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The combined effects of Nimplantation at S/D extension and,@® oxide on 0.18:m n- and p-Metal oxide field effect
transistors (MOSFETS) were investigated. It is found that for n-channel transistpngll-off and drain-induced barrier
lowering (DIBL) are enhanced by nitrogen incorporation through eith€r bkide or N-implantation. However, for p-channel
transistors, opposite trends are observed gD Mxide and N-implantation. Finally, nitrogen incorporation by either method
is found to improve the interface quality for NMOSFETs. While for p-channel transistors, best results are obtained by the
combined effects of BD oxide and N-implantation.
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) istics. A 150 nm-thick tetraethoxysilane (TEOS) layer was

1. Introduction then deposited and reactive ion etching (RIE)-etched to form
Recently nitrogen implantation received lots of attentiomthe sidewall spacer. Afterwards, A20 keV, 5x 10'%/cn?)

in the fabrication of deep sub-micron devided. Nitrogen and BF (10keV,6x 10'/cm?) were implanted to form the
was proposed to be co-implanted into Bfnplanted g- S/D regions for n- and p-MOSFETS, respectively. Finally,
poly-Si gate to suppress the boron penetrationr, into the ~wafers were annealed at 8@ for 20 min and underwent a
source-drain region to improve the junction leak&ger,into  rapid thermal annealing (RTA) process at 105@or 20 s for
the channel region to improve the n-channel device perfodopant activation.
mance® Meanwhile, NO oxide has also been proposed as ) .
a promising gate oxide material for deep sub-micron de¥ Results and Discussion
vices® Devices with NO oxide were shown to exhibit Vi, roll-off characteristics for n-channel transistors are dis-
better hot-carriers immunity, lower charge trapping, higheplayed in Fig. 1. The split that received both®loxide and
breakdown field, and better radiation hardness over the caN,-implantation at S/D extension (i.e. 8 oxide+ N3) ex-
ventional Q oxide. It is also known that nitrogen can formhibits the largest, while the control split (i.e., ©xide only)
complex with boron in the Bf~implanted p-poly-Si gate, exhibits the smallesVy, roll-off. This is due to the com-
resulting in the retardation of boron diffusi®hOn the other bined effects of interface nitrogen incorporation both at the
hand, nitrogen implanted into the p-type silicon substrate ractive channel region and S/D extension region. It has been
duces the activated boron concentrafibWhile for N,O ox-  reported that, due to implant-induced defects at the source-
ide, it is known that some nitrogen is incorporated at thdrain region, enhanced boron diffusion from the sub-surface
SiO,/Si interface and forms strong Si—N bonds. These strorunch-through-stopper-implant region to the silicon surface
Si—N bonds are more resistant to hot-carrier degradations over
the Si-H and Si—-OH bonds. In this paper, we report, for

the first time, the combined effects of nitrogen implantation 0.05 r
at S/D extension and /D gate oxide on 0.18m n- and p- r
channel metal oxide field effect transistors (MOSFETS). - 0.00
S C

2. Experimental \é -0.05 |

Both n- and p-channel 0.18m MOS transistors were fab- 2 L
ricated. After growing a 4 nm-thick gate oxide in eitheyON T 010F
or O, ambient at 90TC for 40 minutes, aim situphorsphous- _: r
doped ri-poly-Si and an undoped poly-Si layer, both with = s L 0 Baidiilo l b T,
a thickness of 200 nm, was deposited on n- and p-channelé X 0.1020304 05060708
MOSFETSs, respectively. The incorporated nitrogen concen- 2 [ Channel Length(um)

: AR . 1020 )
tration for NO processing is less than 1at%. Poly-Si films < r —a— O, oxide
were etched by an electron cyclotron resonance (ECR) etchel< C —8— O, 0xide +N,
using HBr: O, (50: 1) as etchants. Low-energy implantation 025 DE Ezg Zi;gzﬂ\l
of As* (10keV, 4x 10*/cm?) and BR; (10 keV, 1x 10*/cn?) : :

P T 1 | 1 PR R

was then employed to form the shallow S/D extension region ~ -0.30 e

0.1 0.2 0.3 0.4 0.5 0.6 0.7

for n- and p-MOSFETSs, respectively. Some splits received
an additional nitrogen implantation of 10keV at a dosage Channel Length(pum)

