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Letters

A Fast Droop-Recovery Event-Driven Digital LDO With Adaptive
Linear/Binary Two-Step Search for Voltage Regulation in Advanced Memory

Yoonho Song, Student Member, IEEE, Jonghyun Oh , Member, IEEE, Sung-Yong Cho ,
Deog-Kyoon Jeong , Fellow, IEEE, and Jun-Eun Park , Member, IEEE

Abstract—This letter presents an event-driven digital low-
dropout regulator (DLDO) with an adaptive linear/binary two-step
search achieving a fast transient response. A two-dimensional (2-D)
circular shifting register (CSR) offers an adaptive linear-search
regulation. When a large voltage droop occurs, the CSR activates
a fast-tracking mode that provides immediate recovery from the
droop. Once the linear search by the CSR is completed, a subrange
successive-approximation register (Sub-SAR) conducts the binary-
search regulation. The full-scale current range of the Sub-SAR
is adaptively scaled by referencing the CSR, which reduces the
number of searching steps and improves undershoot or overshoot
caused by the binary-search operation. Ring amplifier based 1.5b
continuous-time (CT) comparators and the asynchronous con-
trollers realize the event-driven operation that breaks a tradeoff
between transient response and sampling clock frequency. The
proposed DLDO was fabricated in a 40 nm CMOS process. The
DLDO can operate in an input voltage VIN range from 0.6 to 1.2 V.
When a load current step of 104.2 mA/1 ns was applied at a VIN of
1.0 V, a droop-recovery time and a settling time were measured as
6 and 15 ns, respectively.

Index Terms—Advanced memory system, auto-zeroing inverter,
binary search, circular shifting register (CSR), digital low-dropout
regulator, event driven, fast transient response, linear search, low-
dropout regulator (LDO), ring-amplifier based comparator (RA-
CMP), subrange SAR.

I. INTRODUCTION

R ECENT technologies in memory systems, such as em-
bedded DRAM (eDRAM), resistive RAM (Re-RAM),

and phase-change RAM (PC-RAM), require a dedicated power
management scheme because of their increased power density
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Fig. 1. Overall architecture of proposed DLDO.

and data rate [1]. Sensing all bit-line data per word-line activation
draws a large current, causing a significant voltage droop that
should be recovered within tens of ns, which is the access period
of each bank. However, sub-1V supply voltage makes it difficult
to attain the fast recovery using analog low-dropout regulators. A
digital low-dropout regulator (DLDO) can be applied to memory
systems to realize low-voltage regulation with fast response
[2]. Nevertheless, such memory systems impose several critical
constraints on the DLDO. An operating clock frequency fCLK

is limited to tens of MHz, worsening the transient response. In
addition, an on-chip output capacitor COUT, which only have
hundreds of pF, causes a large voltage droop by the steep load
current variation.

In addressing performance degradation by the fCLK and COUT

constraints, several schemes have been reported to improve the
transient response. While a linear search based on a barrel
shift register [3]–[5] can improve the regulation speed, mul-
tistep control increases the structural complexity and requires
a multibit analog-to-digital converter [5]. Another approach is
a binary search based on a successive-approximation register
(SAR) [6]. The binary-search regulation can provide a fast
transient response, but trial-and-comparison procedure of the
SAR operation can cause significant overshoot or undershoot.

This letter proposes an event-driven DLDO with an adaptive
two-step search procedure that aims to achieve fast droop re-
covery with mitigation of the fCLK and COUT constraints. Fig. 1
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Fig. 2. Conceptual procedures. (a) Conventional linear/binary searches.
(b) Proposed two-step adaptive search. (c) State diagram of proposed searching
procedure. (d) Timing diagram of proposed DLDO operation.

shows the proposed architecture, which combines an adaptive
linear search and a subrange binary search. A continuous-time
(CT) ring amplifier based comparator (RA-CMP) realizes the
event-driven operation overcoming the fCLK constraint. A two-
dimensional circular shifting register (2D-CSR) conducts the
adaptive linear-search regulation by boosting recovery from the
voltage droop. Then, a subrange SAR performs the binary-
search regulation with an adaptive current range, thus reducing
overshoot or undershoot.

This letter is organized as follows. Section II explains the
operating principle and overall architecture of the proposed
DLDO. Section III describes the circuit implementation in detail.
The measurement results are presented in Section IV. Finnally,
Section V concludes this letter.

