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Correlation Measurements of lonizing Radiation induced Phonons
in Silicon using Superconducting Tunneling Junctions

Y.de Coulon, D.Twerenbold and J.-LVuilleumier
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Abstract

Nonthermal phonons produced by X ray and alpha particle absorption in silicon
were detected with superconducting Sn/Sn-ox/Sn tunneling junctions. The corre-
lation of signals induced by phonons from the substrate in two closely spaced
junctions shows structures indicative of an anisotropic propagation of the non-
thermal phonons. Taking into account the geometrical collegtion efficiency of the
small area junctions, more than 60 ¥ of the energy deposited in the crystal is
converted into excess quasiparticles.

submitted to Nuclear Instruments and Methods A Neuchatel, 26-Feb-90



1. Intraduction

A new sensitivity range in particle detection has become accessible
with the advance of cryogenic detectors. There, the various low energy excita-
tions of solids or liquids at sub Kelvin temperatures offer the possibility for a
new class of detectors with high sensitivity and energy resolution. Of importance
is especiaily the sensitivity to nonionizing or poorly ionizing events, e.g. recoiling
nuclei, awing to the direct transfer of the particle energy to the phonons, one of
the basic entities of solid state c¢ryoagenic detectors. In particular, two detector
types have demonstrated their feasibility in the last years: the bolometer'-2-3 and
the superconducting tunneling junction detector®-3-® In the bolometer, the energy
deposited by the particle is measured by the induced temperature rise in a cry-
stal. Owing to the small specific heat, this temperature rise is large and can be
measured with high precision against the low background of phenon fluctuations
at those low temperatures. An energy resolution of 17 eV at € keV has been
achieved' at the base temperature of 80 mK. In contrast to the thermal nature
of the bolometer, the superconducting tunneling junction detector is based on the
nonthermal properties of the basic electronic excitations in a superconductor, the
quasiparticles. The basic mechanism is the breaking of Cooper pairs by the de-
posited energy and the subsequental production of excess quasiparticles. The
binding energy of a Cooper pair being 2A (A is the superconducting gap of the
order of meV) leads to a large number Q of excess quasiparticles of the order
of E/A {E is the energy deposited by the particle). Owing to the Poisson statisti-
cal nature of Q, the relative precision in measuring the deposited energy is of
the order of 1/4/Q. Theoretically, a resolution of better than 10 eV at 6 keV
should be achievable for this detector. The best result’, obtained for Sn/Sn-

Ox/Sn junctions at 400 mK, is 65 eV at 6 keV.

The fact that superconducting tunneling junctions are also sensitive to
nonthermal phonons produced by the energy deposited in the crystalline
substrate® 2 suggests a third type of cryogenic detector: a crystal covered with
superconducting tunneling junctions® 1911 There, the particle energy deposited in
the crystal produces nonthermal phonons, either indirectly by ionization proces-
ses, or directly by the interaction with the lattice nuclei. The latter process is
especially of interest because it allows to detect efficiently poorly ionizing recoil
events, opening the way 10 sensitive detectors for dark matter search'® and co-
herent neutrino scattering'3.

In this paper, we present coin'cident measurements of two Sn-junctions
evaporated on a {0,0,1) silicon crystal. The FWHM energy resolution of our best
Sn-junction was 80 eV for 6 keV X rays absorbed directly in the fims. We have
seen correlated events between the two Sn-junctions originating from & keV X
rays absorbed in the silicon substrate. No 6 keV events were seen when illumi-
nating the 280 pum thick silicon substrate from the back. We have investigated
the possibility to enhance the phonon sensitive area by connecting two and



three junctions in series to the same preamplifier. It turns out that the excess
quasiparticle current has to tunnel through all junctions, making the detector rise
time prohibitively long. This result is discouraging for attempts to make large
junction arrays®: each junction of the array wouid require its own preamplifier.

In order to study the ionization induced phonon properties, the silicon
substrate was illuminated by the more energetic 4 MeV alpha particles. Virtually
all events lead to coincident signals in the two junction detectors. The scatter
plots obtained when plotting the amplitude of the two detectors against each
other show detailed structures. A Monte Carlo calculation, taking into account
phonan focussing, was performed to simulate our detector configuration by tra-
cing the ballistic phonons from the point of emission to the location of the twao
detectors. The calculated scatier plots also show detailed structures indicating
that the experimental scatter plots probably do originate from the anisotropic
phonan propagation. However, the agreement is qualitative only, the structures
are sufficiently different suggesting that the experiment cannot be explained be
simple bulk phonon propagation alone. Another disagreement is the much larger
measured time difference of the order of several 100 nsec between the two
coincident signals, compared to the expected few nsec for bulk ballistic phonons
propagating at the speed of sound, around 5000 m/sec in silicon.

