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Low-Leakage-Current DRAM-Like Memory Using
a One-Transistor Ferroelectric MOSFET
With a Hf-Based Gate Dielectric

Chun-Hu Cheng and Albert Chin, Fellow, IEEE

Abstract— The power consumption of capacitor leakage cur-
rent, increase of the capacitor aspect ratio, and lack of higher
dielectric constant (k) material are the difficult challenges to
downscaling dynamic random access memory (DRAM). This
letter reports a new one-transistor ferroelectric-MOSFET (1T
FeMOS) device that displays DRAM functions of a 5 ns switching
time, 1012 on/off endurance cycles, and 30 times on/off retention
windows at 5 s and 85 °C. A simple 1T process and a considerably
low OFF-state leakage of 3 x 10~12 A/um were achieved. This
novel device was achieved by applying ferroelectric ZrHfO gate
dielectric to a p-MOSFET, which is fully compatible with existing
high-« CMOS processing.

Index Terms— Ferroelectric, ZrHfO, 1T, DRAM, FeMOS,
MOSFET, memory.

I. INTRODUCTION

HE search for higher dielectric constant (x) material
is the difficult challenge for dynamic random access
memory (DRAM) [1]-[5]. Although SrTiO3 is promising
because it contains a ¥ > 100, the dielectric thickness of the
low metal/insulator barrier height (¢5) must be increased to
lower the leakage current [2]. This is the fundamental material-
related problem of high-«x dielectric materials, of which the ¢,
decreases as the x value increases. Nevertheless, the relatively
large thickness is difficult to fill into the smaller footprint
of the DRAM capacitor. Therefore, increasing the capacitor
height is one solution to continuous downscaling of the planar
size of DRAM cell, but the increased aspect ratio increases
the difficulty of fabricating the DRAM capacitor. Furthermore,
the power consumption from the capacitor’s leakage current
is a crucial concern of multi-Gb DRAM, which account for
a substantial amount of the total power consumption of a
system [6]. Therefore, a novel DRAM-like device with a low
leakage current and improved power consumption must be
invented.
However, this new memory device must satisfy the bench-
marks of a sufficiently large memory window, high endurance,
a long data retention time with an improved refresh cycle,
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a fast switching speed, and a simple, inexpensive process for
both commodity and embedded applications, to compete with
existing DRAM.

In this letter, we present a DRAM-like one-transistor ferro-
electric MOSFET (1T FeMOS) device with superior DRAM
functions using a simpler capacitor-less 1T structure and
a very lower off-current (3 x 107! A/um) than those
of existing DRAM devices, in addition to a 5 ns switch-
ing time and 10'2 on/off endurance cycles. This low-power
green device with DRAM functions was achieved using a
p-MOSFET by applying a ferroelectric effect [7]-[10] to a
thin high-x ZrHfO gate dielectric. This Hf-based ferroelectric
FeMOS has the extra merit of full process compatibility
with a sub-32nm high-« CMOS [11]-[14], which is distinct
from conventional non-Hf-based ferroelectric gate dielectric
MOSFETs using Pb(Zr,Ti)O3 (PZT), StBi;TayO9 (SBT), and
Biz 75La025TizO12 (BLT) [7]-[9]. The process compatibility
using Hf-based ferroelectric dielectric is the enabling technol-
ogy to realize the 1T FeMOS proposed as early as 1999 [15].

II. EXPERIMENTS

The self-aligned, gate-first TaN/ZrHfO/SiO, p—MOSFETs
were fabricated on standard n-type Si substrates. A thin 3-nm
Si0O, was grown on n-type Si substrate. Then ~30-nm high-x
ZrHfO was deposited by physical vapor deposition (PVD), and
followed by 400 °C post-deposition annealing. A Zr/Hf ratio
of ~1 was used to reach the largest polarization and hystere-
sis [10]. The TaN metal-gate was then deposited by PVD and
patterned. The self-aligned B ions were then implanted and
activated by rapid thermal annealing (RTA) at 950 °C. After
opening the contact window at source-drain region, the contact
was formed by Al metal deposition, patterning, and annealing
at 350 °C. The fabricated p-MOSFETs have a gate length
and width of 10-um and 100-um, respectively. Therefore,
this p-MOSFET has full process compatibility with Hf-based
high-x CMOS. The material properties of high-x ZrHfO
gate dielectric were examined by grazing incidence x-ray
diffraction diffractogram (GI-XRD). The fabricated devices
were characterized by capacitance-voltage (C-V), current-
voltage (/-V'), and pulsed switching endurance measurements.

