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An Anomalous Conductance Decrease in Charge
Sensitive Infrared Phototransistor

Ting-Ting Kang, Susumu Komiyama, Takeji Ueda, Shi-Wei Lin, and Sheng-Di Lin

Abstract—For charge-sensitive infrared phototransistors
(CSIP), it is observed that ‘‘conductance decrease,” which is
contrary to the standard “conductance increase” photon response,
can also happen after absorbing infrared light. By experimental
modeling the charge-up detection mechanism of CSIP via a
capacitive way, we clarify that “conductance decrease” should be
attributed to the significantly reduced low quantum well electron
mobility after the photon-charging process, rather than a reversed
electron transfer. This experimental result clearly indicates that
photon-induced charges are able to modify the electron mobility in
those “charge-sensitive sensor’ types of semiconductor quantum
single-photon detectors.

Index Terms—Charge, detector, double quantum well, infrared,
mobility, phototransistor.

1. INTRODUCTION

HE single-photon detection in the long-wavelength range

(A>10 pm) is an important field, where only semiconduc-
tor quantum devices are the mature detectors available [1]. These
single-photon detectors, like quantum dot (QD) detectors [2],
are based on a charge-sensitive sensor scheme [1], in which the
active region is polarized by photoexcitation and the induced
polarization is sensed by a nearby charge-sensitive sensor.

A custom-friendly infrared photon detector operating at
4.2 K has been developed recently, which is called charge-
sensitive infrared phototransistors (CSIP) [1], [3]-[7]. CSIP de-
tector utilizes double quantum well (DQW) structures, in which
an isolated top QW island (TQWI) serves as the active region
and a separated conductive channel consisting of the low QW
functions as the sensor. The operation mechanism of CSIP has
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Fig. 1. (a) Optical image of the CSIP device used here; (b) schematic illustra-
tion of infrared light excited electron transfer in CSIP. In (b), left/right side, a
“top-to-low”/*“low-to-top” electron transfer is plotted. And “top-to-low” is the
standard CSIP detecting mechanism.

been widely documented. That is, after infrared (IR) illumina-
tion, the electrons excited by intersubband transition (ISBT) in
TQWI move to the low QW layer after tunneling out of top QW.
Missing electrons, TQWI is positively charged up, which in turn
increases the conductance of low QW layer (so it is named as
“Conductance Increase” ) by enhancing its electron density in a
capacitive way. This “top-to-low” electron transfer is schematic
drawn in Fig. 1(b), left part of TQWI.

“Conductance Increase” has been observed in CSIP for many
times and become a trivial thing. Because people are so satis-
fied with the agreement between “Conductance Increase” and
the given interpretation, it is inconceivable that “Conductance
Decrease” can also appear in some CSIPs. A naive way to
explain “Conductance Decrease” has been tried in [7], which
claimed that “Conductance Decrease” may be due to a reversed
electron transfer. Adopting this picture for CSIP with vertical
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tunneling, it means a “low-to-top” electron transfer: electrons
downside TQWI are excited by incoming light and flow into
TQWI (see Fig. 1(b), right part of TQWI), leaving TQWI neg-
atively charged and reducing the electron density in low QW.
What we seriously concern is that “Conductance Decrease” may
compensate “Conductance Increase” to some extent, so that de-
generate the performance of CSIP. In a more fundamental view,
“Conductance Decrease” can be used to challenge our previ-
ous interpretation of CSIP operation. Therefore, clarifying the
mechanism of “Conductance Decrease” is critical for CSIP and
will be addressed in this paper.