However, regardiess of the specific nature of those phonons, our
measurements do indicate that a substantial fraction of the energy deposited by
the ionizing radiation is converted into nonthermal phonons with an energy of at
least the required threshold of 24,.. More than 60 % of the deposited energy
appears in the form of excess quasiparticles in the superconducting films. Hence,
the nonthermal phonon crystal particle detector remains a promissing possibility.
However, because the superconducting tunneling junction area is intrinsically
limited'* to small areas, say 100 x 100 um?2, one has to find a more efficient
way of detecting those phonons.

2. Junction fabrication and experimental set-up

The superconducting tunneling junctions were fabricated'® by thermal
evaporation of tin onto either fused silica {13 x 7 x 0.5 mm3) or the (0,01
surface of a single crystal silicon substrate (13 x 7 x 0.28 mm3, 5 - 15 Qcm,
10’8 - 3.10'S impurities/cm3, optically polished on one side] . Between the two
Sn films (film thicknesses: 150 and 250 nm) an insulating barrier was produced
by oxidizing the first film under a DC glow discharge® The junction geometry
was defined by a photolithographic mask (fig.l) consisting of two photoresist
layers separated by s thin [100 A) film of aluminium. The bottom layer was
entirely exposed to UV light. The area to be cut was exposed in the top one as
well. A chemical attack then only left photoresist in the area ito be protected,
creating a photoresist mask. The undercut in the lower layer was extensive, so
that during the lift off process the top Sn film cannot tear the oxide barrier



which otherwise would lead to undesirable current leaks in the junction. The two
fims were evaporated under two different angles, +/- 609 relative to the sub-
strate normal. The resulting displacement of the two films ailowed then to con-
tact the two films separatly. A scanning electron microscope picture of such
a junction is shown in figure 2. The overlapping region of the junction is 50 x 36
um? and the contact leads are 20 gm long and & um wide. The conductivity o =
(R, x overlap area)™' of the oxide barrier of the junctions varied between 11074
and 3.7107* Q~'cm™2, where Ry is the normalconducting resistance of the junc-
tion. The bias current was typically 250 pA at the operating temperature of 0.37
K and the dynamic resistance R, of the order of 1 M(). This photolithographic
lift-otf technique, together with the evaporation under different angles, allowed
us to fabricate any number of junctions, separated by only a few um, with suffi-
ciently reproducible high quality current voltage characteristics.

The substrates were mounted into a 3He-cryos:at with a base tem-
perature of 0.37 K, where they were exposed either to a °5Fe source, emitting
5.89 keV (Mn K_} and 6.49 keV (Mn Kgl X rays, or ta an 24 Am foil, emitting 4
MeV alpha pearticles. A magnetic field of several 10 Gauss was applied parallet
to the oxide barrier in order to suppress the DC component of the Josephson
current, which is 5 orders of magnitude larger than the thermal quasiparticle
current at the operating point of the detector. The excess quasiparticle
current®'® induced by the absorption of an ionizing event was integrated by a
charge sensitive preamplifier (silicon JFET Sony SK252 followed by an AMPTEK
A250). The preamplifier was cooled to 130K to optimize the signal to noise ratio.
In the coincidence measurements, each junction was connected to its own pre-
amplifier at 130 K and biased independently. The output was amplified with a
pulse shaping time of 2 usec. With no detector connected to the input, the
equivalent noise charge of the system was 400 electrons.

The data acquisition assigned each detector event three values, de-
pending on the measuring mode. When measuring the energy resolution of a
single junction those three values were: the signal amplitude, a value proportional
to the rise time of the signal and the amplitude ol a test puise delayed by 100
uysec. in the coincidence measurements the following three numbers were recor-
ded: the signal amplitude of the start junction, the signal amplitude of the coinci-
dent stop signal (coincidence window: 60 ysec} and a value proportional 1o the
time difference of the two coincident signals. As a cross check, we interchanged
start and stop and obtained symmetrical resuits.