III. RESULTS AND DISCUSSION

Fig. 1(a) shows the measured C-V characteristics of the
high-x ZrHfO p-MOSFET, in which the schematic 1T FeMOS
was inserted. Similar to conventional 1T1C DRAM, the word
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Fig. 1. (a) Measured C-V characteristics and (b) GI-XRD diffractograms of
high-x ZrHfO p-MOSFET. The inserted figure in Fig. 1(a) is the schematic
plot of 1T FeMOS.

and bit lines are connected to respective gate and drain to
write/read the stored data. The ferroelectric hysteresis loop and
flat band voltage shift were discovered ata 4 V to —4 V sweep.
The ferroelectricity is related to the crystalline structure of the
ZrHfO gate dielectric observed using GI-XRD diffractograms,
as shown in Fig. 1(b), in which various crystalline phases
were shown. It is crucial to notice that the ferroelectric gate
dielectric thickness in 1T FeMOS was thinner for ZrHfO than
for PZT, SBT and BLT [8]. Such a thin thickness is necessary
to integrate ferroelectric gate dielectric into a highly scaled
deep 1x nm MOSFET, in addition to the Hf-based dielectric
compatibility with high-« CMOS [11]-[14].

The FeMOS [7]-[8], in which the ferroelectric material
was incorporated into the gate dielectric of the MOSFET,
was previously used to perform nonvolatile memory func-
tions. However, the FeMOS was subjected to read disturbance
and degraded data retention caused by the depolarization
effect [16]. To address the read disturbance problem, a novel
read scheme was used here to measure the current at a small
Ve = —0.1 V, which is different from measuring the Vr
changes by using conventional methods at a high voltage. Such
a low voltage reading has been used in resistive RAM (RRAM)
[17]-[19] that can lower the read disturbance effectively in this
FeMOS. Fig. 2(a) shows the measured Ip-Vs characteristics
of the ferroelectric ZrHfO p—MOSFETs, after being written
at 5 ns —4 V/4+4 V program/erase (P/E) and read at a low
Ve = —0.1 V.
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Fig. 2. (a) Ip-V after write at —4V/+4V 5 ns P/E pulses and (b) endurance
characteristics of ferroelectric ZrHfO p-MOSFET.

The endurance characteristics are plotted in Fig. 2(b).
Stable on-state current (Io,) and off-state current (Iofr) were
maintained for up to 10'2 P/E cycles, and 5 ns P/E was the
fastest pulse time in our system. A considerably large Ion/Ioft
read window of 1000 times and a considerably low DC off-
state leakage current of 3 x 10712 A/um were measured,
which are critical for energy saving. Although this device has
substantially improved DC leakage power, the AC switching
power (CV?2f72) [20] was 1.1 times higher than that of the
32-nm 1T1C DRAM listed in the ITRS [1], assuming that
was operated at the same frequency (f). Here C is the gate
capacitor and/or MIM capacitor; V is the drain voltage and/or
MIM capacitor voltage. Further reducing the device voltage
is necessary for reducing the AC power. Considerably longer
endurance is expected at a faster P/E speed with less stress
to gate dielectric, because a sub-100 ps polarization switching
time was reported in a ferroelectric capacitor.

The retention characteristics of I, and Iy are shown in
Fig. 3. Although the I, and Ios degraded over time because
of the depolarization effect, three orders of magnitude Ion/Ioft
read windows were still achieved after 10 s of retention at
25 °C. It is important to notice that the endurance and retention
performances of this 1T FeMOS are already comparable
with or superior to another type of 1T DRAM [21]. Further
endurance to 10' cycles using faster pulse generator equip-
ment is necessary to explore the full potential for 1 T1C DRAM
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Fig. 3. Retention characteristics of the ferroelectric high-x ZrHfO
p-MOSFET.

replacement. Further retention improvement may be expected
using a thinner SiO; [22] or high-x interfacial layer [8], for
which more than ten years retention was reported [22]. This
new DRAM offers a considerably low DC off-state leakage of
3 x 10712 A/um, a simple capacitor-less 1T process, and a
potentially sub-ns switching speed, all of which are impossible
for existing 1T1C DRAM devices.

IV. CONCLUSION

This device offers superior DRAM functions with
considerably low DC off-state leakage, a much simpler
capacitor-less 1T structure, and a potentially faster speed,
all of which far exceed those of existing DRAM devices.
These excellent device characteristics were achieved using a
ferroelectric high-x ZrHfO gate dielectric in a p-MOSFET
that is fully compatible with the existing high-« MOSFET
process used in current ICs.

REFERENCES

[11 (2011). International Technology Roadmap for Semiconductors (ITRS)
[Online]. Available: http://www.itrs.net/

[2] K. C. Chiang, C. C. Huang, G. L. Chen, et al., “High performance
SrTiO3 metal-insulator-metal capacitors for analog applications,” IEEE
Trans. Electron Device, vol. 53, no. 9, pp. 2312-2319, Sep. 2006.

[3] K. C. Chiang, C. H. Cheng, K. Y. Jhou, et al., “Use of a high work-
function Ni electrode to improved the stress reliability of analog SrTiO3
metal—insulator—metal capacitors,” IEEE Electron Device Lett., vol. 28,
no. 8, pp. 694-696, Aug. 2007.