II. DEVICE STRUCTURE AND FABRICATION

We first specify the device structures and measurement con-
ditions. Two AlGaAs/GaAs DQW wafers (labeled as Wafers
“A” and “B”) are grown by molecular-beam expitaxy on an in-
sulative GaAs substrate. The designed structures are the same
for these two wafers. It consist of a 500-nm GaAs buffer layer,
a 210-nm-thick AlGaAs/AlAs superlattice barrier, a 20-nm n-
doping (Si: 8x10'" cm™3 ) Aly.3Gag.7As electron supplier, a
20-nm Aly 3Gay 7 As spacer, a 30-nm nondoped GaAs QW (i.e.
low QW), an 80-nm composition-graded Al, Ga; _, As (x=0—
0.1) barrier layer, a 2-nm Alj »Gagy g As tunnel barrier, a 10-nm
GaAs QW layer (i.e., top QW), a 30-nm Al 3Gay 7 As spacer,
a 75-nm n-doping (Si: 8x10'7 cm~3) Aly 3Gag 7As electron
supplier, and a 5-nm n-doping (Si: 8x10'7 cm~® ) GaAs cap
layer.

We have fabricated the devices on both wafers with the same
procedure indicated later. Fig. 1(a) shows the device layout of
CSIP used throughout this paper. A two-terminal conductor
with a constricted region of a 50 ym width and a 400 pum length
is formed by wet mesa etching with ~200 nm depth. Ohmic
contacts (source, drain, and reset pad), which penetrate both
top and low QW [see Fig. 1(b)], are prepared by alloying of a
200-nm-thick Au-Ge 10%-Ni 4% layer. The Schottky contacts,
including isolation gate (IG), reset gate (RG), and coupler gate
(CG), are formed by depositing a metal layer 20 nm Ti/100 nm
Au. The roles of reset pad and RG are controllable releasing
of excessive charges in TQWI [6]. To improve the detector’s
quantum efficiency, both the pattern (square cross-hole arrays)
and size (4 pm period) of CG use the suggested ones from [8].
All the measurements were done in 4.2 K using liquid helium.
The 300 K blackbody radiation from room temperature optical
components is transmitted by a cold metal (steel) pipeline and
used as an excitation light source. The source—drain bias voltage
is maintained as Vpg = 8.5 mV (8.2 mV) for the “Conductance
Increase”(“Conductance Decrease”) CSIP.

III. RESULTS AND DISCUSSION

Following the method in [3], the photon-induced conduc-
tance variations can be seen from the plot of source drain cur-
rent Ipg against IG gate voltage Vig, as shown in Fig. 2. In
this measurement, CG just acts as an antenna to couple light
with ISBT and plays no other roles (like electric manipulation),
so its voltage Vog = 0 V. Before the Ipg versus Vig mea-
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Fig. 2. Ipg against Vig plot of CSIP with a photon response of (a) Wafer A
with “Conductance Increase”; (b) Wafer B with “Conductance Decrease.” Inset:
magnified view of the “kink” features in the region near the top QW cut-off
voltage V1. The blue schematic curve (with arrow) inset is a cartoon drawing
showing where the increase/decrease structures of the “kink” are presented.

surement, a voltage Vy is applied to RG to deplete top QW
in the reset route. Thus, Vrg should meet the request Vrg =
Vi<Vy1 (V41/Vyo: the depleting voltage of top/low QW). From
Fig. 1, it is shown that V;; ~ —0.42 V [-0.59 V], so that V; =
—0.7 V[—0.6 V] in Fig. 2(a) [Fig. 2(b)] is adopted, respectively.

In a capacitor configuration, the area electron density 7 in
each QW layer can be deduced by n ~ AVeye, /(de)(e,: di-
electric constant of semiconductor; £y: vacuum permittivity; d:
the distance between the metal gate and the desired QW; e:
charge of a free electron), where AV = (0—V,1) [(Vy1 — V,2)]
for top [low] QW. Then with the conductivity deduced from dc
measurement, the electron mobility  in each QW layer can be
calculated. In this way, we get the electron concentration (x 10*!
cm~? ) and mobility (x10* cm? V~1s1 ) for top/low QW at
4.2 K: 2.7/4.8 and 23.0/5.0 for Wafer A; 3.6/4.8 and 19.0/9.0
for Wafer B.

