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Formation of Ni Germano-Silicide on Single
Crystalline Sj 3Ge) 7/Si

C. Y. Lin, W. J. Chen, C. H. Lai, Albert ChjrSenior Member, IEEEand J. Liu

Abstract—We have studied the Ni and Co germano-silicide 120
on Sip.3Gey.7/Si. The Ni germano-silicide shows a low sheet I Si substrate
resistance of 4-&2 /] on both P*N and Nt P junctions, which is 100
much smaller than Co germano-silicide. In addition, small junc-
tion leakage currents of 3x 10°® A/cm? and 2x 107 A/cm?
are obtained for Ni germano-silicide on P*N and N+ P junctions,
respectively. The good germano-silicide integrity is due to the
relatively uniform thickness as observed by cross-sectional TEM.
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I. INTRODUCTION
S continuously scaling down the VLSI technology, SiGe %2 64 66 ' 68 ' 70
becomes more important because of its superior electric 20 (deg)

property as compared with Si. The smaller hole effective

mass and higher hole mobility are particularly important fqfi; 1 xrD and electron diffraction patterns of ,SiGe,.; after ion
improving the current p-MOSFET [1]-[3] and for high-k gatemplantation and post annealing.

dielectric integration [4]-[7]. Using the high temperature stable
SiGe formed by solid-phase epitaxy, ultrathin gate oxide grown
on SiGe can achieve comparable integrity with that on Si and
the same time achieving 2 times hole mobility improvement . . o
[1]-[3]. However, to integrate SiGe p-MOSFET into current Standard 4-in p- and n-type Si wafers were used in this study.
VLSI process, high quality silicide [9]-[12] on SiGe is unavoidAfter device isolation, the- 20 nm S 3Gey 7 is selectively
able. Unfortunately, little study of germano-silicide on singlérmed in active area by solid phase epitaxy. Although the SiGe
crystalline SiGe can be found in the literature, which may dayer was consumed after germano-silicidation, the SiGe under
due to the strong agglomeration [8] at high temperatures. ¢ 9ate oxide is unaffected and the mobility of p-MOSFET
this study, we have investigated Co and Ni as the silicidatiéh Still €énhanced by the SiGe channel [1]{3], [13]. Therefore,
species on SiGe/Si with Ge content as high as 70%. The fgtter p-MOSFET performance will be expected as long as the
germano-silicide shows the small sheet resistance of%8 source-drain junction Iegkage current is low. Then 10 Kg*v B
on both NFP and F'N junctions, which is much smaller than©" 50 KeV As* |mplan_tat|0n is performed on the respective n-
Co germano-silicide. Small junction leakage currents le8§ P-type Si.sGey 7/Si wafers followed by 900-950C and

than 3x 10~% A/cm? and 2x 10~ A/c? are obtained for 30-60 s RTA for defect r(_educnon anq1unctlon .formatlon. The
Ni germano-silicide on respectivet®R and NP junctions. 900d single crystalline 55Gey.7 after implantation and RTA
The good Ni germano-silicide integrity is due to the relativel#'® confirmed by X-ray dlffr_actl_on (XRD) a_md electron diffrac-
uniform thickness as observed by cross-sectional TEM. TH8N measurements shown in Fig. 1. The high temperature stable

achieved good germano-silicide make a further step towapi>€ after implantation annealing is an important merit of our
realizing SiGe p-MOSFET for manufacturing. developed SiGe that is also formed at high temperatures by
solid-phase epitaxy [1]-[3]. Then 10 nm Co or 12 nm Ni was
deposited and the deposited metal thickness was carefully cal-
ibrated by cross-sectional TEM. For Co germano-silicide, the
Manuscript received May 6, 2002. This work has been supported by Ul\/ﬂfSt step silicidation was pgrformed at 500 for 30 s and the
and NSC (90-2215-E-009-052) of Taiwan, R.O.C. The review of this letter waecond phase transformation was excused at 750 to 2000
arranged by Editor T.-J. King. . by RTA [9]-[12]. For Ni germano-silicide, only one-step RTA
C. Y. Lin, C. H. Lai, and A. Chin are with the Department of Electronics for 30 f d. The f d
Engineering, National Chiao Tung University, Hsinchu, Taiwan, R.O.C. a.t '3'50_700); Or' s.was pertormed. e orme germanQ'
W. J. Chen is with the Department of Materials Science and Engineerirgjlicide and junction diode were characterized by sheet resis-
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Fig.2. Sheetresistance comparison of Co and Ni germano-silicide ori f&) P
and (b) N+ P Siy.5Ge.7/Si. The inserted figure is the XRD pattern of Ni {_-h}
germano-silicide.

Fig. 3. Cross-sectional TEM of (a) Ni and (b) Co germano-silicide on
[ll. RESULTS AND DISCUSSION N*P Siy.sGe.-/Si.

Fig. 2(a) and 2(b) show the sheet resistance of Ni and @@ad strong agglomeration are observed in Co germano-silicide
germano-silicide on PN and NfP S 3Gey 7/Si junctions, that gives the higher sheet resistance. The possible reason may
respectively. The Ni germano-silicide exhibits superior shegé due to the required higher silicidation temperature used for
resistance than Co germano-silicide and low sheet resistamegermano-silicide.
of 6 /00 and 4$/0] are achieved on respective'R and  We have further studied the junction characteristics of Ni
N*P junctions. From the XRD pattern inserted in Fig. 2(a), thgermano-silicide. Figs. 4(a) and 4(b) show the junction leakage
formed phase is mono-germano-silicide that is the reasond@rent of Ni germano-silicide on'™ and Nt P Siy ;Ge, 7/Si
achieve such low sheet resistance. Besides, the measured gbfétions, respectively. The leakage current 6fNPNi ger-
resistance is very close to the results of Ni germano-siliciggano-silicide junction decreases as silicidation temperature
on poly crystalline $sGey» [8]. The obtained low sheet increasing from 300 to 500C and a minimum leakage current
resistance from 400 to 600C suggests Ni germano-silicideof < 3 x 10~% A/cn? is obtained at 500C formation tem-
have good thermal stability and large process margin over tiygrature. Slightly raise of leakage current was then found with
temperature range. the increasing silicidation temperature. The leakage current

We have used cross-sectional TEM to study the structur@ NTP Ni germano-silicide junction shows the similar trend
property of formed germano-silicide. Fig. 3(a) and 3(b) shoaf temperature dependence td NP junction, but a slightly
the Ni and Co germano-silicide formed at 500 and 9@ higher minimum leakage current gf 2 x 10~7 A/cm? is
on N*/P Siy3Gey.7/Si junction, respectively. A relatively obtained at 600C. The drastically increase of leakage current
uniform thickness and smooth surface of Ni germano-silicideg 700°C may be due to the strong agglomeration at higher
is observed, which explains the measured good sheet resistarogperatures, which is also consistent with the rapid increasing
shown previously in Fig. 1. In contrast, much rougher thicknesbeet resistance at this temperature shown in Fig. 2.
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