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Abstract—In this communication, we propose a Miller compen-
sation technique for low voltage LDO regulators which makes
use of a current amplifier. The analysis shows how to design the
compensation network when no voltage buffer is placed between
the LDO error amplifier and power device and suggests a low
supply voltage circuit topology that allows to compensate with a
reasonably low integrated capacitance, to avoid oscillations due to
the complex-conjugate poles at high output currents and to obtain
acceptable under/overshoots during fast transient load variations.
The designed LDO regulator can work with a supply voltage
down to 1.2V with a drop-out voltage of 200 mV at maximum
load current of 100 mA; the integrated compensation capacitance
is 25 pF, the load capacitor being equal to 1 uF. Simulations in
good agreement with the theoretical results are also shown.

I. INTRODUCTION

In recent years low-dropout voltage regulators (LDOs)
have been widely used in battery-powered portable equip-
ment where power management is essential. Linear regulators
are based on a feedback topology (made up of a voltage
reference, an error amplifier and a power device) which
requires frequency compensation to achieve closed-loop sta-
bility. Although conceptually similar to two- (or multi-) stage
amplifiers, they are harder to be compensated because of the
wider output current range, which causes poles to vary, and
the large values of involved capacitances. The requirements of
low drop-out and low quiescent current lead to commonly use
a PMOS as power device, which makes compensation even
more critical.

Dominant-pole frequency compensation achieves stability
by means of a zero due to the output capacitor equivalent
series resistance (ESR) [1], [2]. Besides requiring a big
external capacitor, this compensation technique is critical since
stability relies on the ESR value, which changes both with
temperature and frequency. On the other hand, Miller-based
compensation techniques present the drawback of requiring
very large on-chip capacitors. For this reason, the scientific
community has been investigating on the feasibility of a
current buffer approach in the compensation network [3]-[8].
The solutions proposed in [6], [7] and [8] are stable for load
capacitor values within 100 pF or 1nF and are suitable just
for SoC applications. The compensation strategies presented
in [3]-[5] require output capacitors in the pF range and
integrate capacitors of some pF to guarantee stability at load
currents ranging some orders of magnitude (from some to
some hundreds mA). They all make use of a voltage buffer
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(typically a source-follower) between the error amplifier and
the power device. Besides increasing speed, it helps stability
by decoupling the high EA output resistance from the high
capacitance at the power MOS gate. Unfortunately, a voltage
buffer decreases the power device gate swing of a Vs with
respect to the maximum allowable by the supply voltage. Such
a structure cannot thus be used in low voltage applications.

The proposed LDO uses a simple class AB error amplifier
(EA) to directly drive the power device in order to work down
to 1.2V supply voltage. Compensation is achieved by means
of a capacitor whose effect is magnified by a current amplifier.
A very high current gain is obtained with 2 multiplying stages,
one of which is shared with the EA. Note that the use of
a current amplification in the EA and the choice of class
AB topology are due to the large capacitive load of the EA.
Furthermore, attention is focused on the current buffer input
impedance, which has been properly increased to smooth the
peak in the frequency response due to the complex-conjugate
poles at high load currents.

The basic structure of the proposed LDO is explained in
section II. Theoretical analysis is conducted in section III.
Section IV and V show, respectively, the proposed LDO circuit
implementation and the simulation results. Conclusions are
given in section VI.

II. THE PROPOSED LDO STRUCTURE

The schematic of the proposed LDO is shown in Fig. 1. The
error amplifier is a multi-mirror class AB OTA. The adaptive
biasing, represented by the variable current source Iap, helps
the transient response at load variations while keeping the DC
consumption low. The transconductance of the error amplifier
is Gy, = BoGpyy» Where Gy, is the transconctance of
the differential pair transistors. The compensation network
consists of capacitor Cc and a current buffer/amplifier of
input impedance R;,, and current gain B;. However, the
overall current gain is B = B; B since the signal flowing
through C¢ is further amplified by a factor By while passing
through the EA. A high value of G,,,, is desirable to increase
speed but it is critical for stability, as it will be shown in
equation (9). Nevertheless, increasing G,,, by means of By
allows to amplify compensation at the same time. Iy, allows
to maintain regulation also at no load.
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Fig. 1. Low voltage LDO with current amplifier Miller compensation: basic
structure.
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III. STABILITY ANALYSIS

