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The Effects of Switch Resistances on Pipelined ADC Performances
and the Optimization for the Settling Time
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SUMMARY In this paper, we discuss the effects of switch resistances
on the step response of switched-capacitor (SC) circuits, especially multi-
plying digital-to-analog converters (MDACs) in pipelined analog-to-digital
converters. Theory and simulation results reveal that the settling time
of MDACs can be decreased by optimizing the switch resistances. This
switch resistance optimization does not only effectively increase the speed
of single-bit MDACs, but also of multi-bit MDACs. Moreover, multi-bit
MDACs are faster than the single-bit MDACs when slewing occurs during
the step response. With such an optimization, the response of the switch
will be improved by up to 50%.
key words: analog to digital converter, pipeline operation, switched ca-
pacitor amplifier, on resistance

1. Introduction

Modern sub-micrometer CMOS processes facilitate the re-
cent trend towards large system-on-a-chip solutions, which
include not only digital circuitry but also an analog core on
the same die. Such electronic systems on a single chip allow
the reduction of the size of electronic equipment and their
power consumption, which is important for both portable
electronics as well as for telecommunication devices [1].
It is obvious that in such mixed-signal systems analog-to-
digital converters (ADCs) become increasingly important.
Especially pipelined ADCs have grown in popularity as
they possess the ability to adapt their performance to var-
ious communication applications, such as digital television,
WLAN, and ADSL, just to name a few. Commonly avail-
able pipelined ADCs are of 10–14 bits resolution and may
have a conversion frequency of more than 10 MHz.

The key features of pipelined ADCs are a relatively
high conversion frequency at low power consumption. It
is commonly known that there is a trade-off between con-
version frequency and power consumption. The conversion
frequency is dominated by the response of the multiplying
digital-to-analog converter (MDAC) as shown in Fig. 1. The
MDAC consists of an operational amplifier (OpAmp), of ca-
pacitors and switches [2]. Because previous design methods
for MDACs have assumed that switch resistances can be ne-
glected, the conversion frequency was dependent on the re-
sponse of the closed loop of the OpAmp only [3]. However,
this simplification does not hold anymore for the implemen-
tation of MDACs in sub-micrometer, sub-volt CMOS pro-
cesses, as the switches do not get driven by a sufficiently
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Fig. 1 A pipelined ADC’s multiplying digital-to-analog converter.

large voltage. Therefore, the influence of the switch resis-
tance on the settling time of MDACs needs to be considered.

This paper confirms the influence of the switch resis-
tance on the settling behavior of MDACs. To achieve a
minimum settling time for the MDAC, switch resistances
should be optimized consequently. This optimization may
furthermore alleviate the trade-off between the conversion
frequency and the power consumption. This paper is struc-
tured as follows: In Sect. 2, we describe an implementation
of the MDAC and its equivalent circuit to be analyzed in
this paper. In Sect. 3, we describe the step response of the
MDAC and optimize the switch resistance mathematically.
In Sect. 4, we describe the pole-zero analysis in order to un-
derstand why the MDAC’s step response can be accelerated
through switch resistance optimization. In Sect. 5, we inves-
tigate a relation between the multi-bit MDAC and its settling
time. In Sect. 6, we end up with some conclusion.

2. Analytical Model of MDAC

2.1 MDAC Implementation

An implementation of the MDAC to be analyzed in this pa-
per is given in Fig. 2. To simplify the analysis, we consider
M bits per stage of the MDAC (M=1, 2, 3, . . . ). In prac-
tice, M bits per stage of the MDAC is implemented with re-
dundancy (e.g., 1.5 bits per stage), but the assumption of M
bits per stage simplifies the explanation of our optimization
method.

During the sampling phase, the analog input is sampled
into the sampling capacitors Cs and C f . In the amplifying
phase, Cs is connected to the reference voltage Vre f , whereas
C f forms the negative feedback loop around the OpAmp. Cs

and C f are given as multiples of the first stage’s unit capac-
itance, Co: C f = Co and Cs = mCo. The gain of the MDAC,
GMDAC , is given by
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Fig. 2 An MDAC used for analysis.

Fig. 3 The equivalent circuit of the MDAC show in Fig. 2.

