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A Distributive-Transconductance Model for Border
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Abstract—By in-depth analysis of the electrical response of
border traps in gate oxide, a new border-trap model is proposed
where the ac charging and discharging current associated with
those traps is proportional to the variation of the surface potential
of semiconductors, resembling the behavior of transconductors.
In contrast, the border trap current is directly related to
the local potential in the gate oxide in the existing model.
The model is then used to provide a qualitative understanding
of the temperature-dependent frequency dispersion observed on
the Al;O3/n-GaAs(111)A MOS capacitors at high positive bias.

Index Terms—III-V, border trap, MOS.

I. INTRODUCTION

[I-V compound semiconductor materials have recently been

identified as one of the potential candidates for post-silicon
MOS technology due to their high intrinsic electron mobility
[1]. However, poor interface quality often degrades the device
performance. The capacitance—voltage (C—V) characteristics
of III-V MOS capacitors (MOSCAPs) often show large
frequency-dispersion in accumulation, i.e., the capacitance
measured drops as the measurement frequency increases. It has
been shown that the frequency dispersion observed in III-V
MOSCAPs biased in accumulation cannot be well explained
by only applying interface-trap model [2] where the trap time
constant t;; is given by

Tit = 1/(Uth0'itns) (1)

where vy, is the carrier thermal velocity, oj; is the capture
cross-section, and ny is the electron density at interface. For
example, a simple calculation (using o;; = 1 x 10714 cm?,
om = 4.5 x 107 cm/s) shows that if ng is greater than
~1 x 10" cm™3, 7;; will be small enough that all the interface
traps should follow the measurement of ac signal in the
normal frequency range (1 kHz—1 MHz) and thus no frequency
dispersion is expected. However, the experimental data show
considerable amount of dispersion in real accumulation [2],
which calls the interface trap model into question. A model
taking into account the border traps, which possess a larger
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Fig. 1.  Distributive transconductance model for MOSCAPs (biased in
depletion or accumulation) with border traps. The lower-left inset shows a
schematic band diagram of an oxide-semiconductor interface.

time constant than interface traps, has recently been proposed
to better explain the experimental data [3]. The model has
already been adopted by other authors in analyzing their III-V
MOS devices [4].

In this letter, we carefully analyze the ac response of border
traps and derive a new electrical model. The charging current
associated with border traps is identified to be controlled by
semiconductor surface potential instead of the local potential
inside the oxide. As an example, the model is then used to fit
the temperature-dependent frequency dispersion data observed
on an Al,O3/n-GaAs(111)A MOSCAP at positive bias.

II. DISTRIBUTIVE TRANSCONDUCTANCE
MODEL FOR BORDER TRAPS

The lower left inset of Fig. 1 shows a schematic band
diagram of an oxide-semiconductor interface with border traps
present in oxide. According to [5], the border trap time
constant at position x can be expressed by

Tpr (x) = 0e™* 2)

where 7o is the time constant at interface which equals
1/(vmoons) with op being capture cross and x the attenuation
coefficient in the electron wave function [3].

We first consider border traps at a single energy level
Ep; (Fig. 1 inset) and assume, at thermal equilibrium, the
border traps located within certain distance from the inter-
face maintain a Fermi level the same as the semiconductor.
By using similar phenomenological treatment as in [6], it can
be shown that the small signal ac current flowing out of the
border traps within Ax at position x can be expressed as

i (x) = Jogfo(1 — fo)ons Ny Ax 3)

[1+ jofots (x)]nso
where Np; (x) (cm_3) is the border-trap density at x, ngg is
the surface electron density at equilibrium, dng is the small
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signal ac component of surface electron density, and w and
fo are the angular frequency of the measurement signal and
the Fermi distribution function for border traps at thermal
equilibrium, respectively. The fact that Aip, is proportional
to ong is because the capture rate is proportional to surface
electron density. In depletion, dng/ngy can be expressed as

ongs/nso = (q/kT) oy “4)

where Jy; is the small signal ac component of surface
potential and T is temperature. When Fermi level is very
close to conduction band minimum, the coefficient relating
ong/ngg and Jdy, will be smaller than g/kT, but the essential
physics does not change. By combining (3) and (4) and taking
into account the energy distribution of border traps, the total
charging current can be expressed as an integral

: _ Jog® Dy (x) fo(l = fo)
A””(x)_/ T Joform@]

where Np, (x) has been replaced by border trap density of state
Dp;(x) (cm™3- eV™1). Since fo(1— fo) is a function peaked
at Ey, (5) can be approximated by

Aipr(x) = gm(x) Axdys (6)

xops  (5)

where g, is given by

In |1+ (0tp (x

o ()= g Dpy )| 212D (@7 (x)] . In[14 (@Tp (x))7] .
T (X) 27 (x)

)
It is clear from (6) that the contribution of border traps should
be transconductance in a distributive manner. The total small-
signal equivalent circuit of the MOSCAP including interface
traps is shown in Fig. 1. The border trap current is controlled
by the ac component of surface potential dy;, whereas it is
suggested to be controlled by the local potential w(x) in [3].
Note that if g,,(x) vanishes, the model returns to a normal
MOSCAP with interface traps.