The open-loop transfer function of the described LDO may
be analyzed through the small-signal circuit depicted in Fig. 2.
Elements C;,, Gp,,, Ro, and C,, model the error amplifier
and its equivalent output load. C,, is mainly due to the gate-
source and gate-bulk capacitances of the power MOS while
its gate-drain capacitance is referred as Cyq. Elements Gy,
R,, and C, model the power stage and the overall output
load. Gy, Ro,, Co, and Cgq depend on the load current I1,;
particularly, G,,, changes within several orders of magnitude.
Normally, LDOs are designed to work with output currents in
a specified range: it is important to have high phase margin at
all the operating loading conditions (/f™ < [y, < I?#%) and at
no load (11, = 0), which may represent the stand-by condition
of the loading circuits. We will thus conduct our analysis for
Guin < G, < G2 and we will then consider the case of
no load (I1, = Int,). The current buffer/amplifier is represented
by its input resistance R;,, and the current-controlled current
source Bip. It is worth noting that capacitors Cyq and Cc
with the current amplifier perform an internal loop inside the
overall open-loop gain. This internal loop is responsible for
the two complex-conjugate poles mentioned in section I and
must be properly compensated.

Using the SapWin symbolic circuit simulator [9], we obtain
the complete transfer function of the circuit in Fig. 2 which
takes the form

o0 (1-25) (1-25) "

1+ a1s+ ags? + azss

where

If T'(s) has a dominant pole, we may simplify (1) into

() (i)
ZLHP ZRHP

T(s) =~ T(0) 3)
s s s2
(1 B E) <1 T WGBWing + w?}BWimKI>
where

pp ~ —1/a (4a)

WEBWi & a1/ a2 (4b)

a2
Ky~ —2 (4c)
a1as

If the internal loop can be described by an open-loop transfer
function having a dc gain, T}, (0), a dominant pole, pp,,,,
and a second pole, po, ., the term wgpw,, represents the
gain-bandwidth product of the internal loop (i.e., wgpw,,, =
Tint(0)pp,,,). Similarly, the term K represents the ratio
between the second pole and the gain-bandwidth product of the
internal loop (i.e., K1 = po,,, /weBw,,,) [10], [11]. If K1 ~ 1,
the internal loop is stable with a phase margin of about 52°
and a small peak is present in the frequency domain. If K7 ~ 2
the phase margin is about 65° and the frequency response is
maximally flat. Finally, for K1 > 4 the non-dominant poles of
T(s) become real.

Under the assumption that the internal loop is stable, the
stability of the external loop depends on the ratio between
the equivalent second pole of the external loop, ps,,, and
the overall gain-bandwidth product, wgpw = T'(0)|pp|. The
equivalent second pole depends on the closed loop transfer
function of the internal loop and is approximately equal to
wWaeBW;,, - Consequently, we may define

P2 WOBWie O
K weBw | WaBW a2 T(0) ©)
If the phase contributions of the two zeroes in (1) are neg-
ligible, the stability of the overall amplifier is guaranteed if
K121andKE21

In general, a convenient choice is setting K1 = Kg = 2
so to obtain a maximally flat response in the closed-loop gain
(i.e., no peak due to complex-conjugate poles [10], [11]).
However, in LDO regulators, both K7 and Ky change over a
wide range due to the variation of G,,,. In such a situation,
it is difficult to guarantee the stability at every value of load
current and a detailed analysis of both K7 and K as a function
of G, (i.e., of Ip) is required.

A. External loop stability

T(0) = Gm, Ro, Gy Ro, (22) Substituting (2) into (5) and equating
ziup = —1/Ring Co (2b) 0Ky
ZRHP = Gvng /ng (20) aGm2 =0 (6)
a1 &[Gy Ro, (BCc + Cga) + CL]Ro, (2d)  we find that Kg has a minimum for
~ Ro ROZC C, Co
4 % o For CulCa + Cr 4 G Cn (7)
+CcRing (CadGmy Roy Ro, + CLR,,) & e Ry, (BCc + Cga)
X R, Ro,CL(Cga + Co,) (2¢)  In order to obtain a high phase margin at all the loading
a3 = Ry, Ro, Ring Cr.Cc(Caa + Co,) (2f)  conditions, we should impose K2 equal to a target value
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Fig. 2. Small-signal schematic of LDO with current amplifier Miller
compensation.

