
;()*+e3e&<N&FFG\JJM6MT<Nw NEW STRUCTURES OF VERTICAL RESISTORS AND FETs AS
CONTROLLED BY ELECTRICAL FIELD PENETRATION AND A BAND-GAP VOLTAGE REFERENCE
USING VERTICAL FETs OPERATING IN ACCUMULATION THROUGH THE FIELD PENETRATION
EFFECT BACKGROUND OF THE INVENTION 1. Field of the Invention The invention
relates to vertical semiconductor structures, and circuits and more
particularly to structures relating to vertical variable resistors,
vertical FETs and band-gap voltage references constructed from such
vertical FETs, including process steps of fabricating same. 2. Description
of the Related Art The shallow-trench isolation (STI) is currently the most
popular isolation scheme for advanced CMOS (e.g. 0.25um and beyond) due to
its superior capability for minimum isolation pitch, better planar surface,
and enhanced latch-up immunity. However, as CMOS technology continuously
advances to 0.13um and beyond, the STI isolation spacing is small (e.g.
~0.1 um, where u=10-6) enough for significant field penetration into the
transistor channel (or body) area from adjacent poly gate as well as
drain/source junctions. As a result of such electrical field penetration,
there is a depletion region formed along the channel side-wall of the STI
causing the transistor narrow width effect and transistor Vt fluctuations.
Please refer to the following publications:     A. Bryant, W. Hansch and T.
Mii, "Characteristics of CMOS Device Isolation for the ULSI Age",
International Electron Device Meetings, p.671, 1994.  C. Wang, P. Zhang,
"Three-Dimensional DIBL for Shallow-Trench Isolation MOSFET's", IEEE Trans.
on Electron Device, V.46, No 1, p.139, 1999.  J. H. Sim, J. K. Lee, and K.
Kim, "The Impact of Isolation Pitch Scaling on VTH Fluctuation in DRAM Cell
Transistors due to Neighboring Drain/Source Electric Field Penetration",
Symposium of VLSI technology, p.32-33, 1998. In one way to eliminate such
field penetration effect, a shielded STI was proposed by J. H. Sim, J. K.
Lee, and K. Kim, in "High-performance cell transistor design using metallic
shield embedded shallow trench isolation 9MSE-STI) for Gbit generation
DRAM's", IEEE Transaction on Electron Devices, Vol. 46, No. 6, p.1212-1217,
1999 by filling a layer of conducting material (e.g. doped poly) after
liner oxidation of the isolation trench. The grounded conducting material
in the trench can provide good shielding and therefore can eliminate the
transistor narrow-width effect and Vt fluctuations. As illustrated in Fig.
1 (not to scale), the n-channel body region 15a in p-substrate 12 will have
a depletion layer 17 formed along the side-walls of STI 16 as a result of
fringe field (as indicated by arrows A) from both poly-gate 19 and adjacent
n+ junctions 18 or from adjacent poly gate (not shown), when biased high
(e.g. +Vcc). The fringe field from the poly gate edge and n+ junctions
(biased high) can expel holes and form depletion layers 17 along the
side-wall of STI. 2   Similarly, a corresponding p-channel body region 15b
in n-well 14 will also have a depletion layer 17 formed by the fringe field
(as indicated by arrows A) from the edge of poly-gate 19 and adjacent p+
junctions 20 as shown in Fig. 2 (not to scale). Similarly, the fringe field
from the poly gate edge and p+ junctions (biased low) can expel electrons
and form depletion layers along the side-wall of STI. A few parameters of
typical 0.13um CMOS technology are listed here for references: STI depth
--0.4um, STI minimum width 0.1-0.15um, n+ or p+ junction depth ~0.8-0.12um.
Such STI field penetration effect is considered undesirable in advanced
CMOS (especially in DRAM, or SRAM arrays), a metallic-shielded STI was
proposed by J. H. Sim, J. K. Lee, and K. Kim in "High-performance cell
transistor design using metallic shield embedded shallow trench isolation
(MSE-STI) for Gbit generation DRAM's", IEEE Transaction on Electron
Devices, Vol. 46, No. 6, p.1212-1217, 1999, by filling a layer of
conducting material (e.g. doped poly) after liner oxidation of the trench.
The grounded conducting material in the trench can provide a good shielding
and therefore can eliminate Vt fluctuations by the field penetration
effect. The motivation for this invention, by contrast, is to maximize the
field penetration effect through STI by modulating a vertical resistor by
biasing adjacent junctions. This vertical (and variable) resistor, when
operating to its maximum range as an open or a short, can also serve as a
switch or vertical FET. A fabrication method to maximize the STI field
penetration effect is also disclosed. Details are shown in later sections.
A well-known circuit configuration of a voltage reference is described by
Gray and 



Meyer, "Analog VLSI Circuit Analysis", chapter 12, Wiley, 1984, and is
illustrated in Fig. 11 using 2 n-MOSFETs with different threshold voltages
of Vt1 and Vt2, and which is referred to as a "VT-difference" voltage
reference circuit. The two n-MOSFETs with same size (i.e. same W/L) are
biased by the same magnitude (typically 0.1 uA to 100uA) current source I,
and both n-MOSFETs are used as "pull-up" transistors. The threshold voltage
Vt of the two transistors is made different by either channel implant or by
a different doping type of the poly gate. The gate of the first n-MOSFET
with Vt1 is grounded (as a convenient reference voltage). An operational
amplifier (op-amp) OA is connected to the source sides A and B (for
detecting the difference of Vt) and the op-amp output Vo is connected to
the gate of the second n-MOSFET with Vt2 (for maintaining the second
n-MOSFET turn-on). The output Vo from the op-amp is simply the Vt
difference of the two n-MOSFET transistors, i.e. Vt1-Vt2. The accuracy of
the circuits depends on the size matching of MOS transistors and the offset
of the op-amp. The basic circuit configuration in Fig. 11 can be modified
by various additional circuits for trimming or calibration purposes, and it
is widely used in CMOS VLSI. The temperature coefficient of this circuit
can be very good due to the cancellation of temperature dependence of
n-MOSFET with different Vt. Correspondingly, a reference circuit using two
p-MOSFETs can be similarly implemented. Prior art U.S. Patents which relate
to the present invention are: U.S. Patent 6,078,094 (Poplevine et al.)
shows a variable width vertical resist and STI process. 4   U.S. Patent
6,051,474 (Beasom) teaches a method to bias the isolation trench fill. U.S.
Patent 5,899,724 (Dobuzinsky et al.) describes a TIN vertical resistor.
However, this reference differs from the invention. U.S. Patent 5,234,861
(Roisen et al.) discloses a method to form an isolation structure and to
optionally bias it. U.S. Patent 4,933,739 (Harari) describes a vertical
trench resistor. The undesirable field penetration effect through STI in
advanced CMOS can be utilized for a class of new vertical (variable)
resistor and FET structures by biasing adjacent junctions for depletion
layer or accumulation layer formation in the resistor region along the
side-wall of an STI. This new family of devices (vertical resistor and FET)
can be formed by CMOS compatible technology. 



Also disclosed is a new voltage reference by utilizing such vertical FET
with n+ and p+ control junctions. The difference of Fermi-levels of n+ and
p+ doping (i.e. band-gap) in the control junction is used in the
Vt-difference circuit configuration and the output is simply one silicon
band-gap. Compared with conventional MOS transistor Vt-difference voltage
reference, the proposed voltage reference has smaller layout (due to the
vertical nature of FET) with less contact and connections, and smaller
temperature coefficient. SUMMARY OF THE INVENTION   It is an object of at
least one embodiment of the present invention to provide a vertical
resistor structure with variable resistance and forming a depletion layer
in the resistor region. It is another object of the present invention to
provide a vertical FET structure which has control junctions isolated by a
base region and which can induce an accumulation and depletion layer for
FET turn-on and turn-off operation. It is yet another object of the present
invention to provide fabrication methods for maximizing the STI field
penetration effect and to provide fabrication methods compatible with CMOS
technology regarding FET construction. It is still another object of the
present invention to provide a new band-gap voltage reference circuit using
less real estate and requiring fewer contacts and connections. It is a
further object of the present invention is to implement the new band-gap
voltage reference circuit with two n-channel or p-channel FETs with a
complimentary control junction. It is yet a further object of the present
invention is to provide a new band-gap voltage reference circuit where the
flat-band difference is one full silicon band gap.   !t is still a further
object of the present invention is to provide a new band-gap voltage
reference circuit with a smaller temperature coefficient. These and many
other objects have been achieved by biasing adjacent control junctions
through an STI and thereby forming a depletion layer in a channel region by
varying its resistance. The new vertical FET structure has control regions
(i.e., adjacent junctions) isolated by a base region with opposite doping
type, depending on the bias applied to them) for turn-on or turn-off
operation. The fabrication method for maximizing the STI field penetration
includes deeper junctions, a shallow junction as resistor contact, a base
implant for isolating the control junction from the substrate, and a
separately optimized resistor region. Complimentary control junctions for
n-channel FETs comprise the combination of a p+ junction and an n+/p-base
junction and for p-channel FETs comprise the combination of an n+ junction
and a p+/n-base junction. The vertical FETs are connected to current
sources and an op-amp with the circuit configuration of Vtdifference
reference. The output voltage is the difference of Vt (accumulation) of
vertical FETs, which is their difference in Vfb. The savings in real estate
are due to the vertical nature of the FETs which makes for a more compact
design. The fabrication methods for vertical FETs, which are all compatible
with CMOS technology, require additional process steps for the deeper
trench (by masking and trench etch), deeper junctions (by masking and
implant with higher energy)) and doping optimization in the vertical FET
area (by masking and implant) for enhancing the field penetration (or
coupling) from the "control junction" through the STI oxide   These and
many other objects and advantages of the present invention will be 



