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Abstract—This paper introduces bandwidth reduction methods
for supply modulation when multiple broadband signals spread
over a wide RF bandwidth are simultaneously amplified by a
high-efficiency PA. The PA is a GaN on SiC MMIC in the Qorvo
150-nm process with two stages and power combining at the
output. With a CW signal at 9.8 GHz, the peak power is 8 W
with a peak efficiency of 56% and a saturated gain greater than
23 dB. Three 16QAM signals with bandwidths of 1, 2 and 5 MHz,
separated by 70 and 130 MHz and centered around 9.8 GHz have
a combined envelope bandwidth of > 800 MHz and a PAR around
9.5 dB, which is too large for an efficient envelope modulator. We
show that the tracking bandwidth can be significantly reduced
when the envelopes of the individual signals are summed at
baseband. Measured results show 42.4% PAE and 18.8% worst-
case EVM when tracking is used, compared to 29.7% PAE and
14.4% EVM for a fixed supply with no linearization.

I. INTRODUCTION

Multi-band power amplifiers (PA) for carrier aggregation

and multi-function transmitters are in high demand in order to

reduce cost and size. This demand, however, is at odds with

efficiency requirements, as efficiency enhancement techniques

tend to restrict bandwidth. Envelope tracking (ET) is a promis-

ing technique [1], but becomes prohibitively challenging as

the signal bandwidth increases, due to bandwith expansion

of the tracking signal and the tracking amplifier efficiency

which decreases as envelope bandwidth increases. Methods for

improving the efficiency of ET systems for high-bandwidth

signals include slew-rate reduction of the envelope signal,

which can be compensated for by the PA drive signal [2],

[3],

When multiple signals of arbitrary modulation type and

widely separated carrier frequencies are amplified simultane-

ously, the total signal bandwidth exceeds what can be achieved

using conventional ET. Works that have explored Multi-band

envelope tracking is explored in [4] for a frequency-tunable

PA, but the bands are not used simultaneously. In [5]–[7], ET

is demonstrated on two simultaneous signals, and make the

important observation that the bandwidth of the sum of the
envelopes of the two modulated signals is substantially lower

than that of the envelope of the total signal. The work in [5]–

[7] focuses on 3D linearization of two relatively closely spaced

signals, for example for dual-band carrier aggregation.

In this work we instead examine the bandwidth of multiple

simultaneous, arbitrarily-spaced signals as might be required

Fig. 1. Block diagram of a supply-modulated PA for multiple signals over a
broad RF bandwidth. In this case a two-stage PA is supply-modulated with a
linear tracker. Three simultaneous signals with bandwidths of 1,2 and 5 MHz,
separated by 70 and 130 MHz within a 9.8 - 10.2 GHz bandwidth are amplified
efficiently.

Fig. 2. Three signal envelopes in baseband showing the sum of the envelopes
(red, thick) used for tracking.

for a multi-band, multi-function transmitter. We demonstrate

the proposed bandwidth-reduced supply modulation using

three modulated signals, but the approach is general and can be

extended to additional signals. The technique is implemented

on a high-efficiency X-band MMIC PA using a linear tracker.

II. THEORETICAL BACKGROUND

The supply-modulated transmitter in which three modulated

signals at carrier frequencies f1, f2, and f3 are amplified by

a MMIC PA with linear supply tracker is shown in Fig. 1.

The total bandwidth of the input signal is approximately

(f3−f1), assuming the modulation bandwidth is substantially

smaller than the signal separation. Using a conventional ET

approach, the bandwidth expansion of the nonlinear envelope
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Fig. 3. (a) Ideal spectra of combined envelope (blue) and summed envelopes
(red). (b) Time domain waveforms of the same and (c) Zoomed in time domain
waveform showing the carrier, combined envelope and summed envelope.

computation means that a bandwidth of at least 5×(f3−f1) is

required for the tracker. For our example signals separated by

up to 200 MHz, an efficienty 1 GHz tracker would be needed,

which has not been demonstrated to date. The fastest integrated

trackers in 150-nm GaN switch at 200 MHz and are able to

track 40 MHz signal bandwidth [8].

To reduce the tracker bandwidth requirements, we investi-

gate tracking based on the sum of the envelopes of the multiple

signals:

Etrack(t) = ΣN
i |Ei(t)| (1)

where Ei(t) is the envelope of one of the N multiple signals to

be amplified. Conceptually, this approach treats the multiple

signals as time-varying vectors, and tracks the amplitude of

the worst-case envelope, i.e. the condition when all vectors

add constructively. In this way, the composite signal is never

clipped by the tracker. A time-domain simulation of the

resulting signal is shown in Fig. 2. Qualitatively, the sum

of envelopes has dynamics dominated by that of the fastest-

varying signal. Note that it is only the modulation bandwidth,

not the separation of the carrier frequencies, that affects

the tracking signal as this computation is performed on the

baseband signals.