GMDAC = 1 + m = 2M (1)

The capacitance of the output capacitor CL is

CL = Cpo + Co (2)

where Cpo is the parasitic output capacitance of the OpAmp
and Co in (2) is sampling capacitor of the next stage.

We suppose that the switched OpAmp technique is
used for decreasing the settling time and power consump-
tion [4], [5]. Therefore sampling switch of the next stage is
removed.

2.2 Equivalent Circuit of the MDAC

To obtain the transfer function of the MDAC, we consider
an equivalent circuit of the MDAC as shown in Fig. 3. The
equivalent circuit can be modeled using the sampling switch
resistance rs, the feedback switch resistance r f , the parasitic
input capacitance Cpi, the parasitic output capacitance Cpo,
the trans-conductance gm, the output impedance rL, and the
second pole, ωp2, of the OpAmp.

To simplify the transfer function of the circuit shown
in Fig. 3, we assume that ωp2 is greater than the open-loop
unity gain bandwidth ωu, that Cpi � Co, and gmrL � 1. The
transfer function of the MDAC is given by

vout = − s + z1

(s + p1) (s + p2)
vin (3)

with

z1 =
gm

Co

(
−1 + gmr f

) (4)

p1 = α −
√
α2 − gm

mCoCL

(
rs + r f

) (5)

p2 = α +

√
α2 − gm

mCoCL

(
rs + r f

) (6)

and

α =
mCo (1 + gmrs) +CL (m + 1)

2 mCoCL

(
rs + r f

) (7)

3. Switch Resistance Optimization

3.1 Step Response of the MDAC

The settling time of the switched capacitor amplifier is re-
duced by switch resistance optimization as shown in [6] and
[7]. However, the relation between rs and r f is not shown;
these analyses consider the effects of rs and r f only sepa-
rately. We then show the optimum condition of switch resis-
tance which decreases the settling time of the MDAC.

The step response of the MDAC is given by

vout = −mVin

[
1 − (cosh βt + γ sinh βt) e−αt

]
(8)

with

β =

√
α2 − gm

mCoCL

(
rs + r f

) (9)

and

γ =
1
β

⎛⎜⎜⎜⎜⎜⎜⎝α + 1 − gmr f

mCL

(
rs + r f

)
⎞⎟⎟⎟⎟⎟⎟⎠ (10)

Equation (8) can be modified as,

vout=−mVin

[
1− 1

2
(1+γ) e−(α−β)t− 1

2
(1−γ) e−(α+β)t

]
(11)

Ringing does not occur in the step response if α and
β are positive real numbers. In this case, it is possible to
conclude that α > β from (9), which leads to α − β > 0
and finally α − β < α + β. Therefore the response stemming
from the second term of (11) is slower than the response of
the third term. In this case, the settling time given in (11) is
mainly determined by the second term response.

Figure 4 shows the step response of (11) with the pa-
rameters given in Table 1. Each parameter assumes that
the OpAmp designed using a 0.18 µm CMOS process. The
main response and the second term response are described
as a solid line and a broken line, respectively. The main re-
sponse gradually approaches the response described by the
second term, i.e. the second term of the response determines
the settling time. Moreover, the step response in case of
r f = 600Ω is faster than r f = 400Ω.

3.2 Switch Resistance Optimization

We now optimize the switch resistance mathematically. The
settling time of the MDAC is determined by the second term
of (11), so the second term has to be minimized to decrease
the settling time. If (1 + γ) = 0, the second term becomes 0.
For (1 + γ) = 0, the switch resistance is given by
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Fig. 4 Step response of the MDAC.

Fig. 5 The settling error characteristics of the MDAC.

Table 1 Model parameters.

r f opt = mrs +
(m + 1)
gm

(12)

In this case, (11) can be modified as

vout opt = −mVin

(
1 − e−(α+β)t

)
= −mVin

(
1 − e−

gm
(m+1)CL

t
)

(13)

Figure 5 shows the settling error characteristics of the
MDAC as a function of time for r f = rs and r f = r f opt, with
the parameters listed in Table 1. For r f = rs, the 1% settling
error is reached after a 4.3 ns. By using the optimized re-
sistances, r f = r f opt, the settling time can be lowered to
2.0 ns which corresponds to a 53% improvement in time re-
duction. This result demonstrates that the switch resistance

Fig. 6 Settling time vs. resistance of the feedback-switch.

optimization can effectively reduce the settling time.

