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| nventi on The technical problemto be solved by the present
invention is to provide a new 30 white LED device, so as to overcone a
series of deficiencies such as the stroboflash ..1 under the AC power
supply node and the heat dissipation difficulty of the existing white LED
devi ce. The technical solutions of the present invention: a white
Light-Emtting D ode (LED) unit, conprising an LED chip and a |ight
emttlng materlal capable of emttlng Ilght when 5 be| ng ex0|ted by t he LED
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25 cost is | ow In which, the light emtted by the LED chip is
ultraviolk'et light in a range of 200 nmto 380 nmor visible light in a
range of 380 nmto 780 nm In the present invention, the [ight emtting
material emts |ight when being excited by the LED chip, and the overal
visual effect of the emtted light is the white light, or the 30 overal
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whi ch i $n@Endtresiitting efodser cone series of difficulties 10 caused by t he
chip heating in the prior white LED device. Brief Description of the

Dr awi ngs Fig. 1 illustrates a schematic diagram of a unidirectional
series CSJIﬁH#EQf”ﬁ@'qal@ g@g te LED device of the present invention; 15Fig. 2
illustr gram of a reverse parallel circuit of an AC

white LED di tezhafcat peobsreterde solveditbyathe preserfiigverBionl ik ustpratide anew
schematic diagramof a bridge rectifier circuit having a normal conducted
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illustrates a schematic diagramof a bridge rectifier circuit having no
normal 20 conducted LED chip of an AC white LED device of the present

i nvention; Fig. S5illustrates a schematic diagram of the constitution
of a white LED unit, wherein 1 represents a light emtting material or a
light emtting |ayer made of the light emtting nmaterial and a transparent
medium and 2 represents an LED chip; and Fig. 6 illustrates color
poi nts of Exarrpl es 1 to 8 in C E1931 chromatlc d| agram 25 whereln d| glts 1
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t he follomdng enbodi ments. But it shall not be appreciated that the range
of the subject matter of the present invention is linmted thereto. Any
technol.ogy i npl enented based on the above contents of the present invention
shall fall within the range of the present 30 invention. Particularly,
about the constitution of the basic circuit, the enbodi nents of the
present invention only give the sinplest reverse parallel circuit, but the
AC whi t gndéndend ?Gwéf stigpty progieesmd theeat tissipatiom diffidultyidf etk existireg whitand i t
further includes for exanple a unidirectional series circuit and a bridge
rectifibEDodevigg.t. 5 Detailed Description of the Preferred Enbodi nents
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LED chip is mixed with the light emitted by the light emitting material to form white light.
10 Further, a white LED unit, comprising an LED chip and a light emitting material
capable of emitting light when being excited by the LED chip, wherein the LED chip only
comprises one light emitting PN junction, the luminous lifetime of the light emitting
material is 10-30 ms, and the light emitted by the LED chip is mixed with the light emitted
by the light emitting material to form white light.
15 According to the definition of luminescence, the luminous lifetime of the light
emitting material is the time for decreasing the luminous intensity of the material to be
1/e of the maximum intensity in the excitation.
The white LED unit is driven by Alternate Current (AC) with a frequency not more
than 100 Hz, and preferably 50 to 60 Hz. The luminous brightness of the powered off
20 chip under non-constant current condition may be compensated for with afterglow of the
light emitting material, so that the AC driving is more practical.
The white LED unit of prevent invention overcomes the stroboflash caused by the
AC power supply by using the normal single PN junction LED chip, rather than the prior
AC LED chip integrating a plurality of micro grains, thus the production is simple and the
25 costis low.
In which, the light emitted by the LED chip is ultraviolet light in a range of 200 nm to
380 nm or visible light in a range of 380 nm to 780 nm.
in the present invention, the light emitting material emits light when being excited by
the LED chip, and the overall visual effect of the emitted light is the white light, or the

30 overall visual effect of the light emitted by the light emitting material and the light emitted



