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Abstracts The ion implantation uniformity is of vital
importance for an ion implanter. In this paper, we report
the, uniformity measurement for a large current ion
implanter (LC-16 type) by implanting of 190-keV Ar ions
into Si to 3 x 10'® atoms/cm?, followed by Rutherford
backscattering spectroscopy (RBS) and sheet resistance
measurement providing quantitative information on spatial
distribution of dopants. The implant doses obtained from
RBS at selected points of the sample give a spatial uni-
formity of <5 %, which are confirmed by the sheet resis-
tance measurement. While sheet resistance is an indirect
method for dose evaluation of ion-implanted samples, RBS
provides a competent technique for calibration of the ion
implantation system. And both measurements show that
good uniformity can be achieved for the ion implanter by
tuning of the scanning process.
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1 Introduction

Ion implantation, which provides a uniform and reli-
able process for introducing intrusive impurities into
target solids and shows much effectiveness in achieving
mechanical, electrical and optical properties of materials,
is not only used as a standard process in semiconductor
industry, but also used in modification of metals and
ceramics [1-4]. In particular, to study defects and failure
of nuclear materials (such as expansion, induration and
embrittlement), the irradiation flux has to be large
enough [5, 6]. Therefore, it is necessary to design a
high-flux rate ion implanter to meet the demand for high
dose implantation. The precise controllability over
energy and dosage of implanted ions provides much
feasibility and convenience for material processing and
modification, and synthesis of new materials. Ion
implantation processing, such as high dose and low
energy ion implantation, requests innovative ion
implanters of accurate energy and dose [7, 8]. Inevitably,
it is essential to calibrate their implantation uniformity,
for which Rutherford backscattering spectrometry (RBS)
is undoubtedly a good choice.

As an important member among typical ion beam-
based methods, RBS has been widely utilized in compo-
sitional and depth profiling analysis in the near-surface
region [9]. It provides both quantitative and qualitative
information of the elements in the surface layer, in high
precision [10-12]. The quantification of RBS is related to
the scattering cross-sectional ¢ and is highly dependent on
the kinematic factor K of each element. Because ¢ and
K values are known constants for any given projectile and
scattering angle, the RBS spectroscopy can reflect the
composition and thickness information of the surface
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layer in a more intuitive way [13]. This makes it possible
for applications on detection of surface impurities,
impurity distribution in depth and thickness measurements
for thin films and implanted samples [14]. For conven-
tional RBS measurements (Ey = 1-2 MeV), depth reso-
lution of 10-20 nm can be achieved depending on the
projectiles and target materials. By optimizing energy
resolution of the detector—analyzer system, the depth
resolution can reach the level of sub-nanometer, which is
beneficial for precise thickness analysis of thin films [15,
16]. RBS spectra are analyzed by standard ion beam
analysis codes of SIMNRA [17] or DataFurnace [18].
With careful analysis and simulation, an accuracy of
<1 % can be achieved for both quantification [18-20],
which shows an advantage over analytical techniques
using other probes, e.g., X-ray photoelectron spectroscopy
and energy dispersion X-ray spectroscopy. RBS is also
advantageous owing to its nondestructive measurements
and easy treatment of samples.

In this paper, implantation uniformity of a newly
designed ion implanter is studied by RBS, supplemented
with sheet resistance measurement. Good dopant unifor-
mity is achieved by tuning the mode of electrostatic
scanning.

2 Experimental

The Ar ions were implemented into boron-doped Si
(001) wafers (910 cm) at 190 keV to a dose of 3 x 10'°
atoms/cm” on an ion implanter manufactured by the
Zhongkexin Electronics Equipment Co. Ltd. Its design,
without the use of 7° electrostatic deflection, adopts an
electrostatic scanning strategy which ensures uniformity of
the ion implantation while taking advantage of neutral
particles to reach a high implantation dose.

Then, the implanted Si wafers were cut into several
I cm x 1 cm samples labeled with their positions. They
were measured at an RBS angle of 170° using Li*" ion
beams of 2.75 or 2.45 MeV in normal incidence. The RBS
data were analyzed by using the SIMNRA code, which
directly gave the implantation dose and thickness of the
implanted layer. The accurate pileup model and double
scattering model were applied in the simulation, along with
Andersen cross sections and Ziegler/Biersack stopping
power database.

Sheet resistance measurements were subsequently
applied at room temperature on the Ar-implanted Si sam-
ples, so as to validate the RBS results. The sheet resistance
measurements were conducted with the van der Pauw
configuration using ohmic contact indium electrodes, with
a voltage range of —1 to 1 V.
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3 Results and discussion

The RBS measurements for the ion-implanted Si wafer
A, was performed by using 2.75 MeV Li*" ions as the
projectiles with a net ion beam accumulation of ~3 pC.
Energy of the incident beams was calibrated by using the
nuclear reaction of C(p, p)C at 1.74 MeV, with an uncer-
tainty of <0.5 %. The uncertainty caused by the counting
statistics is about 3 %, and the live time correction was
accomplished during simulation with the dead time of 4 %.

