) 32 3R Acta Phys. Sin. Vol. 75, No. 3 (2026) 030806

T 5ETHXEYHRAE SRR
ME TG LEY CaZnGe,04 HY
B REDEFEEEA RS

BB UF AZEVE RMEED KK ENAD  EHKELY
BAY EAD EAKD FEKY RO

1) (W2 IR SEAR R, #iM 121013)
2) (WhGRAPORHS IR TR Bt #8M 121013)
(2025 4E 9 1 19 HULF; 2025 4F 11 A 23 HUEIEMH)

2 B AR 2 B X 5 S bk 32 B T ) & e AT ST B ik ) A S BRGT FSR 1 E, —
PLSHER) 32 00 . R, JF & ELAT v P o 3 % | A e AR 58 S o 335 T 90 B0 1 2 Y6 b il . A SCaR
T — Tl M2t R 7T S5 R R (CaZnGey0q:0.02Mn21) Y274 TR 3 A& B fE . 78 0.33—9.49 GPa JuH N,
5 B GRS Sh R0 B AR 7 v, bk 57 A B 1 658 v 1 I 2380 R S € ) 0 B T R A M R R
A% 5T R TR A5 Min+ B £150 5 21 22 S5 e W 57 T 32K 3] 1) e R 446 X6 e 5 R BRE S, (AN /dLP) U1 43 39l Ry
10.47 nm/GPa H1 4.83 nm/GPa, E4L 5 A1 JEFR (AlO5:Crdt) (1 28.7 Fl 13.2 15, ME T8 48 i 856 S 1A% 7
2, 33X Al 5 G Sz 5 06 57 B Bl 00 R 5 i 05 T A 20k ot 1 5 O A KRS 0 R R R R SRR L AN, R B X6
TR 0 B LU VR TR MinH L2 0 MR 5 S BIORE 1 JE Bk, A B B R R S A X R BRE () BUE R
64.28%/GPa, H#E 58 (% R 58 Bl N S, 385 T 16.06%/GPa. Z JG ¢, CaZnGeyOq:0.02Mn>+ 2 3 H ) K

H A B O S I R R, ik B A Dl 2 T 5 A TR S R A 0 R 1 L A 9

REBRIAl: BRRT T, BULERGT, R A, Yy TR iR i
DOI: 10.7498/aps.75.20251292

1 3

Fes Ve P B i b — A E A SR, B
PR L AR S A AL KAl OSTERR RYREST. A
229, £ B REOR T B AR et A —
RIVERAR Y B A B T, EARBE B RHE
TR XA MR W KR 1155 k.
Py SR AR L SR BB i i 5 25 0L s,
A AR AR I X A T R e s 0 A A58

il

CSTR: 32037.14.aps.75.20251292

T, £WIAXTTRS (diamond anvil cell, DAC) &
FEAE AR R B He s 4R 6E ) (FT 9 e 24K
AARAERR) A HeEEVME (55 2R
LLANTECTETE I A PR i 6 ) DL R i) i o
MHATRE, © ROy Y1 RS AR R A5
I e A )z e s A G R AR R BT 4L
FAT (ALyOg:Cr) ik B H B A R bR
BHRE, HRSR R EUE (AN/dP) M 0.365 nm/GPald,
SR, LR AAFTEZ A R BRI O 12 1) b kA A
AR D I AV Bt iR (Y RS B i 8, S AR

BB THARII H #HES: LI212410167051) FEMN T4 SRR @GS JZ2025B077) BRI

LT
G tN(E
t iBfE1E#H . E-mail: chenshuanglongbhu@163.com
i HEEEH. E-mail: lixin313lucy@163.com

© 2026 FEIEZFS Chinese Physical Society

http://wulixb.iphy.ac.cn

030806-1


http://doi.org/10.7498/aps.75.20251292
https://cstr.cn/32037.14.aps.75.20251292
mailto:chenshuanglongbhu@163.com
mailto:chenshuanglongbhu@163.com
mailto:lixin313lucy@163.com
mailto:lixin313lucy@163.com
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 75, No. 3 (2026) 030806

