a forward apply voltage to the LED element
252 is increased gradually from a state of approximately zero
volts, current begins to flow when the forward voltage
exceeds the current flow beginning voltage VL.C; and then the
light emission begins. When the voltage is decreased in con-
trast, the current is shut off at the time point when the applied
voltage becomes lower than the current flow beginning volt-
age VLC; and then the light emission ceases.

Although the behavior is not indicated on the waveform
chart in the period before 0.02 seconds in FIG. 13, the current
flowing through the LED group 250 pauses when the voltage
forwardly applied on the LED group 250 becomes lower than
the voltage, which is the product of the VL.C voltage and the
number of the series-connection stages of the LED circuit
254. In the state shown in FIG. 13, a voltage lower than the
voltage to supply a current through the LED group 250 is held
in the peak current setting capacitor 222. This means that the
voltage applied on each of the LED elements 252 is main-
tained at a voltage level lower than the current flow beginning
voltage VL.C of each LED element 252. This state is the same
state as the one at the time point of 0.027 seconds. As the
voltage of the alternating current power source gradually
reaches zero volts, the feeding voltage to the LED group 250
increases.

From the time 0.02 seconds, waveform V102 of the alter-
nating current power source 100 goes into an increasing state.
Then the feeding to the LED group 250 occurs in a state in
which the alternating voltage fed from the alternating current
power source 100 is added to the terminal voltage of the peak
current setting capacitor 222 charged in the reverse polarity.
Thus, a voltage higher than the current flow beginning voltage
VLC is applied on each of the LED elements 252 in the LED
group 250; then current begins to flow through each of the
LED elements in the LED group 250; and then each LED
element begins light emission. At the time of 0.025 second,
waveform V102 of the alternating current power source 100
reaches its maximum. When the forward voltage applied on
the LED group 250 decreases and the voltage applied on each
ofthe LED elements 252 becomes lower than the current flow
beginning voltage VL.C, the current 14 flowing through the
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LED group 250 is interrupted. In this way, a period in which
the current 14 flowing through the LED group 250 is inter-
rupted is produced every half-cycle of the alternating current
power source. As will be explained later, the decreasing char-
acteristics and the timing of interruption of the current 14
flowing through the LED group 250 become constant regard-
less of the number of stages in the LED group 250. On the
other hand, the time point of starting the current flowing is
delayed more as the number of stages in the LED group 250
increases. Therefore, the length of the period between the
time point of the interruption of the current 14 flowing through
the LED group 250 and the time point of the start of the
current flowing becomes longer with the increase in the num-
ber of stages in the LED group 250. The explanation for these
follows.

4. The interruption period of the current 14 flowing through
the LED group 250 and the number of stages of the
series-connections of the LED element

The period, during which the current 14 flowing through
the LED group 250 is interrupted, is determined by the num-
ber of the series-connections of the LED elements 252 that
configures the LED group 250, that is, the number of stages of
the LED circuit 254. FIG. 14 is a graph that shows the behav-
ior of the current 14 flowing through the LED group 254
during the current interruption period where the number of
stages of the LED circuit 254 is varied. The current 14 flows
through the LED group 250 every half-cycle of the power
source waveform. The flow-ceasing timing ofthe current 4 is
roughly the same regardless of the number of stages of the
LED circuit 254. The flow-beginning timing is dependent on
the number of stages of the LED circuit 254. When the num-
ber of stages ofthe LED circuit 254 is 32-stage, current begins
to flow after the time point of peak of the current 14 in the LED
group 250. This causes a state in which the peak value of the
current 14 inthe LED group 250 is lowered; this is attributable
to the delay of the current flow beginning point. When the
number of stages for configuring the LED group 250, that is,
the number of the series-connected LED elements 252, is
deducted, the current flow beginning time point of the current
14 in the LED group 250 shifts forward. When the number of
stages is 20-stage, current begins to flow before the peak point
of'the current 14. When the 20-stage in the LED group 250 is
further deducted into 10-stage, the current flow beginning
time point of the current 14 in the LED group 250 shifts
forward further. In this way, the flow-ceasing timing of the
current 14 in the LED group 250 is invariable regardless of the
number of stages. Therefore, the forward shifting of the cur-
rent flow beginning time point of the current 14 by deducting
the number of stages shortens the length of the current inter-
ruption period of the current 14 in the LED group 250.

The elongating of the interruption period shortenes the heat
generating period of the LED group 250. Therefore, the
increasing of the number of stages can delay the current flow
beginning time point of the current 14. Thereby, the interrup-
tion period is elongated and consequently the amount of the
heat generation of the LED element 252 reduces. However,
this results in a reduction in the light emitting period. It is
therefore preferable to set the number of stages properly to
maintain the relationship between the amounts of the light
emission and the heat generation at an appropriate condition.

5. The peak value of the current 14 in the LED group 250
and the number of stages of series-connection of the
LED element

On the graphs of 10-stage and 20-stage in FIG. 14, their
peak values of the current 14 in the LED group 250 matches.
In the graph for 32-stage, the current rises after the peak of the
current 14 passed; therefore the peak value of the current 14 is
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low. Thus, if the number of stages is such that the current 14
begins to flow at the time point before reaching its peak, the
peak value of the current 14 is constant regardless of the
number of stages of the series-connection of the LED element
252. The peak value of the current 14 determines the maxi-
mum amount of the light emission of the LED element 252.
Thus, if the number of stages is such that the current 14 begins
to flow at the time point before reaching its peak, the maxi-
mum amount of the light emission is the same regardless of
the number of stages.

6. Control of the peak value of the current 14 flowing

through the LED group 250

FIG. 15 is a graph that describes change of the peak value
of the current 14 in the LED group 250 with respect to the
circuitry given in FIG. 12, wherein the resistance of the resis-
tor 220 connected to the peak current setting capacitor 222 is
1 MQ, the resistance of the fuse 224 is 100€2, and the capaci-
tance of the peak current setting capacitor 222 is varied from
0.1 to 20 pF. As the capacitance of the peak current setting
capacitor 222 increases, the peak value of the current 14 in the
LED group 250 largely increases. This is a region such that
the peak value of the current 14 is determined by the capaci-
tance of the peak current setting capacitor 222.

FIGS. 16 and 17 are graphs that describe change of the peak
value of the current 14 in the LED group 250, wherein the
resistance of the resistor 220 connected to the peak current
setting capacitor 222 is 10 kQ, the resistance of the fuse 224
is 100Q, and the capacitance of the peak current setting
capacitor 222 is gradually varied from 0.001 pF. The graphs
describe a region such that the increase of the capacitance of
the peak current setting capacitor 222 in the range of 0.001 puF
to 0.02 uF decreases the peak value of the current 14 in the
LED group 250 on the contrary. In contrast to this, when the
capacitance of the peak current setting capacitor 222 exceeds
0.025 pF, the current goes into a region such that the increase
of the capacitance causes the peak value of the current 14 in
the LED group 250 to increase sharply. It however should be
noted that these graphs describe only the change behavior of
the current 14 In the LED group 250 with respect to the
capacitance of the peak current setting capacitor 222. There-
fore, the current 14 needs to be fed as a more-large current to
make the LED group 250 emit lighting light.

When the capacitance of the peak current setting capacitor
222 is increased more, the current behavior goes into a region
such that the peak value of the current 14 in the LED group
256 sharply increases depending on the increase of the
capacitance of the peak current setting capacitor 222 up to 20
uF as FIG. 17 describes. If the capacitance of the peak current
setting capacitor 222 exceeds SO uF, the current behavior goes
into a region such that the peak value of the current 14 in the
LED group 250 increase little.

For operating the LED group 250 as a lighting device, it is
preferable to feed a current of over 50 mA. As can be known
from FIG. 17, this preferred current requires the capacitance
of'the peak current setting capacitor 222 to be 0.5 uF or more.

FIGS. 16 and 17 teach that, in the region of 0.025 pF or
more, in which the peak value of the current 14 in the LED
group 250 increases depending on the capacitance of the peak
current setting capacitor 222, discharging the charge stored in
the peak current setting capacitor 222 feeds the current 14 to
the LED group 250, consequently the heat generation of the
driving circuit 550 enters reduced state. The peak value of the
current 14 in the LED group 250 described in FIG. 14 can be
set in accordance with the capacitance of the peak current
setting capacitor 222. The light-emission intensity of the LED
group 250 can be set and controlled with the capacitance of
the peak current setting capacitor 222. As described in the
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explanation of FIG. 14 on the other hand, the interruption
period of the current 14 can be set and controlled by the
number the series-connections of the LED element 252 that
configures the LED group 250, that is, the number of stages in
the LED group 250.

