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In order to realize highly efficient green light emitting devices based on ZnTe, basic technologies for
fabricating LEDs with a ZnMgTe/ZnTe quantum well structure have been investigated. As a result, the
growth condition for obtaining a high-quality quantum well structure by molecular beam epitaxy was
established. Also, several important basic technologies including a growth of hetero epitaxial layer with
high carrier concentration by metalorganic vapor phase epitaxy were developed.

SN IR TE AR
(BAEHAT - 1)
[EEESEH LIEESES ¢ & &t
Rk 20 4L 1,900, 000 570, 000 2,470, 000
Rk 21 4R 1, 300, 000 390, 000 1,690, 000
& 3, 200, 000 960, 000 4,160, 000

WFZE R - T2
BHFEOSE - MIE - BRE LY A - AR T
F—U— R IFAA—F, fkth, &FHHEE, ZnTe, T/

1. FFFEBHAAES WO 5
(1) KO=ZJREOW, R, HEOFEK A

Ta vy X —7p AT OAMERR I E R4
DA ~DERIEVISHR IS TEBY .,

4 — R(LED)D /ST —2h=3:1% 20%LL FIZE)
FELTWA, JHE 550nm T ofk i B
L CiEH 0.1% & WAV O RN ER TH
0| FROEER L — PR ER I L TY
2N, O XD P REIL, BRI
ELTOMBEOM, #ild - DNA o4 7a &
WA TONT, TITATF v I 774
NG YEIR, B ikas O, YeimEH
HAEA LBRBDER, v—Y—7 1 &

DR - EEEE IR ARG T A A DBR%E
DRFE SN TWD, R, IEFEEME L
BB IC B W TR EE LT E B
THY ., /RT3 E D E A
LED OBAZ IO CEHETH 5,

@ HAEEALEN TV D HE LED I

GaP(FE i F 557nm) & 5 W T InGaN(3& ¢
H R 525nm/535nm) & W= D TH B,
GaP XM EEER A ERTH H 7=, BUE



Ll ED @@=tz < BT 2n, —J5,

InGaN (Xl & X EER IS 7 74 T2
TEY, FHHENEHETHLTOa X |
D3 AT, & 500nm LA 1% FEELS
L7128 In GABEEZEMSE TN L%
PMETFTLThE, EffbS TV Dk
18(525nm) TIE DT %D Zh= Lo 5
T2, WIS M EHI AR A LA
THEDTHY | MBI OB AV EL L
2%,

(3) ZnTe %, =EIE T 2.26eV O/3 K¥ v »
TEATHEEEBEERTHL L
NI EE LTEAZIMEE b
DT EITMAT, Mg EDRSIZTDHZ L
WXLV UL Ry v R AlRETH D, F
7o ARRPEHZ, LRGSR IR 2 FEERHO S 55 1T
ERLC x| DM NI Z M CTEIE D 5 E
ThdHID, KA b - @R GILT
NA ZAEBOAREMEN & 0 . T A ME
DEWMETH D, 20X 5 REMEIG,
ZnTe [FEEBAY d WREI N B 1EH S 24
BTH V. ZnTe ([ZBT HHF5EITFE A~ OHF
ZEREB CEBITbNC& -, LvL, BFE
n BUENRREETH 722 &b BTN
A AZA~DISHAPE S SN TR H - 72,

(4) IR FHEHIZT Y v o~ iklc kAN
7 FERRE R A KSR XK E
(MOVPE)IEIZ LB = B4 % ¥ v )L Rk
F#IToTETEY., BB LN E
7o B i R S NS D A D B i S AR
B4 2t L, OBKIINEE ., e

PEE 2 EAFEMICH LN L TE T, £z,

BRER—NU FZ2HWTp R, nlo RF—
v SO EED T T, i, MOVPE
B (WFEREFE O V—T) O, 4y
TR EH X ¥ /LR EMBE)E (ALK
F), L—P— R—E U TE (RT—),