For both devices, the Ipg versus Vig plot (the Vgg = —0.7V,
—0.6 V plot) shows a kink (schematic drawn in the blue curve
with an arrow) at V1, where top QW is depleted in the IG region.
Such kink features are attributed to the photon-induced charging
of TQWI. This is supported by the fact thatif Vrc =0V, for such
case TQWI is not isolated and cannot be charged up, those kink
features disappear (see the Vg = 0 V plots). Regarding Wafer
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A in Fig. 2(a), with the standard “Conductance Increase” photon
response in CSIP, the “rising-up” (See the inset, the direction
of an arrow in schematic curve shows the “rising”) kink is well
understood as the positively charging up of TQWI by photons.
Consequently, when Vig< —0.42 V, a low QW conductance
increase leads to Alps = Ins (VRg = —0.7 V) — Ips (Vra =
0 V) > 0, as indicated by the straight green arrows (in a vertical
direction) in Fig. 2(a).

However, the kink for Wafer B in Fig. 2(b) is some strange.
It displays a “turn-down” trend. Compared with the Ing versus
Vi plot with Vg = 0V, a reduction of Ipg (i.e., Alpg <0)
is clearly present when top QW is depleted for Vig < —0.59 V.
And this low QW conductance decrease is just the “Conductance
Decrease” problem mentioned in the beginning.

One first possible explanation of “Conductance Decrease”
might be to assume the opposite process to the standard “top-to-
low” mechanism, i.e., “low-to-top” tunneling: low QW is some-
how photon-excited and the photon-excited electrons move to
TOWI. While, as discussed later, this simple interpretation is
not likely to be applicable. Because it needs an unreasonable
assumption: wide QW (i.e., low QW) has a higher ISBT proba-
bility than narrow QW (i.e., top QW).

In a half-quantitative way, the probability pp_,1, for an elec-
tron transferring from top QW to low QW via ISBT plus tunnel-
ing is pr_r1, = nr -T, where nt (n1,) is the quantum efficiency
for ISBT from the ground state 0 in top(low) QW to resonant
tunneling level ~ ( or the first exciting level of the top QW); T
is the tunneling probability for the state v across the AlGaAs
inter-QW barrier. 7 (11,) is proportional to top(low) QW inter-
subband (state O —state ) oscillator strength fr (f1,), i.e., nT
fr, sothat py_p o fr -T. Similarly, we also reach py, 1 o fi,-T.

With pr_1, and p;,_r formula at hand, the comparison of
f value is the next job. It is fortunate that the f~sum rule sets
the sum of oscillator strengths f for all ISBT to be a constant,
ie., > ; foj & mo/m” (0j means the transition from the ground
state 0 to the state j), where m* is the effective electron mass
of conduction band [9]. For the narrow top QW, the quantum
confinement effect makes it contain only one bound excited
state v, so fp ~ my /m*. However, the wide low QW has much
weaker confinement effect and contains not only the excited
state -y, but also many other bound excited states, so that fj, <
my/m*, leading to f1 >> fi,. Thus, pr_1,>> pr,_.1, accounting for
the fact that moving out of the TQWTI process is dominant for
ISBT excited electrons.

Therefore, we prefer to believe that, in case of “Conductance
Decrease”, a positively charged TQWI can anomalously reduce
(Strangely, it is NOT “increase’”) low QW conductance, despite
the enhanced electron density in low QW. Hence, a straight-
forward way to resolve this issue is making TQWTI positively
charged, and then measure whether the low QW conductance
increases or decreases.

But how to make sure that TQWTI is positively charged? Al-
though the charge polarity in TQWI cannot be definitely known
for the photon-induced charging process, if the charging process
proceeds in a capacitive way, there will be little controversy re-
garding the charge polarity in TQWI. This is the guideline for
our following “capacitive charging” scheme. In this scheme,
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charging of TQWI is realized by intentionally applying some
bias to the CG /TQWI capacitor. To eliminate photon-induced
charging, the experiments below were done under dark con-
dition, which was confirmed by the absence of “kink” in Ipg
versus Vig measurement.

