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(57) Abstract: A cell electrical activity imaging apparatus based on an electro-
chemically modulated ion lens, and a measurement method. The apparatus com-
prises: an electrochemical modulation module used for applying a modulation
voltage of a fixed frequency to a cell; a laser adjustment module used for intro-
ducing monochromatic laser into interference scattering imaging and adjusting
the intensity and spot size of the laser, an imaging detection module used for
recording a change in the surface charge density of a cell membrane generated
along with an electrical activity of the cell; and a signal input module connected
to the imaging detection module and the electrochemical modulation module and
used for inputting a modulation signal and controlling imaging acquisition. Elec-
trochemical modulation is introduced into interference scattering imaging, so that
under voltage modulation, by directly detecting a scattering field of the ionlens on
the surface of the cell membrane, information on the electrical activity of the cell
at the level of the whole cell and the level of a single ion channel can be obtained.

(57) % —MEE TR R G E BB R TR S S R
J g Tk, SEE AR BRGS0 4n e nE e
PEREORBI AL s O, TR G0 SN T U
PG IR RO RISR R DE s AR RS, T 0%
B 200 Bt R T B 7 A B 40 I R TR 2 B AR A (R S R A
B, SRGAS ISR SRR, AT AR SIE
SRR GRS KRR S AT BT G, 5]
VAFE R TR ) e B Rk DU sk 1T S A A RUN S, 3k
(EEIlak-convi N DAL SR e T =Nl w1 SRy JE R = SN



WO 2025/077331 AUV 00 0 T 000 00U

PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD,
SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

B T EER A ATEH, BRI —MATTRALHIX

R ARIPO (BW, CV, GH, GM, KE, LR, LS, MW, MZ,
NA, RW, SC, SD, SL, ST, SZ, TZ, UG, ZM, ZW), ¥kl
(AM, AZ, BY, KG, KZ, RU, TI, TM), Bx#ll (AL, AT, BE,
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR,
HU, IE, IS, IT, LT, LU, LV, MC, ME, MK, MT, NL, NO,
PL, PT, RO, RS, SE, SI, SK, SM, TR), OAPI (BF, BJ, CF,
CG, CI, CM, GA, GN, GQ, GW, KM, ML, MR, NE, SN,
TD, TG)s

AER A
—  EPe R IRE GRAE215:0)).



WO 2025/077331 PCT/CN2024/105720

—METHEAF RS FERNARBENNGRERMNE
73k

FoR Gus
[ooo1] Ak Tt A AL AP AT L R4 e — M e b iC RO B FEAL S R s T B B
2R A FR TR 2 Al B B M 7

BRAR

[o002]  faiZ2 7o 2 (AN VRS A SR (5 EAL R AN SR A SR, U AR I 22 e AR
R A AL AR 5 ST PR A 220 2 TRV I DR AR L A P AT TR AR AR A2
P25 B DU LA A s Zh 2SR b 5Nl BT JE R AR LR S BAR T LU
Bl AN IR ED ERL AL, F A S R EG RS I TR, il 1 s AR R N 2 R A2
SEPRE R, F TR AU, SR RIS R AR 200 TR (RIS BT S AR P
o BT R BRI 1 2P - SR R AR D A S i O R AR R AR LB
AR UMY T 2D 8%, HACEAS FL i sl F He TH A 4R B T RS AR IR«

[0003]  Jfr-4E2K, FARCHI LA PR 8 S O - BLE D PR UL 2%, AN B 1
BT, BRI B 22 IR RE TR, SRR 2 IRDEFR A2z | o sctg A2 am s DAL . 40
MRS LT B2 5 TS AR ] A PR DT AL , A2 A AR R s o B SO SR L aX
SOIF ¢ FIRA TN AN A P A R 20 SR T, B T UGN, EE IR 2 Z i B AR ATy
IR LT YA WA N AL TR 2D (5 5 22 R SR TR) R 1) Rk 215 D 1 A BRI
B EAAZh PR 5 IR T EEpE e (Rt s IR, AR B g Rty F AR 25 A5 B A 4
MR E S HEE, Tiddt—2 R s Tl TR R E R

LEANE

[o004]  AHH B A LA B IR EHBA HRIAE AR B — P E T B 2 R H
B A AR LS 2 A B S T L BRI A B A TR IC PR R ER N RN 4
AR T K L A A R S R A T A AN AT

[0005] AR % Bl LR G T B A, AL R A MR % -

[0006]  ARHIEHEH—FE T A B H ARG 2D AR G B TR A
B 155 M R A 2 R B | 7= A B o J8 o PR S B AR O 580 5 RGBS A dst
B PP A F 7 2 O A A 5 2 T A ey 8 ST A T T U A ) B A A
AR R 0 F A 27 ) Pl s R 5 SRSl R 155 O A5 S NS o ey, s L (b S A
B B A IR RS S ARSI BIARRE , B ORI 5 B AS AR AR -
[0007] A HHE TR EE fHE—FhAT AR T HL AL 2 R ) B B B R A FL S Bl 1 e B AT
SR T B AR G 7 SRR T, kR L AR