IRREEHGE (WFIEREH ORITET v —7

VxRl yo—) BREIiZk ., n BYER
FHINDIZED | ZOISHANEY B
D0 5NN, kit LED [ZBA L TII=EEZ
e R 550nm O#fifk @ ZnTe LED O#EAE
WZECE) L T2 iF2E R & o6l % R < & i
DETHD, & 0bir, THRIEE L N
O DHITEH Xy VR & R E
J& % D TSR ECE R A OF AL 7 Rk £
ZnTe LED OBHFIIMEFTH v | (irkEd %
J—RLTWb EERD,

(5) ZnTe LED D X 5722 5 mshZR(b D72z
I, A7 | O~NTaEREERBATE 5
Zn; Mgy Te/ZnTe K& 2 JZRK L | i BE7p %
Y UTHACIADZFEBLT 5 L [FIRFIT, frfn
Wk LA Zni, Moy Te FEfR 28895
ZEMMETHD, LML, Zn,Mg,Te iE
gD, =V X X v VEO RN
= OWHERIENZ B3 A ZEIXIET I 7
VVIRIIZ 8 o 72, & Z THFIZEREE ST Z

AU B3 2 HREF e 2 5 IS b T » Tl
B, Zn Mg, Te {R L O FARH AT 2 B % L 7=,

(6) FHT A REERS 2 BT, B
TIXEELFETHDHOT, ZHIET S
MEHEDTETEY, ERICEHL TIT
Cox-Track /5P TLM T v &% 7 MNMEHI=R %
i L. ZnMgTe & ZnTe 2O\ Tl p B
WX LK 107 Qem B & FIET A 2D
EE L ERN s WTF— 225 TR
0. Fiz, T3 AMUIZHKE e ZnTe O R
IAZyF U 7ICBALTEZyF UK
B, H A=V BRI LT, RS E
ST LT D,

(7) HITTIE. Zni Mg, Te H Bk Lz
EnE p i ZnTe T E X 2 v LJE~D Al
BYLECCIERLL 72 ~T n A LED X0,
ZnTe |2 &% B AW Z 52T 22O ffik %8
KE=/G, o, BEREOKREIZERZ
MBE J5(2 & 0 plidE L7z IV Mg 8 i P
D Zny Mg, Te J8OFEEPEE T 52N L,
Zny, Mg, Te/ZnTe % & 1 H 515 % T AR
L7-fESR, 1T — 2 a3 b bIRIRIC TR
FALEALIZ IS L7287 o+ bV 2 R
B REED Z LK

2. WROBEB

TAVE TITHZE L7ofkts LED o258 5U
it 2 ANIER L. S b5 Emhs{bx %
BT 25729, Zni«MgxTe/ZnTe &1 HH51E
B9 % LED OB%%17>, E& LT, 7
Sy Rtz v ) VEOSLE
{b & Wil &1 RS ORI O fife
S E RGO RaE L, JRERIEE O ) Lr
HEN K 2 SE U o 1 R S BT o B &
179,

3. WD I
(1) p Bl % % 2 v LRI Zn, Mg, Te O
AL & Wk

MOVPE {EIC L D ~T = X % U v /LA
BB AT VL ORE AL & E R
TH720, MR, VI Lo il & i
5, BT, R U/ E&OKHELE T =—
JVALERIZ X % B S AG S E I A B A0 O e N %
H¥57
(2) Zn,, Mg, Te/ZnTe &1 H A& 1E O AT
DT & i i b

MBE JEIZ & % &1 H & DO RSO
feST & PR I & 2 R A AL & Rk
D7, Mg fEL, HFMRO R 2 &I 7
BEZERIL, 74 PLI Ry B AIZLDY
P L iSRRG 5,
(3) LHLHIHIE DT 7 L ULHIENC X 2 fkk
Je& D JEE i)