Next, we explain the details of this “capacitive charging”
scheme. For IG, a voltage Vi¢ = Vi <V, (here V| = —0.7
V for both devices) is applied to deplete only the top QW be-
low IG. For RG, a voltage Vrg = Vi + Vpuise 1S applied.
Vpulse 1s a pulse wave with frequency 2f, and the pulse ampli-
tude is —V; (See Fig. 3(a) and (b), middle). In the pulse duty
time, Vg = 0 V, and TQWI is connected to low QW via a
reset pad. In other time, VRg = V; and TQWTI is always iso-
lated. Vrg will act as a switch on the charging/discharging of
TQWI. A square wave voltage V¢, alternating in 0 V and
Vo (Vo = —0.04 V is used here as an example) with fre-
quency f is applied to CG (see Fig. 3(a) and (b), top). Vg
provides the voltage for charging TQWI through the CG/TQWI
capacitor.

Fig. 3(c) illustrates how one charging/discharging cycle is
going on. The corresponding conduction band profile for each
charging/discharging step is schematically depicted in Fig. 3(d).
Before the charging/discharging cycle, a negative voltage V; is
applied to both IG and RG, so that we get an isolated TQWI.
The charging/discharging cycle can be divided into four steps.
The low QW electron density (conductance) in step i is de-
noted as N;(o;). In each step, TQWI is always isolated and
TQWTI is only connected to low QW in the pulse between Steps
IV and I, and Steps II and III, at those times the charges in-
side TQWI can flow out/in. These four steps are explained
next.

) Veg =0V, and TQWI is neutral.

II) Vg = V2 < 0. Since TQWI is floating and electrons
cannot flow in/out, TQWTI is still neutral. This neutral TQWI
means that it will not screen the electric field from CG. And the
negative electric field from CG will pass through top QW, reach-
ing low QW and reducing low QW electron density. Therefore,
Ni1 < Np

IIl) Ve = V, < 0. Between Steps II and 111, a short positive
voltage pulse comes into RG, and TQWI is connected to low QW
during the pulse and excessive electrons flow out to low QW,
leaving TQWTI positively charged and screening the negative
electric field from CG. As aresult, for Step III, almost no electric
field from CG reaches low QW. Therefore, N1 > Npj.

IV) Veg = 0 V. TQWI is positively charged. Due to the
capacitive coupling between TQWI and low QW, electron ac-
cumulates in low QW. Therefore, Nyy > Npy;.

After (IV), by a short positive voltage pulse in RG, reset chan-
nel turns ON shortly, letting electrons flowing into TQWI during
pulse and neutralize TQWI. As a result, electrons accumulated
in low QW disappear. The situation returns to (I), starting a next
cycle. And, we have Ny > Ni.

From the previous discussion we have Ny >Nj~Nij1> Nii,
as what schematically illustrated in Fig. 3(c). If the mobility in
low QW is assumed to be constant, we will have o1y >o1~oq1>
orr. This is just what we observe in CSIP with “Conductance
Increase” [see Fig. 3(a)]—the trivial case. The emphasis is Step
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Fig. 3. Time traces of source-drain current /ng of low QW in the “capacitive charging” measurement: (a) Wafer A with “Conductance Increase”; (b) Wafer B
with “Conductance Decrease.” The current change between Steps IV and I is figured out. The time evolution of Ipg is monitored by observing the AC component
of Ipg using a four-channel digital oscilloscope (Tektronix, Inc.). The square wave in a coupler gate (frequency f, f = 80 Hz here) and pulse in a reset gate
(frequency 2f, 2f = 160 Hz here) are both provided by a multifunction generator (NF Corporation, WAVE FACTORY). (c) Schematic illustration of one cycle of
the “capacitive charging” method. A color bar indicating electron density is given in the center. (d) Conduction band profile corresponding to the charging cycle
depicted in (c). Note in (a) and (b), the indicated Alpg values can be different from those Alpg values in Fig. 2. Because of the charge amount in TQWI, the
amount induced by capacitive charging and by photon charging can be different.
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IV which is a mimic of CSIP after light-induced charging, e.g.,
TQWI with charges and Vog = 0 V. Compared with CSIP
without charging, namely Step I, we are surprised that, under
capacitive charging, o1y <oy (in contrast with oy >o7 in “Con-
ductance Increase”) happens for CSIP with “Conductance De-
crease” in Fig. 3(b), consistent with the photon-charging results
in Fig. 2(b).