FIG. 18 is a graph that describes change of the peak value
of'the current 14 in the LED group 250, wherein the resistance
of the resistor 220 connected to the peak current setting
capacitor 222 in parallel is 1.5 k€2, the resistance of the fuse
224 is 100€2, and the capacitance of the peak current setting
capacitor 222 is varied from 0.01 pF to 20 pF. The increasing
of up to about 0.5 uF of the capacitance of the peak current
setting capacitor 222 varies the peak value of the current 14 in
the LED group 250 little. However, if the capacitance exceeds
0.5 uF, the peak value of the current 14 in the LED group 250
largely increases. Therefore, it is possible to decrease signifi-
cantly the heat generation of the driving circuit 550 in the
region in which the increase of the capacitance of the peak
current setting capacitor 222 increases the peak value of the
current 14.

FIG. 19 is a graph that describes change of the peak value
of the current 14 in the LED group 250 with respect to the
circuitry given in FIG. 12, wherein the capacitance of the
peak current setting capacitor 222 is 1 pF, the resistance of the
fuse 224 is 100€2, and the resistance of the resistor 220 con-
nected to the peak current setting capacitor 222 in parallel is
varied from 1 k€ to 50 kQ. The resistor 220 is a discharging
resistor to discharge the charge in the peak current setting
capacitor 222 stored on turning off the power source. If this
resistor is omitted, a charge in the peak current setting capaci-
tor 222 charged at the time of the turning off of the power
source switch remains as charged. In the actual behavior, this
charge is thought leaking little by little, but the charge stays
yet for long time in the peak current setting capacitor 222.
When the power source is again turned on, after the power
source is turned off once, before the discharging from the
peak current setting capacitor 222 completes, a transient phe-
nomenon may occur involving the supply voltage at the time
of power source turning on and the charge stored in the peak
current setting capacitor 222. Such composite transient phe-
nomenon causes a large transient current to flow in circuit
components such as the LED element 252 causing possible
damage thereon. Because of this behavior, it is preferable to
discharge in a short time the charge in the peak current setting
capacitor 222 on the turning off of the power source switch.

A gradual increase of the resistance of the resistor 220 from
2 k€ decreases the peak value of the current 14 in the LED
group 250. This is due to the decrease of the current flowing
through the resistor 220 and this decrease is thought attribut-
able to the increase in the impedance of the parallel circuit of
the peak current setting capacitor 222 and the resistor 220.
However, if the resistance of the resistor 220 exceeds 3 kQ,
particularly in excess of 5 kQ, a distinctive phenomenon
occurs. The phenomenon is that, with the resistance increase,
the value ofthe current 14 flowing through the LED group 250
stays unchanged or increases a little otherwise. This behavior
is thought to be relative to the charging-discharging of the
peak current setting capacitor 222 and the phase of the power
source voltage.

As stated above, the heat generation of the resistor 220 is
thought to be very little under a state such that the peak value
of the current 14 in the LED group 250 stays unchanged or
increases a little otherwise regardless of the increase of the
resistance. Therefore, it is preferable that the resistance of the
resistor 220 should be set to a value that lies in the region in
which the peak value of the current 14 behaves unchanged or
shows little increase regardless of the increase of the resis-
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tance of the resistor 220. The heat generation of the resistor
220 is thought to become large in the region in which the peak
current value of the current 14 in the LED group 250 decreases
with the increase of the resistance of the resistor 220. In
contrast, the heat generation of the resistor 220 is very little in
the region such that the peak value of the current 14 in the LED
group 250 stays unchanged or increases a little otherwise
regardless of the increase of the resistance. Such region is a
region in which the heat generation of the driving circuit 550
is very little.

FIG. 20 describes a result of the simulation of the transient
current flowing through the LED group 250, wherein a volt-
age of 75 V is applied at the time of current-on under the
condition: the resistance of a resistor connected to the peak
current setting capacitor 222 in series, namely the resistance
of the fuse 224 in this embodiment, is 100Q2; the capacitance
of the peak current setting capacitor 222 is 1 uF; and the
resistance of the resistor 220 is 1 M. A peak current about
two times the peak current under a steady state flows. Actually
in the worst case, there is a possibility that a voltage of 144 V
at the time of current-on and a peak current about four times
the current under the steady state may flow. Ifthe resistance of
the resistor connected to the peak current setting capacitor
222 in series is reduced more, further larger current possibly
flows.

FIG. 21 describes a result of the simulation of the transient
current flowing through the LED group 250, wherein a volt-
age of 75 V is applied at the time of current-on under the
condition: the resistance of a resistor connected to the peak
current setting capacitor 222 in series, namely the resistance
of'the fuse 224 in this embodiment, is 50L2; the capacitance of
the peak current setting capacity 222 is 1 pF; and the resis-
tance of the resistor 220 is 1 MQ. Compared to the result
described in FIG. 20, the result described in FIG. 21 shows
that a peak current larger than the peak current under the
steady state flows. A trial product was prepared and tested
under a condition wherein the resistance of the fuse 224 is
50Q and 100Q2; the test confirmed that the LED elements 252,
which are the constituent of the LED group 250, were not
damaged. This embodiment however tacitly teaches that if the
resistance of the fuse 224 is less than 50€2, a large rush current
will flow inviting a very dangerous situation.

FIG. 22 is a graph that describes change of the peak value
of'the current 14 flowing through the LED group 250, wherein
the resistance of a resistor connected to the peak current
setting capacitor 222 in series, namely the resistance of the
fuse 224 in this embodiment, is varied from 50Q to 10 kQ.
When the resistance of the resistor connected to the peak
current setting capacitor 222 in series is increased, the peak
value of the current 14 flowing through the LED group 250
decreases correspondingly. In this condition, in which the
peak value of the current 14 flowing through the LED group
250 is decreasing, the resistor connected to the peak current
setting capacitor 222 in series generates heat, which implies
that the driving circuit 550 may develop into a heat-generat-
ing state. In this state, the maximum amount of the light
emission is reduced; it is therefore preferable to lower the
resistance of the resistor connected to the peak current setting
capacitor 222 in series. Two trial products having 50Q and
100€2 of resistor have confirmed that the rush current has
given no damages; however, a resistor having a resistance
larger than 50Q or 100Q2 may be also used. The resistor
connected to the peak current setting capacitor 222 in series
serves as a suppressor to suppress the rush current at the time
of the power source turned on. Therefore, a larger resistance
provides a larger suppressing effect against the rush current.
From the viewpoint of a comprehensive judgment, the resis-
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tor connected to the peak current setting capacitor 222 in
series is preferred to have a resistance in the range from 50Q
to 1 kQ. The graph in FIG. 22 describes that the peak value of
the current 14 flowing through the LED group 250 decreases
when a resistor of 1 kQ is used, which is within the usable
range.

Judging from the graph in FIG. 22, the peak value of the
current 14 in the LED group 250 does not decrease much
when the resistance of the resistor connected to the peak
current setting capacitor 222 in series is 500Q2. Therefore,
when the resistance of the resistor connected to the peak
current setting capacitor 222 in series is within the range of
50Q to 500Q, the resistance is quite appropriate value.

7. Number of stages of series-connection in the LED group

250 and the current interruption period

FIG. 19 is a graph that describes the waveform of the
current 14 flowing through the LED group 250 with respect to
the circuitry given in FIG. 12, wherein the capacitance of the
peak current seeing capacitor 222 is 5 pF, the resistance of the
resistor 220 is 1 M£2, the resistance of the fuse 224 is 1002,
and the employed number of stages in the LED group 250 is
2-stage and 9-stage. The waveforms of the current 14 for the
cases of 2-stage and 9-stage are almost same Each other in
their peak values. Their current interruption periods are dif-
ferent each from the other. The current interruption period for
the current 14 in the case of 2-stage appear only for an extra-
short time. In contrast to that, the current interruption period
for the current 14 is ensured in the case of 9-stage.

That the peak values of the current 14 are almost same
indicates that the maximum amounts of the light emission of
the LED elements 232 in the LED group 250 are almost same.
On the other hand, the area that is defined by the waveform of
the current 14 has a close relationship to the heat generation.
The difference between areas defined by the waveforms of the
2-stage and the 9-stage indicates the difference in the heat
generation. That is, configuring the LED group 250 in the
9-stage generates heat in an amount by far smaller than that in
the 2-stage configuration.

Increasing the number of stages of the series-connection of
the LED element 252 more than 9-stage in configuring the
LED group 250 enables the LED element 252 to ensure the
reduction of amount of heat generation maintaining the maxi-
mum amount of light emission at the same value.

