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Massive deployment of wireless sensor tags (e.g. iBeacon) will only happen if
batteries and their replacement effort are avoided. Self-powering by harvesting
the ambient energies like indoor solar and thermal gradient is prospective [1], but
their inconstant sub-0.5V output hinders their utility. Adding boost converters
and regulators inevitably worsens the system efficiency and integration level. This
paper reports an energy-harvesting Bluetooth Low-Energy (BLE) transmitter (TX)
(Fig. 28.5.1). It features a fully integrated micropower manager (1PM) to limit the
sleep power and tolerate variation of the energy-source voltage (Vppgy) down to
0.2V. U=An ultra-low-voltage (ULV) VCO and PA, and a passive-intensive type-|
PLL are proposed. Fabricated in 28nm CMOS, the TX exhibits a 25% system
efficiency at 0dBm output (Pyy).

The TX (Fig. 28.5.1) tailors a pPM with 4 specific charge pumps (CP_,) to deliver
the internal power and bias. CP is capable to self-start since Vppg=0.2V. It
generates a 1V Vyppy to power-up the bandgap reference (BGR). CP, and BGR
together offer Vpp py and PVT-insensitive Vgee py (0.55V) to start and operate CP,.
3. Since the VCO plus PA dominate 99% active power, ULV designs allow them to
operate directly under Vpp ey (energy harvester + storage). Both VCO and PA are
biased with a stable Vgas (0.39V) given by the BGR to resist Vpp g variation. The
passive-intensive type-I PLL draws only 54pA from a 0.55V Vpp p,, Offered by CP,.
Static logic controls are under 1V Vi c7r, given by CP,. To inhibit the sleep power,
a sub-nW always-on CP, is employed to generate a -0.17V Vg for power-gating
the VCO and PA.

Only CP4 of the yPM is detailed (Fig. 28.5.2). A switched-capacitor rectifier driven
by a multiphase ring-VCO reduces the switching ripple at Vpp py, Which otherwise
calls for a big Cy4, compromising the area and startup time. The ring-VCO, using
differential bootstrapped inverters, secures an adequate output swing (ideally
3xVpp e) to drive the rectifier without extra buffers. To cope with Vp, gy variation,
the error amplifier senses Vpp py and adjusts the delay lines of the ring-VCO via
Vp.- Thus, its oscillation frequency can be moderated to limit the excessive power
when Vpp gy raises. The forward diodes at Vpp py are for overdrive protection.

CP,._5 (not shown) are similar to CP4, but their error amplifier directly locks the
bias current of the ring-VCO, so as to regulate Vppp and Vppcre, [1]. The always-
on CP, is based on a negative-output rectifier driven by a kHz-range ring-VCO. In
the yPM measurement (Fig. 28.5.2), the critical voltages are stabilized against
Voo en=0.2 t0 0.3V, and settle in <400yps that can be overlapped with the startup
time of the crystal oscillator [1].

The trifilar-coil VCO [2] features a large passive loop gain to facilitate startup at
ULV. Yet, the VCO steady-state power consumption is decided by both the loss
of the LC tank and transistor channel conductance (Gpg). Since the trifilar-coil
VCO has out-phased Vg and Vyg, its cross-coupled pair is pushed into the triode
region, resulting in large Gpg and power consumption especially at ULV. Here, our
ULV VCO (Fig. 28.5.3-left) removes the drain-to-gate feedback for a constant drain
voltage V;, of M, , set by Vi, . Differential-mode oscillation is achieved by source-
to-gate magnetic cross-coupling (Vg. to Vg, and Vs, to Vg.). Unlike [3], an auxiliary
cross-coupled pair is not entailed at the gate, which otherwise penalizes the phase
noise (PN) by ~2dB in the 1/f? region (even with a size of one-tenth of W/Ly; ,).
Since Vg, and Vs, (Vs and Vg.) are in-phase, they lead to a large |Vg| (~0.78V,,)
improving the PN, and can serve as the VCO outputs. The reduced Vg (~0.51V,,)
helps M,, to stay in the saturation region, avoiding Q degradation of the
transformer.. The transformer has a primary coil (Lay+2) Stacked atop its
secondary coil (Lyp,,) to enlarge both the coupling factor (k,~0.76) and turns
ratio (Ngg = 5.6 = YLa1/Laz). The VCO hence shows a large passive loop gain
proportional to kyNgs even in the presence of source degeneration. In active mode,
M; , has a gate bias Vg5 (0.39V) given by the BGR that further facilitates startup
at ULV. DC isolation between Vgg and Vpp gy improves the frequency pushing
(measured 29.7MHz/V).