3. Energy Resolution and Connecting Junctions in Series

To investigate the energy resolution of our Sn tunneling junction de-
tectors, we exposed them to the 6 keV X rays of the 5®Fe source and used
fused silica as a substrate. This way the junctions are sensitive only to X rays
absorbed in the Sn films8: the energy of an X ray absorbed in fused silica is



immediately thermalized and. hence, at T=0.37 K below the Cooper pair breaking
threshold®. From the 10 junctions on fused silica, all were sensitive to the X rays
with the FWHM energy resolution at 5.9 keV being typically between 100 and
200 eV. The best energy resolution obtained in this series of measurements was
80 eV, shown in figure 3. The contribution of each film could be clearly separa-
ted owing to the difference in rise times®'®, which were of the order of 10
usec. The collected charge in our best case (fig.3) was 1.8-10% electrons, which
represents 18% of the theoretically maximal number Q. of excess quasiparticles
produced by 59 keV in Sn (Qg = E/A5, = 107 e, where A; =058 meV). The
measured effective minimal ionizing energy of our best Sn detector is hence € =
3.2 meV.

The theoretical Poisson limited FWHM energy resolution at 6 keV of a
detector with a minimal ionizing energy of 3.2 meV would be 10 eV. in our mea-
surements, the energy resolution is still limited by electronic noise, owing to the
large impedance of the detector. However, there are indications that for the
Sn-junction detectors fabricated in the manner described asbove, the limiting
energy resolution”® is 40 eV, most probably due to geometrical inhomogenei-
ties. We did not intend to investigate, and improve, the energy resolution of the-
se devices, but focussed on the possibitities of increasing the size of these
detectors. As has been discussed in detail in references® 4, the area of high
quality junctions are limited to the order of 100 x 100 um? because of the influ-
ence of the low detector impedance on the system noise. To cover a large
area a large number of preamplifiers would be required.

One approach would be to connect several detectors to the same
preamplifier. A perallel connection of n junctions is excluded becsuse the total
capacity increases to n-Cy and the dynamical resistance reduces to Ry/n, incre-
asing the system noise accordingly (CDis the capacity and R, the dynamical
resistance of one junction). The signal amplitude will remain constant as long as
n-Cp is still much smaller than A'C., where C. is the feedback capacity and A
the open icop gain of the charge sensitive preamplifier. Connecting the junctions
in series will lead to a capacity ot Cy/n and a dynamical resistance of n‘Ry and
the system noise will, in principie, be reduced by a factor of 1/n. However, the
signal amplitude will be reduced by the same amount because the n junctions in
series act as voltage dividers. Hence, connecting an arbitrary number of junctions
in series would vield the same signal to noise-as a single junction, if the system
noise is determined by the series noise owing to the voltage fluctuations at the
input of the FET'4

We connected two junctions in series, with individuel FWHM energy
resolutions at 5.89 keV of 80 eV and 84 eV, respectively. The contributions of
the two detectors can be separated clesrly because of their different rise times,
as is apparent in the rise time versus signal amplitude scatter plot in figure 4. In
addition, either film of each junction leads to s different rise time leading to
overall 4 individual specira in figure 4. Connected in series, the ch peak corre-



sponds to 1-106 e, which is approximately the half of the accumulated charge of
a single junction. The width of the Km peak did, however, not decrease, leading
to an energy resolution of 180 eV FWHM. This indicates that we were not limited
by the series noise in our measurements.

in addition, the rise time was 20 psec, twice as long as for of a sin-
gle junction. On another substrate with slightly poorer quality junctions (single
junction rise times of the order 15 usec), we connected three junctions in series
and observed typical rise times of the order of 50 pysec. Those increasing rise
times with increasing number of junctions connected in series cannot be explai-
ned by simple RC considerations alone. In a charge sensitive amplifier the rise
time of the output signal is proportional 10 the decay of the signal current to be
integrated (the intrinsic response time of our charge sensitive amplifier is 50
nsec). On the other hand, the decay of the excess quasiparticle current is given
by the tunneling time'4 T,un ©f the junction, which is the fastest quasiparticle
relaxation mechanism at the low operating temperatures where thermal quasipar-
licie recombination is negligible16. It appears that the time it takes to transport
the excess quasiparticle current through the chain of n junctions c¢onnected in
series is roughly proportional to n'1, .. Because Cooper pairs cannot transport
charge across the junction, owing to the magnetic field applied parallel to the
oxide layer, quasiparticle tunnefing has to account for the transport of the cur-
rent through the chain of a junctions. For a large number of junctions connected
in series this becomes a prohibitively slow process.