II. OPERATING PRINCIPLE AND ARCHITECTURE

Fig. 2(a) shows the conceptual searching procedures for con-
ventional DLDOs. The linear-search DLDO has limitation of the
slow transient response, while the binary-search DLDO shows
large overshoot or undershoot during regulation. Conversely, the
proposed searching procedure shown in Fig. 2(b) performs an
adaptive linear search for coarse-step regulation and a subrange
binary search for fine-step regulation, providing fast transient
response without significant shootings. Fig. 2(c) and (d) shows
the state diagram and the timing diagram of the proposed
searching procedure, respectively. When VOUT becomes lower
than VREFL or higher than VREFH, the RA-CMP triggers an
adaptive linear-search controller (ALSC) by activating UP or
DN signal. The ALSC adjusts the searching steps adaptively
based on an amplified output error VERR. When a large VERR is
detected, a fast-tracking mode is enabled to increase the number
of searching steps for fast VERR recovery. Otherwise, the ALSC
updates the CSR sequentially.

Fig. 3. (a) Block diagram of the CSR element. (b) Comparison between normal
mode and fast-tacking mode.

After the linear-search regulation, a subrange binary-search
controller (SBSC) triggers SAR_DUMP to set an adaptive
binary-search range by referring to the turn-ON bits of the CSR.
After that, SAR_EN is enabled to start the subrange successive-
approximation register (Sub-SAR) for the fine-step regulation.
The subrange operation can reduce not only the number of
searching steps but also the undershoot or overshoot in VOUT

by eliminating overflow bits. In addition, the asynchronous
operations of the ALSC and SBSC allow the DLDO to achieve
fast transient response, despite the fCLK limitation.

A. ALSC With 2-D Circular Shifting Register

The ALSC is implemented with the 2D-CSR and the corre-
sponding binary-weighted pass gate arrays. Fig. 3(a) shows the
block diagram of the 2D-CSR element. Each CSR element con-
sists of an asynchronous timing controller (ATC), a 1b register as
a pointer, and a 10b thermometer-coded counter (TC-CNT). The
2-D configuration of the 10b TC-CNT in each element allows the
ALSC to realize the fast-tracking mode easily by updating either
a single element or eight elements entirely. The ATC manages the
asynchronous operations of the pointer and the TC-CNT in the
same element. During the ALSC operation, the activated pointer
moves clockwise or counter-clockwise, which corresponds to
shifting up or down, respectively. At the CSR element where the
pointer is activated, the TC-CNT increases or decreases its value
according to UP or DN signal. If the RA-CMP triggers EN_FAST
due to a large output variation, all elements in the 2D-CSR are
updated at once in increment or decrement, as shown in Fig. 3(b).
The fast-tracking mode can increase or decrease the current by
double considering the previous regulation. Thus, the ALSC re-
alizes a boosted recovery from the voltage droop without critical
undershoot or overshoot. At this time, the regulation speed of the
ALSC is mainly determined by the number of updated elements
and logic delay per searching step. Considering stability of the
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Fig. 4. (a) Block diagram of the SBSC. Operational principles of (b) subrange-
decision procedure and (c) adaptive subrange SAR regulation.

DLDO, the maximum number of updated elements was designed
as eight during the fast-tracking mode. The postlayout simulated
logic delay per update was about 1 ns at VIN of 1 V, realizing
fast regulation speed without use of several GHz clock.

B. SBSC With Subrange Successive-Approximation Register

The SBSC is implemented by a 10b Sub-SAR, as shown in
Fig. 4(a). At the start of the SBSC, TC-CNT [9 : 0] in CSR[0] is
transferred to the Sub-SAR. As illustrated in Fig. 4(b), when TC-
CNT [CNTMSB:0] has turn-ON bits (“1”), the Sub-SAR conducts
the binary search from CNTMSB to 0 instead of a fixed number
of steps. In this way, the Sub-SAR adaptively adjusts a full-
range of the successive approximation according to the ALSC
status. The subrange operation provides a faster binary search
by eliminating the overflow bit, thus reducing undershoot or
overshoot during the trial-and-comparison procedure, as shown
in Fig. 4(c).

