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Abstract

This paper describes gate work function and oxide thickness tuning
to realize novel circuits using dual-V;, independent-gate FinFETs.
Dual-Vi FinFETs with independent gates enable series and par-
allel merge transformations in logic gates, realizing compact low
power alternatives. Furthermore, they also enable the design of a
new class of compact logic gates with higher expressive power and
flexibility than conventional forms, e.g., implementing 12 unique
Boolean functions using only four transistors. The gates are de-
signed and calibrated using the University of Florida double-gate
model into a technology library. Synthesis results for 14 bench-
mark circuits from the ISCAS and OpenSPARC suites indicate that
on average, the enhanced library reduces delay, power, and area by
9%, 21%, and 27%, respectively, over a conventional library de-
signed using FinFETSs in 32nm technology.

1. Introduction

The ITRS has proposed multi-gate FETs such as planar double-
gate FETs and FinFETs as a possible scaling path for low power
digital CMOS technologies [1]. Although early double-gate FETs
presented manufacturing challenges associated with vertical struc-
tures, more recently, double-gate devices called FinFETs or wrap-
around FETs that are compatible with standard CMOS over most
of their processing steps have been demonstrated [2]. The channel
of a FinFET is a slab (fin) of undoped silicon perpendicular to the
substrate. At least two sides of the fin are wrapped around by ox-
ide simultaneously. In this manner, the active regions are broken
up into several fins and a gate overlaps the channel regions of the
fins on either side. As a result, the increased electrostatic control
of the gate over the channel makes very high I, / Lo ratios achiev-
able. FinFETs have also shown excellent scalability, suppression
of short channel effects, and limited parametric variations.

A FinFET with independent gates is a novel variant of double-
gate devices. Two isolated gates are formed by removing the gate
regions at the top of the fin. Although the gates are electrically iso-
lated, their electrostatics is highly coupled. The threshold voltage
of either of the gates can be easily influenced by applying an appro-
priate voltage to the other gate. This technology is called multiple
independent-gate FET (MIGFET) [3] and can be integrated with
regular double-gate devices on the same chip. A successful imple-
mentation of a FinFET device with three independent gates has also
been reported [4].

Many innovative circuit styles exploiting the extra gate(s) in
these devices have been proposed in literature [5-8]. In [5], the au-
thors showed that a pair of parallel transistors in the pull-down or
pull-up network of gates can be merged into a single independent-
gate FinFET to get a compact low power implementation of the
same Boolean function. In [6], four variants for the same function
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were designed: conventional tied-gate (TG) mode, independent-
gate (IG) mode with merged parallel transistors driven by indepen-
dent inputs, low power (LP) mode with a reverse-biased back-gate,
and an IG/LP mode that combined the LP and IG modes. The use of
an independent-gate voltage keeper to improve the reliability of dy-
namic logic has also been proposed in [8]. However, no published
work based on FinFETs has explored the possibility of merging
series transistors to reduce power and area and/or increase perfor-
mance.

The first innovation described in this paper is the realization of
dual-V4, independent-gate FinFETS to enable the merger of pairs of
series transistors in logic gates. We show that a dual-Vi FinFET
can be realized by tuning only the gate work-function and oxide
thickness, without any additional biasing scheme. In this manner,
new high-V;, transistors can be implemented in addition to the reg-
ular low-Vy, ones. These devices will have low resistance only if
both independent gates are activated. The high-Vi, behavior com-
plements the behavior of low-V}, independent-gate FinFETSs, which
have a low resistance when either of the gates is activated. Dual-Vj,
FinFETs with independent gates make it possible to merge series
transistors, and simultaneously merging series and parallel devices
allows the realization of compact low power logic gates.

The second innovation described in this paper, based on dual-V,
FinFETs, is the design of a new class of compact logic gates with
higher expressive power and flexibility than conventional forms. It
is proposed to use the independent back-gate as an independent in-
put, effectively doubling the number of inputs to a logic gate. Using
the rules for static logic, if a high-V4, transistor is used in the pull-
down network, the corresponding transistor in the pull-up network
is a low-V4, transistor, and vice versa, respectively. In this man-
ner, it is shown that it is possible to implement 12 unique Boolean
functions using only four transistors.