[ooo8]  LERL AKX EHE BT ABOCRTIBIE | gAML SR SR A S5
NI

[0009]  DER2 R ANMESFRTr iR B Ak 22 i N BRERZE Ik AR , 3B i FEL P 270



WO 2025/077331 PCT/CN2024/105720

B pE I (e, Herh g R A it rh e 4u i e A AR o e o
SIRIAE LA =t rh, it giiAE i it R AR

(00101  PURS TR 4HIEH AR AL s B Fe A TR R s

[oo11] PB4 E i p) AL TR BhB G A ARALTE T T RIS B R 4H B IS 5

[0012] A s ek AR ROEE T I I B 1 BB IR i i sh o B, s TR
LV Ewiat 4l e INIE 52 A2 i L s | SRS B O bR ke A5 I A R A S 4 e 7 i,
A AT B SEE BORMEEL A AR A T 58—, TR R (R 52k
S 2) R B s SV A oo e viw 1+ R = i 1 i 72171 W R Vi A
AT B, M0 SEBUAT AN SRR TR RR NI 5 88—, I HL e Al AN Bad 5 7K
IR RE /T, BEREMS T ST 4R N PTG B RE P B R 22 i 7, RN T ABR BN B o
TR RIS R R 5 55 =, REME LT IR TR 9333 S B — A il 4 P A P v
B GAS I, L R SR e U U RO BB T RE , it sedn st nm A L AR SR g T
FE LA,

Pt ] 152 B

[0013] e AR U MRS B A S i A

[0014] 252 AL AR K AR ST SO 57 AR A 7R R o

[0015] S AR A AU HL A A0 5 H s e

[0016] |4 g e AT M i Pl 45 o 55 T 1 e 2 P RO 2R 50 AR e - Herp Rl rhAE
ITOFL R A M Rand LestAAY , FAFRBIE ARSI O TTOPH SU{EL, 4P CIE T TOZ I HLfm) 6 E
SITONE PR BRI R

[0017]  [I55e A R A 2R AR B TARZ B0 72 v o gH A (i i A i (B i 72 Her,
FIBFR AL JFTRAIN e B 2 RIS B TIER T SR O EL DU e B 6 RIS Ot im AR R e 1%, DD
FDIE AL ARB R RIS 5 -

[oo18] |6 AN B AN BB - D- RACSAIR S f (NMDAR) FOGHME2EA T3 SR AT H =Bk
FIBUE A A B a5 RO GRS 12 . b, EeAR a6 IR T =
AR LRI Fr B8, PG CIR IR RN Fr P52, P 6D 2 1A R EL 15, FI6EA2RO TR E P14,
Pl6r e e il S R B A7 AL, 662 FR S NMDARIEIE IS 5 -

BRI

[0019] NS G R ARSI, Bt AL B, R ST 01, U T i B AR A B
1A TR AA A B RvE R, 2 B DA R A 2 e AU AN SR A IR & T4 T2
AAVSAIA R T AR B TRCR ZR R R ve

[0020]  AHITH— S SR — R LA P ) B - B SR AR LTS s ke 1, Bk
B TR AL B L A5 S A HL A R A R 7 A B (O R B TR O 9 R o
TN R o P B £ 1 FL 78 2 A1 1K) 4 2 o P A B S et A T T U A
{1 BAZAS MR T LR [R5 4 A ) F P AT PGSR i 15 S 0B S A R o,
ATk AL 2R 5 AR AR AR NS S5 i AR AR , AT B0 b S il
S RARE -



WO 2025/077331 PCT/CN2024/105720

[0021]  FE—SZHEAIH, ATk L (i B b FE AL 2 R (2 s, ATk i b2
MILELERM S bR A KRS, TF NS 22 i 2k i Ho b, BTk i (b T Py
1 = ML AR 5 T AR

[0022]  7E—Shefrh, ATk A B R AR R R B AE SRR S YRR 2R R
PRES Sl K s i Ho, iR S O BT R A B0 O PR IR iR Y
PR RIS SRt N R A AR B

[0023] &S rR , ATk B (A0 MR L FR AR IR IR B A 90 S 93 SRS - 0 R 57
Bl A M CMOSHIAIL - FT A B AP ATk 210 SO 43 ROES SO ot NP, B8 S AE FiT ik i i)
o ST b ZERT R A 2 i b A S A B

[0024]  7E—SpEBlrh, CFELN LIS 50 , 40 e T Ay 26 B R A R A AR, B -l
TR DI, B A e g, F A 8 P AR, R AR SR B A — B — IR RS
BT IREY, BB 1B . Tk f 16 b 5 RS S O A BRI RN T iR B - i B O AR
MG, 2R R BRI SRR 3B S I e =S IFRRE B, B sk B 5 i SR 7 CMOS AR 1%
[ BT g, RSB R T L

[0025]  7E—SZE MBI, FrR 9 SO 53 BRES N i DV 4 BB S 093 S Tk Y9 10 90K
.

