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Abstract: lons’ co-doping is one of the important means to optimize crystals’ scintillation properties.
In this work, GAGG: Ce and GAGG: Ce,0. 1% Mg crystals were grown by Czochralski method. The
effects of trace MgO on the optical and scintillation properties of GAGG: Ce were studied by measur-
ing hardness, transmittance, X-ray excited luminescence( XEL) spectrum and time resolution. The
average Vickers hardness of GAGG: Ce and GAGG: Ce,Mg is 1 430 kg/mm’ and 1 420.4 kg/mm’
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respectively, which indicates that Mg® " doping has little effect on the hardness of GAGG: Ce. Photo-

luminescence ( PL.) and XEL spectra show that the emission peak wavelength of GAGG: Ce and

GAGG: Ce,Mg crystals is ~ 540 nm. By Gaussian fitting the XEL spectrum, the emission peaks of
5d,—’F,,, and 5d,—°F,,, of GAGG: Ce,Mg are red-shifted 12 ~24 nm relative to GAGG: Ce, and
the introduction of Mg** may change the transition probability distribution of Ce’" from 5d, excited
state to’F,,, and’F,,,. The light yields of GAGG: Ce and GAGG: Ce, Mg are 5. 8 x 10° Ix/MeV
(58 000 ph/MeV) and 4. 15 x 10° Ix/MeV (41 500 ph/MeV ), respectively, but the coincidence
time resolution of GAGG: Ce, Mg is significantly improved, up to 146 ps. In addition, comparing the

light yield of samples of different sizes, the self-absorption degree of GAGG: Ce ,Mg for scintillation

luminescence is less than that of GAGG: Ce. The above results indicate that trace MgO doping is an

effective way to improve the scintillation performance of GAGG: Ce crystals.

Key words: gallium aluminum gadolinium garnet; co-doping; light yield; time resolution; scintillation property
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Fig.1 Crystal photo of GAGG: Ce(a) and GAGG: Ce,Mg(h)
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Fig.2  Powder X-ray diffraction pattern of GAGG: Ce and
GAGG: Ce,Mg sample
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AR, S R MgO 24X GAGG: Ce fH A7 AR KR RE A4 50 31

keg/mm*, Bl GAGG: Ce B AE BE WS T K T GAGG:
Ce,Mg, £HB IR Mg** KX GAGG: Ce FATE ;=
AR

£ 1 GAGG:Ce #1 GAGG: Ce,Mg ¥ MBI 4E R TE &

Tab. 1 Vickers hardness of GAGG: Ce and GAGG: Ce, Mg
samples kg + mm ™
Sample 1 2 3 4 5 Mean
GAGG: Ce 1358 1454 1429 1480 1429 1430

GAGG: Ce,Mg 1480 1454 1405 1405 1328 1420.4
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Fig.3 (a) Transmission spectra of GAGG: Ce and GAGG:
Ce,Mg samples. (b) Transmittance spectra of GAGG:

Ce,Mg samples with different thickness.
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Fig.4  (a) Photoluminescence spectra of the sample. (b)

Zoom of photoluminescence spectra of the sample on

the short-wavelengths end.
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Fig.5 (a) XEL spectra of GAGG: Ce and GAGG: Ce, Mg

samples. (b) — (c¢) Gaussian fitting of XEL spectra.

%2 GAGG: Ce 1 GAGG: Ce, Mg # f XEL i 4
Gaussian #l & ##E

Tab.2 XEL spectral Gaussian fitting data of GAGG: Ce and
GAGG: Ce,Mg samples

Ratio
Peakl/ Peak2/
Sample (Peak2/ R’
nm nm
Peakl)
GAGG: Ce 535 580 2.51 0.99
GAGG: Ce,Mg 547 604 0.85 0.99
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Tab.3 Light output and energy resolution of GAGG crystal samples

GAGG: Ce GAGG: Ce,Mg
Size Shaping time/ s

Peak Ratio E.R Peak Ratio E.R
0.75 643 6.59% 517 7.13%

2 mm X2 mm X3 mm 84.94% 87.04%
2.00 757 6.18% 594 7.18%
0.75 576 6.09% 488 6.92%

2 mm X2 mm X 10 mm 84.96% 85.76%
2.00 678 6.69% 569 7.02%
0.75 541 6.47% 450 7.06%