JE R R AN BURR, PR AR 3 FR L G e T
BOEMAETR) PR AT SR R I S ALRE; 2) %At
RFIE N S S AR T P ek 0 ot 2 0 v R R
™ 2 T AR AR R AR T SRR B e i
W FH; 3) Bl Hesim T s, SR AR ) & i
S THE G, TR R R RO A B
FEA. BRUL, B TR SR v ) R B & T AR L
H IR TIRTRSR RUE | B O S0 TR LA
PRSI E Nk, DS ST 35 MR 2B it 25
RIS ) e A PR A5 Sy T

DL Bit, Mn?+, Mn*+ J Cr3+55 14 % 4 )8 %+
VB R BT O A BHA 2R, L TR
FEAE I R SO B S A REAE, e
JU LR 5 5 AN B (200—400 nm) ZE 3T 21 41 X 3,
(700—2500 nm ) 3161, 3 Rhol 4 6 58 1% & AR f
HAEZHZS WREAR | BRI TR, Sass
WAL LA S PR B K A4 5 e g S A A I 25 Rk
QIR R PR A A L0 FE AR Z U A
JEE T, BA 3d° SN2 H AR Mo+, FIHM
FER IR T d-d A e 28 FHERIE (YT, (*G)—5A(6S))
) G, T £ S BHITFAIUER A DG TE . K3 S A
PG, AbF KW 3d SR, &2k R
FA AR F R 2. LT oL R B, B R B
I AR M2 B B IAEE, SEEINT Min?t &l
FEPER A RORFE. HARERB A, 2 Mot & g 1k
it BE A 55 WA S, FR HOE A9 e 8 e 2 3
WG K B AR, 24 Mn2tb T K350 5 Ao
(RS SSUEE, ZR T 22 IR R RS 21510 K B 22281, 43¢
ML T 8 A AR T, ST B AR B 2 R
VR4 8, X R0 2 S B0 A1 fL 3L 2 8] /)
S R I, S T A A AR S s AT R T 4
T, S8 AN [ 5 R Y v e, BB X Min?+ 3
BEICH IO T R AR SEAT AT B X B 4R, X — 4
PER M0 5 6K 78 27 D 450 1) 1y F 25
FE T IR ST NS LR, SR T D) ST AT R B
102421 T PR s USSR, TRAR
5% M & G RE Bl A 38 A8 Ak 14 i o7 KL, %I
K B 3 R G R S, AN E 2
FIELS A, B HA B35 R SE R R TR X, B
SlAEEE Al G A A ) B R L N Y
(A7 ] K.

VERHEEA LAY, PHA DGR 1 2
IS AFEE TR ER (CaZnGe,04) 5 T 0L, HBA

SRR (4.72 eV) LLKAR S5 1 ) BR A E 24 AR e
P, SRR RO AR BRAR Lo 22291,
IEAEE, B2 T B+ (Euv®t, Th%, Yb*, Sm’")
AL E BT (Mn2t, Cr?t) B9 CaZnGe,O4 I H:

Mn?t#8 2% %) CaZnGe,Og fi 1K Ry Bl H & o Ao
Mn2* 55 75 5 o 52 800U EE i 47 o5 O RE R Y
Mn2t 545 7SEAE [ZnOg) NHHARNE S5 FF, 32 ik
B¥ZUERIRZ, H: 3d° B LA AT, (*G)—0%A,(6S)
BT P A U IR 536 nm SR (AR & 5T T
2 Mn2 g AJ\BCE [CaOg) + AN S, Sl
Y BERGR R UL ITREH TR, HAT (1G)—0A,(°S)
BRIEG | & VL 670 nm AH UL RRZT GO K 5 2223,
TEEIMGHA T, Sl R RE AR5, it
i PR 2SN SC BB B ) 21016 A S O Y E Tl AR
16, AR LB R A 5 I Bl A AT 3 Y - 21
FASRRE P2 B TIZIA R CaZnGeyOg:Mn?t-
PDMS SRR SR RE, ZERIE | b, 25 i Sty
ELE A= I N T R U EAR IR W L ]
N7, R WIZMRHR 28 1 J7 43 A5 AT AR AR B 0y 22,
FEGIHE, 2R R A AR IR PAEE R R A RR A A
AT BEETRE N 30 °C FFE 150 °C, 4 /40K
SPGB LU R AR EOE, FEUR A (O H 3 A ) URLL
0 Sy AR 23281 AR 22 i) e Ny & R R
CaZnGeyOg:Mn2 A 22 1] 5 81 A B 65 3l A P ]
T2 A X B D s T BE A% 8 T DA K X5 4k il
1525 SR LA Z T RE I .