[0026]  FE— SR, AT IRME S AL R as ADBUEIE A 7 5 5 L e as . B R
SiBI=EA G ER=-Raker-d1 Opii b= a1 BUK ER=E2 Ao I g A I SIVaY B2 o e ot il AN A s NN (S i )
{25 M R [ S A IR 523 T L AR 5, i 03 15 5284 ) S CMOSHEA LA~ i R AH
TRy IR R S R S, IS tICMOSARAT LR SR 5« Firi v i w5 =25 47 Bl S5
{2 TRk o i H o P o i HH o DA R OBUBE B 525 5 8 A pi — ARE 22, S )
ATk b2 ek A i A5 5« LA 5 DA CMOS AN LR SRR 5

[0027] ARG IEEE AT AR AT AL S B 1B B A 4 FLyE B Al 1 5 B 2 T
S TS B AR 5 7, BFE DA PR

[0028]  SPERL K EHERFTABOCTIRBIER L AR AL i SR SRR AN S 40
NEEH

[0029]  HR2 IS gu kst frak A b et iy, IO\ 28 1 2h v, 1o Pir iR F A 27
R N A A 22, HrR S An st e e i S HR R AR N e L A AR S 4 A
PSR LA 2tk BT 4n e rLfb b R AR R

[0030]  BERS. AR iR 440 R FS Bh i FE IR TRk S

[0031]  2DURA . B T4HfnRY s s g as HACEEH T E S 2 A ghfin g s 5 .

[0032]  YE—SfEfrh, Ak B o A g e i (L 2 b i 2 SR e g e AR FE g
S I BRI S) 7 DA HL A 2t TR AR A T fb 2 R T AR K I NBERRZE b3k i e
FRAE IR AN R B e A R BR 2% MPh A

[0033]  YE—sCEfAIH, Flrck B BRerh, BTk i i A 2l il 0 B AR 3 A b ]
SETERM G b R = iR R g 2 B A LA i e 22t S P e R B
FHH A DURIE R T 5 5 & A aliE — , il iR a S I A = T b I 3] pY i, B R
H, 7 i HH o A B PR AT B R PR AR e A rh , (i % 2 IR R B, [ 1] L e
o



WO 2025/077331 PCT/CN2024/105720

[0034]  ZE—Sje i, Bk 25 B3, sl ik 20 O 4 i E 05 2had B kA T Rl A AR (AT 7
H:

[0035]  2PUE31 W AT R4 In b MR, 5 R 4n e s 5

[0036]  EE32: i HL (b 2% T (st 4 e Anpal i 93 ) T a2 22 i AL 5 5, CMOSHEATL
DA T IR e i i Hs (5 S IO R (5, SRS i p iy s 2k (%

[0037]  ZE—Szpw i, ik 25 R, 5T 4R B 14 25 HACEE I o B S B R i
(E3E1 =Y Vapry ok

[0038]  2EERATL : CMOSAEA LRI 20 UL BMG L TR RIN 3 EE D, 6 B (g FR A
16 2 3db A T (o FE R g FR I 52 A2 i o, Fe SR AL S 7 O AR, A 1, 13 2 Rl
ELER

[0039] P8R4 {E) PR AR G, it B rh 40 IRRe BN 1 IR 5 AL, 1521 40l
FE G S AR TR AR e B A L 2 IO

[0040]  2PURAS . FEIS iR fE A b, Bl 24 (7 B AR NI RS IR 3, e — i o 1%
DIt AT — A= R e 0 E A R ORI, 15 2 4 7E R S shd AR F kT
WEIE TR H A B -

[oo#1]  ZE—SjE e, By ik 35 R4 1y, 354 T I (e FR M2 e g ELAR 7 1 < CMOSHEAT LR B
B TP 15 O P et BB TR B4 E S, 156 2 B o 1281t , 7 &K 12001 (R B (R 7
1 AR R TR TN, IS PR Fp A G 2R A T (B A3t S G E 52 22 3 PO R 3
ALK N AIRE , EAR A, 132 H i TR B O 2 e R R SR e e O, s DA
ACER, BB B R AN ARAE AL 2l B A I 4

[0042]  FE— e, By b BR42r  galREC BRI O 08 - 72 5 T P P G il —
N EAMEEERIIZE G, i 4 R FE T .

[0043]  ZE—Sjw i, By 25 A3 e TR GRS e Ty ¥ BB A e e e P 44 b
A1, 153 22 B JRINE L, 7E S ARE AT (8 P R Hh e 2615 2B R R X3, B SO B4R X
.