50w cYoSr Mg2( PO4) 2: Eu2+, Gd3+ 50wf / 0Ca40( PO4) 2: Eu2+ 4 6 Purple light (400nm
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30WWDSr Al 204: Eu2+, B3+ 70w ¢/ oCaS: Eu2+ 100 8 Bl ue Iight (460nm
60Wr.AY202S: My2+, Ti 3+ 48 , 40wt %Sr Al 204: Eu2+ Test exanple 1: |um nescence
properties of the AC white LED device of the present invention Table 2
shows the |um nous brightness of the photos shot within 20 ms by the AC 5
whi t e LEDthlswhipes thel wisite lignder 50 Hz AC using a high- speed sci entific camera
Sarnof f CAMb12 which takes 300 photos per secand.,, Referen
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1s). In table 2, the bri htnes data is relative bri htne§ Wi t tl_
di mensi > TaBaMgAKTO mE "33M2"6. 66(asBchAAIPHEN 3 YaO HEUTE. 6%2% 18798 s

Bri ght n% é éeg*er$&RFGa) %)2 ?ba§6€a92r%+55303%§7r@’; CaTiOszPr": ZnP,07:Tm*";
CaP,07Eu?, Y* SroP.07Eu?, Y* Lu,0sTb*; SroAleOn:Eu®; MgSnO4Mn?';
CaAlL0sCe® Tb¥: SrsAli40xTb*; Caio(PO4)s(F,Cl)2:Sb>, Mn% Sr,MgSiz07:Eu"

10 Sr,CaSi,OrEU?": Zns(PO4):Mn?*, Ga®; CaO:EU™; Y,0,S:Mg¥, Ti**; Y20,8:5m*"
SrMga(PO4)2Eu®, Gd*: BaMgx(POs)2Eu®, Gd™; Zn,Si0sMn> As™; CdSiOsDy™;
MgSiOs:Eu®* and Mn?".

The preferable light emitting material is at least one of CaP,07.Eu®, Y*;
SELP,0-EU?*. Y3 SraAlsOsEu?, Dy*, B*; SrALO4EuU®, Dy**, B*; Zn,SiOsMn?",
15 As™ ZnoPs07Tm®: Y20,S:Eu®; SraAli4025Tb%; Zns(PO4)2Mn?", Ga®"; and CaS:Eu*".
In the white LED unit of the present invention, each LED chip only comprises one
light emitting PN junction.
The white LED device of the present invention comprises the white LED unit and a
drive circuit. The AC driven drive circuit is a unidirectional series circuit, a reverse parallel

20 circuit or a bridge rectifier Circuit, as illustrated in Figs. 1 to 4, or arbitrary combinations

thereof. The frequency of the AC driven drive circuit is not more than 100 Hz.
in addition, the white LED device of the present invention further comprises a light
guide covering layer, which is a non-planar light guide structure. Through the light guide

covering layer, the light emitted by the LED chip and the light emitted by the light emitting

N
th

material is reflected, refracted, diffused, dodged and finally mixed to output uniform light.
In which, the light guide covering layer is a lens or other transparent covering layer,
which can be doped with particles of non-light-emitting material with a diameter less than
5 um, so that the light from the chip is diffused more uniformly.

The present invention has the following beneficial effects:

30 The prior white LED device uses YAG: Ce as the light emitting material, which will



0 Bri ght ness of reference 2 746 998 670 702 965 712 Brightness of exanple 1
2931' 3025 1455 3187 3443 1665 Brightness of exanple 2 3140 3373 1654 2884

3437 1877 Brightness of exanple 3 3200 3423 1506 3135 3362 1656 Bri ght ness
of exanple 4.2910 3190 1652 2723 3245

cause stroboflash phenomenon due to the change of AC cycle at a power frequency
below 100 Hz. The present invention can maintain the light emission when the excitation
light source disappears since the light emitting material having a specific lifetime is used,
thus in an AC white LED device based on the solution of the present invention, when the
5 current cycle changes, the light emission of the light emitting material can be maintained
for a certain time in the cycle, thereby compensating for the stroboflash of the LED chip
caused by the AC fluctuation, and keeping a stable light output from the white LED
device in the AC cycle. In addition, as the LED chip does not work in a half of the AC
cycle, the heat effect is decreased, which is beneficial to overcome series of difficulties

10 caused by the chip heating in the prior white LED device.

