‘ lg I '?E’( .@ 8 ,g\hgél )%% /Q,

/l F (2)%ARAENEARA (ADEERH: TWIS4TSTB

Property (45)/1—}%5 . ‘P%R‘@ 113 (2024) #‘ 06 H 11 E

Office

QI)#H L3k 1 110126974 (2)¥3% A : FHERE 110(2021) 407 422 8
(51)Int. CI. : G01Q60/34 (2010.01) G01Q60/38 (2010.01)
(30)4E %42 © 2020/07/28 £ 16/940,996
(THFF A+ £ & 5% K 23 (2 H) BRUKER NANO, INC.  (US)
%

(T2)5 A : 2% & B .43 DAZZI, ALEXANDRE (FR) ; %4* /&3 ROY, ANIRBAN
(IN) ; # 4% YANG, HONGHUA (CN)
(THRIFEA - HAREA]

(56) % Rk
CN 110050193A CN 110573887A
CN 110687319A Us 2006/0222047A1
us 2012/0204296A1 Uus 2018/0217181A1

FEANE RME

¥ iE &4 S5 E AR 26 1A B X# 13 #50 8
(54) % %%

B S 0 RIR R 69 BN B F 1 A e fn o e sk el iR RO
(52

— AT AR BEUSEEFH N RAGRMCR BB AT MO T RAEA 48
AL @O RE/ A o BBIEFGRRIRE/ M AR TUR AR A B ENE LB T AL/MLE
B o FHEFRETURADESARAELRERBRFOEMRICERRORE  MRAEAR -
BT EY  BBAE - R RBBHBARALER 2D — BRI EIRBERAFREERE
DA A WG &R *‘E’c#”’“ K3 o kB EHE A BRG R BT 6 B ARHOIE DL RH ST R AT
B o IR IR h 4 2 8 48 A ok ST AW JE SR ML T e o IR Ar S SR B AR ) SR R 2> 1 Jh ik
(MHz)#7 % R a9 4F B ©

A method for obtaining optical spectroscopic information about a sub-micron region of a sample with
quantitatively controlled depth/volume of the sample subsurface using a scanning probe microscope. With
controlled probing depth/volume, the method can separate top surface data from subsurface optical/chemical
information. The method can also be applied in liquid suitable for studying biological and chemical samples
in their native aqueous environments, as opposed to air. In the method, a depth-controlled spectrum of the
surface layer is constructed by illuminating the sample with a beam of infrared radiation and measuring a
probe response using at least one of the resonant frequencies of the probe. The surface sensitivity is obtained
by limiting the heat diffusion effect of the subsurface so as to confine the signal. The signal confinement is
achieved through non-linearity of the acoustic wave with probe, as well as benefits gained by a high

modulation frequency of the infrared radiation source at >1 MHz.
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A method for obtaining optical spectroscopic information about a sub-micron region
of a sample with quantitatively controlled depth/volume of the sample subsurface using a
scanning probe microscope. With controlled probing depth/volume, the method can separate
top surface data from subsurface optical/chemical information. The method can also be
applied in liquid suitable for studying biological and chemical samples in their native aqueous
environments, as opposed to air. In the method, a depth-controlled spectrum of the surface
layer is constructed by illuminating the sample with a beam of infrared radiation and
measuring a probe response using at least one of the resonant frequencies of the probe. The
surface sensitivity is obtained by limiting the heat diffusion effect of the subsurface so as to
confine the signal. The signal confinement is achieved through non-linearity of the acoustic
wave with probe, as well as benefits gained by a high modulation frequency of the infrared

radiation source at >1 MHz.