T CaZnGe,Og Mn> 7EAM AR AE T 2
B AR HL AT Y R OGRS LU RS
XA, il DAC B E K &, RERTEET
BT M8 1 AOCHE (9B, DGR i
o) B2 R, AR B IRl b — 2 IR i A R
TEG2 He i A5 I i o7 FH VR fE.

2 LI

AR SCR HH o U T AH S AR A AT A
WG KA CaZnGe,Og FE 5T A S Mn?t#8 4% CaZn
GeyOg e 2223, fr FJEBHAS CaCO4 (99.99%),
Zn0 (99.99%), GeO, (99.99%) Fl MnO, (99.95%).
Eiad g, JFURE CaCO;, ZnO, GeO, Fil MnO, Y
JBE /R &4 )28 1 mmol, 1 mmol, 2 mmol Fl 2 mmol,
Hrp z = 05 0.02. R JFURBRIBOTH 4% 2 S LR At
R IF7E AL A IR S ST K, S o

030806-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 75, No. 3 (2026) 030806

30 min. FfiJ5, R YIHCE THRERE N 1150 C
BRI N, TERSRGURM T TR AL B, e
AP A 4 he FRAREI R, WSS I PR RE 5
FEAIFES B A, T ZL U6, SCHkHR A (IR i MnO,
fii Mn2 (92O K G e 9. i MnO, FHEE K,
U R IR S S e 122231 Sy R B 5 ) D G RIUR
ARYR SRR R 0.02 mmol i) MnO,, 1ZH &2
SEIG T R F-RENS LU RORS 0 PRI /N (EL. 56
ik TD 3500 A X 5 2y R AT YL (A Cu Ko
SHEONERSTIR, P N = 1.5418 A) Rl &A1& 5%
Al H (0 X5 2R G ARy [ A - -SEM4000X
AU L AR5 LR Y bR 2R RST
KOt RANHAT538T. FIFH LabRAM HR Evolution
IR LR 2 BRI OGE R Mo 5 F B4R
CaZnGe,Og [ FEPLZOEIE L KOEBUOEE, ¥
RGBS 1K 532 nm F1 325 nm. FLE GG
%43 HEER 0.65 cm !, JEECE LG REME S 4
HEE0.02 nm. PIRGTH BN 300 pm [ DAC 368
PR RIS, AR A RSO N i WA
7E 325 nm WO T, Z&RIATE 400—900 nm
E N RSP ol M S TR FARE T A b S L E AN
T 50 pwm JE B T301 AP O AR A
W (d ~100 pm). PMEFLEE R 4:1 BB ZBER &%
W NE A B K AL TR A B, il e g i rp 2
R1 %G0B RS o) > SR Wi fies oy FE SR . 5 R hr
ST R TR T B LR B R ORAE Y, ik
FEl o 50—1100 cm !, THERES A 30 s, 4T 2 IR
O 43 IE 104—9.89 GPa 1 104—9.58 GPa
T BB N iC 5% CaZnGe,Og A1 CaZnGeyOy:0.02Mn2t
ML E OIS JE VG 2% 2 G e AR SR T
Pr 2 0 [ DAV . R R D B S T R SR 4 Y
4 350—900 nm, THEUNE N 2 s, #ATT 2 IRER
MR, JESRYE N 0.33—9.49 GPa. X AR JE#E T
CaZnGey04:0.02Mn?+ Y 2 G AT = Wil & 38
1o 5 A AR e O B R

3 EBEREHITH

WESERA FE TR B CaZnGe Oy 75 i H R A&
PF T 45 2 RHES Y, 2 EFEN C2/c K 1(a) A
CaZnGe, Oy FERAYZEM . T LIE H, CaZnGe,O4
MIHESRSERE 3 Fh 2 TR AR B AR i BT A 1, 53
B Zn B SO ZnOg N Ca B

