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Abstract: This paper presented an analytical SS model to determine the subthreshold swing (SS) of an elliptic junctionless Gate-
All-Around (GAA) FET using ferroelectric. Analyzing a GAA FET with an elliptic cross-section was essential because it is

difficult to manufacture a perfectly circular GAA FET. The results of the proposed SS model agreed well with 2D numerical

simulation. Using this analytical SS model, SS was analyzed for the eccentricity and the ratio (P/E.) of permanent polarization
P: and coercive electric field Ec in an elliptic junctionless GAA FET with an MFMIS (Metal-Ferroelectric-Metal-Isulator-

Semiconductor) structure using ferroelectric. As a result, the changing rate of the average surface potential due to the gate voltage

increased and SS decreased as the eccentricity increased. It was found that the inner gate voltage amplified more than the outer

gate voltage due to the ferroelectricity, better controlling the carriers in the channel, thereby reducing SS. As the P/E. decreased,

the changing rate of the ferroelectric charge for the outer gate voltage increased and SS decreased. As the eccentricity increased,

the changing rate of SS for P/E. decreased. There was no significant change in SS until the eccentricity was about 0.5. The SS

began to decline above 0.5 due to the changes in ferroelectric charge, inner gate voltage, and average surface potential for the

outer gate voltage.
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Fig. 1. Overview of the elliptic junctionless GAA FET with
ferroelectric.
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Table 1. Device parameters for this analytical SS model.

Device parameter Symbol Value
Channel length Lg 20~60 nm
Channel radius R 5~10 nm
Oxide thickness fox 1~2 nm

Ferroelectric thickness tre 10 nm
Doping concentration Np 10" /em®
Ratio of P, and E. P/E. 10, 20, 30 pF/cm
Eccentricity e 0~0.99
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Fig. 2. Surface potential distributions with ferroelectric thickness,
aspect ratio, and P,/E. as parameters.
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Fig. 3. Changing rates of the ferroelectric charge, inner and outer gate
voltages for the eccentricity with P/E. as a parameter (the inset
denotes the changing rate of the minimum central potential for inner
gate voltage).
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Fig. 4. Comparisons of subthreshold swings of this model with the
results of ISE [24] and from Chaing’s current model [22].

o~ 2 T T
2 black P /E =10 pF/cm

5 1451 red PJE =20 pFicm ]

b blue PrlEc=30 pFlcm

% v fdv
> 141 2
z 1

P
>cn 1.05 1
E N T

E 1F d‘z)t:min/dvgsz 7
& N
T 095f ( ) :

v -
o 09 \J ]
2

E 0.85 d"’scminldvgﬂ 1
<& L_=20 nm,t_=1nm, t_=10 nm, R=5 nm, N_=10"8 jcm?

g ox fe d
- 0.8 L h L L
0 0.2 0.4 0.6 0.8 1

Eccentricity

Fig. 5. Changing rates of the minimum central potential, inner and
outer gate voltages for the eccentricity with P,/E. as a parameter.

()]
§ 68 T T T — T
n (a) 085 08 907 ¢ . PyJE =30 pFlcr
= 3 3 .. 20 pF/cm
@ " ib pFlom]
S
o . L L L s
@ 2.8 3 3.2 34 36 38 4

dQ/dV___ (mCIV-m?)

gs2
g
— 68 T T
2 e=0 0.7
H 7 o8
5 e8F 0.85
o —
ﬁ 3 64
¢ 26
£ 2 %) :
= £
g vso 1 1
n 0.28 0.3 0.32 0.34 0.36
2
dVgs1ldQ (V-m“/mC)

Fig. 6. Subthreshold swings for (a) dQ/dVs:2 and (b) dVg/dQ with
the eccentricity and P,/E. as parameters.



