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Ga,0;: Cr’" Multi-Center to Single-Center Emission

and Spectral Tunable Realization
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Abstract Near-infrared light (NIR) is widely used in agriculture, medicine, non-destructive testing and
other fields. But most of the near-infrared light sources have the problems of low luminous efficiency and
narrow half-height width. In order to solve these problems, a series of Cr’" doped NIR phosphors with 8-
Ga, 05 as the main substrate were prepared successfully by high temperature solid phase method at differ-

ent temperatures. Ga,,: Cr’" synthesized at 700 °C enables the peculiar wideband with two-center emis-
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sion from 350 to 800 nm. When the synthesis temperature rises from 800 °C to 1 100 ‘C, Ga,O;: Cr*"
mainly shows wide-band emission in the near infrared region. Moreover, the emission spectrum of Ga, s :
Cr*" shows a blue shift from 770 nm to 730 nm with the increase of synthesis temperature. By replacing
Ga®" with In’", the spectral redshift of Ga,O;: Cr’" from 764 nm to 810 nm was achieved, and the half-
height width of Ga’" was gradually increased after replacing Ga®" with AI’". At the same time, the lattice
occupation theory is used to show that doped Cr*" preferentially occupies the Ga2 lattice site with octahed-
ron,

Key words photoluminescence; near-infrared luminescence; spectral regulation; site occupation
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Fig. 1 XRD patterns of (a) Ga,0;: x Cr*" synthesized at (700, 900, 1 000 and 1 100 C ) and (b) Ga, (Al ,O;,
Ga, cAl, ,In, ,0; and Ga, ¢In, ,O; synthesized at 1300 C and standard card of B-Ga, O, (ICSD: 83645);

(¢) Crystal structure diagram of f-Ga,O;; (d) Coordination environment of Gal and Ga2 sites
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Fig. 2 Refined XRD patterns of (a) Ga,O; raw material, (b) Ga,0;: 0.5% Cr*"
synthesized at 700 C, (c~e) Ga,0;: 0.1% Cr** synthesized at 900, 1 000 and
1100 °C and (f~g) Ga, (Al, ,0; and Ga, ¢In, ,Al, ,O; synthesized at 1 300 ‘C
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Table 1 XRD refinement data of Ga,0;: 0.5% Cr synthesized at 700 C and

Ga,0,: 0.1% Cr synthesized at 900, 1 000 and 1 100 C
Category Ga, Oy raw Ga,0,: 0.5% Cr*" Ga,04: 0.1% Cr*t Ga,0,: 0.1% Cr* Ga,0,: 0. 1% Cr'™
material 700 C 900 C 1 000 °C 1100 C
a/nm 1.221 24 1.221 21 1.221 12 1.221 00 1. 220 80
b/nm 0. 303 50 0. 303 47 0. 303 50 0.303 54 0. 303 52
¢/nm 0.579 97 0.579 92 0.579 96 0.579 96 0.579 93
V/nm? 0. 208 74 0. 208 70 0.208 71 0.208 71 0. 208 66
R, (%) 17.54 17. 74 17. 24 16.75 17. 00
R, 13.70 13.68 13.42 13.12 13.98
1.482 1. 642 1. 550 1. 856

z? 1. 680
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Table 2 XRD refinement data of Ga, ¢Al, ;05 and Ga, ¢In, ,Al, ,O; synthesized using Ga, O, as raw material at 1 300 C

Category Ga, 04 raw material Ga, Al , O, Ga, ¢In, ,Al; , O,
a/nm 1.221 24 1.212 59 1. 233 40
b/nm 0. 303 50 0. 301 07 0. 306 63
¢/nm 0.579 97 0.576 43 0.581 99
V/nm? 0. 208 74 0.204 25 0.213 97

R, (%) 17. 54 17. 98 21. 65

R, (U0 13.70 14. 16 16. 76

? 1. 680 1.494 1. 895
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Table 3 J values and d, values of Ga> —0?™ and Cr*t —0*~

Ton pair J/(kJ »mol™H d ,/nm
Ga*t =0 1 240. 64 0.173 0
Cr*t—0? 445,18 0.172 4

%‘% 4 Ga3+ _02_ ﬂl Cl'3+ _02_ E"]ﬁ?%ﬂ;%ﬁgﬁ( EM—() ’ ECV3+7()27 )*u%ﬁgﬁﬁﬁ( AES?H )

Table 4 Bond energies of Ga>* —0*~ and Cr*" —0*, bond in ( E\. o , E_ s ), and the deviation of bond energy ( AEEf;“H )

0?

Central atom Coordination Count d,/nm Faro E(«r3+,()2* : AE?:’H :
atom (k] + mol ™) (kJ + mol™H) (kJ » mol ™)
01 1 0.180 3 1018. 774 359. 685
) 02 1 0.183 3 939. 684 331. 761
et 02 1 0.1833 939, 429 331. 674
03 1 0.185 3 889. 756 314. 134
Average 946. 910 334. 314 612. 596
02 1 0.194 0 703. 510 248. 378
01 1 0.197 8 633. 988 223. 835
Ga2 01 1 0.197 9 633. 817 223.772
03 1 0.202 3 561. 994 198. 417
03 2 0.207 7 485. 808 171,518
Average 603. 822 213.183 390. 639
I LR 4 T Cr'T AE Ga, O5 o i AN R B B 4% 507 Ga,0,
{37 1 Bt BE T 25 (813 AE2. (390. 639 kJ/mol) << AES. B o2
—2,=507 nm

(612.596 kJ/moD) . #4f SOT, BB Tt ie i a B
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Fig. 4 PL and PLE spectra of Ga,0;: 0. 1% Cr** synthesized at (a) 700 ‘C, (b) 800 ‘C, and (c) 1 100°C
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Fig. 5 PL and PLE spectra of Ga,0;: 0.3% Cr*" synthesized at (a) 700 C, (b) 800 C,
(¢) 900 °C, (d) 1000 °C, and (e,f) 1 100°C
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Fig. 6 PL and PLE spectra of Ga,0;: 0.5% Cr’* synthesized at (a) 700 ‘C, (b) 800 C, (c) 900 ‘C, and (d) 1 100°C
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Fig. 7 (a) PL spectrum of Ga,0;: 0.1% Cr*" synthesized at 1 100 ‘C ; (b) Normalized PL spectra of Ga,0;: 0.3% Cr**
samples synthesized at 700, 900 and 1 000 C ; (c) PL spectrum of Ga,0;: 0.5% Cr** synthesized at 700 C ;
(d) PL spectrum of Ga,0;: 0.5% Cr*" synthesized at 1 100 C
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Fig. 8 PL spectra of (a) Ga, o;_,In,O5: Cryos (x=0.1, 0.2, 0.3, 0.4) and (b) Ga, s, AL, O;: Cri s
(x=0.2, 0.3, 0.4, 0.5) synthesized at 1 300 ‘C; (c) PL spectra of Ga, o,_, Al O;: Cry';
(x=0.1, 0.3, 0.4) collected using near-infrared photomultiplier tube
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