3 4 i, .
of 5 x 10*%/cn? and 1x 10*“/cn? for n- and P MOSFETSs, Fig. 1. TheVy, roll-off characteristics for nMOSFETS. Insert shows the

respecftively, in order to Stuqy the effects Of nitrogen im- drain-induced-barrier-lowering (DIBL) characteristics, measured at drain
plantation at the S/D extension on the transistor character<urrent of 1uA/;um and drain voltage at 1.5 and 0.1 V.
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occurs at regions close to the source-drain edge. This @B, oxide samples, respectively. These data seem to suggest
hanced boron diffusion results in a net increase in surfatieat nitrogen incorporation can somehow improve the deple-
boron concentration close to the source-drain edge, causiian effect of the BE implanted p-poly-Si gate. The in-
the so-called “reverse short-channel effect (RSCERince terface quality of NMOSFETs was analyzed by using charge
this defect-induced enhanced boron diffusion is suppresspdmping current measurement, and the results are shown in
by the nitrogen incorporatiofi,boron redistribution is sup- Fig. 3. Split with G oxide but without N implantation at
pressed. Consequently, the RSCE is minimized, and the trahe S/D extension has the largest charge pumping current.
sistors display an enhancé&g, roll-off in return. This, to- This implies that the interfacial quality of the sample can be
gether with the fact that the split which receiveg@ide and improved by nitrogen incorporation, introduced either at the
N,-implantation at S/D extension (i.e.,@xide + Ny) dis- SiO,/Si interface by MO oxide or at the S/D extension by
plays the second largeg, roll-off, suggests that nitrogen in- N»-implantation. It is also interesting to note that splits with
corporation at the S/D extension is very effective in reduciny,-implantation at the S/D extension, irrespective of whether
the RSCE effect. This trend is consistent with recent resulilsreceived Q or N,O oxide, show almost identical charge
on MOSFETSs fabricated with nitrogen implantation prior tqoumping current, suggesting thagjNmplantation at the S/D
growing the gate oxid®,and NO nitrided gate oxid& The
drain induced barrier lowering (DIBL) effect is plotted in the
insert of Fig. 1. It can be seen that splits with-plantation 100 ¢
show a larger DIBL than those without,Nmplantation as r —m— O, oxide
channel length is smaller than 0.2&, confirming again that I
nitrogen incorporation at the S/D extension is very effective
in reducing the RSCE.

The results on th&/4, roll-off for pMOSFETS are shown
in Fig. 2. It is interesting to note that while splits with,N
implantation at S/D extension show a lary&y roll-off, splits
with N,O oxide show instead a small, roll-off. This inter-
esting behavior (i.e., §O oxide and N-implantation at S/D
extension do not result in similafy, roll-off trend, as in the
case of n-channel transistors) can be explained by the boror
penetration effects from the"ppoly-Si gate for pMOSFETS.
Since NO oxide is known to prevent boron penetration from e
p*-poly-Si gate into the active channel region, a higher n-type
channel surface concentration can be preserved, compared t
samples with @ oxide. Consequently, thé, roll-off is sup-
pressed.

To evaluate the polysilicon depletion effect due to boron Stress Time ( sec )
penetration from the @"—implanted p-poly-Si gate, quasi- Fig. 3. Charge-pumping current for nMOSFETS under stressing at a drain
staticC—V measurements were conducted. The average valbias of 3V. Gate voltage is biased to yield maximum substrate current.
ues of the normalize@,,/ Cox (curves not shown) are 0.931,
0.929, 0.917, and 0.915 for,® + N2, N2O, O, + N2, and
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Fig. 4. Transconductance degradation for pMOSFETSs under stressing at a

Fig. 2. Vi, roll-off characteristics for pMOSFETS. drain bias of~3 V. Gate voltage is biased to yield maximum gate current.
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alone is very effective in improving the interfacial quality.incorporation is also found to improve the interfacial quality
Figure 4 shows the transconductan€&m) degradation of in nMOSFETs. While for pMOSFETS, the combined effects
pPMOSFET after 10000s stressing at a drain bias-8fV  of N,O oxide and N-implantation result in the best perfor-
with the gate biased to yield the maximum gate current. hhance in terms of reduced poly-depletion effects and better
can be seen that while nitrogen implantation at the S/D extehet-carrier resistance.

sion alone worsens the hot-carrier degradations for samples

with O, oxide, devices with BO oxide perform better than

O, oxide. More importantly, split with combinedJ® oxide 1) T.S.Chao, M. C. Liaw, C. H. Chu and C. Y. Chang: Appl. Phys. Lett.

i : : 69(1996) 1781.
and Nb |mplantat|0n at the S/D extension has the low@st 2) T. Kuroi, S. Shimizu, A. Furukawa, S. Komori, Y. Kawasaki, S.

degradation among the four splits used in this study. Kusunoki, Y. Okumura, M. Inuishi, N. Tsubouchi and K. Hori£995
. Symp. VLSI Technology. 19.
4. Conclusion 3) A. Furukawa, Y. Abe, S. Shimizu, T. Kuroi, Y. Tokuda and M. Inuishi:

. . . . 1996 Symp. VLSI Technolagy. 62.
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