893486 2 H 43 H(EHRHE)
110126974 FERLE A0202 1123284453-0



1844737

110126974 ¥ RE1124E 11 B 2 HEE

[fEE F&E] E2A
[ R FRE 55 & ESRE ]

100:5¢ JF

102:%¢ 7R
104: 5 £ B 4
106: 1 A

107 8% § 22 Ui
108: 7& &
109: £ &t
110:27 8) 23
112:4p 2 $72 4] 22
1145 38 &5
116:3 B ¢ &=
117:% H {7 # % X
118 #a HI &5

122 5% 5 B0 68 & 34 2 3 9%
124:5% 38 & 58 &

138: &1 9% W

(R (B2 A] &

893486 553 H v 4% 3 H(EHHE)
110126974 FERLE A0202 1123284453-0



1844737

110126974 ¥ RE1124E 11 B 2 HEE

[ FHsR = ]
[ 3 % 4 7 )
FLAT PR D HO B I FE B9 3 50 R T 00 0 8R40 40 4
S 3 B9 97 5K e R 0

[ 5 S0 BH & 70 ]
METHOD AND APPARATUS OF ATOMIC FORCE MICROSCOPE
BASED INFRARED SPECTROSCOPY WITH CONTROLLED

PROBING DEPTH

[ 352 il <5 35 ]

[0001] EER A KRR EEBRLENE - FH
g 0 O K {E A AFM-IRZK E Bl g5 m (L2 B 7 o0 i BV &
afl > BUEMAERE Rg T oo

[ Jc A 47 ]

[ 0002] AFM-IR{R B — fH H 73 88 #7 J& £ 41 5= R S /Y
A E RS S Rm Ayt 25 /MR o eA A
ot o B 1B R T 5% BT BT F AFM-IRAY B 3R 0 fE B 3 il 15
. AFM([E 1A) = % & £ 30 "™ (Tapping Mode ™ )AFM( [H
IB) - fE[E 1AH > AFM-IR & &% 10 & f& H 743 5 Ui 21 B9 £§ $f
20 > 2 Uy 2 1B R AL BRI 0 17 E HY B AN 164H B fE o AR AT R
PRENESBEORES 200y M LR o fEEMES > IRJFELL
BB BL RE 128V IROE 3R B 7 B2 A /R U MH B fF H & 8 > 3 %
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T e RE E MM E 24020 > RIRSEE K AE) ot i 2 AY
w5 07 (F X £ PR 25 /¥ ) 25 69 LU il E B Al Ak Ik = (ko
mifEdf — BN EEARFENE R - BIBEH L -
Tapping Mode™ AFM-IR % 4 39 £ #& H A 4 Uit 44 19 15 $f
43 > B 5 Ui 440 B AR M 460 = I o BR #4347 B B B (E ER
T 48T B HY R S6— L ik & - (£ F Ot 22 IR & e M 5% 1At M
2 B AE I\ B A R B ER B SR 425 HY 4R B -k A M A F A &
R B AR 40V R Z B AL - Rl i > KB E S S5 508Y E B
6 R E R R SR A R A R OE K 526 F A i A 85 54
P Ml €5 S48 i PR 25 /9% ) &5 S8 AN LU 2 R # - 12 &5 AFM-
IRFEAI M R G A TEEEARGEL-3FEF) - 14
/AINER LR AR (MHz) T #2 7E -

[ 0003 ] 4L /h 4% ot 5% B2 5 i 2\ 8% #F B 0 8% (SPM)AH &5
B T — O Uy A 0 H R G AR O TR (B 0 AT R GE
HEETENS)  LE2BIRESNEAEEAREL
FH R F NDEMBAFMNNE FH®BEE RS > LHEK
A LI GO FE R W - B 5 B E RSB R &R
filg f52 =0 AFM > 3l T O W U BT AR A B AR (B U 48 ) BRp 3% A5 HY
PE L iR Bk & T IR B U ER B o 3 R B R IB 5B A Y O B
AFMHY & i 89 22 F&] B8 A FE 1€ oK 18 & £ 10057 2K (nm) -
AT > A AL Ah % (IR) 8 B By Ak Y B8 A 5 20 #Y AFME {0 E 6%
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T EAMRZIORK(m)NZEHMBENRE - fLE® > B
Ay Hl# sl B 2 AFMER St R R R RV RS E g 7 -

[0004]) (@ E - 5 W o B KBl E A < A MHE & fF
HEEAMNPEARANEN - HEHEEF  KEBEARANER
HHERBEANRFTEELEFEREERBNEN RN EEH
BEAREE - LEtZERAALAFLTHAEBEEREZEANYHER
Mo B AL B2 R oy BOR B