Brief Description of the Drawings
Fig. 1 illustrates a schematic diagram of a unidirectional series circuit of an AC white

LED device of the present invention;
15 Fig. 2 illustrates a schematic diagram of a reverse parallel circuit of an AC white LED
device of the present invention;

Fig. 3 illustrates a schematic diagram of a bridge rectifier circuit having a normal
conducted LED chip of an AC white LED device of the present invention;

Fig. 4 illustrates a schematic diagram of a bridge rectifier circuit having no normal

20 conducted LED chip of an AC white LED device of the present invention;

Fig. 5 illustrates a schematic diagram of the constitution of a white LED unit, wherein
1 represents a light emitting material or a light emitting layer made of the light emitting
material and a transparent medium, and 2 represents an LED chip; and

Fig. 6 illustrates color points of Examples 1 to 8 in CIE1931 chromatic diagram,

25 wherein digits 1 to 8 are corresponding to Examples 1 to 8, respectively.

The above contents of the present invention are further described in details through
the following embodiments. But it shall not be appreciated that the range of the subject
matter of the present invention is fimited thereto. Any technology implemented based on
the above contents of the present invention shall fall within the range of the present

30 invention. Particularly, about the constitution of the basic circuit, the embodiments of the



1850 Brightness of exanple 5 2250 2734 1468 2114 2800 1420 Bri ght ness of
exanpl e 6' 2109 2636 1150 2213 2858 1163 Bri ghtness of exanple 7 2017 2420
1569 2115 2654 1510 Bri ghtness of exanple 8 1879 2000 1270 1746 2123 1303
15 . Tabl e.3 gives the nornalized val ue of the maxi mum | um nous

bri ght ness of each sanple in the exanples of Table 2. Ti me

present invention only give the simplest reverse parallel circuit, but the AC white LED
device of the present invention is not limited thereto, and it further includes for example a

unidirectional series circuit and a bridge rectifier circuit.

5 Detailed Description of the Preferred Embodiments

Examples 1 to 8 overcome the stroboflash by implementing the white LED device
made of a light emitting material shown in Table 1 and merchant normal LED chip in a
general packaging technology, without using integrated chip dedicated to the AC LED.

Examples 1to 8

10
Table 1
Example | LED chip (light emitting | Light emiting material Lifetime of light emitting
wavelength) material (ms)
1 Ultraviolet (254nm) 45Wt%Zn,P,07:Tm*>* 10

55wt%Zn3(PO4),:Mn?* Ga**

2 Ultraviolet (254nm) CaAl,0,:Dy*" 25

3 Ultraviolet (310nm) 15Wi%Sr.P,07:Eu®*, Y>* 30
30Wt%SrsAl140,5:Eu®, Dy B*
15wt%CasO(PO4)2: Eu®,
40Wt%2Zn3(PO4)2:Mn* Ga**

4 Ultraviolet (365nm) 10Wt%Sr,P,07:Eu?* Y3* 14
30Wi%SrsAl 05 Eu?

B80Wt%Y20,S:Eu*

5 Purple light (400nm) 50Wt%SrMg2(PO4)2: Eu®t,Gd™ 4

50Wt%Ca,0(PO,)2:Eu®*

6 Purple light (400nm) 40W1%Sr4Al14025:Eu?* 1

B0Wt%Y,0,S:Eu*

7 Blue light (450nm) 30wWit%SrAl,O4:Eu?* B> 100

70wt%CaS:Eu?

8 Blue light (460nm) 60Wt%Y,0,S:Mg?* Ti** 48




Normal i zed brightness ratio 3.33 ns 6.66 ns 9.99 ns 13.32 ns 16.65 ns 19. 98
ms Reéferehce 1 0.63445 0.97087 0 0.60308 1 0 Reference 2 0.74749 1 0.67134

0.70341 0.96693 0.71343 Exanple 1 0.85129 0.87859 0.4226 0.92565 1 0.48359

Exanpl e 2 0.91359 0.98138 0.48123 0.8391 1 0.54612

40Wt%SrALO . Eu®*

Test example 1: luminescence properties of the AC white LED device of the present
invention

Table 2 shows the luminous brightness of the photos shot within 20 ms by the AC

W

white LED device driven under 50 Hz AC using a high-speed scientific camera Sarnoff
CAMS512 which takes 300 photos per second. Reference 1 is an AC driven white LED
device made in the same manner as examples 1 to 8 using the merchant 460 nm blue
light chip packaged with a yellow light emitting material YAG: Ce (the luminous lifetime is
100 ns). Reference 2 is an AC driven white LED device made in the same manner as
10 examples 1 to 8 using the merchant 460 nm blue light chip packaged with long lifetime
materials SrA1204: Eu, Dy and Y202S: Eu, Mg, Ti (the luminous lifetime is more than

1s). In table 2, the brightness data is relative brightness without dimension.