4. Coincidence Measurements on Silicon

As has been pointed our in the introduction, superconducting tunneling
junctions can be used as phonon sensitive devices on a crystal, in which the
deposited energy excites nonthermal phonons with energies of at least 24, the
Cooper pair binding energy of the superconducting film. At the low operating
temperatures of junction detectors, those nonthermal phonons can propagate
large distances because of the long spontaneous phonon decay time at the
threshold energy 2A of the junction. This decay time has a [(Rw)™® energy
dependence’”?, consequently high energy phonons (hmDebve) decay fairly fast to
phonons with lower energies, but live sufficiently long at the threshold energy
2A. For a Sn-junction on silicon this lifetime at the threshold energy is 38
msec'®. Competing anharmonic phonon relaxation mechanisms are due to impuri-
ties and grain boundary scattering and diffuse scattering of the crystal surface'”.
We have therefore proposed'® to fabricate anisotropicailly etched structures from
a low impurity silicon (~10'* impurities ¢m™3) to reduce those mechanisms.

When two junctions, evaporated on the same substrate and each with
its own preamplifier, show simultaneously signais induced by a radioactive sour-
ce, the information must have been mediated by the phonons of the substrate.



Hence, coincident measurements provide information on the production of phonons
in the substrate by radiation, their transport through the crystal and the trans-
mission into the superconducting film. As has already been apparent in
reference®, all these processes must be fairly efficient. because from the Sn-
junction ®SFe spectra on silicon one sees that the pulse height of the phonon
induced signals are only smallear by a factor of two relativa to the puise heights
of evants absorbed in the superconducting events directly.

We measuraed the coincidence signals in a time window of 60 usec
between two superconducting tunneling junctions, the substrate of which was ax-
posed 10 a °5Fe 6 kaV X ray source. The substrate was either illuminated from
the front [the surface onto which the junctions were evaporated) or from the
back side. In figure 5, the scatterplots of the pulse heights of the coincident
junction signal against the pulse height of the triggering junction signal is shown
for the two edge-to-edge saparations of 5 um and 30 uym, respectively. The
values are givan in units of collected charge as calibrated with a test pulse in a
capacitor at the input of the charge sansitive preamplifier. The avents with large
pulse height A1 and small pulse height A2 are due 10 a deliberate low discrimi-
nator threshold allowing noise to be correlated with events directly absorbed in
the film for calibration purposes. It is evident from figure 5 that the number of
truly coincident signals, the triangle in the lower left part of the scatter plot,
decreases with increasing junction separation. A histogram of the time separation
of the coincident signals from two junctions separated by 5 um is shown in
figure 6. A cut in the puise height of tha d¢oincidant signai has beean applied to
reject the noise correlated data from events absorbed directly in the film. Above
a rasidual background of accidentals, consistant with the individual count rate of
30 Hz, a peak of truly coincident eveants centered around At=0 and a FWHM of
450 nsec appears. This width is larger than the time resolution of our system
which is 250 nsec. No X ray induced signal has been seen in either junction
when the substrate {Si 280 um thick ) was exposed to the ®5Fe source from
the back. '

The same experiment has been repeated for 2%'Am alpha particles
illuminating the silicon crystal from the back side. The enargy distribution of our
alpha source, a foil with 2*'Am and a gold protection layer, was measurad with
a silicon surface barrier detector. It showed a broad peak with a maximum at 4
MeV. The particle energy is fully deposited after about 20 um in silicon. A scat-
ter plot of the pulseheights of the correlsted signals of the two detectors is
shown in figure 7. The junction separation is 30 um. Again, the units are in col-
lacted charge. Distinct bands are visible in the scatter plot: three major bands,
labeled 1-3 in figure 7, each showing additional fing structura. The distribution of
the time diffarence between the two coincident alpha signals is shown in figure
8, where the peaks correspond to the bands in figure 7. '