[0005)] B/ EEME » EXRKRE LETZEEREN
B XEUNEELEAEE - Al > B8 EEMENEZ®B
GHEMRARGRTERE B ERE - B0 F KT LR
HEEREMERBEHRENED LEBERTAEA KM

[ 0006] SPMIE {f {2 # Ik SHI AV X & - AFME — 1 &
B HEERMEA LRS- (RN DLEE R S8
BALZHEMHEGER DEHEEEHZ2EFR TSN - — K
K BHEESE AEANTE UG EREENEL - B

IR RN B R A LM H R ES o T AR RN
EEE M ERERBER - A B 9T DLE AR AR HE
= -

[ 0007] AFM-IR ¥ fif #Y & (@ 75 @ /& & B & | &
8,869,602 - 8,680,457 - 8,402,819 - 8,001,830 -~ 9,134,341 -
8,646,319 ~ 8,242,448 k& fy 3L [A] % B4 A 2 B K H 55 4L (A
A Y = B B F] B % 13/135,956 ~ 15/348,848 F2 62/418,886
hAEAEE c  BEHBEENEHLANEZTHTMNAZE -

[ 0008] fi {# 4% Y AFM-IR£ flf F - £ A f5 & 7] gk 2
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— {8 Pk 8k o bRt () HE OB & TR BE AY W U E AR Y B A
Wik - Eg HEEEAKME - B ik ey B R AEAFME
B EALEY - BT A B MG AFME B fe 0 & i 0 &
By  GRSRHVSE E M AR R A R B EEME T 2 28 > fl
MBEENEEZTH BEANAERGE KA ERBHENF
BEEE - HNEAERUWEBAE A - AFM-TRE 5% A 4
Ros > AR RNEANGREREEIF G (H AFMZA i /Y
RYPYESBVEARKR  ZHBMEGEME - BBAAEIFERIK
M BB REER EBREABELEERE > TEREEZE
Gl AR = R RS R ISR I 2 e N T O = NN S [V T
R PIancE s > RE - BB E -

[0009] 1 » FEEANEARNLFEHELE
By PO BENAEKER EVESRERENE - &
EEBEANEARAS IR FEFIHREE AT @B E
o Atk IREKHERKRY - ErkgELE P
R > HEMZIREIAWEMEZFERE LOVE KRV EE
(convolution) - B 2k B TH Jg 89 &R 5% (58 & 0] B8 i
%o

‘[1

[0010] jE4h - 40 R TE & JE & 5 (N Y 5% 0 2= OR) R /=K
B AR MBSk > B iE i AN & ] RE R B B
AN - AEBEBE R T - G RER S T AE 2 W E B R E 5y
BRI R > WMEHEWHEEEIBRMMB/NIHEE - NI
B — T AFM-IR# A J7 % > © o L& o7 F FH 5 E /Y &
wme ARERABEENER > OERSYRE)ZEB A
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[0011) 1F 25 B 5 F] 1 35 £ US20190011358A1F 2 2
F 7R EY R BRVE = - BE R IR B flo wT A8 R HE 3 o M
KEB =R EEE - HIEE R I AR BN ZEE R 22
HmZEh FLEHEHEZEZBANE DN E AL T E M E
Lol A ES LR REERD -

[0012] AFM % & £% ¢+ 69 L 4R 40 F Ay B (L & b 7B Bk
AFMEE $t 1Y TH Bh 28 2% O0R 50 28 1 28 oKk W By B A 47 R Y 54 BE B
ARV B fE R 5 o (5 X il % | SR

[0013] & 7 HU = HE | (subsurface)& il * [Tomoda
2003- fE FI %) PR 2 {ft #7 (Applied Physics Letters)82, 622
(2003)1C B %5 Y #8 2 R ) B8 6w 8% K fF A AFMER Il 3% | T 24
Bk o 2R 0 R IR ATl 1E O = BN M AR R B B ON & O 3B & R
& — i Bk &L -

[0014] 4 Tomodad » B A B M 7 K & B850
K mm)BIEH N HAEEAN > FREEHKAN - &Kk
EERANMABEANER  MIEAESEMEEEN -
A AR EEBRENEEET BB (GO - £ 4K L
) A EREEREE  HEBRHNITLOHGEE -
R R Y AL A 4 TE K -