readily apparent to one skilled in the art to which the invention pertains
from a perusal of the claims, the appended drawings, and the following
detailed description of the preferred embodiments. In the following, first
and second conductivity types are opposite conductivity types, such as N
and P types. Each embodiment includes its complement as well. Note also
that the figures herein illustrate vertical cross sections of devices and
that the devices extend laterally (into and/or out of the page) in a manner
appreciated by those skilled in the art. BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a sketch of cross-section of n-channel body region and adjacent
n+ junctions (not to scale) of the prior art. FIG. 2 is a sketch of
cross-section of p-channel body region (in n-well) and adjacent p+
junctions (not to scale) of the prior art. FIGs. 3a and b are
cross-sections of proposed vertical resistor (p-type and n-type) structure
(not to scale) of the present invention.   FIG. 4 is a sketch of vertical
p-type silicon with enhanced field penetration with deeper trench and
junctions and separately implanted resistor region for optimum doping
level. FIG. 5 is a block diagram of the present invention of the process
flow for fabrication of vertical resistors with extra masking steps for
forming deeper junctions and a trench and separately optimized doping level
at resistor area. FIGs, 6a and 6b are a simple model with notations for
illustration of the doping effect on the vertical resistor. FIG. 7 is a
graph of the calculated design curve of the resistor ratio (Rmax/Rmin) vs.
doping level. FIG. 8a shows in a sketch how the p-type resistor with the
"control junction" as p+ in n-base can serve as a switch or FET. The p+
junction in n-base is biased to +Vcc for inducing a depletion layer for
turn-off. FIG. 8b is like FIG 8a except that the p+ junction in n-base is
biased to -Vcc for 



inducing a (hole) accumulation layer for turn-on.   'FIG. 9a shows in a
sketch how the n-type resistor with the "control junction" as n+ in p-base
can serve as a switch or FET. The n+ junction in p-base is biased to Vcc
for inducing a depletion layer for turn-off. FIG. 9b is like FIG. 9a except
that the n+ junction in p-base is biased to +Vcc for inducing an (electron)
accumulation layer for turn-off. FIGs. 10a and 10b illustrate a general
cross-section of a new band-gap voltage reference circuit with two vertical
p-FETs and the associated I-V curves, respectively. FIG. 11 is a sketch of
a basic voltage reference circuit configuration with n-MOS as pull-up
transistors of the prior art. FIG. 12a illustrates a preferred embodiment
of the present invention of a new band gap voltage reference circuit by
using two n-channel vertical FETs (in an n-well) with "complementary"
control junctions. FIG. 12b is the equivalent circuit of FIG. 12a. FIG. 13a
illustrates a preferred embodiment of the present invention of a new band
gap voltage reference circuit by using two p-channel vertical FETs (in a
p-substrate) with "complementary" control junctions. io   FIG. 13b is the
equivalent circuit of FIG. 13a. FIG. 14a illustrates that the band-gap
reference can also be formed by utilizing two vertical n-FETs in the
saturation region. FIG. 14b is the equivalent circuit of FIG. 14a. FIG. 15a
illustrates that the band-gap reference can also be formed by utilizing two
vertical p-FETs in the saturation region. 



FIG. 15b is the equivalent circuit of FIG. 15a. In the figures like parts
are identified by like numerals. DESCRIPTION OF THE PREFERRED EMBODIMENT
Vertical resistor (#1) structure using a typical CMOS process Described
next is a vertical variable resistor controlled by the field penetration
effect from adjacent junctions through the STI structure. The "channel
region" in Fig. 1 and Fig. 2 of the prior art has a parasitic resistance,
which is also modulated by the depletion layer 4 along side-wall of STI.
The proposed structure, as shown in Figs. 3a, 3b and described in detail
below, is developed from the "channel region" in Fig. 1 and Fig. 2 but with
three n   modifications: i.e., no poly-gate on top, no Vt (or
anti-punch-through) implants into the resistor region, and only lightly
doped drain junctions for resistor contact as formed by the Idd implant
steps in typical CMOS technology, e.g. nldd implant for n-MOS and n-type 4
resistor, pldd implant for p-MOS and p-type resistor. The Idd junctions are
shallower than source/drain junctions and range from 20 to 100 nm (nm =
10-9 meter), but preferably range from 20 to 80 nm so that the field
penetration from adjacent junctions can be stronger for forming depletion
layers along STI side-wall. The doping of the resistor region is desirably
lower, ranging from 1x104 to 1x106 cm-3, so that the depletion layer can be
thicker in order for larger range of resistance variations (more
discussions on resistor operation later). The adjacent junction simply
serves as "control junction" for modulating the vertical resistance by
applying biases (i.e. Ov to Vcc). The usual Co-silicided junctions 12 are
not shown in Fig. 3a, b for simplicity. The fabrication of such vertical
resistor can be readily implemented (i.e., "it is free") via the typical
CMOS technology with proper layout modifications, e.g. blocking n+ or p+
implants to resistor area, blocking Vt or anti-punch through implants to
the resistor area, opening nldd or pldd implants to n or p resistor area,
16 etc. 



Fig. 3a is a cross-section of the proposed vertical p-type resistor
structure (not to scale). Fig. 3a shows a p-channel region 15a (the channel
region or resistor area) in p 2 o substrate 12. Located on either side is
an STI 16 and to either side of the STI are adjacent n+ junctions (control
junctions) 18. Pldd junction 22 is formed by pldd implant on top of p 12
channel region 15a flush with the top of p-substrate 12. Field penetration
from the adjacent n+ junctions, indicated by arrows B, when biased high
(e.g. +Vcc) expels holes and forms a depletion layer 17 along the
side-walls of STI 16. Pldd and nldd control 4 junctions have a depth
ranging from 0.1 to 0.5 um (um = 10-6 meter), but their depth cannot exceed
the depth of the STI structures. The STI structures have a typical depth
ranging from 0.3 to 0.5 um. Fig. 3b is a cross-section of the proposed
vertical n-type resistor structure (not to scale). The structure is similar
to Fig. 3a except that the entire structure is deposited in n well 14, the
adjacent junctions 20 are p+ junctions, the channel region is a p-channel
region 15b and that the contact for the channel region is an nldd junction
24 formed by an 12 nldd implant. In addition, the n-well is deposited on
p-substrate 12. Vertical resistor structure (#2J with enhanced field
penetration effect on CMOS 16 Referring now to Fig. 4, the STI field
penetration effect can be further enlarged by implementing a few extra
process steps as follows and as illustrated in the cross-sectional view of
Fig. 4 and when compared with the standard CMOS design of Fig. 3a and Fig.
3b. Firstly, the adjacent junctions 38 can be deeper (but slightly less
than the depth of STI 46) 2 0 by applying extra masking and implant step.
Secondly, the doping of the resistor region 15a can be separately implanted
for optimizing its dopant concentration. Thirdly, the 13   



adjacent junctions 38 can be either located on one side, or surrounding the
resistor region. Fourthly, the trench 46 can also be deeper (than the usual
CMOS STI) by applying extra masking and etching steps. The depth of STI
trench 46 in this case ranges from 0.3 to 4 about 2.0 um but, of course,
cannot exceed the n-well or deep n-well depth. The typical n well depth
ranges from 1 to 2 um, and the typical deep n-well depth ranges from 2 to 4
um in 0.25 CMOS technology. Arrows C illustrate the increased field
penetration which implies an increase in the thickness of the depletion
layer 17. 8 The fabrication method is illustrated in Fig. 5 and listed in
greater detail below with extra steps (identified by arrows) compatible
with CMOS technology. The fabrication comprises steps a-f below with
additional steps for a-e: 12 Block 1 describes a) STI isolation formation:
Cleaning, pad-oxide growing, depositing Si3N4; AA masking, trench etching,
cleaning; 16 Deep trench masking, deep trench etching; E Liner oxidation,
HDP CVD oxide depositing, RTA densify; Oxide CM polishing, Si3N4 removing;
Block 2 describes 2 0 b) Transistor formation: p-well (1 ) masking,
implanting; p-well (2) masking, implanting; 14   n-well (1)masking,
implanting; n-well (2) masking, implanting; resistor (p-type) area masking
and implanting; E 4 resistor (n-type) area masking and implanting; E Block
3 describes 