In order 10 understand the scatter plot of fig7, we have simulated the
phonon propagation in our detector configuration with a Monte Carlo calculation.
In a silicon crystal of 280 um thickness, ballistic phonons are emitted in a depth
of z = 270 um relative to the surface with the junction. This is roughly the ener-
gy deposition region of the alpha particles when illuminated from the back side.
The [x.y) coordinate of the phonon emission point is selected randomly, reflecting
the fact that in the experiment the entire crystal surface is hit by the alpha par-
ticles. The direction n = k/|K| of the phonon with wave vector k¥ and phase ve-
locity Vk Is chosen isotropically. The energy of the propagating phonon wave-
front, however, is transported in the direction of the phonon group velocity V; =
dw*(K) /73K, where w*(k) is the constant-frequency surface of the phonon. The
index o corresponds to the polarization ¢, of the phonon, where a=Q0 corresponds
to the iongitudinal mode (LA}, «=1 to the slow transverse (STA) and a=2 to the
fast transverse [FTA) mode In the long wavelength kmit [X > lattice constant),
the medium can be modeled to be continuous but anisotropic. Phonon propagation
is then determined by a generalized statement of Hookes law: c; * v cljklekl'

where o} is the stress, e, the strain and Ciikcl the elasticity tc-znsorJ of the medi-
um. For a crystal with cubic symmetry, as is the case for silicon, just three in-
dependent parameters define the nonzero elements: cim=C”, ciijj=C12 and Ciiij *
Cpyi = Caq- From the appendix of the paper of Nortlltrop and Wolfe'3 one can
deduce the expression for the phonon group velocity vg, which is & con_‘lplicated
combination of the elasticity tensor components C,, and the direction n of the

wave vector,

In the simulation, we took the junction area to be 50 x 50 pum? and
the separation between the two junctions was 30 um. The phonons were assu-
med to propagate without losses in the medium and are absorbed on the surfa-
ce [i.e. no phonon reflections at the surface). The results are presented as scat-
ter plots in figure 9, for the case of isotropic phonon propagation and for the
three phonon polarizations in the case of phonon focussing. In each scatter plot,
the number of phonons hitting junction 1 is piotted against the number of phonons
hitting junction 2 for each event. A total of 10° phonons have been emitted
randomly per event. Each scatter plot corresponds to 15000 events which are
distributed randomly in a plane of 1.6 x 1.6 mm. In the case of phonon focussing,
detailed structures appear in the scatter plots. There is qualitative agreement
between the calculated structures for the LA and FTA modes and the measured
scatter plots (fig.7). In the calculations, the time differences between the pulses
are of the order of a few nsec, which is in disagreement with the 450 nsec
observed in the experiment (fig.8). Possibly, the phonon pulse is stowed down by
multiple scattering, whereby after each scattering event the phonon is refocus-
sed into its original direction of propagation leading to a possibly quasiballistic
nature of the nonthermal phonons.



From the sc¢atterplots one ¢an obtain an estimation for the overall
efficiency of converting the deposited particle energy intoe nonthermal phonons
and coilecting them as excess quasiparticles in the superconducting film. The
energy collected in the superconducting tunneiing junction is given by fallowing
expression

Ecoll : ntrans ’ ngeom ' n2& ) Edep (”
where Nrans | PHONON transmissivity from crystat into film

Noeom - geometrical collection efficiency

Noa : fraction of energy going inte phonons with hw>2A

EdmD . energy deposited by particle

On symmetry reasons the coincident events with largest equal pulse height cor-
respond to events where the energy is deposited between the two junctions.
With the help of the Monte Carlo simulation one can then obtain the geometrical
factor Ngeom: Because the junctions are calibrated with the 6 keV X rays ab-
‘sorbed directly in the films, one can express Ecoy iN Units of keV. From {1) one
deduces an effgcrive efficiency m_; = Mrans 24 The results are presented in
table I. Assuming isotropic phonon emission, the efficiency is B0 % for 6 keV X
rays absorbed on the frant side (maximal coincident signal for X rays absorbed
at a depth of 7.5 um). When absorbing 4 MeV alpha particles at 8 depth of 270
um, an effective efficiency n,,, of 64 % has been determined for the isotropic
case. The focussing and defocussing effects for anisotropic phonon prapagation
lead to different values for Ngaom for the three polarization modes. As a conse-~
quence 1 varies between 48 % and 192 %. The unrealistic values larger than
100 % again indicate that phonon propagation cannot be described by pure
ballistic behaviour.

