448 IEEE ELECTRON DEVICE LETTERS, VOL. 21, NO. 9, SEPTEMBER 2000
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Hsiang-Jen Huang, Kun-Ming Chen, Chun-Yen Chdrajlow, IEEE Liang-Po Chen, Guo-Wei Huang, and
Tiao-Yuan HuangFellow, IEEE

Abstract—P-channel MOS transistors with raised Sj_.Ge. the exposed S/D areas. Besides, $Ge, can be selectively
and Si source/drain (S/D) structure selectively grown by ultra high etched with high selectivity to Si and Sig5]. Furthermore,
vacuum chemical vapor deposition (UHVCVD) were fabricated Si,_.Ge, has lower Schottky barrier height with respect to p

for the first time. The impacts of Si; _,.Ge, and Si epitaxial S/D . . L -
layer on S/D series resistance anld drain current of p-channel junctions because of the reduced band gap, which is beneficial

transistors were studied. Our result show that the new device for achieving low contact resistivity [6], [7]. However, to the
with Si;_.Ge, raised S/D layer depicts only half the value of best of our knowledge, there has been no literature report
the specific contact resistivity and S/D series resistanceRsp), regarding the application of {pSiGe epitaxial layer to form
compared to the device with Si raised S/D layer. The improvement p-channel transistors with raised S/D structure. Although

is even more dramatic, when comparing to the conventional device . . o
without any raised S/D layer, i.e.,Rsp of the new device with Uchino et al8] has reported the use of ‘RSiGe epitaxial

Si, _.Ge, raised S/D is only about one fourth the value of the layer to form n-channel transistors with raised S/D, however,
conventional device. Moreover, the device with raised SiGe S/D the raised S/D structure in their p-channel transistors were
structure produces a 29% improvement in transconductance formed by pr-Si material only. In this work, p-channel MOS
(9) at an effective channel length of 0.16um. These perfor- ¢ 4ngistors with raised Si,Ge, S/D structure were fabricated,

mance improvements, together with several inherent advantages . . . ) .
such as self-aligned selective epitaxial growth (SEG) nature and o7 the first time. The impacts of using Si. Ge, S/D layer on

the resultant T-shaped gate structure, make the new device with contact resistance and device performance are reported.
raised Si _.Ge, S/D structure very attractive for future sub-0.1
pm p-channel MOS transistors.

[l. EXPERIMENT
Index Terms—RSD MOSFET, selective epitaxial growth, source . . . .
and drain series resistance(Rsp ), strained Si _» Ge,, ultra high P-channel MOS transistors with raised source/drain structure
vacuum chemical vapor deposition. were fabricated on 6-in (100) 10-15cm wafers. Briefly, 550