Kgr (e.g., in a pure 2 poles system, Kgr = 2 leads to a
phase margin of about 65°), as in [5]. However, since for
typical values G5 < Gmin

ma

0Ky

5. >0

VGm, > G ®)
Therefore, it is sufficient to impose K E(G?Li;) at least equal
to the chosen value Kgr. This constraint leads to a condition
for the equivalent compensation capacitor BC¢

< \/KETGm1 G%?Rgl (Col + ng)CL —CL

BC, -
© GminR,,

— Oy
©)
From (9), it is clear that a high current gain B is especially
important when the capacitance at the error amplifier output
node is high.
Since Kg > 0 for I, =~ 0, current In;, must be chosen
small enough so to guarantee adequate phase margin also at
no load.

B. Internal loop stability

Substituting (2) into (4c), it is easy to show that

0K1

aG, ="

VG, >0 (10)

which means that the minimum value of K7 is obtained for

the maximum transconductance, Gﬁzx, that is

K& = K

max 11
sz ( )
If we impose K™ at least equal to a target value Kir, we
stabilize the internal loop of our circuit for any value of G,,,.
In order to meet this condition, the input resistance of the
current buffer must verify the following relationship

< ROl CL(COI + ng)
KirCc(GRaxR, (BCc + Cgq) + Ch)

ma

Ring (12)
where the values of Cc and B have been chosen according
to (9). It is clear that the more C¢ and B are high, the more
constraint (12) is strict; however, a high current gain B helps
relaxing it.
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Fig. 3. Low voltage LDO with current amplifier Miller compensation: circuit
implementation.

IV. LDO DESIGN

The circuit implementation of the proposed LDO is shown
in Fig. 3. The regulator has been designed in a standard
0.35-um CMOS technology (Vr, ~0.55V, V5, = 0.65V,
kn =~ 175 uA/ V2, k;, =~ 60 pA/V?) to work with a load cur-
rent ranging from 1mA to 100mA with a minimum drop-
out voltage of 200mV. The load capacitor has been set
to 1pF. Since the buffer configuration represents the most
critical condition for stability, we have assumed a regulated
output voltage equal to the reference voltage of 1V. The
minimum power supply has been set to 1.2V. In order to
improve the transient response, a class AB error amplifier
has been used [12]: at steady state, the differential pair bias
current is forced to be equal to Ia while it increases with the
differential signal. This adaptive biasing also doubles the EA
small signal transconductance. From the mirror factors shown
in Fig. 3 results that the overall first stage transconductance
is Gy, = 2G4 (B2/2) = BaGiyy,,,- Transistors My and
M have been added to avoid M7 and M5 entering the triode
region, being the reference voltage equal to 1V. Bias current
I5 and current gain B, have been set, respectively, to 1 uA
and 5, leading to G, . ~ 25 pA/V and G,,, =~ 125 pA/V.
In compliance with the considerations made in section I and
the results found in section III-A, a high overall gain of the
current amplifier (B = 25) has been obtained by means of
two cascaded multiplying stages (B; = Bz = 5). Imposing
Kgr = 2, the value of capacitor Cc has been chosen equal
to 25 pF, according to (9). Imposing Kt = 1, from (12),
would lead to R;,, ~ 7.5k€2. Note that we used the common
gate stage Mps (driven by Ip;) with the current source Ips
(Iss = Ip1 — Ip2) in order to lower the input resistance of the
current buffer without increasing the DC current of Mps at the
same time. Currents Ip; and I, have been set, respectively,
to 6 pA and 1pA, leading to R;,, ~ 8k. Inr has been
chosen equal to 2A/V to obtain a phase margin of about
60° at no load.

