US 20090261372A1

a9y United States
12y Patent Application Publication o) Pub. No.: US 2009/0261372 Al

UEDA 43) Pub. Date: Oct. 22, 2009
(54) SEMICONDUCTOR LIGHT EMITTING (30) Foreign Application Priority Data
DEVICE AND METHOD FOR FABRICATING
THE SAME Feb. 19,2004  (JP) ., 2004-042329
Feb. 19,2004 (JP) ., 2004-042330
(75) Inventor: Tetsuzo UEDA, Osaka (JP)
Publication Classification
Correspondence Address:
(51) Imt. CL.
GREENBLUM & BERNSTEIN, P.L.C. HO1L 33/00 5006.01
1950 ROLAND CLARKE PLACE (2006.01)
RESTON, VA 20191 (US) (52) U.S.CLl oo, 257/98; 257/E33.061
(73) Assignee: PANASONIC CORPORATION,
Osaka (JP) (57) ABSTRACT

A semiconductor light emitting device 1s composed of a blue

(21)  Appl. No.: 12/490,200 light emitting diode, a red light emitting layer grown epitaxi-
o ally on the blue light emitting diode, and an insulating mate-

(22)  Filed: Jun. 23, 2009 rial containing a YAG fluorescent material. The red light
emitting layer 1s made of, e.g., undoped In, ,Ga, (N having a
forbidden band width of 1.9 ¢V and formed on a p-type

(62) Division of application No. 11/060,425, filed on Feb. semiconductor layer to have a configuration consisting of a
18, 2005, now Pat. No. 7,569.863. plurality of mutually spaced-apart 1slands.

Related U.S. Application Data

17 15 19

14




Patent Application Publication

FIG. 1A

Oct. 22, 2009 Sheet 1 of 34 US 2009/0261372 Al

10

18
12

1

-
---- ; :
- il - el e vl
t——- — F— iniepgl—— 7
|
%
Iy
4y
Bl |
akienlioi—ir— =P Y
L
- .
-li' ‘l
- [ ]
> ]
F ]
il il “— m....
-------------------- ‘-'-'-II.II'I- :--nll----| o -.li--i*lnlul-'l-.
: 8 :
* 4. b
i a
b .
--------------------------------------- -----—i—-= beasaassss “I-‘.----.-.-'
ol ol o o W assgwrsgdy  SEmmmmamg 00O SBSSEESeTd I 6
bbb i hd hd hld hed it i
------------------------------
+
aaaaaaaaaaaaaaaaaaaa -y LTI L L LT
:."iiiit- iiiiiiiiii - =gy
-
i
f |
-
.......... L & - -l
T
--------------------

-------------------
--------------------------------------- | : :
......... L = -i-‘lﬂ-i-'. ‘*-...*.--I l'--.--lI---- ;--------‘

-------------------- r- - rll--lln -

| k

1

1 ]

& ]

1 ]

4 &

— hw L -y | S ——— e " T L L LI LT

-------------------- -y i LLE LA L L & L o o e L el |

" - 4 4 = 4

- . % - ¥ -

™ p- " H H

- L 4 4

. 1 H -

a : L |

--------------------- lesasaan st Luppagmany bapmanssas 'L-.--q-—--:
e —




Patent Application Publication  Oct. 22, 2009 Sheet 2 of 34 US 2009/0261372 Al

FI1G. 2

19A Loh

RELATIVE LIGHT
EMISSION INTENSITY
e

300 450  5b0 650 150

WAVELENGTH (nm)



Patent Application Publication  Oct. 22, 2009 Sheet 3 of 34 US 2009/0261372 Al

FIG. 3A “‘_.4.2!./_?/_4 11
FIG.3B 15
gz.Zé' 1
15

LG, 3C

SNUBSLES 16

ﬁi@éﬂ%ﬁiii%i';; 13
‘ 12

11




Patent Application Publication  Oct. 22, 2009 Sheet 4 of 34 US 2009/0261372 Al

FIG. 4A 15
g 00 12
S S ‘ 12
11
F1G. 4B 17 15

- SNNURSURSUN—16
N7 T

AL

11

F1G. 4C 17 15 19

14 gﬁ&m

/Il

IIII

""""""""




Patent Application Publication  Oct. 22, 2009 Sheet 5 of 34 US 2009/0261372 Al

19
=<
‘ 7




Patent Application Publication  Oct. 22, 2009 Sheet 6 of 34 US 2009/0261372 Al

F1G. BA
15 19

17
i1 ﬂﬂ%?ﬁf 16

el el

ot 18
10T i [

B
|
g

OO0
00000 O
N WHDDDW
Jogooay
1000oa00)




Patent Application Publication  Oct. 22, 2009 Sheet 7 of 34 US 2009/0261372 Al

F 1G. 7TA m“““

/.

promed  femd oanak e
e DD QOO

51

N B~—15

VIIIII/ 77777714

'7‘77’ 2

' 16 15 16
FIG. 7C .

Fl1G. 7B

“ SRS 16

14

I / / ’

11

FIG. 7D A -
T LTI
"III‘ 17

11



Patent Application Publication  Oct. 22, 2009 Sheet 8 of 34 US 2009/0261372 Al

FIG. 8A - 16 1o

A~ =77 7 v

13 . . . N N N N
‘ 4 "
' 11
FIG. 8B 1715

16 SN s S NEF

14 . V) SN e W g W W oy | |
13 ML 18
12

F1G. 8C 7 15 19

- N _16
16 Gl Rk ?

S v ol 7L X '
ol How
N

20




Patent Application Publication  Oct. 22, 2009 Sheet 9 of 34 US 2009/0261372 Al

F1G. 9A

17. 94 1o . 16

14 NN E“EI_FEIT_EW 24
14 g“/ .

ST TS

A

' 11

10—"

:
iy
43
S . — e — -
e ey, el el - —a
e & sl L T S S
g WFRIAGGAYy 4 WESRESSSNEE 2 amnsvdeameny $ wsesswbecey 00 savebasess 0 sesceema
. . 2 - - »wy
. - [ ] . L | 1
: . » . ' :
: : ] " : =
: ’ 3 L ! 3 p-s
o wesssad = hpassamges fr— = l--....-.--_._: | a— :
-------------------------- -y - - o ey .“1‘--.-*-
L
: -
* L
"y L
a v
------------ 1 :
------------------------------------- ‘...-....-“- :
-

17




Patent Application Publication  Oct. 22, 2009 Sheet 10 of 34 US 2009/0261372 Al

F1G. 10

10A 247

o

E— ﬁ/ %f
= o
= 0 154
— ) .
] E—

Z .
(1]
=
— O
<t
1 N
rr] ¢
O e

=
S

350 450 550 650 150

WAVELENGTH (nm)



Patent Application Publication  Oct. 22, 2009 Sheet 11 of 34 US 2009/0261372 Al

t1G. 11A »})}}}})}}}m},}},ﬂ” 5
H4

' : 12

11

FIG. 118 * 15

S YN DY DY
A 24 24 {27

(3 PLTZLZLL 14
10ﬁ %’% 12

11

FIG. 11C "

SEEE ‘
VIII//// 1o

1of mﬂ 12




Patent Application Publication  Oct. 22, 2009 Sheet 12 of 34 US 2009/0261372 Al

Fl1G. 12A

lo 10

N\ \&\
p J”

> VIII/IIII Vs

N NN N N N N N

w7 z Fu

11

F1G. 128

15 16

14 ol /—tl"%/ﬂ

Of WI 12

L

17 24




Patent Application Publication  Oct. 22, 2009 Sheet 13 of 34 US 2009/0261372 Al

F1G. 13A
15 16

17
N qm | —~24
| il 14| ig
m > “_-LL‘ “L 25
YIIT I 09

“‘

o_ﬁ 39

31

F1G. 138 s

.___
il 'II
L) »
- L |
L -
. L) w
) 4
S S ooy sl T o — 1
L3 T T XL = e oL L LR T = F . L Y T N T T L R LT il e gy sasabawang
» . - " - ' . . M 4
- & 4 L ] -
l L | 1 e | [ | -
. | a ] d & - & - » 2 ]
. . i » . i H 4 - & -
" H i * T M a ’ 4 i
» ™ " » -
- X 4 = i - "
---------- -l--------i t---——----.- ‘----.---.. t*--—----—-- L il i

4 wik g bis g L 2 |
1111111111 rl-l--- i wlh oy '-.--------.
. : . »
[
. - ) -
by - " -
L] L}
. " . ]
& : 1 "
& L L]
iiiiiiiiii bLaw -y 5l | -

ol - AT '- ---------

iiiiiiiiii l-i-i--i-i-il L T L L % T L L | LR . T BT Y —
= - ypir "] =k L L L3 L L T
[ ] o 1 4
= = & &
: . o + -
a1 L |

L 4 4 o
o |
L & + -
. - H .
bersmenpen bnssunaens

ol i e e i e e g IETASTTES 020202ZSEYEmINTT

ks LD R L] 1'L-Illllllld--- ------------

------------------ L= -.\- b B L L B R

&

|

-

.

L |

-

----------

--------------------

i e ol il g e v v el i AT mAssIa 00 asssasssdy




Patent Application Publication  Oct. 22, 2009 Sheet 14 of 34 US 2009/0261372 Al

F1G. 14

24A
- 25A
= 3 154
h = \(J
i [T]
1 [
=
(r) b4
:-.:_ .
< 8
= A \/
=2 304
=

/
/\

350 450 550 650 750

WAVELENGTH (nm)



Patent Application Publication  Oct. 22, 2009 Sheet 15 of 34 US 2009/0261372 Al

FIG. 15A

A

3 ULy 3
' 32
11 11

F1G. 158

15 N N NN S
A A A 27
24 mwm}m

TLLILT

11 - 11
FIG. 15C 15
HITIIIT I iR %
32

11




Patent Application Publication  Oct. 22, 2009 Sheet 16 of 34 US 2009/0261372 Al

FIG. 16A  1f ,
- P" )' 52
““%%ég%

Vl’l IIIA 34

éé : |

LASER LIGHT

FIG.16B 17
. ' )‘V" 52
i

. % 'h Hh3
!}l“ Ja 33
39

FIG. 16C R

&Hm? 2o

34 g(!‘{!ﬂé- 223
30— ' ' i’%
== 2 e

31




Patent Application Publication  Oct. 22, 2009 Sheet 17 of 34 US 2009/0261372 Al

F1G. 17A 6 15 164

PINIH I I 2 5

1{——=h NI ‘&M_ 16
LT L

Y SN s SISO EIANG
wrl S L e

NN N N

<,
oy
Foa
L | | |
—
] L |
- a
"] L |
S— P i e el
3 4: o il 'L T T =1 L R & ] ol ) g - W LR L L B L N L 2 L LT L
&
- + -
» & -
% 1 -
& L
- [ ]
# L |
Shmmdpfddkd 0 Amedsesmdd 0 mamscrassnd 0 anseSdmdad 0 tdmwrwwesnd 0 bagegrywed
1-------1--1 FE LT LR L o B wrww W W W e
H -
a ]
= L
» i
- Y
i~ *
‘d-ll-ﬂ.d-‘-.i.-ill ..................................................
| 6 ------------------- o b A & & & L o & |
]
|
a
----------------------------------------
--------------------
--------------------
---------- “-'
+
[ |
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
e L L L T N T P T R 1
iiiiiiiiii
'---‘-“--- :------- -: '---...- ------------------------
mad == ammwevapsd 00 sseevrsesad 0 smssswsssd
iiiiiiiiii el “hi"‘.*‘ - -.* [ EET I F L T 1 "----.—- m =k ‘--q‘q‘-q-
+4
ol
]
"
|
o




Patent Application Publication  Oct. 22, 2009

FIG 13A

16

Sheet 18 of 34 US 2009/0261372 Al

16a

Wﬂllﬂﬂ 34

0 L

F1G. 18B 16

30f '

11
15
R
NS
L e o
32
11
15

f

FlG. 18C

IIIIIIIIJIIIJI

17=f SNQ?§§> ,

BOJ’\ / / N

o

FIG. 18D |~ 52
' , 15
53 &x+:1«i > %%
17 NAR €§<H
Y s rs s > 18t

~32

~—11
|




Patent Application Publication

FIG 19A

17

30ﬁ '

Oct. 22, 2009 Sheet 19 of 34

g

......... \\\\\\\\\\\\\\g

..... R

=N \
VII’IIIII,IIIIA

O . N N

.

US 2009/0261372 Al

04

10
24

20

16
33

32

11

LASER LIGHT

FIG. 19B //_
R S
17 4 \\\\\\\\l
34 rll . 2
30—

FIG. 19C 16 15 16a

%\\\\\\“&\“\

17— R
34 /S S S

T U . O, . .

0L LLL

nm“““““‘w

52
15
24

290
10

33

32
13

31

24

20
16

33

32
13

o1



Patent Application Publication  Oct. 22, 2009 Sheet 20 of 34 US 2009/0261372 Al

FIG. 20
17 150 19
S RN s
U~

10 :;E “““ 7-5 g
- 1

iiiiiiii

-y
"y
Ny
o — e
»* -
- -- -
—-
L |
i - ki
]
P—— S e sl eulin ek B -r.—l-q-:-_-—-u__ - -
I- ******* -... -n-------.r - i el el gy ----------' -'I--'-‘llllli_l' -i-lﬁ‘----. '-.-------‘ ----------
9 » n a F | - [ ] - - F | - [ § - W -
; Pt 2 g 5t i P P s :
4 1 . " . - - . 1 "
[ ] ) | | 1 » a & [ B
¥ [ L ] 4 b ¥ | W
[ | L | ¥ ¥ - L] L -

. - a . ' . . . . : . 3 . : < : . .
+ . [ - - " ] "y [ ] & & & ] M | -
---------- | S —— | N e——- hpms Bnwsnd fanmyynqua Arpawrranwd | S ———— -t
e o mhgin b g Frp T gt o N A O Y L LEE R DT TOR TR T! 1 I FEE. T T PRI
4 M ] » = ™ ] - - . L - L] . L ™
L | » 4 - 4 - 2 - - 4 » 4 T - -
& [ 3 | ! 4 ] 1 ;| [ ]

: . ] r . : - s ; . ’ H ' i . .
" » - H & - - » a - 4 - ¥ " - - -
‘.*-.-..- .... ‘ --------- l----—---‘ iiiiiiii niralh l-ﬁ-—-ﬁ-ﬁ-ﬁﬁ-. -------------------- ‘---'——_-i
g
»
[ ]
[
»
|
L
........ |} [ — o iy e | N - " rFrLTLY I !
-y . ey LD Ll Suewadanmy )
L | 4 o | .
- - & - * 1 4 -
| - | - ] - L | -
1 a : d : 4 H i
. 4 ot " p 4 . 4
- - » . a C 4 )
l.---l-—- [rp——— .nlr-n- o il e e ol el ‘--*—-l- ttttt Lb [ —— - -
** *EEvEq =  muasasasduay 2 Se-sbamuwsEy 0202920 EATERRRSEEg
a1 - 4
& a . 1 ' 4 1 +
» L r
- -t 1 4 i 1
u - . 1 .
H - . ' a : +
- | L 3
| 3 L L | 1
| | ) | i
P T T L. Bwgraanapy Yanpsangans UTE R T T
i‘..-l.'..“...-.i : ......... :-.-I"-l' '---------' :---‘- ----- - --------- | ; :
| ' L & L | L | T
L | u » wh -4 >
| [ ] ¥ x v ¥
- - - - » - : - ': » : -
: : . . ¥ . 4 H 4 : :
L |
L | L 1 [ ]
L | | L L ] ! | ) |
- o - . " . ™ n n
--------- -— ‘-------.- FY Pe R F Y ‘l---n------l- T T TR
......... ;- - milln olls =il ol i mlle o nlk ol gy --—.-l-—l--'--.I ---—-----'
N )
o |
¥
Mg o o o ampyypmee et 20909 hypwuemsmsd 090909090 heswvr s samd - [P T
e gy -l e Bede-al g Ny A kY B FT L I L X R T T e T F
L]
-
L |
L S T I R EXLEEL.) sraadmtdy  Basssseseml  Aewsmsmm-as el
e




Patent Application Publication Oct. 22, 2009 Sheet 21 of 34 US 2009/0261372 Al
Eu N 1% 1023
CONCENTRATION -—----=-=----
(c_m‘3)
e DEPTH FROM
75 -
o SURFACE OF
AiGaN LAYER
F1G. 23
10A
e
£
- 5 3
% E ' 19A 100A
= \' \ﬂ
(3 .
>
=
= O .
<t} =
—
5 4
—
i

350 -

450 550 6550

WAVELENGTH (nm)

150



Patent Application Publication  Oct. 22, 2009 Sheet 22 of 34 US 2009/0261372 Al

FIG. 24B l l | i l lw

-.‘“““““1 13

- _
FIG. 24C 150
ra sl es ST
: 12
11
| 150
FIG. 24D N

| v /IIJ 14
- 12

11




Patent Application Publication  Oct. 22, 2009 Sheet 23 of 34 US 2009/0261372 Al

FIG. 25A 150

“\!

_ %% % Ill/A 12a

Vllm 12

11

FIG.26B 17 150
‘\‘ NN #L\‘ DN
14 ——J U
(LLLLZ M 18

_ 1z

- 11

FIG. 25C 17 150 19

" = ﬁ ..... ..

77 &/ Mb

-‘.“

IIIIIIII




Patent Application Publication  Oct. 22, 2009 Sheet 24 of 34 US 2009/0261372 Al

i 1G. 20A

117 116 119

P2
00|

oooq 0
OOoooO000H—115
Oooo000,— -
117 IDDDD 118
0000
Ooooo0 19
Oooo0o0oOo
00000000




Patent Application Publication  Oct. 22, 2009 Sheet 25 of 34 US 2009/0261372 Al

FIG. 27A
40 ] ' = pn JUNCTION
| (WITH'TUNNEL
l JUNCTION)
' — — — :pn JUNCTION
30 ' (WITHOUT TUNNEL
| JUNCTION)
. ; "
= 1
r
= 20 ,
(1]
O !
[
= /
/
/
10 /
’ _
/
/
0 <z ;
0 2 4 6 3
VOLTAGE (V)
FI1G. 278
| — n JUNCTION
(WITH TUNNEL
| , JUNCTION)
. — — — :pn JUNCTION
= (WITHOUT TUNNEL
>4| JUNCTION)
[
<",
- —
- -
) ‘___..--'
e -~
<, -
et ~
P o
£ -~
3 e
£ ~
= e
E— Ve
e 7
& Ve
R Al
i ]
0 10 20 30 40

CURRENT (mA)



Patent Application Publication  Oct. 22, 2009 Sheet 26 of 34 US 2009/0261372 Al

FI1G. 28

110A

=8 116A
— 119A \(J
e
— {1
T B H/
1
o
— =
=
<
— )
(r] D
oo

—

(]

350 450 550 650 750

WAVELENGTH (nm)



Patent Application Publication  Oct. 22, 2009 Sheet 27 of 34 US 2009/0261372 Al

FI1G. 29A
116 Rz 15
112
111
r1G. 298 116
- A KA 74 A — %%2
VAR il
_ - 112
111
r1G. 29C 116
- . 112a
115 —edgd A e,
110 114 — A — 5,
1113 _
112
111
FIG.29D
N ioes
110 — 118
113
119 / r
111

FIG. 29E 117 116

H ’;Héb 7. 19
e [H O

JEN ]




Patent Application Publication  Oct. 22, 2009 Sheet 28 of 34 US 2009/0261372 Al

FIG. 30A
116

117
1(135 7 2 P P PR 191
130

NN N N NN N NNT

13—V 7 7 7 7 7 7 7 7 7
——.‘_-‘“1 7 118

L VIII

111
F1G. 30B
116
— ———"
O0O0O000I 000
OO OO0O0nR—115
OO0 0000
117 DDDD . 118
‘ OO0 i
noooooool[
10ooooon



Patent Application Publication  Oct. 22, 2009 Sheet 29 of 34 US 2009/0261372 Al

F1G. 31

122A

1Z21A
116

4

RELATIVE LIGHT
EMISSION INTENSITY

130A

/
A

300 450 000 000 . 750

WAVELENGTH (nm)



Patent Application Publication

r1G. 32A

b

(132~

rl1G. 328

134
1307133

132

r1G. 32C

£
£391133

132

F1G. 32D

o[i5
1304 133

(d) L1952

Oct. 22, 2009 Sheet 30 of 34 US 2009/0261372 Al

LI .aumzazmznazr 116
E))>)ﬂ\ﬂﬂﬂ(ﬁu ST 99
77 ‘ﬂvq@a@ﬁ?uzerznq 157
!H!ﬁﬂ%ﬂh’m 7 7 ¢ "'L--
111
| 116
A A A Vi —199
NN
Al A g 121
T .
NN /\.
111
L L o
116
199 7 N 7
NS a; NS
%21 4'4 7

///JL

117 116
A @ @ ed —~199
771 B %ﬁ?ﬁ%% 191
NN NN NN NN
"E‘:; 118

e

111




Patent Application Publication  Oct. 22, 2009 Sheet 31 of 34 US 2009/0261372 Al

- FIG. 33A
116

117
2 B K @12
o0 > 121
B N W WL L W W N W
N NN ‘_"!

777 .
m y

£ L L L L

NNN\E

130{

Y ) ry—
Cd QLI 0D
N Qo N

116

N

117 .

135

Nooooooo|

Nooooooof

Oooogooc
OooO0oooc




Patent Application Publication  Oct. 22, 2009 Sheet 32 of 34 US 2009/0261372 Al

FIG. 34A 7777777 7777,

116
135 W 122
130{%%’% ez z 2 : el
111
F1G. 34B ;( ;\2 % %%g
%%2 “““‘ 121
130 133 T \_
1139 ~ /

111
FIG. 34C W~ K& B B=18
- 135 AL LA 1 197

130{%%’% R R - Z L
111

FIG. 34D \ N
. 151
' 152

117~ B e e i —116
135 - 1*1-:-: -122

130{%%% rzzz707779 o
139 ' /

111




Patent Application Publication  Oct. 22, 2009 Sheet 33 of 34 US 2009/0261372 Al

FIG. 35A —
k 151
....... ]'52
B Esiey
> ,‘m 191

/

- 111

117 :-::::::" NZRZ,

F1G. 35B
151
| 152
i
1304 135 ==
132 '

e - 118

131

FIG. 35C ' 116

117
135~ (L2 S L 121
L L L

151




Patent Application Publication  Oct. 22, 2009 Sheet 34 of 34 US 2009/0261372 Al

F1G. 36

PRIOR ART
307 320 300

IIIIIIIIIIII

304 4zrc>;r:ccarr:ccar
3 O 3 AN L L L L ‘n

300 209

lllll
---------

llllllllllll

rl1G. 37

- PRIOR ART

300A

RELATIVE LIGHT
EMISSION INTENSITY

350 450 550 650 750
WAVELENGTH (nm)



US 2009/0261372 Al

SEMICONDUCTOR LIGHT EMITTING
DEVICE AND METHOD FOR FABRICATING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a divisional of application Ser.
No. 11/060,425, filed Feb. 18, 2005, which 1s incorporated by
reference herein in its entirety.

