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Recent continuous scaling of the CMOS devices requiresthe gate oxide to be 1.0-1.5nm thick. For the devel opment of suchan
ultrarthin gete oxide, to undersand the gate oxide/S interface structure, espedialy N incorporation effect is important to improve
thar dectric paformances Inthis study, we developed the evauaion technique of theinterfacid grain by using the X-ray Crysd
Truncation Rod (CTR) scattering thet is senstive to the surface Sructure of the crystd. The strain wias successfully obtained with
theaccuracy of 0.0005nm for thefirg time

Since x-ray CTR sctering is very week compared to the bulk diffraction pesk, high flux undulator x-ray a BL16XU is
desirable for the messurement. To evaduate theinterfacid strain, we paid atention to thet the vertica digplacements of the topmost
atoms introduce the asymmery of the CTR pegk profile We meesured the S (11L) CTR from gate-oxide samples with different
nitridation process. We saw the difference of the peek asymmetry for these samples that can beinterpreted asthe result of different
interfacid dran. Applying the least squaresfitting to expaimentd data, we determined the interfadid strain. Comparing with the
N-doped interface structures from firg-principles ca culations, a description between the obsarved interfacid srain and the nitrogen
digribution a the interface is obtained; the inward srain comes from the N aoms penetrated into the S subdirate, and the outward
grain comes from the N atoms located in the oxide. In addition, the electric messurement reveded thet the gate-oxides with the
inward grain had poor eectric properties, which may be dueto the exigence of N aomsinthe S subdrate. Thetechnique, that we
devdopad in this Sudy, can detect the interfacid strain with high sendtively and will be a powerful tool for the fabrication of the
advanced CMOS deviceswith high performance and high rdichility.
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Trend of the gate—oxide thickness
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The interface structure affects the electric properties
of the gate-oxide more than before




Effect of the Iinterfacial strain
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The interfacial strain influences on the electric properties
of the gate-oxide




Evaluation technigues of the Interfacial strain

Evaluation techniques for the strain
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Atomic level evaluation of the interface strain is requested




Surface X—rax Diffraction (CTR scattering)
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CTR (Crystal Truncation Rod)



EguiEment

Wave length : 1.16 (10.69 keV)
Si(111) analyzer crystal was used

High-resolution 4—circ|e diffractometer at BL-16XU



Model Calculation
I
Asymmetry of the CTR scattering
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Monolayer strain introduces the asymmetry of CTR profile




IStructure factor]? (arb.units)

Evaluation of the ultrathin gate-oxide samples
I
The oxynitrided samples with different nitridation process

Analysis
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Monolayer strain at gate-oxide/Si interface was
successfully measured for the first time




Interfacial strain v.s. Electric properties
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Positive strain provides superior electric properties
compared to the negative strain




First-principles calculations

N-doped interface structures

In the oxide O Si Into the substrate
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Positive strain — N atoms located in the oxide region
Negative strain — N atoms penetrated into the substrate

T. Yamasaki and C. Kaneta
“Mechanisms of Nitrogen Segregation and Hole Trap Generation at the Interface of SiO,/Si(100)"
Extended Abstracts of the 2002 International Conference on Solid State Devices and Materials, Nagoya, 2002, pp.750-751



summary

e A new evaluation technique of monolayer strain at the Si
Interface has been developed with the accuracy of 0.005
by analyzing the asymmetry of the CTR scattering.

e For the case of oxynitrided films,
positive strain — superior electric properties
negative strain — inferior electric properties

e The interfacial strain is sensitive to the nitrogen distribution.
positive strain — N atoms located in the oxide
negative strain — N atoms penetrated into the Substrate
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