Embodiments described below work in variety and provide
many kinds of effects. Described embodiments are capable of
solving not only the above-mentioned problem described
under the heading of Problem to be Solved by the Invention
but also other problems not described under the above-stated
heading. Further, embodiments hereunder stated provide not
only effects those described under the above-stated heading
of' Advantageous Effect of the Invention but also other effects
not described under the above-stated heading. The following
describes some of the basic workings and effects of the
embodiments mentioned below. The workings and effects
described below include the above-mentioned problem or
purpose described under the heading of Problem to be Solved
by the Invention and further includes other effects and work-
ings than those described under the heading of Advantageous
Effects of the Invention. Even only one effect of these effects
is exhibited, it is very meaningful. It is not necessary to
exhibit following effects at the same time. It however should
be noted that having multiple effects collectively, greater
effect can be obtained as a lighting device by the synergistic
effect.
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{Workings and effects 1: Suppressing temperature rise of the
LED element}

In the embodiment described below, the current flowing
through the LED element (hereinafter referred to as LED
light-emission current) has current-flowing periods including
atleast a large current period and a low current period. In both
the large current period and the low current period, the LED
element is in the light-emission state with the LED light-
emission current. To be exact, although the element serves as
a lighting element in both periods, the primary purpose of
each of the periods is different. The large current period
(hereinafter referred to as primary lighting period) is a period
in which the LED element of the LED group allowed to emit
light for lighting; the main purpose of the primary lighting
period is to exhibit lighting. On the other hand, the low current
period, in which the current flowing through the LED element
is small (hereinafter referred to us a cooling period) is a period
of which primary purpose is to allow the element to cool. In
the below-mentioned embodiment, the LED light-emission
current flowing through the LED element has current-flowing
periods: the primary lighting period and the cooling period.
The primary lighting period and the cooling period are
repeated periodically to appear. Thus, the temperature rise of
the LED element can be suppressed.

In the cooling period, the temperature rise of the LED
element is suppressed and further the heat generation of the
primary current feeding circuit is suppressed. Thereby, the
temperature rise of the constituting parts of the primary cur-
rent feeding circuit can be suppressed.

{Workings and effects 2: Suppressing flickering}

During the cooling period, the current flowing through the
LED element may be made zero to cease light emission.
However in the following embodiment, the current does not
become zero because an LED light-emission current 6 flow-
ing through the LED element is ensured to flow for the sup-
pression of flickering of a lighting device even during the
cooling period. Thus, the light emission of the LED element
is maintained even during the cooling period.

In the following embodiment, the circuit constants are
determined so that the peak value of the current during the
primary lighting period is more than 100 mA. This ensures
the needed illuminance. On the other hand for example, the
circuit constants are also determined so that the minimum of
the current is 10 mA or smaller during the cooling period.
However, the current still flows during the cooling period, not
zero. More particularly, the circuit constants are determined
so that the minimum of the current during the cooling period
is 10 mA or smaller but 2 mA or more, preferably 3 mA or
more. By suppressing the current during the cooling period
small in this way, conflicting problems of suppressing the
flickering of a lighting device, suppressing the temperature
rise of the LED element, and assuring the needed illuminance
become solvable.

{Workings and effects 3: Simplification of circuitry }

(1) In the embodiment described below, the LED light-
emission current flowing through the LED group is pro-
duced by synthesizing at least the primary current fed
from the primary current feeding circuit and the bias
current fed from the bias current feeding circuit. When
only the primary current supplied from the primary cur-
rent feeding circuit is fed to the LED element in the LED
group, the LED light-emission current flowing through
the LED group comes to have a current interruption
period in which current does not flow. For example in the
current interruption period, the heat generation due to
the primary current fed from the primary current feeding
circuit is almost zero, which largely contributes to the
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suppression of the temperature rise of the LED group. In
contrast, the bias current feeding circuit feeds at least
some current during the current interruption period. Pro-
viding the primary current feeding circuit and the bias
current feeding circuit in this way reduces the flickering
with comparatively simple circuitry.

(2) The LED primary current fed from the primary current
feeding circuit flowing through the LED group has the
current interruption period. In the following embodi-
ment, the current interruption period is produced by
combining the series-connection of plural LED ele-
ments and the pulsating current of which current value
changes gradually. For example, by feeding the com-
mercial alternating current to the primary current feed-
ing circuit, the pulsating current can be fed into the
series-connection circuit of the LED elements. In addi-
tion, by increasing the number of stages, which is the
number of the series-connections of the LED elements,
the LED primary current flows, which is the current
flowing through the LED element having the current
interruption period determined in accordance with the
number of stages N.

Increase of the number of stages N of the series-connec-
tions of the LED element elongates the current interruption
period of the LED primary current. That is, the increase of the
number of stages N of the series-connections of the LED
elements shoertenes the primary lighting period with the
cooling period elongated. Thus, the use of the LED element
for lighting in combination with the commercial alternating
current fed from the commercial power source enables the
cooling period to be ensured. Then, the temperature rise of the
LED element for lighting can be reduced with a simple cir-
cuitry.

In addition, the circuitry of the primary current feeding
circuit itself'is also simplified much. Moreover, the heat gen-
eration of these simple circuits is suppressed during the cool-
ing period and consequently the temperature rise of the con-
stituting part of the primary current feeding circuit is
suppressed. In the following embodiments, their lighting
devices work normally even if a cooling metal fin for cooling
the LED element is omitted. Further, the lighting devices in
the embodiments described below work normally even if a
cooling metal fin for cooling the primary current feeding
circuit is omitted.

{Workings and effects 4: Low noise}

Since the waveform of the LED light-emission current 6 is
controlled by variation of the value of the alternating current
to be fed to the primary current feeding circuit and the number
of stages of the series connection of the LED element, the
noise is suppressed to a very low degree. Therefore the
present invention is very useful as an application for noise-
sensitive place. The commercial power source supplies a low
frequency alternating current or voltage of, for example in
Japan, 50 Hz or 60 Hz. This frequency is suitable for repeating
the primary lighting period and the cooling period. The pro-
ducing of the LED light-emission current 6 to flow through
the LED element 252 using this commercial power source
enables the configuring of the primary current feeding circuit
without use of MOSFET (metal-oxide-semiconductor field-
effect transistor) or IGBT (Insulated-Gate Bipolar Transis-
tor). Then, noise generation is suppressed.

8. Circuitry of the lighting device 200

The electrical circuit of the lighting device 200 is explained
referring to FIG. 24. The lighting device 200 is comprised of
the LED group 250 that emits lighting light, the primary
current feeding circuit 104 that feeds a primary current 2 to
the LED group 250 for light emission, and a bias current
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feeding circuit 700 that feeds a bias current 4 to the LED
group 250. For an explanation convenience, the primary cur-
rent feeding circuit 104 is expressed as the driving circuit 550
as the case may be. The LED group 250 is held on the resin
board, which will be explained later. The LED group 250 is
configured with five or more preferably nine or more LED
circuits 254 connected in series, wherein one LED circuit 254
is configured with at least one LED element 252 or with
parallel-connected plural, two or three elements for example,
LED elements 252. In this description, a circuit that has at
least one LED element 252 or parallel-connected plural LED
elements 252 is referred to as the LED circuit 254, wherein
the number of the LED circuits 254 connected in series is
referred to as the number of stages.

In the embodiment given in FIG. 24, the LED circuit 254 is
comprised of a parallel-connected two LED elements 252.
Further, 16 ofthe LED circuits 254 are connected in series. In
this description, that configuration is expressed as “the LED
circuit 254 is connected in series of 16-stage”. In FIG. 24, the
circuitry of the LED circuit 254 is illustrated partly and the
rest is omitted for simplicity, because, if all the details of the
circuitry is illustrated, the description will become intricate.
In the following embodiment, the number of stages of LED
circuit 254 is 16-stage. However, even when the LED circuit
254 is series-connected in five or more stages preferably nine
or more, suppressing effect for the temperature rise of the
LED element 252 and the primary current feeding circuit 104
are still obtainable.

As an example of the circuitry illustrated in FIG. 24, wave-
forms of voltage or current in the workings of an embodiment
illustrated in FIG. 25 is described in FIGS. 26 to 29. An
explanation of the workings of the circuitry illustrated in FIG.
24 follows. The waveforms of voltage or current described in
FIGS. 26 to 29 are simulation results. The results has been
obtained by applying a simulation program QUCS to the
circuitry given in FIG. 25. QUCS is a simulation program
publicly opened from University of Yamanashi and Tottori
University for its usage, and is presented by QUCS Team.

As explained below, the circuitry given in FIG. 24 prefers
the number of stages of the series-connection of the LED
circuit 254 to be nine or more from the view point of reduction
of the temperature rise when the effective value of the power
source voltage is 100 V. In addition, to ensure an adequate
illuminance as a lighting device, the number of stages of
40-stage or less is preferable for the alternating current power
source of which effective voltage is 100 V. If increasing
number of the LED elements 252 is intended to ensure the
illuminance, increasing the LED element 252 by parallel
connection is preferable. When the effective value of voltage
of the power source is 200V, the preferred number of stages
is doubled stage of 18-stage or more but 80-stage or less.

In FIG. 24, the alternating current power source 100 is a
house hold commercial power source that provides commer-
cial electric power for ordinary households. In Japan, the
commercial power source for ordinary households is an alter-
nating current power source of effective voltage of 100 V and
the frequency is 50 or 60 Hz. Explanation follows under the
condition that the commercial power of 50 Hz at an effective
voltage of 100 V is fed to the lighting device 200 from the
alternating current power source 100 of the commercial
power source. The primary current feeding circuit 104 out-
puts the primary current 2, which feeds an LED primary
current 3 through the LED group 250. The primary current
feeding circuit 104 has a parallel circuit 110 composed of the
capacitor 222 and the resistor 220, rectification circuit 230,
and the fuse 224, wherein they are connected in series. In this
embodiment, the reference numeral 230 denotes the full-
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wave rectification circuit. Further, a plug fixture 105 is pro-
vided as the power terminal for the lighting device 200 and
alternating current power is fed from the alternating current
power source 100 of the house hold commercial power source
to the lighting device 200 through the plug fixture 105.

