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ABSTRACT

To investigate the transition from the low density mode to the high density mode in an electron
cyclotron resonancé (ECR) discharge, a Langmuir probe and an E field probe were used to measure ion
density and E field intensity as functions of axial position and power. The experiments were performed in
argon at 0.13 Pa in a 7.9 cm D cylindrical source chamber propagating TE,; mode 2.45 GHz microwave power.
Low mode was characterized by a standing wave throughout the plasma chamber and minimal power
absorption. High mode exhibited nearly complete power absorption and no standing wave past the ECR zone.
A sliding short (ss) was used to determine if the position of an E field null in the source chamber affected the
transition between these two modes for various magnetic field configurations. The ss position had little effect
on mode transition, relative power absorption or ion density when positidned downstream from a broad, large
volume resonance zone (resonance near the mirror midplane). However, the plasma could not be ignited if
the short was placed at or upstream from the large volume reson.ance zone. If the magnetic field was adjusted
10 yield a sharp, small volume resonance zone (resonance midway between the midplane and the throat), then
positioning the ss to force an E field null at the resonance zone would prevent plasma ignition, even at 800
W forward power. The ion density exhibited a hysteresis (i.e. a direct jump from no plasma to a plasma
density observed at other sliding short positions for that same forward power, thereafter following the ion

density vs. forward power dependence observed at nearby ss positions) on power cycling when the sliding short



was within approximately 1 cm of the broad resonance zone or within approximately 1 cm of forcing a null
in the sharp resonance zone cases. The ion density vs. power curve for the broad volume case exhibited a
change in slope over the transition region (P¢yrwarg = 40 W) when the ion density at the resonance zone was
= 1x 10! cm™3. For the narrow zone cases, a region of bi-stability (i.e. rapid plasma density fluctuations
between low and high mode with little or no change in external input power) was observed for which the ion
density fluctuated between a value near 5 x 10'° cm™ in low mode and 5 x 10! cm3 in high mode. Similar
transitions were observed in a 14.6 cm D ECR source with a TM, mode, indicating that the effect is not

solely dependent on the microwave field structure in the ECR chamber.



I. INTRODUCTION

ECR plasma processing of materials has been an area of recent intense research efforts. One
interesting aspect of these plasmas is that they can be operated stably in several equilibrium plasma modes.!”7.
There appear to be two primary modes of operation in such systems, hereafter referred to as low and high.
Low mode is characterized by low fractional power absorption by the plasma and consequently low ion density
in the resonance zone ( < 10! cm‘3), a standing wave in the chamber past the ECR resonance zone, and low
photoemission intensity. High mode is characterized by nearly complete power absorption at the resonance
zone, no standing wave pattern past the resonance zone, high resonance zone ion density (>101 cm’3) that
is a linear function of input power, and high photoemission intensity (10 to 30 times greater than low mode
intensities for a given emission line as a consequence of the higher electron density). The transition from low
to high mode or from high to low mode can be effected by small changes in input power (at low powers) or
by changing the fnatchiﬁg network tuning stub position.

Understanding this mode transition is critical to ensure proper reactor design and subsequent process
control of materials modification. To improve our understanding of this phenomena, we constructed a sliding
short (ss) in the ECR chamber to control the phase of electromagnetic reflections and therefore the position

“of field nulls in the chamber. The field pattern was measured and correlated with changes in the electron
density vs. power characteristics, and thus the values of density and power at which the transition from low

to high mode occurs.

II. EXPERIMENT

A schematic of the source chamber (7.9 cm D x 24 cm long) ECR apparatus is shown in Figure 1 and
has beén described elsewhere.’ .This system used a continuous-wave magnetron microwave generator (2.45
GHz) capable of operating from Pg,,...q = 0 to 800 W. The power was transmitted from a rectangular guide
through a quartz window to the source chamber with an abrupt transition from the rectangular TE,, to the
circular TE,; mode. For the purpose of these measurements, the tuning stub section of waveguide was

effectively eliminated by positioning the stubs flush with the waveguide. We estimate from microwave théory