The gates are designed, validated, and calibrated into a technol-
ogy library using the University of Florida double-gate (UFDG)
SPICE model [9]. The UFDG model is a physics-based model that
has shown excellent agreement with physical measurements of fab-
ricated FinFETs [9]. It allows several design parameters such as
fin width, channel length, gate-source/drain underlap, and work-
function to be varied simultaneously. This enables fast, accurate
exploration of the best technologically feasible parameters required
to realize independent-gate dual-V;, FinFETs for the 32nm node.
These FinFETs were used to build basic and novel gates, whose
logical effort parameters were extracted into conventional and en-
hanced technology libraries. Synthesis results for 14 benchmark
circuits from the ISCAS and OpenSPARC suites show that on av-
erage, the enhanced library reduces delay, power, and area by 9%,
21%, and 27%, respectively, over a conventional library based on
tied-gate FinFETSs in 32nm technology.

Section 2 is a basic review of FInFETs. Section 3 describes the
design of dual-V;, independent-gate FinFETs. Section 4 describes
new circuit styles based on these FInFETs. Section 5 presents re-
sults and section 6 is a conclusion.



2. Background on FinFETs

Double-gate devices were first investigated because intuitively
an additional gate is expected to suppress short channel effects and
improve Ion/Iof ratios by increasing electrostatic stability. Quanti-
tatively, the electric potential along the undoped channel (x direc-
tion) can be approximated by

¢ = Cp - exp (:I:%)

where Cj is a constant and A is the natural length of the device.
A, given by the following expression [1]:

Esi

A= toxtsi

1 - Eox

should be as small as possible to quickly damp the influence of
drain potential on the channel. This is possible by using high-
k dielectric materials, decreasing oxide thickness tox and/or sili-
con thickness tsi, or by increasing the relative control of the gate
through coefficient n. Here, n is one for single-gate devices and
two for double-gate devices. Thus, using double-gate devices not
only helps suppress short channel effects, but also relaxes the phys-
ical requirements on ts; and %oy .

The channel of a FinFET is a tiny slab (fin) of undoped sili-
con perpendicular to the substrate. The cross-section of a typi-
cal FinFET is presented in Fig. 1. The undoped channel elimi-
nates Coulomb scattering due to impurities, resulting in higher mo-
bility in FinFETs [10]. The ratio of p-type to n-type mobility is
higher than CMOS. Unlike CMOS, threshold voltage is not altered
by source-body voltage variation. This, along with improvement
in mobility, paves the way for longer series stacked transistors in
the pull-up or pull-down networks of logic gates. The gate ox-
ide is formed on both sides of the fin simultaneously, which solves
alignment issues of source and drain junctions and simplifies the
process. The height of the fin, hsn, acts as the width of channel.
Stronger devices can be built by using appropriate number of par-
allel fins in each transistor. So, the channel width of a FinFET is
given by W = ngn X hgn, Where ng, is the number of fins. Taller
fins result in more powerful devices, at the cost of granularity in
gate width. Other important design parameters are fin thickness ts;
and gate-source/drain underlap. Existence of gate-source/drain un-
derlap and small ¢s; are necessary conditions for good suppression
of short channel effects in FinFETs [11].
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Figure 1: Cross section of a typical FinFET

One of the best available models for FinFETs is the Univer-
sity of Florida Double-gate (UFDG) model. Excellent agreement
with physical measurements have been reported for this model [9].
UFDG successfully accounts for quantum mechanical carrier distri-
bution in the body and channel in both the sub-threshold and strong
inversion regions of operation. Furthermore, the UFDG model is a
physical model that allows designers to change several design pa-

Table 1: Physical parameters of 32nm FinFETs

| Parameter | Range ‘

tox front 1-2nm

tox back 1-2nm
source/drain doping (1-2)- 1020
work function n-type 4.4-485eV
work function p-type 4.7-4.35eV

Phin 30nm

tsi 9nm

gate-source/drain underlap 2.5nm

rameters such as fin width, channel length, gate-source/drain un-
derlap, and work function simultaneously. All simulations reported
in this paper were performed with the UFDG model. In table 2, we
report the typical ranges of physical parameters for a 32nm FinFET
technology used in our simulations. Note that all the parameters are
in the acceptable range for this technology node.