9. General characteristics of the LED element 252

The following explains the general characteristics of each
LED element 252 that the LED group has as the light-emis-
sion component. When applying a forward voltage VL on the
LED element 252 and rising gradually the voltage VL from a
state of approximately zero volts, a current 1L begins to flow
in the forward direction when the voltage exceeds the voltage
VLC (V) and the LED element 252 begins to emit light. The
current 1L increases with the increase of the voltage VL but
the increasing rate is gentler than the ordinary diodes. This
indicates that the LED element 252 has a large internal resis-
tance and that the heat generation caused by the current 1L,
flowing through the LED element 252 is very large compared
to the one in the rectification diode.

When a voltage sufficiently larger than the voltage VL.C
(V) is applied on the LED element 252, the current IL, flows
through the LED element 252, which then emits light. With a
gradual decrease of voltage applied on the LED element 252
in light-emitting state, the current I, flowing through the
LED element 252 decreases and the amount of light emission
decreases. When the voltage applied on the LED element 252
reduces below the voltage VLC (V), the current IL. flowing
through the LED element 252 is interrupted and the LED
element ceases emitting light.

The LED element 252 includes a green LED, ared LED, a
blue LED, and a white LED. The voltage of VL.C (V) of white
LEDs tends to be higher than LEDs of other colors. Further,
white LEDs tend to show a larger internal voltage drop com-
pared to LEDs of other colors. This indicates that white LEDs
for lighting use generates larger amount of heat with respect
to current. In addition, green LEDs tend to show a higher
voltage of VLLC (V) compared to red LEDs.

10. Fundamental workings of the circuit given in FIG. 24

The following explains the light emission workings of the
LED circuit 254 of the LED group 250 given in FIG. 24. The
alternating current voltage supplied from the alternating cur-
rent power source 100 of the commercial power source is
applied on the parallel circuit 110, which has the capacitor
222 and the resistor 220, in the primary current feeding circuit
104 and the series circuit, which has the rectification circuit
230 and the fuse resistor 224, through the plug fixture 105 for
the lighting device 200. With increase of the amplitude of the
waveform of the alternating current voltage, the voltage
applied on the input terminal 232 of the rectification circuit
230 increases and an output appears across the terminals of
the output terminal 234 of the rectification circuit 230 and
then the voltage applied on the LED group increases. Each of
the LED elements 252 in the LED group 250, as stated above,
allows a current to begin to flow through each LED element
252 when the applied voltage exceeds the voltage of VLC,
and each LED element 252 begins to emit light.

In the embodiment shown in FIG. 24, if the LED circuit
254 is series-connected in 16-stage for example, voltage is
supplied to the LED group 250 from the output terminal 234
of'the rectification circuit 230. When an applied voltage V12
on the LED group 250 exceeds a voltage about 16 times the
voltage VLC of each LED element 252 of the LED group 250,
the LED light-emission current 6 begins to flow through the
LED group 250. In this state, receiving a power from the
alternating current power source 100 via the plug fixture 105,
a current 11 flows through the parallel circuit 110, the recti-
fication circuit 230, the LED group 250, and the fuse 224.
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With this current 11, the primary current 2 is outputted from
the terminal 234 of the rectification circuit 230 and the LED
primary current 3 flows through the LED group 250. With the
light-emission current 6 flowing through the LED group 250
including this LED primary current 3, each LED element 252
of the LED group 250 emits light.

With increase of an alternating current of the current 11, the
primary current 2 increases and an LED primary current 21
flowing through the LED group 250 increases. The LED
primary current 21 is a current based on the primary current 2
included in the LED light-emission current 6 flowing through
the LED group 250. Further, the bias current 4, which will be
explained below, is fed to the LED group 250 from the bias
current feeding circuit 700. As the bias current 4 is fed, a LED
bias current 41 flows through the LED group 250. The LED
light-emission current 6 is a current determined in accordance
with the LED primary current 21 and the LED bias current 41.

The current 11 flowing through the primary current feeding
circuit 104 is determined in accordance with the alternating
current voltage supplied from the alternating current power
source 100. Therefore, the primary current 2 is a pulsating
current synchronized with the alternating current voltage sup-
plied from the alternating current power source. When,
increasing gradually, the current value of the current 11,
which is a pulsating current, passes its absolute peak value,
the absolute value of the current 11 begins to decrease. As the
absolute value of the current 11 decreases, the primary cur-
rent 2 decreases causing the LED primary current 21 to
decrease. In the state in which the absolute valued of the
current 11 and the LED primary current 21 decrease, the
applied voltage V12 applied on the LED group 250 from the
two of the output terminals 234 of'the rectification circuit 230
decreases gradually; a waveform simulation of which will be
described below. When the applied voltage V12 on the LED
group decreases below a voltage about 16 times the voltage
VLC, the LED primary current 21 flowing through the LED
group 250 is interrupted. The “16 times” comes from the
number of stages of the series-connection of the LED element
252 of the LED group. When the LED primary current 21 is
in the interrupted state, only the primary current 2 is fed to the
LED group 250. If no currents other than that is fed, the
interruption of the LED primary current 21 causes the light
emission of the LED group 250 to cease. Since the rectifica-
tion circuit 230 is a full-wave rectifier, the above-stated
behavior occurs repeatedly in synchronization with the half
cycles of the alternating current voltage fed from the alternat-
ing current power source 100, and the LED primary current
21 becomes interrupted in synchronization with the half
cycles of the alternating current voltage. The heat generation
of the LED element 252 is suppressed at least in this inter-
rupted state. That is, the period in which the LED primary
current 21 is interrupted serves as the cooling period for
suppression of the temperature rise of the LED element 252.
On the other hand, the LED element 252 lights intensely
while the LED primary current 21 flowing through the LED
circuit 254 has a large value. The period in which the LED
primary current 21 has a large value serves as the primary
lighting period to ensure the illuminance as a lighting device.

The bias current feeding circuit 700 feeds the bias current
4 at least while the prime current 2 is reduced namely during
the cooling period. As will be explained below, the bias cur-
rent feeding circuit 700 has a bias capacitor and a charging
current thereto is fed through a circuit 770 or a circuit 772.
When the primary current 2 decreases and the applied voltage
V12 decreases, the bias current 4 is fed to the LED group 250
from the bias current feeding circuit 700. The bias current 4
causes the LED bias current 41 to flow through the LED
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group 250. Therefore, even in the interruption period, in
which the LED primary current 21 is interrupted, the LED
bias current 41 flows through the LED group; consequently
the lighting-cease of the LED element 252 in the LED group
250 is prevented.

Ifthe bias current 41 is not fed, the LED element 252 does
not emit light during the interruption period of the LED
primary current; accordingly the light of the lighting device
200 greatly flickers. However, the bias current 4 flows the
LED bias current 41 through the LED group 250, which
prevents lighting-cease of the LED elements 252 although
their amount of light emission lowers. Thereby, the light
flicker of the lighting device 200 can be significantly
improved. The bias current 4 is very small compared to the
primary current 2. The value of the bias current 4 is one-tenth
or less of the peak value of the primary current 2 for example,
which allows maintaining the cooling effect on the LED
element 252 during the cooling period. Providing in this way
the bias current feeding circuit 700 can suppress the tempera-
turerise of the LED element 252 and, further, can improve the
light flicker of the lighting device 200.

11. Embodiment 1 of a specific example of the bias current

feeding circuit 700

FIG. 25 illustrates an example of specific circuit of the bias
current feeding circuit 700 illustrated in FIG. 24 (hereinafter
referred to as the embodiment 1). FIGS. 26 to 29 show the
simulation results obtained by applying the simulation pro-
gram QCUS, presented by QCUS Team, to the circuitry given
in FIG. 25. In this simulation, the conditions are as follows:
the alternating current power source 100 is an alternating
current power source of the effective value of 100 V with the
frequency of 50 Hz, the capacitance of a primary current
capacitor 222 is 3.2 (uF), the resistance of the resistor 220 is
1 M, the capacitance of the bias capacitoris 2.0 (uF), and the
resistance of a resistor 724 is 500 (kQ). In the LED circuit
254, two LED elements 252 are connected in parallel; and the
LED circuit 254 is connected in 16-stage of series-connec-
tion. Therefore, the total number of the LED element is 32.