FTEED n FEEESD 2O 0B Al JRE
AR TR D T2 8 O BRI 8 o A H



iR VA R

(4) FHT A ADRLME

B HFfEEZ AT D LED OREL MERE
Ml E1T O,

4. WFFERR R

LRI, Bon-E-2EOMELHF 3
Do

(1) MOVPEJEIZ L % ZnTedebi _E~dDp-

Zn Mg, Te~T B =B X F U v LREICE
WT, EHART XX Y UERELND
AR THE F—E v 7 2470 B,
R A RN L 7GR, Mok 23 72
(x<0.1) FEIRIZ B\ THIL0em 2 D IE T 12
WE Y UTEREZAEL, 2O, EdbEZnTe
2NV fEeE E R D D UVIEE UL ED 3
W A AT HZnMgTefiim 2155 Z LR T
=7,

(2) MBEIEIZ & W Mg#iLEk, HPmEa 2 kS
72 M B FRZN Mg, TelZnTe B+ ki &
BEL, £O7x MLIx v AE—7
DI FIL X — & FEIECHREE % 514 L 7=,
ZORER, Mgl 2B &2z 5 L.
T AREEAIT L D RIGARR DT, FILik
FENRFEFICTIL 72D 2 E N0 LEDIZ
FIH FTREZ2 MORH R FEPH 2 IR B35 2 &3
T&7,

(3) FLHLHIEE 2 F W 7= AIBMIE LS & A LED
TERUZ BT, Il %25 L~ LT
T 5 & & iz, LEDOMRAIZ X5 B
ORI 5 DN Bt & WSz L 7=,

(4) LA EOFE % WV CLEDDRIEE TV, JE
JERFEZ B L7255, v 7 70 ZnTerk
EHALEDIZEB W T H HiiGaPik A LED &
RS DOMREEZH T HLEDEHD Z &N TX
77

(5) ~7 miiEZ A9 HLEDTIE, ZnTe LED
THRONT B CIGHRITRD Hivie o
=H00, BRI XA ~T v RiEoiln
DRBEEZ T, BMOIRE[GH T ENTE
Rnoln, A%, SOLRIBHDBLETH
%

5. FRFEERIwWILE

CGdERERmsC) GE T 1) X THEBA Y

1) Tooru Tanaka, Katsuhiko Saito, Mitsuhiro
Nishio, Qixin Guo, and Hiroshi Ogawa,
Enhanced light output from ZnTe light emitting
diodes by utilizing thin film structure, Applied
Physics Express 2 (2009) 122101 (3pages).

2) Tooru Tanaka, Katsuhiko Saito, Mitsuhiro
Nishio, Qixin Guo, and Hiroshi Ogawa,
Fabrication of a ZnTe light emitting diode by

Al thermal diffusion into a p-ZnTe epitaxial
layer on a p-ZnMgTe substrate, Journal of
Materials Science: Materials in Electronics
Vol.20 (2009)pp.S505-S509.

3) Tooru Tanaka, Mitsuhiro Nishio, Qixin Guo,

and Hiroshi Ogawa, ZnTe based light emitting
diodes fabricated by solid-state diffusion of Al
through an Al oxide layer, Japanese Journal of
Applied Physics, Vol.48 (2009) pp.022203

(5pages).

4) Katsuhiko Saito, Kouji Yamaguchi, Tooru

Tanaka, Mitsuhiro Nishio, Qixin Guo, Hiroshi
Ogawa, Post-annealing effect upon electrical
and optical properties of MOVPE grown
P-doped ZnTe homoepitaxial layers, Journal of
Materials Science: Materials in Electronics,
\Vol.20 (2009) pp.S264-S267.

5) Qixin Guo, Yusuke Sueyasu, Yaliu Ding,

Tooru Tanaka and Mitsuhiro Nishio, Surface
morphology and optical properties of ZnTe
epilayers on GaAs substrates by metalorganic
vapor phase epitaxy, Journal of Crystal Growth
\Vol.311 (2009) pp.970-973.

6) Qixin Guo, Yusuke Sueyasu, Tooru Tanaka,

Mitsuhiro Nishio, and J.C. Cao, Improvement
in the Quality of ZnTe Epilayers Grown on
GaAs  Substrates by Introducing a
Low-temperature Buffer Layer, Japanese
Journal of Applied Physics, 48 (2009) 080208

(3pages).