3. Dual-V4, independent-gate FinFETs

Independent-gate (IG) FinFETs can be fabricated along with
conventional tied-gate (TG) devices on the same die, by remov-
ing the top gate region of the FinFET. Channel formation in one
gate is highly dependent on the state of the other gate due to elec-
trostatic coupling between the gates. For example, assume that the
back-gate of an IG FinFET is disabled. No channel will be formed
near the disabled gate and due to electrostatic coupling between the
gates, the threshold voltage of the other gate will be increased. So,
disabling one of the gates in an IG FinFET will reduce the drive
strength of the transistor by more than half. However, it may speed
up the circuit indirectly. Disabled gates have an input capacitance
that is roughly half that of conventional tied-gate FinFET. This re-
duces the load on the driver gates, making disabled-gate FinFET's
an attractive option for use on non-critical paths in a design.

In conventional IG FinFET devices, a channel will be formed
if either of the gates is activated. In other words, the device be-
haves like the OR function; so, they are suitable for merging par-
allel transistors in pull-up or pull-down networks. However, in or-
der to merge series transistors, we need devices that behave like
the AND function. Such a device would have a higher threshold
voltage than regular ones. In these devices, if just one gate is acti-
vated, the threshold voltage is high enough to prevent meaningful
channel formation. But, if the other gate is also turned on, fast
electrostatic coupling between the two gates reduces the threshold
voltage and enables channel formation. In other words, these high-
Vin devices can be activated only if both of their gates are activated
simultaneously, so they act like an AND function. Such IG Fin-
FETs are suitable for merging series transistors. Note that high-Vj,
FinFETs cannot be realized by engineering the channel dopant con-
centration, like [12], because, the FinFET channel should be kept
undoped to avoid excessive random dopant fluctuations.

In this paper, we show that high-Vi, IG FinFETs can be realized
by carefully tuning the gate oxide thickness and electrode work-
function, and without the use of any additional bias voltages. The
threshold voltage Vi, of FinFETsS is given by the expression:

Qp
Cox

where ¢ is the difference between work-function of electrode and
silicon, @p is the depletion charge in the channel, and Cy is the
gate capacitance. Viyy is a constant that represents the limited avail-
ability of inversion charges in the undoped channel [1]. The thresh-

V;h = 7¢ms + + Vznv (1)
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Figure 2: /-V curves of (a) n-type and (b) p-type high-V4, and low-V4, FinFETs in tied-gate and disabled back-gate modes

old voltage can be increased by changing the gate work-function or
decreasing the oxide capacitance (i.e., by increasing tox ). In Fin-
FETs, work-function has much higher impact on threshold voltage
than tox since Qp is relatively small in undoped or slightly doped
channels. In practice, leakage first decreases as oxide thickness is
increased. Beyond a certain oxide thickness, however, this trend
reverses and standby leakage current increases due to severe DIBL
effects. In these undoped devices, the gate loses control over the
channel if the oxide thickness is increased aggressively [13]. So,
there exists an optimum gate oxide thickness for obtaining min-
imum leakage. This value was found to be around 2nm for the
high-Vi, 32nm FinFETs considered in this paper.

The oxide thickness and gate work-function of p-type and n-type
FinFETs were swept over their ranges in UFDG to obtain the opti-
mum combination of these two parameters. Note that technologi-
cally, fabricating multiple work-functions requires two additional
steps to mask and etch the gate material. It is also possible to
have two values for oxide thickness; even FinFETs with asym-
metric back and front gate oxide thickness have recently been re-
ported [14]. SPICE simulations with the UFDG model showed that
using the physical parameters in Table 2 results in acceptable per-
formance with minimum static leakage in both high-V4, and low-Vi,
devices. I-V curves of n-type and p-type FinFETs for four configu-
rations: low-V;, tied-gate, low-V4, disabled-gate, high-Vj, tied-gate
and high-V4, disabled-gate are shown in Fig. 2.

The threshold voltage can be defined as the intercept of the
tangent line of /-V curve and x-axis, at low Vps ~ 0.05V [15].
Threshold voltage of both high-Vi, and low-Vy, FinFETs in tied-
gate (TG) and disabled back-gate modes (IG) are listed in Table 2.
As expected, the threshold voltage difference between TG and IG
modes is considerably higher in high-Vi, devices than low-V, de-
vices. In the IG mode of low-Vi, FinFETSs, the inversion layer
can be easily formed. This channel shields further gate-to-gate
coupling and prevents a huge drop in threshold voltage in the IG
mode [12]. In contrast to low- V4, devices, no inversion layer can be
formed in the IG mode of high-V, FinFETs. Thus, when both gates
in a high-V4, FInFET are simultaneously on, the strong electrostatic
coupling between them creates an inversion layer and produce an
acceptable Iop.