In this embodiment 1, the current 11 is substantially deter-
mined by the primary current capacitor 222. The resistor 220
is provided for protection. For example, when the power
switch (not illustrated) is turned off and the lighting device
200 is separated from the alternating current power source
100, the primary current capacitor 222 becomes a charged
state and the discharging of the charge in the primary current
capacitor 222 occurs through a circuit via the resistor 220. If
the resistor 220 is not provided, the charge in the primary
current capacitor 222 stays un-discharged. This state is very
dangerous. In addition, if charge is left stored in the primary
current capacitor 222 and when the power switch (not illus-
trated) is turned on, the current at the time of the turning on the
current may flow due to a composite relation with the supply
voltage from the alternating current power source 100 and the
residual charge in the primary current capacitor 222. The state
at the time of the current-on varies due to the composite
relation with the charge stored in the primary current capaci-
tor 222 and the phase of the alternating current power source
100 at the time of the power switch (not illustrated) turning
on. It is preferable to discharge the residual charge in the
primary current capacitor 222 immediately after the turning
off of the power switch (not illustrated). The resistor 220
serves as a discharging circuit to discharge the charge stored
in the primary current capacitor 222 when the power switch
(not illustrated) is turned off.

The resistor 724 connected in parallel to the bias capacitor
720 in the bias current feeding circuit 700 is for discharging
the charge stored in the bias capacitor 720. When the power
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switch (not illustrated) is turned off, the charge stored in the
bias capacitor 720 should preferably be discharged immedi-
ately. If the terminal voltage of the bias capacitor 222 is high,
the discharge may take place through the LED group 250; but
if the terminal voltage of the bias capacitor 720 is low, dis-
charging through the LED group is difficult. Connecting the
resistor 724 in parallel to the bias capacitor 720 enables the
charge in the bias capacitor 222 to be fully discharged.

11.1 Explanation of working of the primary current feeding

circuit 104 based on the simulation results

FIG. 26 describes the relationship between a power source
voltage waveform 102 and the current 11 flowing through the
parallel circuit 110 obtained based on the simulation results.
The voltage V102 is a waveform of the voltage supplied from
the alternating current power source 100, the effective value
of'the voltage is 100V, the peak value of the positive direction
voltage is about 140 (V), the peak value of the negative
direction voltage is about -140 (V), and the peak-to-peak
voltage is about 280V of'the sine-wave. The frequency of the
power source voltage waveform 102 is 50 Hz and the period
is 0.02 ms.

Since the resistance of the resistor 220 is 1 MQ, a very large
resistance, the current 11 flowing through the parallel circuit
110 in this embodiment is determined substantially by the
capacitance of the primary current capacitor 222. Therefore,
the current 11 is a current of which phase is 90-degree-lead
with respect to the power source voltage waveform 102. The
current 11 does not flow during a period P2 between the time
points T1 and T2. That is, the period P2 is the current inter-
ruption period and the temperature rise of the LED element
252 is suppressed during the period. The current 11 varies
depending on the change of the power source voltage wave-
form 102 during a period P1 between the time points T2 and
T3. The period P1 serves as the primary lighting period stated
above. The current 11 is full-wave rectified and out putted
from the rectification circuit 230 as the primary current 2.
During the current interruption period P2 of the current 11,
the current value of the primary current 2 is zero; and during
the primary lighting period P1, the current value of the pri-
mary current 2 varies depending on the absolute value of the
power source voltage waveform 102.

FIG. 27 is a waveform chart that indicates the relationship
between the primary current 2 outputted from the primary
current feeding circuit 104 and the applied voltage V12. It
however should be noted that the simulation waveform indi-
cated in FIG. 27 is waveforms that have been obtained under
the conditions stated below. As illustrated in FIG. 25, the bias
current 4 flows in from the bias capacitor 720 of the bias
current feeding circuit 700 and the terminal voltage of the bias
capacitor 7201is applied on the LED group 250. Therefore, the
interruption threshold with respect to the primary current 2 is
determined in relation with the terminal voltage of the output
terminal 234 and the terminal voltage of the bias capacitor
720, not in relation with the current flow beginning voltage of
the series circuit of the LED element 252 in the LED group
250.

The primary current 2 is a full-wave rectified current of the
current indicated in FIG. 26. The primary current 2 has the
period P2 and the period P1, which are repeated in a cycle of
every 0.01 (ms) of the half-cycle of the power source voltage
waveform 102. When the applied voltage V12 on the LED
group 250 lowers, the interruption of the primary current 2
begins at the time point T1 and then the primary current 2
begins to flow again through the LED group 250 at the time
point T2. The reason for that the interruption of the primary
current 2 occurs at the time point T1 is thought attributable to
the fact that the terminal voltage across the output terminals
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234 of the rectification circuit 230 became lower than the
terminal voltage on the bias capacitor 720. The time point T2,
at which the primary current 2 begins to flow again through
the LED group 250, is the time when the terminal voltage
across the output terminals 234 of the rectification circuit 230
becomes higher than the terminal voltage on the bias capaci-
tor 720. With this situation, the primary current 2 is fed to the
LED group 230 instead of the bias current 4. The primary
current 2 of the primary current feeding circuit 104 is fed not
only to the LED group 250 but also to the bias capacitor 720
to charge.

The voltage of the applied voltage V12 at the time of T1 of
the interruption of the primary current 2 of the primary cur-
rent feeding circuit 104 represents the terminal voltage of the
bias capacitor 720. The voltage of the applied voltage V12
during the period of time points from T1 to T2 is dependent on
the terminal voltage of the bias capacitor 720. The feeding of
the bias current 4 from the bias capacitor 720 to the LED
group 250 reduces the terminal voltage of the bias capacitor
720 gradually. With this, the voltage of the applied voltage
V12 in the period of the time points from T1 to T2 or from T3
to T4 decreases gradually.

In this embodiment, the voltage of the applied voltage V12
is maintained always at a level larger than a value that causes
the current Interruption in the series circuit of the LED ele-
ment 252 of the LED group 250. For example, the minimum
value of the applied voltage V12 at the time point T2 or T4 is
set to the level larger than a value that causes the current
interruption in the series circuit of the LED element 252 of the
LED group 250. Therefore, current always continues to flow
through the LED group 250 and the LED element does not
cease emitting light although the amount of light lowers. With
this, the flickering of the lighting device 200 is suppressed.
Furthermore, the voltage supplied from the bias capacitor 720
is low and the bias current 4 is controlled to a low value, the
temperature rise of the LED element 252 is suppressed.

11.2 Explanation on the primary current 2, the bias current

4, and the LED light-emission current 6

The following explains the results of the simulation con-
ducted on the circuitry described in the embodiment 1. FIGS.
28 and 29 are waveform charts that describe the relationship
among the primary current 2, the bias current 4, and the LED
light-emission current 6. These waveforms show the result of
the simulation performed under the conditions mentioned
above. FIG. 29 is a partially enlarged chart of the waveform
given in FIG. 28. As these waveforms teach, the primary
current 2 outputted from the primary current feeding circuit
104 is roughly zero during the period P2. In contrast during
the period P1, the primary current 2 shows a large current
value and the peak value thereof is approximately 140 (mA).
This peak value of the primary current 2 is determined by the
capacitance of the primary current capacitor 222. At the
beginning point of the period P1, which is a current flow
beginning time of the primary current 2, a charging current 12
flows to charge the bias capacitor 720. When the primary
current 2 begins to lower, the bias current 4 begins to now in
accordance with the charge stored in the bias capacitor 720
and the bias current 4 is fed to the LED group 250. Then, the
LED bias current 41 flows through the LED group 250 in
accordance with the bias current 4.

The current flowing through the LED group 250 in accor-
dance with the primary current 2 is defined as the LED pri-
mary current 21 and the current flowing through the LED
group 250 in accordance with the bias current 4 is defined as
the LED bias current 41. The LED light-emission, current 6
flowing through the LED group 250 is then expressed as a
composite current of the LED primary current 21 and the
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LED bias current 41. In the period P2, the LED primary
current 21 produced in accordance with the primary current 2
is zero, then the LED light-emission current 6 during the
period P2 becomes equal to the current value of the bias
current 4. In this embodiment 1, the bias current 4 and the
LED bias current 41 come to have the same current value
because the bias current 4 does not flow into the rectification
circuit 230 due to the function of the rectification circuit 230.
On the other hand, the primary current 2 causes the charging
current 12 and the LED primary current 21 to flow, then the
flow of the charging current 12 decreases the current value of
the LED primary current 21 a little.

11.3 Explanation of the periods P1 and P2 where the num-

ber of stages of the LED group 250 is changed

FIG. 30 describes change of the waveform of the LED
light-emission current 6 with respect to variation of the num-
ber of stages of the LED circuit 254 in the LED group 250 in
the circuitry of the embodiment 1 given in FIG. 25. The graph
1 describes the waveform where the number of stages of the
series-connection of the LED circuit 254 in the LED group
250 is two; the graph 2 is for the number of stages being eight;
the graph 3 is for 16-stage; the graph 4 for 24-stage; and the
graph 5 for 32-stage. With every increase of the number of
stages of the series-connection of the LED circuit 254, the
period P2 prolongs its duration and the period P1 shortens its
duration. The period P2 coincides roughly with the cooling
period. That is, the cooling period, in which the temperature
rise of the LED element 252 is suppressed, prolongs its dura-
tion with the increase of the number of stages of the series-
connection of the LED circuit 254; and the primary lighting
period, in which the illuminance is ensured as a lighting
device, decreases its duration. Although these graphs do not
indicate, the temperature rise of the LD element 252 can be
suppressed by making the number of stages of the series-
connection of the LED circuit 254 eight- or nine-stage. In
addition, making the number of stages of the series-connec-
tion of the LED circuit 254 be 32-stage prolongs the cooling
period sufficiently. In spite of these, the primary lighting
period is still ensured sufficiently.