[4]

[5]

[6]

[7]
[8]

[9]

(10]

[11]

(12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

IEEE ELECTRON DEVICE LETTERS, VOL. 35, NO. 1, JANUARY 2014

C. Y. Tsai, K. C. Chiang, S. H. Lin, et al., “Improved capacitance
density and reliability of high-x Ni/ZrO,/TiN MIM capacitors using
laser annealing technique,” IEEE Electron Device Lett., vol. 31, no. 7,
pp. 749-752, Jul. 2010.

S. H. Lin, K. C. Chiang, F. S. Yeh, et al., “Improved stress reli-
ability of analog metal-insulator—metal capacitors using TiO2/ZrO;
dielectrics,” IEEE Electron Device Lett., vol. 30, no. 12, pp. 1287-1289,
Dec. 2009.

I. Hur and K. Lin, “A comprehensive approach to DRAM
power management,” in Proc. IEEE Intl. Symp. HPCA, Jun. 2008,
pp. 305-316.

Y. Arimoto and H. Ishiwara, “Current status of ferroelectric random-
access memory,” MRS Bull., vol. 29, no. 11, pp. 823-828, Nov. 2004.

M. Y. Yang, S. B. Chen, A. Chin, et al., “One-transistor PZT/Al;O3,
SBT/Al;0O3, and BLT/Al,O3 stacked gate memory,” in Proc. IEDM,
2001, pp. 795-798.

Z. Wen, C. Li, D. Wu, et al., “Ferroelectric-field-effect-enhanced
electroresistance in metal/ferroelectric/semiconductor tunnel junctions,”
Nature Mater., vol. 12, pp. 617-621, May 2013.

J. Muller, T. S. Boscke, U. Schroder, et al., “Ferroelectricity in simple
binary ZrO, and HfO;,” Nano Lett., vol. 12, pp. 4318-4323, Jul. 2012.
K. Mistry, et al., “A 45 nm logic technology with high-k+ metal
gate transistors, strained silicon, 9 Cu interconnect layers, 193 nm
dry patterning, and 100% Pb-free packaging,” in Proc. IEEE IEDM,
Dec. 2007, pp. 247-250.

M. Chudzik, et al., “High-performance high-x/metal gates for 45 nm
CMOS and beyond with gate-first processing,” in Proc. Symp. VLSI
Technol., Jun. 2007, pp. 194-195.

D. A. Buchanan, et al., “80 nm polysilicon gated n-FETs with ultra-thin
Al O3 gate dielectric for ULSI applications,” in IEDM Tech. Dig., 2002,
pp. 223-226.

A. Chin, Y. H. Wu, S. B. Chen, et al, “High quality La;Os3
and AlpO3 gate dielectrics with equivalent oxide thickness
5-10 A,” in Proc. Symp. VLSI Technol., 2000, pp. 16-17.

J.-P. Han and T. P. Ma, “Ferroelectric-gate transistor as a capacitor-less
DRAM cell,” Integr. Ferroelect., vol. 27, nos. 1-4, pp. 1053-1062, 1999.
T. P. Ma and J.-P. Han, “Why is nonvolatile ferroelectric memory field-
effect transistor still elusive?”” IEEE Electron Device Lett., vol. 23, no. 7,
pp. 386-388, Jul. 2002.

C. H. Cheng, A. Chin, and F. S. Yeh, “High performance ultra-low
energy RRAM with good retention and endurance,” in Proc. IEEE
IEDM, Dec. 2010, pp. 448-451.

C. H. Cheng, F. S. Yeh, and A. Chin, “Low-power high-performance
non-volatile memory on a flexible substrate with excellent endurance,”
Adv. Mater., vol. 23, no. 7, pp. 902-905, Feb. 2011.

C. H. Cheng, P. C. Chen, Y. H. Wu, et al., “Long endurance nano-crystal
TiO; resistive memory using TaON buffer layer,” IEEE Electron Device
Lett., vol. 32, no. 12, pp. 1749-1751, Dec. 2011.

D. S. Yu, A. Chin, C. C. Laio, et al., “3D GOI CMOSFETs with novel
IrOy(Hf) dual gates and high-x dielectric on 1P6M-0.18 xm-CMOS,”
in Proc. IEEE IEDM, Dec. 2004, pp. 181-184.

N. Collaert, M. Aoulaiche, B. De Wachter, et al., “A low-voltage
biasing scheme for aggressively scaled bulk FinFET 1T-DRAM featuring
10s retention at 85 °C,” in Proc. Symp. VLSI Technol., Jun. 2010,
pp.- 161-162.

J. Miiller, T. S. Boscke, U. Schroder, et al., “Nanosecond polarization
switching and long retention in a novel MFIS-FET based on ferroelectric
HfO,,” IEEE Electron Device Lett., vol. 33, no. 2, pp. 185-187,
Feb. 2012.




<<
  /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
  /CreateJDFFile false
  /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 false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