that ]r|2, the ratio of reflected to incident power contribﬁted by the rectangular to circular waveguide
transition without plasma, is approximately 0.15, which is relatively small. Forward power was measured using
a 54 dB directional coupler with an HP 430C bolometer. Reflected power was measured at the dummy load
with a Gerling calibrated crystal monitor. This measurement could only yield relative reflected power for low
values ( <30 W) of reflected power. The current supplied to the magnets was variable and thus the magnitude
of the dc B field was variable. Three magnetic field configurations were investigated in this study to examine
the effects of the B field gradient at the resonance position, size of the resonance zone and number of
resonance zones, on the low to high mode transition. The three on-axis B field magnitudes used are shown
in Figure 2 along with a two dimensional representation of the ECR surfaces. The 150 A case had one broad
resonance zone located at the mirror midplane in the center of the source chamber and the smallest
normalized B field gradient at resonance, (1/B)(dB/dz), of the three cases. This magnetic field configuration
was found to be the most stable with respect to ease of tuning and maintaining high mode under various
plasma conditions and with gases other than argon; The 125 A case had two distinct resonance zones that
were slightly sharper than the 150 A case. The 110 A case had one small volume resonance zone and the
largest (1/B)(dB/dz) of the three cases investigated.

Experiments were performed using a moveable sliding short (ss) and axial E field and density probing.
The ss was constructed from aluminum and solder-coated finger stock. The ss had 46 6.35 mm holes (to allow
for vacuum pumping) and two larger slots for probe feedthroughs. Cylindrical Langmuir probe tips (7 mm
long) were constructed from 0.076 mm D tungsten wire, and the probe body was fabricated with a right angle
bend in order to have the wire perpendicular to the dc B field and parallel to the microwave E field. The ion
density was estimated by applying a potential of approximately -60 V to the Langmuir probe and measuring
the current drawn from the plasma. Under such probe bias conditions it was assumed that only ion current
was being drawn.®  The probe was kept at a constant position (6.3 cm from the window in the 150 A case,
10.2 cm in the 125A and 110 A cases) throughout each experiment at a fixed ss position in which the power
was varied. Ion currents were measured for each ss position as a function of forward power (Pgyyarg)- The

ion current was measured both as a function of increasing Py ,-4 and decreasing Py, .. 4 10 observe if the



ion density exhibited hysteresis.

The magnitude of the E field was measured by connecting the output of a probe to a crystal detector
via a 20 dB microwave attenuator in a manner similar to Ref. 9. The subsequent crystal output dc signal was
monitored with a voltmeter. The probe tip was rotated over an arc of 130° at each axial position to find the
maximum signal. Probe measurements were taken at 6.35 mm increments along the axis of the chamber for

each ss position.

III. RESULTS
-A. Ion density measurements
From Laframboise’s analysiss, if the ion current to the probe is orbital motion limited and the probe

radius over the Debye length is small, the current to a cylindrical probe follows the relation:

1
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where Ip is the measured ion current, n, is the ion density at the probe sheath edge, T is the probe radius, 1,
is the probe length, Vp is the probe bias, and M, is the ioﬁ mass. For our analysis, it was assumed that the
primary ion was Ar™. Figure 3 shows the ion density calculated from Eq. (1) vs. P ..., and ss position for
the three magnetic field configurations shown in Figure 2. For the 150 A magnet current (broad resonance
zone case), two regions can be observed: a region below Py, =40 W (and below n; oo onance = 1 X 10 em™3)
corresponding to low mode operation, and a region above Py ...4 = 40 W corresponding to high mode
operation. The results for this case are repeated in Figure 4 on a linear scale showing an essentially linear
increase in density with power at high input powef. Calculations presented in Section IV indicate that nearly
all of the incident power is absorbed by the plasma electrons under high mode conditions. Figure 4 also shows
the much lower slope in the low power regime, with a transition to the higher slope occurring between Pg, . 4
=3010 Py,,-g = 40 W. Linear regression of these data yields slopes of 1.2 x 10° em W (2 = 0.56) for

the low mode portion of the curve and 3.2 x 10'® cm3 W (12 = 0.95) for the high mode portion, an increase



