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Abstract — Continued demand for 5G cellular connectivity
in mobile handheld devices, where antenna real-estate is at
a premium, necessitates high output power from individual
transmitter elements. While more expensive heterogeneous and
SOI CMOS process based power amplifiers (PAs) provide high
Pout at good efficiencies, deep sub-μm bulk CMOS still remains
the technology of choice for cost and integration benefits. This
paper presents a 5G mm-Wave PA at 39 GHz that generates a
saturated Pout of 26 dBm with a peak power-added efficiency
(PAE) of 26.6% and a saturated power gain of 28.6 dB. The
output stage utilizes compact layout & triple-well transistors
to enable efficient yet reliable device stacking and a compact,
4-way, low-loss, series-parallel power combiner further enhances
Pout. High average power measurements have been demonstrated
during single-carrier as well as 5G NR OFDM modulations
at competitive efficiencies. Long term reliability measurements
using aging acceleration techniques demonstrate the robustness
of the implemented PA. This PA achieves one of the highest ITRS
figure-of-merit among reported 5G mm-Wave works in CMOS
and also the highest output power among deep sub-μm (<90nm)
5G bulk CMOS PAs.
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I. INTRODUCTION

The widespread demand for gigabit per second cellular

connectivity for content-rich handheld applications has driven

the development and recent standardization of the 5G New

Radio (NR) specifications in the mm-Wave bands world-wide

from 24 to 43GHz [1]. As a result, there has been a

surge of interest in 5G chipsets for base-station applications

where the form factor allows for multi-element, large-aperture

phased arrays to be realistically implemented. The peak output

power (Pmax) requirement of the individual transmitter (TX)

elements for such applications is moderate (i.e. 5 − 15 dBm
[2]) and the desired link range is achieved through array gain.

However, in a hand-held form-factor with limited usable

dimensions, only a small number of elements can be

physically integrated [2], thus dramatically increasing the

requirement on Pmax. For an illustrative ∼100m link (for

better coverage than the 30m estimate in [2]) with moderate

multipath shadowing, even an asymmetric uplink-based

phased-array (e.g. 4 − 8 element TX, 64 − 128 element

RX) transmitting a high-order constellation (e.g. 64QAM−
256QAM) over ∼ 500MHz bandwidth would require

per-element TX Pmax of >23 dBm at 39GHz. Generating

such high Pmax at mm-Wave frequencies in handheld devices

necessitates high efficiency power amplifiers (PAs).
Recent works in SOI CMOS and III-V processes have

demonstrated high Pmax at reasonable efficiency [3], [4].

However, the high-cost and low-yield of some of these

technologies make low-cost bulk CMOS a desirable process

technology choice for the mobile 5G market. Additionally,

integrating the TX in the same CMOS process node as the 5G
modem/transceiver can present integration benefits in volume

manufacturing and costs. However, bulk CMOS integration of

high-power PAs brings about a set of challenges mainly due

to swing limitations and long-term reliability issues affecting

Pmax.

This paper addresses these challenges through the use

of (a) triple-well device stacking in bulk CMOS to reliably

achieve high swings and (b) compact on-chip distributed

active transformer (DAT) to achieve low-loss 4-way power

combining. By using these techniques, a 3-stage, 39GHz PA
for 5G user equipment (UE) applications is implemented in

28 nm bulk CMOS, with a saturated output power (Psat)

of 26 dBm while maintaining a peak PAE of 26.6%. The

PA delivers up to 23.5/21.5/19.5 dBm average Pout for

SC-QPSK/16QAM/64QAM modulations respectively and

is also shown to be compatible with the newly developed

5G-NR 64QAM OFDM Uplink signals at an average

Pout of 14.7 dBm. Long-term reliability of the PA is also

demonstrated through voltage and temperature stress tests over

multiple samples for continuous operation at saturated output

power (Psat) and OFDM measurements.

II. POWER AMPLIFIER DESIGN

A. Stacking in bulk CMOS
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Fig. 1. (a) Cross-sections of a 2-stack cell showing critical breakdown
junctions (red diodes) for SOI-CMOS, bulk CMOS, & bulk CMOS with
triple-well transistors. (b) Simulated voltage swings at critical nodes.