FIG. 31 describes the relationship between the number of
stages of the series-connection of the LED element 252 in the
LED group 250 and the cooling period and the primary light-
ing period. FIG. 31 describes the change of the duration of the
Period P2 with respect to the variation of number of stages of
the series-connection of the LED circuit 254 in the circuitry
given in FIG. 24. The graph 10 represents the ratio of the
period P2 during a half cycle the graph 11 represents the
duration of the period P2, that is, the current interruption
duration, of the LED primary current 21. As the graph 10
indicates, the period P2 is 15% when the LED circuit 254 is
series-connected in 9-stage. Since the period P2 serves as the
cooling period, the cooling period of 15% is enough for
suppressing the temperature rise of the LED element 252.

As the graph 10 indicates, the period P2 becomes about
40% when the number of stages of the LED circuit 254 is
40-stage. When the period P2 extends, the ratio of the light-
emission period of the LED circuit 254 decreases and as a
consequence it becomes difficult to ensure the illuminance as
a lighting device. The preferable cooling period is around
15%to 40%. Thus, the adequate number of stages of the LED
circuit 254 is thought to be between 9- or 10-stage and 40- or
45-stage. The graph current 11 represents the period P2
namely the duration of the cooling period. In the case that the
number of stages of the LED circuit 254 is 9- or 10-stage, the
period P2 is about 1.5 ms. In the case that the number of stages
of the LED circuit 254 is 40- or 45-stage, the period P2
namely the cooling period is about 4 ms.
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11.4 Explanation of the relationship between the charac-

teristics of the LED element 252 and the period P2

FIG. 32 is a waveform chart that describes the waveform of
the LED light-emission current 6 with respect to variation of
characteristics of the LED element in the electrical circuitry
given in FIG. 25. The graph 12 represents the waveform in the
case that the number of stages of the series-connection of the
LED circuit 254 is 16-stage and the LED element 252 of the
LED circuit 254 is a red LED element. The graph 13 repre-
sents the waveform in the case that the number of stages of the
series-connection of the LED circuit 254 is 16-stage and the
LED element 252 of the LED circuit 254 is a green LED
element.

Compared to the graph 12 of the case that the red LED
element is used, the duration of the period P2 on the graph 13
of'the case that the green LED element is used is long. This is
thought to be attributable to the fact that the current flow
beginning voltage of the green LED is high compared to that
of the red LED.

11.5 Explanation of the relationship between the capaci-

tance of the bias capacitor 720 and the bias current 4

FIGS. 28 and 29 describe the waveform of the primary
current 2 and the bias current 4 with respect to the circuitry
given in FIG. 25. Described in FIG. 29 is a partially enlarged
waveform given in FIG. 28. The primary current 2 does not
flow during the period P2. Therefore, the LED light-emission
current 6 flowing through the LED group 250 is determined
by the bias current 4. The bias current 4 flows in accordance
with the charge in the bias capacitor 720 provided in the bias
current feeding circuit. Therefore, the current value of the
bias current 4 decreases with the lapse of time after the bias
current 4 begins to flow. As can be known from FIG. 29, the
current value ofthe bias current 4 at the ending time points T3
and T4 of the period P2 decreases to a value smaller than the
value at the beginning time point T1 and T2 of the period P2.
For the stable light emission of the LED element 252 in the
LED group 250, it is preferable that the bias current 4 should
not vary much during the period P2. FIG. 33 shows the rela-
tionship between the current value of the bias current 4 at the
beginning time points T1 and T2 of the period P2 and the
current value of the bias current 4 at the ending time point T3
and T4 of the period P2 when the capacitance of the bias
capacitor 720 is varied.

The graph 16 describes the variation of the bias current 4 at
the beginning time point T1 and T2 of the period P2 and the
graph 17 describes the variation of the bias current 4 at the
ending time point T3 and T4 of the period P2. A consideration
should be given to the minimum value of the bias current 4; a
capacitance of 1 uF to 10 pF is preferable. The difference
between the graph 16 and the graph 17 is very big. Although
the behavior shows a big difference like that, the above-stated
configuration still can contributes to the prevention of the
flickering on a lighting device and further offers a large effect
for the prevention of the heat generation.

12. Explanation of other embodiments

12.1 Explanation of the embodiment 2 as another
embodiment of the embodiment given in FIG. 1

As described in FIG. 33, the difference between the current
value of the bias current 4 at the beginning time points T1 and
T2 of'the period P2 and the current value of the bias current 4
atthe ending time points T1 and T2 of the period P2 is very big
in the embodiment 1 shown in FIG. 25. An improved con-
figuration in terms of that problem is explained below as the
embodiment 2. In the embodiment 1 shown in FIG. 24, the
charging current 12 to the bias capacitor 720 and the bias
current 4 as the discharging current flow through the same
circuit it is therefore difficult to regulate independently each
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of the discharging current 12 and the bias current 4. Thus, as
described in FIG. 33, the difference between the current value
of'the bias current 4 at the beginning time points T1 and T2 of
the period P2 and the current value of the bias current 4 at the
ending time points T1 and T2 of the period P2 becomes very
big.

FIG. 34 illustrates another embodiment of the embodiment
1 given in FIG. 25 (hereinafter referred to as the embodiment
2). In this embodiment 2, the bias current feeding circuit 700
further has a charging diode 726 and a bypass current regu-
lating resistor 728. The charging current 12 of the bias capaci-
tor 720 flows through the charging diode 726 and the bias
current 4 fed from the bias capacitor 720 to the LED group
250 flows through the bypass current regulating resistor 728.

The important point in this is that the charging current 12
flows through the charging capacitor 726 and that the bias
current 4 flows through the bypass current regulating resistor
728 by the function of the charging diode 726. Incidentally, a
diode 702 may be omitted causing no problems. If should be
noted that the bypass current regulating resistor 728 is a
resistor that determines the time-constant of the discharge
current of the bias capacitor 720; therefore, a current-de-
crease problem may be incurred in the bias current 4 if the
resistance thereof is too large. According to the simulation, a
resistance between 700 (Q2) and 2 (kQ) is adequate for the
resistance of the bypass current regulating resistor 728.

12.2 Explanation of the embodiment 3 as another embodi-

ment

FIG. 35 illustrates further another embodiment (hereinat-
ter referred to as the embodiment 3). In this embodiment
likewise as in the other embodiment, the primary current
feeding circuit 104 has the parallel circuit 110 having the
primary current capacitor 222 and the resistor 220, and the
rectification circuit 230 having the input terminal 232 and the
output terminal 234. An alternating current is fed to the input
terminal 232 of the rectification circuit 230 through the pri-
mary current capacitor 222. The alternating current so fed is
rectified into the primary current 2 of pulsating current, which
is then fed from the output terminal 234 of the rectification
circuit 230 to the LED group 250.

The difference from the embodiment 1 or the embodiment
2 is that the charging current 12 of the bias capacitor 720 in the
bias current feeding circuit 700 is fed not from the output side
of'the primary current feeding circuit 104 but from the power
source side of the primary current feeding circuit 104. The
alternating current voltage is fed from a point between the
plug fixture 105 and the primary current feeding circuit 104 to
the charging diode 726 of the bias current feeding circuit 700.
Thereby, the charging current 12 is fed to the bias capacitor
720 through the charging diode 726 and a charging current
regulating resistor 748. The charge stored in the bias capacitor
720 through a charging current regulating resistor 748 is
discharged through the bypass current regulating resistor 728
and the bias diode 702.

In this embodiment for example, setting the capacitance of
the bias capacitor 720 to 2.0 (uF), a resistance of the resistor
742 10 2000 (kQ), the resistance of the resistor 728 to 5 (kQ),
and the resistance of the resistor 748 to 1 (kQ) can gain a
preferable operation. This circuitry does not use the output of
the primary current feeding circuit 104; the charging current
12 for supplying the bias current 4 is taken out from the power
source. This ensures obtaining the charge for supplying the
bias current 4 without effects from the behavior of the pri-
mary current feeding circuit 104. Thus, this has a feature that
the flickering of the lighting device 700 can be easily con-
trolled.
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It should be noted in this embodiment that, the current
interruption period of the primary current 2 exists every half
cycle of the alternating current fed from the alternating cur-
rent power source 100; in contrast to this, the charging current
12 to be fed to the bias capacitor 720 through the charging
diode 726 and the charging current regulating resistor 748
flows every one cycle. This means that one charging must
flow the bias current 4 twice. Therefore, the current value of
the bias current 4 during the second half cycle is tends to
become smaller than that during the first half cycle after the
charging.