[0044]  ZE—Sj i, FES YRS 1D, (b2 AR D RE R 5 1 ri b 2t Bl ahFn L B 4 1%
FR RS ARSI AR A RIAR a5 n 556 H AN g Tl e, U125 1R
TEPER32FR i I MR 1T 40N TV G AT

[0045]  ZE—sSj@flrh, 7E2B IR 32, Jit IR 1E 5252 I H R AR 5 AU R IR S R S H AN
SRR R Ay Zh i SR 2h e M TR B, R CMOSARMT LR AR Bz as i il
FeA5 SO, HLAEMET Sk G 4in T U0 SR PR I T

[0046]  YE—SpEBIr, FEPERAL BRI T AU S BRI AN 51T R I8 SCFR e N
IEZ AR AR S B2 AE d Tidee , A B R 15 3] UM i (8 R O TR) - B 3R UL e
SRS L eI LT

[0047] W 1FTR, BT AU S T B 5 p gl s 2D Ak e B, IR (yaHl i &
e MO i (2R = 2 B O R B AT AR IO G B R B R /NI R o A |
S P 40 e LY 7 A Y 4 e S T Py 8 P AR A T U A A 15 1) i A5 40 U AR e DA
SR 20 HL A 2 ] A S AN PG SR A il A A5 5 15 S AN B A, ok A A 2 il A
5 G B AN S NS 7 BIFEE , BT RO O 55 i (A IR A



WO 2025/077331 PCT/CN2024/105720

[0048] i1 b2 B i i AL 2 A L0 Fnn A 22 TG L1, i b 1O SE AR B &
b AR AR, T IR L iR AR - H A RS 1 L = AR i g 2k S b
Fh ORI .

[0049] B CUTT R FE HRIR B B AU SR G AR L CRRIT 22 D R 883 i
DA B335 585 - FESRED G = A2 53 2nm L (0 ONCC AR IR B BRI BS2 RO o 2R
BT % , BB CRY KRR 38 R E BB S R RN, B A R I B S I, 2 S AT 5i5 5 R
PEN B GAS IASE

[0050]  j G A IR A B AR VR BB O B 4 PR AR 6 W B 7 iR (5 558 A S CMOSFEATL
9 BOC IR A S o R e 6 5 st N, B A 60 X M B T e fE Vi L, ARk 10
b PR A SR A PRI ERE B RS SR FORR I RN T B B O BRI , 8 A BB B 53 2R
FEr6 2 [AIJREIY , F R (5 B8l SR AECMOS AT (T L b T T e«

[0051] {55 Nt i e L2 AL EE B T 5 2 B 13 B T fm = & Bk
L3 — 1l 5 52 5 A TR L AR ESRS 1M il 15 5 2% 57 ) 55 CMOSAEATLO AN
TR AR 1 2AE R o e L 2080 AR 5 A Sl S AL A T PR i 1 1A Hs i R L v HH e A
FOEE R 55 kA a1 31l AER .

[0052]  GE2AoR, B4 B O 40 B AR 6 e T8 HU DA < B S O 378 S LR 24 10 - 901K 43 2R
75, AT s R E], OOk BB TS a5 TSR S, e e R .
[0053] P 3ffr, LG A LOFR S AL B s (1T0) XA R AN R — HH AL fek 5eUbc (PDMS) £ 2%
ifi il - LTTOFPNEA - LBs S S L BRI EER A I e 20min, FE R SR e T8, FRA
W, £ A B — B TR /T 100pm P A, 78 T TOZ A1 B8 2 HH d 1= 2mm ¥ IR L o A e _EoR
FFTPDMS , 7 pich = 4mm , d2= 10mm[¥] LA o BRINR 2l A FE 30mi nfig T 435«

[0054] 5301

[0055] M P E5REE (D) 53R FLmy s B Sk o R UG -

[0056] 31t MR A [T A B3 T A5 16 KD TTOHo, AR 2 T FR 460 P [ B -2, 1T DAL
SENE PSR 5 3R 0 LA 3 B 2 R 26t 52 R A BB P H A St 78 Fo (b 22ty on
NIM NaCl10, 7Eh L@ B, S B = AR & X AR R TTORE IN— R A F R
HIIE 5228 i HL Hs » TTOMUAR R I 7T S Rand TestRAY (B(4HH4) , TTORIRHFT (2) Al ATE X H

1 14
Z=Rg+——=—

. T
R—p+]27Tpr

[oos8] LR Juivii Rt , C R AL Z LA R ARG HRE , ORI VAN Aot A
FEAA R FUR AL g - i Bk 2wt BRI TS (B4rhB) L1521 & 00
SHUE  FI X IR S4, TTORH M IS @) 7 .