The 2.4GHz VCO outputs (Vg,) directly drive the ULV PA (Fig. 28.5.3-right) that
operates in the Class-E/F, mode to enhance the power efficiency. To meet a
0-dBm P, at 0.2V, we exploit a step-down transformer (Lg, ,) to reduce the drain-
node resistance of M,,, while rejecting the even-order harmonics at V,,. To
suppress the HD; without adding an explicit LC filter, C, (0.7pF) is embedded into
the secondary coil (Lg,) to resonate with a part of its inductance (L,) at 3x of the
2.4GHz ISM band: 3, = 1/(2mL,C,). As such, |Zy,| of the PA will present a high
impedance at 3f; to obstruct the 3<-harmonic current. L, is routed as the most
inner 2 turns of Lg, (Fig. 28.5.7), with its dimension (D) being designed to balance
the HD; and PA efficiency. Simulations suggest that D;=100um aids balancing
HD; (-47 dBm) and PA efficiency (30.6%) at P,,,=0dBm. Comparing with no L,C,,
HD; is rejected by 19dB more (Fig. 28.5.3-right). The passband loss rises only
0.5dB, since the magnetic coupling between Lg; and Lg, is dominated by their
outer turns. In sleep mode, the shared gate bias (Vgs) of the VCO (M ) and PA
(M;,4) is switched to Vygg (-0.17V) optimized for leakage power reduction
(measured 4.9nW). The VCO can be switched to the receiver mode by shutting
down the PA via SW,.

The VCO is locked by a type-I integer-N PLL with Vpp i =0.55V, and fpee=1MHz to
support channel selection (Fig. 28.5.4). With a passive XOR gate + an inverter-
based buffer, V, is rail-to-rail pulses and hence a 0-t0-0.55V Vs, range for
frequency tuning is realized. Unlike [4] that uses 50%-duty-cycle ¢ , to drive the
master-slave sampling filter (MSSF), here ¢ utilizes a 10x less duty cycle (i.e.
5%) to reduce the ripple of Vr, mainly induced by the clock feedthrough from
V,, which aids in suppressing the reference spur. It can be quantified by analyzing
the 1<-harmonic Fourier coefficient of Vg Meanwhile, the XOR gain varies with
Verme, and has a simulated minimum gain improved from ~0.03 (50% ¢4) to
1.21V/rad (5% ¢,), which expands the loop bandwidth to better suppress the VCO
PN. During open-loop FM modulation, S, is off and S, is on. Thus, C,,are in
parallel (26pF) to reduce the Vg leakage. The swing of ¢,,is bootstrapped to
lower the size of S, , (transmission gates) The PLL excluding the VCO dissipates
30pW mainly for the divider.

The TX fabricated in 28nm CMOS satisfies the strict minimal density rules. Under
open-loop modulation, the TX shows a system efficiency of 25% at P,,=0dBm
and Vppg=0.2V, and 27% at P,,=3.7dBm and Vp, 4=0.3V (Fig. 28.5.5). A single-
tone P, of 0dBm shows HD,=-49.6dBm and HD,=-47.4dBm. The BLE spectral
mask is met and FSK error is just 2.2%. The frequency drift is <5kHz when
delivering a 425ps BLE packet. The free-running VCO shows a FOM of 188.4dB
at 1MHz offset, and a 1/f* corner at 150kHz. The PLL+VCO power efficiency is
0.29mW/GHz, and the largest spurs are -47dBc. The settling time measures 30
at an initial frequency offset of 30MHz. The complete TX has a sleep power of
5.2nW and active area of 0.53mm? (Fig. 28.5.7).

Benchmarking with the recent art [4-6] in Fig. 28.5.6, this work achieves a BLE
TX uPM that enables ULV operation down to 0.2V, while upholding a high system
efficiency and full integration. [5-6] use dual supplies, and their performances
have not included the loss, power and area of the power-management units. [7]
aims at direct battery operation.

Acknowledgements:

The authors thank Macau Science and Technology Development Fund (FDCT) -
SKL Fund and University of Macau - MYRG-2015-00097-AMSV for financial
support.

References:

[1] W.-H. Yu, et al., “A 0.18V 382puW Bluetooth Low-Energy (BLE) Receiver with
1.33nW Sleep Power for Energy Harvesting Applications in 28nm CMQS,” ISSCC,
pp.414-415, Feb. 2017.

[2] C. C. Li, etal., “A 0.2V Trifilar-Coil DCO with DC-DC Converter in 16nm FinFET
CMOS with 188dB FOM, 1.3kHz Resolution, and Frequency Pushing of 38MHz/V
for Energy Harvesting Applications,” ISSCC, pp.332-333, Feb. 2017.

[3] A. W. L. Ng, et. al., “A 1-V 24-GHz 17.5-mW Phase-Locked Loop in a 0.18-
um CMOS Process,” IEEE JSSC, vol. 41, pp. 1236-1244, June 2006.

[4] L. Kong, et al., "A 2.4GHz 4mW Inductorless RF Synthesizer," ISSCC, pp.450-
451, Feb. 2015.