3.3 Settling Time of the MDAC

We now use (11) to obtain the settling time of the MDAC.
In the region where r f < r f opt holds, the settling time of
the MDAC is determined by the second term of (11). In this
case, the settling time tset is given by

tset ≈ 1
α − β ln

(
1 + γ
2eo

)
(14)

where Verr is tolerance of the settling error and eo =

Verr/Vin.
If r f = r f opt, the settling time of the MDAC is deter-

mined by (13). The optimum settling time, tset opt, is given
by

tset opt =
(m + 1) CL

gm
ln

(
1
eo

)
(15)

The settling time of the MDAC versus the feedback
switch resistance r f is plotted in Fig. 6. Each parameter is
shown in Table 1. The input-referred settling error margin is
0.1%. Figure 6 compares the calculation results — given by
(14) and (15) — with the transistor-level simulation results
(obtained with “Spectre”) of the MDAC with MOS OpAmp
shown in Fig. 2 and simulation results of the equivalent cir-
cuit shown in Fig. 3. The solid line in Fig. 6 is obtained from
(14).

As a result, the calculation values corresponds to the
simulation values within 5% for all cases of r f < r f opt.
In this case, (14) describes the approximate value of the
settling time. For r f = rs, the settling time is 5.2 ns. If
r f = r f opt, the settling time obtained from (15) is 2.45 ns,
the simulation value of the MDAC with MOS OpAmp
and equivalent circuit are 2.35 ns and 2.56 ns, respectively.
Therefore, by using the switch resistance optimization, the
settling time of the MDAC has been improved by 50%.

To simplify the analysis, the following simulation re-
sults are given by simulation of the equivalent circuit.
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4. Pole-Zero Analysis

4.1 Pole-Zero Behavior

In this chapter we analyze the system’s pole-zero behavior
in order to understand why the MDAC’s step response can
be accelerated through switch resistance optimization.

The location of the poles and zeroes is obtained
through (4)–(6). For this analysis all parameters are listed
in Table 1. The pole-zero location versus feedback switch
resistance r f is shown in Fig. 7.
(a) r f < r f opt

In the region of r f less than r f opt, since z1 and p2 are
larger than p1, p1 becomes the dominant pole of the re-
sponse. When r f approaches r f opt, p1 moves to a higher
frequency and z1 and p2 move to a lower frequency, as is

Fig. 7 Pole-zero vs. resistance of the feedback-switch.

(a) r f < r f opt

(b) r f = r f opt

(c) r f > r f opt

Fig. 8 Pole-zero behavior.

shown in Fig. 8(a).
(b) r f = r f opt

In case of r f = r f opt, z1 and p1 are at the same location.
Thus, z1 and p1 cancel each other out and p2 becomes the
dominant pole as it is shown in Fig. 8(b). Therefore, the
step response of the MDAC could be improved through the
switch resistance optimization.
(c) r f > r f opt

In the region of r f > r f opt, z1 is lower than p1 and p2.
Therefore, a small overshoot appears in the step response.
If r f is increased more and more, p1 becomes the complex
number as shown in Fig. 8(c), so the step response has a
ringing. As a result, the settling time is increased.

4.2 Settling Time Improvement

In the following we will explain the property of the optimum
settling time, tset opt, and the method to make better use of
the switch resistance optimization.

In case of r f = r f opt, pole-zero location are given by

p1 opt = z1 opt = − gm(
1 + gmr f opt

)
mCo

(16)

p2 opt = − gm

(m + 1) CL
(17)

It is necessary to increase p2 opt to improve the opti-
mum settling time tset opt. To increase p2 opt without in-
creasing the power consumption, m or CL should be de-
creased. When a conventional architecture is used in the
MDAC, CL is determined by the OpAmp’s parasitic output
capacitance, Cpo, and the sampling capacitor of the follow-
ing stage [2]. Generally, the sampling capacitor determines
CL. It is difficult to decrease the sampling capacitor since
the sampling capacitor determines the SNR of the pipelined
ADC [8]. However, when “loading free architecture” is
used in the MDAC, CL becomes only Cpo, so CL can be
decreased drastically [9]. Therefore, the loading free archi-
tecture might be able to make better use of the switch resis-
tance optimization. Note that for loading free architecture,
this paper’s analysis does not hold.