c) Gate formation: 1st gate-oxidation; 8 Dual gate-oxide masking, wet oxide
dipping; Cleaning, 2nd gate-oxidation, depositing undoped Poly; gate
masking) poly etching, cleaning, poly-oxidation; Block 4 describes 12 d)
Transistor formation: nldd-1 masking, implanting; pldd-1 masking,
implanting; pldd-2 masking, implanting; 16 nldd-2 masking, implanting;
Liner-oxidation, depositing gate spacer (SiN, Teox); Gate spacer oxide/SiN
etching, cleaning; n+ SID masking, implanting; 2 o p+ SID masking,
implanting; deep n+ masking and implanting; (optional with additional
p-base implant) E deep p+ masking and implanting; (optional with additional
n-base implant) E 15   Block 5 describes e) Salicide and contact: Co
depositing, TiN depositing) RT Annealing-1, Co stripping, RT Annealing-2; 4
SiN depositing, PSG depositing, ILD CMP polishing; Contact masking, contact
oxide etching; W-CVD depositing, W-CMP polishing; Block 6 lists the final
step 8 f) Continuing with BEOL metal interconnecting. The optional n-base
and p-base implants will be described later. 12 Analysis of depletion layer
and resistance variation Figs. 6a and 6b are a simple model of a vertical
resistor with notations for illustrating the doping effect on a vertical
resistor 15a, where ab represents the resistor 16 cross-section area, a is
the minimum active area (OD) width, b is the dimension for the depth of
resistor, t is the depletion layer thickness, d is the STI depth, w is the
STI spacing 



(or width of the oxide inside the shallow trench 46). Fig. 6a is a copy of
Fig. 4 using the same numerals for the same components. 20 Now referring to
Fig. 6, a simple model for the vertical resistor is shown with 2-side
depletion layers 17 (i.e., the effective conducting cross-section area of
the resistor 16   becomes: (a - 2t)  b ) by assuming uniform doping in the
resistor region and vertical trench profile. The electrical field (on the
silicon surface along the STI side-wall) from the n+ "control" junction can
be estimated by using simple 1 D analysis: 4 Esi = Eox (Un-Vfb) ~ (EsiW)
(1) Where w denotes the STI spacing (or STI oxide thickness viewed from
side-wall of vertical silicon region). V" is the n+ junction bias (e.g. Ov
to Vcc, with Vcc of 3.3v or 2.5v typically used on 0.35m or 0.25pm CMOS
chip, respectively). The flat-band voltage (Vfb,) of the a silicon surface
along STI side-wall is about -0.6v (i.e. mainly the differences of the
electron Fermi level differences between the n+ junction and p-silicon
region). The relative dielectric constants are ysi 011.9) and yoX(~3.9).
Notice that even if Vn is biased to Ov, there is already a field on the
silicon surface along side-wall for depleting holes and 12 forming
depletion region (due to the built-in field established by the Fermi level
difference). Additional Vn will further increase the surface field and
increase the thickness of depletion layer. The depletion layer thickness
(t) along STI side-wall is then easily estimated by: (EsiEsi) ~ (q.Np) -
Eox (Vn-Vfb) ~ (Wq.Np) (2) 16 where) Np is the p-type doping concentration;
q is the electron charge 1.602x10-9 coulomb. The above expression relates
the depletion layer thickness to STI width, n+ junction bias, and
p-substrate doping. The resistivity (p )of the p-type resistor region is
simply: 



20 p = (NP.9~h) 1 (3) 17   The resistance of the vertical resistor is then
related to the effective area (a-2t).b of cross section and length (d) (or
the depth of trench) of the resistor: R = p.d/ (b. (a-2 . t) ) (4) 9 Where
a is the minimum width of active area, and is becoming narrower by the
depletion layer. The minimum resistance (Rmin) occurs with Vn biased to Ov
(i.e. smallest depletion layer), and the maximum resistance (Rmax) occurs
with Vn biased at +Vcc. The ratio of Rmax/Rmin is of interest as follows: 8
Rmax /Rmin - ( a-2 tmin ) / ( a-2 tmax ) ~ 5 ) The critical doping level
below which the entire silicon region is depleted can be estimated by
setting (a = 2tmax) and using eq. (2). Np,min = 2.Eox(vn-Vfb) / (a.W.Cj)
(6) 12 Design of vertical resistor for analog applications The design of a
variable resistor is discussed briefly for reference. Fig. 7 shows a 16
calculated design curve 1 of the resistance ratio (Rmax/Rmin) vs p-type
doping level based on a minimum active width (OD) of a = 0.1 um (u=10-6),
an STI spacing of w = 0.1 um) a flat band voltage Vfb of -0.6v, and Vcc of
2.5v. The resistor ratio increases rapidly when the doping level decreases
below a critical value when the resistor region is fully depleted. In 2 0
this example in FIG. 7, this critical value of minimum doping concentration
of Np,min is 1s   ~1.338x102~rri 3 for a completely depleted resistor. This
shows that the doping level of the 



resistor region is an important process parameter for adjustment to the
desirable range of the resistance variation. Fig. 7 also shows that when
the doping level is high, then the 4 resistance ratio approaches 1. For
advanced CMOS (e.g. 0.18um and beyond), the channel region has higher
doping level for Vt adjustment; therefore the vertical resistor region will
be blocked against Vt implant and its doping level is adjusted by using a
separate implant for optimized doping level. After the desirable resistance
ratio is 8 determined, the Rmin can be designed by adjusting the total
cross-section area of the vertical resistor by using geometry of serpentine
or inter-digital stripes with long edges but minimum active area width. 12
Vertical resistor structure (#3) used as vertical FET The above described
variable resistor may be utilized as a switch or FET if the silicon surface
along STI side-wall can be accumulated by the bias from adjacent "control
16 junction" 40 as shown in Figs. 8a, 8b using a p-type resistor for
illustration. The structure of the "control junction 40" is p+ in n-base
48, so that the p+ junction can be biased to either -Vcc (Fig. 8b) or +Vcc
(Fig. 8a) for inducing a (hole) accumulation 47a or depletion layer 17 on
the side-wall of STI 46, respectively. The n-base can be formed at the same
2 o time as the deep p+ junction by implants sequentially (e.g., implanting
Phosphorus first, then implanting Arsenic). The n-base is left floating and
serves as electrical isolation 19   between the p+ "control junction" and
the p-substrate 12 below. The accumulation layer 47a provides a conducting
channel and therefore results in a low "on" resistance. The depletion layer
is designed to be fully depleting the silicon area when p+ control junction
is 4  biased to +Vcc, for a large "off" resistance. Note that the -Vcc can
be generated on-chip by well-known charge-pump techniques. This type of
vertical resistor, which serves as a switch or FET as controlled by the 8
adjacent junction bias, utilizes the accumulation layer for "turn-on" and
the depletion layer 



for "turn-off'. This type of FET with turn-on by accumulation and turn-off
by bulk depletion is a unique feature for such vertical switch or FETs. A
corresponding structure of a vertical switch or FET, based on n-type
resistor, can be similarly formed with n+ junction in p-base 12 as "control
junction" as shown in Figs. 9a, 9b. Still referring to Figs. 9a, 9b, the
n-type resistor 15b with the "control junction 38" as n+ in p-base 50 can
serve as a switch or FET. The n+ junction 38 in p-base can be biased to
+Vcc (Fig. 9b) and -Vcc (Fig. 9a) for inducing an (electron) accumulation
layer 47b for turn on and a depletion layer 17 for turn 16 off,
respectively, with p-substrate 12 and n-well 14 biased to typically ground
(as a reference). Note that if the n-well is biased to Vcc, then n+
junction 38 needs to be biased to 2Vcc and Ov for turn-on and turn-off,
respectively. Note that a voltage bias higher than the externally supplied
Vcc can be generated on-chip by well known charge-pump 2o techniques. 20
I V Characteristics of a vertical FET The I-V curve across a vertical p-FET
of Fig. 10a is further illustrated in Fig. 10b. 4 When biasing the
control-junction (p+/n-base) 40) 48 to Vcc see Curve 2, the surface of the
p-channel 15a is in strong accumulation and a large current (h) flows
through the vertical FET (i.e. on-state) with Vr biased to either positive
or negative directions. When biasing the control junction to +Vcc, see
Curve 3, the p-channel is fully depleted and there 8 is a small (leakage)
current flowing through the device (i.e. off-state) with either positive or
negative Vr. When the control junction is grounded (i.e. VP = Ov), see
Curve 4, the surface is slightly accumulated (due to the Fermi level
difference of p+ doping and the p-type doping in channel), and the current
(h) has a "linear region" at smaller values of Vr. As the 12 voltage across
the FET (i.e. Vr) increases toward more positive, lr increases faster due
to heavier accumulation layer induced by the voltage drop across the
p-channel and p substrate 12. Viewed another way, the small-signal
resistance (measured from the inverse 