PO r) CaOg + HARFT Ge B+ & 3 H 0 1y
GeO, MUTHIfA. K] 1(b) JB/R T CaZnGe,Og 3 i Al
CaZnGeyO4:0.02Mn> 2 S A4 B 1) X 5 Ze 117 5 &
T AR, T B AT BTG S5hRiE PDF £ A
(JCPDS#34-0273) = BEW) . iX KW CaZnGe,Og
BB ARG B A Mo 5 iR S5 A s, HoRIE
B4 AH. ARYE Hume-Rothery ¥, Mn?* 25 §7£
AR e v A o) T o Al L R A T
RO, RIPESE B AR/ E R 5 22 DE L i
BT 222 SEE B AT SO o R e 22
<30%030, H& 3Rk [22,23,25] H/AH, M2 fEPY , <Al
I\ AL R85 P A B T2 42 20 51k 0.66 A, 0.83 A
F10.96 A. DUBCALE) Gett, ASENAY Zn2t Al /L
P Cat B 48503 0.39 A, 0.74 A1 1.12 A.
2R, AN EEAR R ZE N 69.2%, 12.2% F1 14.3%.
RV 5 T TR AR it ) 25 B, MIn? 7 [ 55 4 5
BUC Zn2tR1 Ca2ti% 5. W 1(b) /Y 4 & BT R
CaZnGe,Og FE JTT 1) 5 58 AT 5T 1 7E 48 2% Mn2t )5 1)
KA BT # 8l, R4 T EOL TR A8 1
45, X HEH FNEAL Mn2t(0.83 A) BURZSHENLIK
Zn** (0.74 A) Bl HSIZIKAD\ELA. Mn2+(0.96 A)
BUR\ECALRY Ca2t(1.12 A) 51 S e i i 45 &
BN B 1(c) fis 484 M a1 Ja A5 i B
L HF Mg B8R, CaZnGe,O4 N HE IR
ORI SN AR Z 52 BT R, BB R C2/c
25 [ HE L5 M A 30 Py 2 36 1 R s A =X (14 Fh
A, BEHN 16 Bl B, X)) B KA [RIRL 2 PR Sl
P22, SERAR IR 2 (] 1(c)) HalsrBEh
24 20 MAN[AIREE RS diR g, Horf 9 AMAEXTSER Y
LY HIFRIT N vi—vg. SHEAHIITHR [32-34],
640—880 cm ! y1i [B] 1 47 & e 2 A X T DU 1 R R
Ge—O0,,, (GEFFESR) MIHZEIR5); 480—640 cm !
T L2 IR ) T—O,, (B 1% 8)—T A4 sk
it (T AR AL R T); 360—480 cm
JE T 8 65 O—Ce—O A HI L MR S
AHIKE; 240—360 cm ! i Bl 7 2 e F e M1 il M2
PEBHES F(Riz 3y, [ AR Bl DU i A i 2 S5 5%
1M<240 cm ' (7S 0 W & T fA% AR IR 2. Ca
ZnGeyOg:0.02Mn> 1 REHL X 4T 4% 7R T & 1(d),
e R AT TR T Ca, Zn, Ge, O Al Mn JTEK,
UEB] M & 98 il 18453 A CaZnGe, Oy itk
. E 1(e)—(1) BITTR AR E T, Bk 5 FpoT
RS A0 RO RS RS .

030806-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 75, No. 3 (2026) 030806

—~
(2]
~

CaZnGey04:0.02Mn2+

CaZnGesOg

Intensity/arb. units

100 200 300 400 500 600 700 800 900 1000

Raman shift/cm—1!

5 pm
5

(b) ¢
@ :,/\ CaZnGey04:0.02Mn2+
i 3
= | N
5 | 283 202 296
P 20/)_, L{‘ s
-
£
z CaZnGez0g
wn
g -—
=
PDF 34-0273
et ey "||'. Ly
5 10 15 20 25 30 35 40 45 50 55 60
20/(°%)
d) 12
(d) Ca
10 H
2 Ge
£ sH
5 HO
>
< 6HIS
2
i
3} 4n
b= Ca

2 1 AA Mn

bty X 10 Ge
0 : . : A .
0 2 4 6 8 10 12 14
Energy/keV

5 pm
. W |

5 pm

B 1 (a) CaZnGe,O4 B M IARZE M R B El; (b) CaZnGeyOg 3 5T Al CaZnGeyO:0.02Mn> 1 X S 2647 5 B3 Lb %8¢, 4 81k S s 477 55
WEXT EL 5 (¢) CaZnGeyOy 2 5T Al CaZnGeyOgq:0.02Mn2 [ $i7 8 ik 4K ; (d) CaZnGe,Oq:0.02Mn> [ E L X BF 263 ; (e)—(i) Ca, Zn,