This o1y <oy is a direct manifestation that, even for CSIP
showing “Conductance Decrease,” it is not necessary to invoke
a negatively charged TQWI to reduce low QW conductance,
because positively charged TQWI can do the same job. With a
simple knowledge of electrostatic field Gauss’s law, positively
charged TQWI must enhance low QW electron density. There-
fore, “Conductance Decrease” should be mainly attributed to a
significant decrease of electron mobility in low QW, rather than
an anomalously reversed electron moving into TQWI. Then, the
“top-to-low” electron transfer interpretation still holds true.

IV. SUMMARY

The origin behind this mobility reduction is not very clear yet.
And it can be some wafer specified properties, like the ad hoc
impurity scatter configuration (which varies notably due to the
potential modified by charge presence). One possible candidate
is charged donors DX~ — d (DX : “deep” states associated
with donors; d™ : “shallow” donors) in the Al, 3Gag 7 As material
system [10], whose spatial correlation can influence electron
mobility and subject to electric field subtly. Photon-induced
charges may disturb their correlation and reduce the electron
mobility, so result in “Conductance Decrease.”

Another attractive topic on the mobility issue in double QWs
is the “resistance resonance” observed two decades ago [11].
In this phenomenon, the mobility difference between two QWs,
combined with the gate-controlled symmetry of potential pro-
file, can produce some interesting mobility variation effects,
which are deeply rooted in the nonlocal nature of quantum me-
chanical wave function.

However, this highly profound mechanism is only dominant
in very closely spaced double QWs, to fulfill the required strong
inter-QW tunneling. Or in other words, the ground QW state
electron wave function must distribute in both QWs, not only in
one certain QW. In contrast, CSIP is just the latter case with the
extremely large inter-QW distance ~100 nm which localizes
electrons to certain QW. Therefore, “resistance resonance” can
be ruled out.

We notice that “Conductance Decrease” device has a higher
low QW electron mobility x;, = 9.0x10* cm?V~'s™! than
“Conductance Increase” device py, = 5.0x10* em®>V—! s~ It
is reasonable to speculate that higher mobility low QW is more
sensitive to scatter configuration in the AlGaAs donor layer
that is disturbed by charges in TQWI, so that mobility decrease
effect becomes more observable. This high mobility possibly
required by “Conductance Decrease” also explains why only a
few CSIPs display photon response as “Conductance Decrease,”
while “Conductance Increase” is the majority. Anyway, mobility
constant assumption can be violated in CSIP.

8500406

REFERENCES

[1] S. Komiyama, “Single-photon detectors in the terahertz range,” IEEE J.
Sel. Topics Quantum Electron., vol. 17, no. 1, pp. 54-66, Jan. 2011.

[2] O. Astavief, S. Komiyama, T. Kutsuwa, V. Antonov, Y. Kawaguchi, and
K. Hirakawa, “Single-photon detector in the microwave range,” Appl.
Phys. Lett., vol. 80, pp. 4250-4252, 2002.

[3] Z. An, J. C. Chen, T. Ueda, K. Hirakawa, and S. Komiyama, “Infrared
phototransistor using capacitively coupled two-dimensional electron gas
layers,” Appl. Phys. Lett., vol. 86, pp. 172106-1-172106-3, 2005.

[4] Z. An, J. C. Chen, T. Ueda, K. Hirakawa, and S. Komiyama, “A sensi-
tive double quantum well mid-infrared phototransistor,” J. Appl. Phys.,
vol. 100, pp. 044509-1-044509-7, 2006.

[5] Z. An, T. Ueda, S. Komiyama, and K. Hirakawa, “Metastable excited
states of a closed quantum dot with high sensitivity to infrared photons,”
Phys. Rev. B, vol. 75, pp. 085417-1-085417-7, 2007.

[6] Z. An, T. Ueda, S. Komiyama, and K. Hirakawa, “Reset operation of
quantum well infrared phototransistors,” IEEE Trans. Electron Devices,
vol. 54, no. 7, pp. 1776-1780, Jul. 2007.

[71 Z. Wang, S. Komiyama, T. Ueda, and N. Nagai, “A modified scheme
of charge sensitive infrared phototransistor,” Appl. Phys. Lett., vol. 95,
pp. 022112-1-022112-3, 2009.