of the I-V slope) decreases with more positive Vr due to stronger
accumulation. As Vr 16 increases in magnitude toward more negative,
however, the current h increases more slowly or even close to flat (i.e.,
in "saturation region") due to growing depletion layer induced by the
voltage drop across the p-channel and p-substrate. Note that the vertical n
FET will have similar I-V characteristics corresponding to the vertical
p-FET, but with 2 o reversed polarity of bias. 21   Dual STI scheme for
further enhancement of field penetration effect For further enhancing the
field penetration effect,the trench for resistor area may be filled by high
dielectric materials (e.g. Ta2O5, AI2O3, or silicon nitride, etc.) instead
of silicon oxide by various CVD methods. Certainly, the trench for CMOS
area should be filled with lower dielectric constant material (e.g. CVD
oxide or FSG, etc.). Therefore, this 8 leads to a need of dual trench
scheme, i.e. one deeper trench with high-k material filling (for
enhancement of field penetration) on vertical resistor area, and shallower
trench with low-k material filling (for isolation) on CMOS areas. 12 Band
gap reference using vertical n-FET (in linear region) The new band-gap
voltage reference circuit is based on two vertical n-FETs with n type and
p-type control junctions respectively. The difference in the "threshold
voltage" for 16 forming an accumulation layer along the vertical side-wall
provides a reference voltage close to the silicon band-gap through the
Vt-difference reference circuit. Figs. 12a, 12b illustrate such voltage
reference circuit by using two vertical n-FETs 122a, 124a (as "pull up"
transistor) with "complementary" control junctions (i.e. one a p+ junction
40 and 20 another an n+/p-base junction 38, 50,). The vertical n-FETs are
connected to current sources I (e.g. in the range of 0.1 uA to 1OOuA) and
op-amp OA as shown in Fig. 12a and 22  



its equivalent circuit in Fig. 12b (note. same circuit configuration as in
Fig. 11 ). The output voltage is simply the difference of Vt (defined here
as the threshold voltage of the control junction for inducing accumulation
layer, see the next section for a further detailed 4 definition) of the
vertical FETs. Note that both vertical n-FETs are operating in the "linear
region" (i.e., no need of strong turn-on, and thus saving the need of
additional charge pumps on chip). P-substrate 12 is tied to -Vss and N-well
14 is tied to Vcc. 8 The threshold voltage for forming an accumulation
layer (referred to as Vtac) on a side-wall may be defined as: Vtac = Vfb +
2Nn, where N" is the bulk Fermi level of the n channel area. Note that N" _
(kT/q).In(Nd/n;),where k is the Boltzmann constant, T the absolute
temperature, q the electron charge, Nd the doping of n-channel area, and n;
is the 12 intrinsic carrier concentration of Silicon. Vfb is the flat band
voltage viewed from the control junction. It is easily seen that the
difference of Vt of accumulation viewed from the p+ control junction and n+
control junction is simply the difference of their flat-band voltage Vfb,,
i.e. Vtacp -Vtacn = VtnP - Vin , which is in turn simply one band-gap E9.
Due to the 16 heavy doping of p+ and n+ on the control gate, the Vfbp is
more positive than Vfbn by one full band-gap (E9 ~ 1.2v). Note that if the
connection of the two vertical n-FETs to the op amp inputs is swapped (or
equivalently, the polarity of control junctions is swapped), then the
output will be reversed to -1.2v. 20 23   Band gap reference using p-FET
(in linear region) Similarly, two p-channel vertical FETs can also be used
to form a "band-gap" 4 reference circuit as shown in Fig. 13a and its
equivalent circuit in Fig. 13b. Both vertical p FETs 122b, 124b are used as
"pull-down" transistors. Similarly, if the connection of two p FETs to the
op-amp inputs is swapped, then the output will be reversed to +1.2v. The
two 



p-channel vertical FETs are in p-substrate 12 and have "complementary"
control junctions s (i.e. one is n+ junction 38, and the other is p+/n-base
junction 40, 48). The vertical FETs are connected to current sources I and
op-amp OA in Fig. 13a and its equivalent circuit in Fig. 13b. The output
voltage Vo is simply the flat-band difference from the n+ and p+ junction
and is close to one silicon band-gap 01.2V). 12 Band gap reference using
vertical n-FETs (in saturation region) The band-gap reference can also be
formed by using two vertical n-FETs 122a, 16 124a operating in saturation
as shown in Fig. 14a and its equivalent circuit in Fig. 14b. Note that the
n-well 14 is shorted to p-substrate 12 and biased to -VSS. Both vertical n
FETs 122a, 124a are used as pull-down devices (as similar to Fig. 13) but
with "complementary" control junctions (i.e. one a p+ junction 40 and an
n+Ip-base junction 38, 20 50, similar to Fig. 12. Again, when reversing the
connections to op-amp OA, a negative Eg will result. 24   Band gap
reference using vertical p-FETs (in saturation region) The band-gap
reference can also be formed by using two vertical p-FET operating in
saturation as shown in Fig. 15a and its equivalent circuit in Fig. 15b.
Note that the p-well 151 is fabricated inside deep n-well 153 and that both
are shorted to +V~~. Both vertical p FETs 122b, 124b are used as pull-up
device (similar to Fig. 12) but with "complementary" 8 control junctions
(i.e. one is n+ junction 38, and the other is p+/n-base junction 40, 48,
similar to Fig. 14). Again, when reversing the connection to op-amp OA, a
reversed Vo will result. 12 Fabrication of vertical FETs: For enhancing the
field penetration (or coupling) from the "control junction", there are
additional process steps for deeper trenches (by masking and trench etch),
deeper junctions (by masking and implant with higher energy), and doping 



optimization in the vertical FET area (by masking and implant). 16 Dual STl
scheme: Further, the trench filling for vertical FET area may be filled by
high dielectric (i.e., high-k) materials (e.g. Ta2O5, AI2O3, or silicon
nitride, etc.) for more enhanced field coupling from adjacent junctions.
Certainly, the trenches for the CMOS 20 area is filled by a lower
dielectric constant (low-k) material (e.g. CVD oxide or FSG, etc.) for
better isolation. Therefore, this leads to a need of dual trench schemes,
i.e., one 25   deeper trench with high-k material filling (for enhancement
of field penetration) on vertical FET areas, and shallower trench with
low-k material filling (for isolation) on CMOS areas. Advantages Advantages
of vertical resistor and FET: The fabrication methods are fully compatible
with advanced CMOS technology with mainly implant and masking steps. With
continuously scaling for future 0.1 um and beyond, the effect of fringe
field will be increasingly pronounced, therefore) the disclosed devices
will be promising as new device concepts especially for future generations
of CMOS technology. Vertical FET based band gap reference: There are two
advantages of this disclosure when compared to conventional MOS transistor
based voltage references. Firstly, the proposed reference circuit has a
smaller layout due to the vertical nature of the FET with fewer contacts
and connections. Secondly, the temperature coefficient is smaller, when
compared to conventional Vt- difference voltage references, because the
output is the difference of flat-band voltage as set by the Fermi-level of
n+ and p+ doping in the control junctions. While the invention has been
particularly shown and described with reference to the preferred
embodiments thereof, it will be understood by those skilled in the art that
various 26   changes in form and details may be made without departing from
the spirit and scope of the invention. 27   CLAIMS 



1. A vertical resistor structure, comprising: at least one shallow trench
isolation (STI) structure deposited in a substrate of a first conductivity
type ; 5 a channel region of said first conductivity type formed adjacent
and in contact with at least one STI structure, said channel region having
a parasitic resistance ; a control junction of a second conductivity type
butting against that side of said STf 10 structure not in contact with said
channel region, said control junction coupled to a voltage source ; a
lightly doped drain (Idd) junction of said first conductivity type deposed
on top of said channel region to form a contact with said channel region,
said Idd junction coupled to a 15 second voltage source ; and said
substrate coupled to a voltage source return. 2. The structure of claim 1,
wherein said control junction serves as a control for 2 o modulating said
parasitic resistance through said STI structure when applying a voltage
bias to said control junction. 28   3. The structure of claim 1, wherein
said parasitic resistance is modulated by a depletion layer in said channel
region formed along a side-wall of said STI structure. 25 4. The structure
of claim 1, wherein said control junction may further surround said channel
region. 5. The structure of claim 1, wherein said control junction induces
a depletion region in 3o said channel region. 6. The structure of claim 1,
wherein said control junction induces an accumulation region in said
channel region. 7. A vertical resistor structure, comprising: two shallow
trench isolation (STI) structures deposited in a well of a first
conductivity type; 5 a channel region formed between said two STI
structures, said channel region having a parasitic resistance ; a lightly
doped drain (Idd) junction of said first conductivity type deposed on top
of said channel region to form a contact with said channel region ; 29 