When m is increased, the step response is slowed down
because p2 opt is decreased. However, since the gain of the
MDAC is increased, the tolerance of the settling error is in-
creased and CL is decreased. Therefore, m does not influ-
ence the settling time so much considering these effects in
case of small signal analysis. The detailed discussion is pro-
vided in the next section.

5. Settling Time of Multi-Bit MDAC

5.1 Multi-Bit MDAC

To investigate a relation between the multi-bit MDAC and
its settling time, we assume that as follows [10],
1) Only the first stage MDAC is multi-bit per stage, other
stage MDAC are 1 bit per stage.
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Table 2 Model parameter of the multi-bit MDAC.

Fig. 9 Settling time for 1–3 bit MDAC vs. resistance of the feedback
switch.

2) The sampling capacitor of the first stage Csa1 equals
(m + 1)Co. We assume that the digital error compensation
technique is used [11], so Csa1 is determined by required
SNR. Csa1 is constant value each multi-bit MDAC. In this
analysis, Csa1= 4 pF.
3) The sampling capacitor of the second stage Csa2 equals
Csa1 divided by the gain of the first stage MDAC. Csa2 equals
Co since the gain of first stage is (m + 1).
4) The input-referred settling error margin is 1 LSB of 12 bit
resolution. It is constant value each multi-bit MDAC.
5) Each parameter is shown in Table 2.

5.2 Small Signal Analysis

First, we investigate the multi-bit MDAC’s settling time
when slewing does not occur during the step response. Fig-
ure 9 shows simulation results (obtained from the equivalent
circuit shown in Fig. 3) of the settling times for 1 to 3 bit
MDACs, as well as the settling times obtained from (14).

The calculated values agree with the simulation values
within 5% for most cases of r f < r f opt. When rs and gm are
constant, r f opt increases with the increase of M. Moreover,
the sensitivity of r f to the settling time decreases with an in-
crease of M. Because the MDAC’s elements show some
variability and its characteristics are input-voltage depen-
dent, it is difficult to generally determine the optimal value
for the switch resistances. Therefore, the multi-bit structure
might be able to make better use of the switch resistance
optimization.

Figure 10 shows the settling time as a function of m in
case of r f = r f opt. The calculation values correspond to

Fig. 10 Optimum settling time vs. m (m = Cs/C f ).

the simulation values up to within 5%. The settling time in-
creases with an increase of m, e.g., the settling time is about
10% higher for M=3 bit compared to M=1 bit.

The following reasoning may reveal why multi-bit
MDACs are slower than single-bit MDACs: the factor
(m+ 1) of (15) increases the settling time, because the feed-
back factor is decreased with an increase of m. However,
as the gain of the MDAC is increased, the tolerance of the
settling-error is increased and CL is decreased. All these
factors lead to a decreased settling time. If Cpo=0, there is
only the effect that tolerance of settling error is increased,
so the settling time decreases with an increase of m. If
Cpo � Co, the multi-bit MDAC is faster than the single-
bit MDAC. In this analysis, since Cpo cannot be neglected,
multi-bit MDACs are slower than single-bit MDACs.

5.3 Large Signal Analysis

We now investigate the relation between the multi-bit
MDAC and its settling time when slewing occurs during
the step response. Figure 11 shows simulation results for
two cases: the settling time for a voltage controlled current
source (see Fig. 3) without any current limitation, and the
settling time with current limitation. In the following analy-
sis, we assume that current limitation is 1 mA, output signal
swing is 1 V and r f = r f opt.

In large signal analysis, slewing occurs in the single-bit
MDAC because its load capacitance is larger. The settling
time is 1.6 times larger than the settling time without current
limitation. The settling time decrease with an increase of m
because the load capacitance in the MDAC decreases with
an increase of m. Moreover, the feedback factor of the multi-
bit MDAC is smaller than the single-bit MDAC, so slewing
does not occur easily.