in slope of more than an order of magnitude. This indicates that in low mode only a small fraction of the
incident power is absorbed in the plasma. As previously mentioned, quantitative reflected power values were
not obtained at these low powers. Qualitatively, the reflected power for this case was found to decrease with
increasing forward power in the transition region, dropping to near zero as high mode was achieved. The ion
density was found to be independent of how the power was cycled and essentially independent of ss position.
When the ss was within 1 cm of the resonance zone surface for this case (ss = 10.6 cm from the vacuum
window) an ion density hysteresis with power was observed. When increasing the power from Prorward = O
the plasma would not ignite until Py« = 120 W. At this power level, the plasma appeared to jump directly
into high mode. Upon decreasing the power, the plasma remained on and followed the same n; vs. Porward
relation as seen at other sliding short positions. This may be due to the fact that a threshold breakdown field
strength is required at the resonance zone to ignite the plasma, and when the ss is close to forcing a null at
the resonance zone, it takes more input power to achieve this breakdown field. Once the plasma is ignited,
the propagation characteristics of the chamber change enough that the plasma is able to be sustained below
the ignition value.

The 125 A magnet current case yielded a different ion density vs. power curve, as is shown in Figure
3. The overall magnitude of the high mode plasma density was generally lower than the 150 A high mode case
and a region of bi-stability was observed. The lower density can be attributed to several effects, one being the
difference in position of the Langmuir probes with respect to the resonance zones in the two cases, and
another due to the difference in sizes of the resonance zones. The overall decrease in ion density at constant
pressure with decreasing resonance zone size has been previously observed in an oxygen plasma.7 The ion
density for the 125 A case was found to be bi-stable , i.e. rapidly jump between modes, in the power range of
65 W < Pgorwara < 75 W. The jon density changed nearly an order of magnitude during these jumps, from
n, = 5x10' cm™3 to n; = 5x 10! cm3. This case exhibited the same jon density vs. power hysteresis observed
in the 150 A case when the sliding short was within 1 cm of the first resonance zone (i.e. the one closest to
the vacuum window).

The 110 A magnet current case was similar to the 125 A case indicating a low to high mode jump



from n; = 5x 101% cm to n; = 5 x 10'! em3, although the region of bi-stability was a function of the sliding
short position. This magnetic field configuration also exhibited the ion density vs. power cycling hysteresis
observed in both the 125 A and 150 A cases when the ss was close to forcing a null at the sharp resonance
zone. However, unlike the other two magnetic configurations, the plasma became extinguished at relatively
large power levels (i.e at Py, ...« = 20 to 50 W, depending upon ss position) as the power was decreased
below the ignition power value. Unlike the 150 A case, both the 125 A case and 110 A case showed increasing
reflected power with increasing Py .4 in low mode, followed by a rapid drop to near zero once high mode
was achieved. This result, which has been observed in other systems6, is not understood.

Figure 5 shows the axial ion density profile for the 110 A magnet current case in low mode. The
density sweep was taken at Py, y = 25 W when possible. At some ss positions, the plasma could not be
sustained at this low power; thus a slightly higher power was used. The ion density peaks at or very near the
resonance zone for-all ss positions. The density at the vacuum window and near the ss was significantly lower
than that observed in the ECR zone, indicative of diffusive axial ion loss. Axial ion density scans for the other
two magnetic field cases yielded similar ion density profiles, although the maximum ion density was more
broadly distributed than observed in Figure 5, which correlates to the larger resonaﬂce volumes. The radial
density was found to have a roughly parabolic shape over the diameter. As the jon Larmor radius, a;, at the
electron temperature is approximately 0.13 cm, which is approximately 20% or less of the ion mean free path
along the field, and the radial and axial density gradients are similar, we expect that the radial diffusion plays
little role in the dynamics.

B. E probe results

The axial E field intensity vs. sliding short position for the 150 A magnetic field configuration can be
seen in Figure 6. All intensity measurements were téken in lov'v mode and P .. = 25 W. The ion density
measured at the fixed position shown in Figure 3 under these conditions was essentially constant throughout
these measurements. It is clear from these data that there are two distinct regions in the source chamber; one
pre-resonance zone (i.e. between the vacuum window and the resonance zone) and one post-resonance zone.

The field structure in the post-resonance zone is dominated by the position of the sliding short. This can be



readily seen by tracking the position of the E field maxima labeled "A" and "B" in Figure 6. If a simple
standing wave pattern exists in the source chamber and the sliding short is a forced E field null, then the "A"
peak always should be 1/4 wavelength in front of the sliding short. The "A" peak was found in front of the
sliding short, but the sliding short to "A" peak distance varied somewhat with ss position. This distance tended
to be about 3.5 cm, but it aﬁpeared to be as close as 2 cm for some ss positions. The "B” peak is similarly
moveable maintaining a roughly constant distance from the short. The portion of the pre-resonance zone E
field maximum, "C," did not move significantly with the position of the slidipg short at constant power, but
the intensity of this peak did vary with sliding short position.