VR,Cp
Rs + R, + j2ufR,R,C,
[o060] i Lok 225 rH AR A3 BT, P4 o SR R v A B2 5 TTOR R (B Pl et
ITERRE , RO 2 MG MR (FATh0) ARZIERRCSSRR B4R, b, T AT
e AR BT T e 2 5 AR L5 S U IEEE AR

[0057]

[0059] Q.=



WO 2025/077331 PCT/CN2024/105720

kvce,,
1+ j2nf(Rs + R)Cp,
[0062]  HFRRC 4RIt A, R AN BTHLEA , ko TEAESC AR
[0063]  SJEl2
[0064]  PRINAMIEA MRS HE N 247K 4R s 7% .
[0065] (1) AFfhifil % -
[0066]  FGPCI24HNTFRAE LA A, B 2 T =R DMEM,, 7 110 % fi 2= 175
BRI 37 CL95% 255 % i Alfe A K 12-24h T, IR B 70 ~ 80 % , FElR T
TR, FIREIRZE R il (PBS) e =R 5 , NN 200uLPBS.
[0067]  (2) 4HIOAEARBHIEL N4l i (RN {s =S40l
[0068]  ZEB R (1) AMER LA e g 5 b, SR =R A AR, S DaEE
FA5 T K ARSI, A — T A 300z SR W IV IE T2 (5 5, 2 L2 T 7E 0,
VARG = AR T 52 A FL H N3 f fb 2 rpy, (= P A N 300H 1 7 A5 5, il
CMOSHEN LRI Pl -
[0060]  FE— KRGS R, AL 2t HR R I LOuL 25 B 17K, A A SR B B e B
M300mOsm/LFAE 5] 285m0sm/L , 1 SR 4HARAS VAR L i N g A2
[0070]  dnPEI5HR , il a6l % (E5HhA) B L BIEET (BI5FB) 1= (1,-1, ) /T, H
T, e AT S00mAY Fr B & v R RIROI TRl PR A NG SRR BRTTOR AN R I A5 A4 o Fr e
AN 5 AT Lo PP R AT A B AR J (STRT) - B VR ZhR 1A) 7 K 128
i1, B g 1201, FR O BT 1 B (B A5 2 gb AT Pt (i R AR d S A3 OHz % i
AR L , PR P 15 (BB FhO) s AR R — 17 2 R BH A1 , (o FARMES BRIN -1 250 ok
Aff S A PR A T T Ay 2 AR (@ ) o AR 2RI A B L A v, 2R p F s sh ]
VAt 4 R A R S 18 FL e 6 AR (B5HRD) A @ = @ - @ SRR, Hif @ 2 t=00
TR (EfS =
[0071]  SCHEHIS
[0072]  PRIUANIE_ I NMDARTE 2 B AN H Sl FRaE a7k g i s shid 2
[0073] (1) AFihifil 5«
[0074]  Y$HEK2934HN0Es 7o HL bt i, 5570 A B ACHTRIMEM,, 28 0010 % i 2F- 17
BEFR IR 37 CL95% 2555 % SR AR AE K 12- 2405, BB R B 70 ~ 80 % , i
Lipofectamine3000%+2578 AJRGLUNTFNGIuN2A K] S krDNAFZ FR = b 1 - 13RS 4mm i,
24hJ5 TR A ESFRIAI, FIPBSIHe =R I, NN 200uL e il I 4HII SN -
[0075] gl AN (o TG BRI 2 B /K sl 46 R i B FHO . 2 2pumiE % R8P ok o L2 Bl g -
150mM NaCl.2.5mM KC1.1mM EDTA.10mM HEPES.10mM#] 24 ImMA SR FN0 . ImMH 52 ER , i
FANaOHfi#pHZES . 0.,
[0076]  (2) NMDARJEE fes F Baf i il (AR S A -
[0077] £ ER (D) AR b M e R i & b, ST = R AR B DEE SR
FAE 5 RIS, L EE — R N 1500z JRIF A IV IESZ (55, SR T F
GRS P AR 0E 5228 A e N v, (b 2 e vy, A i — = AR S L500Hz 1 75 115 55
il & CMOSHEN LR AR 15 -

[0061] @ =kQ, =




WO 2025/077331 PCT/CN2024/105720

[0078] {16 , it JE A4 (5 (6 kA HHEEL (IR T (B6HB) 1= (1,-1,) /T, , 3
T AT 300MTH R4 T3 AR EIOR 1A]  (B SR T TORR A4
ASERUEY 5 s AT P Lo 1 B A TS TR L B S BN IR 1 KL 1280, 8 K 127
DL, MK O T 1 A 2 (0 5 A e (9 R i, S0 5 0H b 7 B ., A
Pl (EI67C) 5 ¥ A WER L P P, Ay LA R (ATAP , PEI6FID) ; EATAPTR
{9 BB B, 5 SO R I, (ROT) 5 F5—/ 4 7 o S AL W A P
ROTAFISE A 2 (E6FRE) | Bl A ISR AR (M) 7 SO AN B T IO 10 13 S
(P6AEF)  NDARIBA T B4 5 (E6PRG) 1 500, A A=A, Ay, LA R RTIA
R AP (IR0 P R R B