It is difficult to exactly calculate the settling time with
slewing, but good approximations can be made. Figure 12
shows the outline chart of the step response with slewing
and the step response without slewing.

The slew rate (SR) of the OpAmp is given by
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Fig. 11 Settling time with slewing vs. m (m = Cs/C f ).

Fig. 12 The outline chart of the step response with and without slewing.

SR =
Ibias

Ceff
(18)

Ceff ≈ CL +
CsC f

Cs +C f
≈ CL +

mC2
o

(m + 1) Co
(19)

where Ibias is the bias current of the input MOS transistor
in the OpAmp and Ceff is the total load capacitance of the
OpAmp.

The settling time without slewing tset1 is obtained from
(15),

tset1 =
(m + 1) CL

gm
ln

(
1
eo

)
(20)

The time of the slope of step response without slewing
equals to SR is given by

gm ≈ 2Ibias

Veff
(21)

∂vout opt

∂t
= SR (22)

ts1 =
(m + 1) CLVeff

gm
ln

[
(m + 1) CLVeff

2 mCeffVin

]
(23)

where Veff is the over drive voltage of the input MOS tran-
sistor in the OpAmp. We assume the step response with and
without slewing are almost the same after the slewing has

Fig. 13 The settling time with slewing obtained from (29) vs. m (m =
Cs/C f ).

ended, ts2 and ts3 given by

ts2 = tset1 − ts1 (24)

ts3 = ts2 (25)

The output voltage when the slewing has ended can be
given by

Vslew = −mVin

(
1 − e−

gm
(m+1)CL

ts1

)
(26)

We obtain tslew as the time slewing has ended,

tslew =
Ceff

Ibias
Vslew (27)

Finally, the settling time with slewing can be approximated
as follow,

tset2 ≈ tslew + ts3 (28)

The settling time with slewing is obtained from (28) and was
plotted in Fig. 13. The values obtained by calculations agree
with the simulation values to within 3%.

6. Conclusion

To design the optimum the MDAC in a pipelined ADC, the
influence of the switch resistances on the settling time of
the MDAC is investigated in this paper. The settling time
of the MDAC is improved by determining the optimum on-
resistance of the switches. The response of the switch is
not given by a first-order response, but as a second-order
response — an additional zero is generated by the switch re-
sistance. The settling-time of the switch has been improved
by 50% in the maximum by using pole-zero cancellation.

Moreover, the influence of the switch on the settling-
time of a multi-bit MDAC was investigated. It is difficult
to generally determine the optimal switch resistance, due to
the high variability of the elements and the dependence on
the input voltage. However, the settling time of the multi-
bit structure is only marginally dependent on the switch re-
sistance. The multi-bit structure decreases the settling time
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of the MDAC and simplifies reaching the design specifica-
tions. In addition, it was shown that the settling time deterio-
rated seriously by slewing of the OpAmp. However, slewing
rarely appears in multi-bit structures whose capacitive load
is smaller than that of single-bit structures. Consequently,
the multi-bit structure is more suited to reduce the settling
time of MDACs.

It is shown that in the design of MDACs the proper-
ties of the switches need to be considered. The method of
determining the optimum design as shown in this paper is
attractive for the design of ADCs with a high conversion
frequency and a high resolution.

Acknowledgments

This work is supported by the Semiconductor Technology
Academic Research Center (STARC), VLSI Design and Ed-
ucation Center (VDEC) and the University of Tokyo in col-
laboration with Cadence Design Systems, Inc.

The authors would like to thank M. Frey and
T. Kurashina for their help with writing this paper.

References

[1] A. Matsuzawa, “Mixed signal SoC era,” IEICE Trans. Electron.,
vol.E87-C, no.6, pp.867–877, June 2004.

[2] S.H. Lewis, H.S. Fetterman, G.F. Gross, Jr., R. Ramachandran,
and T.R. Viswanathan, “A 10-b, 20-Msample/s analog-to-digital
converter,” IEEE J. Solid-State Circuits, vol.27, no.3, pp.351–358,
March 1992.

[3] M. Miyahara, T. Kurashina, and A. Matsuzawa, “A study on the ef-
fect of CMOS scaling in analog circuit performance — The effect of
design rule on CMOS OPamps and pipeline ADCs,” IEICE Techni-
cal Report, ICD2005-29, July 2005.