[8] P. Nickels, S. Matsuda, T. Ueda, Z. An, and S. Komiyama, “Metal hole
arrays as resonant photo-coupler for charge sensitive infrared phototran-
sistors,” IEEE J. Quantum Electron., vol. 46, pp. 384-390, Mar. 2010.

[9] C. Sirtori, F. Capasso, J. Faist, and S. Scandolo, “Nonparabolicity and
a sum rule associated with bound-to-bound and bound-to-continuum in-
tersubband transitions in quantum wells,” Phys. Rev. B, vol. 50, no. 3,
pp- 17601778, 1994.

[10] E.Buks, M. Heiblum, and H. Shtrikman, “Correlated charged donors and
strong mobility enhancement in a two-dimensional electron gas,” Phys.
Rev. B, vol. 49, pp. 14790-14793, 1994.

[11] A. Palevski, F. Beltram, F. Capasso, L. Pfeiffer, and K. W. West, “Re-
sistance resonance in coupled potential wells,” Phys. Rev. Lett., vol. 65,
pp- 1929-1932, 1990.

Ting-Ting Kang received the Ph.D. degrees in material physics and chemistry
from the Institute of Semiconductors, Chinese Academy of Sciences, Beijing,
China, in 2007.

He is currently with the Shanghai Institute of Technical Physics, Chinese
Academy of Sciences, Beijing, China. From 2009 to 2011, he was a Postdoc
Researcher in The University of Tokyo, Tokyo, Japan. His research interests
include infrared/terahertz detector and quantum transport of low-dimension
system.

Susumu Komiyama received the B.S., M.S., and Ph.D. degrees, in 1971, 1973,
and 1976, respectively, all from the University of Tokyo, Tokyo, Japan.

From 1979 to 1981, he was with Hamburg University, Harburg, Germany.
During 1976-1982, at the early stage of his career, he was involved in the
research on nonlinear transport phenomena and discovered streaming motion
and population inversion of hot carriers in ionic crystals and in semiconductors.
Since 1982, he has been a Faculty Member at the Department of Basic Science,
University of Tokyo, where he has been involved in research on quantum Hall
effects of 2-D electron gas systems and semiconductor quantum dots. He is a
pioneer of developing p-type germanium terahertz lasers (1982-1992) as well
as single-terahertz photon detectors based on quantum dots (2000) and CSIPs
(2005). He is currently involved in research on establishing passive terahertz
microscopy.



8500406

Takeji Ueda received the B.E. and M.E. degrees in applied chemistry from
Okayama University, Okayama, Japan, in 1996 and 1998, respectively, and the
Ph.D. degree in physics in 2009 from the University of Tokyo, Tokyo, Japan.

He promoted research and development of surface cleaning technology in
the semiconductor industry for four years (1998-2002). Through the work, he
was interested in developing combined technologies of many different scientific
fields. In 2003, he joined the University of Tokyo as a Japan Science and
Technology Researcher. He has devoted himself to developing a terahertz photon
detector by using quantum nanostructures.

Shi-Wei Lin is currently working toward the Ph.D. degree at the Department of
Electronics Engineering, National Chiao Tung University, Hsinchu, Taiwan.

IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS, VOL. 19, NO. 1, JANUARY/FEBRUARY 2013

Sheng-Di Lin received the B.S. and M.S. degrees in physics from the Na-
tional Taiwan University, Taipei, Taiwan, in 1992 and 1994, respectively. After
two-year ministry service, he received the Ph.D. degree from the Institute of
Electronics Engineering, National Chiao Tung University, Hsinchu, Taiwan, in
2002, where he was involved in metal-semiconductor-metal photodetectors and
MBE growth of low-dimensional self-assembled nanostructures.

During 2002-2005, he was a Postdoctoral Research Associate in Cavendish
Laboratory, Cambridge University, U.K., where he was involved in focused-ion
beam integrated MBE system to fabricate single photon devices. He joined Na-
tional Chiao Tung University as a faculty member of Department of Electronics
Engineering in July 2005.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


