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Scanning electron microscope
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Abstract: In this experiment, the surface morphology of a sample was investigated using a KYKY-EM3200 scanning electron
microscope (SEM), and the influence of condenser current on SEM imaging quality was systematically studied. Under a fixed acceler-
ating voltage of 30 kV, SEM images were obtained at different condenser currents and magnifications. The effects of condenser current
on image contrast, spatial resolution, and signal-to-noise ratio (SNR) were analyzed by comparing the imaging results under different
experimental conditions. To quantitatively evaluate the image quality, digital image processing based on Python was further applied to
the SEM images. Several metrics, including global grayscale contrast, Sobel-based edge contrast, Laplacian variance sharpness, and
Gaussian high-pass residual SNR, were employed to characterize the imaging performance under different condenser currents. The
results show that increasing the condenser current enhances the focusing ability of the electron beam and improves edge resolution,
while simultaneously amplifying high-frequency noise and reducing the image SNR. Therefore, the overall SEM imaging quality is
determined by a trade-off between spatial resolution and noise. Under the experimental conditions of this work, the optimal condenser
current range was found to be approximately / = 500 ~ 600. This experiment further demonstrates the importance of digital image
processing methods in modern experimental analysis and highlights their ability to provide more objective and quantitative evaluations
of imaging quality.
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FIGICR RO I 27 o M = 1/ L i T BN SEM RIRGE T E 28 h A58 H shbn i ORI, R e sk B il
S AU 1 R AR ROEL SRR i RO R, TS 2 BR A RO A R 7R

8. el PF A — ik SEM I K-y {E %5 ?

Febr EASOIRAETE XA T . TNAHEERAH BB PR W [FIRIEA AR R e
PEFEZATTH . H5E, RTURAY SEM RN BA BRI SR R, BRI R0 . a5, A
AAEM BB HR, BBV EAGE LW, ARSI Z BRI B, EER T EEIL
MR R AT REAR, PABRIERE R AR EL . BR VIR A S, BT B R T B SRR A 5 .
wn, RAAFAER TR B FE TR, . ERASAU LA B AN e Ak B I D A o TR, —
IR OLF5 ) SEM UGN BAT RAFHOILSERCR , SRR AR 1A . W] SE M SR i EL S 1 SO 454 1
H

J/h o

fios B A7 3G PG Ry 0 B il

T HINE RS TR G L T SEM BT RSN, 5288 A Python X R RO B L 4 8
TFHBMEAES (x11k) SEM EHE AT THCEEG AT 555400t . AT HEHT 045 4 5 1 Ftet BE DA S 56T
Sobel S FIn % B, 58zl 53 0 pin. ARJSE R Iisdi =0z, (S0 5
R

3

# 1 AFERICHTHRI T 045 KR B s A
FOCBR [ BORfe% CPHREE REERRMER AR o/1

400 x 11k 113.315 67.331 0.594
450 x 11k 105.664 34.929 0.331
500 x 11k 129.590 23.637 0.182
550 x 11k 134.138 23.125 0.172
600 x 11k 118.521 16.222 0.137
650 x 11k 118.878 28.802 0.242

% 2 AR T RIS D Irai R
FOUBR I KRR FIYKE DG EEISE  LEEE S 95% L

400 x 11k 113.315 24.072 15.806 53.254
450 x 11k 105.664 17.927 10.441 37.336
500 x 11k 129.590 23.236 12.671 46.690
550 x 11k 134.138 28.000 15.286 56.321
600 x 11k 118.521 27.357 14.983 55.154

650 x 11k 118.878 61.692 32.529 121.062




Xisense Yunxi Wang

%3 ARFIRCHHRI T BRI A s R

BB I HORfER PR Laplacian fRifE2E i Var(V2I)
400 x11lk 113315 43.615 1902.311
450 x11lk  105.664 33.295 1108.561
500 x11k  129.590 45.899 2106.712
550 x11k  134.138 56.594 3202.919
600 x11k  118.521 56.082 3145.237
650 x11k  118.878 126.315 15955.413

4 AR I ERER AR

BB I R FIKE PR op,,  SNRg,, &K o SNRy,
400 x 11k 113.315 4.584 24.720 4.889 23.179
450 x 11k 105.664 3.523 29.997 3.737 28.278
500 x 11k 129.590 5.064 25.592 5.104 25.388
550 x 11k 134.138 6.162 21.768 6.279 21.364
600 x 11k 118.521 6.069 19.530 6.205 19.102
650 x 11k 118.878 13.940 8.528 13.958 8.517

Fifok C: Bl AbBRAE I 405

ARSI R AL LS /3 M 32 AT Python SiARiE 5 58, L&A T numpy . matplotlib, scipy DA
N pandas SERFAUH R G HRAL B, X SLE BRI TR, ALBE . AT A KA. HE R R
I 1L F GitHub 3%, 5235 7] @ J https://github. com/xisenal/PKU-modern-physical-experimen

t-code/tree/main/SEM experiment6 FRENSZEEIN H e 52 P LI T S AR ,

AT E R MIT JFJEHM, AVHEIERL I E T B &R . BUE . mEIEAE, wEHRH

>k Nl bash LAt

git clone https://github.com/xisenal/PKU-modern-physical-experiment-code.git

WO EAN., 0 HH P ERMET venv MUEIEAEIRCE , kAR IIEAES 5 B AT B 3
K . py SO TE EIR AL BRS04 eAh, WAl

pip install numpy matplotlib pandas scipy opencv-python

FEN LI TMMBUE, A MAEA SIS STzt T AU .


https://github.com/xisenal/PKU-modern-physical-experiment-code/tree/main/SEM_experiment6
https://github.com/xisenal/PKU-modern-physical-experiment-code/tree/main/SEM_experiment6
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