The frequency-domain analysis is shown in Fig. 3(a) and

confirms the bandwidth benefits of this approach. The en-

velopes of three 16QAM signals centered around 9.8 GHz with

bandwidths of 1, 3, and 5 MHz and with various spacings (as

detailed in Table I), are combined. Conventional ET requires

800 MHz tracking, while tracking the sum of envelopes re-

quires only 17 MHz, a reduction by approximately a factor

of 50 in bandwidth. Fig. 3(b) compares the combined RF

signal (grey), its envelope (blue), and the sum of envelopes

signal (red). In the zoomed in section of Fig. 3(c), it can

be seen that the sum of envelopes tracks the peak of the

conventional envelope signal at much lower bandwidth, but

does not deviate into the troughs of the signal. When an ideal

class-B PA is assumed, the simulated efficiency when the sum

of the envelopes is tracked is 52%, whereas linear class-B

operation at peak output power results in only 23% efficiency.

III. MEASUREMENT RESULTS

To verify the sum of envelopes tracking approach, we

constructed a test bench based on an X-band MMIC and a

hybrid linear tracker. The approach is demonstrated for three

signals with varying spacing and relative power levels. Details

of the experimental setup and measurements are described

below.

A. MMIC PA and Hyrbid Linear Tracker Test Bench

The PA is a two-stage MMIC implemented in the Qorvo

0.15 μm GaN-on-SiC HEMT technology. It is designed to

be stable with no external capacitors on the bias network,

since the drain bias network needs to pass broadband signals

from the dynamic supply. The first driver stage of the PA is

composed of two 8 × 50μm devices, while four 10 × 90μm

devices are combined in the second stage, with a saturated gain

greater than 20 dB at 2-3 dB gain compression. The maximum

drain supply voltage is VDD = 20V, for a total class-AB

quiescent drain current ID = 310mA. Both stages are supply-

modulated for the measurements presented here.

Off-chip bypass capacitors are added to all but the second

stage drain bias line to ensure PA stability. No capacitance is

added to the second stage drain pad to enable fast supply

modulation. The only bypass capacitance to this node is

provided by the on-chip integrated MIM (Metal-Insulator-

Metal) capacitors, for a total value of 30 pF. The connection

between the supply modulator and the PA is kept as short as

possible to reduce inductance. The PA is soldered on a CuMo

carrier and the input/output RF pads are wire-bonded to 50-Ω
microstrip lines on alumina. The PA frequency sweep shows

a bandwidth from about 9 to 10.5 GHz, with peak efficiency

at 9.7 GHz. The PA measured dependence on supply voltage

and frequency is summarized in Fig. 4.

The linear tracker is designed around the Analog Devices

ADA4870 Current Feedback operational amplifier, chosen for

its superior current drive, slew rate, and bandwidth. The

ADA4870 can source a maximum of 1A, requiring just two

opamps in parallel to drive the RFPA to its peak drain current

of 1.5 A. The slew rate specification of 2500V/μs suggests

978-1-5090-6360-4/17/$31.00 ©2017 IEEE1851



-10 0 10 20 30 40
Output Power (dBm)

0

10

20

30

40

50

60
P

A
E

 (%
) G

ai
n 

(d
B

)

Gain

PAE
6 V

20 V
20 V

6 V

(a)

9 9.5 10 10.5 11 11.5
Frequency (GHz)

0

10

20

30

40

50

60

P
A

E
 (%

) G
ai

n 
(d

B
) P

ow
er

 (d
B

m
)

PAE
Gain
Power

(b)

Fig. 4. CW measurements of the supply modulated PA; (a) – Measured CW
performance of the MMIC PA at 9.8 GHz, (b) – performance across frequency.
The frequency range used for the modulated testing is highlighted in grey.

that the circukt is capable of distortion-free tracking of singals

with bandwidths up to 28 MHz for an output voltage swing

of 6-20 V (14Vp−p). A 200 mΩ series resistor, Rs, is added

to each of the amplifier outputs to help stabilize the op amps

from capacitive loading under various biasing conditions of the

RFPA. During construction and testing of the linear tracker, it

was found that an additional 200 mΩ resistor was necessary

at the combined output of the linear tracker.

B. Supply Level Modulation PA Performance

The PA test bench is characterized in CW across different

supply levels and frequencies as shown in Fig. 4. Because the

signal is received with a vector signal analyzer with limited

bandwidth, the frequency range of operation is down-selected

to the 9.7 – 9.9 GHz range highlighted in grey. Within this

frequency range, the PA is measured with several different

signal scenarios, in which the relative spacing and average

power levels are varied. A summary of these measurements is

given in Table I. For each signal scenario, the PA is measured

with and without reduced-bandwidth supply modulation. The

PAE values in Table I do not include the efficiency of the

linear amplifier. Supply modulation improves the PA PAE by

approximately 11 percentage points in each case.

Fig. 5 shows the full measured spectrum at the PA with and

without supply modulation for the first scenario in Table I.