[5] M. Babaie, et al., “A Fully Integrated Bluetooth Low-Energy Transmitter in
28nm CMOS with 36% System Efficiency at 3 dBm,” IEEE JSSC, vol. 51, no. 7,
pp. 1547-1565, July 2016.

[6] X. Peng, et al., “A 2.4-GHz ZigBee Transmitter Using a Function-Reuse Class-
F DCO-PA and an ADPLL Achieving 22.6% (14.5%) System Efficiency at 6-dBm
(0-dBm) P,,” IEEE JSSC, vol. 52, pp. 1495-1508, June 2017.

[7] Y.-H. Liu, et al., “A 3.7mW-RX 4.4mW-TX Fully Integrated Bluetooth Low-
Energy/IEEE802.15.4/proprietary SoC with an ADPLL-Based Fast Frequency Offset
Compensation in 40nm CMQS,” ISSCC, pp. 236-237, Feb. 2015.

450

» 2018 IEEE International Solid-State Circuits Conference

978-1-5090-4940-0/18/$31.00 ©2018 |EEE



ISSCC 2018 / February 14, 2018 / 3:45 PM

Vopex
Energy Harvester
T frer FM Data
Micropower Manager (PM) PLL-Based Transmitter
) 02V —@i 19.6mA Voo Vs Vooew
1V @ 2uA TT |
G o e T & Vas
<L (=
Voppm VRer,em - -
0.55V @ 54pA i
L _@; = VDD,PLL VBIAS (Active) ! VNEG (Sleep)
0\ Vbp,cTRL
¢—{CP; — Voo ,ctrL T
7 TestModes, PLLand ____ L
&« VCOControls | ctr
Vheo 1L
Self-Startup Iways-ON CP

Delay-Line-Locked CP

Ring-VCO-Locked CP

for Power Gating

Figure 28.5.1: Proposed energy-harvesting BLE TX features a fully-integrated
BPM to control the active/sleep power and tolerate variation of the energy

source (Vpp gy) down to 0.2V.

Vooes=Vb

My M2

Vs (Active) /
Vnec (Sleep)

Vertically-Coupled
Transformer

0.2V

Band Tune

[5:0]

Zy with a high ____Y"“‘

il i: l 1
p t 1
at 3fo Cp

Ly
{0
Transformer e: Le2
W/ LoCo Notch | K& C Voomi |
at 3fy

=38 B
&40t {23
2.44 - "] 29 W
T 26 o
% 5000 150
Ds (um)

24GHz 3x24GHz
S %51 058 foLiCy
3 oo wueg
= 8

2 33, 4 5. 561 7
Frequency (GHz)

Figure 28.5.3: Left: ULV VCO with M, , always in saturation region even at
Voo e4=0.2V. Right: ULV Class-E/F, PA, with its transformer-embedded L,C,

notch to suppress HD;

32
3
729
5
E 27
w
o 23
H
o
20 i
0.2 0.25 0.3
Vooen (V)
BLE
i Spectral
T mask
1 Mbps
"GFSK | |
i Mo dulation ik
m=05

2-Stage 2-Parallel Rectifier Vaus 1.5 v I—
Voo | [ | Voopm = 1.2 VW
D 1 D 1 o BGR| o 09 v Voo, cTRL
I I § I Cae g 0.6 DD,PLL
| = o
x2 T T 2 03 VBias
VRer pu 000 ,,._VNEG
02 0.25 03
Ring-VCO |l 8-Phase CLK Voogn (V)
[Outtcp, Out-cp,...] 1.4
12 Enable
T = P Vop,cTRL
= \ o 1 T T
4 "E 08 Vop,pm
3 @, |
Outt, .
o In- ' 2Vopgn g) 0.6 Vop,pLL
3
=V
i VoL Ea %: 0.4 Vaias
:‘: Noog 202 Startup Time|
.- s ~400ps
Lgry o ut- =V, 0
il 02 Viee = -0.17V (always on)
Differential Bootstrapped Inverter with B
3xVopen O/P Swing + Tunable Delay Line gz 9 Oi-zim%‘tmos')ﬁ gk

Figure 28.5.2: Left: CP, of the pPM. Its ring-VCO is locked via tunable delay
lines to track Vy, g variation. Right: Measured internal voltages against Vyp gy

and their startup time.

