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Introduction

The demand to reduce the power consumption of
electronic devices continues to increase. To nteehéed
for reduced supply power to the transistor, theraiieg
voltage of the transistor has been reduced by durth
miniaturization of the transistor; however, thissha
presented some problems e.g. the inability to abtaé
necessary electrical current for transistor openatand
the increase in leakage current from the shrinlcfgie
transistor. Ge devices, which have higher mobititsn
Si, are being investigated and developed. In thislys
NiGe, which was made by reaction of Ni and Ge as
source-drain electrode, was used in order to aehiew
contact resistance between Ni and Ge. The choitheof
appropriate chemistry for selective removal of eschbli
to NiGe after annealing is required.

Experiments

Ni was deposited on 300-mm thermal oxide
wafers. The wafers were subsequently annealedynhga
temperatures with a LEVITOR4300 provided by
LEVITECK to observe the property of selective Ni
etching. Experiments to evaluate Ni removabilityreve
done on a Dainippon Screen SU3100 single-wafer
processing tool at varying HCI concentrations, cicam
temperatures and processing times. Metal residue
concentrations before and after HCl processing were
measured by a Rigaku TXRF300. NiGe deposited wafers
for observation of selective Ni removability were
prepared by depositing 500 nm of Ge on Si, anngalin
with first RTP, followed by deposition of 8 nm of,Nind
annealed with second RTP. The residual volume GfeNi
was obtained by difference measurement of sheet
resistance values with KLA Tencor RS100.

Result and discussion

Ni removability using 65 °C HCI on thermal
oxide wafers annealed from 250 °C to 400 °C is shiow
Fig. 1. As shown in Fig.1, Ni, in the conditions lofv
annealing temperatures such as 250 °C and 350&€, w
removed well upon increasing the processing tinreth@
other hand, it was impossible to remove the Ni detety
at the higher annealing temperature of 400 °C.

The sheet resistance of NiGe after annealing at
several temperatures and before 65 °C HCI proagssin
shown in Fig.2. In addition, the difference in stance
value before and after the HCI processing is shiomFig.

3. As predicted from the result in Fig.2, RTP terapare
needs to be more than 350 °C to achieve low contact
resistance. As shown in Fig.3, NiGe, annealedsst flean

300 °C, could be removed easily as predicted frben t
result that the sheet resistance increased; howk@e,

with 350 °C annealing, could not be removed with°P65
HCI according to the result from that there was no
observed increase or decrease in sheet resistance.
Although 400 °C annealed NiGe also showed no change
in sheet resistance like the 350 °C condition, 4Q0
annealed NiGe was not regarded as an ideal condiio

Ni removal selectivity against NiGe since there waNi
removal as shown in Fig. 1.

Ni,Ge is the dominant species under condition of
250 °C annealing; in contrast, NiGe compositiorhvitl
ratio is the dominant species at 500 °C annealifg [
Hence, NiGe annealed at 250 °C has the possibility of the
higher contact resistance and faster etching thhara
Considering the result in change of NiGe etchimmpprty
and sheet resistance upon annealing temperatuee, th
annealing temperature is an important parameter to
determine the composition of NiGe. NiGe composition
would be expected to form NiGe close to 1:1 rad®the
annealing temperature increases.

Summary

The chemical conditions for removal of excess
Ni when NiGe was formed were evaluated. A 350 °C
annealing condition was found to provide the best
selective Ni etching, which means it can be actdewnih
a lower contact resistance using 65 °C HCI.
It was confirmed that a narrow annealing procesglaiv
from 350 °C to 400 °C is needed to provide a favera
etching selectivity.
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Fig.1 Metal residues as function of
processing time
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