0] dV,e/dt F7ketR SSE Laste A L 4 9
Z71SIR aVy01/dQE B ko
o1 EIA P/E. Zholl Ao
20 o A wieh Zol A/} %

mo reb O L ]

P52 7T AL Vpsroll TS W

32 W] fsto] 2 7o 2 A
7914 & 4 A%l oldEC] B

O AS & 4 Ao P/E=10 pF/cm?] 742 0<e<0.99
O] HAMNA dps.ar/dVisr2] WSt HE = US> F 20 o] A
59 57t wat 48] SS7T ZdAaska it A/E]
S 7Fo1H ol A&l gt dps an/dVs2] WSE H 7} o
RIAA dgs.an/dVgsP] 7 A3EIL Q2T 0= SSO] 57}
2 UE QIolth o] &0l 09 3%, & AIE] THA
o] AFRA B, P/EON TSt dpsan/dVis2l W7} 2]
A JEfaL 1l ot o] & Qlafo] SSe] a7t 717 A
Pl Uet o™ o] &o] 37145 P/EL] Wt SS

ol

ol

£ @ U7l Watehs 2 BAY 4 ATk £Y% o
}\\:]I%Oﬂ}\-} PF/ECO] 71:!-5\—6]'@ d¢s,av/dVgsZO] 7_;‘7]‘6]‘04 SS%
Zasts 2 & 4 Atk ol4e) Hatol 4 ol &o 57t
A4S 121 P/EO| BATEE dpsar/dVer® 5715}
T AT SSE PAsThe 2 T 4 9ot

ojite] B 7| A2 sto] o] E chet SSO Wetg

Pr/Ess THEO[E 2

&
= SS7F ZastlT dw
H] 15t 10 nmQl 4% 3
t}. of= Al (10)of|A] %
ST Voo BT Vs 3%
AR Q] EAlofl O]ste] SSE H& TAA|
d o oIt Wigt HE&S B P/EIT 5SS SS
2 Z3tE| 17 9l o o] Eo] UM »F A/ES TE W
Sl7F dashs A WAL 4 oot ol 1Y 304 &
50l o] Eo] 57tstH SSofl F&FE U]A]= A7t A
A Vesoll Q3 3 RA] Aot Qo] st dQ/dVps:0l P/E:
of TAIglol A9l YAsHA]7] WiFoltt. 1 7oA A=
ghute} ol P /EZt 5716 o] &0 whet SSO| wE}
7 842 ARl A2 & & A A/ES] v7F 10

=l =
pF/cm% 742 o] &0] Z715H SS<60 mV/dec?l g
o] EXjgth= AZ & 4 ow FRAA F=AZE 57t
&8 SSE UAF Zlo|h

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 38, No. 2, pp. 179-186, March 2025: Jung

68

L =20 nm, R=5 nm,t_=1 nm, t_ =10 nm, N_=10"® jcm®
(] ox fe d

<2
(=]
T

-4
A

.rlEc=10 pFlcm

Subthreshold swing (mV/dec)
(=2
N

P /E_=30 pFlem ™)
60 [ r C
58 1 1 1
0.38 0.39 0.4 0.41 0.42
d ¢s,avldvgsz

Fig. 7. Subthreshold swings for dis./dVes> with the eccentricity and
P./E. as parameters.

70
________________ t fi=9_ nm
PrlEc=30 pFlcm S
65
P /E_=20 pF/cm
r c
P /E =10 pF/cm
r ¢

=10 nm

Subthreshold swing (mV/dec)
[<2]
o

L_=20 nm, R=5 nm, t_=1nm, N_=10"® jcm®
g9 ox d

[$]
(3]

0 0.2 0.4 0.6 0.8 1
Eccentricity

Fig. 8. Subthreshold swings for the eccentricity with the P,/E. and
ferroelectric thickness as parameters.