C. Stability Analysis

Fig. 5(a) shows the discrete-time DLDO model and open-loop
transfer function. The DLDO control model is constructed with
RA-CMP, ALSC, SBSC, zero-order hold (ZOH), and CT output
stage. FCLK and FOUT are the equivalent operating frequency of
the control model and output stage pole, respectively. The dc gain
KDC comes from current conversion ratio of the output stage.
The RA-CMP is modeled with a comparator considering the
detection delay which is the same range with logic delay in the
following digital controller. The ALSC and SBSC are modeled
with KSR and KSAR, which represent gains of each control
stages, respectively. Using the discrete-time model, stability
of the DLDO was analyzed as shown in Fig. 5(b). With the
load current ILOAD of 10 and 100 mA conditions, pole analyses
versus KSR and KSAR were conducted. According to the design
of the ALSC and SBSC, KSR and KSAR are not larger than eight
and two, respectively. In those KSR and KSAR ranges, the DLDO
shows stable operation as shown in Fig. 5(b).

Fig. 5. (a) Discrete-time DLDO control model and (b) pole plots of the DLDO
model at ILOAD of 10 and 100 mA across KSR and KSAR, respectively.

Fig. 6. Circuit implementation of the RA-CMP.

III. CIRCUIT IMPLEMENTATIONS

A. Time-Interleaved Ring Amplifier Based Comparator

Fig. 6 shows the schematic of 1.5 b RA-CMP that compares
VOUT with VREFH and VREFL. Each comparator is implemented
with time-interleaved ring amplifiers to offer a seamless conver-
sion [7]. When VERR exceeds a boundary range from VERR,L

to VERR,H, EN_FAST is activated, and the ALSC conducts
fast-tracking regulation. Out-of-range detection of VERR is re-
alized by trip-point programmable inverters (TPP-INV) [8] that
provide CT detection.

The RA-CMP can operate with auto-zeroing frequency FAZ

ranging from 10 kHz to 100 MHz. The FAZ can be deter-
mined depending on available clock frequency, power-supply
rejection bandwidth, or VREF tracking speed. Fig. 7 shows
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Fig. 7. Simulated Shmoo plots for supply-ripple sensitivity of the RA-CMP
at (a) FAZ = 1 MHz and (b) FAZ = 50 MHz.

Fig. 8 (a) Monte Carlo simulation of the RA-CMP detection delay under
global-local process variation with 500 trials. (b) Simulated detection delay of
the RA-CMP versus temperature.

Shmoo plots indicating operation of the RA-CMP when supply
ripple is injected with frequency range from 1 kHz to 100 MHz
and amplitude range from 20 to 200 mVPP. If the RA-CMP
generates UP or DN signals due to the power-supply ripple
at the given amplitude and frequency, the corresponding rip-
ple injection condition is marked as “Fail.” Because of the
auto-zeroing process in the RA-CMP, higher FAZ offers more
robustness to the power-supply ripple [7]. Therefore, the FAZ

can be chosen depending on the required power-supply rejection
(PSR) performance of the DLDO. Fig. 8(a) shows the Monte
Carlo simulations of the RA-CMP detection delay with 500
trials. Under the global process variation and local mismatch
effect, the RA-CMP maintains fast detection delay below 1 ns,
which ensures robustness to the process variation. To examine a
sensitivity to temperature variation, the detection delays of the
RA-CMP were simulated by varying operating temperature from
−30 to 100°C as shown in Fig. 8(b). The simulated detection
delay ranges from 0.6 to 0.76 ns, which guarantees the RA-CMP
operation within the wide temperature range.

B. Asynchronous 2-D Circular Shifting Register

Fig. 9(a) shows the circuit implementation of the 2D-CSR ele-
ment. The 1b pointer and 10b TC-CNT are implemented using a
C-element that offers asynchronous operation. The ATC in CSR
[N] updates their pointer and TC-CNT by detecting transitions
in adjacent CSRs while UP or DN signal is activated. However,
the fast-tracking mode can cause a limit-cycle oscillation (LCO)
due to propagation delay in the ALSC. To prevent the LCO that
alternates UP and DN signals, an LCO detector is realized with
cascaded flip-flops triggered by UP or DN in sequence, as shown

Fig. 9 Circuit implementations of (a) the 2D-CSR and (b) the limit-cycle-
oscillation detector.

Fig. 10 Circuit implementations of (a) the adaptive subrange register and
(b) the SAR control logic. (c) Timing diagram of the asynchronous Sub-SAR
operation.

in Fig. 9(b). The number of allowed UP/DN oscillations can be
programmable via OSC [3:0]. When the LCO detector activates
EN_LOCK, the fast-tracking mode is forced to be turned OFF,
and the ALSC can exit from the LCO.