[0002] The teachings of Japanese Patent Applications JP
2004-42329 and JP 2004-42330, each filed Feb. 19, 2004, are

entirely incorporated herein by reference, inclusive of the
claims, specification, and drawings.

BACKGROUND OF THE INVENTION

[0003] The present invention relates to a semiconductor
light emitting device which 1s applicable to, e.g., a white light
emitting diode and to a method for fabricating the same.
[0004] A gallium nitride-based (GalN-based) group 1II-V
nitride semiconductor (InGaAlN) 1n which GaN has a large
forbidden bandwidth of, ¢.g., 3.4 €V at a room temperature 1s
a material which can implement a light emitting device
capable of a high output 1n the blue or green wavelength band
or even 1n the ultraviolet wavelength band. The GaN-based
semiconductor has already been commercialized as a blue/
green light emitting diode 1n various display panels, large-
scale display devices, and traific signals.

[0005] On the other hand, a white light emitting diode
which provides white light by exciting a YAG fluorescent
material with emission light from a blue light emitting diode
has also been commercialized already for various applica-
tions including the back light of a liquid crystal display panel.
[0006] Ifthe white light emitting diode can be enhanced 1n
brightness and light emitting efliciency, a semiconductor illu-
minating device as a replacement for currently prevailing
fluorescent and incandescent lamps can be provided. Accord-
ingly, white light emitting diodes for illumination are pre-
dicted to create an extremely large market 1n the future.
[0007] For illumination purposes, the improvement of the
manner 1n which color appears when a white light emaitting,
diode 1s used for 1llumination, 1.e., a color rendering property
1s important 1n addition to the enhancement of brightness and
the light emitting efficiency.

[0008] Since each of the white light emitting diodes that
have been commercialized heretofore has used a method
which excites a YAG (Y ttrium Aluminum Garnet) fluorescent
material with emission light at about 470 nm from a blue light

emitting diode and thereby obtains yellow emission light
(see, e.g., S. Nakamura et al., “The Blue Laser Diode”

Springer-Verlag Berlin Heidelberg N.Y.: See p. 216), the
problem has been encountered that the amount of red emis-
sion light 1n an emission spectrum 1s small and the color
rendering property 1s consequently inferior to that of light
from a fluorescent lamp and light from an incandescent lamp.
[0009] At present, there 1s no red fluorescent material that
exhibits a sufficiently high excitation efliciency upon excita-
tion caused by blue emission light. To improve the color
rendering property, therefore, it 1s particularly necessary to
enhance the brightness of a red light emitting fluorescent
material.

[0010] Referring to FIG. 36, a description will be given
herein below to a structure of a conventional white light
emitting diode which provides white light by mixing blue

Oct. 22, 2009

light from a GalN-based blue light emitting diode with yellow
light which 1s outputted through the excitation of a YAG
fluorescent material with the blue light and to the light emis-
s1on characteristics thereof.

[0011] As shown in FIG. 36, the white light emitting diode

1s composed of a blue light emitting diode 300 for outputting
blue light at a wavelength of 470 nm which has been mounted
on a package 310 to have upper and side surfaces thereof
covered with an imsulating material 320 containing a YAG
fluorescent material.

[0012] A method for fabricating the blue light emitting
diode 300 will be described, 1n which an n-type GaN layer
302, an active layer 303 made of InGaN, and a p-type GaN

layer 304 are formed successively on a substrate 301 made of
sapphire by, e.g., MOCVD

(Metal Organic Chemical Vapor Deposition),

[0013] Next, dry etching using, ¢.g., a chlorine gas 1s per-
formed with respect to the n-type GaN layer 304 and the
active layer 303, thereby selectively exposing a part of the

n-type GalN layer 302. Subsequently, an n-side electrode 305
composed of a multilayer film of titantum and gold 1s formed
on the exposed portion of the n-type GaN layer 302. On the
other hand, a p-side transparent electrode 306 composed of a
multilayer film of mickel and gold and having a reduced
thickness of 10 nm or less for the transmission of light emitted
from the active layer 303 1s formed on the p-type GaN layer

304.

[0014] Next, a pad electrode 307 made of gold 1s formed
selectively on the p-side transparent electrode 306, whereby a
majority of the blue light emitted from the active layer 303
passes through the p-side transparent electrode 306.

[0015] Next, the blue light emitting diodes 300 1n the form
of a water 1s divided into square chips each having, e.g.,
350-um sides. Each of the chips 1s mounted at a specified
position on the package 310 and then wire bonding 1s per-
tformed with respect to the n-side electrode and the pad elec-
trode 307. Subsequently, the insulting material 320 contain-
ing the YAG fluorescent material 1s coated or applied

dropwise to cover the blue light emitting diode 300 and then
hardened.

[0016] The light emission characteristics of the white light
emitting diode thus obtained are as shown 1n FIG. 37 so that
white light which 1s a mixture of blue emission light 300A

from the blue light emitting diode 300 and yellow emission
light 320A from the YAG fluorescent material 320 1s emitted.

[0017] However, the conventional white light emitting
diode has the problem of a poor white color rendering prop-
erty, as shown 1n FIG. 37, due to the small amount of the red

emission light component 1n a spectrum obtained from the
blue light emitting diode 300.

SUMMARY OF THE INVENTION

[0018] In view of the conventional problems described
above, 1t 1s therefore an object of the present mvention to
provide a white light emitting diode made of a GaN-based
compound semiconductor having an excellent color render-
ing property.

[0019] To attain the object, the present invention provides a
structure wherein a light emitting diode for emitting short-
wavelength light such as blue light or ultraviolet light has a
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semiconductor layer which 1s excited by light emitted from
the light emitting diode to release long-wavelength light such
as green light or red light.

[0020] The present invention also provides another struc-
ture wherein another n-type semiconductor layer 1s provided
to come 1n contact with a p-type semiconductor layer com-
posing the light emitting diode 1n conjunction with an n-type
semiconductor layer such that a tunnel current 1s allowed to
flow between the other n-type semiconductor layer and the
p-type semiconductor layer. The arrangement obviates the
necessity for a transparent electrode used for the light emait-
ting diode.

[0021] Specifically, a first semiconductor light emitting
device according to the present invention comprises: a light
emitting diode for emitting first emission light; and a semi-
conductor film provided in a portion of the light emitting
diode to absorb the first emission light and emit second emis-
s1on light, wherein the semiconductor film emaits the second
emission light through optical excitation by the first emission
light.

[0022] The first semiconductor light emitting device allows
the light emitting diode to output blue light as the first emais-
sion light and allows the semiconductor film to absorb the
blue first emission light and release the second emission light,
which 1s either red light or green light, so that the white light
emitting diode having an excellent color rendering property 1s
provided.

[0023] Preferably, the first semiconductor light emitting
device further comprises: a transparent electrode provided in
the hight emitting diode, wherein the transparent electrode
transmits the first emission light or the second emission light.
The arrangement enhances the efliciency with which a cur-
rent 1s 1njected in the light emitting diode to cause light
emission from the diode.

[0024] In the first semiconductor light emitting device, the
semiconductor film 1s preferably formed on a part of a light
emitting surface of the semiconductor light emitting device.
In the arrangement, a part of the first emission light is
absorbed by the semiconductor film so that there 1s no con-
version of the remaining part of the first emission light to the
second emission light. This ensures the emission of white
light having an excellent color rendering property.

[0025] Preferably, the first semiconductor light emitting
device turther comprises: a fluorescent material covering the
light emitting diode and the semiconductor film, wherein the
fluorescent material absorbs the first emission light and emats
third emission light. In the case where a YAG fluorescent
materal 1s used for the fluorescent material, the arrangement
allows the emission of high-brightness yellow light through
excitation caused by blue light. By combining the yellow light
from the fluorescent material with the high-brightness red
light from the semiconductor film, therefore, white light hav-
ing an excellent color rendering property 1s obtainable.

[0026] In the first semiconductor light emitting device, the
light emitting diode or the semiconductor film 1s preferably
formed on a substrate made of a single crystal. The arrange-
ment allows the formation the light emitting diode or the
semiconductor film on the substrate made of a single crystal
by epitaxial growth. As a result, the crystal property of the
light emitting diode or the semiconductor film 1s improved
and therefore a high-brightness white light emitting diode can
be provided.

[0027] In the first semiconductor light emitting device, the
substrate preferably transmits the first emission light and the
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second emission light. The arrangement allows the extraction
of the first emission light and the second emission light
through the substrate. Accordingly, in the case where the light
emitting diode and the semiconductor film are formed on the
substrate in this order, e.g., so-called tlip-chip mounting can
be performed which forms an electrode made of a material
having a high reflectivity with respect to each of the first
emission light and the second emission light on the semicon-
ductor film and mounts the formed electrode 1n opposing
relation to the surface of a package. As a result, a white light
emitting diode featuring an excellent heat dissipation prop-
erty and high brightness can be obtained.

[0028] In the case where the transparent electrode 1s pro-
vided, the transparent electrode 1s preterably provided with a
plurality of openings and the semiconductor film 1s preferably
formed 1n each of the openings on a light emitting surface of
the light emitting diode. The arrangement allows the second
emission light from the semiconductor film to be extracted
without passing through the transparent electrode so that a
reduction in brightness due to the absorption of light by the
transparent electrode no more occurs. In addition, the semi-
conductor film 1s 1n contact with the light emitting diode so
that the brightness of the second emission light 1s also

enhanced.

[0029] In this case, the semiconductor film 1s preferably
formed 1n mutually divided relation 1n each of the openings
on a light emitting surface of the light emitting diode.
[0030] In this case, the semiconductor film 1s preferably
formed to cover a part of the transparent electrode 1n the
vicinity of the openings.

[0031] In the first the semiconductor light emitting device,
the semiconductor film has a crystal defect density which 1s
lower 1n the portion thereof located on the transparent elec-
trode than 1n each of the portions thereof located over the
individual openings of the transparent electrode.

[0032] Inthe case where the semiconductor film or the light
emitting diode 1s thus formed to grow selectively 1n a lateral
direction from each of the openings in the transparent elec-
trode, the crystal property of the portion of the semiconductor
film or the light emitting diode located on the transparent
clectrode 1s improved so that light emission 1s performed with
higher brightness.

[0033] In the first semiconductor light emitting device, the
first emission light 1s preferably blue light or ultraviolet light.

[0034] In this case, the semiconductor film 1s preferably
excited by the first emission light to emit the second emission
light which 1s red light. In the arrangement, if the semicon-
ductor film and the light emitting diode are covered with, e.g.,
an insulating material containing a YAG fluorescent material,
a white light emitting diode having an excellent white color
rendering property 1s obtainable.

[0035] In the first semiconductor light emitting device, the
semiconductor film 1s preferably composed of a plurality of
semiconductor films which are stacked in layers and emit
emission light components having different wavelengths
from each of the stacked layers.

[0036] In the first semiconductor light emitting device, the
semiconductor film 1s preferably doped with impurities and
excited by the first emission light to emait the second emission
light 1n a visible range via energy levels resulting from the
impurities. The arrangement allows high-brightness light
emission from the semiconductor film doped with the impu-
rity via the energy level of the impurity which can serve as a
high-brightness luminescent center. As a result, the bright-
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ness of the second emission light can be enhanced and the
color rendering property can further be improved.

[0037] In the first semiconductor light emitting device, the
semiconductor film 1s preferably doped with an impurity to
emit the second emission light 1n a visible range through light
emission from inner-shell transition of the impurities. The
arrangement realizes high-efficiency red light emission and
allows a white light emitting diode having a more excellent
color rendering property to be obtained.

[0038]

[0039] Preferably, the impurities 1n the semiconductor film
are 1ntroduced by 10n implantation. The arrangement allows
the semiconductor film to be doped with the impurity with
high controllability.

[0040] In the first semiconductor light emitting device, the
light emitting diode or the semiconductor layer 1s preferably
composed of a compound semiconductor containing nitro-
gen. The arrangement ensures the emission of high-bright-
ness blue light or ultraviolet light as the first emission light
and the emission of high-brightness red light as the second

emission light so that white light having an excellent color
rendering property 1s obtainable.

[0041] In the first semiconductor light emitting device, the
transparent electrode 1s preferably composed of a conductive
material containing nickel or mndium tin oxide (ITO) each
having a thickness more than O nm and not more than 20 nm.
The arrangement reduces the absorption of light emitted and
absorbed by the transparent electrode. In addition, since
nickel, e.g., can form an excellent ohmic contact with a nitride
semiconductor layer, a white light emitting diode featuring

high brightness and a reduced series resistance can be pro-
vided.

[0042] In the case where an 1insulating material containing
a fluorescent material 1s provided, the fluorescent matenal 1s
preferably yttrium aluminum garnet (YAG). The arrangement
allows high-brightness yellow light to be obtained by using
the blue excitation light from the light emitting diode. By
mixing the blue emission light with the red second emission
light from the semiconductor film, e.g., a high-brightness
light emitting diode having an excellent white color rendering
property can be provided.

[0043] Inthe case where the light-emitting diode 1s formed
on the substrate made of a single crystal, there can be used
sapphire, silicon carbide, galllum nitride, aluminum nitride,
magnesium oxide, lithium gallium oxide, lithium aluminum
oxide, lithium aluminum oxide, or a mixed crystal of lithium
gallium oxide and lithium aluminum oxide as the single crys-
tal. Since the use of such a single crystal allows a nitride
semiconductor layer having an excellent crystal property to
be formed on the substrate, higher-brightness blue or ultra-
violet light can be obtained as the first emission light so that
higher-brightness red second emission light 1s obtainable by
using the first emission light as the excitation light.

[0044] Preferably, the first semiconductor light emitting
device further comprises a metal film provided in the light
emitting diode and having a thickness of at least 10 um,
wherein a current 1s injected in the light emitting diode
through the metal film. The arrangement allows heat gener-
ated from the light emitting diode in operation to dissipate
through the metal film so that a white light emitting diode
having an excellent heat dissipation property and capable of
high-output operation i1s obtainable.

In this case, the impurity 1s preferably Eu, Sm, or Yb.
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[0045] In this case, the metal film 1s preferably made of
gold, copper, or silver.

[0046] In the first semiconductor light emitting device, the
light emitting diode 1s preferably provided with a metal elec-
trode having a reflectivity of 60% or more with respect to the
first emission light or the second emission light. The arrange-
ment remarkably increases the efficiency with which emis-
s1on light 1s extracted.

[0047] In this case, the metal electrode 1s preferably com-
posed of a single-layer film or a multi-layer film each made of
at least one material selected from the group consisting of
gold, platinum, copper, silver, and rhodium.

[0048] A first method for fabricating a semiconductor light
emitting device according to the present invention comprises
the steps of: (a) forming a light emitting diode composed of a
plurality of semiconductor layers on a substrate made of a
single crystal; and (b) selectively forming, on the light emiat-
ting diode, a semiconductor film which absorbs first emission
light and emits second emission light through the optical
excitation by the first emission light.

[0049] Since the first method for fabricating a semiconduc-
tor light emitting device allows the light emitting diode
formed on the substrate made of the single crystal to emit blue
light as the first emission light and allows the semiconductor
f1lm formed selectively on the light emitting diode to absorb
the blue first emission light and release the second emission
light which 1s e1ther red or green, a white light emitting diode
having an excellent color rendering property can be provided.

[0050] Preferably, the first method for fabricating a semi-
conductor light emitting device further comprises the step of:
(c) between the steps (a) and (b) or after the step (b), forming

a transparent electrode which transmits the first emission
light on the light emitting diode.

[0051] Inthis case, the step (¢) preferably includes the step
of providing a plurality of openings in the transparent elec-
trode. The arrangement allows the second emission light
released from the semiconductor film to be extracted without
passing through the transparent electrode so that a brightness
reduction due to the absorption of light by the transparent
clectrode no more occurs. As a result, a high-brightness white
light emitting diode can be obtained.

[0052] In this case, the semiconductor film 1s preferably
formed 1n the step (b) to selectively grow from each of the
regions of an upper surface of the light emitting diode which
are exposed through the plurality of openings of the transpar-
ent electrode.

[0053] Preferably, the first method for fabricating a semi-
conductor light emitting device further comprises the step of:
(d) after the step (b), irradiating the surface of the substrate
opposite to the light emitting diode with light having a wave-
length which 1s not absorbed by the substrate but 1s absorbed
by the semiconductor layers composing the light emitting
diode to separate the substrate from the diode. The arrange-
ment allows a white light emitting diode having an excellent
heat dissipation property and capable of large-output opera-
tion to be provided through the separation of the substrate
when the substrate 1s made of a material having a poor heat
dissipation property such as, e.g., sapphire.

[0054] In this case, the step (d) preferably includes form-
ing, 1n a part of the semiconductor layers irradiated with the
light, a decomposition layer resulting from thermal decom-
position of the irradiated semiconductor layers. Even when
the substrate has a relatively larger area, the arrangement
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allows no-split separation of the substrate from the light emait-
ting diode with high reproducibility.

[0055] A second method for fabricating a semiconductor
light emitting device according to the present invention coms-
prises the steps of: (a) forming a semiconductor film on a
substrate made of a single crystal; and (b) forming a light
emitting diode composed of a plurality of semiconductor
layers on the semiconductor film, wherein the semiconductor
f1lm absorbs first emission light emitted from the light emat-
ting diode and emits second emission light through the optical
excitation by the first emission light.

[0056] Since the second method for fabricating a semicon-
ductor light emitting device allows the semiconductor film
and the light emitting diode to be formed on the substrate
made of the single crystal, allows the light emitting diode to
output, e.g., blue light as first emission light, and allows the
semiconductor film to absorb the blue first emission light and
release the second emission light, which 1s either red or green,
a white light emitting diode having an excellent white color
rendering property can be provided.

[0057] Preferably, the second method for fabricating a
semiconductor light emitting device further comprises the
step of: (c) between the steps (a) and (b), forming a transpar-
ent electrode which transmits the first emission light on the
semiconductor film.

[0058] Inthis case, the step (¢) preferably includes the step
of providing a plurality of openings in the transparent elec-
trode.

[0059] Inthis case, alower one of the plurality of semicon-
ductor layers 1s preferably formed 1n the step (b) to selectively
grow from each of the regions of an upper surface of the
semiconductor film which are exposed through the plurality
of openings of the transparent electrode.

[0060] Preferably, the second method for fabricating a
semiconductor light emitting device further comprises the
step of: (d) after the step (b), 1rradiating the surface of the
substrate opposite to the semiconductor film with light having
a wavelength which 1s not absorbed by the substrate but 1s
absorbed by the semiconductor film to separate the substrate
from the semiconductor film.

[0061] In this case, the step (d) preterably includes form-
ing, 1n a part of the semiconductor layers irradiated with the
light, a decomposition layer resulting from thermal decom-
position of the wrradiated semiconductor layers.

[0062] Pretferably, the first or second method for fabricating
a semiconductor light emitting device further comprises the
step of: (e) after the step (d), forming a metal film on the light
emitting diode or on the semiconductor film.

[0063] A second semiconductor light emitting device
according to the present invention comprises: a light emitting
diode composed of a first n-type semiconductor layer, a
p-type semiconductor layer, and a second n-type semicon-
ductor layer which are formed successively to emit first emis-
sion light; and a semiconductor film provided 1n the light
emitting diode to absorb the first emission light and emut
second emission light through the optical excitation by the
first emission light, wherein when a voltage 1s applied such
that the second n-type semiconductor layer has a positive
potential relative to the first n-type semiconductor layer, a
current flows from the second n-type semiconductor layer to
the first n-type semiconductor layer.

[0064] Since the second semiconductor light emitting
device allows the light emitting diode to output blue light as
the first emission light and allows the semiconductor film to
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absorb the blue first emission light and release the second
emission light, which 1s either red or green, a white light
emitting diode having an excellent white color rendering
property can be provided. In addition, when an operating
current 1s mjected 1n the light emitting diode, a structure 1s
adopted 1n which a so-called tunnel current flows in a p™n™
junction composed of the p-type semiconductor layer and the
second n-type semiconductor layer so that a rectifying prop-
erty 1s obtained by applying a voltage between the second
n-type semiconductor layer and the first n-type semiconduc-
tor layer such that 1t 1s higher to the second n-type semicon-
ductor layer than to the first n-type semiconductor layer.
Since the heavily doped second n-type semiconductor layer
has a low resistance, a current 1s more likely to be dispersed in
the in-plane direction of a pn junction surface. This obviates
the necessity to use the transparent electrode and enhances
the brightness of the emission light.

[0065] In the second semiconductor light emitting device,
an 1mpurity concentration in preferably each of the p-type
semiconductor layer and the second n-type semiconductor
layer is 10'® cm” or more. This more positively allows a
tunnel current to flow in the p™n™ junction between the p-type
semiconductor layer and the second n-type semiconductor
layer.

[0066] Preferably, the second semiconductor light emitting
device further comprises: a fluorescent material covering the
light emitting diode and the semiconductor film which
absorbs the first emission light and emits third emission light
through the optical excitation by the first emission light.

[0067] Inthecase whereaYAG fluorescentmaterial, e.g.,1s
used for a fluorescent material, the arrangement allows high-
brightness yellow light to be emitted as the third emission
light through excitation caused by blue light. As a result, a
white light emitting diode having an excellent color rendering
property can be provided by combining the yellow third emas-
sion light with the high-brightness second emission light
which 1s red.

[0068] In the second semiconductor light emitting device,
the light emitting diode or the semiconductor film 1s prefer-
ably formed on a substrate made of a single crystal. Since the
arrangement allows the light emitting diode and the semicon-
ductor film to be formed on the substrate made of the single
crystal by epitaxial growth, the crystal property of each of the
first n-type semiconductor layer, the p-type semiconductor
layer, the second n-type semiconductor layer, and the semi-
conductor film 1s improved so that a high-brightness white
light emitting diode 1s obtainable. In addition, since the sec-
ond emission light released from the semiconductor film can
be extracted through the substrate, tlip-chip mounting which
forms, €.g., ahigh-reflectivity electrode on the semiconductor
film can be performed so that a white light emitting diode
having an excellent heat dissipation property 1s provided.