As seen in Fig 2, the reported static leakage current in UFDG is
of the order of a few pA. This is to be expected for well-engineered
FinFETs with a ¢: Ly ratio of 1:4 and good gate-source/drain un-

Table 2: Vi, tox, and gate work-function (¢) of high-Vi, (H)
and low-Vy, (L) devices in tied-gate (TG) and disabled back-
gate (IG) modes

Vin (V)
TG 1G
L H L H L H L H
n-type 1 1.9 44 | 4.85 0.18 | 0.486 0.27 0.77
ptype || 1| 2 || 47 | 435 || 02 | -05 || -029 | 0.79

tox (nm) ¢ (V)

derlap. This is also consistent with I reported for recently man-
ufactured FinFETs [14]. From the I-V curves, it is clear that if
just one gate is activated in high-Vy, transistors, the current is low
enough that the transistor can be considered to be in the off-state.
So even in this case, these devices will still have low static leakage.
In the case of low-Vi, devices, if just one of the gates is activated,
the device can be considered to be in the on-state. However, its
current drive is around 60% less than the current drive of tied-gate
devices. This makes the gates with merged series or parallel transis-
tors slower than gates with tied-gate transistors and limits their use
to non-critical paths. Note that the UFDG model does not model
gate leakage, which is expected to be low in FinFETs due to the
presence of a low electric field across the gate and sufficient gate-
source/drain underlap.

The proposed high-Vi, IG devices are robust to parametric varia-
tions in oxide thickness and do not lose their AND-type functional-
ity. Variations in oxide thickness degrades subthreshold slope and
changes the gate capacitance, but does not have a huge impact on
the Vi of these devices due to negligible inversion charge Qp (see
Eq. 1). As reported in Table 2, the Vi, difference between the high
and low-Vi, 1G devices is relatively large (= 500 mV). Further, Fin-
FETs are known to be less susceptible to parametric variations in
comparison to planar CMOS. Thus, the conversion probability of
a high-Vi device to a low-V4, device due to imperfections in the
fabrication process is negligible.

Switching characteristics of inverters based on both high-V4, and
low-Vi devices were investigated. Both low-V4, and high-V4, in-
verters showed excellent switching behavior and near perfect noise
margin (400 mV ~ 0.5V44). In the next section, we describe new
circuit styles and logic gates based on these dual-Vi, FinFETs.



4. Logic design in FInFET technology

In this section, several innovative gate designs based on dual-V,
independent-gate FinFETs are described. In the first sub-section,
the gates that are created by disabling the back-gate and merging
series and parallel transistors are investigated. In the next sub-
section, new logic gates that incorporate both low-Vy and high-Vi,
devices are described. Complex Boolean functions can be real-
ized efficiently using these devices. To the best of our knowledge,
such gates have not been investigated for FinFET technology in lit-
erature. The circuit symbols of dual-Vi, FinFETs in TG and IG
configurations are summarized in Fig. 3.
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Figure 3: Symbols for independent-gate (IG) and tied-gate
(TG) low-Vy and high-Vi, n-type and p-type double-gate Fin-
FETs. The dotted-X sign in high-V4, devices denotes their
AND-like behavior.

4.1 Merging and back-gate disabling

Without loss of generality, Fig. 4 presents all possible realiza-
tions of a NAND2 gate. NAND?2 is the conventional gate that
uses low-Vi, FIinFETS in tied-gate configuration. NAND2_dis is
derived by disabling the back-gates of all devices in the conven-
tional NAND2 gate. NAND2pu is the result of merging two par-
allel transistors and replacing it by one low-V{, FinFET in the
pull-up network of NAND2. NAND2pu_dis is derived by dis-
abling the back-gates of pull-down devices of NAND2pu. The
two series transistors in the pull-down network of the conventional
NAND?2 gate can be replaced by one high-V}, transistor to realize
NAND2pd. NAND2pd_dis is derived by disabling the back-gates
of pull-up devices in NAND2pd. Finally, one can merge both series
and parallel transistors in the conventional NAND2 gate to realize
NAND2pdpu. In Table 3, low-to-high (7pin) and high-to-low (7}n1)
transition delays, input capacitance (C',) and average static power
consumption of these gates are reported. As shown in the table, the
gates realized by merging parallel transistors or disabling the back-
gate have generally less input capacitance, leakage power, and gate
overdrive. So, there exists a tradeoff in choosing the appropriate
gates for optimum power and performance.