4.4 E

B3RS AHESt R GAA FETO] 9 SSof 4%
< UAlE A4S 7o) WAS v, WAt o] ¢
sto] sl atA SS g AA5HA.0. 0 2D Al g0l H 2
3 % Ep =Ro] AR-HY SHoRRE ot Arte}
ulastel 2 A5t e WASHATE AN 4Y 1&
S AAksE] olef Lo EfdY UUA S ZH GAA FET
of thst AL o Fastrha g2tE| o) N 2AHA
ZAM o2 Yshe Q= AR ot 2 /|4 AR
o) 57he 2 BAIZ o7A71 2R SS9] ATt FRY A
olt}. S8 LaA717] Y5t} Z-RAAE o] & MFMIS
o thst EFEE GAA FETO| SSg #A5tgct. A
Moz FaAAe] £/l ostel SS7F Fadthe Ag



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 38, No. 2, pp. 179-186, March 2025: Jung

& e o] g0l K7}o}tﬂ SS7t FAaste A o
A5t oLt ARo| 1.25 &, & oA §0] 0.5 J =K =
Po/Ee 30l BAIglo] SSofl 2 H@E Holx] ofa glfe
L ARl 2, % o] g0 0.877H4] S7tstH P /E] et
SSof| 2 Mgts ®ol= g WSl o= oldE B
Zholl wet o Ao E o] QU7 Aol mhE FRAIA Als
o} efer o] Aspol ofstel R g WS- sl E e 5
% /ol 711t o] &0l F7tstH < F Ao EQ
Adol hgt vrE=Ao] £ A19] Wskgo] F7tsto]
i 7He]ol & Babs o= Hojd 4 glof SS7F g agihtt
e L AT o F Alo] E Aedo] gt 2 Aol
Aol Hgke2 & 180 AN FRAA MHOH

L

%:

idlermEQiJ#

71 57} Wslal slele). p/E7) dael® 529 o
Soll thste] U7k Mol ofat B4R Aste) Watatol
‘7}0}@1 ss7t e g 7:. 2513 ke 2

ORCID

Hakkee Jung https://orcid.org/0000-0002-2828-2957

REFERENCES

[1] A. Shilov, TSMC’s Roadmap at a Glance: N3X, N2P, Al6

Coming in 2025/2026, https://www.anandtech.com/show/21

408/tsmc-roadmap-at-a-glance-n3x-n2p-al6-2025-2026 (2024).

[2] A. Shilov, Samsung’s Next-Gen 3 nm and 4 nm Nodes on Track
for Mass Production in 2H 2024, https://www.anandtech.com/
show/21119/samsungs-nextgen-3nm-and-4nm-nodes-on-track-
for-mass-production-in-2h-2024 (2024).

L. Wu, Nat. Electron., 6, 469 (2023).

doi: https://doi.org/10.1038/S41928-023-01006-x

R. R. Das, T. R. Rajalekshmi, and A. James, IEEE Access, 12,
50556 (2024).

doi: https://doi.org/10.1109/ACCESS.2024.3384428s

M. Kang, M. Chang, Y. Park, C. Noh, S. H. Hong, and B. Park,
Proc. 2024 IEEE International Reliability Physics Symposium
(IRPS) (IEEE, Grapevine, USA, 2024) p. 6A-1-1.

doi: https://doi.org/10.1109/IRPS48228.2024.10529401

B. Singh, R. Devi, and S. Bala, Multiscale Multidiscip. Model.

(3]

(4]

(5]

[6]

(7]

(8]

(9]

(10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

185

Exp. Des., 7,3341 (2024).

doi: https://doi.org/10.1007/s41939-024-00402-w

R. Barik, R. S. Dhar, and M. 1. Hussein, Sci. Rep., 14, 2902
(2024).

doi: https://doi.org/10.1038/s41598-024-53487-1

S. Manikandan, N. Chauhan, N. Bagga, A. Kumar, S. Banchhor,
S. Roy, A. Bulusu, A. Dasgupta, and S. Dasgupta, Proc. 2022
IEEE Internatinoal Conference on Emerging Electronics (ICEE)
(IEEE, Bangalore, India, 2022) p. 1.