Table 2
Time 3.33ms |6.66ms | 9.99ms | 13.32 ms | 16.65 ms | 19.98 ms

Brightness of reference 1 | 2265 3466 0 2153 3570 0
Brightness of reference 2 | 746 998 670 702 965 712
Brightness of example 1 | 2931 3025 1455 3187 3443 1665
Brightness of example 2 | 3140 3373 1654 2884 3437 1877
Brightness of example 3 | 3200 3423 1506 3135 3362 1656
Brightness of example 4 | 2910 3190 1652 2723 3245 1850
Brightness of example 5 | 2250 2734 | 1468 2114 2800 1420
Brightness of example 6 | 2109 2636 1150 2213 2858 1163
Brightness of example 7 | 2017 2420 1569 2115 2654 1510
Brightness of example 8 | 1879 2000 1270 1746 2123 1303

Table 3 gives the normalized value of the maximum luminous brightness of each

sample in the examples of Table 2.

Table 3
7



Exairrpl e 3 0.93485 1 0.43996 0.91586 0.98218 0.48379 Exanple 4 0.89676
0. 98305 ©.50909 0.83914 1 0.57011 Exanple 5 0.80357 0.97643 0.52429 0.755 1

0.50714 Exanple 6 0.73793 0.92232 0.40238 0.77432 1 0.40693 Exanple 7
0.75%998 0.91183 0.59118 0. 79691 1 0.56895

Time 333ms | 6.66ms | 9.99ms | 13.32ms | 16.65 ms | 19.98 ms

Normalized brightness ratio

Reference 1 0.63445 | 0.97087 | O 0.60308 |1 0
Reference 2 0.74749 | 1 0.67134 | 0.70341 | 0.96693 | 0.71343
Example 1 ' 0.85129 | 0.87859 | 0.4226 | 0.92565 |1 0.48359
Example 2 0.91359 | 0.98138 | 0.48123 | 0.8391 1 0.54612
Example 3 0.93485 | 1 0.43996 | 0.91586 | 0.98218 | 0.48379
Example 4 0.89676 | 0.98305 | 0.50909 | 0.83914 |1 0.57011
Example 5 0.80357 | 0.97643 | 0.52429 | 0.755 1 0.50714
Example 6 0.73793 | 0.92232 | 0.40238 | 0.77432 |1 0.40693
Example 7 0.75998 | 0.91183 | 0.59118 | 0.79691 |1 0.56895
Example 8 0.88507 | 0.94206 | 0.59821 | 0.82242 |1 0.61375

As can be seen from Tables 2 and 3, the luminescence of the present invention is
stable and slightly fluctuant in the AC cycle. But about reference 1, i.e., a white LED
device made of the merchant blue light chip packaged with the conventional yellow light

5 emitting material YAG: Ce having a short luminous lifetime, the luminescence is unstable
and largely fluctuant in the AC cycle. It is clear that the present invention effectively and
low-costly overcomes the stroboflash of the AC LED.

Although as illustrated by reference 2, the luminescence of the white LED device
made of the light emitting material with long luminous lifetime is also slightly fluctuant in

10 the AC cycle, the energy obtained by the material when the exciting light exists cannot
be released quickly, so the light is weak (refer to Table 1), which is disadvantageous to
be used as a light emitting material.

Table 4 shows the color coordinates and the color temperatures of the examples in

Table 1 (measured using Minolta colorimeter CS-100A).