Significant mixing products can be seen due to the nonlinear-

TABLE I
SUMMARY OF PERFORMANCE FOR SEVERAL SIGNAL SCENARIOS

f1,f2,f3 P1,P2,P3 Drain PAE
EVM (%)

(GHz) (%) 1 2 3

9.7, 9.83, 0.33, 0.33, Track 42.4 13.8 16.7 18.8

9.88 0.33 Fixed 29.7 8.7 11.3 14.4

9.7, 9.83, 0.2, 0.5, Track 41.6 17.2 20.2 24.8

9.9 0.3 Fixed 29.4 10.9 6.8 15.3

9.73, 9.85, 0.33, 0.33, Track 41.1 12.3 16.4 19.1

9.9 0.33 Fixed 29.8 9.4 10.8 13.9

9.73, 9.85, 0.2, 0.5, Track 40.1 14.1 18.5 19

9.9 0.3 Fixed 28.8 9.2 10.6 12.1
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Fig. 5. Measured spectrum of signals at the PA output with and without
reduced-bandwidth supply modulation.

ities of the PA, even with a fixed supply. Supply modulation

exacerbates this nonlinearity, as is expected from the supply-

dependent gain seen in Fig. 4. The normalized individual

signal spectra are shown in Fig. 6. It is expected that the

nonlinearities can be corrected using predistortion techniques

such as those described in [5], [6].

IV. CONCLUSION

When multiple arbitrarily spaced signals are amplified by

a single PA, conventional ET results in bandwidths too large

for an efficient envelope modulator. We show that the tracking

bandwidth can be significantly reduced when the envelopes of

the individual signals are summed at baseband. Experimental

validation shows that this approach results in 12.7 percentage

points higher PAE in an X-band PA operating on three equal-

power 16QAM signals within a 200 MHz bandwidth centered

around 9.8 GHz.
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from NTNU, Norway.

REFERENCES

[1] P. Asbeck and Z. Popovic, “ET comes of age: Envelope tracking for
higher-efficiency power amplifiers,” IEEE Microw. Mag., vol. 17, no. 3,
pp. 16–25, March 2016.

978-1-5090-6360-4/17/$31.00 ©2017 IEEE1852



9.694 9.696 9.698 9.7 9.702 9.704 9.706
Frequency (GHz)

-60

-50

-40

-30

-20

-10

0

9.824 9.826 9.828 9.83 9.832 9.834 9.836
Frequency (GHz)

-60

-50

-40

-30

-20

-10

0

9.874 9.876 9.878 9.88 9.882 9.884 9.886
Frequency (GHz)

-60

-50

-40

-30

-20

-10

0

ET
NoET
Input

Fig. 6. Measured normalized individual signal spectra at the input of the PA
(green), output of PA with no supply modulation (blue) and output of PA with
reduced bandwidth supply modulation (red).

[2] J. Jeong, D. F. Kimball, M. Kwak, C. Hsia, P. Draxler, and P. M. Asbeck,
“Wideband envelope tracking power amplifiers with reduced bandwidth
power supply waveforms and adaptive digital predistortion techniques,”
IEEE Trans. Microw. Theory Techn., vol. 57, no. 12, pp. 3307–3314, Dec
2009.

[3] G. Montoro, P. L. Gilabert, J. Berenguer, and E. Bertran, “Digital
predistortion of envelope tracking amplifiers driven by slew-rate limited
envelopes,” in IEEE Intl. Microw. Symp., June 2011, pp. 1–4.

[4] C. S. Yoo, Y. Liu, J. Fairbanks, P. Asbeck, P. Theilmann, and D. Kimball,
“High efficiency multi-band envelope tracking power amplifier with
tunable output frequency bands,” in Wireless Microw. Tech. Conf. (WAMI-
CON), April 2015, pp. 1–4.

[5] P. L. Gilabert, G. Montoro, D. Lpez, and J. A. Garca, “3D digital
predistortion for dual-band envelope tracking power amplifiers,” in Asia-
Pacific Microw. Conf., Nov 2013, pp. 734–736.

[6] F. M. Ghannouchi, A. K. Kwan, M. Younes, and W. Chen, “DSP tech-

niques for linearity and efficiency enhancement of multi-band envelope
tracking transmitters,” in Asia-Pacific Microw. Conf., Nov 2014, pp. 1082–
1084.

[7] Y. Lin, C. Quindroit, H. Jang, and P. Roblin, “3-D Fourier series based
digital predistortion technique for concurrent dual-band envelope tracking
with reduced envelope bandwidth,” IEEE Trans. Microw. Theory Techn.,
vol. 63, no. 9, pp. 2764–2775, Sept 2015.

[8] A. Sepahvand, Y. Zhang, and D. Maksimovic, “High efficiency 20-400
mhz pwm converters using air-core inductors and monolithic power stages
in a normally-off gan process,” in 2016 IEEE Applied Power Electronics
Conference and Exposition (APEC), March 2016, pp. 580–586.

978-1-5090-6360-4/17/$31.00 ©2017 IEEE1853



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /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 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <<
    /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 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