From the table, it is also seen that merging parallel transistors
does not affect static power consumption. However, merging se-
ries transistors that requires an independent-gate high-Vi, FinFET
increases static power by roughly two orders of magnitude. This is
because for some input patterns, one of the gates of a high-V};, Fin-
FET is active while the other gate is inactive. Although the high-Vi,
FinFET is supposed to be in the off-state, the activation of one of
its gates reduces the threshold voltage and results in an increase
in static power consumption. Since the FinFETs were engineered
with adequate gate-source/drain underlap and ts;: L ratios, the leak-
age current does not exceed 6.4nA, which is comparable to 2.9nA
for an equivalent planar 32nm CMOS technology [16].

Both series and parallel merge transformation and back-gate dis-
abling results in a circuit with higher worst-case transition delay.
The only exception is the NAND2pu_dis gate, whose worst-case
delay is better than the worst-case delay of the NAND2pu gate.
This is because although the pull-up network of both gates consists

of just one low-Vy, FinFET, the back-gate of the pull-down transis-
tors are disabled only in NAND2pu_dis. As a result, the 7, and
Ty of NAND2pu are not balanced and a race exists between pull-
up and pull-down networks while it switches. On the other hand,
disabling the back-gate of n-type devices in NAND2pu_dis lessens
the drive power of the pull-down network and mitigates this prob-
lem [6].

Table 3: Power and delay of conventional and novel gates.

Tyi9) | Tyn(s) | Tos(pA) | Cin(aby | Nm0r OF

transistors
NAND2 4.0 4.9 14.6 60.3 4
NAND2_dis 94 11.5 13.8 354 4
NAND2pu 2.9 10.7 13.0 45.4 3
NAND2pu_dis 10.1 9.6 12.8 41.0 3
NAND2pd 8.6 4.9 6388.77 453 3
NAND2pd_dis 8.4 11.9 6388.07 32.6 3
NAND2pdpu | 7.9 11.0 |637877 | 309 2

T Note that the leakage current does not exceed 6.4nA, which is comparable to 2.9nA
for an equivalent planar 32nm CMOS technology [16]

4.2 Novel dual-14;, logic gates

The availability of dual-Vi, 1G FinFETs motivates design of a
new class of compact logic gates with higher expressive power
and flexibility. Instead of applying transformations to conventional
gates, it is proposed to use the independent back-gate as an inde-
pendent input, effectively doubling the maximum number of inputs
to a logic gate. Both high-V4, and low-Vj, transistors are utilized in
both the pull-up and pull-down networks. High-V4, independent-
gate devices inherently act as an AND function. They will have
low resistance if both their inputs are on. So, they can be con-
sidered as a network with two series transistors. With the same
reasoning, low-V4, independent-gate FinFETs can be represented
by two parallel transistors in the Boolean network. The rules for
static logic require that the pull-down network should be the dual
of the pull-up network. Hence, if a high-V4, transistor is used in
pull-down network with inputs a and b, the corresponding device
in the pull-up network is a low-Vy, device with inputs a and b and
vice versa, respectively.

Starting from a structure that resembles the NAND2 gate in
Fig. 5, low-V4, transistors are used in the pull-down network and
high-Vi, ones in the pull-up network. The stacked devices show
higher resistance than parallel ones. So, it is preferable to use the
stronger low-Vj, devices in series structures. It ensures that it is
easier to balance pull-up and pull-down networks during design.
For the logic gate shown in Fig. 5, the pull-down network will be
activated iff the Boolean function of Eq. 2 holds.