Table 4 CIE Color Coordinates and Color Temperatures

Color Coordinates | CIEx ClEy Related color temperature

Example 1 0.4076 | 0.3807 | 3312K

8



Exanpl e 8 0.88507 0.94206 0.59821 0.82242 1 0.61375 As can be seen
from Tabt'es 2 and 3, the |um nescence of the present invention is stable
and slightly fluctuant in the AC cycle. But about reference 1, i.e., a
white LED device nade of the nerchant blue |ight chip packaged W|th t he
conventional yellow light 5 emtting materi aI YAG Ce having a short

| um nous | i feti me—t+het+umnescenrcets—unstabte—andtargety) fl uctuant in
the AC cycle. It |psxdmhpisr that| ddmoproesient 4bgmkent i on effect|vely and

| ow-costly overco ffastj of the AC LED. Al'thpugh as
|:cltjrs]tr?_t eﬂ by ref Exapme3 2, t he0.3278i |ARRNOE2M the white LED device nade
o] e light emti{ing materiral| wth{long llumnous lifetinme |s also slightl
fluctuant in 10 t hEx3®edcl e, |HeQ &%?30 Bf¥Kred by the eri al vvhengt hey

exciting light ex Ets qa&not be0 L 3%%6"% y, so the light is weak

(refe!' to Table 1 is dis “agegus-to be usedas— light emitting
mat eri al . Tab| g, 4nsbigws t g el ro e dipat es and the cbl or
t enper at ures of the—examptes—+p—TFabhe—+—treasured—ustng—vTplta col ori neter

CS-100A). 15 Tabl eedarkgid7 Col or | €amadi oxaises 648K Col or Tenper at ures Col or
Coordi nates O Ex CfEy Related ol or [t enperjat ur e Exarrpl e 1 0/4076 0.3807
3312K ..1 Exanpl ¢Ezargpi@810 0. 3(1-@’284491)%{% 881 e 3 0.3279 0)2939 5725K
Exanpl e 4 0. 3320

As can be seen from Table 4, the above examples enable the white LED device to
emit white light. The color point positions in the light emissions of respective examples in

the CIE1931 chromaticity diagram are shown in Fig. 6.

Test example 2: light attenuation of the AC white LED device of the present invention
Table 5 shows the light attenuation data of examples 1 to 18 and the reference. The
reference is a white LED device obtained by installing a white LED chip made of the
merchant 460 nm blue light chip packaged with YAG: Ce in the general DC power supply
10 mode at present. The test method is as follows: electrifying the AC white LED device of
the example and the reference device, and measuring their luminous brightness in a
certain interval with Minolta colorimeter CS-100. The results are shown in Fig. 5. The

data in Fig. 5 is relative brightness without dimension, and the initial data is normalized.

15 Table 5
Time 1h | 1,000h | 1,500 h | 2,500 h
Brightness of reference | 100 | 98 97.1 96.3

Brightness of example 1 | 100 | 99.8 99.5 99.1

Brightness of example 2 | 100 | 99.5 994 99.3

Brightness of example 3 | 100 | 99.6 99.5 99

Brightness of example 4 | 100 | 99.7 99.3 99

Brightness of example 5 | 100 | 99.8 90 4 98.6

Brightness of example 6 | 100 | 99.5 99 98




' 0.3210 5496K Exanple 5 0.3802 0.3566 3815K Exanple 6 0.3503 0.3002 4441K
Exanpl e 7' 0.3104 0.3154 6746K Exanple 8 0.3484 0.3516 4867K As can be
seen from Tabl e 4, the above exanples enable the white LED device to emt
white |ight. .The col or point positions in the |ight emnissions of respective
exanples in the ClE1931 chronat|0|ty dlagran1are shown in Fig. 6. 5 Test
exanple 2: |ight attentaton—of—therACmhite Ddeyice of the present

i nvention Tabl ¢ mighthessof ekendié Dht ot ¥%huat #Dn dabd3of |exanples 1 to 18
and the reference. [The reference is|a white LED device obtai ned by
installing a white |LBEDhoRssof axamrled | 10R] 983 chal? 46098 im bllue 1ight chip
packaged with YAG Ce in the general DC power supply |lo npde at present.

Th hod foll I f he, AC h

exanp o andS(H peseRersEn H FEE MaHg. RLUEUACEN D PRI PrEihoss
t h

chown 1 RvBnpn B4 G AenlelbERS HAPLRATRIRE LED dbfiee HBEPRRaN: *©

dinension, and the initial data is nornallzed 15Table 5 Tinme 1 h 1,000 h
1,500 h 2,500 h Brightness of reference 100 98 97.1 96. 3
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Bri ghtness of exanple 1 100 99.8 99.5 99.1 Brightness of exanple 2 100 99.5

99.4'99. 3 Bri ght ness of exanple 3 100 99.6 99.5 99 Brightness of exanple 4
100 99..7 99.3 99 Brightness of exanple 5 100 99.8 99.4 98.6 Brightness of
exanple 6 100 99.5 99 98 Brightness of exanple 7 100 99.4 99

