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Depth Profiling Analysis of InP/GaInAsP Multilayers by Auger Electron Spectroscopy
Quantitative Evaluation of the Surface Roughness Caused by Ion Sputtering

Toshiya OciwarA and Shigeo TanUma

Japan Energy Analytical Research Center Co., LTD.
3-17-35 Niizo-Minami, Toda, Saitama 335

(Received May 24, 1996 ; Accepted August 20, 1996)

We have conducted Auger depth profiling analyses of InP/GalnAsP multilayer specimens, in which the surface roughness
was caused by the argon ion sputtering. We have, then, carried out the quantitative evaluation of the surface roughness using
the distribution of the each pixel height taken by an atomic force microscope. The obtained histograms of surface roughness
were used to calculate the resolution functicn together with the functions of electron escape depth and atomic mixing
{Hofmann’s MRI model). We also compared the resulting resolution function with (he one obtained by the depth profiles mea-
sured. Tn this cenvelution calculation, we have assumed that the atomic mixing layer thickness was 2 nm and the information
depth was 0.75 nm. The resulting resolution function was in excellent agreement with the one obtained from Auger depth pro-
file. Therefore, we conclude that the distribution of the height of each pixel taken by AFM corresponds to the functions of sur-
face roughness of the depth resoiution function on the AES depth profile with sample cooling method.
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Fig.1 Scanning clectron microscope image of the surface of
[nP/GalnAsP after ion sputtering. a) The sample tem-
perature was — 20°C. b) The sample temperature was
— 120°C.

— 49 —



764 BWHE H17% $128

= 120°CTdh B, Fig 1ART L 910 — 20 °C Tid sl
ML E B L RE EH720~ 30 nm OZEEH—TIZE &
NnBA, —FH, —120 °Cix— 20 °Cizktbk~TREHNL DS
SRIVARZFEREFELINS Y, L, AT ARy
KU FRIOBERTZTETHY, —120°CTH b3
BTRELBA TR L DV ERRIhORRAED B
ha.

Fig. 211 Fig. 103BOAFMEB L UEOL A &5
ATHD, —20°COAFMB TR E SH20~30 am D
MEIMEETE S, — 120 °COAFM BT — 20 °Ci it
RTPERBEBFFCBBRINTHS, £k, Th¥
NOAFMBICHIE LI R FF T 450, —20°C T
EAMRFA~5 um, — 120 °CTHEERRN2I~25 im D

RASMERERNIC S W2 b b, ok,
AFM THIE LB HN QBRSSP R E S5 Kol
SEM & L gRic L < —# LT A,
3.2 REEEOCFSA7O7 74 LOBIRKEE
HHNOE R R FTALIZDONWT
Fig. 3id¥iEik CRIE L2y 7R 7u 7 v 4 A ORI

Fig.2 Atomic force microscope image and histogram of the
surface roughness of InP/GalnAsP multilayer speci-
men after ion sputtering. a) The sample temperature
was — 20°C. b) The sample temperature was — 120°C.
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Fig. 3 The differential shape at an interface between second
and third layer of Auger depth profile with sample cocl-
ing meihod and the AFM histogram of the surface
roughness. The sclid lines show the differential shape.
The dashed lines show the AFM histogram.,
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Fig. 4 Result of convolution. The solid lines were calculated
from Hofmann’s MRI model. The circles were measured
Auger depth profile with sample cooling method.
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Fig. 5 The differential shape at an interface between second

and third layer of Auger depth profile with convention-
al method and the AFM histogram of the surface rough-
ness. The solid lines show the differential shape. The
dashed lines show the AFM histegram.
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Result of convolution. The circles were measured Auger
depth profile with conventional method. The solid lines
were calculated frem Hefmann’s MRI model. a) Fit of
the MRI calculation with W=2 nm and A=0.57 nm. b) Fit
of the MRI calculation with W=4.5 nm and A=0.57 nm.
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Fig. 7 Scanning electron micrescope image of the surface of
InP afier ion sputtering. The samplc temperature during
sputtering was 70 °C.
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Fig. 8 AES spectra of the surface of the [nP specimen after ion
sputiering. The sample temperature during spultering
were — 190, — 120, 50 and 70 °C,
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Fig. 9 XPS spectra of P 2p taken at 65 and 20 degree take-off
angle. The dashed line shows the spectrum of unsput-

tered [nP surface.
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