10 mm x 10 mm x 10 mm 84.01% 85.88%
2.00 644 6.20% 524 6.91%

4 T A S B G 8, GAGG: Ce FlI
GAGG: Ce, Mg Y™ i 435Il 535 5. 8 x 10° Ix/
MeV (58 000 ph/MeV) F1 4. 15 x 10° 1x/MeV (41 500
ph/MeV) . SR 2 mm x2 mm x3 mm A1 2 mm x
2 mm x 10 mm ) GAGG: Ce, Mg 1% F GAGG:
Ce , H O 7 45 3 I BEAIR T 28. 4% 1 26. 3%
Mg’ * $B4=5 | A Y B 23 4 4R B T 3 i B B
(LT, VR TR B P A B 7 5 v T00 A Pl 23 X
TR EA BT GAGG: Ce 450 , JEfi
(235 TR AR i = = Vi) N W B by N L ¢ B
FEEAT T B AR AR SR 1 B — IS AR
AR, BEFEG RS K, GAGG: Ce, Mg J6™ 40l

FEARAY IR BE /N T GAGG: Ce, 3% P BEJE 1 T GAGG:
Ce , Mg 78 & 6% K DX (] 2L A5 AH X B & 1) 36 3 R
(F3(a)) AR /NT GAGG: Ce T3k, MR
FIA Mg** J& GAGG: Ce, Mg SRR A AR T
—28 fH2 mm x2 mm x 10 mm ¥ 5 06 P2 &4,
ik 3.05 x 10% Ix/MeV (30 500 ph/MeV) , 5 TAH
[J]]F LYSO: Ce ffA&f1.9 x 10° 1x/MeV (19 000
ph/MeV ) >4 B AL S B =4 i

El 7 MTEY Cs (662 keV) B4R, GAGG: Ce
F1 GAGG: Ce, Mg i1 B DNV RR S U8CRT [1] 1t £k, 5
NSF R 2 mm x2 mm x3 mm, X3 2% FH AL
BEOTR y =y, +Ajexp( —t/1,) +Ayexp( —t/7,)
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Tab.4  Light yield of 2 mm x2 mm x3 mm and 2 mm x2 mm x 10 mm samples

Ix - MeV ™' (ph - MeV™")

Sample 2 mm X2 mm X3 mm 2 mm x2 mm x 10 mm Ratio between sizes
GAGG: Ce 5.8 x 108 (58 000) 4.14 x 108 (41 400) 0.714
GAGG: Ce, Mg 4.15 x 10% (41 500) 3.05 x 10° (30 500) 0.735

Ratio LY . y/ce 0.716

0.737

— GAGG:Ce
— GAGG:Ce, Mg

2 mmx2 mmx3 mm

Intensity/a. u.
o
p—
T

0.01 d | I I I |

| I
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K7 GAGG: Ce Fil GAGG: Ce, Mg Ff ity 1A I 45 2 il &
Fig. 7 Scintillation decay curves of the GAGG: Ce and

GAGG: Ce,Mg samples

R5 2 mm x2 mm x3 mm 5 58 E B E 5 PR
(CTR)
Tab.5 Coincidence time resolution( CTR) of 2 mm x2 mm x

3 mm samples

Sample CTR(FWHM) /ps
GAGG: Ce 273
GAGG: Ce,Mg 146

HATHLE, N AR AT Bk i (8] 4 &, A R B
GAGG: Ce [N ol B[] PR 43 15 S H: o EE 43 )
A126 ns(81.4% ) J 625 ns(18.6% ) ; GAGG: Ce,
Mg PR s 8 s i) BR824 i R o LRI 43 5310 89
ns(51.3% ) F1295 ns(48.7% ) , \NFE5 HaJLIFH
i, GAGG: Ce FJ CTR 4273 ps, i GAGG: Ce, Mg
) CTR KA L 146 ps, SCHRARIE K GAGG:
Ce,0.1%Mg,2 mm x2 mm x 10 mm F£ 5 ) 5 5
IF1E] 73 ns (71% ) 275 ns (29% )5 mm x 5
mm x5 mm B IRETTR] 47 ns(83% ) \174 ns
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AR 3 P8I () 7 T P T A S 3y, (EL B ] 43 3% %2
ARSI — 5, R 25 SR v RE S AR RS A
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B Mg® " 5 Gd™ M AN TR], i ey MK
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WK TR A SN Ce™ i Fi eSS
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10°% 1x/MeV (41 500 ph/MeV) ) 58 UAY s a] 53 5%
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