10 one or more control junctions of a second conductivity type butting
against that side of each of said STI structures not in contact with said
channel region, where said control junction may further surround said
channel region ; and 15 said well coupled to a voltage source return. 8.
The structure of claim 7, wherein said control junctions serve as a control
for modulating said parasitic resistance by applying a voltage bias to said
control junctions. 20 9. The structure of claim 7, wherein said parasitic
resistance is modulated by a depletion layer in said channel region formed
along a side-wall of at least one of said STI structures. 10. The structure
of claim 7, wherein said Idd junction has a thickness ranging from 20 2 5
to 100 nm (nm = nanometers). 11. The structure of claim 7, wherein the top
surface of said Idd junction is flush with the top surface of said well. 30
3 0 12. The structure of claim 7, wherein the depth of said control
junction ranges from 0.1 to 0.5 um (um = 10-6 meter) where the depth of
said control junction cannot exceed the depth of said shallow trench
isolation structures. 13. The structure of claim 7, wherein the depth of
said STI structure ranges from 0.3 to 35 0.5 um (um = 10-6 meter). 14. The
structure of claim 7) wherein said well is disposed in a substrate of said
second conductivity type . 4 0 15. The structure of claim 7, wherein said
substrate is coupled to a reference potential. 16. The structure of claim
7, wherein said Idd junction is coupled to a first voltage source. 4 5 17.
The structure of claim 7, wherein said control junction is coupled to a
second voltage source. 18. A vertical variable resistor, comprising: two
shallow trench isolation (STI) structures deposited in a well of a first
conductivity type; 



31   a channel region formed between said two STI structures, said channel
region having a parasitic resistance ; a lightly doped drain (Idd) junction
of said first conductivity type deposed on top of said channel region to
form a contact with said channel region ; 10 at least one control junction
of a second conductivity type butting against that side of each of said
STIs not in contact with said channel region, said control junction coupled
to a first voltage source, said control junction inducing an STI field
penetration effect in said channel region; 15 said Idd junction coupled to
a second voltage source ; and said well coupled to a voltage source return.
2 o 19. The vertical variable resistor of claim 18, wherein said control
junction serves as a control for modulating said parasitic resistance by
applying a voltage bias to said control junction. 32   20. The vertical
variable resistor of claim 18, wherein said parasitic resistance is 2 5
modulated by a depletion layer in said channel region formed along at least
one side-wall of said STI through said STI field penetration effect. 21.
The vertical variable resistor of claim 18, wherein the doping of said
channel region is separately implanted to optimize the doping concentration
of said channel region. 30 22. The vertical variable resistor of claim 18,
wherein said STI structure is made deeper by applying extra masking and
etching steps, thus ranging in depth from 0.3 to 2.0 um (um = 10-6 meter)
but not exceeding an n-well depth. 3 5 23. The vertical variable resistor
of claim 18, wherein said STI structure is made deeper by applying extra
masking and etching steps, thus ranging in depth from 0.3 to 2.0 um (um =
10-6 meter) but not exceeding a deep n-well depth. 



24. The vertical variable resistor of claim 18, wherein said well is
disposed in a 4 0 substrate of said second conductivity type. 25. The
vertical variable resistor of claim 24, wherein said substrate is coupled
to a ground potential. 33   26. A structure for a vertical field effect
transistor (FET), comprising: two shallow trench isolation (STI) structures
deposited in a well of a first conductivity type; 5 a channel region formed
between said two STI structures, said channel region having a parasitic
resistance ; a lightly doped drain (Idd) junction of said first
conductivity type deposed on top of said channel region to form a contact
with said channel region ; 10 a base of a second conductivity type
deposited on one side of each of said STI structures, said base in contact
with that side of said STI structure not in contact with said channel
region ; and 15 at least one control junction of a second conductivity type
butting against that side of each of said STI structures not in contact
with said channel region, where each of said control junctions is in
contact with one of said bases . 27. The structure for an FET of claim 26,
wherein said control junction serves as a 2 o control for creating a
depletion layer in said channel region by applying a voltage bias of a
first polarity to said control junction. 34   28. The structure for an FET
of claim 26, wherein said control junction serves as a control for creating
an accumulation layer in said channel region when applying a voltage 2 5
bias of a second polarity to said control junction. 



29. The structure for an FET of claim 26, wherein said well is disposed in
a substrate of said second conductivity type. 30. A vertical field effect
transistor (FET), comprising: two shallow trench isolation (STI) structures
deposited in a well of a first conductivity type; a channel region formed
between said two STI structures, said channel region having a 5 vertical
parasitic resistance ; a lightly doped drain (Idd) junction of said first
conductivity type deposed on top of said channel region to form a contact
with said channel region ; 1o a base of a second conductivity type
deposited on one side of each of said STI structures, said base in contact
with that side of said STI structure not in contact with said channel
region ; and one or more control junctions of said second conductivity type
butting against that side of 15 each of said STI structures not in contact
with said channel region, where each of said 35   control junctions is in
contact with said base, where the field penetration effect of said control
junctions, when biased, modulates said vertical parasitic resistance of
said channel region. 2 0 31. The vertical FET of claim 30, wherein said
well is disposed in a substrate of said second conductivity type. 32. The
vertical FET of claim 30, wherein, when said second conductivity is a p+
type, said control junctions are biased with a positive voltage source
relative to a reference 25 potential to cause said channel region to have a
depletion layer. 33. The vertical FET of claim 32, wherein said vertical
FET is in the "OFF" mode when said channel region has a depletion layer. 30
34. The vertical FET of claim 30, wherein, when said second conductivity is
a p+ type, said control junctions are biased with a negative voltage source
relative to a reference potential to cause said channel region to have a
hole accumulation layer. 35. The vertical FET of claim 34, wherein said
vertical FET is in the "ON" mode when 



35 said channel region has a hole accumulation layer. 36   36. The vertical
FET of claim 30, wherein, when said second conductivity is a n+ type, said
control junctions are biased with a negative voltage source relative to a
reference potential to cause said channel region to have a depletion layer.
40 37. The vertical FET of claim 36, wherein said vertical FET is in the
"OFF" mode when said channel region has a depletion layer. 38. The vertical
FET of claim 36, wherein, when said second conductivity is a n+ type, 4 5
said control junctions are biased with a positive voltage source relative
to a reference potential to cause said channel region to have an electron
accumulation layer. 39. The vertical FET of claim 38, wherein said vertical
FET is in the "ON" mode when said channel region has an electron
accumulation layer. 50 40. The vertical FET of claim 30, wherein said
control junctions surround said channel region. 41. A band-gap reference
circuit using vertical field effect transistors (FETs), comprising: three
shallow trench isolation (STI) structures deposited in a well of a first
conductivity 5 type ; 37   first and a second channel regions formed
between said three STI structures, such that there is one inner and two
outer STIs, where said first and second channel region together with said
inner and an outer STIs comprise a first and a second vertical FET,
respectively, 10 said channel regions having a parasitic resistance ; a
lightly doped drain (Idd) junction of said first conductivity type deposed
on top of each of said channel regions to form contacts with said channel
regions ; 15 a control junction of first and second conductivity type each,
butting against said outer STIs, respectively, where said first and said
second control junction function as gates for said first and said second
vertical FET, respectively ; and 



a base of a second conductivity type buried in said well, said well in
contact with said 2 o control junction and the lower part of one of said
outer STIs. 42. The band-gap reference circuit of claim 41, wherein said
first control junction is coupled to a reference potential. 2 5 43. The
band-gap reference circuit of claim 41, wherein a first input of an
amplifier and a first current source are coupled to said first channel
region. 38   44. The band-gap reference circuit of claim 43) wherein a
second input of said amplifier and a second current source are coupled to
said second channel region. 30 45. The band-gap reference circuit of claim
44, wherein the output of said amplifier is coupled to said second control
junction. 46. The band-gap reference circuit of claim 41, wherein parasitic
resistances of said 35 well serve as load resistors for said first and
second vertical FET. 47. A band-gap reference circuit using vertical
n-field effect transistors (n-FETs), comprising: three shallow trench
isolation (STI) structures deposited in an n-well of a first conductivity 5
type ; first and a second channel regions formed between said three STI
structures, such that there is one inner and two outer STIs, where said
first and second channel region together with said inner and an outer STIs
constitute a first and a second vertical n-FET, 10 respectively, said
channel regions having a parasitic resistance ; a p-lightly doped drain
(pldd) junction deposited on top of each of said channel regions to form
contacts with said channel regions ; 39   