Device stacking [5] in deep sub-μm SOI CMOS is

a well-established technique to alleviate breakdown voltage

limits by dividing the voltage swing across several transistors,
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Fig. 2. (a) Block diagram of the 3-stage 39GHz power amplifier showing schematics of the stacked output stage and common-source driver stages. (b) 3D
view of the PA unit cell for the common-source device for Mbot and 3D view of two parallel stacked transistors with their corresponding gate capacitances
as the unit cell for Mtop. (c) 3D layout view of 4-to-1 series-parallel combiner showing output pad arrangement to minimize parasitic losses and simulated
combiner efficiency over BEOL corners.

thus improving reliability. Furthermore, SOI CMOS PAs do

not face explicit drain-bulk breakdown issues while sustaining

higher swings at the output node, and therefore benefit

dramatically from stacking (Fig. 1(a)). While stacking can be

implemented in bulk CMOS, drain-bulk reverse breakdown

generally restricts usable supply voltages and therefore limits

swing and power enhancement (red diode in Fig. 1(a)).

To mitigate these concerns, this work utilizes triple-well

transistors in a bulk CMOS process where the top stacked

transistor is a triple-well device with its p-well tied to its

source. Since the source on the stacked device swings in phase

with its drain, shorting the source to its p-well relieves the

breakdown stress on the drain-bulk diode. As an added benefit,

the topology also eliminates source-bulk capacitance. Fig. 1(b)

shows the simulated single-ended voltage swings across the

critical drain-source and gate-drain junctions demonstrating

proper stack operation.

Fig. 2(a) shows the architecture and schematics of the

3-stage PA with neutralized differential driver and pre-driver

stages and a 2-stack neutralized differential output stage.

Four such output stages are power combined using a 4-to-1
series-parallel DAT based low-loss combiner.

B. Power Cell Design

A compact, low-parasitic yet reliability-compliant PA
transistor layout is key to maxime the efficiency of the output

stage. In order to reduce source-drain parasitic capacitances,

the bottom transistor differential pair is implemented using

an inter-digitated layout with a shared source connection.

The layout also utilizes inherent opposite-sided gate-to-drain

metal overlap parasitic for gate-drain neutralization, thus

improving gain and stability (Fig. 2(b)). The top transistor

(Mtop in Fig. 2(a)) is a triple-well transistor which is

layed out in a distributed fashion with interleaved gate

capacitors to minimize parasitic inductances (Fig. 2(b)).

Inter-stage impedance matching between the top and bottom

transistors is achieved through a differential T-line. Compared

to a single-ended T-line [3], a differential T-line eliminates

lossy decoupling capacitors used in single-ended designs,

thus improving efficiency. A single output stage with a

lossless output matching network achieves a simulated Psat of

21.5 dBm with drain-efficiency of 43% from a 2.2V supply.

C. Low-loss DAT-based power combining

Enhancing Psat to higher than achievable by pure

device stacking requires on-chip power combining. Amongst

power combining topologies, DAT-based combiners are well

established as low-loss and small form-factor combiners of

differential PA stages [6]. However, since most antenna drives

are single-ended, differential to-single-ended conversion in a

DAT often creates severe impedance-imbalance, thus leading

to significant degradation in efficiency. The imbalance is

inherently created due to the asymmetry in inter-winding

capacitance on the secondary coil. To mitigate this problem,

the implemented DAT balances the inter-winding capacitance

by utilizing an opposite floating dummy winding underneath

the primary to equalize electrical coupling [7].

To further increase Pout, two parallel 2-to-1
series-combined DATs are arranged on two sides of

the RF output pad thus forming a 4-to-1 series-parallel

combiner (Fig. 2(c)). This transforms the 50Ω load to a 50Ω
optimum impedance required by each PA. The opposite-sided

arrangement also eliminates extra leads to the RF pad as in

[6]. The designed 4-to-1 combiner achieves a simulated loss

as low as 1.2 dB in the nominal BEOL corner (Fig. 2(c)).

In simulation, the 3-stage PA achieves a Psat of 26.4 dBm
with an overall drain-efficiency of 27.8%, including the

driver stages. Simulations were also performed to verify

the PA performance over VSWR events caused by antenna

mismatches. The PA maintains a Psat>24 dBm over a
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3:1 VSWR (Fig. 3). The corresponding simulated drain

efficiencies and peak gate-drain voltages are also shown in

Fig. 3.
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Fig. 3. Simulated performance of the PA against 3:1 VSWR mismatch.
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Fig. 4. (a) Die micrograph. (b) Setup for modulated measurements.

III. MEASUREMENT RESULTS

The 5G mmWave PA test-chip was fabricated in a standard

28 nm bulk CMOS process and occupies an active area of

0.95mm2 including RF pads (Fig. 4(a)). DC supplies and

biases are wire-bonded to a standard FR4 PCB while the

GSG input and output signals are probed.