Figure 7 shows the 125 A magnetic field configuration E field intensity vs. position results. This case
varies from the 150 A case in that instead of one broad resonance zone located at the mirror midplane of the
source chamber, there were two sharper resonance zones. The second zone does not appear to effect the E
field structure inside of the source chamber. As was the case for the 150 A configuration, there is always a
pre-ss peak, "A," located in .from of the sliding short as it moved towards the vacuum window. (The 18.1 cm
ss position data do not show an "A” peak. A peak was observed but the proximity (within 2 cm) of the short
prevented accurate intensity vs. position measurement.) Again, the sliding short to "A" peak distance and the
"A" peak intensity varied with sliding short position, just as in the 150 A case. The pre-first resonance zone
peak, "C," also acted very similar to the 150 A case. The middle peak, "B," was small or not observed in
several of the sliding short positions, and was generally much further from the "A" peak than for the 150 A
case.

The 110 A magnetic field case data is shown in Figure 8. As was mentioned in discussion of the jon
density vs. power results, the ability to sustain the plasma was strongly influenced by the position of the sliding
short. Consequently, a Pg_ .. 4 = 25 W plasma could not be sustained at all sliding short positions. Thus the
power at which each of the E field sweeps were taken is shown in Figure 8. Unlike the previous two cases,
a strong E field peak directly in front of the sliding short was not always observed. Also unlike the previous
two cases, there was a sliding short position far removed (13 cm) from the resonance zone that prevented the

plasma from being ignited, even at 800 W forward power. The vacuum field for this case is shown in Figure



8 for the 18.1 cm sliding short position. From this data it can be seen that a broad E field null is located
around the sharp resonance zone and is apparently preventing plasma ignition. The intensity of the vacuum
E field was also found to be nearly an order of magnitude greater than the magnitude measured with a plasma
present for the same forward power. This may indicate that the measurement technique may be sensitive to
large variations in plasma density.

Figure 9 shows the high mode E field intensity vs. position curves for the 125 A and 150 A magnetic
field cases at 75 W and 21.9 cm sliding short position. All of the post resonance zone E field structure
disappears at the onset of high mode (as determined from the ion density measurements). The disappearance
of the E field is generally correlated with the resonance zone, indicative of strong power absorption in this
zone. The extent of the field decay is probably due to both the nonlinear absorption effects and to the fact
the resonance zones are really surfaces and extend on either side of the axial ECR resonance point.
Measurements af other. plasma conditions indicate that the general structure observed in Figure 9 is always

observed in high mode.

IV. DISCUSSION

The general results are consistent with the picture that above a critical density the power transmitted
into the ECR zone is nearly totally absorbed in the zone. This power must then be lost through various
channels. These loss channels include electron and ion loss to the walls, excitation energy, elastic scattering
collisional losses inside the plasma and losses due to jonization.!® These losses must balance the input power
at the equilibrium ion density. Assuming that the majority of power is absorbed by electrons in the resonance
zone, and given that the ion density was maximum at or near the resonance zones in all of the cases examined,
the maj'ority of the input powef is absorbed and redistributed into ionization energy, collisional losses and
energy of the electrons and ions in a small volume enclosing the resonance zone (3-5 cm wide). Thus, a power
balance can be made about this arbitrary control volume enclosing the resonance zone. A simple formulation

of this power balance gives the following relation:



P abs =1;Y; Acp(ee) @)
where n, is the density at the control volume edge, u; is the ion velocity at the control volume edge, Acy is
the surface area of the control volume and (ee; ) is the effective energy lost per electron-ion pair created in
the control volume. This loss term mmbiﬁes the electron energy lost through the channels listed above with
the energy of each particle leaving the control volume per unit time. This los§ term is primarily a function
of the electron temperauire of a gas through the cross sections for collisional, excitation and ionization
processes. For argon with electron temperatures near 4 eV, the loss term should be 40-60 eV.10 Assuming
that the magnetic field is sufficiently strong and the pressure is sufficiently low in the control volumc to
minimize significant radial ion loss to the walls, then twice the cross--sectional area of the source chamber can
be used as Agy. An estimate of the ion velocity across the control volume edge can be made by célculatin g
the energy gained by the ion as it falls through the distributed sheath (the potential drop due to the density
difference between the resonance zone and the control volume edge) and solving for the velocity.! Thus, the

ion velocity can be expressed as:

1
[2 kTe In n,-’m 5 (3)
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Substituting the average ion density at the control volume edge for a given forward power (thus assuming full
power absorption) for any of the high mode cases and using Eq. (3) to calculate the ion velocity, one obtains
betweeﬁ 35 and 60 V for the energy loss factor in Eq. (2). This is in good agreement with the expected value.

Below the critical density there is a transition to a lower density state at which the plasma is nearly
transparent to the standing waves that penetrate into the chamber resulting from reflections within the ECR
source chamber. A qualitative understanding of this phenomenon comes from the theory of absorption ina
resonance layer of the right hand circularly polarized (RHP) plane wave, when propagating from the region
where w, > w10 w, < w. Here  is the applied frequency and w, = eB/m is the electron cyclotron frequency.
In the simple configuration of a uniform density plasma and a linearly decreasing B field near resonance,

Budden!? has calculated that the fraction of the input power absorbed when passing through resonance is



given by:

Pops= Pinput (1-e77) @
where
w 2 3
g =2 )
wCa

In Eq. (5) w,? = €’n/me is the square of the radian plasma frequency, e = (1/B)(dB/dz) is the normalized
magnetic field gradient at the resonance position, and c is the velocity of light. In the experiment, « varied
from nearly O at the 150 A magnetic field case (where Budden’s theory does not apply) to 0.1 cm! for the 110
A case. Using the value of 0.1 em™! for « and setting =n = 1 (i.e. (1-€’1) of the RHP power absorbed) one
finds that the plasma density at the resonance zone for a transition from low to high mode should be
approximately 5 x 10° cm3 - a value more than an order of magnitude below the lower value of density
observed in our system at the transition. Indeed, for a value of n, = 1 x 1010, n=.69 and P, = 0.89 Pinpm.

Clearly, the Budden theory is too idealized for application to our system in a number of respects. The
reflections in the chamber generate interference of waves at field nulls that can significantly affect the
absorption. The variation of axial plasma density noted in Figure 5 causes initial upstream power reflection
not included in the Budden theory. In addition, the waves are not propagating parallel to the magnetic field
due to the transverse separation constant in the cylindrical ECR chamber. These and other factors can be
taken into account by numerically integrating the wave equation in the varying magnetic fields and densities
characteristic of the experiment. Preliminary calculations of this type have been carried out, qualitatively
indicating that many of the features that are observed cxperimcmally.13 However, the transitions from high
absorption to low absorption still occur at densities in the range of those calculated by the Budden theory,
rather than the higher densities measured experimentally. This discrepancy has not been resolved.

The pattern of the electric field in front of the moveable short is generally consistent with the Budden

theory but also has some unexplained features. In the vacuum guide, the axial propagation constant is given



by:

K2 =K -k (6)

where k,, is the free space propagation constant at f=2.45 GHz and k_ is the transverse separation constant
of the TE,; mode in the 7.9 cm D circular guide. This gives a free space guide wavelength, Xy, of 26.6 cm.

With the plasma filled waveguide, in a simple approximation, we replace k02 in Eq. (6) with k2 given by:

2

k2 - kZ © pe (7)

For the RHP wave, w, > w, giving a larger k? and therefore a smaller guide wavelength in the absence of the
plasma. The exact values depend on the detailed density and magnetic field profiles. In the 150 A magnet
current case, w, > w and the value of Ag/4 = 4 cm is not unreasonable far from the resonance. Nearer the
resonance, e.g. with the ss at 14.3 cm, the resonant denominator in Eq. (7) increases k, therefore shortening
A4, as observed. In the 125 A and 110 A cases, w, < w beyond the resonance, so that the wave is non-
propagating over much of the distance between the resonance and the short. The complicated field patterns
would not be easy to interpret for these cases. However, the hysteresis generated by the sliding short field
nulls can be qualitatively understood in terms of the change in guide wavelength with plasma density.