[0079] AL FHE Ay o, A W BT T e 2R RO R L0 Bk T Rl s
e TR SR Zh R LB T B St T UL LSV, 528 T LUBRb R 5 T
VBT AT B, BRI P (T bRC B ORI T, AE AP R L
IR AR AL B3 B TR T , ORGSR S R (R, 5
S TR AT T

[0080] LA EAURA RIS R, 57 2 9, W AR e A ok
B3, 7R A 5 R SE R T, 25 T DA R bt R, o st e s 74
AR L IR R



WO 2025/077331 PCT/CN2024/105720

3O S

1 — LT A B B B A G B s s e, AR b AE T - AR FR (LRI
FE 55 1 FE A 2 R RS 72 A PR G O A S BT AR O G AR /B R T
B R AN e 5 2h A O A1 B R S T R B B I A T T B A () A A AL
DA A28 LA SR ) P s AR R AR AR B 5 RO MR S5 N Horb, Bl i (2
B 5 B G IR R S Ny BIAE | BTk o e 1 i 5 G M AR 2

2 ARIRACH ER iR S T F (e RS B B B AU B SRl (G e HUS A T,
AT B A 2 R A G FL b 2t (10) FHFLAb S LR, (11) , Hor, Frk b2 (10) 3%
TR AR -

3 AR B TR ST F (e RS B B B r AU R B SRl o e T,
R RO G B GBSO RS (D) ORI 3% () EoRd i (3) WSO8 (4) LA 5
Wses (5) s Hih R iRiE S0 CEE (D T P/E R @Ot IR Cam i o & (2) T RHERT
PRECERISRE , AR YEIRY K ES (3 F T8 R RI B R IN.

4 NRUR B R iR 3T S B B B AU s SRk (G2 v HS e T,
TR B A A0 AR e G FERS 03 S 545 PR ES (6) Wi (7) < 552 (8) LA L CMOSARNL (9) 5
WL 2 FTRYCIRY R Es 3) Rt & Tk i 382 (4) L TR T35 (0) L5, ik
o R BRes (6) R 3T NI (7) SR EEAE AR s (7) ROJE £V T FERT IR HL (b2t
(10) TRAIREL 1 724 St a Y EBE , FH TR P A A A R 7 3070/ 4 e 36 1 e i 3 P
ARG S s FriR i A2E i (10) FRERJRC R S ORI C AN o8 FL 2t (10) FR (1AL LIS B
FEAE R BB B PIRMDG , 285050 RO oy e (6) 2SS, k& 5i (8) ISR TE
CMOSHHAL (9) Hy15: 1A BT il % .

5 ARIFACR ER AR A ST R R 6 B T B B AU g sl G s v AR T,
RT3 S 3 BRAR (6) R DA 4 I i S GBS e 10 90K 43 PR A -

6 MR B R TR ST e RS B B B AU s sl e v H e T,
ATt 5 S NEHCE R R RS (12) ARGl T 55 & e (13) s Borp, Ard Al i 3
&5 LM (13) ATEG ¥ T rEs A1) 2 FrR b Fak (10) eI [ = 9% 22
TR (55 Rl R R [ S 1 05 15 S A il BT i CMOSARAIL (9) SREEEI % 5 AT il it v

(12) T IEMFT IR F A2 T Ry (1D RS H 5 S RICMOSHRITL (9) ISR REEfF 5

7. — bl AR ER L ~ 6 Fp A — TR iR 2 TR 2 B T S AR FR i B
RSB A T AN IS Bhnl REROIE 7 2 HURAEZE T, FE DA TP R,

SRR R B E R TR BT B B I B AL BRSO
B

SPIRD B B S PR L AL 2 e DN RIVRZE rp R YA L 10 P FE L S R R
B b e SR B b B AU R f b S R AU AL AU AR A Al B g AT
DFE LA St rh , BRI TE B A 2 i TR T K

SRS TR AU AU R Bl FR A TS 5

SEBRA ST AN L G ) B G A5 SRACEE T F AT B A AU LS =

8 MR R B R 7 iR A B L7 S AR R T v R AETE T Bk sB BR3Pk Al
MR AN FLTS shad R AT B BT 4

PRI W AT RIS RE I 2R, SR AR TS Bl



WO 2025/077331 PCT/CN2024/105720

PR32 P 0 A0 T st e Dn P s PR A 52 5 i LB 155, FIT i CMOS L
DA 5T IE92 22 i HU He A5 S RO R TP B 5, SR e it b 2 1% -