Figure 1a shows the RBS spectra obtained at different
spots on the wafer, which are schematically shown in the
insert. It can be seen that the classical RBS spectra clearly
reveal the information for elements Ar and Si. The posi-
tions of Ar and Si are perfectly corresponding to their
kinetic factor K at this scattering angle for this specific
projectile. Usually for ion-implanted samples, the dose of
implanted ions with a perpendicularly incident beam can be
expressed as [14]:

(Nimp= AimpTsub (Eo) - &/ {HauTimp (Eo) - [e0)qup }» (1)

where Ajy,;, is the total number of detected ions implanted;
Hg,, is the substrate surface height of signal; ginp, and oy
are the scattering cross sections of the implanted ions and
substrate, respectively; £ is the energy width of a channel;
and [gylsu, 1S the stopping cross-sectional factor of the
substrate. In this case, the Ggwp, Gimp, ¢ and [g]eu, are
constant values, while A, can be approximated as the
surface height of Ar signal Hj,, because of the identical
experimental conditions. Therefore, we have,

(N A< Har/Hs; (2)

In Fig. 1a, the Hg; is of obvious discrepancy, showing that
the implanted Ar ions are not uniformly distributed in the
Si substrate.

Figure 1b shows the simulated RBS spectrum for Spot
A1, which is located at a distance of 1.5 cm from the wafer
edge (the same as A, A4 and A;s). The good matching
between simulated and experimental data shows the fea-
sibility and accuracy of the evaluation of implanted doses
by the present method. According to the simulation results,
the implanted Ar dose at A;; is 3.8 X 10" atoms/cm?>.

In fact, the great discrepancy and poor homogeneity (up
to 16 %) on implantation doses between different spots
arise from design drawback of the ion implanter. Due to
lack of the 7° electrostatic deflector, most neutral ions can
easily reach the sample, as they cannot be deflected by the
electrostatic scanner. To solve this problem, the electric
scanner of the ion implanter was tuned by a programmed
variation of the retention time for different sites, i.e., the
sweeping of scanning is sped down while the ion beams
reach the sample edge, but sped up while it reaches the



Study of doping uniformity of a 200 kV ion implanter by RBS and sheet resistance measurements

Page 3 of 5 55

(a)

259 2.75MeV Lz

Counts /x1000

0.0 r . r - - ]
50 100 150 200
Channel number

(b)

209 275 Mev L+
Spot A1
g5 3.8x10%
g : Ar atoms/cm?
S
% ‘\Measured
% 1.0+
Rl I Si
3 | “%lmulated
S T Py, |
o o)
bE A:‘U(\\\R N
] \ J
0.0 : \m N

T T 1
50 100 150 200
Channel number

Fig. 1 RBS spectra of sample A; measured at different positions (a) and the measured and simulated spectra of Spot A;; (b)

sample center. In this way, Sample B; was implanted at the
same energy and dose as Sample A;, but running in the new
scanning mode. The RBS measurements for B; were con-
ducted with normal incidence 2.45 MeV Li*" ion beam as
the projectile with the detector mounted at 170°.

Figure 2a shows the measured RBS spectra of the nine
spots (B{;—B19) on Sample B, among which By, is located
at the center, while B{,—B;5 and B¢—B9 are evenly located
at the concentric circles with diameter of 1.5 and 3.0 cm,
respectively. From the similar ratios of Ha,/Hs;, the
implanted Ar ions distributed much more uniformly (to an
homogeneity of 3.25 %) in the Si substrate after calibrating
the electric scanning mode. The simulated spectrum at spot
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By is shown in Fig. 2b, which gives the Ar dose of
3.04 x 10" atoms/cm?, which is in close proximity to the
preset value 3.0 x 10'® atoms/cm? of the ion implanter.
This indicates our success in improving the ion implanta-
tion uniformity.

To verify the accuracy of SIMNRA simulation, the
Samples A; and B; were processed by plating indium onto
the four corners to fabricate ohmic contact electrodes in the
van der Pauw configuration for sheet resistance measure-
ments. The obtained sheet resistances of Samples A and B,
are plotted in Fig. 3a, b, respectively. It can be seen that the
tendency of the sheet resistance values agrees well with that
of the dose values evaluated from the RBS spectra, with the
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Fig. 2 RBS spectra of Sample B; measured at different positions (a) and the measured and simulated spectra at Spot B;; (b)
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Fig. 3 SIMNRA simulated Ar doses and sheet resistances obtained from sheet resistance measurement for A; (a) and B, (b)

former decreases less than the latter. This can be attributed to
two reasons. First, the Ar ion implantation would inevitably
create energy levels in the forbidden gap and remove or trap
the carriers. Second, the ion implantation process would
induce amorphization of the Si substrate, which significantly
reduces the carrier mobility by scattering.

The well-supported sheet resistance results demonstrate
the feasibility of evaluating the implantation uniformity of
an ion implanter. However, a prime advantage of evaluat-
ing the implantation uniformity by RBS is that it gets rid of
the cumbersome procedure of fabricating the ohmic contact
electrodes. Next, RBS is never limited by the sizes and
shapes of the samples. Finally, RBS overcomes the fatal
flaw in sheet resistance measurements which work well just
in the very surface region. Therefore, RBS is undoubtedly a
more appropriate and nondestructive method for unifor-
mity calibration of the ion implantation system.

4 Conclusion

In conclusion, the implantation uniformity of the newly
designed LC-16 ion implanter was studied by both RBS
and sheet resistance measurements. Through SIMNRA
simulation of the experimental spectra, RBS directly gave
the dose values with good precision with respect to the
preset dosages. And the RBS results were confirmed by
sheet resistance measurements. Though the latter method
gave good tendency, it reflected the ion dose indirectly (via
the sheet resistance). Therefore, RBS is a direct technique
for measuring ion-implanted samples, with convenience
and precision, and the uniformity of the ion implanter has
been successfully calibrated by the RBS method. This
calibration paves the way for application of the ion
implanter for doping and irradiation of materials.
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