The fixed positions for peaks in the field upstream of the resonance indicate the importance of
reflections in this region from both the rapidly changing plasma density (as is seen in Figure 5) and possibly
the impedance mismatch at the transition from rectangular to circular guide. These effects are not included
in the uniform density Budden model, but would clearly be expected to play a role in determining the fraction
of the power absorbed. In numerical integration of the wave equation, reflections due to plasma density
variations are quite evident. An effect of plasma loading of the source chamber is to lower the wave
impedance via the shortening of the plasma guide wavelength as described by Eqs. (6) and (7). Since the
impedance of the circular guide is higher than the rectangular guide under vacuum conditions, plasma loading

initially improves the match until approximately w, = 0.5 w, n; = 2 1010 ¢m3, after which the discontinuity
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again increases. Transitions from low to high mode were also observed in a 2.45 GHz ECR source in a 14.6
cm D chamber propagating a TM; mode with a low reflection matching section from the waveguide and have
been observed elsewhere.* The difference in mode structure and lack of reflections at the waveguide--to--

source chamber transitions indicated that these factors do not play an essential role in the process.

V. CONCLUSIONS

The low-to-high mode plasma transition in an argon ECR plasma has been characterized by
electrostatic Langmuir probing and axial E field intensity mapping as functions of the position of a sliding
short and magnetic field configuration. The power and ion density for the mode transition were found to be
nearly independent of ss position in the source chamber, except when the ss forced a null in the neighborhood
of the resonance zone. The ion density vs. forward power cycling curves exhibited two distinct slopes for the
high and low mode regions for the 150 A magnetic field case, which had the largest resonance zone. The high
mode ion density vs. P; ., slope was consistent with absorption of nearly all of the incident power in the
plasma and was more than an brder of magnitude greater than the low mode slopé. The transition between
these two modes occurred at approximately 40 W, which agreed with the E probe trénsition, indicatiﬁg that
little power was transmitted through the resonance zone. The other two magnetic field configurations yielded
ion density vs. power curves which exhibited a bi-stability in the low to high mode transition. The magnitude
of the on-axis ion density near the resonance zone during this transition was for all cases approximately 5 x
10'% cm3 in low mode jumping to approximately 5 x 10! ¢cm™ in high mode. This transition was more
gradual, however, in the 150 A case. All three magnetic field configurations exhibited ion density hysteresis
on power cycling when the ss forces an E field null near the resonance zone. The low mode E field structure
inside the source chamber was found to have two distfnct regic;ns, one pre- and one post-resonance zone for
all magnetic field configurations. The position of the E field maxima varied with ss position in the post-
resonance zone as would be expected from a forced null at the ss position. The field intensity pre-resonance
zone did not vary in position as a function of ss position, but did vary in intensity. The post resonance E field

structure at constant ss position decreased abruptly with increasing power as the ion density jumped into the
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high mode. This transition occurred when P ... 4 was increased past 40 W for the 150 A magnetic field case,
essentially independent of the ss position, while for the 125 A and 110 A cases it occurred at somewhat higher
power and varied with ss position. These results indicate that the magnetic field design for the largest range
at which high densities can be achieved and one that is least sensitive to internal reflections should have a

large volume ECR resonance zone.
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FIGURE CAPTIONS

Fig. 1: Schematic of the ECR system

Fig. 2: Magnetic field magnitude as a function of position and magnetic current for the three field
geometries and currents investigated, along with a two dimensional representation of the
resulting ECR surfaces.

Fig. 3: Ion density (logarithmic scale) vs. Py .4 fOr both increasing and decreasing power sweeps
as a function of ss position for all three magnetic field configurations.

Fig. 4: Detail of 150 A ion density (linear scale) vs. Pg,, ..., during low to high mode transition.

Fig. 5: Ion density vs. axial position in the ECR source chamber as a function of ss position in low
mode for the 110 A case.

Fig. 6: Axial E field intensity versus position for various ss positions for low mode, P¢yryarg =25 W,
150 A magnetic current case. The ss position was varied from 21.9 cm to 10.6 cm.

Fig. 7: Axial E field intensity versus position for various ss positions for low mode, Pg g =25 W,
125 A magnet current case.

Fig. 8: Axial E field intensity versus position for various ss positions for the low mode 110 A magnet
current case.

Fig. 9: Axial E field intensity vs. position in high mode for two magnetic field configuration and one

ss position.
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