15 an n+ control junction butting against one of said outer STIs, where
said n+ control junction functions as a gate for said first vertical n-FET
; a p+ control junction butting against the other of said outer STIs, where
said p+ control junction functions as a gate for said second vertical n-FET
; and 20 a p-base buried in said n-well, said p-base in contact with said
n+ control junction and the lower part of said one outer STI. 48. The
band-gap reference circuit of claim 47, wherein said n-well is deposited on
a p 25 substrate. 49. The band-gap reference circuit of claim 48, where
said p-substrate is coupled to a power supply more negative than a
reference supply. 30 50. The band-gap reference circuit of claim 47,
wherein two n-FETs operating in their linear region are formed by coupling
said n-well and said pldd to a power supply more positive and more negative
than a reference supply, respectively. 40   51. The band-gap reference
circuit of claim 47, wherein two n-FETs operating in their 35 saturation
region are formed by coupling said n-well and said pldd to a power supply
more negative and more positive than a reference supply, respectively. 52.
A band-gap reference circuit using vertical p-field effect transistors
(p-FETs), comprising: three shallow trench isolation (STI) structures
deposited in a p-well ; a first and a second channel regions formed between
said three STI structures, such that there is one inner and two outer STIs,
where said first and second channel region together with said inner and an
outer STIs constitute a first and a second vertical p-FET, respectively,
said channel regions having a parasitic resistance ; 10 an n-lightly doped
drain (nldd) junction deposited on top of each of said channel regions to
form contacts with said channel regions ; a p+ control junction butting
against one of said outer STIs, where said p+ control junction 



15 functions as a gate for said first vertical p-FET ; an n+ control
junction butting against the other of said outer STIs, where said n+
control junction functions as a gate for said second vertical p-FET ; and
41   2 o an n-base buried in said p-well, said n-base in contact with said
p+ control junction and the lower part of said one outer STI. 53. The
band-gap reference circuit of claim 52, wherein said p-well is deposited on
an n-well. 25 54. The band-gap reference circuit of claim 53, where said
n-well is coupled to a power supply more positive than a reference supply.
55. The band-gap reference circuit of claim 52, wherein two p-FETs
operating in their 30 linear region are formed by coupling said p-well and
said nldd to a power supply more negative and more positive than a
reference supply, respectively 56. The band-gap reference circuit of claim
52, wherein two p-FETs operating in their saturation region are formed by
coupling said p-well and said nldd to a power supply more 3 5 positive and
more negative than a reference supply, respectively. 57. A method of
fabricating vertical resistors, comprising the steps of: a) STI isolation
formation: Cleaning, pad-oxide growing, depositing Si3N4; 42   5 AA
masking, trench etching, cleaning; Deep trench masking, deep trench
etching; Liner oxidation, HDP CVD oxide depositing., RTA densify; Oxide CM
polishing, Si3N4 removing; b) Transistor formation: 1 o p-well (1 )
masking, implanting; p-well (2) masking, implanting; n-well (1 )masking,
implanting; 



n-well (2) masking, implanting; resistor (p-type) area masking and
implanting; 15 resistor (n-type) area masking and implanting; c) Gate
formation: 1st gate-oxidation; Dual gate-oxide masking, wet oxide dipping;
Cleaning, 2nd gate-oxidation, depositing undoped Poly; 20 gate masking,
poly etching, cleaning, poly-oxidation; d) Transistor formation: nldd-1
masking, implanting; pldd-1 masking, implanting; pldd-2 masking,
implanting; 25 nldd-2 masking, implanting; Liner-oxidation, depositing gate
spacer (SiN, Teox); 43   Gate spacer oxideISiN etching, cleaning; n+ SID
and p+ SID, masking, implanting; deep n+ masking and implanting; 30 deep p+
masking and implanting; e) Salicide and contact: Co depositing, TiN
depositing, RT Annealing-1, Co stripping, RT Annealing-2; SiN depositing,
PSG depositing) ILD CMP polishing; Contact masking, contact oxide etching;
35 W-CVD depositing, W-CMP polishing; and f) Continuing with BEOL metal
interconnecting. 58. The method of fabricating vertical resistors of claim
57, wherein the step in d) of deep n+ masking and implanting further
includes implanting of a p-base. 40 



59. The method of fabricating vertical resistors of claim 57) wherein the
step in d) of deep p+ masking and implanting further includes implanting of
an n-base. 44 .As2.AE .Ah.Al .Al.AY.A.Ah.A{.AsF.A,{E .AhF E .Al  .A .AY
.A3  .AF 2 .Ah  Y .AF .A{F 2 .AhF 2 .A` .AAY  .AY 



.A` .AhF  .AF  .AFl 2 .AF2 .Al  .A{F  .AL .AhY .Al .AhY .AhY  .A 2 .Ah9

.AY3 2 .AY[L .AhF 2 .A{&2 



.A(3 2 .AF  9=`bA
uzCJ\lxz{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]caU]ca]caU]ca]ca]cTa]ca]ca]ca]ca]ca]ca]cTa!1!cU
!X!!!"t""#[###9$$$$A%%0&*t,,-}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!-y---./]///0
`000A1H111022223^333/4d44595556l6}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!l666;
7777988888B9l999:K:::::::F;
;;[<<<=q==#>{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]caV]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!#>x>>)???6@@@PAA
BBhBB"CCCC1DDD4EPEEF]FFGLGQGGH\H}xsmhc^Y]]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!\HHIlIrI
I&J|JJ3KKKK LdLLLL
M3M`MbMMMMMN.N4NNNNNN|wrmgb\W]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!NNOOOP-PLPPPP0Q2Q|
Q~QQQQQRSSCSSSGTTU*U-UUUU>V~ytoje`[V]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
UV]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!>VVV
VVVWWW XoXXYvYY7ZZZ[k[[[[[M\\\\]^]]]
^g^^}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!^^^^^^C___W``aataa(bybb)c~cc5dPdSd\
dtd|ddd3eeeJf}wpkfa\Wnid_Z]]ca]ca]ca]ca]ca UV]caU]ca
UV]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]caV]ca]
ca]ca
JffgYg_gghkhhhCiij^jjkvkk'lll9mmmmmmmnsnn%ooo|vqlgb]X]]]ca]ca]ca]ca]ca]caV]
ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca!oApppUqqrWrrsdsssssst%tytt-uuuDvzv}vvvvwiwwxyslgb]Xlgb]X]]]ca]ca]ca]
ca UV]caU]ca
UV]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca x{xx)yyyyEzzzS{{{O||}f}}~w~~1;
R}wrlgb]X]]]ca]ca]ca]caV]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Rd37>KQZdzATn}xsnid^YTlgb]]ca]caV]ca]
ca]ca]ca]ca]ca]ca]ca UV]caU]ca UV]caU]ca
UV]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]caV]ca]ca]ca]ca]ca]ca]ca
nar.#06J/:IX^e{vqlgb]Xlgb]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]caV]ca]caV]
ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca UV]ca]ca]ca]ca e`i>q
?EEU8f5/CN}xsnid_Z]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!NZ,JPT\7y>l(?<j$.4|wrmhc^Y]c
a]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
caU]ca]ca]ca]ca]ca]ca]ca]ca!x*%|>EHlL1<}xsnid_Z]ca]]]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a!<v,NDci!)nf
}xsnid_Z]ca]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!
g)wrJ!bhc*J}xsnid_Z]ca]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!=!^Z|:n_eZLO3j|wrmhc^Y]ca]
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]caU]ca]ca]ca]ca]ca]ca!j
oKy(i_&j{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca!+1Z+^7#&&j{vqlgb]X]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca~bA
sm"10%EPE&'()-10%&'()-10%&'()-!l!10%(k(k&'()-l!10%&'()-!10%&'()-?9:;<={\QF;
10 10 10"710%&'()-s,"10%&'()-! "10%&'()-   "10%-q -&'()- !sm"10%&'()-=`A 



uz[9QF;!,&3"10%gg&'()- G"10%g&'()-t!G"10%gege&'()-t!P
!10%&'()-!10%g[&'()-!T!10%&'()-uwxyzC{YK=! 10TT
10TT!'!10%TT&'()-!m"10%TT&'()-f!!10%TT&'()- 10g 10g
10g6`10%g&'()-J\uV7YK=G"10%g&'()-!10%g&'()-!10%g&'()-  "10%g&'()-
"10%g&'()-&10%g&'()- 10TTlxdE7YK=G"f!10%g&'()-`z
10%g&'()-3'!10%g&'()-!10%g&'()-&Z"10%g&'()-F!10%g&'()-z1!dE7YK=G")M10%g&'()
-'!10%g&'()-%10%g&'()-#S 10%g&'()-!!10%g&'()-!10%g&'()-!cxmbC=!10%g&'()-
10g 10g 10g6`10%g&'()-91:10%g&'()-/z 10%g&'()-9-10%g&'()-U !!zX9.C
10g-10%g&'()-! !10%gg&'()- !y4"10%gg&'()-!10%g&'()- !t!10%&'()- !j!10%&'()-
!!!X!!!"t""mN/ s@10%g&'()- "10%g&'()-910%g&'()-
10%g&'()-10%g&'()-&f10%g&'()- 10g 10g"#[###9$$dEmN/ s@10%g9#10%g&'()-
10%g&'()-910%g&'()-,m10%g&'()-9!10%g&'()-9Fs10%g&'()-$$$A%%%%%0&xmb@
s@10!10%zz&'()- 10g 



