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SUMMARY An L-2L through-line de-embedding method has been
verified up to millimeter wave frequency. The parasitics of the pad can
be modeled from the L-2L through-line. Measurement results of the trans-
mission lines and transistors can be de-embedded by subtracting the par-
asitic matrix of the pad. Therefore, the de-embedding patterns, which is
used for modeling active and passive devices, decrease greatly and the chip
area also decreases. A one-stage amplifier is firstly implemented for help-
ing verifying the de-embedding results. After that a four-stage 60 GHz
amplifier has been fabricated in CMOS 65 nm process. Experimental re-
sults show that the four-stage amplifier realizes an input matching better
than −10.5 dB and an output matching better than −13 dB at 61 GHz. A
small signal power gain of 16.4 dB and a 1 dB output compression point
of 4.6 dBm are obtained with a DC current consumption of 128 mA from a
1.2 V power supply. The chip size is 1.5 mm × 0.85 mm.
key words: CMOS amplifier, transmission line, millimeter wave, de-
embedding, 60 GHz

1. Introduction

Nowadays many publications about millimeter wave
(MMW) transceivers and its building blocks have been pub-
lished both from academia and industry [1]–[9]. Accord-
ing to IEEE 802.15.3c a 9 GHz wide-band at 60 GHz can be
used without license for Gbps wireless applications such as
wireless personal area network (WPAN), wireless high defi-
nition multimedia interface (HDMI), point to point links and
so on. Accompanying with the scaling down of the CMOS
technology, fT and fmax of transistors are achieved above
100 GHz, making an all-CMOS solution at 60 GHz feasi-
ble. The merits of low cost compared with other technology
such as GaAs and SiGe, and high integration of CMOS pro-
cess make it a good candidate for the 60 GHz applications
[10].

At MMW frequency device modeling becomes very
important since the model provided by foundries are not
accurate any more. Test elementary group (TEG) of pas-
sive and active devices including pads and interconnects for
measurement have been implemented before circuits design.
Transmission lines (T-line) are usually employed in match-
ing network for firstly designing MMW circuits since it is
scalable and can be easily modeled. The model of the T-
lines will affect the simulation accuracy of the circuit there-
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fore it is very important to model the T-line accurately.
To obtain the characteristics of the device under

test (DUT), a proper de-embedding method is required to
eliminate the parasitics. Open-short (OS) and open-short-
through (OST) method have been often used and the accu-
racy has been proved at low frequency [11], [12]. But it be-
comes very difficult to realize an ideal short circuit at MMW
frequency. Through-only de-embedding method is simple
and has been verified up to 110 GHz [13]. In this method
a through-pattern is implemented and measured. By using
the measured S-parameter the parasitics of the pad can be
calculated which is modeled as a π-type lumped constant
circuit. However, in through-only method, the length of the
through-line is required to be very short to match with the
π-type lumped model. The isolation between the probes be-
comes a problem due to the coupling at MMW frequency,
which makes the measurement becomes very difficult, espe-
cially for passive devices. A method by using two T-lines
with different length has been explained in [14]. It has been
proved to be a very accurate method for de-embedding the
T-lines. But large chip area is required by using this method
to de-embed different types of the T-lines because two lines
with different length are needed for de-embedding each type
of the T-lines. Cost becomes a severe problem especially for
advanced CMOS process such as 65 nm process. An ideal
through can be generated by an L-2L through-line method
[15]. Therefore the parasitics of the pad can be calculated
and modeled by using the π-type lumped model. And there
is no requirement for the length of the through-line to be
short. The isolation between the probes is not a problem
any more by using this method. Although this method has
been reported to de-embed interconnects under 10 GHz in
[15]. The validity up to 110 GHz and applicability to other
DUTs has been proved in this paper.

The structure of this paper is as follows: The detail of
the de-embedding method is discussed in Sect. 2. Section 3
firstly describes the de-embedding results of the T-lines and
the transistors, then a one-stage amplifier which is employed
to verify the model. The implementation and measurement
results of a four-stage amplifier are given in Sect. 4. Sec-
tion 5 presents the final conclusion.