The current value of the charging current 12 is regulatable
by the charging current regulating resistor 748 and the dis-
charging current of the bias capacitor 720, the bias current 4,
is adjustable by the bypass current regulating resistor 728.
Since one charging with the charging current 12 must flow the
bias current twice, the resistance of the charging current regu-
lating resistor 748 is made much smaller than the resistance of
the bypass current regulating resistor 728 so that the charging
current 12 increases to its possible extent reducing the bias
current 4. The resistance of the bypass current regulating
resistor 728 is considerably larger than that of the charging
current regulating resistor 748, which makes the discharging
time constant of the bias current 4 large; and thereby the
difference between the first and the second discharging cur-
rents is made small as much as possible.

The charging diode 726 is a diode to supply the charging
current 12. If the charging current 12 does not flow, the charge
stored in the bias capacitor 720 discharges through the charg-
ing current regulating resistor 748. The charging diode 726
prevents the discharging current from flowing through the
charging current regulating resistor 748. The bias diode 702
functions to supply the bias current 4. If the bias diode 702 is
omitted, the charging current for the bias capacitor 720 is
prevented from flowing from the bypass current regulating
resistor 728.

It should be noted that this embodiment works even though
the bias diode 702 is not provided. In such case, the bypass
current regulating resistor 728 and the bias capacitor 720
work in the same manner as explained in the embodiment 1
given in FIG. 25. Therefore, if the bias diode 702 is not
provided, the working is the same as the working explained in
FIG. 25 with further additions of a charging circuit having the
charging diode 726 and the charging current regulating resis-
tor 748. In this case, the configuration becomes to be a state
such that the charging circuit having the charging diode 726
and the charging current regulating resistor 748 are newly
added to the embodiment 1. Therefore, it becomes practicable
to make the current value of the bias current 4 larger than that
of the embodiment 1.

12.3 Explanation of the embodiment 4 as another embodi-

ment

In the embodiment given in FIG. 35, the bias capacitor 720
for feeding the bias current 4 is charged every one cycle; in
contrast to this, the bias current 4, the discharging current of
the bias capacitor 720, flows every half cycle. Therefore, the
unevenness occurs easily between the magnitude of the bias
current 4 immediately after the charging the bias capacitor
720 and the magnitude of the bias current 4 flowing each half
cycle. An improved configuration in terms of that problem is
explained below as the embodiment 4.

FIG. 36 illustrates the electrical circuitry of further another
embodiment (hereinafter referred to as the embodiment 4).
The configuration and working thereof in the embodiment 4
are as follows: The bias current feeding circuit 700 has a first
charging diode 778 and a second charging diodes 776. When
the alternating current voltage fed from the alternating current
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power source 100 is on the one state, that is, a terminal 1 is
positive and a terminal 2 is negative, the charging current 14
is fed to the bias capacitor 720 through the first charging
diodes 778 and a resistance 758; and, through the bias capaci-
tor 720, the charging current 14 flows to the terminal 2 of the
alternating current power source 100 through a resistor 784
and a diode 782. By this charging current 14, the bias capaci-
tor 720 is charged. During at least the interruption period of
the primary current 2 fed from the rectification circuit 230,
that is, during at least the period P2, the charge stored in the
bias capacitor 720 discharges through the bypass current
regulating resistor 728 and the bias diode 702.

In contrast to that when the terminal 2 is positive and the
terminal 1 is negative, the charging current 16 is fed to the bias
capacitor 720 through the charging diode 776 and a resistor
756; and, through the bias capacitor 720, the charging current
16 flows to the terminal 1 through a resistor 788 and a diode
876. Thus in the embodiment 4, the bias capacitor 720 is
charged every half cycle, which means that the bias current 4
is fed on every one charging. Then, the bias current 4 can be
fed in more large current.

In this embodiment, setting the capacitance of the bias
capacitor 720 to 2.0 (uF), the resistance of the resistor 742 to
500 (k€2), the resistance of the resistor 728 to 1.5 (kQ2), the
resistance of the resistor 784 to 30 (Q), the resistance of the
resistor 788 to 50 (€2), the resistance of the resistor 756 to 30
(£2), and the resistance of the resistor 758 to 450 (€2) brings a
good operation.

In this embodiment 4, the bias current 4 can be fed with a
current value larger than that in the other embodiment during
the period P2, a current interruption period of the primary
current 2; and thereby, the LED light-emission current 6
during the period P2 is sufficiently ensured. Consequently,
the amount of light emission of the LED element 252 during
the period P2, the interruption period, can be sufficiently
ensured. Thereby, more reduction of the flickering becomes
achievable. In addition during the period P2, the amount of
the heat generation of the LED element 252 can be reduced
because the LED primary current 21 flowing through the LED
group 250 produced from the primary current 2 is interrupted.
Although, compared to the other embodiment, the heat gen-
eration may increase a little due to the portion attributable to
the increment of the current in the bias current 4, the LED
element still does not become high-temperature.

13. Explanation of the embodiment 5 as another embodi-

ment of the primary crutent feeding circuit 104

In the embodiments explained above, specific examples
with respect to the bias current feeding circuit 700 were
mentioned. Embodiments of the primary current feeding cir-
cuit 104 are not limited to those mentioned above. It is an
important point that the LED primary current 21, among the
currents flowing through the LED group 250, produced from
the output of the primary current feeding circuit 104 under-
goes the current interruption period. FIG. 37 illustrates
another embodiment of the primary current feeding circuit
104 for giving the current interruption period to the LED
primary current 21 (hereinafter referred to as the embodiment
5).

The major difference from the other embodiments (em-
bodiments 1 to 4) is that the peak value of the LED light-
emission current 6 flowing through the LED group 250 is
determined not by using the primary current capacitor 222 but
by using a resistor 320. It should be noted that the function of
the resistor 220 in the embodiments 1 to 4 is different from the
function of'the rectification circuit 230; the resistor 220 is not
for determining the peak value of the LED light-emission
current 6 but for discharging the charge stored in the primary
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current capacitor 222. When the power switch is turned off for
example, the residual charge in the primary current capacitor
222 should be discharged immediately for increased safety.
For this purpose, the resistor 220 is provided to discharge the
charge in the primary current capacitor 222. As stated above,
a resistor 320 is the resistor for regulating the peak value of
the LED light-emission current 6. A specific value is prefer-
ably between 2002 and 700 Q.

FIG. 38 shows the LED light-emission current 6 and the
charging-discharging current of the bias capacitor 720 in the
circuitry given in FIG. 37, wherein the resistance of the resis-
tor 320 is 400€2 and the number of stages of'the LED group is
16-stage. The graph 21 is the waveform of the voltage sup-
plied from the alternating current power source 100, the graph
22 is the waveform of the LED light-emission, current 6
flowing through the LED group 250, and the graph 23 is the
waveform of the charging-discharging current of the bias
capacitor 720. The peak value that the graph 22 denotes is
determined by the resistance of the resistor 320 and the resis-
tance of the fuse 224. The primary current fed from the
primary current feeding circuit 104 has the period P2 that is
the current interruption period. The bias current 4, which is
the discharging current of the bias capacitor 720, supplies the
LED bias current 41 through the LED group 250 at least
during the period P2; and the LED light-emission current 6
continues to flow even during the period P2. As a conse-
quence to this, the flickering is suppressed. Further, the tem-
perature rise of the LED element provided in the LED group
250 is suppressed because the primary current 2 has the
period P2 that is the current interruption period.

FIG. 39 shows the waveform of the primary current 2,
which is the output current of the primary current feeding
circuit 104 in the embodiment given in FIG. 37, wherein the
number of stage of the LED group 250 is changed to 32-stage
and the resistance of the resistor 320 is 300Q2. The graph 21 is
the waveform of the power source voltage supplied from the
alternating current power source 100 and the graph 26 is the
waveform of the primary current 2, which is the output of the
primary current feeding circuit 104.

The decrease in the resistance of the resistor 320, causes
the peak value of on the graph 26 in FIG. 39 to be larger than
the peak value on the graph 22 in FIG. 38. Further, the
increase in the number of stages of the LED group 250 causes
the current interruption period of the primary current 2 to be
very long. In the circuitry given in FIG. 37, the increase in the
number of stages of the LED group 250 causes the current
interruption period of the primary current 2 to elongate as
with the other embodiment; that is, the behavior becomes the
one as explained in FIG. 30. When the total of the resistances
of the resistor 320 and the fuse 224 is increased, the peak
value on the graph 26 decreases. In the embodiments 1to 4 as
stated previously, the increase of the capacitance of the pri-
mary current capacitor 222 increases the peak value of the
LED primary current 21, and the decrease of the capacitance
of'the primary current capacitor 222 causes the same behavior
in that the peak value of the LED primary current 21
decreases.