[0015] 7Y AFMAY &L 4h 4% 2% oK ¢ 5% % 9i7 (I % AFM-
IR ~ PTIR  PiFM ~ sSNOM -~ NSOM)Z d] H &Y - B 1 * 78
JC R AT IR U R BEEt R R IE B o e R B DA R AR
R E o [ ¢ B} 2 &JE A (Light: Science & Applications)
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(2017) 6, e17096]1[%s 3% i i (Nano Lett.) 2020, 20, 6, 4497-
45047 -

[0016] /5 £& $k Bk {5 1§ AFM-IR % DL 4 H X 28 K 1 IR
HEhmMASEERUCHMEARBEFTHREY KIEEEALX -

[0017] /K Ay 58 5¢ B &F K R U > R Bl 2 A5 9 40 9 4%
B gEBEKEEAHRE -

[0018] AFMHAY £ i 5 & & B #ic & 7Y 58 1% i [H J©
g3 o PlA0 - B AR E 2L Ik B9 QA + (Q-factor) H] DL 1 22
REH~100FK E2ERFKFH~1 -

[0019]) B A E M@K WHEE R 7 H P — &5
e BEERAEHMENRTAREARNFEHE R EZ R 0 AE
— {l& PR 1 -

[#THAE]

[0020]) B 7T f&& bt s wk B - A &% (& & Ji f & B
%7 — MR HY R s KB ERY A o A DU LAY R &M T A
AEDIZEFENEELERHEE AR AAFZTHAEZHIER
HAT(EREeE o - BEFEAATHNRELZE T R MEHEE
WERTTHEBERNIERZEEER  EMLIEE E/TE
ALt HAREBERE WA ZEITHRNEGHEERT T
R By e 2 RAEE2FE -

[0021] AHGFEERNREGTHENVERLRSFHER
MR RS BE BE P2 T R R RV M OB N B9 5 oy i B OH 2R T 2 B
W RHEHSRANKNECYHHAE -
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[0022] E/EH J7 A MEHA R RERER > BI{E £ JE
L ERHBEA THREBEERARRBIMNGTER - FHE
AR RAKEBRBEFTHEYERAR - EEEBEENXTHE
THEARER THZEZEEEQCTHEMSOHCUE - I
Sh > HTLUBCAE B R R IR SEER & & > N K EHIRE
WEMRELZHRFENHEFRARKEHE AN EROYHARAE -

[0023]) fEeC EEE MBI Ay — @ 5| > — 7 H 7=
et BEMBEULEERFNREANFXTEREBREAESR N KA
By K 1 oK (sub-micron) & 38 By 56 3% & SR AY /5 7% - H 85
R BEMBEN RS EE AN —WESEHEEER - &
AEAFRERFEA  HEBHRMUEARBERIM LA
BEEEEEF RN BRI (E5 EFHR o=I{L-fulF N F
FTRVEE RAA R - BEIEEE K - ZR& M E 5k U A B 88 53 i
EETHROINEHERE  STHESFNEEUEERE K
AT Yt R AR SR - iR BB FEMG LR InT Y £
b= AR RS RMEEMREMER T E D — M -

=

[0024)] "k Z2RMW, GEEALANCERWE  BFE
ARPRATH R - U HRE -~ KR - B S R (transmissivity)
% Ot 2 (transmittance) ~ I % 3 (absorbance) -~ I U =
(absorptivity) ~ #7 & R Y & & K /2 RE &8 ~ B A 71 & ok B |y
B K /B RE ED R /BN TR R ER Ok B2 R ME Ay — (B % AE B
Z2LaEgEneEas M-

it
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[0025] ' #F 4 =0 % 2t B 00 88 (SPM) , (R 8 — T8 B 1
o HPRBENEHEREAREMEEFER  ZARAEMNERK
A RY — B2 [ Ry MY A B R % R - i i EUCBR Bt
B iR o] LLE ]+ DB B8R (AFM) > ol DLE iE B 7 R
o Ui HY B B PR Bt o SPMIE E B 1E M & B 4R i K /ECER
g Ui BT M P2 YY) B8 (B 40 > R BUE X EKMEMSE B )HY
BT ER/BRHEMTEENED EEROATEEEER
HEBRMH LG  HPEHCERRBE R RE - LIER
EHRS BALTEQEERESN  WBEHARE - F
S BE A RE R H MR o L AR I A & AT M & LM
Moo a0~ D E - SEIRJER R E R /ECH B SR
WHEFANREEEMEELFAERE -