2. L-2L Through-Line De-Embedding Method

As shown in Fig. 1, two through-lines with a length of L and
2L have been utilized. The T-line can be decomposed into

Copyright c© 2010 The Institute of Electronics, Information and Communication Engineers
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Fig. 1 L-2L through-line test structures.

Fig. 2 Model of the PAD.

a cascade of five two-port networks consisting of the shunt
parasitics of the pad, the intrinsic device and the series part
of the pad as shown in Fig. 2. Therefore, the ABCD matrix
of the T-line with a length of li can be represented as the
following product:

Tmi = TplTslTli TsrTpr (1)

where
Tli represents the intrinsic line segment of structure i;
Tpl represents the parallel parasitics of the left pad;
Tsl represents the serial parasitics of the left pad;
Tsr represents the serial parasitics of the right pad;
Tpr represents the parallel parasitics of the right pad.

Let Tlpad = TplTsl and Trpad = TprTsr represent the parasitic
matrix of the left pad and the right pad, respectively. With
l2 = 2l1, we can have

Tm1 = TlpadTl1 Trpad (2)

Tm2 = TlpadTl1 Tl1 Trpad (3)

TlpadTrpad = Tm1 T−1
m2

Tm1 = Tthru (4)

Converting Tthru to Y-parameter Ythru, the shunt parasitic and
series parasitic can be expressed by

Yshunt = Ypad(1, 1) + Ypad(1, 2) (5)

Zseries =
−1

2Ypad(1, 2)
(6)

Fig. 3 L-2L De-embedding procedure.

Fig. 4 Calculated results by using through-only method.

So the ABDC matrix of Tp and Ts is given by

Tp =

(
1 0

Yshunt 1

)
(7)

Ts =

(
1 Zseries

0 1

)
(8)

and

Tlpad = TpTs =

(
1 Zseries

Yshunt YshuntZseries + 1

)
(9)

Trpad = TsTp =

(
YshuntZseries + 1 Zseries

Yshunt 1

)
(10)

Tthru=

(
2YshuntZseries+1 2Zseries

2Yshunt(YshuntZseries+1) 2YshuntZseries+1

)
(11)

Therefore, the ABCD matrix of the DUT can be obtained by

Tdut = T−1
lpadTmeasT

−1
rpad (12)

Figure 3 shows the de-embedding procedure.
Through-only de-embedding method also models the

parasitics of the pad by using lumped components. When
the length of the through-line is zero for the ideal case, the
result of through-only de-embedding method is the same as
that of the L-2L through-line de-embedding method. How-
ever as the length becomes longer the error becomes remark-
able to treat the through-line as a lumped component. A T-
line is de-embedded to evaluate the accuracy of the through-
only de-embedding method. The characteristic impedance
Zc, attenuation constant α and phase constant β of the T-line
have been calculated with the length change of the through-
line. The calculation result is shown in Fig. 4. The error
term Δ is given by

Δ =

∣∣∣∣∣∣
XL−2l − XL

XL

∣∣∣∣∣∣ (13)



LI et al.: EVALUATION OF A MULTI-LINE DE-EMBEDDING TECHNIQUE UP TO 110 GHZ FOR MILLIMETER-WAVE CMOS CIRCUIT DESIGN
433

where L is the length of the de-embedded T-line and l half
of the length of the through-line. XL is the de-embedded
results when l = 0. Term X represents the characteristics
impedance Zc, attenuation constant α and phase constant β
of a T-line. The value of L, ZL

c , αL and βL are 400 μm, 45Ω,
1 dB/mm and 114.5 deg/mm, respectively. Figure 4 shows
that Δα and Δβ is zero while the error term ΔZc increases as
l increasing and has a 3% difference when l is 50 μm. The
detail of the calculation is given in the Appendix.

