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Investigation on the Excitonic Luminescence Properties of ZnO Bulk Crystal
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Abstract: In this study, photoluminescence (PL) analysis was performed to evaluate the optical properties of commercial
ZnO substrates. Particular attention was paid to the bound exciton (BX) luminescence, which is usually the strongest
emission intensity of commercial substrates. At 15 K, PL analysis revealed that the BX peak due to donor-type impurities
(donor-bound-exciton; DX) dominated, while two-electron satellite (TES) emission, donor-accepter pair (DAP) emission, and
LO-phonon replica emission were dso observed. The impurity concentration of the ZnO substrate was determined to be 10
to 10'%cm® by examination of the temperature variation of DAP, while the half width and intensity change of the luminescence
revealed that the temperature change of BX can be interpreted amost the same as the analysis of free-exciton emission.
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Fig. 1. 156K PL of ZnO substrate. Free excition (FX), bound
excition (DX), Two-electron satellite, donor-acceptor-pair (DAP),
and LO-phonon replicas were observed.
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Fig. 2. Temperature dependent PL spectrum of ZnO substrate from
15 K to 310 K.

WOl PL W el 271 AAYR BAEQ
PAH A PLOIA @y oA J]Eow A
23 Mago] g5 vskl wel welele =

stoich. 54 =U 9xto] dutele oA Ea}
(DX, TEX, DAP )7} A|29] &5 Ara
B7beo} Abobx|o] @ ¢AE wskslect.
RO A ] obslo] ol g
2 Ukt olelgt wiste ©
woﬂ olgt wrEAo] Wste

rY o du -
(@]

Iliri’ﬁrJrﬂ

munﬂm

-~

Koo 12 2 lo)yrr O 12
i

wh ob > rlr

|d

10 gu ok A rim

2 ¥t 2 Zn09 DXet FX, TES
doluix|o] Wats Aelst ZAuolch. AMe

8 718 2= Wato] )5t Weo] Wt
195t BAAS A 8stel mug Zolck.

[19
2 g
oY

71 E(T)e &= TolMel oluxlZ, a9t gt
3oleh o, o AolA £{0)= 0 KolAo} ey g

F

olx|gt, B ARoA= 0 KojA9] D°Xe} TES wgo
XS ARESHYCE olFA HoR ot pE 7
8.3x10™* eV/K} B=700 K2 zFzF Zajo] HLojA|

FXoll tfste] B 1=l o =(8.2+0.3)x10" eV/K, 8=
(700+£30) Ko 719 [Algh 3h& A 4 AT [12].
2 AFolAel FXe ¥ oX]= DXEr} of 14
meV &2 oY A7F YERT. o]2fst Aut= A
= DX9] 7|o] FXol7] o Yojx|= A= A
o

T T T L ¥ z T 4
He-Cd 325nm o DX
3.40 | ZnO Substrate =
¢l4 meV

Peak energy (eV)

1 1 1 1 1
0 50 100 150 200 250 300
Temperature (K)

Fig. 3. Dependency of the temperature change of the FX, D°X,
and TES peak position of the ZnO substrate.
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Fig. 4. FWHM according to the temperature variation of the
DX peak of ZnO substrate.
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