7) Tooru Tanaka, Mitsuhiro Nishio, Qixin Guo,

and Hiroshi Ogawa, Fabrication of ZnTe Light
Emitting Diode by Al Thermal Diffusion
through Surface Oxidation Layer, Japanese
Journal of Applied Physics, Vol. 47 (2008)
pp.8408-8410.

(3R] (G20 1)

1) K. Saito, S. Shimao, T. Tanaka, Q.X. Guo,

and M. Nishio, Temperature dependence of
photoluminescence from P-doped ZnMgTe
bulk crystals of high quality grown by
Bridgman method, The 14th International
Conference on 1I-VI compounds, August 23-28,
2009, St.Petersburg, Russia, Th5p-22.

2) K. Saito, N. Nonaka, Y. Inoue, T. Tanaka,

Q.X. Guo, and M. Nishio, Growth of
low-resistivity p-type ZnMgTe layers by
MOVPE, The 14th International Conference on
[1-VI  compounds, August 23-28, 2009,
St.Petersburg, Russia, Th5p-23.

3) Qixin Guo, T. Tanaka, and M. Nishio,

Growth and characterization of ZnTe for
pure-green light emitting diodes and terahertz
devices (Invited Lecture), International



Conference on Advances in Functional
Materials, 1-9-19, June 9-12, 2009, Jiuzhaigou,
China.

4) Q.X. Guo, K. Saito, Y. Sueyasu, Y. Ding, T.
Tanaka, and M. Nishio. Influence of
low-temperature buffer layer on properties of
ZnTe grown on GaAs substrates, The 14th
International Conference on I1-VI compounds,
August 23-28, 2009, St.Petersburg, Russia,
Th5p-21.

5) GHERMNE, W, mAENE, $RHEHT, W
L, 53 TR B4 U —IkIZ L D GaAs
R E~D2zZnTeF / U A Y —pliE O R,
Rk 21 AR W BT U SRR A5
Hz, RBAKRSE, Pl 21 42 11 A 22 H,
22Aa-1.

6) Vefrdnth, FEE BE, HHAL SO,
FERIE5L, AR KHERREEIC L0 R
ENZAIR—TFZnTe VRO 7 4 F LI 3
v U AART N VORRNT, Rk 21 G
FW B2 UM S AR 2, REAR KT,
Rk 21411 A 22 H, 22Aa-2.

7) R T#s, HEf, AR E, 7R,
SPHH, BRI —IEIC X0 ER
L 72ZnTe/ZnMgTe & 1-H: 77 OFEAM, Fhk 21
RIS B S TUN SCER ATl 2, e
AR, Rk 21411 A 22 H, 22Aa-3.

8) MEELME, A5, AEEEE, B, v
B tak, 2RH:3E, MOVPE {12 X 2 AI302
R EZnTe B X 2 v VERERD R 7

7 —ERNR, Rk 21 ARG M EL R A LN
HEEEIRET S, REARKRE:, WAk 21 4F 11
H 22 A, 22Aa- .

9) EFrREME, Hh thEE, AR, EEIEP Jz
#HEHr, 78R 9L, MOVPE L IZ
Zn1-xMgxTe ™ t"ﬂ%@ﬁ‘é%éﬁ%%éﬁ%m:
KT TDMAPHLAG DN, Wk 21 4R
I PR 2 TUN SRR iR T 2, AEARKR
2, PRE 21411 A 22 B, 22Aa-5.

10) HPEZ, B, Hom, #BHEHE, 7
Bk, 7V vV~ Ik P F—7
ZInMgTefti gt D 7 + bV R v B A A
7 N VOREMT, R 21 A FE IS W EL RS
PN SER AN 2, REAKSE, Rk 21 4F 11
H 22 H, 22Aa-6.

11) A N5, A E, BPE, vEREE5L,
FRHHT, MOVPEYEIZ X 5 GaAsHEAK znTe
TEH Xy VR RO SR, Rk 21
62 [MIEABIR LR TN EA KRS,
JUNT RS, SERk 21 42 9 A 29 H,
06-2P-07.