Ge, O A1 Mn T £ 4315 &

Fig. 1. (a) Schematic diagram of the crystal structure of CaZnGe,Og; (b) comparison of X-ray diffraction patterns of CaZnGe,Og

host and CaZnGe,O4:0.02Mn?*, the inset shows a comparison of the strongest diffraction peaks; (¢) comparison of Raman spectra of
CaZnGeyOg host and CaZnGeyO4:0.02Mn**; (d) energy-dispersive X-ray spectrum of CaZnGeyO4:0.02Mn?*; (e)—(i) elemental map-

ping of Ca, Zn, Ge, O and Mn.
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Fig. 2. Luminescent spectra of CaZnGe,Og host, CaZn

Gey04:0.02Mn?*, MnO, and diamond under 325 nm laser

excitation. The green lines are obtained by multi-Gaussian
fitting.
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Fig. 3. (a) Normalized Raman spectra of CaZnGe,Og under
high pressure. (b) The pressure-dependent Raman shifts of
vi—Vy peaks. The solid symbols and hollow symbols corres-
pond to compression and decompression processes of the
CaZnGe,Oq host, respectively. The cross symbols and plus
symbols correspond to compression and decompression pro-

cesses of CaZnGe,04:0.02Mn?*, respectively.
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Fig. 4. (a) Normalized luminescent spectra of CaZnGe,Og:
0.02Mn?* measured as a function of pressure. (b) The pres-
sure-dependent peak positions of the green and red emis-
sions. The squares and circles represent data obtained in
the first and second experiments, the solid and hollow sym-
bols correspond to compression and decompression. (¢) The
corresponding manometric absolute sensitivity, S,, namely
dA\/dP.
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Fig. 5. (a) Pressure-dependent normalized spectral integ-
rated intensities measured in selected areas on the long-
wavelength side and on the short-wavelength side; (b) the
calculated pressure-dependent spectral integrated intensity
ratios, where the solid and hollow symbols correspond to
compression and decompression; (c) the corresponding

manometric relative sensitivity (.5,) values.
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SPECIAL TOPIC—High-pressure modulation and in situ characterization of
optoelectronic properties

High-sensitivity optical pressure sensing performance of
Mn?*-doped double perovskite compound CaZnGe,O;"
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Abstract

Optical pressure measurement technology is based on non-contact monitoring of pressure by observing the
luminescent characteristics of luminescent materials under pressure, and has been widely popular. Therefore, the
development of luminescent materials with high pressure-sensitivity, high precision, and a wide range of
pressure applications has become a key focus. In this paper, the optical pressure sensing performance of a Mn?*-
based pyroxene-type luminescent material (CaZnGe,04:0.02Mn?*) is reported. Within a pressure range of
0.33-9.49 GPa, it demonstrates high sensitivity and excellent cyclic repeatability based on the pressure
measurement strategies of both the spectral shift and luminescent intensity ratio. As the pressure increases, the
maximum absolute sensitivity (5,) values (dA\/dP) of the green and red emission positions of Mn?** at different
sites in the matrix reach 10.47 nm/GPa and 4.83 nm/GPa, respectively, which are 28.7 and 13.2 times those of
the ruby pressure gauge (Al,O5:Cr3*). Compared with the traditional method that uses a single luminescent
peak, this pressure measurement method employing position shift of dual-luminescent emission can enhance the
accuracy and reliability of pressure measurement more effectively. In addition, this is the first time that the
pressure sensitivity of Mn?*-based luminescent materials has been calculated using the ratio of spectral integral
intensities in selected areas. The obtained maximum relative pressure sensitivity (S,) value is 64.28% GPa'!, and
S, remains above 16.06% GPa! throughout a rather wide pressure range. Undoubtedly, CaZnGe,Og:0.02Mn?*+
exhibits extremely outstanding optical pressure measurement performance, demonstrating its great application

potential in the field of optical pressure sensing.
Keywords: manganese ions, double perovskite, highly sensitive, optical pressure sensing
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