14. Explanation of the embodiment 6 on the configuration

of the lighting device 200

FIG. 40 is a cross sectional view of the tube part of another
example of the straight tube lighting device in an embodiment
of' the lighting device having the LED element of the present
invention. In the embodiments illustrated in FIGS. 1to 11, the
cylindrical case 512 has a shape of a cylinder having an
approximately uniform wall thickness. When concentration
of'the lighting light is desired, use of the cylindrical case 512
illustrated in FIG. 40 is very convenient.
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The cylindrical case 512 has a cross sectional configuration
as described below in the plane perpendicular to the longitu-
dinal axis thereof. The cross sectional configuration has a
thick-wall part 602 that works as a convex lens and a thin-wall
part 604 that has an approximately uniform wall thickness
thinner than the thick-wall part 602; wherein both sides of the
thick-wall past 602 have curved parts each connecting to a
thin-wall part 604, and the shape of the curved part, which
connects to the thin-wall part 604, is continuously formed
longitudinally along the cylindrical case 512.

With this configuration, when the LED element on the resin
board 570 emits light, the emitted light enters the thin-wall
part 604, and the entered light is refracted and converges on
the area of a light ray 610 to radiate the light. Therefore, the
radiated light does not form a broad beam spread and travels
to the area of the light ray 610 in a form of a converged light
having a directional beam. Thus, when the straight tube light-
ing device is installed in the ceiling, the lighting device can
radiate downward bright light without unevenness of illumi-
nance or without appearing a line that the difference of bright-
ness may cause. When lighting such as a staircase, it is dan-
gerous if unevenness of illuminance occurs or a line caused
by the difference of brightness appears. The danger of this
kind can be decreased.

15. Explanation of the embodiment 7 on the configuration

of the lighting device 200

FIG. 41 is a partial cross sectional view of the side view of
a downlight as an embodiment regarding the structure of the
lighting device having the circuitry in the above stated
embodiment. FIG. 42 is a bottom view of the downlight given
in FIG. 41. Shown in FIG. 43 is an explanatory illustration of
aparts arrangement on the circuit board for used in the above-
stated downlight. This embodiment employs the electrical
circuitry used in the embodiments 1 to 5 stated above. A
housing 400 is comprised of a fixing bracket 420, an inner
case 422, an outer case 424, and an inner cover 426 of glass or
transparent resin, which works as a light transmitting part.
Inside the housing 400, a base plate 20 of flat shape for
holding the LED group 250 is fixed with a screw 432. The
housing 400 is fastened to the fixture mount 480 such as
ceiling by pinching a fixture mount 480 such as ceiling with
the fixing bracket 420 and the outer case 424 and then fixing
the outer case 424 with a screw on a bracket 442 secured to the
fixing bracket 420.

As stated above, since the LED group 250 is maintained in
a very low temperature, a metal plate for heat dissipation is
not provided. The base plate 20 has, on its one face, the LED
group 250, the capacitor 222, the resistor 220, the rectification
circuit 230, the fuse 224, the capacitor 720, and the resistor
724; and the other face faces to the inside ofthe inner case 422
across a narrow space.

The feature of the lighting device 200 is as follows. Since
the heat generation of the LED group is reduced and the
temperature rise is suppressed thereby, the heat radiation
plate of metal can be omitted. This further suppresses the
thickness-wise dimension of the lighting device 200 because
the space between the base plate 20 and the inner ease 422 can
be reduced and also the space between the base plate 20 and
the inner cover 420 can be reduced as well.

Furthermore, since the temperature of the housing 400 is
suppressed low, there is no fear of fire even if dust adheres on
the housing 400. In addition, there is no risk of burn even if
touched the housing 400 accidentally while the device is
active.

In the center of the base plate 20 of a flat-shaped plate
illustrated in FIG. 22, tire resistor 220, the capacitor 222, the
rectification circuit 230, the fuse 224, the capacitor 720, and
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the resistor 724 are installed. On the outer periphery thereof,
the LED circuits 254 are concentrically arranged in a circular
array. The resistor 220, the capacitor 222, and the rectification
circuit 230 configure the current feeding circuit 104; and the
capacitor 720 and the resistor 724 configure the bias current
feeding circuit 700. Further, the outside of this arrangement,
screw holes 22 are provided at three locations for fixing with
screws 432. It should be noted that the reference numeral
accompanies only a part of the series-connected LED circuits
254 for simplicity, because, if all the LED circuits 254 are
accompanied by reference numerals, the description will
become intricate. The lines connecting between the LED
circuits 254 denote the wiring to connect them in series. These
are used as the electrical parts 30.

In the center of the base plate 20 in this way, the resistor
220, the capacitor 222, the rectification circuit 230, and the
fuse 224 are arranged; and the LED circuits 254 are arranged
concentrically at an equiangular spacing on the outer periph-
ery thereof. Therefore, the space occupation is small enabling
downsizing. In addition, since the LED circuits 254 are
arranged concentrically at an equiangular spacing on the
outer periphery thereof, even if the center area is dark, a
discomfort due to the unevenness of brightness can be
reduced.

REFERENCE NUMERALS
100 . . . Alternating current power source
220 . .. Resistor
222 . .. Peak current setting capacitor
230 . . . Rectification circuit
224 ... Fuse
250 ... LED group
252 ... LED element
254 . .. LED circuit
322 ... Ridge
323 ... Ridge
326 . .. Groove
328 ... First space
329 ... Second space
324 ... Ridge
330... Step
334 ... Groove
510 . .. Straight tube LED lamp
512 . .. Cylindrical case
502 . .. Fixture
504 . . . Fixture
520 . .. Lamp mount
522 ... Lamp mount
530 . .. Supporting column
532 . .. Supporting column
540 . .. Fixing base
542 . .. Fixing base
550 . .. Driving circuit
570 . . . Resin board
580 . . . Electrical circuit
590 . . . Power cord
600 . . . Fixing plate and bias current feeding circuit
00 . . . Bias current feeding circuit
702 . .. Bias diode
720 . .. Bias capacitor
724 . . . Resistor
726 . .. Charging diode
778 . .. Changing diode
776 . .. Charging diode
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The invention claimed is:

1. A lighting device having LED element, comprising

an LED group having series-connected plural number of

LED elements that emit light with feeding a light-emis-
sion current and

a driving circuit for feeding the light-emission current that

flows through the series-connected plural LED elements
of'the LED group, wherein
the driving circuit includes an alternating current power
source terminals for receiving supply of alternating cur-
rent, a peak current control circuit element that controls
the peak current of the light-emission current, a full-
wave rectification circuit that full-wave rectifies alter-
nating current inputted into an input terminal thereofand
outputs pulsating current from an output terminal
thereof, wherein
the peak current control circuit element and input terminals
of the full-wave rectification circuit are provided
between the alternating current power source terminals,

the LED group is connected between the output terminals
of the full-wave rectification circuit, and
the peak value of the light-emission current flowing
through the LED group is determined in accordance
with the peak current control circuit element, wherein

the light-emission current fed to the LED group has feed-
ing periods of a low current period that is determined in
accordance with the number of the series-connections of
LED elements of the LED group and a lighting light-
emission period the peak value in which is determined in
accordance with the peak current control circuit ele-
ment, wherein

the light-emission current is a pulsating current that flows

repeating feeding periods of the low current period and
the lighting light-emission period.

2. The lighting device having LED element according to
claim 1, wherein the peak current control circuit element is a
peak current control capacitor and the capacitance of a peak
current setting capacitor is in a range from 0.5 pF or more to
20 uF or less.

3. The lighting device having LED element according to
claim 2, wherein the peak current control capacitor has a
resistor connected in parallel thereto and the resistance of the
resistor is 3 k€2 or larger.
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4. The lighting device having LED element according to
claim 1, wherein the peak current control circuit element is a
peak current control resistor and the resistance of the peak
current control resistor is in a range from 200 Q to 700 Q.

5. The lighting device having LED element according to
claim 1, further comprising

a straight tube LED lamp having a resin board therein and

a first fixture and a second fixture respectively installed on

both ends of the straight tube LED lamp for supporting
the lamp, wherein

the LED group and the driving circuit are mounted on the

resin board, and each of the first and the second fixtures
has alamp mount that secures the end of the straight tube
LED lamp, a fixing base for attaching the straight tube
LED lamp thereon, and a supporting column that joins
the lamp mount integrally to the fixing base.

6. The lighting device having LED element according to
claim 1, further comprising a case that accommodates therein
a resin board, wherein the driving circuit is provided on the
resin board and the LED elements of the LED group are
arranged outer periphery of the driving circuit.

7. The lighting device having LED element according to
claim 1, wherein the low current period is a current interrup-
tion period where the current flowing through the LED group
fed from the driving circuit is zero.

8. The lighting device having LED element according to
claim 7, further comprising a bias current feeding circuit,
wherein the bias current feeding circuit feeds at least during
the current interruption period.

9. The lighting device having LED elements according to
claim 1, further comprising a bias current feeding circuit,
which provides current to the LED element at least during the
low current period.

10. The lighting device having LED elements according to
claim 9, the bias current feeding circuit having a capacitor
between output terminals of the rectification circuit, where
the capacitor stores charge and feeds bias current during the
low current period.

11. The lighting device having LED elements according to
claim 9, the bias current feeding circuit having a capacitor,
which receives the charging current from the alternating cur-
rent power source terminals and feeds bias current during the
low current period.