doi: https://doi.org/10.1109/ICEE56203.2022.10117608

N. Kumar, A. Gupta, and P. Singh, [EEE Trans. Electron
Devices, 71, 4420 (2024).

doi: https://doi.org/10.1109/TED.2024.3405474

Z. X. Chen, H. Y. Yu, N. Singh, N. S. Shen, R. D. Sayanthan,
G. Q. Lo, and D. L. Kwong, IEEE Electron Device Lett., 30, 754
(2009).

doi: https://doi.org/10.1109/LED.2009.2021079

S. Bangsaruntip, K. Balakrishnan, S. L. Cheng, J. Chang, M
Brink, I. Lauer, R. L. Bruce, S. U. Engelmann, A. Pyzyna, G. M.
Cohen, L. M. Gignac, C. M. Breslin, J. S. Newbury, D. P. Klaus,
A. Majumdar, J. W. Sleight, and M. A. Guillorn, Proc. 2013
IEEE  International  Electron Meeting  (IEEE,
Washingtop, USA, 2013) p. 20.2.1.

doi: https://doi.org/10.1109/IEDM.2013.6724667

P.J. Chao and Y. Li, Proc. IEEE 14" International Conference
on Nanotechnology (IEEE, Toronto, Canada, 2014) p. 452.

doi: https://doi.org/10.1109/NANO.2014.6968188

T. K. Sharma and S. Kumar,
Conference on Microelectronic Devices, Circuits and Systems
(ICMDCS) (IEEE, Vellore, India, 2017) p. 1.

doi: https://doi.org/10.1109/ICMDCS.2017.8211534

H. Jung, AIMS Electron. Electr. Eng., 8, 211 (2024).

doi: https://doi.org/10.3934/electreng.2024009

Y. Zhai, Z. Feng, Y. Zhou, and S. T. Han, Mater. Horiz., 8, 1601
(2021).

doi: https://doi.org/10.1039/DOMH02029]

M. A. Alam, M. Si, and P. D. Ye, Appl. Phys. Lett., 114, 090401
(2019).

doi: https://doi.org/10.1063/1.5092684

A. 1. Khan, A. Keshavarzi, and S. Datta, Nat. Electron., 3, 588
(2020).

doi: https://doi.org/10.1038/541928-020-00492-7

U. Schroeder, M. H. Park, T. Mikolajick, and C. S. Hwang, Nat.
Rev. Mater., 7, 653 (2022).

doi: https://doi.org/10.1038/s41578-022-00431-2

S. Yang, J. Yuan, Z. Wang, X. Wu, X. Shen, Y. Zhang, C. Ma,
J. Wang, S. Lei, R. Li, and W. Hu, 4Adv. Mater., 36, 2309337
(2024).

doi: https://doi.org/10.1002/adma.202309337

M. Zuhair, Samsung Looks To Reach Over 1000-Layer NAND
https:/
weccftech.com/samsung-over-1000-layer-nand-through-newly-

Device

Proc. 2017 International

Through Newly-Emerged Hafnia Ferroelectrics,



186 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 38, No. 2, pp. 179-186, March 2025: Jung

emerged-hafnia-ferroelectrics/ (2024). Mater., 4, 1800231 (2018).
[21] H. Jung, AIMS Electron. Electr. Eng., 7, 322 (2023). doi: https://doi.org/10.1002/aelm.201800231

doi: https://doi.org/10.3934/electreng.2023017 [24] C. Li, Y. Zhuang, S. Di, and R. Han, IEEE Trans. Electron
[22] T. K. Chiang, Superlattices Microstruct., 149, 106751 (2021). Devices, 60, 3655 (2013).

doi: https://doi.org/10.1016/j.spmi.2020.106751 doi: https://doi.org/10.1109/TED.2013.2281395

[23] L. Tu, X. Wang, J. Wang, X. Meng, and J. Chu, Adv. Electron.




<<
  /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
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /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


