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ABSTRACT  

We report a microscale collector-injector ( COIN) suitable 
for gas chromatographic microsystems ( GC) comprising two 
series-coupled devices: a micro passive preconcentrator ( PP) and 
a micro progressively heated injector ( PHI). The μPP collects 
volatile organic compounds (VOC) via passive diffusion. Discrete 
μPPs demonstrated sampling rates close to theory, a high 
adsorption capacity, and efficient thermal desorption. The μPHI 
accepts vapors transferred from the μPP (by thermal desorption 
with pumping) and thermally generates a sharp injection. Discrete 

PHIs demonstrated capacities that varied with VOC polarity and 
volatility, and 190 ms injections via progressive heating.   

      
INTRODUCTION 

The direct determination of VOCs in field or clinical settings 
is of interest for personal exposure monitoring, point-of-care 
medical diagnostics, and the detection of explosives or other 
chemical threats. μGC has several inherent potential advantages 
for such applications, and efforts to produce such microsystems 
have been reported [1-5]. The key analytical components of a 
typical μGC comprise a preconcentrator/injector for sample 
capture (via pump) and introduction, a column for separation of 
mixture components, and a detector or array of detectors.    

Typical microscale adsorbent-packed/lined preconcentrators 
also serve as injectors [1-7]. The dual function of such devices 
requires performance tradeoffs between capacity on the one hand 
and desorption efficiency and power dissipation on the other. 
Among reported micro-preconcentrators, injection band widths of 
VOCs are typically > 1 s, preconcentration factors are relatively 
low, and power consumption can be high due, in part, to the use of 
a mini-pump to draw air samples into the device.  

The μCOIN device described here (Fig. 1) consists of a μPP 
coupled to a μPHI. The PP collects vapors by passive diffusion. It 
redesigns a predecessor technology [8] to reduce (>10×) the 
required desorption flow rate, increase flow uniformity, and 
minimize energy consumption. However, the PP is incapable of 
producing sharp injections upon thermal desorption and transfer 
(under flow). The μPHI, a new design that combines concepts 
from previously reported micro focuser-injectors [7,9], accepts the 
broad vapor bolus transferred from the PP and then is rapidly and 
progressively heated (under flow) to yield the sharp injection pulse 
needed for efficient GC separations with short columns. Carbon 
adsorbents permit trapping of vapors with a wide range of 
structure/volatility. This paper describes the design and 
preliminary characterization of discrete μPP and μPHI devices as 
well as first results from the hybrid-integrated μCOIN. 
 
EXPERIMENTAL 
Design and Fabrication 

The μPP and μPHI devices are formed from a top silicon-on-
insulator (SOI) substrate and a bottom glass substrate (Fig. 2). The 
top layer of the μPP SOI substrate has a grid of 171 parallel 
50×50×180 μm (L×W×H) apertures through which vapors  diffuse 
at a known rate according to Fick’s laws. The bottom layer of the 
μPP SOI substrate contains two concentric adsorbent cavities 

separated by pillars and filled with ~800 μg of Carbopack B (C-B, 
surface area: 100 m2/g, outer) and 700 μg Carbopack X (C-X, 
surface area: 100 m2/g, inner). Heaters and temperature sensors 
(Ti/Pt) located on the top surface of the glass substrate are used for 
heating the adsorbents to 250 C during thermal desorption.   

The μPHI has linear topology with adjacent adsorbent beds 
containing ~500/400 μg of C-B/C-X also separated by pillars (Fig. 
2b). In the μPHI, the adsorbent region is split into an array of 10 
thermally isolated and in individually addressed heaters that enable 
advanced (progressive) heating for compressing injection peaks.  

The diffusion path through the μPP (Fig. 2a) can be formally 
parsed into three segments with specific lengths and areas, Li and 
Ai, through which the mass transfer of vapors is constant at steady 
state. The effective sampling rate, S (volume/time), can be 
estimated as S=D/(L1/A1+L2/A2+L3/A3), where D is the vapor 
diffusion coefficient [7]. By design, S is primarily a function of the 
total area of the aperture grid (A1).  The capacity of the device is a 
function of its design as well as the nature and number of VOCs 
and the time of exposure. After collection is complete, the sample 
is transferred from the μPP to the μPHI under suction flow via 
thermal desorption.  

After the sample is transferred to the μPHI, external valves 
are used to introduce He carrier gas from a canister in the reverse 
direction (back flushing) and the μPHI heaters are sequentially 
activated, progressively desorbing VOCs from inlet to outlet and 
“rolling up” (i.e., focusing) the mixture into a sharp injection pulse. 

Discrete μPP and μPHI devices were created using the same 
microfabrication process flow. The sampling aperture grid (μPP), 
adsorbent cavities and fill ports, and flow channels were fabricated 
using DRIE. Ti/Pt heaters/RTDs and an oxynitride overlayer were 
deposited on the bottom glass substrate using PVD and PECVD 
tools, respectively. Au-Si eutectic bonding joined the substrates 
(Fig. 3) [9]. Adsorbents were loaded, interconnecting capillaries 
were epoxy sealed, and then devices were mounted & wire-bonded 
onto printed circuit boards (PCB; Fig.4).  