[0026] "HAMEEREHE, GAEHREHNENARH
BERHOMERE  RBEHAEAREALER SR L HEM 5
FE o DURERAE R N THI3ERBEHEHEMEE -

[0027]) " fEER et B AMH G (FH L &5 68 5 21 2
RHEDEANFTH > (Ei%FE - HEITE ML F
o B a0 g i - A A BT W 51 R /ECHE TR D 0 RTERE A R B
fESEAT FRET AR AV A E AV BT VSR ST Ay 34 08 - M & {F H
] DLE o e R 20 R B B R/ A R 20 - JE R A L - R
fiy 71 20 ~ & {5 J7 & At (PeakForce Tapping® (PFT))MH = K
/REMEEFEEEN HEFEATUZEREY » HNEE
By WA —SEEH A T o ML EM T E R
ZEERAEREEMERE - Ik ®& 8 & /R T iR
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Mot mTOR B AE T M (E SR ST E R B ARy T E M & (FH
WK BreERFH > RERcBEROESEHE -

[0028)] "HR& , GRiEKEFERDE » PO AL
H o~ BRE R R /ECHES -HEAMEEE R & - B A A E
AR RELENBES ~ 7 Bt RIERINRE RN %
(TH2)RY H L} & - WA WA Em@EFNE - RFTH - KE
TR (B a0 e 8~ OB JT MR R AR R0 Ll e R % ) B 38 & T
RV EMEERE -

[0029] SABRBHEMSE » "4 ENRFE, BREEALE
R LGN REENAEN — B EOLIE - B
- B H A E J -4 S &R (mid-IR)(2-25 5 oK (nm)) A BY K
R AN RECFEITEEERETERG RE o L E LB
HoNEBEAMERER&SE Z—8 7 %158 & B (tuning
range) > B H] 2 fIf 5 K 2 (E M AL O RS E By & 5 > Bla 2.5
-ABOR (pm) > BOS-13F 0K (pm) - AR E R B K E R P AY
— > AR BCIR (BB 3 FVRE (Globan)Ji ~ EHEE BB
R - BEEEE IR - MR M (frequency combs) ~ 2 35 5%
s - MHFADS  BERELEDS - KSEIREES (OPOs) ~ O
22 8 E £ %5 (OPGs) ~ E 7 & it & & 25 (QCLs) ~ ZRKFD »
& #b (picosecond) ~ R #) (femtosecond) A1 [f] #) (attosecond) FE &
& COEHES - MARE K CHE M A i #Es - K/
A = O =R = = 7 = T B b = o R C T
fE o WA LLZZEFTH > fIEA<10 ecm 2 <1 cm "5 &E /\
WX EEE AU ZERH > flWAEA>10 cm™ ~ >100
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cm B A A 500 emT Y L B E

[0030) " R&EE A ERING -1 ZOE-4LIE-K
i %% (UV-Vis-IR-THz)#Y 20053 5f (nm) Z 300 % 5k (nm) A K
BRI G E®HE B200Z Kk (mm)ZE 300/ 2k (um)Ey B
BiE Rz o AN R (UV)EL R Hh 43 (ultraviolet) : 200-380 nm ; HJ
R (vis) B I R (visible) i B ¢ 3807 of (nm)-700 % 3k
(nm) : 4L 4P 4 (IR) G §& ¥T 41 5 4 (near-IR) & & 41 4} 4% (mid-
IR) > H fnear-IR : 700F 2K (nm)-2{{ >K (um) > mid-IR @ 2-
25 ok (um) A 2% (THz) @ 258 5K (um)-3008% > (pm) -