VbppLL _ﬂﬂ.ﬂ. Master-Slave Sampling Filter (MSSF)
/—%

0

Sz

VopeH

e

fov

@ Voo puL

\ Si Va Verre
f& A %Cz f
o | @, FM Data
i 0
I Clock Bootstrapping | g : Ve o =
w = H
Duty-Cycle Control Logic .‘é g 10 This Work
53 59, measured)
fNT .. = ﬁT sz ﬂT "g E 2R 2D|°g[ain(d.=.1[ﬂ/n].w)[
4| Multi-Modulus Divider | 2 TR T
Duty Cycle (d.c.) of ®; (%)
Va _/\M Va _/\__/;
Case1 o s L 1 Case2 o 5% f n
o} [or R T 1,74 Ny N (Thiswork) & 1 —gsypll U
| L Ve
# } - D — T
S SR e — ' “Vripple

t

1ffov

1st harmonic Fourier Coefficient of VerrL % Vriple® % « sin(d.c. [%] )

Figure 28.5.4: A 2.4GHz integer-N type-I PLL with passive XOR and MSSF. The
MSSF uses a 5%-duty-cycle @, to aid suppressing the reference spurs.

Vgo,p11=0.55V and f,,=1MHz.

t

iggeian \S‘HJ De‘-eml‘:edded Pou=0dBm @Vnn,su=0.2v P This Work JSSC'16[5] JSSC7 [6] 1SSCC'15 [7]
w1l HD2=-49.6 dBm | HPM + Dual-Vpp + Dual-Vy, + Class-D PA +
HD‘a = .47.4 dBm Key Techniques ULV VCO &PA+ | Class-E/fF,PA+ | Function-Reuse LC-DCO +
BLE spec: -41.5 dBm | Type- Analog PLL | LC-DCO+ADPLL | DCO-PA+ADPLL ADPLL
i L CMOS Technology 28 nm 28nm 65 nm 40nm
‘ ‘ Active Area (mm?) 053* 0.65 0.39 0.6
s,: O/P Matching Network Fully On-Chip Fully On-Chip Partially On-Chip | Partially On-Chip
ltae 2000 GHz Stop 8,000 Gl _19.6] - 50/ - 49/ -
e I S e | v | &2
GImEL R 458 FoBomedoriorencuded | Modulation Error 2.2% (GFSK) 2.7%(GFSK) | 2.29%(HS-OQPSK)|  4.8% (GFSK)
Normalized‘ at 250 kHz Supply Voltage (V) 02 1 &'Sg?fg)pm 0047(1:;%?:'58) 1
N\ Z \L N\ / TX Power Consump. (mW) @ P,y 4@0dBm* 3.6 @0 dBm 44 @ 0dBm 345@ -2 dBm
j [ \/_ Ff': fg:/‘:’ % TX Power Efficiency (%) @ Poy 25@0 dBm * 28 @0 dBm 26@0dBm | 183@-2dBm
ssom 'J_, Sleep Power (nW) 52 NA NA N/A
12 T VCO PN @ 1MHz offset (dBc/Hz) -119 -116to -117 -116 -110
Stans B 425 s Brepilimm VCO FoM @ 1MHz offset (dB) 1884 188 to 189 NA 183
T ‘ | 1 ‘ ‘ I ‘ ‘ PLL Power Efficiency (mW/GHz) 0.29 0.57 NA 0.39
i T ‘ } T ‘ i ‘ ‘ PLL FoM*(dB) normalized @ 1MHz f, 2212 -231.6 N/A -220.9
e B e PLL Largest Spurs (dBc) A7 -60 -42 -38

Span 105
#Res BW 100 kHz VBW 100 Kz ‘Sweep 5000 ms (1001 pts)

Figure 28.5.5: Upper: measured P,

LeRt0's

Width 425 us

power efficiency and HD,;. Lower:

measured modulated output spectrum, FSK error and frequency drift under

open-loop operation.

*Included a fully-integrated uPM. [5-7] have not included

the loss, power and area of the power-management units.

Figure 28.5.6: Benchmark with the recent art. This work and [5-7] use open-

loop modulation.

1sec

#PLL FoM = 10log [("""5)z

Power frgr
1mW 1MHz

DIGEST OF TECHNICAL PAPERS e

451



ISSCC 2018 PAPER CONTINUATIONS

0.65 mm Vertically-Coupled Transformer
L ——— with a 5.6:1 Tum Ratio and kx=0.76
AN NEEE N : Lustsz: AP
i - :
uPM -
(0.21 mm?) (.
Active Area .
|
C 1|
[
VCO &PLL -
(015 mm?) < L
Active Area : Luatz: Metal 10
|
L = Transformer w/ L,.C, Notch @ 3fo
- & A\ D1=100pm
9
PA - ¥ ‘
(0.17 mm2) L
Active Area 1~
L]
|
L = 180um’ GND
| Lr2: AP /] Metal 10 s

Figure 28.5.7: Die micrograph of the 28nm CMOS BLE TX and details of
transformers. Extra pads are for individual characterization of the pPM, VCO
and PA in active and sleep modes.

e 2018 IEEE International Solid-State Circuits Conference 978-1-5090-4940-0/18/$31.00 ©2018 IEEE




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