nm LOCOS field oxide was used for device isolation. After
Vr-adjust implant and anti-punchthrough implant, a 4-nm gate
oxide and polysilicon gate were formed. The gate was defined
S the device is scaled down to sub-Qufn region, the by g-line lithography and further ashed down to 0.i8.
source/drain area needs to be scaled proportionally, whi\éerward, the source/drain extension implant was performed
keeping a low specific contact resistivityp.) in order to by BF, at 10 KeV with1 x 10** cm~2 dosage. An 800C,
maintain a high current drive on the scaled transistors [1]. HO®0 min furnace anneal and RTA 103D, 10 s for activation of
ever, it has become increasingly difficult to use conventionghte and S/D extension took place at this stage. The activation
ion-implantation to form shallow junctions, due to channelingnneal must be processed before SiGe epitaxy because strained
effects and the tradeoff between radiation damage annealBige layer cannot tolerate large thermal budget. Next, a 150 nm
and low thermal budget [2]. Recently, out-diffusion from &idewall spacer was formed by a conformal TEOS deposition
doped layer has received renewed interest for ultra-shalland subsequent RIE-etch. Then, wafers were split to receive
junction formation [3]. Shallow junctions obtained by out-dif-SiGe or Si selective epitaxial growth (SEG) on the exposed S/D
fusion from in-situ doped or ion-implantedtin™ SiGe layer regions by ANELVA SRE-612 cold-wall ultra-high vacuum
have been reported [4]. Si,.Ge, is particularly suitable for chemical vapor deposition (UHVCVD) system. The standby
such application, because it can be selectively deposited ohtse pressure was keptzax 101 torr. For growing B-doped
strained Si_,Ge, layers, SiHg, GeH,, and 1% BHg diluted
Manuscript received July 26, 1999; revised January 26, 2000. This work ws Hz2 Were introduced with a growth rate of 4/minute for
supported in part by the National Science Council under Contract NSC88-228g 91 G€& o9 and 43 A/minute for Sj ssGey 14 at 550 °C.
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TABLE |
MEASURED S/D SERIES RESISTANCE
(Rsp), SPECIFICCONTACT RESISTIVITY (pc: ), AND SHEET RESISTANCE(psh )
Epi- SiGe 09 ‘O Epi- SiGe
Locos ‘ o Locos PMOS Epi. Gemole |Spec. Contact| Sheet S/D Series
N k_ Sample  |Thickness| Fraction |Resistivity p.| Resistance | Resistance
No. (G x (%) (Q-em’) | psa (/D) | Ry (@)
Control Sample 0 0 3.91x10% 130.68 93.25
1 500 0 3.20x10° 105.88 43.92
(@ 2 500 9 2.12x10° | 111.22 3145
3 1000 9 1.93x10° 84.46 19.23
4 500 14 1.62x10% 113.78 23.85
/,/—-—-— “ 4 Ec(Sh 5 1000 14 181x10° | 96.62 21.19
’ Ec(SiGe)
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Fig. 1. (a) Schematic cross section of raised source/drain transistors and
energy band diagram of metal/gi, _ ., Ge, junction. 0.00 L . . . 2
0.0 -0.5 -1.0 -1.5 -2.0 25 -3.0
performed by Bk at 20 KeV with5 x 10'° cm~2 dosage. Drain Voltage (V)

This is followed by rapid thermal annealing (RTA) at 950

°C for 10 s. For comparison, conventional MOS transistofig- 2. Measureq dra_lin currefp versus drgin voltagé’n gharacteristicsfor
(i.e., without any raised S/D layer) were also fabricated | S?r')'\ffos gf,,Tn:V'?nﬂ'fﬁéegﬁ.ﬁex.gﬁmi?s?.sT 28 ﬁ':fcuve channel length
the same run. The schematic cross-section of the resultant '
_raisgd source/_drain MOS transistor (RSDMOSFET) is ShOVWth SiGe RSD
in Fig. 1(a). It is worthy to note that a T-shaped gate structuye
is f.ormed simultgneously as a resglt.of Iatgral ov'ergrow&y comparing Samples 1 (50 nm Si), 2 (50 nm_SiGe, with

durmg_S/D epitaxial growth. Finally, T|/T|N/AI-S|—Cu/T|N_Wa§ © = 9%), and 4 (50 nm Si_,Ge, with = = 14%), it can
deposited and patterned to complete the contact metalhzatlo[ge seen that for a given epitaxial thickness (e.g., 50 n),