[0031) "9 /m 0 Bfe5 /0 8 22 F B B B &R /9 %7 1
FERE AV ER 9% - R 9 T DL 2 B EE BH 8% ~ B fr sl 98 R /= 77
HFEMRSNEMHEUEFHBHERN @ EEFE - HIEA
DA ®'RE - & d LA 5 i i % K 50 8% 89 1F ] E At 3
5t c SRl LS 2 Lo g M E 0y RMEEE - #W5E EsY
EEH MR FER R HE - EWa L& EEE B —
% I BL B #k Y R M AH BE RV ER 9 0 B W0 B FE AR MR B0E A 4
W m - RENEERFVEHEER -

[0032] " SEsE |, RFE1F BN &Y R S ECE R (IF
HE®EBMHIESBEKBEWREBONE R — N ERSEDN
H & -

[0033] T &L 4h4g kUt SE s | (& f5 B &L /) 43 | X 1%
B MR AN GRIFEEANEUE " EHE
BA Mk B EE O BY OE B o &L A 4 W IR B FE By — [ B+ & 7 3E
i # 4T 4 43 ¢ 5% (% (Fourier Transform Infrared spectrometer,

893486 2510 H » 4£ 29 H(EEHRHZE)
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FTIR)E £ WY W U R & E » Bl FTIRG Ux k38 - (FIEE @ 4
Sh 4R W Y K 58 BT DUIR 5 5 b 18 0 B % 5 i B k) -
[ 0034]) T ¥ % (Modulating) ; 2 " ¥% % (modulation) |
1242 Fe A BT B A b B BE OB B (R 5B T M ot o B K A B
Y &L A 43 88 B 58 & o B B O R AU B M O - PRSI AY E AT AR
TmR/INFEEN R KER LR BEANFZE - fl0E
DL BE BB B0 Bl 25 B0 EC i (0 5 M R BR8P BV B Bl s A e i
RHEEFEN  EUHEHAVERE - FEHTLUER
RERSBHEBMAVEERKTZNR  WBECHES - ELHE
g5~ JCE MEEE s - I T W HT = (Pockels cells)Z - 3 &
A DL i G 5T R HE S8 B 0 B 40 A A B i MEMSHY &% 59 &R
s WEBEHERM BESNHEMEANIEEALA LD
BH REAEE - A E K/ EAE By -

[ 0035) T fi# 5§ (Demodulate) | ¢ " fi# #8 (demodulation) |
GERRERBAFFTRNEMNREANTE  BEAEF - ELF
ERR A o A o FY e R o AE O A I 85 R U B By BEOATOE
R B8 9t - ARS8 8 12 Bk 28 i iy B A IR U AY 4T A 45 0% B
TRy BETUEBHEMEG KRS - REFEITTEZE KR
(FFT) - W R AR BRE T EsENGTE - BRHEK
gy~ ZE MR R W OB N &5 B0 i AE R KRR L B 58 AR 9E
Y B2 ot 2K 58 Bl o [F) R R BB BN [F) 0 Y B o R A
5T o

[0036] " RgaHes , GEERTHEIANRBENARSE

[0037]) " o> Mras/#Edlas o HIERME ARG E K

K
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FREF ARG  EFSTGRARERBERSR TR K
B B 15 2 (| o i AT 1 o 2 8 FE & JT 8 5] BLER B B £ 8t 4R
Ui ke /B BR A HY R AL R /B R ot HY PE ) o Hoag a] LU BB A R
etfRd - EHPNHMEBENER > ROEHEFFIDR
fix (b~ 8 E o~ BOE R /ECH A B e BY E W o B & E A T
FUEEEMEN AN BMUESR A > WHITUERS
BB EE(ER HBAEBETEER) HER/REBEENE
A (B AR - BMHES - EFS - BERES S HmEF)
AEACEE - MEHES > MEHS - FREMABERER
R HEMEBERITHAKENR - HARKBFRLEREATHERE
T\ HY A0 18 #S T {4 AT B B B B RS AH R — O E BE DL AT A SR
AMEy A e Y —FHBE —F L

[0038] "M KEs . A "HHEAS ) (WLEER)
—Erf - WHZE-EEE - 2R R/RERZE > AR
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