PD=(a+0b)*(c+d) 2)
Similarly, the pull-up network will be activated iff Eq. 3 holds.
PU=(a +b)+(c xd) 3)

These two equations are Boolean complements and they will never
be true simultaneously. So, the logic gate represented in Fig. 5 is a
static logic gate. Other compact Boolean functions can be realized
from this structure. For example, if ¢ and d inputs are replaced by
the complements of inputs a and b, (i.e., ¢ = @ andd = b'), the
gate becomes one of the most compact implementations of XNOR
logic. This structure is flexible and can easily realize the XOR
function when b, ¢ and d are replaced with b/, a/, b. In the first row
of Table 4, average leakage, worst case delay, and input capacitance
of this gate for different configurations are listed.
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Figure 4: NAND2 gates designed by disabling the back-gates and merging parallel or series transistors

Figure 5: Novel implementation of [(a + b) * (¢ + d)]’

Independent-gate dual-Vi, FinFETs increase the available op-
tions in logic circuit design. For example, it is possible to imple-
ment 12 unique Boolean functions using only four transistors as
follows. Since the pull-up network is the dual of the pull-down net-
work, it is sufficient to enumerate all the unique configurations in
the pull-down network. A logic gate with two IG transistors in the
pull-down network can have two, three, or four inputs. With two in-
puts, all the devices should be TG low- V4, devices, i.e., there is only
one option. With three inputs, one of the FinFETs must be an IG
FinFET and the other must be a TG FinFET. Two options exist for
the IG device: a high-V4, or a low-Vy, device. Finally, with four in-
puts, all devices must be IG, and three possible options exist: both
low-Vi , both high-V4, , and a low-V4, along with a high-Vi, Fin-
FET. Thus, we have six unique combinations of dual-Vy FinFETs.
Finally, since the two transistors in the pull-down network can be
in series or in parallel, a total of twelve unique Boolean functions
can be realized using four independent-gate dual-Vi, FinFETs.

Table 4: Characteristics of selected gates with four transistors

Function Ton(Ps) | Tpm(ps) | ILo(pA) | Cin(aF)
[(a+b) % (c+d)] 12.7 12 1231 38
[(a*Db) * (c* d)]/ 10.0 12.1 3644.8 25.9
[(a % b) * (c + d)] 10.0 12.9 4868.8 28.9
[(a*b) + (c*d)] 10.9 1.1 4790.7 34.2
[(a=*b)+ (c+d)] 1.1 139 1129.2 232

[a+ (b*c)] 7.3 9.3 3199.6 47.6

Some configurations are not as competitive in performance as
other members of this logic family. This is mostly due to a large dif-
ference between low-to-high and high-to-low transition delay that
occurs when high-V, devices are stacked in either the pull-down or
pull-up network. Although it is possible to address this by increas-
ing the width (fin height) of stacked transistors, it will result in a

large increase in input capacitance of the gate and keeps the fanout-
of-four delay of gate almost unchanged. Performance metrics for
the most useful logic gates of this family are listed in Table 4.

The number of logic gates that can be implemented using dual-
Vin FinFETs has an exponential relationship with the number of
transistors in the gate. For example, if the gate has six transistors
(three each in the pull-down and pull-up network), 54 unique gates
can be realized. Although some of the 54 gates are functionally
equivalent, they are structurally different. Further, as illustrated for
the case with four transistors, the performance of some gates is not
attractive for use in logic circuits. In Table 5, the average leakage,
delay, and input capacitance of some of the best gates of this logic
family with six transistors is presented.

Table 5: Characteristics of selected gates with six transistors

Logic Ton(ps) | Tpm(ps) | Lott(pA) | Cin(aF)
[(a+b)*cxd 12.0 12,6 148.8 | 253
[(a*b) * c*d] 12.1 13.1 | 15854 | 254
(a4 b) * (c + d) * €] 13.5 133 | 4204 | 267
[(a4b)* (c+d)* (e + f)] 14.8 13.8 | 9284 | 288
[(a+b)+c+d 8.7 18.8 1418 | 287
[(a*b)+c+d 8.9 178 | 1603.9 | 23.0
[(ab)+ (cxd)+e] 9.4 19.4 | 47759 | 245
[(@a*b) + (cxd)+ (e f)] 9.6 20.1 | 10692.1 | 26.6

5. Results

This section presents results for the area and power reduction that
the proposed circuit innovations offer, and compares these results
to previously published work. In the first step, logical effort [17]
parameters of all novel and conventional gates are extracted using
rigorous UFDG SPICE simulations. They consist of input and out-
put capacitances, intrinsic delay, fanout-of-four delay, rise and fall
resistance, and static leakage for all input vector permutations. In
the next step, four technology libraries are generated using the ex-
tracted parameters. They are called basic, previous work, merged
series (MS), and complete libraries.

1. Basic library: It is the simplest library and contains only
the conventional gates, i.e., tied-gate NOT, NAND2, NOR2,
NAND3, NOR3, AND_OR and OR_AND logic.