It should be noted that border traps that are present beyond
certain distance (denoted as x¢ in Fig. 1) away from interface
may not share the same Fermi level as a semiconductor at
equilibrium. The physical meaning of the trap time constant
is the average time that an empty trap has to wait till it
catches an electron. So, it is reasonable to estimate the time
constant of border traps at around xp to be several tens of
seconds, which is the holding time commonly used before the
measurement starts. Thus border traps located at and beyond
xo cannot follow the normal measurement frequency range
(1 kHz-1 MHz). As a result, they do not contribute to the
total admittance although their Fermi levels are unpredictable.
By careful inspection of (7), we find both the real and
imaginary parts become negligibly small at xo compared to
their maxima and decrease exponentially beyond xp. So, it
would not introduce much numerical error to set xo equal to
the total oxide thickness ¢,,. However, as will be discussed
elsewhere, xo will be affected by the gate metal if #,, is very
small. In that case, the discussion above is not valid anymore.

Based on Fig. 1, the differential equations that determine
the total ac current flow i(x), and the ac potential y(x) are

di(x)/dx = gm(x)oys ®)
dy(x)/dx = i(x)/(jweox) )
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where ¢, is the dielectric constant of gate oxide. The bound-
ary conditions are

i(0) = (joCs + joCi + Gir) oy (10)
w(0) = dys Y

where C; is the semiconductor capacitance and C;; and G,
are contributions from interface traps and given in [6] as

Cir = ¢ Dj; arctan(wti;) / (@1;r) (12)

G = ¢*DuIn[1+ @?]/Cr)  (13)

where D;; (eV~!- cm™2) is the interface trap density.
The total admittance could be obtained by

Yior = jCrot + Gror = i(tox) /Y (tox) (14)

where we have set xo = 7,. Note that Y;,; certainly does not
depend on d;.

The model derived here should be applicable to any
oxide/semiconductor interface with border traps since the
derivation is not material dependent. However, some parame-
ters, such as vy, and «, are material dependent and need to be
calculated accordingly.

III. RESULTS AND DISCUSSION

To get an idea of the relative contribution of border traps
to the total admittance compared to that of interface traps,
we calculate the magnitude ratio between total current i,
that flows out of all border traps and the interface trap
current i;; for the case of an AlpO3/n-GaAs MOSCAP. The
current i, can be evaluated by using (8) with i(0) being
zeros, whereas i;; can be obtained by (jwCi + Gi)ows.
The results are shown in Fig. 2. It is observed that the
magnitude of iy, is close to one order of magnitude smaller
than i;; when ny is lower than 10° cm™3. The ratio increases
with ny and becomes comparable to 1 at high ng. This
suggests that the effect of border traps would be more pro-
nounced when the MOSCAP is biased close to accumulation,
whereas the interface trap effect dominates when the device
is more depleted. The parameters Dy, and D;; used here are
3x 102 eVl cm™3 and 3 x 1012 eV~!. cm™2, respectively.
Those numbers are commonly observed values on many
III-V MOS devices at the current stage. Note that the ratio
will change accordingly if the ratio between Dy, and D;;
changes since ip; and i;; are proportional to Dy, and Dy,
respectively.

GaAs MOSCAPs often show surface Fermi level pinning
and the surface free electron density is very low even at high
positive gate bias. Based on the observation in Fig. 2, the
heavy frequency dispersion in the C-V curves observed on
n-type GaAs (100), (111)B, and (110) surfaces [7] should be
largely determined by interface traps, if not entirely. Recent
studies [7] have shown that GaAs (111)A surface is inherently
unpinned and the MOSCAP fabricated on it shows greatly
improved C-V characteristics. Fig. 3(a) shows the C-V curves
measured on a Ni/Al;O3/n-GaAs (111)A MOSCAP with the
oxide thickness of 8 nm. The GaAs surface was first treated
by HCL to remove the native oxide and then passivated by
soaking in (NH4)2S solution. The 8-nm Al,O3 was then
grown on the sample by ALD followed by a post-deposition
annealing at 600 °C for 30 s.

Since Fermi level at GaAs (111)A surface can be moved
freely, the surface-free electron density should be high at
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Fig. 2. Magnitude ratio between ip; and i;; as a function of ng.
The device under consideration is an Al;O3/GaAs MOSCAP. Dy; and Dj;

used here are 3 x 1019 eV—1. cm™3 and 3 x 1012 ev—1. cm_z, respectivelg.

The other parameters used are: k = 3.8 nm~ !, oiy=0p9=1 X 1074 cm

o = 4.5 x 107 cmis.

high positive gate bias. As can be seen in (12) and (13),
the contribution from interface traps will be independent of
frequency (1 kHz—1 MHz), and thus the residual frequency
dispersion in Fig. 3(a) at high positive gate bias should be
attributed to the presence of border traps.