[4] M. Waltari and K.A.I. Halonen, “1-V 9-bit pipelined switched-
opamp ADC,” IEEE J. Solid-State Circuits, vol.36, no.1, pp.129–
134, Jan. 2001.

[5] H.-C. Kim, D.-K. Jeong, and W. Kim, “A partially switched-opamp
technique for high-speed low-power pipelined analog-to-digital con-
verters,” IEEE J. Solid-State Circuits, vol.53, no.4, pp.795–801,
April 2006.

[6] U. Chilakapati and T. Fiez, “Settling time design considerations
for SC integrators,” IEEE International Symposium on Circuits and
Sysytems, vol.1, pp.492–495, June 1998.

[7] J. Carnes and U.-K. Moon, “The effect of switch resistance on
pipelined ADC MDAC settling time,” IEEE International Sympo-
sium on Circuits and Systems, pp.5251–5254, May 2006.

[8] M. Miyahara and A. Matsuzawa, “A study on a pipeline ADC —
Basic requirements for capacitance and OP amp performance,”
IEICE Technical Report, ICD2004-51, July 2004.

[9] Y. Wu, V.S.L. Cheung, and H. Luong, “A 1-V 100 MS/s 8-bit CMOS
switched-opamp pipelined ADC using loading-free architecture,”
IEEE Symposium on VLSI Circuits Digest of Technical Papers, June
2006.

[10] H. Endou, M. Miyahara, and A. Matsuzawa, “A study on multi-
bit-pipelined A/D converter,” IEICE Technical Report, ICD2006-63,
July 2006.

[11] S.-Y. Chuang and T.L. Sculley, “A digitally self-calibrating 14-bit
10-MHz CMOS pipelined A/D converter,” IEEE J. Solid-State Cir-
cuits, vol.37, no.6, pp.674–683, June 2002.

Masaya Miyahara received B.E. de-
gree in Mechanical & Electrical Engineering
from Kisarazu National College of Technology,
Kisarazu, Japan, in 2004, and M.E. degree in
Physical Electronics from Tokyo Institute of
Technology, Tokyo, Japan, in 2006. He is cur-
rently pursuing the Ph.D. degree in the Depart-
ment of Physical Electronics at Tokyo Institute
of Technology. His research interest is Mixed
signal circuits.

Akira Matsuzawa received B.S., M.S.,
and Ph.D. degrees in electronics engineering
from Tohoku University, Sendai, Japan, in 1976,
1978, and 1997 respectively. In 1978, he joined
Matsushita Electric Industrial Co., Ltd. Since
then, he has been working on research and
development of analog and Mixed Signal LSI
technologies; ultra-high speed ADCs, intelligent
CMOS sensors, RF CMOS circuits, digital read-
channel technologies for DVD systems, ultra-
high speed interface technologies for metal and

optical fibers, a boundary scan technology, and CAD technology. He was
also responsible for the development of low power LSI technology, ASIC
libraries, analog CMOS devices, SOI devices. From 1997 to 2003, he was
a general manager in advanced LSI technology development center. On
April 2003, he joined Tokyo Institute of Technology and he is a profes-
sor on physical electronics. Currently he is researching in mixed signal
technologies; CMOS wireless transceiver, RF CMOS circuit design, data
converters, and organic EL drivers. He served the guest editor in chief for
special issue on analog LSI technology of IEICE transactions on electron-
ics in 1992, 1997, 2005, and 2006, the vice-program chairman for Interna-
tional Conference on Solid State Devices and Materials (SSDM) in 1999
and 2000, the Co-Chairman for Low Power Electronics Workshop in 1995,
a member of program committee for analog technology in ISSCC and the
guest editor for special issues of IEEE Transactions on Electron Devices.
He has published 26 technical journal papers and 48 international confer-
ence papers. He is co-author of 10 books. He holds 34 registered Japan
patents and 65 US and EPC patents. He received the IR100 award in 1983,
the R&D100 award and the remarkable invention award in 1994, and the
ISSCC evening panel award in 2003 and 2005. He is an IEEE Fellow since
2002.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


