
A 65nm-node LSTP (Low Standby Power) Poly-%/a-Si/HfSiON Transistor 
with High Ion-Istandby Ratio and Reliability 

Y. Yasuda, N. Kimizuka, T. Iwamoto*, S. Fujieda*, T. Ogura*, H. Watanabe*, T. Tatsumi*, 
I. Yamamoto, K. Ita, H. Watanabe*, Y. Yamagata, and K. Imai 

Advanced Device Development Division, NEC Electronics CoToration 
* System Devices Research Labs, NEC Corporation 

1120 Shimokuzawa, Sagamihara, Kanagawa 229-1 198, Japan 
Tel: +81-42-771-0707, Fax: +8 1-42-771.0938, E-mail: yuri.yasuda@necel.com 

for 6Sm-nde  

mobility cornparahle to SiON device. Fig.5 shows I&-bchamctCstics 
of HfSiON and SiON devices. Becaw of reduced I, and GIDL, 
HfSiON device exhibits excellent L& characteristic compared with 
SiON device. Tab1e.l shows the summ;uy of device performances. We 
have achieved L=S20pA with l*=l7pA at V e l  .2V, which is the 
highest hY ratio ever repoaed for ply-Si/high-K device. 

HfSiON device reliability improvement 
Phosphom (P) doping into gate-electrode is required for 

suppressing gate depletion effect and increasing inversion-mode 
capacitance. However, in the case of high-K delechics, many 
researchers have repotted concerns on reliability degradation caused by 
the impurities diffusion from gateelecaode and the reaction at 
ply-Siihigh-K interface [4,5]. Fig.6 shows the influence of 
phosphorus diffusion h m  ply-Si gateelectrode. drastically 
i n c m s  with higher phosphorus concenmtion in ply-Si gate 
electrode. This is because phosphom forms trap-sites in HtSiON, and 
depdes  the film integrity. In conventional poly-SLNtSiON shucture, 
it has brm a trade-off between performance (increased inversion 
capacitance) and poor dielechic film reliability. 

We have devised a new process flow with which high reliability can 
be achieved without performance degmdation. Fig.7B) shows the 
proccss flow and proposed gate-elecixode structure, which features thin 
amorphous-Si layer deposition on HfSiON prior to ply-Si deposition. 
Fig.7:A) shows the conventional flow. Test samples were fabricated for 
both A) poly-SLNfSiON and B) ply-Sila-SiRifSiON and evaluated. 
Although gate depletion effect was of concern in case of 
ply-Sila-SiMfSiON, we have confirmed that optimizing a-Si layer 
thickness can effectively prevent the degradation of invmion-mode 
capacitance (Fig.8). Large area capacitor I, distribution, an index for 
the dielectric film reliability, is shown in Fig.9. Poly-SVa-Si 
gate-elechde tightens I, distribution spread. VuI dependence on 
phosphom dosagc is shown in Fig.10. Although V, is generally 
hown to increase by phosphorus induced fixed-charge [5],  no Vh 
increase was observed in poly-Sila-SilHPjiON. Also, compared with 
poly-SiRltSiON, 40% reduction in hysteresis is achieved (Fig.11). 
From these experimental results, we infer that thin amoqhous-Si layer 
effectively suppresses the formation of phosphorus induced 
fixed-charge and trap-site. 

The result of TDDB measurement is shown in Fig:12. Poly-Sila-Si 
gateelectrode improves TDDB lifetime. PBTI lifetime_ which is one 
of the geatest issues of high-K gate dielectric devices, is shown in 
Fig. 13. Due to phosphom induced mpsites suppression, ply-Sila-Si 
gate-elechode improves PBTI lifetime by two o r d a  of magnitude. 
These results show that highly rcliable device can be obtained by using 
optimized a-Si layer without performance degradation. 

Conclusion 
We have newly developed poly-Sila-SilHfSiON nansistor for 

65m-node LSTP application. By carefully optimizing halo implant 
condition and using poly-Sila-Si gateelectrode, we have obtained 
excellent L,-Imaychamcteristics with high reliability. 
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Fig.1 Schematic explanation far LSTP~Tr.. In order to achicvc low stand- 
by leakage. ~f is necessary to suppcess 1 m d  GlDL iimullane~u~ly. 
Compared 10 cunvcntional SiON gale dlelecbc.  both Is and GIDL C m  be 
suppressed by usmg high-K gate dielrclis. 

Fig.2 
iEOT=I.f,nm) gate die1ectri:s for 70nm(EOT=l,6nm) and 85nm(EOT=2,2nm) gate length. 

Sub~threshold and I characteristics Li th  SiON(EOT=2.2nm,l.6nm) and HfSiON 
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Fig.3 Halo dosage dependence of Fig.4 Com&onsan of effective F 
GlDL with SiON and HfSiON gate 
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electron mobility herween SiON SiON and HBiON gate dielectrics at 
dielectrics. and HfSiON gate dielectrics. v*d=I.Zv. 
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-electrode stu~ture.  As-deposited amorphous-Si -istics bemeen A)paly-SilHfSiON (Ig,aic) distributions of capacitor. 

0.4 

0.38 
WID P L O W P  HighP 

dosage dosage TW(S) v (VI 
Fig.10 V,h dependence on phosphorus Fig.1 I Comparison ofhystcresis Fig.12 TDDB distnhutions o f two  Fig.13 PBTI lifelike projection of two 
dosage with A) poly-SilHfSiON and width. It was measured from -2V different gate-elecmde samples. different gate-electrode samples. 
B) poly-Sila-SilHfSiON. to 2V. 

0.48 

- 
>- 

A" 0.42 - 

2004 Symposium on VLSl Technology Digest of Technical Papers 41 