2. Previous work library: In addition to the gates from the basic
library, this library contains the logic gates that are realized
by merging parallel transistors or disabling the back-gate as
proposed in prior work [5, 6].

3. Merged series library (MS): The MS library uses high-Vix
devices along with regular low-Vy, devices, and contains all
the gates that are realized by merge series transformation.
MS is a super-set of the two previous libraries, but excludes
the novel logic gates.



Table 6: Static and dynamic power, area, and delay for benchmark circuits from the ISCAS and SPARC benchmarks, mapped using
four different technology libraries. Static power (Stat) is in nW, dynamic power (Dyn) is in mW, area (Area) is reported as the
number of fins, and delay (Delay) is in ps. Dynamic power of a circuit is estimated at 85% of the frequency established by the basic

library for that circuit.

Basic Previous work Merged series Complete
Cireuit Power Area | Delay Power Area | Delay Power Area | Delay Power Area | Delay
Stat Dyn Stat Dyn Stat’ Dyn Stat’ Dyn

b9 8.2 0.33 1676 16 8.31 0.31 1603 15 316 0.31 1407 17 201.2 0.26 1197 18
C880 327 | 038 | 6036 61 30 0.34 5615 59 1158 035 | 5618 60 920 0.28 4329 58
C1908 30.7 | 47.5 | 7770 104 25.6 49.0 6674 103 583.0 45.1 5434 100 799.35 | 36.70 | 4904 93
C499 333 | 415 | 8530 81 325 383 8010 83 703.1 38.7 | 7683 80 851.79 | 30.44 | 5862 74
C3540 68.2 112 | 18670 | 116 64.9 104.7 | 17832 | 114 11998 83.8 | 12978 | 127 2502.6 86.8 13155 | 106
sparc_ifu_errctl || 107.4 | 29.8 | 20668 34 3000 29.1 | 20400 35 28739 | 23.8 | 16151 37 3077.3 19.89 | 13380 40
tlu_hyperv 1359 | 51.9 | 24042 45 116 449 | 20757 52 4793.6 | 55.3 | 25845 38 2682.5 | 38.89 | 16637 48
C7552 164.1 | 137.4 | 25014 83 1423.6 | 138.8 | 25663 81 3469.8 | 116.9 | 20743 88 3956.8 | 113.47 | 19751 83
sparc_ifu_fcl 133.1 | 61.6 | 25880 49 141.7 61.9 | 26364 48 4868 53 21963 50 5497.6 552 | 23274 43
sparc_exu_ecl 150.8 | 61.3 | 29734 43 152.6 61.6 | 30014 44 4015 49.2 | 23199 45 4890.1 42.8 19874 45
sparc_ifu_ifqdp (| 156.9 | 131 | 29964 70 154.1 123.9 | 28497 66 6891 112.4 | 24111 51 6888.7 | 94.89 | 20912 56
sparc_ifu_errdp || 247.8 | 211.3 | 46188 95 224.9 174.7 | 37356 90 5002.3 | 180.5 | 35922 49 7434 99.8 | 37131 45
C6288 194.1 | 1059 | 54024 | 319 2059 | 11159 | 56932 | 311 1161 949.0 | 45476 | 324 8391.20 | 847.40 | 39488 | 307
sparc_exu_byp || 420.7 | 189.2 | 72058 53 376.5 179.9 | 68699 56 13628.9 | 182.7 | 67669 46 10919.3 | 176.83 | 60703 45

T Note that static power is still at most /% 2% of total power consumption, even in merged series and complete libraries.

4. Complete library: This library is the complete library that
contains all the gates from the previous three libraries and
the novel logic gates that were introduced in section 4.2.

Synopsys DC was used to synthesize and map fourteen ISCAS
and OpenSPARC benchmarks using these four libraries. The area
(number of fins), leakage power, dynamic power and minimum
achievable critical path delay are listed in Table 5 for all of the
benchmarks. In all the circuits and libraries, the static power is at
least two orders of magnitude less than the dynamic power. Even
after the addition of novel gates with high-V, devices into the MS
and complete library, the static power is less than the dynamic
power. This is due to the fact that in well-designed FinFETs, the
dominant component of power is dynamic power, and all other con-
tributors of power consumption can be reasonably ignored.