[0069] Preferably, the second semiconductor light emitting
device further comprises: a metal film provided on the light
emitting diode to have a thickness of at least 10 um, wherein
an operating current 1s 1njected 1n the light emitting diode
through the metal film. The arrangement allows heat gener-
ated from the light emitting diode in operation to dissipate
through the metal film so that a white light emitting diode
having an excellent heat dissipation property and capable of
high-output operation 1s obtainable.
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[0070] In this case, the metal film 1s preferably made of
gold, copper, or silver.

[0071] In the second semiconductor light emitting device,
the light emitting diode 1s preferably provided with a metal
clectrode having a reflectivity of 60% or more with respect to
the first emission light or the second emission light. In the
arrangement, the first or second emission light 1s reflected
strongly by the metal electrode so that the efliciency with
which emission light 1s extracted 1s remarkably improved.
[0072] In this case, the metal electrode 1s preferably com-
posed of a single-layer film or a multi-layer film each made of
at least one material selected from the group consisting of
gold, platinum, copper, silver, and rhodium.

[0073] In the second semiconductor light emitting device,
the first emission light 1s preferably blue light or ultraviolet
light. The arrangement allows a white light emitting diode
having an excellent white color rendering property to be
obtained by, e.g., covering the light emitting diode and the
semiconductor film with an 1nsulating material containing a
YAG fluorescent materal.

[0074] In the second semiconductor light emitting device,
the second emission light 1s preferably red light. The arrange-
ment provides a white light emitting diode having an excel-
lent white color rendering property by covering the light
emitting diode and the semiconductor film with an insulating
material which contains a YAG fluorescent material and emits
blue light as the first emission light.

[0075] In the second semiconductor light emitting device,
the semiconductor film 1s preferably composed of a plurality
of semiconductor films which are stacked 1n layers and emat
emission light components having different wavelengths
from each of the stacked layers. The arrangement allows a
white light emitting diode having an excellent white color
rendering property to be provided by constituting the plural-
ity of semiconductor films such that they emit light in three
colors which are red, green, and blue through excitation
caused by, e.g., ultraviolet light.

[0076] In the second semiconductor light emitting device,
the semiconductor film 1s preferably doped with impurities
and the semiconductor film 1s preferably excited by the first
emission light to emit the second emission light 1 a visible
range via energy levels resulting from the impurities. The
arrangement provides high-brightness emission light via the
energy level of the impurity which may serve as a high-
brightness luminescent center in the semiconductor film
doped with the impurity. Accordingly, the brightness of the
second emission light can be enhanced and the color render-
ing property can further be improved.

[0077] In the second semiconductor light emitting device,
the semiconductor film 1s preferably doped with impurities to
emit the second emission light 1n a visible range through light
emission from inner-shell transition of the impurities. The
arrangement allows high-efficiency red light emission and
provides a white light emitting diode having a more excellent
color rendering property.

[0078] Inthiscase, the impurity 1s preferably Eu, Sm, orYb.

[0079] Preterably, the impurities of the semiconductor film
in the impurity are introduced by 1on implantation. The
arrangement allows the semiconductor film to be doped with
the impurity with high controllability.

[0080] In the second semiconductor light emitting device,
the light emitting diode or the semiconductor film 1s prefer-
ably made of a compound semiconductor containing nitro-
gen. The arrangement ensures the emission of high-bright-
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ness blue light or ultraviolet light as the first emission light
and the emission of high-brightness red light as the second
emission light so that white light having an excellent color
rendering property 1s obtainable.

[0081] In the case where the light emitting diode and the
semiconductor film are covered with an insulating material
containing a fluorescent material, the fluorescent material 1s
preferably yttrium aluminum garnet (YAG). The arrangement
allows high-brightness yellow light to be obtained by using
the blue excitation light from the light emitting diode. By
mixing the blue emission light with the red second emission
light from the semiconductor film, e.g., a high-brightness
light emitting diode having an excellent white color rendering
property can be provided.

[0082] In the case where the light emitting diode or the
semiconductor film 1s formed on the substrate made of a
single crystal, the single crystal 1s preferably sapphire, silicon
carbide, gallium nitride, aluminum nitride, magnesium oxide,
lithium gallium oxide, lithtum aluminum oxide, or a mixed
crystal of Iithium gallium oxide and lithium aluminum oxide.
Since the use of such a single crystal allows a nitride semi-
conductor layer having an excellent crystal property to be
formed on the substrate, higher-brightness blue or ultraviolet
light can be obtained as the first emission light so that higher-
brightness red second emission light 1s obtainable by using
the first emission light as the excitation light.

[0083] A third method for fabricating a semiconductor light
emitting device according to the present invention comprises
the steps of: (a) successively depositing a first n-type semi-
conductor layer, a p-type semiconductor layer, and a second
n-type semiconductor layer on a substrate made of a single
crystal to form a light emitting diode; and (b) selectively
forming, on the light emitting diode, a semiconductor film
which absorbs first emission light emitted from the light
emitting diode and emit second emission light through the
optical excitation by the first emission light, wherein an impu-
rity concentration in each of the p-type semiconductor layer
and the second n-type semiconductor layer 1s set 1n the step
(a) to allow a current to tlow from the second n-type semi-
conductor layer to the first n-type semiconductor layer when
a voltage 1s applied such that the second n-type semiconduc-
tor layer has a positive potential relative to the first n-type
semiconductor layer.

[0084] Since the third method for fabricating a semicon-
ductor light emitting device allows the light emitting diode to
output blue light as the first emission light and allows the
semiconductor film to absorb the blue first emission light and
release the second emission light, which 1s either red or green,
a white light emitting diode having an excellent white color
rendering property can be provided. In addition, an impurity
concentration 1n each of the p-type semiconductor layer and
the second n-type semiconductor layer 1s set to allow a tunnel
current to flow 1n the p™n™ junction surface therebetween so
that a rectifying property 1s obtained by applying a voltage
between the second n-type semiconductor layer and the first
n-type semiconductor layer such that 1t 1s higher to the second
n-type semiconductor layer than to the first n-type semicon-
ductor layer. Since the heavily doped second n-type semicon-
ductor layer has a low resistance, a current 1s more likely to be
dispersed 1n the in-plane direction of the pn junction surface.
This obviates the necessity to use the transparent electrode
and enhances the brightness of the emission light.

[0085] In the third method for fabricating a semiconductor
light emitting device, the impurity concentration 1n each of
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the p-type semiconductor layer and the second n-type semi-
conductor layer is preferably 10*® cm” or more.

[0086] Preferably, the third method for fabricating a semi-
conductor light emitting device further comprises the step of:
(c) after the step (b), separating the substrate from the light
emitting diode. The arrangement allows a white light emitting
diode having an excellent heat dissipation property and
capable of large-output operation to be provided through the
separation of the substrate when the substrate 1s made of a
material having a poor heat dissipation property such as, e.g.,
sapphire.

[0087] Inthis case, the step (¢) preferably includes the step
of irradiating the surface of the substrate opposite to the light
emitting diode with light having a wavelength which 1s not
absorbed by the substrate but 1s absorbed by the semiconduc-
tor layers composing the light emitting diode to form, in a part
of the semiconductor layers irradiated with the light, a
decomposition layer resulting from decomposition of the
semiconductor layers. Even when the substrate has a rela-
tively larger area, the arrangement allows no-split separation
ol the substrate from the light emitting diode with high repro-
ducibility.

[0088] In this case, the third method for fabricating a semi-
conductor light emitting device preferably further comprises
the steps of: (d) prior to the step (c¢), bonding a holding
substrate made of a material other than that of the substrate to
the light emitting diode or to the semiconductor film; and (¢)
alter the step (c), separating the holding substrate from the
light emitting diode or from the semiconductor film. The
arrangement suppresses the occurrence of a crack 1in the semi-
conductor film 1n the process 1n which stress in the semicon-
ductor 1s reduced by thermal decomposition during the for-
mation the decomposition layer 1n the step (¢). Accordingly,
even when the substrate having a large area 1s used, the
substrate can be separated without causing a crack 1n the light
emitting diode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0089] FIGS. 1A and 1B show a semiconductor light emiat-
ting device according to a first embodiment of the present
invention, of which FIG. 1A 1s a cross-sectional view thereof
and FIG. 1B 1s a plan view thereof;

[0090] FIG. 2 1s a graph showing an emission spectrum
obtained from the semiconductor light emitting device
according to the first embodiment;

[0091] FIGS. 3A through 3C are cross-sectional views
illustrating the individual process steps of a method for fab-
ricating the semiconductor light emitting device according to
the first embodiment;

[0092] FIGS. 4A through 4C are cross-sectional views
illustrating the individual process steps of the method for
fabricating the semiconductor light emitting device accord-
ing to the first embodiment;

[0093] FIG. 3 1s a cross-sectional view showing a semicon-
ductor light emitting device according to a second embodi-
ment of the present invention;

[0094] FIGS. 6A and 6B show a semiconductor light emut-
ting device according to a third embodiment of the present
invention, of which FIG. 6 A 1s a cross-sectional view thereof
and FIG. 6B 1s a plan view thereof;

[0095] FIGS. 7A through 7D are cross-sectional views

illustrating the individual process steps of a method for fab-
ricating the semiconductor light emitting device according to
the third embodiment;
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[0096] FIGS. 8A through 8C are cross-sectional views
illustrating the individual process steps of the method for
tabricating the semiconductor light emitting device accord-
ing to the third embodiment;

[0097] FIGS. 9A and 9B show a semiconductor light emut-
ting device according to a fourth embodiment of the present
invention, of which FIG. 9A 1s a cross-sectional view thereof
and FIG. 9B 1s a plan view thereof;

[0098] FIG. 10 1s a graph showing an emission spectrum
obtained from the semiconductor light emitting device
according to the fourth embodiment;

[0099] FIGS. 11A through 11C are cross-sectional views
illustrating the individual process steps of a method for fab-
ricating the semiconductor light emitting device according to
the fourth embodiment;

[0100] FIGS. 12A and 12B are cross-sectional views 1llus-
trating the individual process steps of the method for fabri-
cating the semiconductor light emitting device according to
the fourth embodiment;

[0101] FIGS. 13A and 13B show a semiconductor light
emitting device according to a fifth embodiment of the
present invention, of which FIG. 13A 1s a cross-sectional
view thereof and FIG. 13B 1s a plan view thereof;

[0102] FIG. 14 1s a graph showing an emission spectrum
obtained from the semiconductor light emitting device
according to the fifth embodiment;

[0103] FIGS. 15A through 15E are cross-sectional views
illustrating the individual process steps of a method for fab-
ricating the semiconductor light emitting device according to
the fifth embodiment;

[0104] FIGS. 16A through 16C are cross-sectional views
illustrating the individual process steps of the method for

tabricating the semiconductor light emitting device accord-
ing to the fifth embodiment;

[0105] FIGS. 17A and 17B show a semiconductor light
emitting device according to a sixth embodiment of the
present invention, of which FIG. 17A 1s a cross-sectional
view thereof and FIG. 17B 1s a plan view thereof;

[0106] FIGS. 18A through 18D are cross-sectional views
illustrating the imdividual process steps of a method for fab-
ricating the semiconductor light emitting device according to
the sixth embodiment;

[0107] FIGS. 19A through 19C are cross-sectional views
illustrating the individual process steps of the method for
tabricating the semiconductor light emitting device accord-
ing to the sixth embodiment;

[0108] FIG. 20 1s a cross-sectional view showing a semi-
conductor light emitting device according to a seventh
embodiment of the present invention;

[0109] FIG. 21 15 a plan view showing the semiconductor
light emitting device according to the seventh embodiment;
[0110] FIG. 22 1s a graph showing the concentration profile
of Eu 1ons used to dope a red light emitting Eu doped layer 1n
the semiconductor light emitting device according to the sev-
enth embodiment;

[0111] FIG. 23 1s a graph showing an emission spectrum
obtained from the semiconductor light emitting device
according to the seventh embodiment;

[0112] FIGS. 24A through 24D are cross-sectional views
illustrating the individual process steps of a method for fab-
ricating the semiconductor light emitting device according to
the seventh embodiment;

[0113] FIGS. 25A through 25C are cross-sectional views
illustrating the individual process steps of the method for
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fabricating the semiconductor light emitting device accord-
ing to the seventh embodiment;

[0114] FIGS. 26A and 26B show a semiconductor light
emitting device according to an eighth embodiment of the
present invention, of which FIG. 26 A 1s a cross-sectional
view thereof and FIG. 26B 1s a plan view thereof;

[0115] FIG. 27A 1s a graph showing voltage-current char-
acteristics 1n the presence and absence of a tunnel junction
and FIG. 27B 1s a graph showing current-light output char-
acteristics 1n the presence and absence of a tunnel junction;
[0116] FIG. 28 1s a graph showing an emission spectrum
obtained from the semiconductor light emitting device
according to the eighth embodiment;

[0117] FIGS. 29A through 29E are cross-sectional views
illustrating the individual process steps of a method for fab-
ricating the semiconductor light emitting device according to
the eighth embodiment;

[0118] FIGS. 30A and 30B show a semiconductor light
emitting device according to a ninth embodiment of the
present invention, of which FIG. 30A 1s a cross-sectional
view thereof and FIG. 30B 1s a plan view thereof;

[0119] FIG. 31 1s a graph showing an emission spectrum
obtained from the semiconductor light emitting device
according to the ninth embodiment;

[0120] FIGS. 32A through 32D are cross-sectional views
illustrating the individual process steps of a method for fab-
ricating the semiconductor light emitting device according to
the ninth embodiment;

[0121] FIGS. 33A and 33B show a semiconductor light
emitting device according to a tenth embodiment of the
present invention, of which FIG. 33A 1s a cross-sectional
view thereof and FIG. 33B 1s a plan view thereof;

[0122] FIGS. 34A through 34D are cross-sectional views
illustrating the individual process steps of a method for fab-
ricating the semiconductor light emitting device according to
the tenth embodiment;

[0123] FIGS. 35A through 35C are cross-sectional views
illustrating the individual process steps of the method for
fabricating the semiconductor light emitting device accord-
ing to the tenth embodiment;

[0124] FIG. 3615 a cross-sectional view showing a conven-
tional white light emitting diode; and

[0125] FIG. 37 1s a graph showing an emission spectrum
obtained from the conventional white light emitting diode.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiment 1

[0126] A first embodiment of the present imnvention will be
described with reference to the drawings.

[0127] FIG.1A shows across-sectional structure of a semi-
conductor light emitting device according to the first embodi-
ment and FIG. 1B shows a plan structure thereof.

[0128] As shown i FIGS. 1A and 1B, a semiconductor
light emitting device according to the first embodiment 1s
composed of: a blue light emitting diode 10 mounted at a
specified position on a package 20 as a mounting member; a
red light emitting layer 15 grown epitaxially on the blue light
emitting diode 10; and an insulating material 19 contaiming an
yttrium aluminum garnet ( YAG) fluorescent material. In FIG.
1B, the depiction of the msulating material 19 1s omuitted.

[0129] The blue light emitting diode 10 1s composed of: an
n-type semiconductor layer 12 made of n-type GaN; an active
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layer 13 having a multiple quantum well structure made of
InGaN; and a p-type semiconductor layer 14 made of p-type
Al, ,5Ga, <N which are epitaxially grown successively on a
substrate 11 made of, e.g., sapphire. The active layer 13 1s
composed of three well layers each made of In, ;-Ga, N
having a thickness of 2 nm and three barrier layers each made
of In, ,Ga, 55N having a thickness of 10 nm which are alter-
nately stacked, thereby emitting blue light at 470 nm.

[0130] The red light emitting layer 15 1s made of, e.g.,
undoped In, ,Ga, ([N with a forbidden band width of 1.9 ¢V
and formed on the p-type semiconductor layer 14 to have a
matrix configuration of discrete and spaced-apart squares
with 2-um to 20-um sides when viewed in a plan view. Each
square of the red light emitting layer 15 1s excited by light
outputted from the blue light emitting diode 10 to emait red
light at 650 nm. Red light can be obtained from the red light
emitting layer 15 by doping the red light emitting layer 15
with, e.g., zinc (Zn) and thereby reducing the composition of
In, magnesium (Mg), or silicon (S1). By thus reducing the
composition of In, a lattice mismatch with an underlie layer
made of GaN normally used can be suppressed and crystal
defects 1n the red light emitting layer 135 can be reduced so that
high-brightness light emission i1s enabled. At this time, the
emission light released from the red light emitting layer 15 1s
mixed with excitation light 1n a visible range which 1s gener-
ated via an energy level resulting from the impurity used for
doping.

[0131] A transparent electrode 16 made of ITO (Indium Tin
Oxide) has been formed over the entire surface of the p-type
semiconductor layer 14 including the red light emitting layer
15. In addition, a p-side electrode 17 made of gold (Au) has
been formed selectively on a region of the p-type semicon-
ductor layer 14 via the transparent electrode 16.

[0132] The n-type semiconductor layer 12 has a portion
thereol exposed and an n-side electrode 18 composed of a
multilayer film of titanium (11) and gold (Au) has been
formed on the exposed region.

[0133] It 1s to be noted that required metal fine lines are
connected by wire bonding to the p-side and n-side electrodes
17 and 18, thought they are not depicted.

[0134] Theinsulating material 19 containing the YAG fluo-
rescent material has been formed 1n such a manner that it 1s
coated or applied dropwise onto the package 20 to cover the
blue light emitting diode 10, the transparent electrode 16, the
p-side electrode 17, and the n-side electrode 18. The msulat-
ing material 19 1s excited by the blue light outputted from the
blue light emitting diode 10 and emits yellow light.

[0135] Film forming conditions for the transparent elec-
trode 16 have been optimized such that the transparent elec-
trode 16 does not absorb the blue light from the blue light
emitting diode 10 and a contact resistance with the p-type
semiconductor layer 14 becomes, e.g., 1x10™> Qcm” or less.

[0136] A current i1s injected into the blue light emitting
diode 10 via the p-side electrode 17, the transparent electrode
16, and the p-type semiconductor layer 14. The blue light
emitting diode 10 1s capable of operating at a relatively low
voltage of, e.g., about 3 V. Accordingly, white light having the
spectrum shown 1 FIG. 2 can be obtaimned by injecting a
current of, e.g., 20 mA 1nto the blue light emitting diode 10
and thereby causing the emission of blue light at a wavelength
of 470 nm. In FIG. 2, the emission spectrum 1s composed of

the transmitted component 10A of the blue light at a wave-
length 01470 nm, yellow light 19A with a peak wavelength of
550 nm from the YAG fluorescent material, and red light 15A
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at a wavelength of 650 nm from the red light emitting layer 15.
The blue light 10A, the yellow light 19A, and the red light
15A are mixed to provide white light.

[0137] Thus, the first embodiment allows one-chip integra-
tion of a light emitting diode 1n which the red light emitting
layer 15 which recerves blue light outputted from the blue
light emitting diode 10 and emaits red light through excitation
caused thereby 1s provided between the insulating material 19
containing the YAG fluorescent material which emits yellow
light and the blue light emitting diode 10 which emits blue
light. Accordingly, the intensity of emission light 1n the red
range 1s higher than 1n an emission spectrum obtained from
the conventional white light emitting diode shown in FIG. 23
which provides white light by exciting the YAG fluorescent
material with blue light from the blue light emitting diode.
This allows a white light emitting diode which outputs white
light having an excellent color rendering property to be pro-
vided.

[0138] The bluelight emitting diode 10 may also be formed
with an underlie layer made of GaN and a thin-film buifer
layer made of GaN or AIN being interposed between the
substrate 11 made of sapphire and the n-type semiconductor
layer 12.

[0139] The active layer 13 may also be constituted to have
the composition of In which 1s nonuniform in the n-plane
direction (direction parallel to a substrate surface) of the
active layer 13.

[0140] Instead of varying a lattice constant 1n each of the
n-type semiconductor layer 12, the active layer 13, the p-type
semiconductor layer 14, and the read semiconductor layer 15
which have been formed on the substrate 11, the composition
of a group III element 1n a quaternary or higher-order mixed
crystal may also be varied in forming the blue light emitting
diode 10 and the red light emitting layer 15. This provides a
structure from which high-brightness light emission can be
obtained without incurring a crystal defect due to a lattice
mismatch and the resulting nonradiative recombination.
[0141] In the first embodiment, the YAG fluorescent mate-
rial and the red light emitting layer 15 are excited by the
output light recerved thereby from the blue light emitting
diode 10 and emit yellow light and red light, respectively,
thereby providing white light. However, an ultraviolet light
emitting diode which output ultraviolet light at a wavelength
of, e.g., 340 nm may also be formed in place of the blue light
emitting diode 10. In this case, a blue light emitting fluores-
cent material and a green light emitting fluorescent material
are added to the insulating material 19.

[0142] It 1s also possible to separate the substrate 11 made
of sapphire from the blue light emitting diode 10 and provide
a metal film 1n place of the separated substrate. The arrange-
ment allows the use of the provided metal film as an n-side
clectrode and obwviates the necessity to form the n-side elec-
trode 18 by exposing the n-type semiconductor layer 12.

[0143] Instead of ITO, a translucent multilayer film made
of nickel (N1) and gold (Au) which are stacked 1n layers may
also be used to form the transparent electrode 16.

[0144] Referring to the drawings, a description will be
given herein below to a method for fabricating the semicon-

ductor light emitting device thus constructed.

[0145] FIGS. 3A through 3C and FIGS. 4A through 4C

show the cross-sectional structures of the semiconductor light
emitting device according to the first embodiment in the
individual process steps of the fabrication method therefor.
The drawings show, of a wafer on which a plurality of semi-
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conductor light elements can be formed simultaneously, only
one element formation region.

[0146] First, as shown in FIG. 3A, the n-type semiconduc-
tor layer 12 made of n-type GaN, the active layer 13 having a
multiple quantum well structure made of InGaNN, the p-type
semiconductor layer 14 made of p-type Al,_,-Ga, osN, and
the red light emitting layer 15 made of undoped In, ,Ga, ;N
are grown successively by MOCVD (Metal Organic Chemi-
cal Vapor Deposition) on the substrate 11 made of sapphire
having a principal surface of which the plane orientation 1s,
e.g., the (0001) plane. As described above, the active layer 13
1s composed of the three quantum well layers each made of
In, ;:Ga, «sN having a thickness of 2 nm and the three barrier
layers each made of In, ,,Ga, o¢IN having a thickness ot 10
nm, which are alternately stacked. However, the structure of
the active layer 13 1s not limited thereto provided that the
emission wavelength 1s about 470 nM. It 1s possible to form
an underlie layer made of GaN and a thin-film buffer layer
made of GaN or AIN between the substrate 11 and the n-type
semiconductor layer 12. It 1s also possible to form the active
layer 13 such that the composition of In 1s nonuniform in the
in-plane direction (direction parallel to the substrate surface)
of the active layer 13. It is also possible to obtain red emission
light by using InGaN doped with, e.g., zinc, magnesium, or
silicon, instead of using undoped In, ,Ga, (N, and thereby
forming the red light emitting layer 15 such that the compo-
sition of In 1s lower than 0.4.