3. De-Embedding Experimental Results

3.1 Transmission Lines De-Embedding

Two kinds of T-lines have been implemented in CMOS
65 nm process. The structure of the T-lines is shown in
Fig. 5. Slow-wave coplanar waveguide (SWCPW) T-lines
use Metal 1 as shield. Due to the design rule Metal 1 can not
shield the substrate totally. CPWs with two-metal ground
T-lines use Metal 1 and Metal 2 as shield. Metal 1 and

Fig. 5 Cross section of the transmission line. (a) Slow-wave coplanar
waveguide (SWCPW). (b) CPW with two-metal ground.

Fig. 6 Micrograph of the transmission lines. (a) 400-μm Slow-wave
coplanar waveguide (SWCPW). (b) 200-μm SWCPW. (c) 400-μm CPW
with two-metal ground. (d) 200-μm CPW with two-metal ground.

Metal 2 are interleaved in parallel with the waveguide metal
and connected in the direction perpendicular to the wave-
guide metal, which shield the substrate totally. SWCPW
T-lines are employed to extract the parasitics of the pad by
using the L-2L through-line method. After the pad is mod-
eled, CPWs with two-metal ground have been de-embedded
by eliminating the parasitics of the pad. The chip micro-
graph of the T-lines is shown in Fig. 6. De-embedding has
been carried out in different ways for comparing. By us-
ing the method specified in [16] the characteristics of the
CPWs with two-metal ground can be calculated from the
S-parameters. Figure 7 shows the de-embedded result by
using the OS de-embedding method. As can be seen, the
characteristic impedance Z0 has a large difference at high
frequency which are supposed to be identical. The de-
embedding results by using through-only method are given
in Fig. 8. As shown that the characteristic impedance and
phase constant are matched very well for 200-μm and 400-
μm CPWs with two-metal ground. However, the attenuation
have large difference beyond 20 GHz. The reason is consid-
ered as the coupling between the probes since the length of
the through pattern is only 40 μm. Figure 9 gives the de-
embedded results by using the L-2L through-line method.
Although there is little difference when the frequency is be-
yond 80 GHz, good matches have been realized for the 200-
μm and 400-μm T-lines. Therefore the T-lines can be mod-
eled accurately based on the de-embedding results.

3.2 Transistor De-Embedding

Transistors have also been implemented in CMOS 65 nm
process. T-Lines are employed for the access lines of the
transistors which can be de-embedded after modeling the T-
lines. The micrograph are shown in Fig. 10. The Y-matrix
and Z-matrix of the pad are subtracted from the measured
matrix of the transistors. The access T-lines are also de-
embedded. The maximum stable gain (MSG) and maximum
available gain (MAG) of a transistor after de-embedding is
given in Fig. 11. The finger width of the transistor is 2 μm
and the total width 40 μm.

Fig. 7 Open-short de-embedding method for the characteristic impe-
dance of 200-μm and 400-μm CPWs with two-metal ground.
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Fig. 8 Through-only de-embedding method for 200-μm and 400-μm
CPWs with two-metal ground. (a) Characteristic impedance. (b) Atten-
uation constant. (c) Phase constant.

3.3 One-stage Amplifier

To verify the precision of the de-embedding method and the
model of the T-line, a one-stage amplifier has been fabri-
cated in CMOS 65 nm process. The schematic and micro-
graph are shown in Fig. 12. A 5.4 dB power gain at 67 GHz
has been realized at a Vgs of 0.8 V and a Vds of 1.2 V. The
measured MSG of the transistor is about 9.4 dB as shown in
Fig. 11. Therefore the loss of the matching network is about
4 dB. The measured and simulated results including pads
are compared in Fig. 13. As can be seen that the simulation
results before de-embedding does not match with the mea-
surement results. However, the simulation results after de-
embedding match with the measurement results very well

Fig. 9 L-2L through-line de-embedding method for 200-μm and 400-μm
CPWs with two-metal ground. (a) Characteristic impedance. (b) Attenua-
tion constant. (c) Phase constant.

Fig. 10 Micrograph of the transistor.
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Fig. 11 Measured maximum stable gain or maximum available gain of a
transistor at a Vgs of 0.8 V and a Vds 1.2 V.