10g 10g-410%g&'()-L+10%g&'()-'10%g&'()-%10%g&'()-0&*q,r,s,t,,-y-~_@ s@10
!10%g&'()-!10%g&'()-&10%g&'()- 10z 10z 10z,&!10%z&'()-
!!10%zz&'()-My---./]//dE~_@ s@103"z10%g&'()-L@
10%g&'()-`l10%g&'()-'!10%g&'()-LZ10%g&'()-T10%g&'()-//0`000000xmbC
s@10910%g&'()- 10g 10g
10g-10%g&'()-L+410%g&'()-'10%g&'()-L&10%g&'()-0A1H111022dEmbC
s@10910%g&'()-10%g&'()-Z"10%g&'()-910%g&'()-
10%g&'()-!10%g&'()-2223^333dEmbC s@10&@10%g&'()-$- 10%g&'()-9
"10%g&'()-L'10%g&'()-9Y10%g&'()-10%g&'()-3/4a4b4c4d44595bC s@10,10%&'()-s9
10%&'()-F10%&'()- 10g 10g 10g+'10%g&'()-9):10%g&'()-95556l666dEbC
s@1010%&'()-&Z10%&'()- 10%&'()-10%&'()-10%&'()-`10%&'()-6;7777988dEbC s@10
.!10%&'()-&,,10%&'()-&F(10%&'()-`$  10%&'()-"10%&'()-&
10%&'()-8888888B9l9bC s@1010%&'()-& Z10%&'()-&10%&'()- 10 10 



10Y710%&'()-0  10%&'()-l999:K:::dEbC s@10l
"10%&'()-9g10%&'()-&f10%&'()-10%&'()-&m10%&'()-&10%&'()-::F;;;[<<dEbC
s@101z
10%&'()-,/g#10%&'()--M!10%&'()-+m"10%&'()-9)10%&'()-y%10%&'()-<<<<<=q==#>bC
s@10@ #10%G&'()-,@ 10%G&'()-9!10%G&'()-F @ 10%G&'()- 10 10
10610%&'()-#>x>>)???6@dEbC s@10l&!10%G&'()-y
10%G&'()-s!10%G&'()-3F!10%G&'()-f10%G&'()-@ 10%G&'()-46@@@PAA BBdEbC
s@10(`10%G&'()-&"10%G&'()-&$`!10%G&'()-3"L!10%G&'()-S
#10%G&'()-`!10%G&'()-BhBB"CCCCCCdYNC s@10 10G 10G
10G610%G&'()-1!10%G&'()-/`$10%G&'()-- 10%G&'()-`+10%G&'()-CC1DDD4EPEdEYNC
s@10 yY 10%G&'()- 10%G&'()-@ L!10%G&'()-3S10%G&'()-`9!10%G&'()-l
10%G&'()-PEEF]FFGQGdEYNC s@10 $10%G&'()- :10%G&'()-&!10%G&'()-F
10%G&'()-S!10%G&'()-L`10%G&'()-QGGH\HHIlIdEYNC s@10
110%G&'()-/#10%G&'()--3"10%G&'()-+"10%G&'()-)3"10%G&'()-'#10%G&'()-lIoIpIqI
rII&J|JJbC s@10,l#10%Z&'()-y 10%Z&'()-`!10%Z&'()- 4"10%Z&'()- 10G 



10G 10G3710%G&'()-J3KKKK LdLdEbC s@1010%Z&'()-9
10%Z&'()-,9`10%Z&'()-3-10%Z&'()-SG"10%Z&'()-` "10%Z&'()-dLLLL M3MbMdEbC
s@10'
10%Z&'()-9%S10%Z&'()-L#10%Z&'()-!10%Z&'()-10%Z&'()-10%Z&'()-bMMMMMN.NdEbC
s@10L`310%Z&'()-Ll110%Z&'()-f/
10%Z&'()-s-10%Z&'()-9+@10%Z&'()-L)10%Z&'()-.N1N2N3N4NsNNNN{\=
s@10%4|&'()-&10%4|&'()-!@Y 10%4|4|&'()-!@Y 10%JJ&'()- 10Z 10Z
10ZY710%Z&'()-NO>OOOOP`A{\= s@L#m 10%4|&'()-L!m 10%4|&'()-
10%4|&'()-!@10%||&'()-z@10%4&'()-z $@10%XX&'()-zP-PLPPPP~QdE{\=
s@`31,10%4|&'()-@/:10%4|&'()-`L- 10%4|&'()-`f)10%4|&'()-s'10%4|&'()-`%Y
10%4|&'()-~QQQQQQQQYRbC s@ 10%m&'()-&,@10%m&'()-&10%m&'()-3 10%m&'()- 104|
104| 104| 710%4|&'()-YRRRSCSSSaBbC s@F%
10%m&'()-&S#10%m&'()-10%m&'()-&:10%m&'()- 10%mC&'()-!
10%&'()-SGTTU*U-UUdEbC s@9 1Z10%m&'()-,/10%m&'()-&- 10%m&'()-3+
10%m&'()-@)Z"10%m&'()-L'"10%m&'()-UUUUUU>VVVbC 



s@@10%Z&'()-L 10%Z&'()-F  "10%Z&'()- 10m 10m 10m710%m&'()-3310%m&'()-VVVWWW
XoXdEbC s@,3#10%Z&'()-:!10%Z&'()-'!10%Z&'()- "10%Z&'()-%
10%Z&'()-,Y10%Z&'()-oXXYvYY7ZZdEbC s@%
10%Z&'()-y#!10%Z&'()-`!M$10%Z&'()-10%Z&'()-S
10%Z&'()-&10%Z&'()-ZZ[k[[[[aBbC s@2F"10%Z&'()-4010%Z&'()-Y. 10%Z&'()-@,g
10%Z&'()-)!10%Z&'()-F!'10%ee&'()-[[[[[M\\\\bC s@%S 10%Z&'()-@
10%Z&'()-&10%Z&'()-   "10%Z&'()- 10Z 10Z 10Z610%Z&'()-\]^]]] ^g^dEbC s@L
"10%Z&'()-,3!10%Z&'()-10%Z&'()-z 10%Z&'()-!10%Z&'()-#10%Z&'()-g^^^^^C__dEbC
s@)$10%Z&'()-9'10%Z&'()- #-10%Z&'()-"10%Z&'()--10%Z&'()-
f10%Z&'()-__W``aaaaadYNC s@ 10Z 10Z
10Z610%Z&'()-S2m"10%Z&'()-90!10%Z&'()-F.!10%Z&'()-+m"10%Z&'()-4ataa(bybb)cd
EYNC s@ 310%G&'()- 10%G&'()-@F 10%G&'()-FT 10%G&'()-!10%G&'()-F
!10%G&'()-3)c~cc5dPddddEYNC 



s@ L`$10%G&'()-y 10%G&'()-Y
10%G&'()-!10%G&'()-@!10%G&'()-l10%G&'()-d3eeeJffgdEYNC s@
0-#10%G&'()-.L!10%G&'()-,!10%G&'()-&*y
10%G&'()-3(#10%G&'()-@&!10%G&'()-gYg\g]g^g_gghkhbC s@, "10%G&'()-9T
10%G&'()-F !10%G&'()- 10G 10G 10G3710%G&'()-110%G&'()-khhhCiij^jdEbC s@
"10%G&'()-!10%G&'()-@f#10%G&'()-L10%G&'()-910%G&'()-@
"10%G&'()-^jjkvkk'lldEbC
s@`''!10%G&'()-l%3"10%G&'()-y#Y10%G&'()-!F"10%G&'()-G"10%G&'()-3"10%G&'()-l
l9mmmmmmmdYNC s@ 10G 10G 10G610%G&'()-,/s10%G&'()-&-
10%G&'()-3+!10%G&'()-@)!10%G&'()-mmnsnn%oodEYNC s@
!10%Z&'()-!10%Z&'()-10%Z&'()-,F@#10%Z&'()-9@`10%Z&'()-F
10%Z&'()-ooApppUqqdEYNC s@ #10%Z&'()-!#10%Z&'()-l!10%Z&'()-f
10%Z&'()-L!10%Z&'()-,3#10%Z&'()-qrWrrsdssdEYNC s@
&010%Z&'()-3.Y"10%Z&'()-@, 10%Z&'()-*"10%Z&'()-'T
10%Z&'()-%G"10%Z&'()-ssssss%tytt_@ s@9!10%G&'()-!@F"10%XX&'()-3 ``10%G&'()-
10Z 10Z 10Z610%Z&'()-2S10%Z&'()-t-uuuDvzvvdE_@ 



s@10%G&'()-310%G&'()-!10%G&'()-@"10%G&'()- !10%G&'()-,f
10%G&'()-vwiwwx{xxdE_@
s@-10%G&'()-+!10%G&'()-)!10%G&'()-'"10%G&'()-%"10%G&'()-9#10%G&'()-x)yyyyyy
yEzbC s@L!10%4|&'()-Y !10%4|&'()- 10G 10G 10G
710%G&'()-1!10%G&'()-/3"10%G&'()-EzzzS{{{O|dEbC
s@f!10%4|&'()-S"10%4|&'()-F10%4|&'()-&-
10%4|&'()-S3#10%4|&'()-@10%4|&'()-O||}f}}~w~dEbC s@'- 10%4|&'()-
%&!10%4|&'()-S#@ 10%4|&'()-!M$10%4|&'()-m"10%4|&'()-f 10%4|&'()-w~~1dE:/
104| 104| 710%4|&'()-@210%4|&'()-90 10%4|&'()-3.!10%4|&'()-,!10%4|&'()-
)#10%4|&'()- ;RxY:/
104|!10%4|&'()-,!10%4|&'()-9!10%4|&'()-SFf#10%4|&'()-`@10%4|&'()- Y
10%4|&'()- 104|d3dE:/
104|,!10%4|&'()-10%4|&'()-,10%4|&'()-10%4|&'()-!10%4|&'()-S"10%4|&'()-37>dE
:/  104|/'$10%4|&'()-- "10%4|&'()-+10%4|&'()-)
10%4|&'()-'"10%4|&'()-`%10%4|&'()->KNOPQAbC  104|&3"10%G&'()-LF
10%G&'()-`10%G&'()- 104| 