[0147] Next, as shown 1n FIG. 3B, a metal thin film (not

shown) made of nickel and having a pattern consisting of a
plurality of discrete and spaced-apart squares each having,
¢.g., 2-um to 20-um sides 1s formed on the red light emitting
layer 15. Subsequently, the red light emitting layer 15 and an
upper portion of the p-type semiconductor layer 14 are selec-
tively removed by ICP (Inductive Coupled Plasma) etching
using, e.g., a chlorine (Cl,) gas by using the formed metal thin
film as a mask. At this stage, the portion of the red light
emitting layer 15 overlying the p-side electrode formation
region 1s also removed.

[0148] Next, asshownin FIG. 3C, the metal thin film for the
mask 1s removed and then the transparent electrode 16 which
1s made of ITO with a thickness of about 300 nm and transmuits
visible light 1s formed by, e.g., radio-frequency (RF) sputter-
ing over the selectively exposed portions of the p-type semi-
conductor layer 14 and the red light emitting layer 15 that has
been divided into the plurality of 1slands each configured as a
square when viewed 1n a plan view. Subsequently, the portion
of the transparent electrode 16 overlying the n-side electrode
formation region 1s removed by wet etching using, e.g., an
aqueous hydrogen chloride (HCI) solution. Thereatfter, a ther-
mal process 1s performed 1n an oxygen atmosphere at a tem-
perature of, e.g., about 600° C., thereby reducing the contact
resistance and the resistivity of the transparent electrode 16
and improving the transmittance thereof.

[0149] Next, as shown 1n FIG. 4A, the respective portions
of the p-type semiconductor layer 14 and the active layer 13
cach overlying the n-side electrode formation region 12a are
selectively removed by ICP etching, whereby the n-side elec-
trode formation region 12q of the n-type semiconductor layer
12 15 exposed.

[0150] Next, asshowninFIG. 4B, the n-side electrode 18 as
an ohmic electrode composed of a multilayer film of titanium
(T1) and gold (Au) 1s formed by, e.g., sputtering on the n-side
clectrode formation region 12a of the n-type semiconductor
layer 12. Thereatter, sintering may also be performed appro-
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priately 1n a nitrogen atmosphere at a temperature of, e.g.,
about 550° C. to reduce the contact resistance of the n-side
clectrode 18. Subsequently, the p-side electrode 17 made of
gold (Au) and serving as a p-side electrode pad 1s formed
selectively by, e.g., sputtering on the p-side electrode forma-
tionregion of the transparent electrode 16. The order 1n which
the n-side electrode 18 and the p-side electrode 17 are formed
may also be reversed.

[0151] Next, as shown in FIG. 4C, after the formation of the
p-side electrode 17, the resulting structure 1s divided into light
emitting diode chips each having a 350-um square size by,
¢.g., dicing. Subsequently, each of the chips resulting from
the division 1s mounted on the specified region of the package
20 by using, e.g., a silver (Ag) paste. Thereafter, wire bonding
1s performed with respect to the p-side electrode 17 and the
n-side electrode 18 and the msulating material 19 containing,
a YAG fluorescent material 1s further applied to cover the
chip.

[0152] Thus, the fabrication method according to the first
embodiment allows one-chip integration of a white light
emitting diode in which the red light emitting layer 135 and the
YAG fluorescent material are excited by the blue light from
the blue light emitting diode 10. This enables the intensity of
emission light 1n the red range to be higher than in the con-
ventional white light emitting diode. As a result, it becomes
possible to provide a white light emitting diode which outputs
white light having an excellent color rendering property.

Embodiment 2

[0153] A second embodiment of the present invention will
be described with reference to the drawings.

[0154] FIG. 5 shows a cross-sectional structure of a semi-
conductor light emitting device according to the second
embodiment. The description of the components shown 1n
FIG. 5 which are the same as those shown 1n FIG. 1A will be
omitted by retaining the same reference numerals.

[0155] Asshownin FIG. 5, the blue light emitting diode 10
in which the red light emitting layer 13 1s formed selectively
on the p-type semiconductor layer 14 1s mounted by so-called
tlip-chip mounting such that the red light emitting layer 15 1s
opposed to the mounting surface of the package 20.

[0156] The p-type semiconductor layer 14 and the red light
emitting layer 15 are connected electrically to the p-side
clectrode pad (not shown) of the package 20 by the p-side
clectrode 17 made of a multilayer film of platinum (Pt) and
gold (Au) and a first bump 22 made of silver. On the other
hand, the n-side electrode 18 1s connected electrically to the
n-side electrode pad (not shown) of the package 20 by a
second bump 23 made of silver (Ag). The blue light emitting
diode 10 containing the red light emitting layer 15 1s covered
with the insulating material 19 containing a YAG fluorescent
material.

[0157] Thus, in the semiconductor light emitting device
according to the second embodiment, the blue light from the
active layer 13 and the red light emitted from the red light
emitting layer 15 through excitation caused by the blue light
1s released upward through the substrate 11 made of sapphire.
In addition, the blue light outputted from the active layer 13
excites a YAG fluorescent material and the excited YAG fluo-
rescent material emits yellow light, as stated previously.
[0158] Consequently, even in the structure in which output
light 1s extracted from the substrate 11 due to tlip-chip mount-
ing, the red light emitting layer 15 provided in the blue light
emitting diode 10 allows the enhancement of an amount of
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emission light in the red range. As a result, 1t becomes pos-
sible to provide a white light emitting diode which outputs
white light having an excellent color rendering property.

[0159] In addition, the structure in which output light is
extracted from the substrate 11 according to the second
embodiment obviates the necessity to provide the transparent

clectrode 16 on the surface of the p-side semiconductor layer
14.

Embodiment 3

[0160] A third embodiment of the present invention will be
described with reference to the drawings.

[0161] FIG. 6A shows across-sectional structure of a semi-
conductor light emitting device according to the third
embodiment and FIG. 6B shows a plan structure thereof. The
description of the components shown 1 FIGS. 6 A and 6B
which are the same as those shown i FIGS. 1A and 1B will
be omitted by retaining the same reference numerals.

[0162] As shown 1n FIGS. 6A and 6B, the semiconductor
light emitting device according to the third embodiment 1s
composed of: the blue light emitting diode 10 mounted at a
specified position on the package 20 as a mounting member;
the red light emitting layer 15 grown epitaxially on the blue
light emitting diode 10; and the insulating material 19 con-
taining an yttrium aluminum garnet ( YAG) fluorescent mate-
rial.

[0163] The third embodiment 1s different from the first
embodiment 1n that the transparent electrode 16 made of I'TO
covers only the upper surface of the p-type semiconductor
layer 14 without covering the red light emitting layer 15.
Accordingly, an emission spectrum obtained from the semi-
conductor light emitting device according to the third
embodiment shows a spectrum pattern equal to the pattern
shown 1n FIG. 2.

[0164] Thus, one-chip integration of the light emitting
device 1s realized in which the red light emitting layer 15 and
the YAG fluorescent material are excited by the blue light
from the blue light emitting diode 10. This allows the
enhancement of an amount of emission light 1n the red range
to a value larger than 1n the conventional white light emitting
diode which provides white light by exciting the YAG fluo-
rescent material with the light emaitted from the blue light
emitting diode. As a result, 1t becomes possible to provide a
white light emitting diode having an excellent white color
rendering property. In addition, since the red light emitting
layer 15 1s not covered with the transparent electrode 16, the
red light 1s no more absorbed by the transparent electrode 16
so that red emission light with a higher intensity 1s obtainable.
This allows a white light emitting diode having a more excel-
lent color rendering property to be provided.

[0165] Preferably, the size of the red light emitting layer 15
having a pattern consisting of discrete 1slands each config-
ured as a square when viewed 1n a plan view 1s determined to
allow a current injected from the transparent electrode 16 into
the p-type semiconductor layer 14 to be suificiently diffused
in the active layer 13.

[0166] In the third embodiment also, an ultraviolet light
emitting diode which outputs ultraviolet light at a wavelength
of, e.g., 340 nm may also be formed in place of the blue light
emitting diode 10. In this case, a blue light emitting fluores-
cent material and a green light emitting fluorescent material
are added to the insulating material 19.

[0167] Iti1s also possible to separate the substrate 11 made
of sapphire from the blue light emitting diode 10 and provide
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a metal {ilm 1n place of the separated substrate. The arrange-
ment allows the provided metal {ilm to be used as an n-side
clectrode and obwviates the necessity to form the n-side elec-
trode 18 by exposing the n-type semiconductor layer 12.
[0168] Instead of ITO, a translucent multilayer film com-
posed of nickel (N1) and gold (Au) which are stacked 1n layers
may also be used to form the transparent electrode 16. Alter-
natively, the transparent electrode 16 may also be composed
of a multilayer film of N1 and I'TO.

[0169] Referring to the drawings, a description will be
given herein below to a method for fabricating the semicon-
ductor light emitting device thus constructed.

[0170] FIGS. 7A through 7D and FIGS. 5A through 5C
show the cross-sectional structures of the semiconductor light
emitting device according to the third embodiment in the
individual process steps of the fabrication method therefor.

[0171] First, as shown in FIG. 7A, the n-type semiconduc-
tor layer 12 made of n-type GaN, the active layer 13 having a
multiple quantum well structure made of InGaN, the p-type
semiconductor layer 14 made of p-type Al, ,-Ga, o<sN, and
the red light emitting layer 15 made of undoped In, ,Ga, (N
are grown successively by MOCVD on the substrate 11 made
ol sapphire having a principal surface of which the plane
orientation 1s, e.g., the (0001) plane. The active layer 13 1s
composed of three quantum well layers each made of In,
35Ga, .\ having a thickness of 2 nm and three barrier layers
cach made of In, ,,Ga, 54N having a thickness of 10 nm,
which are alternately stacked. However, the structure of the
active layer 13 1s not limited thereto provided that the emis-
sion wavelength 1s about 470 nm. It 1s possible to form an
underlie layer made of GaN and a thin-film buffer layer made
of GaN or AIN between the substrate 11 and the n-type
semiconductor layer 12. It 1s also possible to form the active
layer 13 such that the composition of In 1s nonuniform 1n the
in-plane direction (direction parallel to the substrate surface)
of the active layer 13. It 1s also possible to obtain red emission
light by using InGalN doped with, e.g., zinc, magnesium, or
silicon, 1nstead of using undoped In, ,Ga, (N, and thereby
forming the red light emitting layer 15 such that the compo-
sition of In 1s lower than 0.4.

[0172] Next, as shown in FIG. 7B, a resist film 51 having a
pattern consisting of a plurality of discrete and spaced-apart
squares each having, e.g., 2-um to 20-um sides 1s formed on
the red light emitting layer 15. Subsequently, the red light
emitting layer 15 and an upper portion of the p-type semicon-
ductor layer 14 are selectively removed by ICP dry etching
using, €.g., a chlorine (Cl,) gas by using the formed resist film
51 as amask. At this stage, the portion of the red light emitting
layer 15 overlying the p-side electrode formation region 1s
also removed.

[0173] Next, as shown in FIG. 7C, the transparent electrode
16 which 1s made of I'TO with a thickness of about 300 nm and
transmits visible light 1s formed by, e.g., electron beam vapor
deposition on each of the selectively exposed portions of the
p-type semiconductor layer 14 including the red light emait-
ting layer 15 that has been divided into the plurality of 1slands
cach configured as a square when viewed 1n a plan view and
the resist film 31 covering the individual 1slands of the red
light emitting layer 15.

[0174] Next, as shown 1n FIG. 7D, the transparent electrode
16 formed selectively only on the p-type semiconductor layer
14 1s obtained by a so-called lift-off process which removes
the resist film 51. Subsequently, the portion of the transparent
clectrode 16 overlying the n-side electrode formation region
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1s removed by wet etching using, e.g., an aqueous hydrogen
chloride (HCI) solution. Thereafter, a thermal process 1s per-
formed 1n an oxygen atmosphere at a temperature of, e.g.,
about 600° C., thereby reducing the contactresistance and the
resistivity of the transparent electrode 16 and improving the
transmittance thereof.

[0175] Next, as shown in FIG. 8A, the respective portions
ol the p-type semiconductor layer 14 and the active layer 13
overlying the n-side electrode formation region 124 1s selec-
tively removed by ICP etching, whereby the n-side electrode
formation region 12a of the n-type semiconductor layer 12 1s
exposed.

[0176] Next, asshowninFIG. 5B, then-side electrode 18 as
an ohmic electrode composed of a multilayer film of titanium
(T1) and gold (Au) 1s formed by, e.g., sputtering on the n-side
clectrode formation region 12a of the n-type semiconductor
layer 12. Thereaiter, sintering may also be performed appro-
priately to reduce the contact resistance of the n-side elec-
trode 18 1n a nitrogen atmosphere at a temperature of, e.g.,
about 550° C. Subsequently, the p-side electrode 17 made of
gold (Au) and serving as a p-side electrode pad 1s formed
selectively by, e.g., sputtering on the p-side electrode forma-
tion region of the transparent electrode 16. The order 1n which
the n-side electrode 18 and the p-side electrode 17 are formed
may also be reversed.

[0177] Next, asshown in FIG. 8C, the p-side electrode 17 1s
formed and then divided into light emitting diode chips each
having a 350-um square size by, e.g., dicing. Subsequently,
cach of the chips resulting from the division 1s mounted on the
specified region of the package 20 by using, e.g., a silver (Ag)
paste. Therealter, wire bonding 1s performed with respect to
the p-side electrode 17 and the n-side electrode 18 and the
insulating material 19 containing a YAG fluorescent material
1s Turther applied to cover the chip.

[0178] Thus, the fabrication method according to the third
embodiment allows one-chip integration of a white light
emitting diode in which the red light emitting layer 15 and the
YAG fluorescent material are excited by the blue light out-
putted from the blue light emitting diode 10. This enables the
intensity of emission light in the red range to be higher than 1n
the conventional white light emitting diode. As a result, 1t
becomes possible to provide a white light emitting diode
which outputs white light having an excellent color rendering
property.

[0179] In addition, since the red light emitting layer 13 1s
not covered with the transparent electrode 16, there 1s no more
absorption of the red light by the transparent electrode 16 so
that red emission light with a higher intensity 1s obtainable.
This provides white light having a more excellent color ren-

dering property.

Embodiment 4

[0180] A fourth embodiment of the present invention will
be described with reference to the drawings.

[0181] FIG.9A shows across-sectional structure of a semi-
conductor light emitting device according to the fourth
embodiment and FIG. 9B shows a plan structure thereof. The
description of the components shown 1n FIGS. 9A and 9B
which are the same as those shown 1n FIGS. 1A and 1B will
be omitted by retaining the same reference numerals.

[0182] As shown 1n FIGS. 9A and 9B, the semiconductor

light emitting device according to the fourth embodiment 1s
composed of: the blue light emitting diode 10; a green light
emitting layer 24 grown epitaxially on the blue light emitting
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diode 10; and the red light emitting layer 15 grown epitaxially
on the green light emitting layer 24.

[0183] The fourth embodiment 1s different from the first
embodiment 1n that 1t provides the green light emitting layer
24 which 1s made of In, ,Ga, N and excited by blue light at
a wavelength of 470 nm emitted from the blue light emitting
diode 10 to emit green light at a wavelength of 555 nm and
thereby obviates the necessity for the insulating material 19
covering the blue light emitting diode 10 and containing a
YAG fluorescent material which emaits yellow light.

[0184] Green light and red light can be obtained from the
green light emitting layer 24 and the red light emitting layer
15 by doping each of the red light emitting layer 15 and the
green light emitting layer 24 with, e.g., zinc (Zn), magnesium
(Mg), or silicon (S1) and thereby reducing the composition of
In 1 each of the light emitting layers. By thus reducing the
composition of In, a lattice mismatch with an underlie layer
made of GaN normally used can be suppressed and crystal
defects 1n the green light emitting layer 24 and the red light
emitting layer 15 can be reduced so that high-brightness light
emission 1s enabled.

[0185] Whate light having the spectrum shown in FIG. 10

can be obtained by 1njecting a current of, e.g., 20 mA nto the
blue light emitting diode 10 and thereby causing the emission
of blue light at a wavelength of 470 nm. In FIG. 10, the
emission spectrum 1s composed of the transmitted component
10A of the blue light at a wavelength of 470 nm, green
emission light 24 A with a peak wavelength of 555 nm from
the green light emitting layer 24, and the red light 15A at a
wavelength of 650 nm from the red light emitting layer 15.
The blue light 10A, the green light 24 A, and the red light 15A

are mixed to provide white light.

[0186] Thus, the fourth embodiment allows one-chip inte-
gration of a light emitting diode 1n which the green light
emitting layer 24 and the red light emitting layer 15 which
receive blue light outputted from the blue light emitting diode
10 and generate green light and red light through excitation
caused by the received blue light are provided on the blue
light emitting diode 10. Accordingly, the intensity of emis-
sion light 1n the red range 1s higher than 1n an emission
spectrum obtained from the conventional white light emitting
diode which provides white light by exciting the YAG fluo-
rescent material with blue light from the blue light emitting,
diode. This allows a white light emitting diode which outputs
white light having an excellent color rendering property to be
provided.

[0187] Although white light has been obtained 1n the fourth
embodiment through the reception of the output light from
the blue light emitting diode 10, the excitation of the green
light emitting layer 24 and the red light emitting layer 15, and
the emission of green light and red light therefrom, an ultra-
violet light emitting diode which outputs ultraviolet light at a
wavelength of, e.g., 340 nm may also be formed 1n place of
the blue light emitting diode 10. In this case, the ultraviolet
light emitting diode 1s covered with an insulating material
containing a blue light emitting fluorescent material.

[0188] It1s also possible to separate the substrate 11 made
ol sapphire from the blue light emitting diode 10 and provide
a metal film 1n place of the separated substrate. The arrange-
ment allows the provided metal film to be used as an n-side
clectrode and obwviates the necessity to form the n-side elec-
trode 18 by exposing the n-type semiconductor layer 12.

[0189] Instead of ITO, a translucent multilayer film com-
posed of nickel (N1) and gold (Au) which are stacked 1n layers
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may also be used to form the transparent electrode 16. Alter-
natively, the transparent electrode 16 may also be composed

of a multilayer film of N1 and ITO.

[0190] Referring to the drawings, a description will be
given herein below to a method for fabricating the semicon-
ductor light emitting device thus constructed.

[0191] FIGS. 11A through 11C and FIGS. 12A and 12B

show the cross-sectional structures of the semiconductor light
emitting device according to the fourth embodiment 1n the
individual process steps of the fabrication method therefor.

[0192] First,as shownin FIG. 11A, the n-type semiconduc-
tor layer 12 made of n-type GaN, the active layer 13 having a
multiple quantum well structure made of InGaNN, the p-type
semiconductor layer 14 made of p-type Al, 4:Ga, 5N, the
green light emitting layer 24 made of undoped In, ,,Ga, sN,
and the red light emitting layer 15 made of undoped In, ,Ga,
sIN are grown successively by MOCVD on the substrate 11
made of sapphire having a principal surface of which the
plane orientation 1s, e.g., the (0001) plane. The active layer 13
1s composed of three quantum well layers each made of
In, ;-Ga, <N having a thickness of 2 nm and three barrier
layers each made of In, ,,Ga, oxN having a thickness of 10
nm, which are alternately stacked. However, the structure of
the active layer 13 1s not limited thereto provided that the
emission wavelength 1s about 470 nm. The forbidden band
width of the green light emitting layer 24 1s 2.3 €V and emits
green light at 555 nm. The forbidden band width of the red
light emitting layer 1515 1.9 €V and emits red light at 650 nm.
It 1s possible to form an underlie layer made of GaN and a
thin-1ilm builer layer made of GaN or AIN between the sub-
strate 11 and the n-type semiconductor layer 12. It 1s also
possible to obtain green emission light and red emission light
by using InGaN doped with, e.g., zinc, magnesium, or silicon,
instead of using undoped In, ,Ga, 4N and In, ,Ga, (N, and
thereby forming the green light emitting layer 24 and the red
light emitting layer 135 such that the composition of In 1s lower
than 0.2 and 0.4, respectively.

[0193] Next, as shown 1n FIG. 11B, a metal thin film (not
shown) made of nickel and having a pattern consisting of a
plurality of discrete and spaced-apart squares each having,
¢.g., 2-um to 20-um sides 1s formed on the red light emitting
layer 15. Subsequently, the red light emitting layer 15, the
green light emitting layer 24, and an upper portion of the
p-type semiconductor layer 14 are selectively removed by
ICP etching using, e¢.g., a chlorine (Cl,) gas by using the
formed metal thin film as a mask. At this stage, the respective
portions of the red light emitting layer 135 and the green light
emitting layer 24 overlying the p-side electrode formation
region are also removed.

[0194] Next, as shown 1n FIG. 11C, the metal thin film 1s
removed and then the transparent electrode 16 which 1s made
of ITO with a thickness of about 300 mm and transmits visible
light 1s formed by, e¢.g., RF sputtering over the selectively
exposed portions of the p-type semiconductor layer 14 and
the red light emitting layer 15 that has been divided into the
plurality of 1slands each configured as a square when viewed
in a plan view. Subsequently, the portion of the transparent
clectrode 16 overlying the n-side electrode formation region
1s removed by wet etching using, e.g., an aqueous hydrogen
chloride (HCI) solution. Thereafter, a thermal process 1s per-
formed 1n an oxygen atmosphere at a temperature of, e.g.,
about 600° C., thereby reducing the contactresistance and the
resistivity of the transparent electrode 16 and improving the
transmittance thereof.
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[0195] Next, as shown in FIG. 12A, the respective portions
of the p-type semiconductor layer 14 and the active layer 13
overlying the n-side electrode formation region 12a are selec-
tively removed by ICP etching, whereby the n-side electrode
formation region 12a of the n-type semiconductor layer 12 1s
exposed.

[0196] Next, as shown 1n FIG. 12B, the n-side electrode 18
as an ohmic electrode composed of a multilayer film of tita-
nium (11) and gold (Au) 1s formed by, e.g., sputtering on the
exposed n-side electrode formation region 12a of the n-type
semiconductor layer 12. Therealter, sintering may also be
performed appropnately to reduce the contact resistance of
the n-side electrode 18 1n a nitrogen atmosphere at a tempera-
ture of, e.g., about 550° C. Subsequently, the p-side electrode
17 made of gold (Au) and serving as a p-side electrode pad 1s
formed selectively by, e.g., sputtering on the p-side electrode
formation region of the transparent electrode 16. The order 1n
which the n-side electrode 18 and the p-side electrode 17 are
formed may also be reversed. Thereafter, the resulting struc-
ture 1s divided 1nto light emitting diode chips each having a
350-um square size by, e.g., dicing. Subsequently, each of the
chips resulting from the division 1s mounted on the specified
region of a package (not shown) by using, e.g., a silver (Ag)
paste. Thereafter, wire bonding 1s performed with respect to
the p-side electrode 17 and the n-side electrode 18.