A. Static Performance

The measured small-signal gain is 38 dB centered at

38GHz with an S11 <−10 dB bandwidth of 37 - 42.3GHz
(Fig. 5(a)). The peaking in small-signal gain is attributed

to over-neutralization in the amplifier stages. Unconditional

stability was confirmed over the entire frequency range of

10MHz to 50GHz (Fig. 5(b)).
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Fig. 5. (a) Measured and simulated S-paramters and (b) measured stability
factor (K) showing unconditional stability over frequency.

The PA achieves a Psat of 26 dBm at a peak drain

and power-added-efficiency (PAE) of 26.7% and 26.6%,

respectively (Fig. 6). The measured output P1dB is 21.5 dBm
and the 1-dB Psat bandwidth is from 36.5 to 42GHz with

a >20% efficiency over the same frequency range (Fig. 6).

Measurements over various supply voltages including the

process nominal of 0.9V per transistor demonstrate the

flexibility of operation of the PA with a Psat>24 dBm even

at the lowest supply voltage (Fig. 6).

Fig. 6. Measured large signal performance.

B. Dynamic Performance

For dynamic measurements, an AWG is used to generate

differential I/Q signals which are then up-converted to

39GHz with a vector signal generator (Fig. 4(b)). The

chip output is analyzed using a real-time oscilloscope and

VSA software with equalization disabled. Measurements were

performed to demonstrate the high average Pout of the

PA when transmitting both single-carrier (SC) and OFDM
modulated signals. A simple look-up-table based memory-less

pre-distortion (DPD) was applied at high output Pouts

for 16/64QAM. Measured SC-QPSK/16QAM/64QAM
modulations at average Pouts of 23 / 21.3 / 19.5 dBm and

average efficiencies of 16.2 / 13.3 / 8.3% demonstrate the

feasibility of high-power bulk CMOS PAs in mobile handheld

5G devices (Fig. 7(a)). EVM measurements at the maximum

Pouts for the same constellations were performed across

varying symbol rates (Fig. 7(b)).

Finally, the PA was measured using the recently

standardized [1] FR2-5G-NR 39GHz 50MHz bandwidth

(limited by setup) 64QAM OFDM signal (μ=0.2). Without

any DPD, an average output power of 14.7 dBm was

measured with an ACPR of −33 dB (Fig. 8).

(a) (b)
Fig. 7. (a) Measured EVM vs output power for SC-modulations. (b)
Measured EVM vs data-rate for SC-modulations. RRC filtering was
deployed for all SC modulation schemes with a roll-off factor of 0.35.

C. Reliability Measurements

A major concern for high Pout CMOS PAs is long-term

reliability including transistor aging due to large voltage
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Fig. 8. Measured constellation and ACPR of the PA for a 5G NR 50MHz
64QAM OFDM signal.

swings. To test these concerns, the PA was operated

continuously for over 22 hours at peak Pout without any

additional thermal relief. The measured power showed no

appreciable degradation (>0.1 dB) over the entire period

(Fig. 9(a)). Similar measurements at the highest average

Pout for OFDM also verified no degradation. For long term

reliability evaluation, the PA was operated continuously at

peak power at an elevated VDD of 2.6V and 80oC for over

66 hours. The PA lifetime can then be estimated based on

the acceleration factor as shown in equation 1, where TJ0 &

TJS are the nominal and stressed junction temperatures of the

chip, V0 & VS are the nominal and stressed supply voltages

and β1 & β2 are constants which depend on the breakdown

mechanisms. A lifetime of >8 years was predicted for the PA
at a Pout>24.8 dBm.

AF =e
β1

(
1

TJ0
− 1

TJS
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.eβ2
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Fig. 9. (a) Measured CW and modulated performance over >20 hrs.
(b) Superimposed Pout vs Pin measurements conducted every hour at
VDD=2.6V and 80oC showing minimal degradation in large and small-signal
performance over 66 hrs.
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Fig. 10. State-of-art comparison against published CMOS (SOI & bulk)
PAs at 35-45GHz [11].