5. Conclusion

Superceonducting Sn/Sn-ox/Sn jupctions were fabricated by thermal
evaporation and using a8 two layer photolithogrephic and an angular evaporation
technique. A best FWHM energy resolution of 80 eV at 6 keV was obtained for
X rays absorbed directly in the junctien films. Connecting junctions in series to
the same FET of the charge sensitive preamplifier lead to an increase in signal
rise time roughly praportional to the number of connected junctions. Hence, for
achieving a high energy resolution in each pixel of a superconducting tunneling
-junction array detector, each pixel would require an individual electronic read out.

Junctions with edge-to-edge separations between 5 and 30 pm were
fabricated on silicon substrates to detect the comman nonthermal phonon wave-
front induced by energy deposited in the substrate. When illuminating the detec-



tor from the front, correlated 6 keV X ray events were seen. No X rays were
detected in the case of back side illumination. Experiments with 4 MeV alpha
particles absorbed in the back side of the substrate show structures in the pulse
height scatter plots of the two coincident signals. These results were compared
with a Monte Carlo calculation 'simulating- ballistic phonon prepagation in an ani-
sotropic medium. The pattern produced by the FTA polarization mode shows
some similarity with experiment but the relative time differences between the
coincident signals in the calculation are shorter by more than one order of mag-
nitude. With the geometrical phonon collection efficiency taken from the Monte
Carlo calculation one obtains @ value around 60 % for the energy collection
efficiency of this crystal/junction detector.

Qur experiments confirm the feasibility of a combined crystal/super-
conducting film detector in which one looks for excess quasiparticles produced
by nonthermal phonons from the substrate. However, the small intrinsic size of
the order of 100 x 100 um? of tunneling junctions remains a problem in any
practical application, since each junction needs an individual readout. Neverthe-
less, the high efficiency of the nonthermal phonon detector principle continues to
make it an interesting candidate for a future detector with high sensitivity for
nonionizing events.
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Figur Captions

Figur 1

Schematic of the combination of phoiolithography and directional evaporation in
fabricating the superconducting tunneling junctions.

Figur 2

Scanning electron microscope picture of a Sn/Sn-ox/Sn junction. One can see
the overlap area of 50 x 36 um? and the contacts which are 20 ym long and 6
um wida.

Figur 3

Spectrum of 25Fe X rays from a junction on fused silica. The low energy tail is
due to X rays absorbed outside of the overlap region.

Figur 4-

Scatter plot of rise time versus collected charge of 2 junctions connected in
series t0 the same preamplifier (fused silica substrate). Four Ko regions are visi-
ble: the contributions of each tilm of the two junctions.

Figur b

Pulse height scatter plot of the coincident 6 keV X ray signals in units of collec-
ted charge for the two junction separations of § um and 30 um, respectively. A,
is the pulse height of the triggering junction and A, the coincident signal. The
threshold for A, is somewhat lower than noise, enabling to record X rays ab-
sorbed directly in junction ! for calibration purposes.

Figur 6

The time diffarence distribution of the 8 keV X ray coincident signals of figure b
for a junction separation of 6 ym (A, threshald larger than noise).
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Figur 7

Pulse height scatter plot of the coincident signals in units of collected charge for
4 MeV alpha particles absorbed on the back side {junction separation 30 um).
showing three major branches.

Figur 8

The time diffarence distribution of the 4 MeV alpha particle coincident signals of
figure 7 for a junction separation of 30 pum (A2 threshold larger than noise). The
peaks correspond to the three branches in figure 7.

Figur 9

Scatter plots of coincident Monte Carlo generated events, simulating the irradiati-
on of a silicon substrate with ¢ MeV alpha particles from the back side. The ef-
fects of isotropic phonon propagation and the three pofarization modes in the
case of anisotropic propagation are shown. For each event, 1'000°000 phonons
were generated. The scales are in units of absorbed phonons.

Table |
' 6 keV : front side 4 MeV : back side
: Eoon = 710 &V Eoon = 69 keV
mode : Ngeom Nets Ngeom RPST;
isotr. i 0.15 0.80 0.0027 0.64
LA ; 017 0.71 0.0009 1.92
STA 0.11 110 0.0034 0.5
FTA | 0.09. 1.34 0.0036 0.48
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