C. Subrange Successive Approximation Register

Fig. 10(a) shows the implementation of the asynchronous
10b Sub-SAR. The subrange operation is realized by dump-
ing 10b TC-CNT [9:0] of CSR [0] into STEP [9:0], which is
a 10b C-element register for indicating the binary-search step.
The overflow bits are initiated to turn-OFF bit (“0”) and the
subrange bits are initiated to turn-ON bit (“1”) for the following
trial-and-comparison procedures. Fig. 10(b) and (c) show the
SAR control logic and its timing diagram. If the boundary of
turn-ON and turn-OFF bit in STEP [9:0] is STEP [N], the SAR
controller performs the binary search by activating SAR_EVAL
[N], which triggers a strong-arm latch comparator. After the trial-
and-comparison procedures, the SAR output register SAR_OUT
[N] is updated according to the comparator output SAR_COMP
[N]. Then, SAR_DONE [N] and STEP [N] are disabled and the
next searching step is conducted at STEP [N − 1] stage. In this
way, the Sub-SAR realizes the asynchronous operation and the
adaptive number of search steps.
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Fig. 11 (a) Die photomicrograph of the fabricated DLDO. (b) Measured
quiescent current and peak current efficiency versus input voltage VIN.

Fig. 12 Simulated (a) power breakdown of the DLDO and (b) current con-
sumption of the RA-CMP versus input voltage VIN.

IV. MEASUREMENT RESULTS

The prototype of the proposed DLDO was fabricated in a
40 nm CMOS process. Fig. 11(a) shows the die photomicrograph
of the prototype. The fabricated DLDO occupies an active area of
0.062 mm2 that includes an on-chip output capacitor of 150 pF.
The DLDO supports input voltage VIN ranging from 0.6 to 1.2 V
at a dropout VDO of 50 mV. The measured quiescent current and
current efficiency versus VIN are shown in Fig. 11(b). The DLDO
achieves peak current efficiencies better than 99.7% across the
entire VIN range. In the measurements, a 1-MHz clock was
applied to the RA-CMP for the time-interleaved operation, and
other blocks did not use any clock source. Fig. 12(a) shows
the power breakdown of the overall DLDO at VIN of 1.0 V
and FAZ of 1 MHz. Owing to the asynchronous operation, the
ALSC and SBSC consume only 11.1% and 5.9% of quiescent
current. The RA-CMP occupies 83% of the entire quiescent
current. Depending on the input voltage VIN, the current con-
sumption of the RA-CMP can be scaled efficiently as shown in
Fig. 12(b).

Fig. 13 shows the measured load transient responses. At a VIN

of 1 V, a load current step of 104.2 mA was applied within an
edge time TEdge less than 1 ns. The DLDO achieves a droop-
recovery time TRecovery of 6 ns and a settling time TSettling of
15 ns. The voltage droop VDroop was measured as 140 mV. At
a VIN of 0.6 V with a load step of 28.2 mA, the DLDO achieves
a TRecovery of 28 ns and a TSettling of 45 ns. Fig. 14 shows
the comparison of load transient responses depending on the
fast-tracking mode in the ALSC. At VIN of 1.0 V, TRecovery were
significantly improved by the fast-tracking mode. Fig. 15(a) and
(b) show the measured load regulation and line regulation across

Fig. 13 Measured load transient responses at VIN of (a) 1.0 V and (b) 0.6 V.

Fig. 14 Measured load transient improvements by fast-tracking mode with
load steps of (a) 70 mA/1 ns and (b) 101.6 mA/10 ns at VIN of 1.0 V.

Fig. 15 Measured (a) load regulation and (b) line regulation.

the VIN range, respectively. The two-step searching procedure
achieves not only the fast droop recovery but also accurate
regulation. Fig. 16 shows the postlayout simulation results of
the PSR at FAZ of 1, 10, and 50 MHz. The PSR can be improved
by increasing FAZ. The PSR is less sensitive to the load current
ILOAD, and the DLDO can maintain the PSR even if the load
current is increased to full load condition. Table I shows the
performance summary and comparison with other works [5],
[6], [9], [10]. The proposed DLDO achieves highly improved
transient responses of TRecovery and TSettling, providing a fast
droop recovery for advanced memory systems.

V. CONCLUSION

This letter presented an event-driven DLDO with an adaptive
two-step search for realizing a fast droop recovery in advanced
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Fig. 16 Postlayout simulated PSRs at FAZ of (a) 1 MHz, (b) 10 MHz, and
(c) 50 MHz.