(a)

(b)

Fig. 12 Schematic and micrograph of the one-stage amplifier.

even though the peak of S 11 and S 22 shifts about 2∼3 GHz.
There are several reasons which are considered responsi-
ble for that: (1) Inaccuracy of the DC supply impedance;
(2) Modeling error related to the Tee junction and the de-
coupling MIM model; (3) Variation of the DC-cut capac-
itance. Because to model the Tee-junction accurately, a
three-port test element is needed. However, due to the lack
of measurement instruments, we can not measured it up to
110 GHz. Therefore, a two-port test element is utilized. As
to the de-coupling MIM model, because the characteristic
impedance are very low, it is very sensitive to the measure-
ment.

Fig. 13 Comparison between the measured and simulated results of the
one-stage amplifier at a Vgs of 0.8 V and a Vds of 1.2 V. (a) S 11 and S 22

with markers at 67 GHz. (b) S 21.

4. Design and Measurement Results of 4-Stage CMOS
PA

By using the built models in Sect. 3 a four-stage amplifier
has been designed and fabricated in CMOS 65 nm process.
The measured T-lines are employed for the matching blocks.
The first three stages are designed to realize a better gain
matching, whereas the final output stage is optimized for a
power matching. The load impedance is obtained from a
load-pull analysis.

The circuit schematic of the 4-stage CMOS power am-
plifier is given in Fig. 14 and Fig. 15 shows the micrograph.
The chip size is 1.5 mm × 0.85 mm. Figures 16 shows the
measured and simulated S-parameters. A measured small
signal power gain of 16.4 dB is obtained which is about
1.1 dB smaller than the simulated one. The reason is con-
sidered as that the non-ideal ground degenerates the source
of the transistors and therefore decreases the power gain.
The large signal measurement results are shown in Fig. 17.
The simulation results are about 0.6 dB larger than the mea-
surement ones. The difference can be generated from the
large signal (DC) model of the transistor. And the 1 dB out-
put compression point of 4.6 dBm at 61.5 GHz with a DC
current consumption of 128 mA at a VDD of 1.2 V.

Table 1 shows the summary of the presented and con-
ventional 60 GHz CMOS power amplifiers. The MMW
CMOS power amplifier reported in this paper achieves state-
of-the-art performance.
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Fig. 14 Circuit schematic of the four-stage power amplifier.

Fig. 15 Micrograph of the four-stage PA.

Fig. 16 Measured and simulated S-parameters results of the four-stage
amplifier. (a) S 11 and S 22 with markers at 61 GHz. (b) S 21.

Fig. 17 Large signal characteristics of the four-stage PA. (a) Output
power versus input power. (b) Large signal power gain versus input power.

5. Conclusion

An L-2L through-line de-embedding method has been veri-
fied up to millimeter wave frequency. The parasitics of the
pad can be modeled from the L-2L through-line. Measure-
ment results of the transmission lines and transistors can be
de-embedded by subtracting the parasitic matrix of the pad.
Therefore, the de-embedding patterns decrease greatly and
the chip area also decreases which is used for modeling ac-
tive and passive devices. A one-stage amplifier is firstly im-
plemented for helping verifying the de-embedding results.
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Table 1 Performance summary.

Reference Technology Freq. [GHz] Gain [dB] P1dB [dBm] PAE@P1dB [%] PDC [mW] VDD [V]
[2] JSSCC 2007 90 nm CMOS 61 5.2 6.4 7.4 21 1.5
[3] ISSCC 2008 90 nm CMOS 60 8.2 8.2 2.4 229 1.2
[4] RFIC 2008 90 nm CMOS 63 14 11 15 81 1.2
[5] ISSCC 2008 90 nm CMOS 60 5.5 9 6 80 1
[6] ISSCC 2008 90 nm CMOS 60 13.3 10.5 8 150 1
[7] ISSCC 2009 65 nm CMOS 60 15.8 2.5 3.95 43.5 1
[8] ISSCC 2009 45 nm CMOS 60 13.8 11 – – 1.1
[9] MWCL 2009 90 nm CMOS 60 30 10.3 6 178 1.8