Table 1. Comparison with >23 dBm 5G mmWave CMOS PAs

Metric This work [8] [9] [4] [10]

Technology
28 nm
bulk

90 nm
bulk

45 nm
SOI

45 nm
SOI

45 nm
SOI

Freq. (GHz) 39 28 28 29 40
VDD (V) 2.2 2.4 10.8 5.2 4.8

Psat (dBm) 26 26 24.6 24.8 26.8
PAE (%) 26.6 34.1 15 26 10

OP1dB (dBm) 21.5 23.2 23 21 -

1dB BW (GHz) 5.5 8 4 10 13
Gain (dB) 38 16.3 17.3 13 19.4

ITRS FoM (dB) 110 86.6 82.6 80.9 88.3

Modulations
SC-QPSK

16/64QAM

OFDM

256QAM - - -

Reliability
Measurements

Yes No No Yes Yes

ITRS FoM=Gain(dB)+Psat(dBm)+20log10(Freq.(GHz))+10log10(PAE(%))

IV. CONCLUSION

Compared to state of art high-power 5G mm-Wave PAs

(Table 1), this work achieves the highest ITRS FoM with

high unconditionally stable gain (30 dB), and can therefore

be driven with minimal overhead. Compared to the state-of-art

90 nm CMOS PA [8] at a lower frequency and with unknown

long-term reliability, this work achieves equal output power

in a 28 nm CMOS process with >8 year predicted lifetime.

This works achieves the highest PAE among published works

in CMOS (bulk & SOI) with >20 dBm Pout at 35-45GHz
(Fig. 10). Compared to the state of art PA demonstrated

with 5G NR OFDM signaling [2], this PA achieves similar

modulation capability at 10× higher average Pout. Reliable

mm-Wave high-power generation in a fine-grain bulk CMOS
process, as presented in this work, would substantially

simplify integration and lower cost in 5G handsets.

REFERENCES

[1] IEEE. 3GPP 5G-NR specifications. [Online]. Available: http://www.
3gpp.org/DynaReport/38-series.htm

[2] S. Shakib et al., “A highly efficient and linear power amplifier for
28-GHz 5G phased array radios in 28-nm CMOS,” IEEE JSSC, Dec
2016.

[3] H. Dabag et al., “Analysis and design of stacked-FET millimeter-wave
power amplifiers,” IEEE TMTT, April 2013.

[4] J. A. Jayamon, J. F. Buckwalter, and P. M. Asbeck, “Multigate-cell
stacked FET design for millimeter-wave CMOS power amplifiers,” IEEE
JSSC, Sept 2016.

[5] S. Pornpromlikit et al., “A watt-level stacked-FET linear power amplifier
in silicon-on-insulator CMOS,” IEEE TMTT, Jan 2010.

[6] D. Zhao and P. Reynaert, “A 0.9V 20.9dBm 22.3%-PAE E-band
power amplifier with broadband parallel-series power combiner in 40nm
CMOS,” in IEEE ISSCC, Feb 2014.

[7] Y. Zhao and J. R. Long, “A wideband, dual-path, millimeter-wave power
amplifier with 20 dBm output power and PAE above 15% in 130 nm
SiGe-BiCMOS,” IEEE JSSC, Sept 2012.

[8] W. Huang, J. Lin, Y. Lin, and H. Wang, “A K-band power amplifier
with 26-dBm output power and 34% PAE with novel inductance-based
neutralization in 90-nm CMOS,” in IEEE RFIC, June 2018.

[9] S. Helmi et al., “High-efficiency microwave and mm-Wave stacked cell
CMOS SOI power amplifiers,” IEEE TMTT, July 2016.

[10] R. Bhat, A. Chakrabarti, and H. Krishnaswamy, “Large-scale power
combining and mixed-signal linearizing architectures for watt-class
mmWave CMOS power amplifiers,” IEEE TMTT, Feb 2015.

[11] H. Wang et al. Power amplifiers performance survey 2000-present.
[Online]. Available: https://gems.ece.gatech.edu/PA\ survey.html