12) W, R, SRS, ERHET,
P REsL N EE], AIEEBOEIC L S ZnTe
FREELEDOVERL & 3F4M, 2009 4-FZ=55 56 1]
I PR BACRE SRl =, SR RSE, F

% 21 45 3 H 30 H, 30p-J-15.

13) BRI, B EE, FilEkE, PR, 56
o, AR, RN, T vy U~
HECERL L 72 & VP K — 7 ZnMgTefk i
74 MV R AREE, SRk 20 4R
PR TUNN SCER ARG 2, B IR R,
SR 20 4£ 11 A 30 H, 30Ca-1.

14) REHI, TRBEE, A 05, HTPH,
TE 6L, 2RHEE, MOVPEEIC & D GaAsk:
W EZnTem 2% & o v /LR {ERL & 5T,
Rk 20 AR A BLSES JUN SRR AT
e, BEIRRT:, FAk 20 45 11 A 30 H,
30Ca-2.

15) HRHE &, KLEHIT, A 058, R,
W, vEREYEAL, #PEET, MOVPEEIC X
LY 77 A THMKREDOZNTe B2 X % )L
piCR IR O SR, Rk 20 4R 5L S P B
DTN SER AT, B R, EARk 20
£ 11 A 30 H, 30Ca-3.

16) 0 5#, REHIT, HRBE &, HEf6E,
L, BEE, 7 7 A TR EZnTe
TEX XU NVRERO T =— 3R, T
552 20 AR JE IS F W B s JUMN S AT R

£ EIR RS, R 20411 A 30 A, 30Ca-4.

17) #L%iﬁ B ECR, AR E, H T
FREFT, FERKLL, P R—7" Znl-xMgxTe—
B X% v VRO BRI K IF
TT7 ==V 7R, VR 20 G P EL
PRI AR =, B R, K
20 4211 A 30 H, 30Ca-5

18) Xiuxun Han,Yuuki Kuramitsu,Tooru Tanaka,
Qixin Guo, Mitsushiro Nishio, Influence of
precursor transport rate upon the optical and
electrical properties of P-ZnTe homoepilayer
grown by MOVPE system, The 4th Vacuum
and Surface Sciences Conference of Asia and
Australia (VASSCAA-4), Matsue, October
28-31, 2008, 28P001.

19) GG, ML #RHHT, ﬁ)%i‘é%, AI
i b M5 A2 W 72 AL EACBE BRI
ZnTe-LEDDERY, Sk 20 45 61 IEI?E%BQ
FREFPE TN EE S KRS, Koy K%, Rk
20429 A 24 H, 08-1A-05.

20) EyHrE s, S EthEE, AR E, AL
REHT, WL, AR IHERELIC
X % Znl-xMgxTe~D F—t > 7, Fpk 20
61 IR BRI SRES
KoK, Fpk 20 429 H 24 H, 08-1A-06.

(E) GF 31k

1) HHfE, vERSEEL, FRHECE, NIEE (5
HEE) |, F2m H7E FI3H ZnTe
FEW - IS T /34 A, 2009 L& W - iR,
(TPNES Hkﬁ%ﬁ:ﬁ% ¥ ¥ —J L (2009)
pp.92-95.



2) WAL, FBHEGHT, WEEEIL, /NIEE], B
MPEHZ & 2 @z Ritikk It & A 4 — F,
A FIBSREA B, v —= A v —HR, Vol. 29
No.2 (2009) pp.43-51.

3) Tooru Tanaka, Mitsuhiro Nishio, Hiroshi
Ogawa, Handbook of Light Emitting and
Schottky Diode Research, Chapter 15. Recent
Progress in ZnTe-based green LED, Nova
Science Publishers, Inc. New York (2009).
ISBN: 978-1-60692-462-4

(PEEIY PERE)
ORI (G0 1)
OBASIRIL (B0 )

(ZDfh)
A==
http://www.sc.ec.saga-u.ac.jp/

6. MR

(1) WFgefRE

HH f% (TANAKA TOORU)
PR« BRLSAHS « UEHHR
FgeE 5« 20325591