TABLE I
PERFORMANCE SUMMARY AND COMPARISON

∗FOM1 = TR (IQ/ΔILOAD), TR
+ = CLOAD (ΔVDroop/ΔILOAD) at TR >> TEdge,

TR = Response time.
∗∗FOM2 = TRecovery (ΔVDroop/VOUT)(IQ /ΔILOAD) [11].

memory systems. The time-interleaved RA-CMP and the asyn-
chronous two-step regulation offer an immediate response to the
load variation. The ALSC with 2D-CSR and the SBSC with 10b
Sub-SAR provide fast regulation with mitigation of undesirable
output shootings. The DLDO achieves a fast droop recovery

within 6 ns and a settling time of 15 ns against a 104.2 mA/1 ns
load current step at VIN of 1 V.

ACKNOWLEDGMENT

The EDA tool was supported by the IC Design Education
Center (IDEC), Korea.

REFERENCES

[1] K. Yoon, H. Kim, W. Qu, Y. Yuk, and G. Cho, “Fully integrated digitally
assisted low-dropout regulator for a NAND flash memory system,” IEEE
Trans. Power Electron, vol. 33, no. 1, pp. 388–406, Jan. 2018.

[2] S. Choi et al., “A quasi-digital ultra-fast capacitor-less low-dropout reg-
ulator based on comparator control for x8 current spike of PCRAM
systems,” in Proc. IEEE Int. Symp. Circuits Syst ., Jun. 2018,
pp. 107–108.

[3] S. B. Nasir, S. Gangopadhyay, and A. Raychowdhury, “A 0.13µm fully
digital low-dropout regulator with adaptive control and reduced dynamic
stability for ultra-wide dynamic range,” in Proc. IEEE Int. Solid-State
Circuits Conf. Dig. Tech. Papers, Feb. 2015, pp. 98–99.

[4] F. Yang and P. K. T. Mok, “A nanosecond-transient fine-grained dig-
ital LDO with multi-step switching scheme and asynchronous adap-
tive pipeline control,” IEEE J. Solid-State Circuits, vol. 52, no. 9,
pp. 2463–2474, Sep. 2017.

[5] X. Sun, A. Boora, W. Zhang, V. R. Pamula, and V. Sathe, “A 0.6-
to-1.1V computationally regulated digital LDO with 2.79-Cycle mean
settling time and autonomous runtime gain tracking in 65nm CMOS,”
in Proc. IEEE Int. Solid-State Circuits Conf. Dig. Tech. Papers, Feb. 2019,
pp. 230–232.

[6] L. G. Salem, J. Warchall, and P. P. Mercier, “A successive approximation
recursive digital low-dropout voltage regulator with PD compensation
and Sub-LSB duty control,” IEEE J. Solid-State Circuits, vol. 53, no. 1,
pp. 35–49, Jan. 2018.

[7] J.-E. Park, J. Hwang, J. Oh, and D.-K. Jeong, “A 0.4-to-1.2V
0.0057mm2 55fs-transient-FoM ring-amplifier-based low-dropout regula-
tor with replica-based PSR enhancement,” in Proc. IEEE Int. Solid-State
Circuits Conf. Dig. Tech. Papers, Feb. 2020, pp. 492–494.

[8] F. Yang and P. K. T. Mok, “A 65nm inverter-based low-dropout regulator
with rail-to-rail regulation and over−20dB PSR at 0.2V lowest supply
voltage,” in Proc. IEEE Int. Solid-State Circuits Conf. Dig. Tech. Papers,
Feb. 2017, pp. 106–107.

[9] A. Singh et al., “A digital low-dropout regulator with autotuned PID
compensator and dynamic gain control for improved transient performance
under process variations and aging,” IEEE Trans. Power Electron., vol. 35,
no. 3, pp. 3242–3253, Mar. 2020.

[10] W.-J. Chen and C.-H. Huang, “Fast-turnaround design and modeling
techniques for a fast-transient digital low-dropout regulator with 3 mV
ripples,” IEEE Trans. Power Electron., vol. 36, no. 6, pp. 6824–6837,
Jun. 2021.

[11] M. A. Akram, W. Hong, and I. Hwang, “Capacitorless self-clocked all-
digital low-dropout regulator,” IEEE J. Solid-State Circuits, vol. 54, no. 1,
pp. 266–276, Jan. 2019.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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 "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