Fig. 3(b) shows the calculated frequency dispersion of
such MOS structure by using our model. The Fermi level
was assumed to be 0.04 eV below the conduction band
minimum and the semiconductor capacitance Cy was calcu-
lated by numerically solving Poisson’s equation. Dy, and D,
used here are 6.7 x 107 eV~l. em™3 and 6.2 x 102
eV~!. cm~2, respectively, and the capture cross-section used is
6 x 10715 cm?. Other parameters are the same as used in
Fig. 2. The data are taken from Fig. 3(a) at V, = 3 V. Two
major features of experimental data are well captured by our
model. The first one is that the total capacitance decreases
roughly linearly with respect to the logarithm of measurement
frequency, and the amount of frequency dispersion in terms of
F/decade does not change much with temperature. The other
is that the absolute value of total capacitance decreases at low
temperature. In fact, the parameter that is found to be sensitive
to temperature in our calculation is the surface electron density.
It decreases with the decrease of temperature and thus leads
to an increase of border-trap constants at low temperature.
Since what determines the behavior of traps is essentially the
product wz, the increase of ¢ will make the entire calculated
curve move to the left, which is seen in Fig. 3(b).

To further verify our model, we have fitted the
experimental capacitance and conductance data for the
Al»03/Ing 53Gag.47As MOSCAP in [3] with excellent agree-
ment, by using a border trap density of 1.85 x 10" eV~! cm™3
and interface trap density of 2.45 x 10'2 eV™! cm™2. The
parameters x and og, are calculated to be 5.1 nm~! and
5.8 x 107 cm/s, respectively, for the Al,O3/Ing53Gaga7As
system. The capture cross-section used is the same as that in
Fig. 3, and the semiconductor capacitance Cs is calculated to
be 9.5 fF/um? assuming Fermi level is at the conduction band
minimum.

In summary, we have presented a new electrical model
for border traps where the charging current is controlled by
the surface potential of the semiconductor. It differs from
the previous model where the current is controlled by the
local potential in oxide. This letter should help advance
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Fig. 3. (a) C-V characteristics of a Ni/8nm-Al; O3/n-GaAs(111)A MOSCAP
measured at 300 K and 77 K. The frequency ranges from 1 kHz to 373 kHz
with uniform spacing in log scale. (b) Frequency dispersion calculated by
using our model (line) and experimental data taken at Vo, = 3 V (dots).
The Fermi level was assumed to be 0.04 eV below the conduction band
minimum. Dp; and D;, used here are 6.7 x 101 ev—lem™3 and
6.2 x 1012 ev—l. cm=2, respectively. The capture cross-section used is
6 x 10~13 cm?. Other parameters are the same as in Fig. 2.

the understanding of nanowire-based MOSFETs especially
given the multiple facets of different crystal orientations
present.

REFERENCES

[1] R. Chau, S. Datta, M. Doczy, B. Doyle, B. Jin, J. Kavalieros,
A. Majumdar, M. Metz, and M. Radosavljevic, “Benchmarking nan-
otechnology for high-performance and low-power logic transistor appli-
cations,” IEEE Trans. Nanotechnol., vol. 4, no. 11, pp. 153-158,
Mar. 2005.

[2] E.J. Kim, L. Wang, P. M. Asbeck, K. C. Saraswat, and P. C. McIntyre,
“Border traps in AlpO3/Ing 53Gag 47As (100) gate stacks and their
passivation by hydrogen anneals,” Appl. Phys. Lett., vol. 96, no. 1,
pp- 012906-1-012906-3, Jan. 2010.

[3] Y. Yuan, L. Wang, B. Yu, B. Shin, J. Ahn, P. C. Mclntyre, P. M. Asbeck,
M. J. W. Rodwell, and Y. Taur, “A distributed model for border traps
in AlpO3-InGaAs MOS devices,” IEEE Electron Device Lett., vol. 32,
no. 4, pp. 485487, Apr. 2011.

[4] S. Johansson, M. Berg, K. Persson, and E. Lind, “A high-frequency
transconductance method for characterization of high-x border traps
in III-V MOSFETSs,” IEEE Trans. Electron Devices, vol. 60, no. 2,
pp. 776-781, Feb. 2013.

[5] F. P. Heiman and G. Warfield, “The effects of oxide traps on the
MOS capacitance,” IEEE Trans. Electron Devices, vol. 2, no. 4,
pp. 167-178, Apr. 1965.

[6] E. H. Nicollian and J. R. Brews, MOS (Metal Oxide Semiconductor)
Physics and Technology. New York, NY, USA: Wiley, 1982.

[71 M. Xu, K. Xu, R. Contreras, M. Milojevic, T. Shen, O. Koybasi,
Y. Q. Wu, R. M. Wallace, and P. D. Ye, “New insight into Fermi-level
unpinning on GaAs: Impact of different surface orientations,” in Proc.
IEEE Int. Electron Devices Meeting, Dec. 2009, pp. 1-4.




<<
  /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