238



<<
  /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
  /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
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Bahnschrift
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /ComicSansMS-BoldItalic
    /ComicSansMS-Italic
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ESRIAMFMElectric
    /ESRIAMFMGas
    /ESRIAMFMSewer
    /ESRIAMFMWater
    /ESRIArcPad
    /ESRIArrowhead
    /ESRIBusiness
    /ESRICartography
    /ESRICaves1
    /ESRICaves2
    /ESRICaves3
    /ESRIClimate&Precipitation
    /ESRICommodities
    /ESRIConservation
    /ESRICrimeAnalysis
    /ESRIDefaultMarker
    /ESRIDimensioning
    /ESRIElements
    /ESRIEnviroHazardAnalysis
    /ESRIEnviroHazardIncident
    /ESRIEnviroHazardSites
    /ESRIEnvironmental&Icons
    /ESRIERSInfrastructuresS1
    /ESRIERSOperationsS1
    /ESRIFireIncidentNFPA
    /ESRIGeology
    /ESRIGeologyAGSO1
    /ESRIGeologyUSGS95-525
    /ESRIGeometricSymbols
    /ESRIHazardousMaterials
    /ESRIHydrants
    /ESRIIGLFont16
    /ESRIIGLFont20
    /ESRIIGLFont21
    /ESRIIGLFont22
    /ESRIIGLFont23
    /ESRIIGLFont24
    /ESRIIGLFont25
    /ESRIMeteorological01
    /ESRIMil2525CModifiers
    /ESRIMilMod01
    /ESRIMilMod02
    /ESRIMilRed01
    /ESRIMilSym01
    /ESRIMilSym02
    /ESRIMilSym03
    /ESRIMilSym04
    /ESRIMilSym05
    /ESRINIMACityGraphicLN
    /ESRINIMACityGraphicPT
    /ESRINIMADNCLN
    /ESRINIMADNCPT
    /ESRINIMAVMAP1&2LN
    /ESRINIMAVMAP1&2PT
    /ESRINorth
    /ESRIOilGasWater
    /ESRIOrdnanceSurvey
    /ESRIPipelineUS1
    /ESRIPublic1
    /ESRISDS1.951
    /ESRISDS1.952
    /ESRISDS2.001
    /ESRISDS2.002
    /ESRIShields
    /ESRISurveyor
    /ESRITelecom
    /ESRITransportationCivic
    /ESRIUSForestry1
    /ESRIUSForestry2
    /ESRIUSMUTCD1
    /ESRIUSMUTCD2
    /ESRIUSMUTCD3
    /ESRIWeather
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Gadugi
    /Gadugi-Bold
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HelvLight-Normal
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoloLensMDL2Assets
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /InkFree
    /JavaneseText
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LatinWide
    /Lato-Regular
    /LeelawadeeUI
    /LeelawadeeUI-Bold
    /LeelawadeeUI-Semilight
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothic-Semilight
    /Marlett
    /MaturaMTScriptCapitals
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiLight
    /MicrosoftJhengHeiRegular
    /MicrosoftJhengHeiUIBold
    /MicrosoftJhengHeiUILight
    /MicrosoftJhengHeiUIRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /MicrosoftYaHeiLight
    /MicrosoftYaHeiUI
    /MicrosoftYaHeiUI-Bold
    /MicrosoftYaHeiUILight
    /Microsoft-Yi-Baiti
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MS-Gothic
    /MSOutlook
    /MS-PGothic
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /MyanmarText
    /MyanmarText-Bold
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NirmalaUI
    /NirmalaUI-Bold
    /NirmalaUI-Semilight
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /Pristina-Regular
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeMDL2Assets
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUIBlack
    /SegoeUIBlack-Italic
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUIEmoji
    /SegoeUIHistoric
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-LightItalic
    /SegoeUI-Semibold
    /SegoeUI-SemiboldItalic
    /SegoeUI-Semilight
    /SegoeUI-SemilightItalic
    /SegoeUISymbol
    /ShowcardGothic-Reg
    /SimSun
    /SimSun-ExtB
    /SitkaBanner
    /SitkaBanner-Bold
    /SitkaBanner-BoldItalic
    /SitkaBanner-Italic
    /SitkaDisplay
    /SitkaDisplay-Bold
    /SitkaDisplay-BoldItalic
    /SitkaDisplay-Italic
    /SitkaHeading
    /SitkaHeading-Bold
    /SitkaHeading-BoldItalic
    /SitkaHeading-Italic
    /SitkaSmall
    /SitkaSmall-Bold
    /SitkaSmall-BoldItalic
    /SitkaSmall-Italic
    /SitkaSubheading
    /SitkaSubheading-Bold
    /SitkaSubheading-BoldItalic
    /SitkaSubheading-Italic
    /SitkaText
    /SitkaText-Bold
    /SitkaText-BoldItalic
    /SitkaText-Italic
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YuGothic-Bold
    /YuGothic-Light
    /YuGothic-Medium
    /YuGothic-Regular
    /YuGothicUI-Bold
    /YuGothicUI-Light
    /YuGothicUI-Regular
    /YuGothicUI-Semibold
    /YuGothicUI-Semilight
    /ZWAdobeF
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