Although these libraries have a hierarchical structure and the
complete library is the most complete, the library based on just pre-
vious work outperforms the MS library in some cases. This can be
attributed to the fact that the synthesizer may sometimes converge
to local optima. But the overall trend indicates that the previous-
work library provides limited reduction in dynamic power or area.
However, the MS and complete library are able to provide larger
reductions in dynamic power. Specifically, the inclusion of novel
gates in the complete library is the main source of improvement.
On average, the complete library reduces delay, power, and area by
9%, 21%, and 27%, respectively, over the basic library based on
tied-gate FinFETs in 32nm technology.

6. Conclusions

This paper proposes the design of dual-V;, independent-gate Fin-
FETs by tuning the oxide thickness and gate work-function. It was
shown that the dual-V4, independent-gate FinFETs enable merg-
ing of series and parallel transistors, enabling efficient realization
of logic gates. More complex functions were also designed using
dual-V4, independent-gate devices in pull-down or pull-up networks
of gates. It was shown that significant savings in area and power
consumption can be achieved by incorporating these gates into the
technology library.

References

(1]
[2]

[3]

[4]

[5]

[6

[7]

[8

[9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

J. Colinge, FinFETs and other multi-gate transistors. Springer, Nov. 2007.

X. Huang et al., “Sub-50nm p-channel FinFET,” IEEE Trans. on Electron De-
vices, vol. 48, no. 5, pp. 880886, 2001.

L. Mathew et al., “CMOS vertical multiple independent gate field effect transis-
tor (MIGFET),” in Intl. SOI Conference, pp. 187-189, 2004.

L. Mathew et al., “Multiple independent gate field effect transistor (MIGFET)
- multi-fin RF mixer architecture, three independent gates (MIGFET-T) opera-
tion and temperature characteristics,” in Intl. Symposium on VLSI technology,
pp- 200201, 2005.

A. Datta et al., “Modeling and circuit synthesis for independently controlled dou-
ble gate FinFET devices,” IEEE Trans. on Computer-Aided Design of Integrated
Circuits and Systems, vol. 26, no. 11, pp. 1957-1966, 2007.

A. Muttreja et al., “CMOS logic design with independent-gate FinFETSs,” in Intl.
Conference on Computer Design, pp. 560-567, 2007.

R. Cakici and K. Roy, “Analysis of options in double-gate MOS technology: A
circuit perspective,” IEEE Trans. on Electron Devices, vol. 54, no. 12, pp. 3361—
3368, 2007.

S. Tawfik and V. Kursun, “FinFET domino logic with independent gate keepers,”
Microelectronics Journal, vol. 40, no. 11, pp. 1531-1540, 2009.

W. Zhang et al., “Physical insights regarding design and performance of
independent-gate FinFETSs,” IEEE Trans. on Electron Devices, vol. 52, no. 10,
pp. 2198-2206, 2005.

S. Nuttinck e al., “Double-gate FiInFETs as a CMOS technology downscaling
option: An RF perspective,” IEEE Trans. on Electron Devices, vol. 54, no. 2,
pp. 279-283, 2007.

V. Trivedi et al., “Nanoscale FInFETs with gate-source/drain underlap,” IEEE
Trans. on Electron Devices, vol. 52, no. 1, pp. 56-62, 2005.

M. Chiang et al., “High-density reduced-stack logic circuit techniques using
independent-gate controlled double-gate devices,” IEEE Trans. on Electron De-
vices, vol. 53, no. 9, pp. 2370-2377, 2006.

A. Tsormpatzoglou et al., “Threshold voltage model for short-channel undoped
symmetrical double-gate MOSFETSs,” IEEE Trans. on Electron Devices, vol. 55,
no. 9, pp. 2512-2516, 2008.

M. Masahara et al., “Demonstration of asymmetric gate-oxide thickness four-
terminal FinFETs having flexible threshold voltage and good subthreshold
slope,” IEEE Electron Device Letters, vol. 28, no. 3, pp. 217-219, 2007.

Y. Tsividis, Operation and modeling of the MOS transistor. Oxford University
Press, USA, 2 ed., 2003.

Y. Cao and W. Zhao, “Predictive technology model for nano-CMOS design ex-
ploration,” in Intl. Conference on Nano-Networks, pp. 1-5, 2006.

R. F. Sproull and D. Harris, Logical effort: Designing fast CMOS circuits. Mor-
gan Kaufmann, 1999.




<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