104| 104| 710%4|&'()-110%4|&'()-ATdEbC  104|f
z#10%G&'()-S10%G&'()-f"10%G&'()-@`!10%G&'()-l!10%G&'()-@"10%G&'()-nadEbC
104|,10%G&'()-*
10%G&'()-F(10%G&'()-@&10%G&'()-L$'!10%G&'()-Y"!10%G&'()-r.xmbC  104|F
!10%z&'()- 10G 10G 10G 710%G&'()-110%G&'()-0z#10%G&'()-- 10%G&'()-.#/:dEmbC
104|+10%z&'()-)!10%z&'()-!10%z&'()- "10%z&'()-L310%z&'()-9!10%z&'()-:IXbC
104|L10%@&'()-F 9!10%@&'()- 10z 10z
10z710%z&'()-1G"10%z&'()-&/10%z&'()-X[\]^ebC
104|10%&'()-10%&'()-&f10%&'()-l 10%&'()- 10@ 10@ 10@710%@&'()-`i>a?bC  



104|!Ff##10%&'()-10%&'()-F$10%&'()-!F$10%FF&'()- "10%&'()-t10%&'()->q
?BCDEaVK@  104|! 10 10 10710%&'()-2
10%&'()-F.#10%&'()-!F.#10%KK&'()-3+10%&'()-EEU8aBVK@  104|!
10%&'()-!F$10%&'()-10%&'()- 10%&'()-F10%&'()-10%&'()-8f5aB7@  104
10610%&'()-2Y10%&'()-0 10%&'()-!8+"10%&'()-&'"10%&'()-S#10%&'()-/CmN/
10%&'()-10%&'()-310%&'()-Sf 10%&'()-Ly 10%&'()-l 10%&'()- 10 10CNZdEmN/
10%s' 10%&'()-%!10%&'()-!10%&'()-!10%&'()-!10%&'()-!10%&'()-,JMNOP7_=
!Ss9$10%mm&'()-!;F #10%&'()-- 10 10 103710%&'()-L-l 10%&'()-Y+
10%&'()-y>laB_=
!--10%m&'()-!I(!10%&'()-`$10%m&'()-F"10%m&'()-`9$10%m&'()-3"10%m&'()-l(?bC
!& 10%Z&'()-@10%Z&'()-L 10%Z&'()- 10m 



10m 10m 710%m&'()-1 "10%m&'()-<jdEbC !%10%Z&'()-!
10%Z&'()-10%Z&'()-!10%Z&'()- 10%Z&'()- 10%Z&'()-j$.1234xmbC !Y Y10%&'()-
10Z 10Z 10Z,3710%Z&'()-L-:10%Z&'()-F+M!10%Z&'()-f)#10%Z&'()-x*dEmbC
!Y"10%&'()- 10%&'()-10%&'()-&!10%&'()-@10%&'()-L$10%&'()-*%|dEmbC !-
10%&'()-)s10%&'()-'10%&'()-!F"10%&'()- $10%&'()-3"10%&'()-|>bC
!9"10%&'()-S!10%&'()-l 10%&'()- 10 10 103710%&'()-/`10%&'()-EHdEbC !
10%&'()- "10%&'()-10%&'()- 10%&'()- 10%&'()-,10%&'()-lLdEbC
!S/L$10%&'()-L-S 10%&'()-f)z10%&'()-s's!10%&'()-%`$10%&'()-!10%&'()-1_= !;
L$10%&'()-!;L$10%mfmf&'()-Y , 10%m&'()- 10 10 103710%&'()-F1
10%&'()-<v,NdE_= !;#
10%m&'()-s10%m&'()-!10%m&'()-!10%m&'()-910%m&'()-,S10%m&'()-DcdE_= !;
93#10%m&'()-31!10%m&'()-L-10%m&'()-Y+!10%m&'()-f)s$10%m&'()-%310%m&'()-cfgh
i!)bC 



!;10%m&'()-&#10%m&'()-@10%m&'()-Y F"10%m&'()- 10m 10m 10m3710%m&'()-NnaBbC
!`' 10%m&'()-%#10%m&'()-!10%m&'()-!10%m&'()-#10%m1&'()-!D#10%&'()-fxmbC !
s!10%&'()- 10m 10m 10m 710%m&'()-@/10%m&'()-9-`!10%m&'()-S)10%m&'()-}^?mbC
!f#10%&'()-9!10%&'()-!@#10%&'()-!@#10%&'()-!10%&'()-10%&'()- gdE:/  10
10610%&'()-310%&'()-0 10%&'()-+10%&'()-9'y10%&'()-F%!10%&'()-)wxY:/
1010%&'()- "10%&'()-10%&'()- "10%&'()-,Y"10%&'()-9!10%&'()- 10rJdE:/  10S)
10%&'()-l%10%&'()-y# 10%&'()-10%&'()-!10%&'()-"10%&'()-!befghxmbC  103
F"10%&'()- 10 10 10710%&'()- 110%&'()-,/L$10%&'()-F+M10%&'()-c*dEmbC  



10Y10%&'()- 10%&'()-10%&'()-`!10%&'()-Y@10%&'()-9`10%&'()-*JdEmbC
103+10%&'()-@)Z"10%&'()-L''!10%&'()-y#10%&'()-!!10%&'()-10%&'()-=!xmbC
10lL`!10%&'()- 10 10 10610%&'()-310%&'()-1!10%&'()-Y&-10%&'()-!^Z|dEmbC
10'10%&'()-!10%&'()-l 10%&'()-'10%&'()-& 10%&'()-@10%&'()-|:ndEmbC  10Y+f
10%&'()-lf)#10%&'()-%10%&'()-#!10%&'()-Y10%&'()- "10%&'()-_bcdeZbC
10,10%m&'()-9M$10%m&'()-F M!10%m&'()- 10 10 103710%&'()-L-10%&'()-ZLOdEbC
10F%3"10%m&'()-y#10%m&'()-F"10%m&'()-10%m&'()-Y10%m&'()-m10%m&'()-F3j dE:/
10m 10m610%m&'()-2`10%m&'()-0M!10%m&'()---10%m&'()- +!10%m&'()-9'10%m&'()-
oKxY:/  10m "10%&'()-10%&'()-f10%&'()-!10%&'()-&10%&'()-&$10%&'()-
10mKy(i_aB:/ 



10m-`10%&'()-@)10%&'()-Y% "10%&'()-s!s10%&'()-!I#10%&'()-,10%&'()-K_=
10m!Y,3 -10%&'()-!Y,3 -10%MM&'()- 10 10
10610%&'()-`310%&'()-110%&'()-&F}[<_=
10m10%G&'()-!310%GG&'()-!310%&'()-!8310%&'()-10%G&'()-s10%G&'()-j}^?_=
10m&-m 10%G&'()- +m
10%G&'()-,)10%G&'()-!f#10%GG&'()-!f#10%&'()-!10%G&'()-+./01ZxmbC  10m9F
s10%&'()- 10G 10G 10G710%G&'()-310%G&'()-1:10%G&'()-/m 10%G&'()-Z+^dEmbC
10mL10%&'()-L-10%&'()-10%&'()- S10%&'()-9,10%&'()-L9`10%&'()-^7dEmbC
10m#10%&'()-!`10%&'()- 10%&'()-10%&'()-10%&'()-L10%&'()-#&dEmbC
10m#10%&'()-!`10%&'()- 10%&'()-710%&'()-`'10%&'()-l% 10%&'()- Normal"
"Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default
Paragraph Font<y"s)-c159@qF3KNRX^^djpv|P]DO3hgd0& 



"$&(*-l6#>\HN>V^JfoxRneN<
j&=u!!"$0&y-/0239568l9:<#>6@BCPEQGlIJdLbM.NNP~QYRSUVoXZ[\g^_a)cdgkh^jlmoqst
vxEzO|w~3>A.:X>E8Clj*|c*!|ZKZ^&   !"6Times New RomanArialCourier New"h Root
EntryWordDocument<N   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&' 