[0197] Thus, the fabrication method according to the fourth
embodiment allows one-chip integration of a white light
emitting diode 1n which the green light emitting layer 24 and
the red light emitting layer 15 are excited by the blue light
from the blue light emitting diode 10. This enables the inten-
sity of emission light 1n the red range to be higher than 1n the
conventional white light emitting diode. As a result, 1t
becomes possible to provide a white light emitting diode
which outputs white light having an excellent color rendering,
property.

[0198] Inaddition, the step of applying the insulating mate-
rial containing the YAG fluorescent material can be elimi-
nated so that the fabrication process 1s simplified.

Embodiment 5

[0199] A fifth embodiment of the present invention will be
described with reference to the drawings.

[0200] FIG. 13A shows a cross-sectional structure of a
semiconductor light emitting device according to the fifth
embodiment and FIG. 13B shows a plan structure thereof.
[0201] AsshowninFIGS. 13 A and 13B, the semiconductor
light emitting device according to the fifth embodiment 1s
composed of: an ultraviolet light emitting diode 30; a blue
light emitting layer 25; the green light emitting layer 24; and
the red light emitting layer 15, each of which has been grown
epitaxially on the ultraviolet light emitting diode 30.

[0202] The ultraviolet light emitting diode 30 1s composed
of: an n-type semiconductor layer 32 made of, e.g., n-type
Al, Ga, oN; an active layer 33 having a multiple quantum
well structure made of InGaN and AlGaN; and a p-type semi-
conductor layer 34 made of p-type Al, ,Ga, sN. The active
layer 33 1s composed of five well layers each made of In,
02GGa, 4N having a thickness of 1.5 nm and five barrier layers
cach made of Al,,.Ga, ;<N having a thickness of 10 nm
which are alternately stacked, thereby emitting ultraviolet
light at 340 nm.

[0203] The n-side electrode 18 composed of a multilayer
structure of titanium ('11) and gold (Au) has been formed on
the entire surface of the n-type semiconductor layer 32 oppo-
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site to the active layer 33. A plating layer 31 made of gold
(Au) with a thickness of 10 um or more, €.g., about 50 um has
been formed on the entire surface of the n-side electrode 18
opposite to the n-type semiconductor layer 32 to substantially
function as the n-side electrode. Preferably, a material having
a reflectivity of 60% or more with respect to ultraviolet light,
blue light, green light, and red light 1s used herein for the
n-side electrode 18. For example, a single layer film made of,
e.g., gold (Au), platinum (Pt), copper (Cu), silver (Ag), or
rhodium (Rh) or a multilayer film containing at least two of
the foregoing elements can be used. For the gold plating layer
31, copper (Cu) or silver (Ag) can be used instead of gold
(Au).

[0204] The blue light emitting layer 25 1s made of, e.g.,
undoped In, ; Ga, <N with a forbidden band width o1 2.6 €V
and formed on the p-type semiconductor layer 34 to have a
configuration consisting of a plurality of discrete and spaced-
apart 1slands. The green light emitting layer 24 1s made of,
e.g., undoped In, ,Ga, (N with a forbidden band width of 2.2
¢V and formed on the blue light emitting layer 25 to have the
same plan configuration as the blue light emitting layer 25.
The red light emitting layer 15 1s made of, e.g., undoped
In, .Ga, (N with a forbidden band width of 1.9 eV and
formed on the green light emitting layer 24 to have the same
plan configuration as the green light emitting layer 24. The
blue light emitting layer 25, the green light emitting layer 24,
and the red light emitting layer 13 are excited by the ultravio-
let light outputted from the ultraviolet light emitting diode 30
to emit blue light at a wavelength of 470 nm, green light at a
wavelength of 555 nm, and red light at a wavelength of 650
nm. Blue light emission, green light emission, and red light
emission can be obtained from the blue light emitting layer
235, the green light emitting layer 24, and the red light emitting
layer 15 by doping each of the blue light emitting layer 25, the
green light emitting layer 24, and the red light emitting layer
15 with, e.g., zinc (Zn), magnesium (Mg), or silicon (S1) and
thereby reducing the composition of In 1n each of the light
emitting layers. By thus reducing the composition of In, a
lattice mismatch with an underlie layer made of GaN nor-
mally used can be suppressed and crystal defects 1n the blue
light emitting layer 235, 1n the green light emitting layer 24,
and 1n the red light emitting layer 15 can be reduced so that
high-brightness light emission 1s enabled.

[0205] On the entire surface of the p-type semiconductor
layer 34 including the blue light emitting layer 25, the green
light emitting layer 24, and the red light emitting layer 15, the
transparent electrode made of I'TO has been formed. Further,
the p-side electrode 17 made of gold (Au) has been formed on
a region of the p-type semiconductor layer 34 with the trans-
parent electrode 16 being interposed therebetween.

[0206] A current 1s injected into the ultraviolet light emat-
ting diode 30 via the p-side electrode 17, the transparent
clectrode 16, and the p-type semiconductor layer 34. The
ultraviolet light emitting diode 30 1s capable of operating at a
relatively low voltage of, e.g., about 3 V. Accordingly, white
light having the spectrum shown in FIG. 14 can be obtained
by 1njecting a current of, e.g., 20 mA 1nto the ultraviolet light
emitting diode 30 and thereby causing the emission of ultra-
violet light at a wavelength of 340 um. In FIG. 14, the emis-
s10n spectrum 1s composed of the transmitted component 30A
ol the ultraviolet light at a wavelength of 340 nm which 1s low
in intensity, blue light 25 A with a peak wavelength o1 470 nm
from the blue light emitting layer 25, green light 24 A with a
peak wavelength of 535 nm from the green light emitting
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layer 24, and the red light 15A atawavelength o1 650 nm from
the red light emitting layer 15. The blue light 25A, the green
light 24 A, and the red light 15A are mixed to provide white
light.
[0207] The fifth embodiment 1s characterized in that the
n-side electrode 18 1s formed over the entire surface (back
surface) of the n-type semiconductor layer 32 opposite to the
active layer 33 by removing the substrate made of sapphire for
epitaxial growth and the gold plating layer 31 1s further pro-
vided. The arrangement remarkably improves the heat dissi-
pation property of the ultraviolet light emitting diode 30 and
allows a higher-output white light emitting diode to be pro-
vided. In addition, since the n-side electrode 18 and the p-side
clectrode 17 are disposed 1n opposing relation with the active
layer 33 interposed therebetween, a series resistance between
the n-side electrode 18 and the p-side electrode 17 can be
reduced advantageously. Since the insulating substrate made
of sapphire or the like has been removed, 1t 1s unnecessary to
provide the n-side electrode 18 on the upper portion of the
n-type semiconductor layer 32. This achieves a reduction in
chip size and allows the elimination of the step of etching
away the n-side semiconductor layer 32 from the side of the
p-type semiconductor layer 34.

[0208] Thus, the fifth embodiment allows one-chip integra-
tion of a light emitting diode 1n which the blue light emitting,
layer 25, the green light emitting layer 24, and the red light
emitting layer 15 which recerve ultraviolet light outputted
from the ultraviolet light emitting diode 30 and generate blue
light, green light, and red light through excitation caused by
the recerved ultraviolet light are provided on the ultraviolet
light emitting diode 30. Accordingly, the intensity of emis-
sion light 1n the red range 1s higher than 1n an emission
spectrum obtained from the conventional white light emitting
diode which provides white light by exciting the YAG fluo-
rescent material with blue light from the blue light emitting
diode. This allows a white light emitting diode which outputs
white light having an excellent color rendering property to be
implemented.

[0209] In addition, the substrate made of sapphire which 1s
not excellent in heat dissipation property 1s removed and the
gold plating layer 31 which 1s excellent 1n heat dissipation
property 1s provided 1n place thereof. As a result, a white light
emitting diode featuring a higher output and an excellent
color rending property can be provided.

[0210] Inthe case where the ultraviolet light emitting diode
30 1s replaced with the blue light emitting diode 10 used in the
fourth embodiment, the blue light emitting layer 25 need not
be provided.

[0211] Instead of ITO, a translucent multilayer film com-
posed of nickel (N1) and gold (Au) which are stacked i layers
may also be used to form the transparent electrode 16. Alter-
natively, the transparent electrode 16 may also be composed

of a multilayer film of N1 and ITO.

[0212] Referring to the drawings, a description will be
given herein below to a method for fabricating the semicon-
ductor light emitting device thus constructed.

[0213] FIGS. 15A through 15FE and FIGS. 16 A through
16C show the cross-sectional structures of the semiconductor

light emitting device according to the fifth embodiment in the
individual process steps of the fabrication method therefor.

[0214] First, as shown in FIG. 15 A, the n-type semiconduc-
tor layer 32 made of n-type Al, ,Ga, N, the active layer 33
having a multiple quantum well structure made of InGalN and
AlGaN, the p-type semiconductor layer 34 made of p-type
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Al, sGa, <N, the blue light emitting layer 25 made of
undoped In, ,Ga, <N, the green light emitting layer 24
made of undoped In, ,Ga, (N, and the red light emitting layer
15 made of undoped In, ,Ga, ;N are grown successively by
MOCVD on the substrate 11 made of sapphire having a
principal surface of which the plane orientation is, e.g., the
(0001)plane. The active layer 33 1s composed of five quantum
well layers each made of In, ,Ga, 4N having a thickness of
1.5 nm and five barrier layers each made of Al, ,.Ga, 4N
having a thickness of 10 nm, which are alternately stacked.
However, the structure of the active layer 33 1s not limited
thereto provided that the emission wavelength 1s about 470-
nm. The forbidden band width of the blue light emitting layer
25 15 2.6 eV and emits blue light at 340 nm. The forbidden
band width of the green light emitting layer 24 1s 2.3 ¢V and
emits green light at 555 nm. The forbidden band width of the
red light emitting layer 15 1s 1.9 ¢V and emuts red light at 650
nm. It 1s possible to form an underlie layer made of GaN and
a thin-film butfer layer made of GaN or AIN between the
substrate 11 and the n-type semiconductor layer 32. It 1s also
possible to obtain blue light emission, green light emission,
and red light emission by using InGaN doped with, e.g., zinc,
magnesium, or silicon 1n which the composition of In 1s lower
than 0.2, mstead of using undoped In, ,Ga, 5N, In, ,Ga,
sN, and In, ,Ga, (N, and thereby forming the blue light emit-
ting layer 25, the green light emitting layer 24, and the red

light emitting layer 15 such that the composition of In 1s lower
than 0.4.

[0215] Next, as shown 1n FIG. 15B, a metal thin film (not
shown) made of mickel and having a pattern consisting of a
plurality of discrete and spaced-apart squares each having,
e.g., 2-um to 20-um sides 1s formed on the red light emitting
layer 15. Subsequently, the red light emitting layer 15, the
green light emitting layer 24, the blue light emitting layer 25,
and an upper portion of the p-type semiconductor layer 14 are
removed selectively by ICP etching using, e.g., a chlorine
(Cl,) gas by using the formed metal thin film as a mask. At this
stage, the respective portions of the red light emitting layer
15, the green light emitting layer 24, and the blue light emit-
ting layer 25 overlying the p-side electrode formation region
are also removed.

[0216] Next, as shown 1n FIG. 15C, the metal thin film 1s
removed and then the transparent electrode 16 which 1s made
of ITO with a thickness of about 300 nm and transmits visible
light 1s formed by, e.g., RF sputtering over the selectively
exposed portions of the p-type semiconductor layer 14 and
the red light emitting layer 13 that has been divided 1nto the
plurality of 1slands each configured as a square when viewed
in a plan view. Subsequently, a thermal process 1s performed
1n an oxygen atmosphere at a temperature of, e.g., about 600°
C., thereby reducing the contact resistance and the resistivity
of the transparent electrode 16 and improving the transmiut-
tance thereof.

[0217] Next, as shown in FIG. 15D, the p-side electrode 17
made of gold (Au) and serving as a p-side electrode pad 1s
formed selectively by, e.g., sputtering on the p-side electrode
formation region of the transparent electrode 16.

[0218] Next, as shown 1n FIG. 15E, after the formation of
the p-side electrode 17, a holding substrate 532 made of silicon
and the transparent electrode 16 including the p-side elec-
trode are bonded to each other by using, e.g., an epoxy-based
adhesive agent 53. The material of the holding substrate 52 1s
not limited to silicon. A polymer film may also be used for the
holding substrate 52.
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[0219] Next, as shown i FIG. 16A, a high-output and
short-wavelength pulse laser beam which 1s not absorbed by
the substrate 11 but 1s absorbed by the n-type semiconductor
layer 32, such as the third-harmonic beam of a YAG laser at a
wavelength of, e.g., 355 nm or a KrF excimer laser beam at a
wavelength of 248 nm, 1s applied 1n a scanning manner to the
surface ol the substrate 11 opposite to the holding substrate 52
tfor the irradiation thereof. Atthis time, the applied laser beam
1s absorbed by the portion of the n-type semiconductor layer
32 made of Al ,Ga, N which 1s adjacent to the interface
between 1tself and the substrate 11. As a result, the portion of
the n-type semiconductor layer 32 which 1s adjacent to the
interface with the substrate 11 is heated and, 1f the tempera-
ture becomes, e.g., 900° C. or higher through the absorption
of the laser beam, the portion of the n-type semiconductor
layer 32 adjacent to the interface with the substrate 11 1s
decomposed 1into a metal gallium (Ga) gas, a metal aluminum
(Al) gas, and a nitrogen (N,) gas, so that a decomposition
layer 1s formed. In the case of using a YAG laser as the laser
beam for forming the decomposition layer, a semiconductor
thin film made of gallium nitride (GalN) 1s inserted between
the substrate 11 and the n-type semiconductor layer 32 to
accelerate the absorption of the YAG laser beam and the
decomposition layer 1s formed by irradiating the inserted
semiconductor thin film with the YAG laser beam.

[0220] Then, the substrate 11 formed with the decomposi-
tion layer 1s separated from the n-type semiconductor layer 32
by heating the substrate 11 to a temperature not less than 29°
C., which 1s a melting point of gallium, or by immersing the
substrate 11 1n an aqueous hydrogen chloride (HCI) solution
and thereby melting or removing metal gallium contained 1n
the decomposition layer. Thereaiter, the n-side electrode 18
composed of a multilayer film of titanium (11) and gold (Au)
1s formed by, e.g., electron beam vapor deposition on the
exposed surface from which the substrate 11 has been sepa-
rated and removed. Subsequently, the gold plating layer 31
with a thickness of about 50 um 1s formed by electrolytic
plating using the gold (Au) layer of the n-side electrode 18 as
an underlie, whereby the structure shown i FIG. 16B 1s
obtained.

[0221] Next, as shownin FIG. 16C, the adhesive agent 53 1s
removed by using, e.g., acetone so that the holding substrate
52 1s removed. Then, the resulting structure 1s divided into
light emitting diode chips each having a 350-um square size
by, e.g., dicing. Subsequently, each of the chips resulting from
the division 1s mounted on the specified region of a package
(not shown) by using, e.g., a silver (Ag) paste. Thereatfter,
wire bonding 1s performed with respect to the p-side electrode
17, whereby the white light emitting diode 1s obtained.

[0222] Thus, the fabrication method according to the fifth
embodiment allows one-chip integration of a white light
emitting diode 1in which the blue light emitting layer 235, the
green light emitting layer 24, and the red light emitting layer
15 are excited by the ultraviolet light outputted from the
ultraviolet light emitting diode 30. This enables the intensity
of emission light in the red range to be higher than in the
conventional white light emitting diode. As a result, 1t
becomes possible to provide a white light emitting diode
which outputs white light having an excellent color rendering,
property.

[0223] Inaddition, the step of applying the insulating mate-
rial containing the YAG fluorescent material can be elimi-
nated so that the fabrication process 1s simplified. Moreover,
the sapphire substrate 11 which 1s not excellent 1n heat dissi-
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pation property 1s removed and the gold plating layer 31
which 1s excellent in heat dissipation property 1s provided in
place thereot so that a higher output 1s produced.

Embodiment 6

[0224] A sixth embodiment of the present invention will be
described with reference to the drawings.

[0225] FIG. 17A shows a cross-sectional structure of a
semiconductor light emitting device according to the sixth
embodiment and FIG. 17B shows a plan structure thereof.
The description of the components shown 1n FIGS. 17A and
17B which are the same as those shown 1n FIGS. 13A and 13B

will be omitted by retaining the same reference numerals.

[0226] The semiconductor light emitting device according
to the sixth embodiment 1s the same as the semiconductor
light emitting device according to the fifth embodiment in that
it 1s composed of the ultraviolet light emitting diode 30, the
blue light emitting layer 25, the green light emitting layer 24,
and the red light emitting layer 15 each formed thereon. The
semiconductor light emitting device according to the sixth 1s
different from the semiconductor light emitting device
according to the fifth embodiment 1n that the transparent
clectrode 16 1s formed on the p-type semiconductor layer 34
to have a plurality of opemings 16a each configured as a
square when viewed 1n a plan view and the blue light emitting
layer 25 1s grown epitaxially by using the transparent elec-
trode 16 having the plurality of openings 16a as a mask for
selective growth. Accordingly, an emission spectrum
obtained from the semiconductor light emitting device
according to the sixth embodiment shows a spectrum pattern

equal to the pattern shown 1n FIG. 14.

[0227] The injection of a current mto the ultraviolet light
emitting diode 30 1s performed via the transparent electrode
16 that has been patterned to be used as the mask for selective
growth and the p-type semiconductor layer 34.

[0228] Since an area occupied by the blue light emitting
layer 25, the green light emitting layer 24, and the red light
emitting layer 15 can be increased in the sixth embodiment,
the intensity of white light can be increased.

[0229] In addition, the portion grown laterally over the
transparent electrode 16 used as the mask for selective
growth, 1.e., in a direction parallel to the upper surface of the
transparent electrode 16 has an improved crystal property so
that a crystal dislocation density 1s low. As a result, high-
brightness visible light can be emitted through excitation
caused by the ultraviolet light outputted from the ultraviolet
light emitting diode 30.

[0230] In addition, the n-side electrode 18 1s formed over
the entire surface (back surface) of the n-type semiconductor
layer 32 opposite to the active layer 33 by removing the
substrate made of sapphire for epitaxial growth and the gold
plating layer 31 1s further provided. The arrangement remark-
ably improves the heat dissipation property of the ultraviolet
light emitting diode 30 and allows a higher-output white light
emitting diode to be provided. In addition, since the n-side
clectrode 18 and the p-side electrode 17 are disposed 1n
opposing relation with the active layer 33 interposed therebe-
tween, a series resistance between the n-side electrode 18 and
the p-side electrode 17 can be reduced advantageously. Since
the msulating substrate made of sapphire or the like has been
removed, 1t 1s unnecessary to provide the n-side electrode 18
on the upper portion of the n-type semiconductor layer 32.
This achieves a reduction 1n chip size and allows the elimi-
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nation of the step of etching away the n-side semiconductor
layer 32 from the side of the p-type semiconductor layer 34.
[0231] Thus, the sixth embodiment allows one-chip inte-
gration of a white light emitting diode 1n which the blue light
emitting layer 25, the green light emitting layer 24, and the
red light emitting layer 15 which receive ultraviolet light
outputted from the ultraviolet light emitting diode 30 and
generate blue light, green light, and red light through excita-
tion caused by the received light are provided on the ultravio-
let light emitting diode 30. Accordingly, the intensity of emis-
sion light 1n the red range 1s higher than 1n an emission
spectrum obtained from the conventional white light emitting
diode which provides white light by exciting the YAG fluo-
rescent material with blue light from the blue light emitting
diode. This allows a white light emitting diode which outputs
white light having an excellent color rendering property to be
provided.

[0232] In addition, the substrate made of sapphire which 1s
not excellent 1n heat dissipation property 1s removed and the
gold plating layer 31 which 1s excellent in heat dissipation
property 1s provided in place thereof. As a result, a white light
emitting diode featuring a higher output and an excellent
color rending property can be provided.

[0233] Inthe case where the ultraviolet light emitting diode
30 1s replaced with the blue light emitting diode 10 used in the
fourth embodiment, the blue light emitting layer 25 need not
be provided.

[0234] Instead of ITO, a translucent multilayer film com-
posed of nickel (N1) and gold (Au) which are stacked in layers
may also be used to form the transparent electrode 16. Alter-
natively, the transparent electrode 16 may also be composed

of a multilayer film of N1 and I'TO.

[0235] Referring to the drawings, a description will be
given herein below to a method for fabricating the semicon-
ductor light emitting device thus constructed.

[0236] FIGS. 18A through 18D and FIGS. 19A through
19C show the cross-sectional structures of the semiconductor
light emitting device according to the sixth embodiment in the
individual process steps of the fabrication method therefor.

[0237] First, as shown in FIG. 18 A, the n-type semiconduc-
tor layer 32 made of n-type Al, ,Ga, N, the active layer 33
having a multiple quantum well structure made of InGaN and
AlGaN and the p-type semiconductor layer 34 made of p-type
Al, sGa, 45 are grown successively by MOCVD on the sub-
strate 11 made of sapphire having a principal surface of which
the plane ornientation 1s, e.g., the (0001) plane. The active
layer 33 1s composed of five quantum well layers each made
of In, ,,Ga, s N having a thickness of 1.5 nm and five barrier
layers each made of Al, ,:Ga, -IN having a thickness of 10
nm, which are alternately stacked. However, the structure of
the active layer 33 1s not limited thereto provided that the
emission wavelength 1s about 340 nm. Subsequently, the
transparent electrode 16 made of ITO with a thickness of
about 300 nm 1s formed by, e.g., RF sputtering on the p-type
semiconductor layer 34 and then the plurality of openings 164
cach configured as a square with 2-um to 20-um sides when
viewed 1n a plan view are formed in the transparent electrode
16 by using, e.g., an aqueous hydrofluoric acid (HF) solution.
Thereatter, a thermal process 1s performed 1n an oxygen
atmosphere at a temperature of, e.g., about 600° C., thereby
reducing the contact resistance and the resistivity of the trans-
parent electrode 16 and improving the transmittance thereof.