WHAT IS CLAIMED IS:

1. A white Light-Emitting Diode (LED) unit, comprising an LED chip and a light
emitting material capable of emitting light when being excited by the LED chip,

h

characterized in that, the LED chip only comprises one light emitting PN junction, the
luminous lifetime of the 'Iight emitting material is 1 to 100 ms, the luminous brightness
under non-constant current condition is compensated for through afterglow of the light
emitting material, and the light emitted by the LED chip is mixed with the light emitted by

the light emitting material to form white light.

10
2. The white LED device according to claim 1, characterized in that, the LED chip is
driven by Alternate Current (AC) with a frequency not more than 100 Hz, and preferably
50 to 60 Hz.
15 3. The white LED device according to claim 2, characterized in that, the luminous

lifetime of the light emitting material is 10 to 30 ms.

4. The white LED device according to claim 2 or 3, characterized in that, the light
emitting material is one or combinations of CaS:Eu*; CaS:Bi**, Tm®" ZnS:Tp*
20 CaSrSyEu®, Dy**: SrGa:SiDy*; Ga;0sEu®; (Y,Gd)BOsEu®; Zn2SiOsMn”";
YBOsTb®: Y(V.P)OsEU™: SrALO4EU®; SrALO4EU*, B>, SrALO4EU*, Dy*, B*;
SraAli4025EU?" SraAli4OsEu?, Dy**, B¥; BaAlLO4EU?; CaALOsEu®; SrsSi0sEu”,
Dy*: BaMgAloO:7:Eu®, Mn?; Tb(acac)(AA)phen; Y20.S:Eu®; YS8i0sTb™;
SrGa;S4Ce®; Y3(Al,Ga)s0:2Th*"; CayZnaTissOs:Pr¥*: CaTiOsPr*; ZnP207:Tm*;
25 CaP,0-Eu?, Y¥ SrP.07EW®, Y* LuOsTb*; SrAlsOsi:Eu®; MgSnOsMn”;
CaAlL04Ce® Tb®: SrsAlisO.sTb*; Caro(POa)e(F,CH2Sb*, Mn% SrsMgSi,07.Eu™,
Sr,CaSih07Eu?". Zns(PO4)xMnZ*, Ga®; CaO:Eu™; Y,0.S:Mg®, Ti*; Y0,8:Sm®;
StMga(PO4)2Eu?*, Gd*; CdSiOs Dy** ;BaMga(PO)zEU®, Gd*; Zn,SiOzMn* As™;
and MgSiOsEu®*, Mn*".
30
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' 98.3 Brightness of exanple 8 100 99.3 99 98 As can be seen fromthe
data'in Fig. 5 the AC white LED device of the present invention has a
light attenuation less than the AC white LED device in the prior art. WHAT
IS CLAIMED | S: 1. Awhite Light-Emtting D ode (LED) unit, conprising
an LED chip and a light emtting material capable of emtting |ight when
bei ng excited by the LED chip, 5 characterized in that, the LED chi {) only

conpri ses ondNEiWHE &R deYiRg aPWFlméﬂ%m 4. irBaragigrizeddn thtért‘? h@"t@fm‘ g

nghzoﬁﬂa;%r%é]gigﬁéﬁ @JBR'HZ&% %gf%aﬁgeE aﬁ(géﬁ%ﬁ‘z 7hrougﬂdq 1d¢5 2321‘+ t he

l'ight emy®t i BY; R0, Hy>, aD >t | iZgDSicauAt e By sz LR e p(z SButed
with the’light emtted by mzéeaggt emttlng material to formvvhlte | i'ght.
an