and Rsp decrease as Ge fractigm) increases. It is believed
that the decrease in is the main reason faRsp reduction.
The barrier heigh{q¢rpr) formed at metal/semiconductorHowever, the sheet resistan¢esy) shows a slight increase
interface is known to be a critical factor in determining thevith increasinge, which is probably due to incremental defects
contact resistivity. Fig. 1(b) shows the energy band diagramiof pseudomorphic pSi, _.Ge, layer. The value ofp~ for
a metal/g Si;_.Ge, junction. The energy-band gap (Eg) ofSample 2 (50 nm $i,Ge, with z = 9%) and Sample 3 (100
Si; _,Ge, changes from 1.12 to 0.66 eV with increasing Gam Si_,Ge, with z = 9%) should be about the same. This
mole fraction [9]. The conduction band edges are almost at tisealso true for Sample 4 (50 nm;Si.Ge, with z = 14%)
same level in metallurgical Si and SiGe junction. However, trend Sample 5 (100 nm Si, Ge, with x = 14%), because
potential difference of the valence band will cause the lowerirgipould be independent of the epitaxial thickness. The observed
of the Schottky barrier height (SBH) in metat/gi,_,Ge, difference could be attributed to calculation errors, or defects
junction [10]. For pseudomorphic pv3isGey.14 layer, the during epitaxial process. On the other hand, by comparing
SBH is expected to be lower than that of metédl®» by 0.07 Samples 2 (50 nm $i,Ge, with x = 9%) and 3 (100 nm
eV [10], thus effectively reduces the specific contact resistivitgi; . Ge, with + = 9%), there is about 24% improvement in
(pc). psu as the epitaxial layer becomes twice as thicker, which also
Measured S/D series resistan¢&sp), specific contact leads to a reduction aRsp.
resistivity (pc), and sheet resistandgsy) are summarized  Fig. 2 displays thdp-Vp characteristics of RSDMOSFET’s
in Table | for samples with different process conditions. Theith the same epitaxial thickness (50 nm) but different Ge
specific contact resistivity was measured by transmission lingole fractionz. The effective channel length was extracted by
method (TLM), while the S/D series resistandép) were S&R method. It can be seen that the device withsgGey 14
extracted by “shift and ratio” (S&R) method [11]. From Table IRSD produces a drive current (measuredvat = —2.5 V
it can be seen thaksp is significantly improved for devices and Vi — Vi = —2.5 V) of 246 pAlpm, which is 17%

(~20 ), compared to devices with Si RSD
44 Q) and conventional MOSFET without RS(-93 ).

I1l. RESULTS AND DISCUSSION
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istics. Significant reduction of source/drain contact resistance
by the epitaxial Si_,Ge, has been demonstrated. By em-
ploying a Si_,Ge, raised source/drain structure, the extrinsic
component of the parasitic source-drain resistance can be
reduced remarkably, resulting in improved drive current and
transconductance for p-channel transistors. These performance
improvements, together with several inherent advantages such
as the self-aligned nature of selective epitaxial growth (SEG)
and the resultant T-shaped gate structure, make it a very
attractive device structure for future sub-Quin salicided or
nonsalicided p-channel MOS transistors.

0 SigssBeg 14 SEG MOSFET ( Thichness = 100nm)

0.0 05 1.0 1.5

Effective Channel Length (um)
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Fig. 3. Transconductangg, as a function of effective channel length .¢r)
for both RSD-MOSFET and conventional transistors. The insert figure shows
the AVry roll-off characteristics. The gate oxide thickness is 4 nm.

more than that of the device with Si RSD, both with the [
same effective channel length (e.g., 0/24). The transcon-
ductance(y,,) as a function of effective channel length for [2]
both RSD SjssGey.14 MOSFET and the conventional Si 3]
MOSFET are plotted in Fig. 3. Fdr.g = 0.5 um, Siy.56G&y.14
MOSFET exhibits roughly 15%g,, improvement over the
conventional Si MOSFET. However, aé.g reduces to
0.16 pm, the g,, improvement of SigsGey14 MOSFET's
reaches 29% over that of the conventional counterpartsis]
This illustrates the importance of maintaining a low series
resistance as devices are scaled down, and makes the dg
vices with Sj s5Gey 14 RSD even more attractive for future
sub-0.1 »m technologies. The short channel characteristicsm
(AVy = Vr (long channél — Vi (short channg) are shown

in the insert of Fig. 3, it can be seen that a slight improvement(8]
in threshold voltage lowering is also obtained on the devices
with SloggGQ)14 RSD.

(4]

9]

IV. CONCLUSION (10]

In this study, p-channel MOS transistors with raised
Si;_,Ge, source/drain were fabricated, for the first time, to
study its impact on extrinsic resistance and device character-

(11]
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