This work 65 nm CMOS 61.5 16.4 4.6 2.3 128 1.2

After that a four-stage 60 GHz amplifier has been fabricated
in CMOS 65 nm process. Experimental results show that
the four-stage amplifier realizes an input matching better
than −10.5 dB and an output matching better than −13 dB
at 61 GHz. A small signal power gain of 16.4 dB and a 1 dB
output compression point of 4.6 dBm are obtained with a DC
current consumption of 128 mA from a 1.2 V power supply.
The chip size is 1.5 mm × 0.85 mm.
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Appendix

As shown in Fig. A· 1, the ABCD matrix of the through-only
pattern can be expressed by

TTO
thru = TlpadTlineTlineTrpad =

(
A B
C D

)
(A· 1)

where T TO
thru is the measured through-only pattern ABCD ma-

trix and l is the half length of the through-line.

Tlpad = TpTs =

(
1 Zseries

Yshunt YshuntZseries + 1

)
(A· 2)

Trpad = TsTp =

(
YshuntZseries + 1 Zseries

Yshunt 1

)
(A· 3)

Tline =

(
cosh(γl) Zc sinh(γl)

sinh(γl)
Zc

cosh(γl)

)
(A· 4)

A = (2YshuntZseries + 1)(cosh2(γl) + sinh2(γl))2

+ 2YshuntZseries sinh(γl) cosh(γl)

+
2Zseries(YshuntZseries + 1)

Zc
sinh(γl) cosh(γl) (A· 5)
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Fig. A· 1 Through-only de-embedding.

B = 2Zseries(cosh2(γl) + sinh2(γl))2

+ 2

⎛⎜⎜⎜⎜⎝Zc +
Z2

series

Zc

⎞⎟⎟⎟⎟⎠ sinh(γl) cosh(γl) (A· 6)

C = 2Yshunt(YshuntZseries + 1)(cosh2(γl) + sinh2(γl))2

+ 2
(YshuntZseries + 1)2

Zc
sinh(γl) cosh(γl)

+ 2Y2
shuntZc sinh(γl) cosh(γl) (A· 7)

D = A (A· 8)

Yshunt is the shunt admittance of the pad and Zseries the se-
ries impedance. Zc is the characteristic impedance of the
through-line and γ the propagation constant. When l = 0,

A = D = 2YshuntZseries + 1 (A· 9)

B = 2Zseries (A· 10)

C = 2YshuntYshuntZseries + 1 (A· 11)

and

TTO
thru=

(
2YshuntZseries+1 2Zseries

2Yshunt(YshuntZseries+1) 2YshuntZseries+1

)
(A· 12)

which is the same as Tthru in the L-2L de-embedding
method.
By using the following functions,

Y11 =
D
B

(A· 13)

Y12 =
BC − AD

B
(A· 14)

Y21 =
−1
B

(A· 15)

Y22 =
A
B

(A· 16)

The Y matrix of the through-only pattern can be obtained
from the ABCD matrix

YTO
thru =

(
Y11 Y12

Y21 Y22

)
(A· 17)

So the shunt admittance and series impedance calculated by
using the through-only method is expressed as

Y
′
shunt = Y11 + Y12, (A· 18)

Z
′
series =

−1
Y12
. (A· 19)

Therefore the ABCD matrix of the pad calculated by using
the through-only method is given by

T
′
lpad =

⎛⎜⎜⎜⎜⎝ 1 Z
′
series

Y
′
shunt Y

′
shuntZ

′
series + 1

⎞⎟⎟⎟⎟⎠ , (A· 20)

T
′
rpad =

⎛⎜⎜⎜⎜⎝ Y
′
shuntZ

′
series + 1 Z

′
series

Y
′
shunt 1

⎞⎟⎟⎟⎟⎠ . (A· 21)

The DUT can be de-embedded by using the following ex-
pression.

