Precise evaluation for SiN films

by mercury probe and XPS

Silicon nitride (SiN) films are widely used as various dielectrics due to their versatility. But the electrical
properties of SiN films strongly depend on the formation conditions. We characterized the change in the
electrical and physical properties of annealed SiN film by mercury probe and XPS. Our comprehensive
study enables us to evaluate a relationship between film qualities and electrical properties of SiN films.

1. C-V and I~V properties by mercury probe Sample: SiN (300 nm)/p-Si

Annealing: 800 °C, 2 hours in N,
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2. Elemental compositions and chemical states by XPS combined with wet etching
Using wet etching techniques, the states of 1) SiN surface, 2) middle layer and 3) SiN/Si interface were evaluated by XPS.
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Chemical states of Si was precisely detected! Chemical states of Si of quantification by XPS.
Si2p Si?N4 ] Elemental composition Sizp s,i?N4 Elemental composition
] - No anneal ‘l . 1 -No anneal .
Z i
8 No Anneal  1.25 © & No Anneal  1.27
o o
% ] Anneal 1.28 i Anneal 1.28
£ - £
o I T o o area
z 1008 1004 996 . .. Z
“Binding energy (eV) Reduction of Si-rich _No ;lgnlfz:jntlchange
e SiNx on surface by I il mieele ey
| . N annealin . 1 . ] I before and after
108 106 104 102 100 98 9 g 108 106 104 102 100 98 96| annealing
Binding energy (eV) Binding energy (eV)
g 2 g Chemical states of SiN/Si interface Detected ultrathin interfacial layer!
3) SiN/Si interface
No anneal sio Si2p Anneal Si®  Si2p
Measurement flow '@ (@)
Thinning SiN films to around 20 nm-thick = @ = @
i 1.Y. Muraji et al, Jpn. J. Appl. Phys. € =K
Graded etching ' 41, 805 (2002). 2 ® = ®
Our original technique to create several cm—long 8 . @ & .......:.......:SisNA
slope at thin film on substrate. Detailed interface ‘% glgf\l = ‘%‘ glgf\j ! o)
analysis is available along the slope using XPS. é : II ® é 7 II i )
= £ : ®
XPS for 5 points near SiN/Si interface //\\L
XPS measurement point SiN Thickness ' i ! ! » " e ! :
O®@D :02nm 108 106 104 102 100 98 9 108 106 104 102 100 = 98 96
g @ -£nm Binding energy (eV) Binding energy (eV)
s :0.4 nm
o Si % 1.1 nm Increase in oxide component after annealing Reduction of fixed charges
:1.5-2.0 q 7 . 7 . . .
- ©) 23-26 :2 due to residual oxygen in annealing atmosphere by interfacial oxidation
1-2 cm S L9TL

Mercury probe and XPS enable us to detect a very little difference of samples. To combine mercury
probe with other analyses, electrical properties are related to impurity, defects and chemical states etc.
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