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In-situ Monitoring Technique for Atomic-Layer-Controlled Molecular Beam

Epitaxy
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P. BODIN S. SAKAI

Real time precise monitoring techniques for atomic-layer-controlled molecular
beam epitaxyal growth are described. One is the atomic-flux rate monitoring technique
using atomic absorption spectroscopy (AAS), and applied for BiSrCaCuO atomic layer-
by-layer growth. This AAS measurement is not influenced by the substrate temperature
nor the condition of ozone that is oxidizing agent. The resolution of the flux rate
measurement is better than'idn2s? for Sr and Ca, 1%6cm?2s? for Cu, and 18cnr?s?
for Bi. The other monitoring technique is difference reflection high-energy electron
diffraction (DRHEED) method which enables to monitor precise information on the
crystallization of the substrate surface during growth.
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Fig. 100 Schematic diagram of MBE with the beam flux monitoring system by atomic absorption spectroscopy.
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Fig. 6 Srflux vs. AAS signal. The relationship is nonlinear. The curve
is calculated by assuming that the cross section of optical
absorption depends on the wavelength and the band width is
0.36 times narrower than that of the HCL spectral line.

Table 10 Characteristics of the AAS measurement.

zlement sprctral line wsed (nm) Kicm's) reselution {ems ')
Bi 306,77 4. Tx 10" x 1o
3r 460,73 [IcEY T g
Ca 42267 1.50x10 Iz
Cu 324.75 1.10% 10" 4x10"

*for anon ozone case.

"yt the flus rate is Sx10' {em st

loo O (A-A,)°0

exp,
aZ

0 l(A) = Tnia
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Fig. 70 Lock-in amplifier output voltage of AAS measurement and calculated beam flux as a function of time for 1 cycle of the growth.
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Fig. 80 (a) RHEED image observed along the <110> azimuth after
0 000 0Odeposition of the first Sr in the deposition cycle for
00 00ooB.iSr,CaCu0,.

000 (b) For comparison, the RHEED image observed along the
000 0O 0O <110> azimuth after deposition of the first Cu or the next
00000 layer of the timing of (a).

000 (c) DRHEED image, observed along the <110> azimuth after
00000 the deposition of Cu. This image is obtained by subtracting
00000 the image (a) from (b).

OO0 (d) DRHEED image, observed along the <110> azimuth after
00000 acCudeposition that was about 5% longer than the normal
00000 deposition time. Excess spots marked by the arrows are
00000 now visible.
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Fig. 90 (a) RHEED and DRHEED images observed along the <110>
azimuth during a deposition cycle for Bi,Sr,CaCu,0,. The

timing chart with capital letters A to G shows a deposition
sequence and the time at which each image was taken. "A" is

the RHEED image at the beginning of the deposition sequence,

and e.g., "B-A" is the DRHEED image by subtracting the
RHEED image at time A form the RHEED image at time B.
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