Tdut = T
′
lpad

(−1)
TmeasT

′
rpad

(−1)
(A· 22)

Transferring the ABCD matrix to S matrix and using the
method specified in [16] the characteristics of the T-line can
be calculated from the S-parameters.

γ = α + jβ (A· 23)

e−γ(L−2l) =

⎧⎪⎨⎪⎩1 − S 2
11 + S 2

21

2S 21
± K

⎫⎪⎬⎪⎭
−1

(A· 24)

where L is the length of the T-line,

K =

⎧⎪⎨⎪⎩ (S 2
11 − S 2

21 + 1)2 − (2S 11)2

(2S 21)2

⎫⎪⎬⎪⎭
1
2

(A· 25)

Z = Z0

⎧⎪⎨⎪⎩ (1 + S 11)2 − S 2
21

(1 − S 11)2 − S 2
21

⎫⎪⎬⎪⎭
1
2

(A· 26)

where Z0 is 50Ω.
Changing the length of the through-only pattern, the

characteristic impedance, attenuation constant and phase
constant have been calculated. The calculated results is
shown in Fig. 4 in Sect. 2.

Ning Li received the B.S. degree in Elec-
tronics Engineering and the M.S. degree in
Physical Electronics from Xi’an Jiaotong Uni-
versity, China in 1999 and 2002. In 2002
she joined Department of Electronics and Infor-
mation Engineering, Xi’an Jiaotong Universtiy,
Xi’an, China. Currently she is studying for her
Ph.D. degree in Tokyo Institute of Technology,
Tokyo, Japan.



LI et al.: EVALUATION OF A MULTI-LINE DE-EMBEDDING TECHNIQUE UP TO 110 GHZ FOR MILLIMETER-WAVE CMOS CIRCUIT DESIGN
439

Kota Matsushita received the B.E. degree
in Electrical and Electronic Engineering from
Tokyo Institute of Technology, Tokyo, Japan, in
2009. He is studying toward the M.E. degree in
Department of Physical Electronics, Tokyo In-
stitute of Technology, Tokyo, Japan. His main
research interests are in RF circuit design.

Naoki Takayama received the B.E. degree
in Electrical and Electronic Engineering from
Tokyo Institute of Technology, Tokyo, Japan, in
2008. He is currently perusing the M.E. degree
in Tokyo Institute of Technology, Tokyo, Japan.

Shogo Ito received the B.E. degree in Elec-
trical and Electronic Engineering from Tokyo
Institute of Technology, Tokyo, Japan, in 2008.
He is studying toward the M.E. degree in De-
partment of Physical Electronics, Tokyo Insti-
tute of Technology, Tokyo, Japan. His main re-
search interests are in RF circuit design.

Kenichi Okada received the B.E., M.E.
and Ph.D. degrees in Communications and
Computer Engineering from Kyoto University,
Kyoto, Japan, in 1998, 2000, and 2003, re-
spectively. From 2000 to 2003, he was a Re-
search Fellow of the Japan Society for the Pro-
motion of Science in Kyoto University. From
2003 to 2007, he worked as an Assistant Profes-
sor at Precision and Intelligence Laboratory, To-
kyo Institute of Technology, Yokohama, Japan.
Since 2007, he has been an Associate Professor

at Department of Physical Electronics, Tokyo Institute of Technology, To-
kyo, Japan. He has authored or co-authored more than 150 journal and
conference papers. His current research interests include reconfigurable
RF CMOS circuits for cognitive radios, 60 GHz–40 Gbps RF frontends,
and 0.5V-supply clock generation. He is a member of IEEE, the Informa-
tion Processing Society of Japan (IPSJ), and the Japan Society of Applied
Physics (JSAP).

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 electronics
in 1992, 1997, and 2003, the vice-program chairman for International Con-
ference 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 pub-
lished 26 technical journal papers and 46 international conference papers.
He is co-author of 8 books. He holds 34 registered Japan patents and 65 US
and EPC patents. In Aplil 2003 he joined, as an Professor, the Department
of Physical electronics at Titech. 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
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