[0238] Next, as shown 1n FIG. 18B, the blue light emitting
layer 25 made of undoped In,,Ga, 4N, the green light

Oct. 22, 2009

emitting layer 24 made of undoped In, ,Ga, (N, and the red
light emitting layer 15 made of undoped In, ,Ga, (N are
grown successively by MOCVD on the p-type semiconductor
layer 34 by using the transparent electrode 16 formed with the
plurality of openings 16a as a mask. At this time, the size of
cach of the openings 16a provided in the transparent electrode
16 1s preferably minimized within a range which allows pla-
nar growth of the blue light emitting layer 25 because, e.g., a
crystal defect 1s likely to occur in the portion of the blue light
emitting layer 25 overlying the opening 16a. The forbidden
band width of the blue light emitting layer 25 15 2.6 €V herein
and emits blue light at 470 nm. The forbidden band width of
the green light emitting layer 24 1s 2.3 eV and emits green
light at 555 nm. The forbidden band width of the red light
emitting layer 15 15 1.9 eV and emits red light at 650 nm. It 1s
possible to form an underlie layer made of GaN and a thin-
film buffer layer made of GalN or AIN between the substrate
11 and the n-type semiconductor layer 32. It 1s also possible
to obtain blue light emission, green light emission, and red
light emission by using InGaN doped with, e.g., zinc, mag-
nesium, or silicon, instead of using undoped In, ,Ga, 4N,
In, ,Ga, N, and In, ,Ga, (N, and thereby forming the blue
light emitting layer 25, the green light emitting layer 24, and
the red light emitting layer 15 such that the composition of In
1s lower than 0.2 and 0.4, respectively.

[0239] Next, as shown in FIG. 18C, the p-side electrode 17
made of gold (Au) and serving as a p-side electrode pad 1s
formed selectively by, e.g., sputtering on the p-side electrode
formation region of the transparent electrode 16.

[0240] Next, as shown 1n FIG. 18D, after the formation of
the p-side electrode 17, a holding substrate 52 made of sili-
con, the transparent electrode 16 including the p-side elec-
trode, and the red light emitting layer 15 are bonded to each
other by using, e.g., an epoxy-based adhesive agent 33. The
material of the holding substrate 52 1s not limited to silicon. A
polymer film may also be used for the holding substrate 52.

[0241] Next, as shown m FIG. 19A, a high-output and
short-wavelength pulse laser beam, such as the third-har-
monic beam of a YAG laser at a wavelength of 355 nm or a
KrF excimer laser beam at a wavelength of 248 nm, 1s applied
in a scanning manner to the surface of the substrate 11 oppo-
site to the holding substrate 52 for the 1irradiation thereof. At
this time, the applied laser beam 1s absorbed by the portion of
the n-type semiconductor layer 32 made of Al,,Ga, N
which 1s adjacent to the mterface between 1tself and the sub-
strate 11. As a result, the portion of the n-type semiconductor
layer 32 which 1s adjacent to the interface with the substrate
11 1s heated and, if the temperature becomes 900° C. or higher
through the absorption of the laser beam, the portion of the
n-type semiconductor layer 32 adjacent to the interface with
the substrate 11 1s decomposed 1into a metal gallium (Ga) gas,
a metal aluminum (Al) gas, and a nitrogen (N, ) gas, so that a
decomposition layer 1s formed. In the case of using a YAG
laser as the laser beam for forming the decomposition layer, a
semiconductor thin film made of gallium nitride (GaN) 1s
inserted between the substrate 11 and the n-type semiconduc-
tor layer 32 to accelerate the absorption of the YAG laser beam
and the decomposition layer 1s formed by irradiating the
inserted semiconductor thin film with the YAG laser beam.

[0242] Then, the substrate 11 formed with the decomposi-
tion layer 1s separated from the n-type semiconductor layer 32
by heating the substrate 11 to a temperature not less than 29°
C., which 1s a melting point of gallium, or by immersing the
substrate 11 1n an aqueous hydrogen chloride (HCI) solution
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and thereby melting or removing metal gallium contained 1n
the decomposition layer. Thereaiter, the n-side electrode 18
composed ol a multilayer film of titanium (11) and gold (Au)
1s formed by, e.g., electron beam vapor deposition on the
exposed surface from which the substrate 11 has been sepa-
rated and removed. Subsequently, the gold plating layer 31
with a thickness of about 50 um i1s formed by electrolytic
plating using the gold (Au) layer of the n-side electrode 18 as
an underlie, whereby the structure shown i FIG. 19B is
obtained.

[0243] Next, as shownin FIG. 19C, the adhesive agent 53 1s
removed by using, ¢.g., acetone so that the holding substrate
52 1s removed. Then, the resulting structure 1s divided into
light emitting diode chips each having a 350-um square size
by, e.g., dicing. Subsequently, each ol the chips resulting from
the division 1s mounted on the specified region of a package
(not shown) by using, e.g., a silver (Ag) paste. Thereatfter,
wire bonding 1s performed with respect to the p-side electrode
17, whereby the white light emitting diode 1s obtained.
[0244] Thus, the fabrication method according to the sixth
embodiment allows one-chip integration of a white light
emitting diode 1n which the blue light emitting layer 235, the
green light emitting layer 24, and the red light emitting layer
15 are excited by the ultraviolet light outputted from the
ultraviolet light emitting diode 30. This enables the intensity
of emission light in the red range to be higher than in the
conventional white light emitting diode. As a result, 1t
becomes possible to provide a white light emitting diode
which outputs white light having an excellent color rendering,
property.

[0245] In addition, since the transparent electrode 16 does
not cover the blue light emitting layer 25, the green light
emitting layer 24, and the red light emitting layer 15, the
brightness of each of the blue emission light, the green emis-
s1on light, and the red emission light 1s enhanced.

[0246] Moreover, since the step of applying the isulating
material containing the YAG fluorescent material can be
climinated, the fabrication process 1s simplified. Further-
more, the sapphire substrate 11 which 1s not excellent 1n heat
dissipation property 1s removed and the gold plating layer 31
which 1s excellent 1in heat dissipation property 1s provided in
place thereot so that a higher output 1s produced.

[0247] Although each of the fifth and sixth embodiments
has described the separation method which applies the high-
output short-wavelength pulse laser beam for the separation
of the substrate 11 made of sapphire, the separation of the
substrate 11 1s not limited to the method using laser 1rradia-
tion. It 1s also possible to, e.g., use the substrate 11 made of
silicon (S1) or gallium arsenide (GaAs) 1n place of the sub-
strate 11 made of sapphire and separate and remove the sub-
strate 11 by wet etching using an acid.

Embodiment 7

[0248] A seventh embodiment of the present invention will
be described with reference to the drawings.

[0249] FIG. 20 shows a cross-sectional structure of a semi-
conductor light emitting device according to the seventh
embodiment and FI1G. 21 shows a plan structure thereof when
viewed from the side with the electrode. The description of
the components shown in FIGS. 21 and 22 which are the same
as those shown i FIGS. 1A and 1B will be omitted by
retaining the same reference numerals.

[0250] The semiconductor light emitting device according
to the seventh embodiment is the same as the semiconductor
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light emitting device according to the first embodiment in that
it 1s composed of the blue light emitting diode 10, the red light
emitting layer 15 grown epitaxially on the blue light emitting
diode 10, and the insulating material 19 containing an yttrium
aluminum garnet (YAG) fluorescent material. In FI1G. 21 also,
the depiction of the msulating matenial 19 1s omatted.

[0251] The semiconductor light emitting device according
to the seventh embodiment 1s ditferent from the semiconduc-
tor light emitting device according to the first embodiment in
that a red light emitting Eu doped layer 150 made of undoped
Al, -Ga, N 1s provided in place of the red light emitting layer
15 made of undoped InGaN.

[0252] The red light emitting Eu doped layer 150 has been
formed by implanting europium (Eu) 10ns into the epitaxially
grown AlGaN layer under such implant conditions that, e.g.,
an acceleration voltage 1s about 200 keV and a dose 1s about
110" ¢m~>. Under these implant conditions, as shown in
FIG. 22, the red light emitting Fu doped layer 150 shows a
relatively shallow Eu concentration profile having a peak of
1x10°° cm™ ata depth of about 75 nm from the surface of the
AlGaN layer. It will easily be appreciated that the Eu concen-
tration profile can be changed by adjusting the acceleration
voltage and the dose.

[0253] When the red light emitting Fu doped layer 150
receives visible light or ultraviolet light, inner-shell electrons
in Fu atoms used for doping are excited and release red light
at a wavelength of 622 nm on returning from the excited state
to a ground state. By increasing the dose of implanted Eu1ons,
the emission intensity of the red excitation light can be
enhanced.

[0254] The semiconductor composing the red light emat-
ting Eu doped layer 150 1s not limited to AlGalN. Gamay also
be used 1nstead. It 1s also possible to use a semiconductor

layer having a multiple quantum well layer composed of a
pair of In, ,,Ga, ,cN and Al, ,Ga, (N.

[0255] The doping of the semiconductor layer with Eu 1s
not limited to a method which performs 1on implantation after
epitaxial growth. Doping with Eu may also be performed
during epitaxial growth.

[0256] White light having the spectrum shown in FIG. 23
can be obtained by 1njecting a current of, e.g., 20 mA 1nto the
blue light emitting diode 10 and thereby causing the emission
of blue light at a wavelength of 470 nm. In FIG. 23, the
emission spectrum i1s composed of the transmitted component
10A of the blue light at a wavelength of 470 nm, yellow
emission light 19A with a peak wavelength of 550 nm from
the YAG fluorescent material, and red light 150A at a wave-
length of 622 nm from the red light emitting Eu doped layer
150. The blue light 10A, the yellow light 19A, and the red
light 150A are mixed to provide white light.

[0257] Thus, the seventh embodiment allows one-chip inte-
gration of a light emitting diode which provides white light by
exciting the YAG fluorescent material contained 1n the red
light emitting Eu doped layer 150 and the insulating material
19 with light outputted from the blue light emitting diode 10.
Accordingly, the intensity of emission light in the red range 1s
higher 1n the semiconductor light emitting device according
to the seventh embodiment than 1n the conventional white
light emitting diode which excites the YAG fluorescent mate-
rial with light outputted from the blue light emitting diode.
This allows white light having an excellent color rendering
property to be outputted.

[0258] It 1s also possible to provide the ultraviolet light
emitting diode 30 which outputs ultraviolet light at a wave-
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length of 340 nm 1n place of the blue light emitting diode 10
and excite each of the blue light emitting fluorescent material,
the green light emitting fluorescent material, and the red light

emitting Eu doped layer 150 with the ultraviolet light to
provide white light.

[0259] Referring to the drawings, a description will be
given herein below to a method for fabricating the semicon-
ductor light emitting device thus constructed.

[0260] FIGS. 24A through 24D and FIGS. 25A through

25C show the cross-sectional structures of the semiconductor
light emitting device according to the seventh embodiment 1n
the individual process steps of the fabrication method there-
for.

[0261] First, as shown 1n FI1G. 24 A, the n-type semiconduc-
tor layer 12 made of r-type GaN, the active layer 13 having a
multiple quantum well structure made of InGaN, the p-type
semiconductor layer 14 made of p-type A, ,-Ga, o<N, and an

undoped Al, ;Ga, N layer 150B are grown successively by
MOCVD (Metal Organic Chemical Vapor Deposition) on the

substrate 11 made of sapphire having a principal surface of
which the plane orientation 1s, e.g., the (0001) plane 1n the
same manner as 1n the first embodiment. The n-type semicon-
ductor layer 12, the active layer 13, and the p-type semicon-
ductor layer 14 emit blue light at a wavelength of, e.g., 470 nm
through current 1njection.

[0262] Next, as shown in FI1G. 24B, europium (Eu) 10ns are
implanted into the grown Al Ga, <N layer 150B under such
implant conditions that, ¢.g., an acceleration voltage 1s about

200 kV and the dose is about 1x10"> ¢cm™=. Preferably, the
substrate 11 1s heated herein to about 500° C. during the
implantation of Eu ions. Under these implant conditions, the
concentration profile of Eu 1ons implanted in the Al, -Ga, <N
layer 150B has a peak at a depth of 75 nm from the surface of
the Al, :Ga, <N layer 150B. Subsequently to the 10n implan-
tation, annealing 1s performed 1n a nitrogen atmosphere at
about 1000° C. for the activation of the Eu ions, thereby
obtaining the red light emitting Eu doped layer 150 from the
Al, Ga, N layer 150B. As described above, the red light
emitting Eu doped layer 150 emats red light at a wavelength of

622 nm through excitation caused by visible light or ultravio-

let light.

[0263] Next, as shown in FIG. 24C, the red light emitting
Eu doped layer 150 and an upper portion of the p-type semi-
conductor layer 14 are selectively removed by ICP etching
using, €.g., a chlorine (Cl,) gas by using a metal mask (not
shown) having a pattern consisting of a plurality of discrete
and spaced-apart squares that has been placed on the red light
emitting Eu doped layer 150. At this stage, the portion of the
red light emitting Eu doped layer 150 overlying the p-side
clectrode formation region 1s also removed.

[0264] Next, as shown 1n FIG. 24D, the metal mask 1s
removed and then the transparent electrode 16 which 1s made
of ITO with a thickness of about 300 nm and transmits visible
light 1s formed over the selectively exposed portions of the
p-type semiconductor layer 14 and the red light emitting Eu
doped layer 150 that has been divided into a plurality of
1slands each configured as a square when viewed 1n a plan
view. Subsequently, the portion of the transparent electrode
16 overlying the n-side electrode formation region 1s removed
by wet etching using, e¢.g., an aqueous hydrogen chloride
(HC1) solution. Thereatter, a thermal process 1s performed 1n
an oxygen atmosphere at a temperature of, e.g. about 600° C.,
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thereby reducing the contact resistance and the resistivity of
the transparent electrode 16 and improving the transmittance
thereof.

[0265] Next, as shown in FIG. 25A, the respective portions
of the p-type semiconductor layer 14 and the active layer 13
overlying the n-side electrode formation region 12a are
removed selectively by ICP etching so that the n-side elec-
trode formation region 12q of the n-type semiconductor layer
12 15 exposed.

[0266] Next, as shown 1n FIG. 25B, the n-side electrode 18
as an ohmic electrode composed of a multilayer film of tita-
nium (11) and gold (Au) 1s formed on the exposed n-side
clectrode formation region 12a of the n-type semiconductor
layer 12 by, e.g., sputtering. Thereaiter, sintering may also be
performed appropriately in a nitrogen atmosphere at a tem-
perature of, e.g., about 550° C. to reduce the contact resis-
tance of the n-side electrode 18. Subsequently, the p-side
clectrode 17 made of gold (Au) and serving as a p-side elec-
trode pad 1s formed selectively by, e.g., sputtering on the
p-side electrode formation region of the transparent electrode
16.

[0267] Next, as shown 1n FI1G. 25C, the resulting structure
1s divided into light emitting diode chips each having a 350-
um square size by, e.g., dicing. Subsequently, each of the
chips resulting from the division 1s mounted on the specified
region of the package 20 by using, e.g., a silver (Ag) paste.
Thereatter, wire bonding 1s performed with respect to the
p-side electrode 17 and the n-side electrode 18 and the 1nsu-
lating material 19 containing a YAG fluorescent matenal 1s
turther applied to cover the chip.

[0268] Thus, the fabrication method according to the sev-
enth embodiment allows one-chip integration of a white light
emitting diode 1n which the red light emitting Eu doped layer
150 and the YAG fluorescent material are excited by the blue
light from the blue light emitting diode 10. This enables the
intensity of emission light in the red range to be higher than 1n
the conventional white light emitting diode. As a result, 1t
becomes possible to provide a white light emitting diode
which outputs white light having an excellent color rendering
property.

[0269] Although the seventh embodiment has doped the
red light emitting Eu doped layer 150 with europium (Eu) as
an element serving as a luminescent center, the doping ele-
ment 1s not limited to Eu. Instead of Eu, samarium (Sm) or
ytterbium (Yb) may also be used.

[0270] In each of the first through seventh embodiments,
the plane orientation of the principal surface of sapphire used
as the substrate for epitaxial growth 1s not particularly lim-
ited. In the case of using, e.g., sapphire, a plane orientation at
an off-angle from a representative (typical) plane orientation,
such as the (0001) plane, may also be adopted.

[0271] The matenal of the substrate for epitaxial growth 1s
not limited to sapphire. Besides sapphire, there can be used
s1licon carbide (S1C), zinc oxide (ZnQ), silicon (S1), gallium
arsenide (GaAs), gallium phosphide (GaP), indium phos-
phide (InP), gallium nitride (GalN), aluminum nitride (AIN),
magnesium oxide (MgQ), or lithium aluminum gallium oxide
(L1Al Ga,_ O, (where 0=x=1)).

[0272] The composition of each of the n-type semiconduc-
tor layers 12 and 32, the active layers 13 and 33, and the
p-type semiconductor layers 14 and 34 and the composition
of the layer which emits light through excitation, such as the
red light emitting layer 15, are not limited to those shown in
the individual embodiments. The method for crystal growth 1s
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not limited to MOCVD and a semiconductor layer formed by
using, ¢.g., an MBE (Molecular Beam Epitaxy) process or a
HVPE (Hydride Vapor Phase Epitaxy) process may also be
contained. Each of the semiconductor layers may also contain
a group V element such as arsenide (As) or phosphorous (P)
or a group III element such as boron (B).

Embodiment 8

[0273] An eighth embodiment of the present invention will
be described with reference to the drawings.

[0274] FIG. 26A shows a cross-sectional structure of a
semiconductor light emitting device according to the eighth
embodiment and FIG. 26B shows a plan structure thereof.

[0275] AsshowninFIGS. 26A and 26B, the semiconductor
light emitting device according to the eighth embodiment 1s
composed of: a blue light emitting diode 110 mounted at a
specified position on a package 120 as a mounting member; a
red light emitting layer 116 grown epitaxially on the blue light
emitting diode 110; and an 1insulating material 119 containing
an yttrium aluminum garnet (YAG) fluorescent material. In
FIG. 26B, the depiction of the insulating material 119 1s
omitted.

[0276] Thebluelight emitting diode 110 1s composed of: an
n-type semiconductor layer 112 made of n-type GalN; an
active layer 113 having a multiple quantum well structure
made of InGaN; a p™-type semiconductor layer 114 made of
pT-type Al, ,sGa, osN; and an n™-type semiconductor layer
115 made of n™-type A, ,;Ga, osN which are epitaxially
grown successively on a substrate 111 made of, e.g., sapphire.
The active layer 113 1s composed of three well layers each
made of In, ,:Ga, N having a thickness of 2 nm and three
barrier layers each made of In, ,,Ga, ,cIN having a thickness

of 10 nm which are alternately stacked, thereby emitting blue
light at 470 nm.

[0277] The red light emitting layer 116 1s made of, e.g.,
undoped In, ,Ga, [N with a forbidden band width of 1.9 eV
and formed on the n*-type semiconductor layer 115 to have a
matrix configuration consisting of discrete and spaced-apart
squares each with 2-1 um to 20-um sides when viewed 1n a
plan view. Each square of the red light emitting layer 116 1s
excited by blue light outputted from the blue light emitting
diode 110 and emits red light at 650 nm. Red light can be
obtained from the red light emitting layer 116 by doping the
red light emitting layer 15 with, e.g., zinc (Zn), magnesium
(Mg), or silicon (S1) and thereby reducing the composition of
In. By thus reducing the composition of In, a lattice mismatch
with an underlie layer made of GaN normally used can be
suppressed and crystal defects 1n the red light emitting layer
116 can be reduced so that high-brightness light emission 1s
cnabled. At this time, the emission light released from the red
light emitting layer 116 1s visible light generated via an
energy level resulting from the impurity used for doping and
blue excitation light 1s mixed 1n the visible light.

[0278] Thus, in the semiconductor light emitting device
according to the eighth embodiment, the n™-type semicon-
ductor layer 115 i1s formed on the p™-type semiconductor
layer 114 of the blue light emitting diode 110 such that the
p~-type semiconductor layer 114 and the n™-type semicon-
ductor layer 115 form a p™n*junction.

[0279] In the specification of the present application, a
p~-type semiconductor layer indicates a p-type semiconduc-
tor layer 1n which the concentration of a p-type dopant, e.g.,
magnesium (Mg) is about 1x10°' cm™ and an n*-type semi-
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conductor layer indicates an n-type semiconductor layer 1n
which the concentration of an n-type dopant, e.g., silicon (S1)
is about 1x10"” cm'”.

[0280] The present invention can achieve an elfect pro-
vided that the impurity concentration in each of the p™-type
semiconductor layer 114 and the n™-type semiconductor layer
115 is 1x10'® cm” or more.

[0281] When a voltage higher than the voltage applied to
the n-type semiconductor layer 112 1s applied to the n*-type
semiconductor layer 115 between the p™-type semiconductor
layer 114 and the n™-type semiconductor layer 115, voltage-
current characteristics close to a low-resistance ohmic char-
acteristic are shown due to a tunnel current generated in the
p n” junction. Consequently, the same rectifying property as
provided by a normal pn junction i1s obtainable.

[0282] FIG. 27A shows the result of a comparison made
between respective current-voltage characteristics when a
tunnel junction (n*pn junction) is formed and when a normal
pn junction 1s formed. FIG. 27B shows the result of a com-
parison made between respective current-light output char-
acteristics when the tunnel junction (n™pn junction) is formed
and when the normal pn junction 1s formed. As can be seen
trom FI1G. 27 A, an operating voltage during the rising edge 1s
higher than when the normal pn junction 1s formed. However,
a light output 1s larger when the tunnel junction 1s formed
provided that the injected current has the same value, as can

be seen from FIG. 27B.

[0283] Inthe case of adopting the conventional structure 1n
which the p-type semiconductor layer 1s provided on the
active layer, the transparent electrode occupying a large area
should normally be provided on the high-resistance p-type
semiconductor layer, In the semiconductor light emitting
device according to the eighth embodiment, however, an
injected current 1s suiliciently diffused even 1n a lateral direc-
tion (direction parallel to the substrate) without providing a
transparent electrode on the n™-type semiconductor layer 115
since the low-resistance n™-type semiconductor layer 115 is
provided on the p™-type semiconductor layer 114. This obvi-
ates the necessity to provide a transparent electrode and
allows respective ohmic electrodes provided 1n the n-type
semiconductor layer 112 and the n™-type semiconductor layer
115, which will be described later, to have the same compo-
sitions. As a result, the n-type semiconductor layer 112 and
the n™-type semiconductor layer 115 can be formed by the
same process and the fabrication process for the semiconduc-
tor light emitting device can significantly be simplified.

[0284] A first ohmic n-side electrode 117 composed of a
multilayer structure 1n which titanium ('11), aluminum (Al),
nickel (N1), and gold (Au) films are stacked in layers 1s
formed selectively on a region of the p™-type semiconductor

layer 115.

