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Fig. 1. (a) Rewritable optical data storage achieved using phase-change materials; (b) schematic diagram of the fundamental operat-
ing mechanism of resistive random-access memory (ReRAM); (c) the review framework of this article, which is structured around
the dual-state switching of both optical and electrical properties under pressure; (d)-(g) schematics of (d) gradual, (e) abrupt,
(f) hysteretic, and (g) multi-level types of dual/multi-state switching.
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Fig. 3. (a) The 1 x v/3 modulated structure of SnSe, refers to the geometric dimensions of the 1, 3-DAP molecule; (b) DSC meas-
urements of (1, 3-DAP),5SnSey; (c¢) illustration of intermolecular (Ty) and intramolecular (Tp) motions of the 1, 3-DAP molecules
confined within SnSe, layers; (d) temperature-dependent resistivity (p) of (1, 3-DAP), sSnSe, prepared using commercially available
1, 3-DAP (R is for resistance)l; (e) schematic diagram of the “dynamical disorder-order” mechanism, in which pressure traps dy-
namical H ions in the [NH,] unit, resulting in the SHG effect; (f) pressure dependence of the SHG intensity of powder NH,Cl dur-
ing compression and decompression; (g) pressure dependence of the polarization ratios of the single crystal; (h) SHG signal evolu-
tion of NH,Cl,_,Br, under pressure; (i) SHG-active regions of NH,Cl, ,Br, under pressurel®’.
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Fig. 4. (a) Piezochromism and in situ vis-NIR, absorption spectra of BaCuSi,O;, during compression 5%; (b) schematics of the exper-
iment and optical emission behavior of the 2D perovskite (PEA),Pbl, under high pressure; (c) pressure dependence of intensity coef-
ficient and average PL lifetime of 2D perovskite; (d) evolution of PL energy position and the corresponding relative quantum yield 8};
(e) LiScGey04:0.04 Cr*t under 532 nm excitation at room temperature; (f) schematic diagram of PL spectra under pressure-induced

weak and strong crystal fields.
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Fig. 5. (a) Configuration coordinate models for the C;N,H;,SnBr, at ambient pressure and high pressure; (b) pressure-dependence of
PL spectra of C,;N,H;,SnBr,*; (c), (d) pressure-dependence of PL spectra of Cs,PbBrs Nano crystalsl!! and (BA),AgBiBrg?,

respectively.
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Fig. 6. (a) Spontaneous and stimulated emissions of a single ZnO nanowire are characterized with PL spectrum excited at low pump
fluence of 3.20 mJ/cm? and high pump fluence of 9.43 mJ/cm? under pressure; (b) the lasing behavior of ZnO nanowire is character-
ized with fluorescence image and PL spectrum under increment pressurel®; (c) PL spectra versus pump laser intensity of a single
GaN nanowire laser at ambient pressure; (d) light-out versus pump power curves measured from the single GaN NW at pressures of
ambient, 1 GPa, 1.3 GPa, 2.4 GPa, where the inset is the summary of the NW’s lasing thresholds at the different pressures from

panel (d); (e) the lasing spectra of a single GaN nanowire at different pressures showing ~ 30 nm wavelength tuning, where the

spectra are normalized to the same amplitude for better comparison/63),
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Table 1.  Summary table of pressure-induced n-p switching, including elements, II-VI compounds, M-V compounds, etc.
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Fig. 7. Pressure-induced n-p conductivity-type switching in selected compounds: (a) CuFeS,'"?; (b) CrSh,*l; (c) CrSe/Cr,Se;!'3l.
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For each compound, the evolution of structural parameters under pressure, the corresponding high-pressure photocurrent response,