10 8rﬂh®2wﬁb?+e2h£90d)a\m diGap:Evcl aim 1, characterized in that,
the LED chip is driven by Alternate Current (AC W|th a frequency not nore
t han 3100 Hz, and preferably 50 to 60 Hz. 153. The white LED device

acoor ding. 0 el S WRLRELBELARMD (I IbNRS  of LI BRAL L SEb Bt e

l'ight emttT rraterl vi ce

accor di pg the LHBRcAIps Altrakiol6NRIHAGH &F r*ah@d 4200, tot 38D hinddit visibiet fighith a
material "'is one or combi nati ons of CaS: Eu2+; CaS: Bi 2+, TnB8+; ZnS: Tb3+; 20
CaSr S2: Earge of 38dmnm3e G80BM.Dy3+; Ga203: Eu3+; (Y, Gd) BO3: Eu3+; Zn2Si O4: M2+,
'YBO3: Tb3+; Y(V, P)04: Eu3+; SrAl 204: Eu2+; Sr Al 204: Eu2+, B3+; SrAl 204: Eu2+,
Dy3+, B3+; Sr4A114025: Eu2+; Sr4Al 1 4025: Eu2+, Dy3+, B3+; BaAl 204: Eu2+;

To abbe) 2(An AR REaE 48 Yhis TR indB o) e stprpetersts

2: Tb3+iin eamdndihglarPAB&IrivitigdircufteaHd QBleabt Sre whnd RZQY urifBtcordm tho any of
Ca2P207: Eu2+, Y3+ Sr2P207: Eu2+, Y3+; Lu203: Tb3+; Sr2A16011: Eu

My2Sn04 clmmm thﬁN 204: Ce3+, Th3+; Sr4A114025: Th3+; Calo(POX4)6(F, Cl) 2: Sb3+,
Mh2; Sr2MySi 207; E Sr2CaSi.207: Eu2+; PO4).2: Mh2 0: Fu3:+:
Y202S: My2+ WhESiP, ﬂ\ﬂz%‘@%ﬁ%"t ey ﬁ&%’ Wé?PZ‘l inggens éféﬂ'i'é%?&aﬁy”éﬁe”es

; BaMg2( P Si G8: Eu2+, Mn2+. 30
5 The Wh %{‘"? eﬁ%ﬁér e?a?’aélie{lé@@dﬁd %%agé%‘é&'f?ﬁeﬁi%%act erized in that the
lightsemtting material is one or conbinations of Ca2P207: Eu2+, Y34,
Sr2P207: Eu2+, Y34; Sr4Al114025: Eu2+, Dy3+, B34; SrAl 204: Eu2+, 3+, B34,
Zn2Si O4: M8, ThesAC MPZDE’DTdB\Hce Yauzslingate, cRimAT 1 atamceszed in further
Zn3(PXY) 2: I\/h2+ Gaﬁ+ and, CaS: Eu2+ 6. The white LED device accordl ng to
cl ai m 2, CoORMEISIiR 219 "it&fl"qencqvﬁaf‘gﬂ%'@rl ight enmitted by the LED chip is
ul travi oI et light in arange of 200 nmto 380 nmor visible light in a
range of 380 nmto 780 nm 107. An Alternate Current (AC) white

Li ght - Em t t9.rMtheDAGdehitd EED déeitecatcording &6 thiir 22 tvhienein dhe liglsti guide@covring
driving circuit and at | east one white LED unit according to any of clains
1 to26, layeriswieped with paictesiof nag-light-emitting material withar dipmetaryessdiBn faiM.ons
of a unidirectional serl es circuit, a reverse parallel circuit and a bridge
rectifier circuit. 8. The AC white LED device according to claim7,
characteriz j j oL I -
5. The AC t'*eﬁh&%ﬁé L5F 2RI g G, g CoRpHEEs STV REIR 209 %
coveri nglgﬁﬂehﬂ}iﬂ? natetign2paniet & mﬁtﬁngchght wiembaingiexbited by tthée rn.@DTathlpr iral
wth a dianeter less than 5 pm . Application of a white |ight
emtti ngnarrrufac;tumngcaﬂ a?&rw\rhlteebEandQ\EGE cnmpr%rmctha lumiauselifietimiengl g dontal

capabl e of. emtt t bei exci ted. t he LED chi

ranaBac T RE S e TREwedid LRt ErighinesS ueh sB0 el ssht ¢ ne
light 2 i I I r
130 28l S5tk F tholh WHerdB dfe! L BANSITHABHEESS: vete!
|'i ght endhig bnig cseipeisealone tligiet driBing PN jomdtionc ang tHesiight endttéd pytheeEDtchitg PN
junction, and the light emtted by the LED chip is mxed with the Iight

em tt ed ibynixerbwith g lightiemitted; byrthesliaht lemitsing anaterisli todomm white light.
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