9 RN ZR 7T AR R AL S Eha AR R G ik, R ALAE T, i b gR4rh ST 4l
ORLTE Zh R G S RACEI T RS BT R gl FuE SRR MO 0

A BRAL : CMOSAFATLIR AR 2 B0 T2 i Pl e R TRLU AR 21, i PPl g e 8 3R
BEA TS I A g, FREIBOE 5252 g FL EE BB AT I e (e, Fg e 9, 73 3 I e i e
&

A2 AN IR E RN G, o Rt rh 4R BN IS SN A SR T, 158 e T,
T B AR Fh AL e i R RO R 5

A BRAS A Frim(E B G, BBl 24 (2B RN /N IR R DI, 04— il FR o2 X3
BEIT R iR A IS AR L, (S R N LS S A T R e
BRI E R

10 ARGEAUN 22RO R 40 ik st RE N 05 4 LR ALAE T, Firaf AP BR43 i, ikl
SRS AR 150 - KT A R AR PG DD, 15 21 SRR RIS B, 72 SR TR
Pl g et A% S BRI, 2 SO 4



PCT/CN2024/105720

WO 2025/077331

11

AAA
13

=4 <>

&1

HRE

&2

T TORR

POMS

2K
frvnd
&
ot
~r

&3

1/2



WO 2025/077331 PCT/CN2024/105720

A
B

— 3
&
ij /"‘/.

3
g P
Pt o

s
l/
3 32

R (ORI

&4

{esmél}

3

ity %ﬁ: LA
ﬂh&.L\\: 'El;i&*biﬁxfgmw
845

e
b >

3
:
AR

2/2



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2024/105720

A.

CLASSIFICATION OF SUBJECT MATTER
GO1N15/1031(2024.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

IPC: GOIN15,G0OIN21

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNTXT, ENTXTC, VEN: f{%, Bib2, T, J6BE, BOt, 47, cell, electrochemi+, voltage, fringe, intervene, imag+

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
PX CN 117388152 A (NANJING UNIVERSITY) 12 January 2024 (2024-01-12) 1-10

claims 1-10

X CN 114487046 A (UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA) 13 May 1-10

2022 (2022-05-13)

description, paragraphs 40-70, and figure 1

A CN 108226095 A (NANJING UNIVERSITY) 29 June 2018 (2018-06-29) 1-10
entire document

A CN 109916883 A (NANJING UNIVERSITY) 21 June 2019 (2019-06-21) 1-10
entire document

A CN 110702650 A (NANJING UNIVERSITY) 17 January 2020 (2020-01-17) 1-10
entire document

A CN 114813518 A (SHANDONG UNIVERSITY) 29 July 2022 (2022-07-29) 1-10
entire document

A US 2013088719 A1 (SUGIYAMA NORIKAZU, etc) 11 April 2013 (2013-04-11) 1-10
entire document

Further documents are listed in the continuation of Box C.

See patent family annex.

*

“p”

“pr
“g»

“p

“«o”

“p»

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

document cited by the applicant in the international application
earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later than
the priority date claimed

w

D&

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

06 November 2024

Date of mailing of the international search report

08 November 2024

Name and mailing address of the ISA/CN

China National Intellectual Property Administration (ISA/
CN)

China No. 6, Xitucheng Road, Jimengiao, Haidian District,
Beijing 100088

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2022)




INTERNATIONAL SEARCH REPORT International application No.

PCT/CN2024/105720
C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2015330892 A1 (VALA SCIENCES INC.) 19 November 2015 (2015-11-19) 1-10
entire document

Form PCT/ISA/210 (second sheet) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/CN2024/105720
. Pate.‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 117388152 A 12 January 2024 None
CN 114487046 A 13 May 2022 None
CN 108226095 A 29 June 2018 None
CN 109916883 A 21 June 2019 None
CN 110702650 A 17 January 2020 None
CN 114813518 A 29 July 2022 None
uUs 2013088719 Al 11 April 2013 WO 2011132584 Al 27 October 2011
us 9423343 B2 23 August 2016
EP 2562533 Al 27 February 2013
EP 2562533 A4 06 December 2017
EP 2562533 Bl 27 February 2019
Jp 2011232056 A 17 November 2011
Jp 5457262 B2 02 April 2014
uUs 2015330892 Al 19 November 2015 uUsS 9939372 B2 10 April 2018
EP 2932238 Al 21 October 2015
EP 2032238 A4 23 December 2015
EP 2932238 Bl 28 February 2018
WO 2014093980 Al 19 June 2014
uUsS 2019353586 Al 21 November 2019
us 10928308 B2 23 February 2021
us 2018299371 Al 18 October 2018
us 10359357 B2 23 July 2019

Form PCT/ISA/210 (patent family annex) (July 2022)