It is worth noting that the regulator is stable also in the non-
operating load current range (i.e. 0 < I, < 1mA), although
with a lower phase margin. The minimum phase margin is
about 36°.
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TABLE I
LDO TRANSISTORS ASPECT RATIOS.

Transistors Aspect Ratios
Ml, MQ, M11, M12 9.6/0.6
M3, M14, MNL 4.8/0.6
M3, My 24/1
Ms, M7, MB1, 12/1
Mg, Mg, M2, M3 60/1
Mgy 72/1
Mp 40000/0.6
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Fig. 4. Bode plots of the LDO open loop transfer function in buffer configura-
tion and at minimum power supply (Vpp = 1.2V, Vour = VRer = 1V)
for different values of Iy,.

Transistor aspect ratios are reported in Table .

V. CIRCUIT SIMULATIONS

The circuit has been simulated in Cadence environment
using Spectre simulator. Fig. 4 shows the Bode plots of the
LDO open loop transfer function at minimum power supply
(Vbp = 1.2V) for different output current values (drop-out
condition at I, = 100mA, Virop—out = 200mV). Phase
margin is about 60° both at minimum operating load current
and at no load. The difference with the target value of section
II-A (65°) may be due to the fact that high frequency poles
have been neglected.

Fig. 5 displays the transient response of the output voltage
for load current stepping from 1 mA to 100 mA (at time ¢t =
10 us) and vice versa (at time ¢ = 50 pus). Dotted line refers to
Vbp = 1.2V (drop-out condition), while solid line refers to
Vbp = 1.5V, which represents a more critical condition for
stability since the power MOS works in full saturation region.
Note that no oscillations are present even in this case. The
rise/fall time of the current step is 1 us. The undershoots and
overshoots are less than 5% and 7%, respectively.

VI. CONCLUSIONS

In this paper, we have analyzed an approach for compen-
sating low voltage LDO regulators which exploits a current
amplifier to effectively multiply the Miller capacitor. The

1.1 .
............ 1 2V
— 15V
1.05 N
= \
o
=
1 e
0.95 -
0 20 40 60 80 100 120 140 160
Time (us)
Fig. 5. Vour transient response for I1, going from 1 mA to 100 mA and

back to 1 mA at different supply voltages.

proposed procedure takes into account the stability of both
internal and external loops to achieve proper compensation for
a wide range of loading conditions. A suitable circuit topology
has been proposed that allows working at low supply voltages.
Extensive simulations validated the analysis proving stability
at all the operating output current and at no load and showed
a good transient response.

REFERENCES

[1] G. A. Rincon-Mora and P. E. Allen, “A low voltage low quiescent
current low drop out regulator,” IEEE J. Solid-State Circuits, vol. 33,
no. 1, pp. 1265-1272, Jan. 1998.

, “Optimized frequency shaping circuit topologies for LDOs,” IEEE
Trans. Circuits Syst. II, vol. 45, no. 6, pp. 703-708, June 1998.

[3] G. A.Rincon-Mora, “Active Capacitor Multiplier in Miller-Compensated
Circuits,” IEEE J. Solid-State Circuits, vol. 35, no. 1, pp. 26-32, Jan.
2000.

[4] W. Chen, W.-H. Ki, and P. K. T. Mok, “Dual-loop feedback for fast low
dropout regulators,” in Proc. IEEE PESC 2001, vol. 3, June 2001, pp.
1265-1269.

[S] M. Al-Shyoukh, H. Lee, and R. Perez, “A transient-enhanced low-
quiescent current low-dropout regulator with buffer impedance atten-
uation,” [EEE J. Solid-State Circuits, vol. 42, no. 8, pp. 1732-1742,
Aug. 2007.

[6] S. K. Lau, P. K. T. Mok, and K. N. Leung, “A low-dropout regulator
for SoC with Q-reduction,” IEEE J. Solid-State Circuits, vol. 42, no. 3,
pp. 658-664, Mar. 2007.

[7]1 R. J. Milliken, J. Silva-Martinez, and E. Sanchez-Sinencio, “Full on-
chip CMOS low-dropout voltage regulator,” IEEE Trans. Circuits Syst.
I, vol. 54, no. 9, pp. 1879-1890, Sept. 2007.