[0285] The n™-type semiconductor layer 112 has an
exposed region and a second ohmic n-side electrode 118
composed of a multilayer structure 1n which titanium (11),
aluminum (Al), nickel (N1), and gold (Au) films are stacked 1n
layers 1s formed on the exposed region. To the first and second
n-side electrodes 117 and 118, required metal thin lines are
connected by wire bonding, though they are not depicted.

[0286] The insulating material 119 containing the YAG
fluorescent material 1s formed as follows: The insulating
material 119 1s coated or applied dropwise onto the package
120 to cover the blue light emitting diode 110, the red light
emitting layer 116, the first n-side electrode 117, and the
second n-side electrode 118 and then hardened. The insulat-
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ing material 119 1s excited by blue light outputted from the
blue light emitting diode 110 to emit yellow light.

[0287] A current 1s 1njected into the blue light emitting
diode 110 via the first n-side electrode 117, the n™-type semi-
conductor layer 115, and the p-type semiconductor layer 114.
Accordingly, white light having the spectrum shown 1n FIG.
28 can be obtained by 1njecting a current of, e.g., 20 mA into
the blue light emitting diode 110 and thereby causing the
emission of blue light at a wavelength of 470 nm. In FIG. 28,
the emission spectrum 1s composed of the transmitted com-
ponent 110A of the blue light at a wavelength of 470 nm,
yellow emission light 119A with a peak wavelength of 550
nm from the YAG fluorescent material, and the red light 116 A
at a wavelength of 650 nm from the red light emitting layer
116. The blue light 110A, the yellow light 119A, and the red
light 116 A are mixed to provide white light.

[0288] Thus, the eighth embodiment allows one-chip inte-
gration of a light emitting diode 1n which the red light emiat-
ting layer 116 which receives blue light outputted from the
blue light emitting diode 110 and generates red light through
excitation caused thereby 1s provided between the msulating
material 119 containing the YAG fluorescent material which
emits yellow light and the blue light emitting diode 110 which
emits blue light. Accordingly, the intensity of emission ligh

in the red range 1s higher than 1n an emission spectrum
obtained from the conventional white light emitting diode
shown 1n FIG. 37 which provides white light by exciting the
YAG fluorescent material with blue light from the blue light
emitting diode. This allows a white light emitting diode which
outputs white light having an excellent color rendering prop-
erty to be provided.

[0289] Inaddition, when an operating current 1s injected 1n
the blue light emitting diode 110, a so-called tunnel current
flows 1n the p™n™ junction formed between the p™-type semi-
conductor layer 114 and the n*-type semiconductor layer 115
so that a rectifying property 1s obtained by applying a voltage
between the n™-type semiconductor layer 115 and the n-type
semiconductor layer 112 such that it 1s higher to the n™-type
semiconductor layer 115 than to the n-type semiconductor
layer 112. Moreover, since the n*-type semiconductor layer
115 1s low 1n resistance, the injected current 1s more likely to
be diffused 1n the m-plane direction of the n™-type semicon-
ductor layer 115. This obviates the necessity to use a trans-
parent electrode as used conventionally and enhances the
brightness of the emission light.

[0290] The blue light emitting diode 110 may also be

formed with an underlie layer made of GaN and a thin-film
butifer layer made of GaN or AIN being interposed between
the substrate 111 made of sapphire and the n-type semicon-
ductor layer 112.

[0291] Although the eighth embodiment has patterned the
red light emitting layer 116 into 1slands each configured as a

square when viewed 1n a plan view, 1t need not necessarily be
patterned. For example, the red light emitting layer 116 may
also be formed over the entire upper surface of the n™-type
semiconductor layer 115 except for the region thereof to be
formed with the first n-side electrode 117. In the case of
forming the red light emitting layer 116 over the entire sur-
tace, the area of the red light emitting layer 116 1s optimized
to a value which optimizes the color rendering property of the
output light.
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[0292] Theactive layer 113 may also be constituted to have
the composition of In which 1s nonuniform in the in-plane
direction (direction parallel to a substrate surface) of the
active layer 113.

[0293] Instead of varying a lattice constant 1n each of the
n-type semiconductor layer 112, the active layer 113, the
p*-type semiconductor layer 114, the n™-type semiconductor
layer 115, and the read semiconductor layer 116 which have
been formed on the substrate 111, the composition of a group
I11 element 1n a quaternary or higher-order mixed crystal may
also be varied in forming the blue light emitting diode 110 and
the red light emitting layer 116. This provides a structure from
which high-brightness light emission can be obtained without
incurring a crystal defect due to a lattice mismatch and the
resulting nonradiative recombination.

[0294] In the eighth embodiment, the YAG fluorescent
material and the red light emitting layer 116 are excited by the
output light received thereby from the blue light emitting
diode 110 and emit yellow light and red light, respectively,
thereby providing white light. However, an ultraviolet light
emitting diode which output ultraviolet light at a wavelength
of, e.g., 340 nm may also be formed in place of the blue light
emitting diode 110. In this case, a blue light emitting fluores-
cent material and a green light emitting fluorescent material
are added to the insulating material 119.

[0295] It1s also possible to separate the substrate 111 made
of sapphire from the blue light emitting diode 110 and provide
a metal {1lm 1n place of the separated substrate. The arrange-
ment allows the use of the provided metal film as an n-side
clectrode and obwviates the necessity to form the n-side elec-
trode 118 by exposing the n-type semiconductor layer 112.

[0296] Referring to the drawings, a description will be
given herein below to a method for fabricating the semicon-
ductor light emitting device thus constructed.

[0297] FIGS. 29A through 29E show the cross-sectional
structures of the semiconductor light emitting device accord-
ing to the eighth embodiment 1n the individual process steps
of the fabrication method therefor. The drawings show, of a
waler on which a plurality of semiconductor light elements
can be formed simultaneously, only one element formation
region.

[0298] First, as shown 1n FIG. 29A, the n-type semiconduc-
tor layer 112 made of n-type GaN, the active layer 113 having
a multiple quantum well structure made of InGaNlN, the
p " -type semiconductor layer 114 made of p™-type Al, ,sGa,
osN, the n*-type semiconductor layer 115 made of n™-type
Al, 55Ga, <N, and the red light emitting layer 116 made of
undoped In, ,Ga, ([N are grown successively by MOCVD
(Metal Organic Chemical Vapor Deposition) on the substrate
111 made of sapphire having a principal surface of which the
plane orientation 1s, e.g., the (0001) plane. As described
above, the p™n™ junction formed between the p™-type semi-
conductor layer 114 and the n™-type semiconductor layer 115
shows current-voltage characteristics close to a low-resis-
tance ohmic characteristic due to the tunnel current. On the
other hand, the active layer 113 1s composed ol three quantum
well layers each made of In,, ;Ga, N having a thickness of
2 nm and three barrier layers each made of In, ,,Ga, 54N
having a thickness of 10 mm, which are alternately stacked.
However, the structure of the active layer 113 1s not limited
thereto provided that the emission wavelength 1s about 470
nm. It 1s possible to form an underlie layer made of GaN and
a thin-film butfer layer made of GaN or AIN between the
substrate 111 and the n-type semiconductor layer 112. It 1s
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also possible to form the active layer 113 such that the com-
position of In 1s nonuniform in the in-plane direction (direc-
tion parallel to the substrate surface) of the active layer 113. It
1s also possible to obtain red emission light by using InGalN
doped with, e.g., zinc, magnesium, or silicon, mnstead of using
undoped In, ,Ga, (N, and thereby forming the red light emit-
ting layer 116 such that the composition of In 1s lower than
0.4.

[0299] Next, as shown 1n FIG. 29B, a metal thin film (not
shown) made of mickel and having a pattern consisting of a
plurality of discrete and spaced-apart squares each having,
e.g., 2-um to 20-um sides 1s formed on the red light emitting
layer 116. Subsequently, the red light emitting layer 116 and
an upper portion of the n*-type semiconductor layer 115 are
selectively removed by ICP (Inductive Coupled Plasma) etch-
ing using, e.g., a chlorine (Cl,) gas by using the formed metal
thin film as a mask. At this stage, the portion of the red light
emitting layer 116 overlying the first n-side electrode forma-
tion region 1s also removed.

[0300] Next, as shown in FI1G. 29C, the respective portions
of the n™-type semiconductor layer 115, the p™-type semicon-
ductor layer 114, and the active layer 113 overlying the sec-
ond n-side electrode formation region 112a are selectively
removed by ICP etching, whereby the second n-side electrode
formation region 112a of the n-type semiconductor layer 112
1s exposed.

[0301] Next, as shown i FIG. 29D, a resist film (not
shown) having opening patterns corresponding to the second
n-side electrode formation region 112¢q and to the first n-side
electrode formation region of the n™-type semiconductor
layer 115 1s formed by lithography after dry etching. Subse-
quently, an electrode formation film composed of a multilayer
film of Ti, Al, N1, and Au 1s formed by, e.g., electron beam
vapor deposition over the entire surface of the formed resist
film. Then, the first and second n-side electrodes 117 and 118,
each of which 1s an ohmic electrode, are formed simulta-
neously from the electrode formation film by a so-called
lift-off process which removes the resist film. To reduce the
contact resistance of each of the first and second n-side elec-
trodes 117 and 118, sintering may also be performed appro-

priately 1n a nitrogen atmosphere at a temperature of, e.g.,
about 550° C.

[0302] Next, as shown 1n FIG. 29E, after the formation of
the first and second n-side electrodes 117 and 118, the result-
ing structure 1s divided into light emitting diode chips each
having a 350-um square size by, e.g., dicing. Subsequently,
cach of the chips resulting from the division 1s mounted on the
specified region of the package 120 by using, e.g., a silver
(Ag) paste. Therealter, wire bonding 1s performed with
respect to the first and second n-side electrodes 117 and 118
and the insulating material 119 containing a YAG fluorescent
material 1s Turther applied to cover the chip.

[0303] Thus, the fabrication method according to the eighth
embodiment allows one-chip integration of a white light
emitting diode 1n which the red light emitting layer 116 and
the YAG fluorescent material are excited by the blue light
from the blue light emitting diode 110. This enables the
intensity of emission light in the red range to be higher than 1n
the conventional white light emitting diode. As a result, 1t
becomes possible to provide a white light emitting diode
which outputs white light having an excellent color rendering
property.

[0304] In addition, since the n*-type semiconductor layer
115 made of a nitride 1s lower 1n impurity energy level than a
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p-type semiconductor layer made of a nitride or a p™-type
semiconductor layer and therefore can be reduced 1n resis-
tance, the diffusion of the current 1n a lateral direction (direc-
tion parallel to the substrate surface) 1s suiliciently large so
that a transparent electrode as shown in the conventional
embodiment need not be provided. This not only simplifies
the fabrication process but also eliminates the absorption of
the emission light by a transparent electrode, which occurs
when the transparent electrode 1s provided. As a result, a
high-brightness white light emitting diode can be provided.

[0305] Moreover, the first and second n-side electrodes 117
and 118, each of which 1s an ohmic electrode, do not have
different compositions but have the same composition, 1n
contrast to the p-side electrode and the n-side electrode hav-
ing different compositions according to the conventional
embodiment. Accordingly, the first and second n-side elec-
trodes 117 and 118 can be formed simultaneously 1n the same
process step. This simplifies the fabrication process and
allows fabrication at a lower cost.

[0306] Although the eighth embodiment has adopted a
structure 1n which the output light from the semiconductor
light emitting device i1s extracted from the side with the
n™-type semiconductor layer 115, so-called flip-chip mount-
ing may also be performed which forms a high-reflectivity
clectrode composed of a multilayer film using, e.g., platinum
(Pt), rhodium (Rh), or silver (Ag) for the lower layer thereof
and using gold (Au) for the upper layer thereof on the red light
emitting layer 116 and the n™-type semiconductor layer 115
and mounts the high-reflectivity electrode on the upper sur-
face of the package 120 with a silver bump or the like inter-
posed between the high-reflectivity electrode and the package
120. If thp-chuip mounting 1s performed, the output light
passes through the substrate 111 made of sapphire to be
extracted so that a high-brightness white light emitting diode
1s provided.

Embodiment 9

[0307] A ninth embodiment of the present invention will be
described with reference to the drawings.

[0308] FIG. 30A shows a cross-sectional structure of a
semiconductor light emitting device according to the ninth
embodiment and FIG. 30B shows a plan structure thereof.
The description of the components shown i FIGS. 30A and
30B which are the same as those shown in FIGS. 26 A and 26B

will be omitted by retaining the same reference numerals.

[0309] AsshowninFIGS. 30A and 30B, the semiconductor
light emitting device according to the ninth embodiment 1s
composed of: an ultraviolet light emitting diode 130; a blue
light emitting layer 121; a green light emitting layer 122; and
the red light emitting layer 116, each of which has been grown
epitaxially on the ultraviolet light emitting diode 130.

[0310] The ninth embodiment 1s different from the eighth
embodiment 1n that it has provided the ultraviolet light emiat-
ting diode 130 as the light emitting diode 1n place of the blue
light emitting diode 110 and newly provided the blue light
emitting layer 121 and the green light emitting layer 122
which are excited by ultraviolet light at a wavelength of 340
nm outputted from the ultraviolet light emitting diode 130 to
emit blue light at a wavelength of 470 n and green light at a
wavelength of 555 nm, respectively, thereby obviating the
necessity for the msulating material 119 containing a YAG
fluorescent material and covering the ultraviolet light emat-

ting diode 130.
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[0311] Theultraviolet light emitting diode 130 1s composed
of: an n-type semiconductor layer 132 made of, e.g., n-type
Al, Ga, oN; an active layer 133 having a multiple quantum
well structure made of InGaN and AlGaN; a p™-type semi-
conductor layer 134 made of p*-type Al, ,-Ga, <-N; and an
n*-type semiconductor layer 135 made of n*-type Al, ,Ga,
25IN. The active layer 133 1s composed of five well layers each
made of In, ,,Ga, oo N having a thickness of 1.5 nm and five
barrier layers each made of Al, ,.Ga, 4N having a thickness
of 10 nm which are alternately stacked, thereby emitting
ultraviolet light at 340 nm.

[0312] The blue light emitting layer 121 1s made of, e.g.,
undoped In, ; Ga, 3N with a forbidden band width o1 2.6 €V
and formed on the n*-type semiconductor layer 135 to have a
configuration consisting of a plurality of discrete and spaced-
apart 1slands. The green light emitting layer 122 1s made of,
¢.g., undoped In, ,Ga, (N with a forbidden band width of 2.2
¢V and formed on the blue light emitting layer 121 to have the
same plan configuration as the blue light emitting layer 121.
The red light emitting layer 116 1s made of, e¢.g., undoped
In, ,Ga, ;N with a forbidden band width of 1.9 eV and
formed on the green light emitting layer 122 to have the same
plan configuration as the green light emitting layer 122. The
blue light emitting layer 121, the green light emitting layer
122, and the red light emitting layer 116 are excited by the
ultraviolet light outputted from the ultraviolet light emitting,
diode 130 to emit blue light at a wavelength of 470 nm, green
light at a wavelength of 555 nm, and red light at a wavelength
of 650 nm. Blue light emission, green light emission, and red
light emission can be obtained from the blue light emitting
layer 121, the green light emitting layer 122, and the red tight
emitting layer 116 by doping each of the blue light emitting
layer 121, the green light emitting layer 122, and the red light
emitting layer 116 with, e.g., zinc (Zn), magnesium (Mg), or
silicon (S1) and thereby reducing the composition of In 1n
cach of the light emitting layers. By thus reducing the com-
position of In, a lattice mismatch with an underlie layer made
of GaN normally used can be suppressed and crystal defects
in the blue light emitting layer 121, 1n the green light emitting
layer 122, and 1n the red light emitting layer 116 can be
reduced so that high-brightness light emission 1s enabled.

[0313] If a voltage 1s applied between the n-type semicon-
ductor layer 132 of the ultraviolet light emitting diode 130
and the n™-type semiconductor layer 135 thereof to be higher
to the n™-type semiconductor layer 135 than to the n-type
semiconductor layer 132, voltage-current characteristics
close to a low-resistance ohmic characteristic are observed
due to a tunnel current occurring in the p™n™ junction, as
described 1n the eighth embodiment, so that the same recti-
tying property as obtained with a normal pn junction 1is
obtainable. In addition, the 1njected current 1s diffused suili-
ciently even in a lateral direction (direction parallel to the
substrate) without providing a transparent electrode on the
n*-type semiconductor layer 135, the first n-side electrode
117 provided on the n™-type semiconductor layer 135 and the
second n-side electrode 118 provided on the n-type semicon-
ductor layer 132 can be formed to have the same composition,
as will be described later. This allows the first n-side electrode
and the second n-side electrode 118 to be formed 1n one
process step and remarkably simplifies a fabrication process
tor the semiconductor light emitting device.

[0314] A current 1s 1njected nto the ultraviolet light emat-
ting diode 130 via the first n-side electrode 117, the n*-type
semiconductor layer 135, and the p*-type semiconductor
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layer 134. Accordingly, white light having the spectrum
shown 1n FIG. 31 can be obtained by mjecting a current of,
e.g., 20 mA 1into the ultraviolet light emitting diode 130 and
thereby causing the emission of ultraviolet light at a wave-
length of 340 nm. In FIG. 31, the emission spectrum 1s com-
posed of the transmitted component 130A of the ultraviolet
light at a wavelength of 340 nm which 1s low 1n intensity, blue
light 121 A with a peak wavelength of 470 nm from the blue
light emitting layer 121, green light 122 A with a peak wave-
length of 555 nm from the green light emitting layer 122, and
the red light 116A at a wavelength of 650 nm from the red
light emitting layer 116. The blue light 121 A, the green light
122 A, and the red light 116 A are mixed to provide white light.

[0315] Thus, the ninth embodiment allows one-chip inte-
gration of a light emitting diode 1n which the blue light emat-
ting layer 121, the green light emitting layer 122, and the red
light emitting layer 116 which receive ultraviolet light out-
putted from the ultraviolet light emitting diode 130 and gen-
erate blue light, green light, and red light through excitation
caused by the receirved ultraviolet light are provided on the
ultraviolet light emitting diode 130. Accordingly, the inten-
sity of emission light 1n the red range 1s higher than 1n an
emission spectrum obtained from the conventional white
light emitting diode which provides white light by exciting
the YAG fluorescent material with blue light from the blue
light emitting diode. This allows a white light emitting diode
which outputs white light having an excellent color rendering
property to be provided.

[0316] In addition, when an operating current 1s 1mnjected 1n
the ultraviolet light emitting diode 130, a so-called tunnel
current flows in the p™n™ junction formed between the p™-type
semiconductor layer 134 and the n™-type semiconductor layer
135 so that a rectifying property 1s obtained by applying a
voltage between the n*-type semiconductor layer 135 and the
n-type semiconductor layer 132 such that it 1s hugher to the
n™-type semiconductor layer 135 than to the n-type semicon-
ductor layer 132. Moreover, since the n™-type semiconductor
layer 135 1s low 1in impurity energy level and can be reduced
in resistance, the injected current 1s more likely to be diffused
in the in-plane direction of the n-type semiconductor layer
135. This obviates the necessity to use a transparent electrode
as used conventionally and enhances the brightness of the
emission light. Moreover, since an insulating material con-
taining a YAG fluorescent material 1s unnecessary, the steps of
forming the transparent electrode and the insulating material
containing the YAG fluorescent material can be omitted so
that the fabrication process 1s stmplified.

[0317] For easy transmission of the excitation light, the
thickness of each of the red light emitting layer 116 and the
green light emitting layer 122 1s minimized provided that
suificient emission light 1s obtained.

[0318] Theultraviolet light emitting diode 130 may also be
formed with an underlie layer made of GaN and a thin-film
buifer layer made of GaN or AIN being interposed between
the substrate 111 made of sapphire and the n-type semicon-
ductor layer 132.

[0319] Although the ninth embodiment has patterned each
of the blue light emitting layer 121, the green light emitting
layer 122, and the red light emitting layer 116 into 1slands
cach configured as a square when viewed 1n a plan view, they
need not necessarily be patterned. For example, each of the
blue light emitting layer 121, the green light emitting layer
122, and the red light emitting layer 116 may also be formed
over the entire upper surface of the n*-type semiconductor
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layer 135 except for the region thereof to be formed with the
first n-side electrode 117. In the case of forming each of the
light emitting layers 121, 122, and 116 over the entire surface,
the area of the light emitting layer 1s optimized to a value
which optimizes the color rendering property of the output
light.

[0320] Inthe case where the ultraviolet light emitting diode
130 1s replaced with the blue light emitting diode 110 used 1n
the eighth embodiment, the blue light emitting layer 121 need
not be provided.

[0321] Itis alsopossible to separate the substrate 111 made
ol sapphire from the ultraviolet light emitting diode 130 and
provide a metal film 1n place of the separated substrate. The
arrangement allows the provided metal film to be used as an
n-side electrode and obviates the necessity to form the second

n-side electrode 118 by exposing the n-type semiconductor
layer 132.

[0322] Referring to the drawings, a description will be
given herein below to a method for fabricating the semicon-
ductor light emitting device thus constructed.

[0323] FIGS. 32A through 32D show the cross-sectional
structures of the semiconductor light emitting device accord-
ing to the ninth embodiment 1n the individual process steps of
the fabrication method therefor.

[0324] First, as shown in FI1G. 32 A, the n-type semiconduc-
tor layer 132 made of n-type GaN, the active layer 133 having,
a multiple quantum well structure made of InGaN, the
p " -type semiconductor layer 134 made of p™-type Al, ,-Ga,
osN, the n™-type semiconductor layer 135 made of n™-type
Al ,sGa, osN, the blue light emitting layer 121 made of
undoped In, ;<Ga, 4N, the green light emitting layer 122
made of undoped In, ,Ga, (N, and the red light emitting layer
116 made of undoped In, ,Ga, (N are grown successively by
MOCVD on the substrate 111 made of sapphire having a
principal surface of which the plane orientation 1s, e.g., the
(0001) plane. As stated previously, the p™n™ junction formed
between the p™-type semiconductor layer 134 and the n™-type
semiconductor layer 135 shows voltage-current characteris-
tics close to a low-resistance ohmic characteristic due to the
tunnel current. The active layer 133 1s composed of five
quantum well layers each made of In, ,,Ga, 4N having a
thickness of 1.5 nm and five barrier layers each made of
Al, sGa, 4N having a thickness of 10 nm, which are alter-
nately stacked. However, the structure of the active layer 133
1s not limited thereto provided that the emission wavelength 1s
about 340 nm. The forbidden band width of the blue light
emitting layer 121 1s 2.6 eV and emits blue light at 470 nm.
The forbidden band width of the green light emitting layer
122 15 2.3 ¢V and emuits green light at 555 nm. The forbidden
band width of the red light emitting layer 116 1s 1.9 ¢V and
emits red light at 650 nm. It 1s possible to form an underlie
layer made of GalN and a thin-film buifer layer made of GaN
or AIN between the substrate 111 and the n-type semiconduc-
tor layer 132. The active layer 133 may also be constituted to
have the composition of In which 1s nonuniform 1n the in-
plane direction (direction parallel to a substrate surface) of the
active layer 133. It 1s also possible to obtain red emission light
by using InGaN doped with, e.g., zinc, magnesium, or silicon,
instead of using undoped In, ,Ga, (N, and thereby forming
the red light emitting layer 116 such that the composition of In
1s lower than 0.4.