and the switching behavior are presented.
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HH 3p-3d ACHAE 7 AR, A EEFSR AL 5 3d LT
B A BESEm VI, HILRE/E N X 4> HS 5
LS A s, B R R TAETTIE 3 21 1999 4F
Xt FeS BT, 76 R R AL XES & & 8t bl
FEIETHE, Fe i) KB' T EIEIRELEA 7 GPa
B S AR U 55, JTAETE & R MR E, X
—GARTT N IE W HIAR A Fet B TR IR A T 5
FH = A AR I A RS PO X — S5 SR AU
KBRS T B eSS XA HL T 25 A 4RRAIE , 28
FE T XES FEJFA 5 e [ BESWFFE i 72 Ll
HiT, AIEs XHFoE EE4EPTE Fe LA PIA
R, HpP RETECKLRGE R T Fe* Hl Feltfid
NEABEH SCO KAz B HUA I 1122128029 ] 1y 22
T, FETCHLIE M p 238 ) e 58 SCELGE W AE XF A
PR, 22 0L $h2f M 6 1 s s B B E 5%, T (Mg,
Fe)O, (Mg, Fe)SiOz SFAFR (21501521 D) K5 SCHK Y
TS R AP MnO, FeO, CoO 3. 2016 4, Mn
SEWRRALS ) MnS F1 MnSe P T 8 7E FeS
NREEE Y 7 g 28 3B B ATTHE M NaCl 24 [a] MnP
RUGEFAFAS ()3 A v S BRI 0 S s SR 4 (AR
B 20%), £ERE Mn2 2 F i HS(S = 5/2) 3
LS(S = 1/2) B5RA5. XES 545k 43 bk B4k 7] 45
AR T IX — 3 B P G FEHERD Mn-Mn 43 )& 8 1Y)
TR, R s S 4e 5 B s X B A . 2R
BI3t, CrSe Ml CrySes I H FALLAY 2L A TEZE
X XES i WoR, Cr2HER IR T B4 7 i
KB TR YR e AER (S = 2), MEZ) 15 GPa
FFHITRE NiAs—MnP Z5FFHAS ) & 2L KB 162 T
MK KB, 5 EMEmKAER 3, K] Cr2 4478y LS
(S =1) & RARRFEH BT B E AR,
— G EIE T A% A8 %o AR A e Tk AR TR 25 )
TE 42 RE R P, MnPS; Al MnPSe; 41 4
AR S MR 1 2808 B A SRR AR, UG PR Mn? 55
TAEHE 56 3 M s s HED ), J2 ] B i
559 A B BT A B RS . 5 =Bk &Y
FHEE, X SARHE e 53 1R Z2 M BIFST A e se AR 158
PR 6. AR = & XES 5 XRD DL fi
2 A E W, MnPS; 5 MnPSe, 76 % 1 F ¥ 0 5
HiE (S = 5/2) HeAs, H K/ TR W& Bl WL 1
MRS 2) 31.6 GPa 5 27.7 GPa i, KB/
W iR B BRI, KB, 5 E W mIREEMIAL 2y, XF [ Mn?*
FHESM HS SURIFE A8 LS(S = 1/2), WKl 8(e)
Fros. 2Bl i, N 8(f) Firas, 1 R 45 k) A 2k 3 i

BIRZR FePS; fll FePSey M 25 1 1K 19K 5
1A BESEAAT R L BRI, FeX & AL T
HS(S = 2) &, KB’ TLRIEW R ; FiEE T, &
Z 1) fT RS BT AL SR T I O, Fe 0 A 3% 20 24 5 4
K, WITREAR T A RECHTR IFES A TS 4.
YR S #Ea f FE , XES 03835 48 8 T KB
WA AR 35 0l 555 - B 2K %, IR KB, 5 FE 04 1] IR B
Foah, Xh T Fe+ [ et HS 2URIEEAR 0 LS. 1A
PR R, X A BERR4RAT 2RI 22 AR P i Ak
e, DX LAE Z50R 3 SCO M2 i fhad
R KRN BE U 0 5% A Bl A DR 1 A e B A6 i 1) P I
VER: 7E3ZBRATAS h Je 38 1 E( 1) LA B 53R ) 4
Aty = 7, DT 358 R B 1 eS8 X

ez,

6 RE5EZ
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LR A EAE 1 P B A SRR T R R U A
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LKL | BEA AL TSGR, TS St — R B A]
WL AR R RS AT . X EEMERAIRAE T
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JEET AR B HR AL TR

JUE RO E UG TIEZHERE, (ERTFEAT I I
HRECS RS, NERIET-BOkE, HATHRE
G HE B I SSYaAR AR B AnA e  J
U™ A OB IR BT A KOG R R
IR IE B PR IE S B AL, 256 R 2800 5E
FR RN IR A DN o s s PR AL, IR B AR
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TS e S IE AR, [RII, w RRAL X 2R
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757, e AR R AT 2 2410 B 75 S XS
Sl AT Y R SR AR OO T, Pk A T
‘RIS SR Z R Y B Y . H A,
REBIGSHAR MR T GPa LA I HE S
FEFREE, MELL A0 T AT AR as . ks, wT
ik AR (I B4R L A% IR | AR T
P (QAE PR IS Bt in s 1) h R R 4Efb i
T (AR ZEARHZ BAR &) 5550, 72771 5L
b RUBEAE SN IO g, DT S5 0 s T 2347 ) A
FEA TS 20 Al “BlE .

