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AFM image restoration method of rectangular nano grating based on LSTM
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(1. College of Metrology & Measurement Engineering, China Jiliang University, Hangzhou 310018, China;
2. National Institute of Metrology, China, Beijing 100029, China)

Abstract ; Atomic force microscope ( AFM) uses the interaction force between the probe and the object to be measured to achieve
imaging, and obtains the relevant geometric parameters through obtaining the high-resolution imaging of the rectangular nano grating
measurement standard instrument and performs calibration, so as to realize the quantity transfer from standard measurement instrument to
working measurement instrument. In the AFM scanning process, due to the influence of the needle tip, the scanned image is the result
of the interaction of the probe and the sample, rather than a true description of the sample morphology. Aiming at this phenomenon, this
paper proposes an AFM image restoration method based on long short-term memory ( LSTM) network. This method trains the scan lines
of the simulation image obtained with the expansion method, and then obtains the AFM image restoration model suitable for rectangular
nano grating. Experiment results show that for a rectangular nano-grating with a line width of 20 nm and a height of 40 nm, the relative
error of the grating line width after restoration with the proposed method is 7.40% , the proposed method further improves the
measurement accuracy compared with the traditional restoration method.
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Fig. 1 Principle diagram of AFM probe scanning sample

2 EFLSTM 9 AFM B EREIE N %

2.1 AFM B EREiRF
$Iﬂ<ﬁlé@%¥£mﬁm%ﬁ@ﬁm§l 2 i, T AFM
EUREM AT I A, L, 718 AFM B Z 1743
fiff SRR A (S ARAT ) A I 2% AN e AR AR SCr
AFM [EIZ R 140X 140 FHE R D0 A K58 Fins b 45 5 ok
1x140 FYFTIRIEE R T I ot 72 o JE 0 S50Rn 23 01



52 U #H £ ¥ W

B4

B RYBLGR , FETHE i 2 2% RS E PERIPE RE , 75 X g A
Bl R IH — Ak B R

X o min ( 7 )

s o N AT P AR s 2, F 2, 2309000 i A B
HR R B R AEL AT /ML s ™ R il AR 5 — AR IO 25 28
Xt gt LSTM BB ) (9 i th =, R FH 25 334 S BLAE Y
A FEVI i 7 BEHLRE 2R B9 — Se ki HRHAE 35 5, T
REAR P00, el 1 5 T A4 008 7 B 22 Ao 2 TR0 ) 41 4
BEARRG, tT LSTM faj i A i) B 4 B 248 72 1 BT
B, foJa AE TSR R (B Y IR ol T AR AR 28 17 2, T AR 26
F1% T F2E 24 P2 LT ASE 2 it 114 1) 24 B A — 3, I
T BRI —A A 42 220 LSTM 4 H 114 o) 2 248 35 460
PREE IR AEE T AT RITHSE R Mo, il TAE I o 7
AR IR0, 1] DX JE] b T f5e 2845 3] 1) 52 D 1 45 5 4
T IEPAEAS  BCPE AR DU Hh 45 2R A BT A s AT
B IA—Ae At

| TN € |=:>| 10—k |r:>| LSTM# %! |

| SEBE |<=-| F 3k |

| RIA—H |==>| R |

K2 ks Rk

Fig.2  Algorithm flow schematic diagram
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Fig.3 LSTM recurrent neural network model
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Fig. 9 Nano grating three dimensional AFM restoration image
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