Elbrfe = RS

FElrHES
PCT/CN2024/105720

A FRETE
GO1N15/1031(2024.01)i

WRRERR LR 0 2apC) 235 FIRHR R E R o JEFapCpyfp -2

B. F 2,

R 1R ISR SO PRI 2E R A 26 5)
IPC: GOIN15,GO1N21

SRR R AU AR i AR B SCERA SO 3% Sk

T E s 22 I A BRI O F R e R R R e, Ao 2= CanfER ) )
CNTXT.ENTXTC,VEN: A%, AT, T35, Y EBE B 40 )8, cell electrochemi+,voltage, fringe intervene, imag +

C. I
Egilly SIASCHE, E, FEEAAESCBE ARFCHIAR ok
PX CN 117388152 A (R /2F) 20244F1 H12H (2024 - 01 - 12) 1-10
_______________ L e N
X CN 114487046 A (FEFRFEFAR IS 2022465 H13H 2022 - 05 - 13) 1-10
_______________ L i L L N
A CN 108226095 A (BT R2F) 20184F6 H29H (2018 - 06 - 29) 1-10
_______________ e
A CN 109916883 A (B 5L A2F) 20194F6 H21 H (2019 - 06 - 21) 1-10
_______________ s S
A CN 110702650 A (B 5L R2F) 2020461 H17H (2020 - 01 - 17) 1-10
_______________ e
A CN 114813518 A (1A 2F) 20224F7 H29H (2022 - 07 - 29) 1-10
_______________ s S
A US 2013088719 A1 (SUGIYAMA NORIKAZU,etc) 20134F4 A11H 2013 - 04 - 11) 1-10
_______________ e
ﬁ%‘ﬂ#ﬁcﬁé’ﬂéﬁﬁtﬁﬂﬁo LIRS R
* B FSCARIRRRA. T TEREASAN ] 2 50T, SRE AL, B0 TR
“A” IR BIRESE R T I B — RS seE B 2 e B I e S
“p” BB AEERER BT RS “xX” %}%E%g%’gx%ﬁ $?E%)%17XT¢ INEEREF R ERAZ
“E’flﬁ$mﬁmé%ﬁzF“ﬁmT%$m&%% ‘Y’%%#%m Tk ;ﬁxﬁ%g BRI
‘U7 Al BRI A KM IR S, SO E B — R 5 SO - =5 s
g Aﬁﬁﬁgﬁmﬁ%@%@%ﬁﬁﬁﬁﬂ%%x#(@ﬂw %%%Eafﬁﬁﬁﬁﬁﬁkm W B, SR
el T
“o” WRAKATF. . BYEsEARAF RIS & AR X
“p” i A TERR R B HIR FATER B AU B RS

FElrt 2R bR sE AR H

Elbrta =k di e H

EPIj b/‘?LFﬁ /i/;zl:@uﬂﬁ?ﬁiiﬁiﬁ%% 100088

2024711 A6 H 202411 H8H
ISA/CN egfz.wumrs%m ZHE R

FLIE SRS (+86) 010—62085660

PCT/ISA/210 F2(3E2T) (20224E7 F)




Elbrfe = RS EfrriES

PCT/CN2024/105720
C. MR
%A STHSCH:, wh2nt, fREAECBOE L EESNEEI SN
A US 2015330892 A1 (VALA SCIENCES INC) 20155£11 A19H (2015 - 11 - 19) 1-10
23

PCT/ISA/210 F2(3E2T) (20224E7 A)



e EEEE
KRFFBEAIER PCT/CN2024/105720
o3I PRI P ha AR P
S U7sssls2 A 2024FLALH .

CN 114487046 A 20227F5 H13H o

CN 108226095 A 20184F6 H29H T

CN 109916883 A 20194F6 H21H T

CN 110702650 A 20204FE1 H17H T

N 14819518 A 20228F7F20H A

uUs 2013088719 Al 201344 H11H WO 2011132584 Al 2011410 A27H
uUs 9423343 B2 201648 H23H
EP 2562533 Al 201342 H27H
EP 2562533 A4 20174 E12 H6H
EP 2562533 B1 201942 H27H
Jp 2011232056 A 20114F11 H17H
Jp 5457262 B2 201444 H2H

us 2015330892 Al 2015411 H19H uUs 9939372 B2 201844 H10H
EP 2932238 Al 2015710 A21H
EP 2932238 A4 201512 A23H
EP 2932238 B1 201842 H28H
WO 2014093980 Al 201446 H19H
us 2019353586 Al 2019411 H21H
uUs 10928308 B2 202142 H23H
uUs 2018299371 Al 2018410 H18H
us 10359357 B2 201947 H23H

PCT/ISA/210 ZR(RIETRIMIE) (202257 A)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - drawings
	Page 13 - drawings
	Page 14 - wo-search-report
	Page 15 - wo-search-report
	Page 16 - wo-search-report
	Page 17 - wo-search-report
	Page 18 - wo-search-report
	Page 19 - wo-search-report