TEBORTZ I, A5 4 WA TiRS B RE S A
e KO, AEHAE i JEs A RO A IS i 28 F AN T
PEER, B8 A g N T 24 B A
P, BRI 7 HAE D RE AR 107 1] O # RE. T 4Rk, Bl
5 G0 4 WA 5 RS (micro-DAC) , fALHL R 4
(micro-electro-mechanical systems, MEMS) [
TNz E LR bR T A EOR I & e, g
S A PER 2K B E R T R WCR K,
1o % AR RS A RIAT FhE 88 A S BE T S e
filt. (EASE I, AR R 5 R I RS 4 AR
FREUAR, HAs )3 PR o e g A AT AT R
KHSHZ —. MG L B SM7 mT i ey dak
AR SOEBESE IHOK T 2 AR S Sk, A
PRI 32 IR T 0 ) 3 1 23 18] o3 A1 B #07 X, 4%
M7, BT R TA IN AR T-Be 45 & IR 06 5 v 27
BOR, CRETEF)— H g fi v S 0B — L R i X
o3 DU S 1, R B AR SR AT Sk | PTE ER
JEFEAR oot nvs .

25 B RTIR, ARARBIBEFETT 1) ] AAE Ny IR Ak
SN AR5 BRI 3 45 4 @l E S
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FEA2 B e R 2 10 A Al RUBE | T 45 HL AT i 2R
() 2 =8, IR R 2 R R AR SGES AR
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TS TT ) AR A5 S A, X St Jr g it — 2D 4
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SPECIAL TOPIC—High-pressure modulation and in situ characterization of
optoelectronic properties

Pressure-modulated bistable switching materials”
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Abstract

Bistable switching materials that enable reversible transitions between distinct stable states have emerged
as a transformative platform for next-generation information technologies, optoelectronics, and quantum
control. The application of high pressure acts as a powerful and precisely adjustable stimulus for manipulating
crystal structures, electronic configurations, and crystal fields, thereby enabling the deterministic switching of
various physical properties. This review systematically examines recent advances in pressure-induced bistable
transitions, including nonlinear optical switching through symmetry breaking, luminescence and color
transitions mediated by bandgap engineering, insulator-metal transitions driven by electronic correlation effects,
semiconductor carrier-type inversion, and spin crossover phenomena. Through comprehensive analysis
integrating in situ high-pressure characterization techniques such as synchrotron X-ray diffraction, vibrational
spectroscopy, spatially resolved photoluminescence mapping, nonlinear optical microscopy, and transport
measurements, we establish quantitative correlations between structural evolution, local coordination changes,
and macroscopic switching responses. These multimodal investigations reveal fundamental mechanisms
governing bistable transitions, particularly highlighting the critical roles of pressure-controlled symmetry
breaking, coordination reconstruction, lone-pair stereochemical activity, and electronic correlation tuning.
Notably, certain material systems exhibit extended multistate switching characteristics in complex energy
environments, providing a promising pathway beyond traditional bistability for advanced applications in high-
density data storage. However, practical implementation faces significant challenges including the relatively high
switching pressures required, limited reversibility in some systems, and difficulties in device integration. To
address the current challenges, we propose potential solutions such as the development of diamond anvil cell-
integrated micro/nanoelectrodes, fiber-optic coupled on-chip high-pressure cells, and strategies to reduce
switching pressures to practical ranges. This work provides fundamental insights into the mechanisms of
pressure-driven state switching and outlines practical approaches to implementing devices and reconfigurable
optoelectronic systems. The integration of advanced in situ characterization techniques with theoretical
understanding offers a robust framework for both fundamental research and technological applications of

bistable switching materials under pressure.

Keywords: high pressure, bistable switching, property modulation, structure-property relationship, spin

crossover
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