[0325] Next, as shown 1n FIG. 32B, a metal thin film (not
shown) made of mickel and having a pattern consisting of a
plurality of discrete and spaced-apart squares each having,
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¢.g., 2-um to 20-um sides 1s formed on the red light emitting
layer 116. Subsequently, respective upper portions of the red
light emitting layer 116, the green light emitting layer 122, the
blue light emitting layer 121, and the n™-type semiconductor
layer 135 are selectively removed by ICP etching using, e.g.,
a chlorine (Cl,) gas by using the formed metal thin film as a
mask. At this stage, the respective portions of the red light
emitting layer 116, the green light emitting layer 122, and the
blue light emitting layer 121 overlying the first n-side elec-
trode formation region are also removed.

[0326] Next, as shown in FI1G. 32C, the respective portions
of the n™-type semiconductor layer 135, the p*-type semicon-
ductor layer 134, and the active layer 133 overlying the sec-
ond n-side electrode formation layer 132a are selectively
removed by ICP etching, whereby the n-side electrode for-
mation layer 132a of the n-type semiconductor layer 132 1s
exposed.

[0327] Next, as shown 1 FIG. 32D, a resist film (not
shown) having opening patterns corresponding to the second
n-side electrode formation layer 132a and to the first n-side
clectrode formation region of the n™-type semiconductor
layer 135 1s formed by lithography after dry etching. Subse-
quently, an electrode formation film composed of a multilayer
film of Ti, Al, N1, and Au 1s formed by, e.g., electron beam
vapor deposition over the entire surface of the formed resist
film. Then, the first and second n-side electrodes 117 and 118,
each of which 1s an ohmic electrode, are formed from the
clectrode formation film by a so-called lift-ott process which
removes the resist film. To reduce the contact resistance of
each of the first and second n-side electrodes 117 and 118,
sintering may also be performed appropnately 1n a nitrogen
atmosphere at a temperature of, e.g., about 550° C. Subse-
quently, the resulting structure 1s divided 1nto light emitting
diode chips each having a 350-um square size by, e.g., dicing.
Further, each of the chips resulting from the division 1is
mounted on the specified region of the package 120 by using,
c.g., a silver (Ag) paste. Thereafter, wire bonding i1s per-
tformed with respect to the first and second n-side electrodes

117 and 118.

[0328] Thus, the fabrication method according to the ninth
embodiment allows one-chip integration of a white light
emitting diode 1n which the blue light emitting layer 121, the
green light emitting layer 122, and the red light emitting layer
116 are excited by the ultraviolet light from the ultraviolet
light emitting diode 130. This enables the intensity of emis-
s1on light 1n the red range to be higher than 1n the conventional
white light emitting diode. As a result, it becomes possible to
provide a white light emitting diode which outputs white light
having an excellent color rendering property.

[0329] In addition, since the n™-type semiconductor layer
135 made of a nitride 1s lower 1n impurity energy level than a
p-type semiconductor layer made of a nitride or a p™-type
semiconductor layer and therefore can be reduced in resis-
tance, the diffusion of the current 1n a lateral direction (direc-
tion parallel to the substrate surface) 1s sufficiently large so
that a transparent electrode as shown in the conventional
embodiment need not be provided. This not only simplifies
the fabrication process but also eliminates the absorption of
the emission light by a transparent electrode, which occurs
when the transparent electrode 1s provided. As a result, a
high-brightness white light emitting diode can be provided.

[0330] In the fabrication method according to the ninth
embodiment, the step of providing an insulating material
containing a YAG fluorescent material 1s unnecessary. In
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addition, since the first and second n-side electrodes 117 and
118, each of which 1s an ohmic electrode, have the same
composition, they can be formed 1n the same process step.
This further simplifies the fabrication process and allows
fabrication at lower cost.

[0331] In the ninth embodiment also, 1t 1s possible to form
an electrode made of a high-reflectivity material as described
in the eighth embodiment and perform flip-chip mounting
which mounts the formed electrode made of the high-reflec-
tivity material with a silver bump or the like interposed
between the package and the electrode.

Embodiment 10

[0332] A tenth embodiment of the present invention will be
described with reference to the drawings.

[0333] FIG. 33A shows a cross-sectional structure of a
semiconductor light emitting device according to the tenth
embodiment and FIG. 33B shows a plan structure thereof.
The description of the components shown 1n FIGS. 33A and
33B which are the same as those shown 1n FIGS. 30A and 30B
will be omitted by retaining the same reference numerals.
[0334] The tenth embodiment 1s different from the ninth
embodiment in that a substrate made of sapphire 1s separated
and removed from the ultraviolet light emitting diode 130
during the epitaxial growth thereof, the second n-side elec-
trode 118 composed of a multilayer structure of titanium (1)
and gold (Au) 1s provided on the surface of the n-type semi-
conductor layer 132 from which the substrate has been
removed, and a plating layer 131 made of gold (Au) with a
thickness of 10 um or more, e.g., about 50 um 1s provided to
substantially function as the n-side electrode. Preferably, a
material having a reflectivity of 60% or more with respect to
ultraviolet light, blue light, green light, and red light 1s used
herein for the second n-side electrode 118. For example, a
single layer film made of, e.g., gold (Au), platinum (Pt),
copper (Cu), silver (Ag), or rhodium (Rh) or a multilayer film
containing at least two of the foregoing elements can be used.
For the gold plating layer 131, copper (Cu) or silver (Ag) can
be used 1nstead of gold (Au).

[0335] If ultraviolet light at a wavelength of 340 um 1s
generated by mjecting a current of, e.g., 20 mA 1n the ultra-
violet light emitting diode 130, white light having a spectrum
pattern equal to the spectrum shown 1n FIG. 31 1s obtained.
[0336] With the arrangement, the semiconductor light
emitting device according to the tenth embodiment can be
integrated as one chip 1n which the blue light emitting layer
121, the green light emitting layer 122, and the red light
emitting layer 116 which receive ultraviolet light outputted
from the ultraviolet light emitting diode 130 and generate
blue light, green light, and red light through excitation caused
by the recerved ultraviolet light are provided on the ultraviolet
light emitting diode 130, similarly to the semiconductor light
emitting device according to the ninth embodiment. Accord-
ingly, the intensity of emission light in the red range 1s higher
than 1n an emission spectrum obtained from the conventional
white light emitting diode which provides white light by
exciting the YAG fluorescent material with blue light from the
blue light emitting diode. This allows a white light emitting,
diode which outputs white light having an excellent color
rendering property to be provided.

[0337] Since 1t 1s unnecessary to provide an insulating
material containing a YAG fluorescent material and a trans-
parent electrode as provided conventionally, the absorption of
emission light by the transparent electrode, which occurs
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when the transparent electrode 1s provided, 1s no more
observed so that higher brightness 1s achieved.

[0338] In addition, the tenth embodiment has formed the
second n-side electrode 118 over the entire surface (back
surface) of the n-type semiconductor layer 132 opposite to the
active layer 133 by removing the substrate made of sapphire
for epitaxial growth and further provided the gold plating
layer 131 with a relatively large thickness of 50 um. The
arrangement significantly improves the heat dissipation prop-
erty of the ultraviolet light emitting diode 130 and allows a
higher-output white light emitting diode to be provided. In
addition, since the second n-side electrode 118 and the first
n-side electrode 117 are disposed 1n opposing relation with
the active layer 133 interposed therebetween, a series resis-
tance between the second n-side electrode 118 and the first
n-side electrode 117 can be reduced advantageously. Since
the msulating substrate made of sapphire or the like has been
removed, 1t 1s unnecessary to provide the second n-side elec-
trode 118 on the upper portion of the n-type semiconductor
layer 132. This achieves a reduction 1n chip size and allows
the elimination of the step of etching away the n-side semi-
conductor layer 132 from the side of the p™-type semiconduc-
tor layer 134.

[0339] For easy transmission of the excitation light, the
thickness of each of the red light emitting layer 116 and the
green light emitting layer 122 1s mimmized provided that
suificient emission light 1s obtained.

[0340] The ultraviolet light emitting diode 130 may also be
formed with an underlie layer made of GaN and a thin-film
builer layer made of GaN or AIN being interposed between
the substrate 111 made of sapphire and the n-type semicon-
ductor layer 132.

[0341] Although the tenth embodiment has patterned each
of the blue light emitting layer 121, the green light emitting
layer 122, and the red light emitting layer 116 into 1slands
cach configured as a square when viewed 1n a plan view, they
need not necessarily be patterned. For example, the blue light
emitting layer 121, the green light emitting layer 122, and the
red light emitting layer 116 may also be formed over the entire
upper surface of the n™-type semiconductor layer 135 except
tor the region thereol to be formed with the first n-side elec-
trode 117. In the case of forming each of the light emitting
layers 121,122, and 116 over the entire surface, the area of the
light emitting layer 1s optimized to a value which optimizes
the color rendering property of the output light.

[0342] Inthe case where the ultraviolet light emitting diode
130 1s replaced with the blue light emitting diode 110 used 1n
the eighth embodiment, the blue light emitting layer 121 need
not be provided.

[0343] Referring to the drawings, a description will be
given herein below to a method for fabricating the semicon-
ductor light emitting device thus constructed.

[0344] FIGS. 34A through 34D and FIGS. 35A through

35C show the cross-sectional structures of the semiconductor
light emitting device according to the tenth embodiment 1n
the individual process steps of the fabrication method there-
for

[0345] First, as shown 1n FIG. 34A, the n-type semiconduc-
tor layer 132 made of n-type GaN, the active layer 133 having
a multiple quantum well structure made of InGaNlN, the
p~-type semiconductor layer 134 made of p™-type Al, ,sGa,
osN, the n™-type semiconductor layer 135 made of n™-type
Al 55Ga, <N, the blue light emitting layer 121 made of
undoped In, ,;Ga, 3N, the green light emitting layer 122
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made of undoped In,, ,Ga, (N, and the red light emitting layer
116 made of undoped In, ,Ga, (N are grown successively by
MO CVD on the substrate 111 made of sapphire having, a
principal surface of which the plane orientation 1s, e.g., the
(0001) plane. As stated previously, the p™n™ junction formed
between the p™-type semiconductor layer 134 and the n™-type
semiconductor layer 135 shows voltage-current characteris-
tics close to a low-resistance ohmic characteristic due to the
tunnel current. The active layer 133 1s composed of five
quantum well layers each made of In, ,,Ga, oxN having a
thickness of 1.5 nm and five barrier layers each made of
Al, ;sGa, 4N having a thickness of 10 nm, which are alter-
nately stacked. However, the structure of the active layer 133
1s not limited thereto provided that the emission wavelength is
about 340 nm. The forbidden band width of the blue light
emitting layer 121 1s 2.6 €V and emits blue light at 470 mm.
The forbidden band width of the green light emitting layer
122 1s 2.3 €V and emits green right at 555 nm. The forbidden
band width of the red light emitting layer 116 1s 1.9 eV and
emits red light at 650 mm. It 1s possible to form an underlie
layer made of GaN and a thin-film butier layer made of GalN
or AIN between the substrate 111 and the n-type semiconduc-
tor layer 132. The active layer 133 may also be constituted to
have the composition of In which 1s nonuniform 1n the in-
plane direction (direction parallel to a substrate surface) of the
active layer 133. It i1s also possible to obtain red emission light
by using InGaN doped with, e.g., zinc, magnesium, or silicon,
instead of using undoped In, ,Ga, (N, and thereby forming

the red light emitting layer 116 such that the composition of In
1s lower than 0.4.

[0346] Next, as shown 1n FIG. 34B, a metal thin film (not
shown) made of mickel and having a pattern consisting of a
plurality of discrete and spaced-apart squares each having,
e.g., 2-um to 20-um sides 1s formed on the red light emitting
layer 116. Subsequently, respective upper portions of the red
light emitting layer 116, the green light emitting layer 122, the
blue light emitting layer 121, and the n™-type semiconductor
layer 135 are selectively removed by ICP etching using, e.g.,
a chlorine (Cl,) gas by using the formed metal thin film as a
mask. At this stage, the respective portions of the red light
emitting layer 116, the green light emitting layer 122, and the
blue light emitting layer 121 overlying the first n-side elec-
trode formation region are also removed.

[0347] Next, as shown i FIG. 34C, a resist film (not
shown) having an opening pattern corresponding to the first
n-side electrode formation region of the n™-type semiconduc-
tor layer 135 1s formed by lithography after dry etching.
Subsequently, an electrode formation film composed of a
multilayer film of Ti, Al, N1, and Au 1s formed by, e.g.,
clectron beam vapor deposition over the entire surface of the
formed resist film. Then, the first n-side electrode 117, which
1s an ohmic electrode, 1s formed from the electrode formation
film by a so-called lift-off process which removes the resist
film. To reduce the contact resistance of the first n-side elec-
trode 117, sintering may also be performed appropriately in a
nitrogen atmosphere at a temperature of, e.g., about 550° C.

[0348] Next, as shown 1n FIG. 34D, after the formation of
the first p-side electrode 117, a holding substrate 151 made of
silicon i1s bonded to the n™-type semiconductor layer 135
containming the first n-side electrode 117, the red light emitting
layer 116, and the like by using, e.g., an epoxy-based adhesive
agent 152. The material of the holding substrate 151 1s not
limited to silicon. A polymer film may also be used for the
holding substrate 151.
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[0349] Next, as shown 1 FIG. 35A, a high-output and
short-wavelength pulse laser beam which 1s not absorbed by
the substrate 111 but1s absorbed by the n-type semiconductor
layer 132, such as the third-harmonic beam of a YAG laser at
a wavelength of 355 m or a KrF excimer laser beam at a
wavelength of 248 nm, 1s applied 1n a scanning manner to the
surface of the substrate 111 opposite to the holding substrate
151 for the irradiation thereof. At this time, the applied laser
beam 1s absorbed by the portion of the n-type semiconductor
layer 132 made of GaN which 1s adjacent to the interface
between itself and the substrate 111. As aresult, the portion of
the n-type semiconductor layer 132 which 1s adjacent to the
interface with the substrate 111 1s heated and, if the tempera-
ture becomes 900° C. or higher through the absorption of the
laser beam, the portion of the n-type semiconductor layer 132
adjacent to the interface with the substrate 111 1s decomposed
into a metal gallium (Ga) gas and a nitrogen (N, ) gas, so that
a decomposition layer 1s formed.

[0350] Then, the substrate 111 formed with the decompo-
sition layer 1s separated from the n-type semiconductor layer
132 by heating the substrate 111 to a temperature not less than
29° C., which 1s a melting point of gallium, or by immersing
the substrate 111 1 an aqueous hydrogen chlonde (HCI)
solution and thereby melting or removing metal gallium con-
tained 1n the decomposition layer. Thereafter, the second
n-side electrode 118 composed of a multilayer film of tita-
nium (11) and gold (Au) 1s formed by, e.g., electron beam
vapor deposition on the exposed surface from which the sub-
strate 111 has been separated and removed. Subsequently, the
gold plating layer 131 with a thickness of about 50 um 1s
formed by electrolytic plating using the gold (Au) layer of the
second n-side electrode 118 as an underlie, whereby the struc-
ture shown 1 FIG. 35B 1s obtained.

[0351] Next, as shown 1n FIG. 35C, the adhesive agent 33 1s
removed by using, e€.g., acetone so that the holding substrate
151 1s removed. Then, the resulting structure 1s divided 1nto
light emitting diode chips each having a 350-um square size
by, e.g., dicing. Subsequently, each of the chips resulting from
the division 1s mounted on the specified region of a package
(not shown) by using, e.g., a silver (Ag) paste. Thereatter,
wire bonding 1s performed with respect to the first n-side
clectrode 117, whereby the white light emitting diode 1s
obtained.

[0352] Thus, the fabrication method according to the tenth
embodiment allows one-chip integration of a white light
emitting diode 1n which each of the blue light emitting layer
121, the green light emitting layer 122, and the red light
emitting layer 116 1s excited by the ultraviolet light outputted
from the ultraviolet light emitting diode 130. This enables the
intensity of emission light in the red range to be higher than 1n
the conventional white light emitting diode. As a result, 1t
becomes possible to provide a white light emitting diode
outputs white light having an excellent color rendering prop-
erty.

[0353] In addition, since the n™-type semiconductor layer
135 made of a nitride 1s lower 1n impurity energy level than a
p-type semiconductor layer made of a nitride or a p™-type
semiconductor layer and therefore can be reduced 1n resis-
tance, the diffusion of the current 1n a lateral direction (direc-
tion parallel to the substrate surface) 1s suiliciently large so
that a transparent electrode as shown in the conventional
embodiment need not be provided. This not only simplifies
the fabrication process but also eliminates the absorption of
the emission light by a transparent electrode, which occurs
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when the transparent electrode 1s provided. As a result, a
high-brightness white light emitting diode can be provided.
[0354] Inaddition, the substrate made of sapphire which is
not excellent 1n heat dissipation property 1s removed and the
gold plating layer 131 which 1s excellent in heat dissipation
property 1s provided in place thereof so that a higher output 1s
produced.
[0355] Although the tenth embodiment has described the
separation method which applies the high-output short-wave-
length pulse laser beam for the separation of the substrate 111
made of sapphire, the separation of the substrate 111 1s not
limited to the method using laser 1irradiation. It1s also possible
to, €.g., use the substrate 111 made of silicon (S1) or galllum
arsenide (GaAs) 1 place of the substrate 111 made of sap-
phire and separate and remove the substrate 111 by wet etch-
ing using an acid.
[0356] In each of the ninth and tenth embodiments, the
plane orientation of the principal surface of sapphire used as
the substrate for epitaxial growth 1s not particularly limaited.
In the case of using, e.g., sapphire, a plane orientation at an
off-angle from a representative (typical) plane orientation,
such as the (0001) plane, may also be adopted.
[0357] The matenial of the substrate for epitaxial growth 1s
not limited to sapphire. Besides sapphire, there can be used
s1licon carbide (S1C), zinc oxide (ZnQO), silicon (S1), gallium
arsenide (GaAs), gallium phosphide (GaP), imndium phos-
phide (InP), gallium nitride (GalN), aluminum nitride (AIN),
magnesium oxide (MgQ), or lithtum aluminum gallium oxide
(L1Al Ga,_ O, (where 0=x=1)).
[0358] The composition of each of the nitride semiconduc-
tor layers composing the blue light emitting diode 110 and the
ultraviolet light emitting diode 130 and the composition of
cach of the nitride semiconductor layers composing the indi-
vidual layers which emit light through excitation, such as the
red light emitting layer 116, are not limited to those shown 1n
the individual embodiments. The method for crystal growth 1s
not limited to MOCVD and a semiconductor layer formed by
using, ¢.g., an MBE (Molecular Beam Epitaxy) process or a
HVPE (Hydride Vapor Phase Epitaxy) process may also be
contained. Each of the semiconductor layers may also contain
a group V element such as arsenide (As) or phosphorous (P)
or a group III element such as boron (B) as a constituent
clement.
[0359] As described above, the semiconductor light emat-
ting device according to the present invention allows one-chip
integration of a high-output white light emitting diode struc-
ture featuring an excellent color rendering property and high
brightness and 1s useful as the back light of a liquid crystal
display device, a white light source for illumination, or the
like.
What 1s claimed 1s:
1. A semiconductor light emitting device comprising:
a light emitting diode comprising a plurality of semicon-
ductor layers for emitting first emission light;
a semiconductor film provided to absorb the first emission
light and emit second emission light; and
a transparent electrode provided 1n the light emitting diode,
wherein the semiconductor film emits the second emission
light through optical excitation by the first emission
light,
wherein the transparent electrode transmits the first emis-
ston light or the second emission light,
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wherein the semiconductor film and the transparent elec-
trode are located on a light emitting surface of the light
emitting diode, and

and wherein the transparent electrode 1s provided with a

plurality of openings and the semiconductor film 1s
located 1n each of the openings on a light emitting sur-
face of the light emitting diode.

2. The semiconductor light emitting device of claim 1,
turther comprising:

a fluorescent material covering the light emitting diode and

the semiconductor film,

wherein the fluorescent material absorbs the first emission

light and emaits third emission light.

3. The semiconductor light emitting device of claim 1,
wherein the light emitting diode or the semiconductor film 1s
formed on a substrate made of a single crystal.

4. The semiconductor light emitting device of claim 3,
wherein the substrate transmits the first emission light and the
second emission light.

5. The semiconductor light emitting device of claim 3,
wherein the single crystal 1s sapphire, silicon carbide, galllum
nitride, aluminum mitride, magnesium oxide, lithtum galllum
oxide, lithium aluminum oxide, lithtum aluminum oxide, or a
mixed crystal of lithium gallium oxide and lithium aluminum
oxide.

6. The semiconductor light emitting device of claim 1,
wherein the semiconductor film 1s formed to cover a part of
the transparent electrode in the vicinity of the openings.

7. The semiconductor light emitting device of claim 6,
wherein the semiconductor film has a crystal defect density
which 1s lower 1n the portion thereof located on the transpar-
ent electrode than 1n each of the portions thereof located over
the individual openings of the transparent electrode.

8. The semiconductor light emitting device of claim 1,
wherein the first emission light 1s blue light or ultraviolet
light.

9. The semiconductor light emitting device of claim 8,
wherein the semiconductor film 1s excited by the first emis-
s10on light to emit the second emission light which 1s red light.

10. The semiconductor light emitting device of claim 1,
wherein the semiconductor film 1s composed of a plurality of
semiconductor films which are stacked in layers and emit
emission light components having different wavelengths
from each of the stacked layers.

11. The semiconductor light emitting device of claim 1,
further comprising a metal film 1n a portion of the electrode
and having a thickness of at least 10 um, wherein a current 1s
injected 1n the light emitting diode through the metal film.

12. The semiconductor light emitting device of claim 11,
wherein the metal film 1s made of gold, copper, or silver.

13. The semiconductor light emitting device of claim 1,
wherein the light emitting diode 1s provided with a metal
clectrode having a reflectivity of 60% or more with respect to
the first emission light or the second emission light.

14. The semiconductor light emitting device of claim 13,
wherein the metal electrode 1s composed of a single-layer
film or a multi-layer film each made of at least one material
selected from the group consisting of gold, platinum, copper,
silver, and rhodium.
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