CMOS Scaling beyond 0.1 pm
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Abstract

To meet the market’s demand for LSls with even higher performances, device scaling and
reduced power supply voltages have been aggressively pursued in order to develop sub-0.1
micron CMOS devices. The main goals of the new technologies that have been developed are
to enable CMOS devices to operate normally with shorter gates and to obtain a high performance
from these shorter gates even at a low voltage.

This paper describes a new CMOS device that meets the above goals and describes some of
its experimental results. The new CMOS device incorporates technologies for threshold voltage
reduction, short-channel effect suppression, parasitic resistance reduction, and parasitic
capacitance reduction. Experiments have shown that this device has an ultra-fast gate delay of
11 ps, which is very competitive with already reported CMOS devices such as SOl CMOS devices.
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Fig.1-Concept of channel engineering for sub-0.1y m MOSFETSs.
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Fig.2-lon-loff characteristics of PMOSFETSs with tilted channel
implantation.
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Fig.3-1-V characteristics of NMOSFETSs with Ta,Os gate insulator.
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Fig.4-Gate sheet resistance of conventional Ti salicide and Co
salicide as function of gate length.

0000000000000000m oo

ooooooooooooOoObooooooooooooo
OooooOooooooooooooDoOoOoO000.1py m
oo0o0oooooooooooOogoosy mboOOoOoono
ooooOoOO00o00o0o0oQOumiOOOOOOOoon
oooooooooooeumidOOOoOooooooon
oooooo/soOO0O00COOOOOoOooooooor
ooooooooomooooooooomooon
oooooooooooobooooooooooooon
ooooooooooooobooooooooooooo
oooooooooooobooooooooooooon

249



3800nm

X1006K

go-50000040nmO000D000C0DOCOOO0OOO

Fig.5-Cross-sectional SEM image of device with 40 nm gate length

after side-wall removing.
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Fig.6-Decaborane molecular structure.
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Fig.7-Effects of TCI and SCC on Vth roll-off and S-factor.
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Fig.8-Propagation delay time for unloaded inverter ring oscillator
with 0.13py m and 0.1y m gate length.
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Fig.9-Delay time classification of 0.1y m CMOS devices.

gbooboooo

Oooooooooooobooooooooooooon
oooooOoooOoooOoooOooOOooOOoOOO0OO0OOOon
ooooo4dooooooooooooooooooo
Oooooooooooobooooooooooooon
ocooooO0O0o0mOOO0O0O000O0C0OO11psOO
oooooooolsvooooooOoOoOoOoOoOooOoO
goOoOooosoiooooooooocecMosooOOoOon
oooooooooooo4aooooooooooon
oooO0ooO0oooooooooooooooOoooon
oooooOoooOoooooOooOOooOOoOO0OO0OO0OoOOon
Oooooooooooobooooooooooooon

251



gboooooooobao
oooooon

gobooooywuwmdiDOOOOOOOOO0OO0O0O0OO
gbooooooobobooboooboobobooboooo
gobooooooooboooooooboooooooboobgo
gboboobobooywmibobOobDoboobogono
goocMosoooooboogoooobobonoo
goooooooooooooooobobcocuooooono
gboooooooboboooboooboobobooboooo
gobooobooooooooooobooo

ooDOo
010 National Technology Road map for Semiconductor, 1997
Editioal SIAO
020 Y. Momiyama et al.: Channel Engineering of 0.13y m

252

NnMOSFET for 1.0 V CMOS Using Gate Poly-Si Oxidation and
Laterally Profiled, Surface Concentrated Channel
Technologies. Digest Tech. Papers Symp. VLSI Tech., p.78
0199801
030 K. Goto et al.: A Study of Ultra Shallow Junction and Tilted
Channel Implantation for High Performance 0.1y m
PMOSFETS. Tech. Digest IEDM, p.630 19981
040 Y. Momiyama et al.: Ultra-Thin Ta205/SiO2 Gate Insulator
with TiN Gate Technology for 0.1y m MOSFETSs. Digest Tech.
Papers Symp. VLSI Tech., p.1351 199701
050 K. Goto et al.: Leakage Mechanism and Optimized
Conditions of Co Salicide Process for Deep-Submicron CMOS
Devices. Tech. Digest IEDM, p.449] 1995(1
060 K. Goto etal.: AHigh Performance 50 nm PMOSFET using
Decaboranél B10H141on Implantation and 2-step Activation
Annealing Process. Tech. Digest IEDM, p.470 199700

FUJITSU.50, 4, (07,1999)