[8] G. Giustolisi, G. Palumbo, and E. Spitale, “LDO compensation strategy
based on current buffer/amplifiers,” in Proc. ECCTD 2007, Aug. 2007,
pp. 116-119.

[9] A. Luchetta, S. Manetti, and A. Reatti, “Sapwin-a symbolic simulator
as a support in electrical engineering education,” IEEE Trans. Educ.,
vol. 44, no. 2, p. 9, May 2001.

[10] G. Palumbo and S. Pennisi, Feedback Amplifiers (Theory and Design).
Kluwer Academic Publishers, 2002.

[11] W. Aloisi, G. D. Cataldo, G. Palumbo, and S. Pennisi, “Miller compen-
sation: optimization with current buffer/amplifier,” in Proc. IEEE ISCAS
2007, May 2007, pp. 2216-2219.

[12] A.J. Lépez-Martin, S. Baswa, J. Ramirez-Angulo, and R. G. Carvajal,
“Low-voltage super class AB CMOS OTA cells with very high slew rate
and power efficiency,” IEEE J. Solid-State Circuits, vol. 40, no. 5, pp.
1068-1077, May 2005.

(2]

2684

Authorized licensed use limited to: UNIVERSITAETSBIBL STUTTGART. Downloaded on March 01,2010 at 10:42:00 EST from IEEE Xplore. Restrictions apply.




<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 true
  /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
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /Aharoni-Bold
    /Amienne
    /Amienne-Bold
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /Arnprior
    /Batang
    /BatangChe
    /Baveuse
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /Berylium
    /Berylium-BoldItalic
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /Biondi
    /Biondi-Light
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BlueHighway
    /BlueHighway-Bold
    /BlueHighwayCondensed
    /BlueHighwayDType
    /BlueHighwayLinocut
    /Boopee
    /Boopee-Bold
    /BradleyHandITC
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptStd
    /BurnstownDam
    /Byington
    /Byington-Bold
    /Byington-Italic
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /CarbonBlock
    /Catriel
    /Catriel-Bold
    /Catriel-BoldItalic
    /Catriel-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CreditValley
    /CreditValley-Bold
    /CreditValley-BoldItalic
    /CreditValley-Italic
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /EarwigFactory
    /EccentricStd
    /EdwardianScriptITC
    /EngraversMT
    /EngraversMT-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /EuphorigenicS
    /EurostileBold
    /EurostileRegular
    /FangSong
    /FelixTitlingMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FrenchScriptMT
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gisha
    /Gisha-Bold
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /HeavyHeap
    /HoboStd
    /HurryUp
    /Huxtable
    /Impact
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kartika
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /Kredit
    /KristenITC-Regular
    /Latha
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /Ligurino
    /Ligurino-Bold
    /LigurinoCondensed
    /Ligurino-Italic
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /MaiandraGD-DemiBold
    /MaiandraGD-Italic
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Marlett
    /MatisseITC-Regular
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftSansSerif
    /MicrosoftUighur
    /MicrosoftYaHei
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MinyaNouvelle
    /MinyaNouvelleBold
    /MinyaNouvelleBoldItalic
    /MinyaNouvelleItalic
    /Miriam
    /MiriamFixed
    /Mistral
    /MongolianBaiti
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /Mufferaw
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /Neuropol
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAExtended
    /OCRAStd
    /OratorStd
    /OratorStd-Slanted
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PlanetBenson2
    /PlantagenetCherokee
    /PMingLiU
    /PMingLiU-ExtB
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pupcat
    /Raavi
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Shruti
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /StencilStd
    /Stereofidelic
    /SybilGreen
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tandelle
    /Tandelle-Bold
    /Tandelle-BoldItalic
    /Tandelle-Italic
    /Teen
    /Teen-Bold
    /Teen-BoldItalic
    /Teen-Italic
    /TeenLight
    /TeenLight-Italic
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRoman
    /TimesNewRoman-Bold
    /TimesNewRoman-BoldItalic
    /TimesNewRoman-Italic
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-Italic
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /VelvendaCooler
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vivaldii
    /Vrinda
    /Waker
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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

  /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 Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