 
Figure 1: Conceptual diagram of monolithic 8x8 mm μCOIN. 
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Discrete Device Tests 

Test chemicals were obtained at high purity from standard 
sources and used without purification. Test atmospheres containing 
vapors of the test chemicals were generated from fritted-glass 
bubblers diluted with clean, dry air, and were verified by loop 
injection into a pre-calibrated GC-FID. Certain tests were 
performed using a thermogravimetric analyzer (TGA, Perkin 
Elmer).  For other tests, a PCB-mounted μPP device was mounted 
in a custom stainless steel chamber with electrical feedthroughs in 
the chamber floor.  The capillary used for sample transfer was 
wrapped with heater coils and raised to 70 C during transfer.  
Following exposure for a given time period, the chamber was 
purged with clean, dry air. Then, both substrate heaters were 
activated to heat the adsorbent beds to 250 C while drawing air 
through it with a small pump at 10 mL/min. The sample was 
passed through a surrogate focuser [7] where the vapors were 
temporarily trapped and then injected into the GC-FID equipped 
with either a short capillary separation column or a section of 
(uncoated) deactivated silica guard column.   

For the μPHI, samples of the test chemicals were passed to 
the device as low-volume vapor boluses either from a sample loop 
connected to a 6-port valve or from a bench-scale GC.  For the 

latter the test chemical was either pure or dissolved in a volatile 
solvent and injected through the heated GC injection port using an 
autosampler syringe. The mass of test chemical was verified by 
pre-calibrated FID. 

Device heaters were controlled and RTDs monitored by 
custom programs written in LabVIEW and run from laptop 
computers.  The PP had feedback controlled heating (via pulse 
width modulation). The PHI had open loop heater control with 
independent voltages applied during the ramp up and hold periods. 

  
RESULTS AND DISCUSSION 

In initial tests, separate 3-mg samples of C-X and C-B 
adsorbents were loaded into a sample pan, suspended from the 
TGA balance, and exposed to m-xylene vapor (one of the highest-
vapor pressure targets studied). After allowing uptake of relatively 
large masses of 5-8 μg of m-xylene per mg of adsorbent there was 
no loss (bleed) of the captured vapor after two hours of purging 
with clean air at ambient temperature.  This confirms that test 
vapors should be retained by the μPP even during periods of non-
exposure. 

A μPP was then device suspended in the TGA and exposed to 
2000 mg/m3 of m-xylene vapor, and mass uptake via passive 
sampling was measured in real time. Results are shown in Fig. 5. 
The sampling rate was constant for ~40 min, dropped by 30% from 
40-60 min, and then dropped to zero (saturation). The total mass 
uptake was 32 g and the sampling rate was constant up to 23 g, 
which is a very high capacity.  Other tests showed that capacity 
was inversely proportional to vapor pressure for homologous 
aromatic hydrocarbons, meaning that the capacity should be 
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Figure 3: Optical image of fabricated (a) μPP (b) μPHI 
devices. 

 
Figure 2: Design and operation of (a) μPP (b) μPHI. 

Figure 4: (a) Optical image of the wire-bonded (a) μPP (b) 
μPHI device. 

 
Figure 5: TGA output of suspended μPP device showing 
constant sampling rate (linear mass uptake) for ~40 min and 
saturation at ~80 min (33 μg of xylene at the challenge 
concentration of 2,000 mg/m3). 
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Figure 8: (a) Rapid (4000 °C/s) heating (60 ms delay time) of 
μPHI bed with low thermal crosstalk (b) Sharp ((full width at 
half maximum = 190 ms) desorption peak-width at 50 μL/min 
flow during heater ramp period (~1 s) and 3 mL/min 
afterwards 

sufficient for most/many VOCs of interest. TGA tests with the 
polar dimethylmethylphosphonate (DMMP) were not successful.    

Chamber tests with the PP showed that the sampling rate for 
m-xylene was constant over 3 orders of magnitude in concentration 
(i.e., from 8 to 5,600 mg/m3; 15-min samples).  Furthermore, tests 
with both m-xylene and DMMP showed that the sample rates were 
within 15% of those predicted by theory/modeling (see Table 1). 
Figure 6 shows a chromatogram from passively sampling a simple 
mixture of vapors with the μPP (in chamber), transferring to the 
surrogate focuser, and injecting to a bench-scale GC-FID.  
Desorption efficiencies were 88-98%.  

 
 

 
 

 

 To test of the capacity of the discrete μPHI, breakthrough 
was monitored by FID using boluses of known test atmospheres 
passed directly through the device in a certain volume of carrier 
gas to mimic desorption from the μPP. The μPHI was 
subsequently heated to 250 ºC using global or progressive heating 
to desorb the retained vapors. The percentage of mass retained was 
evaluated by the ratio of challenged vapor concentration/mass to 
the desorbed peak area.  

Initial tests were performed with boluses containing 1.6 μg 
and 3.6 μg of m-xylene. These masses can be related to possible 
μCOIN exposure scenarios. For example, the μPP would collect 
1.6 μg within 30 min (S = 0.6 mL/min) when exposed to 90 mg/m3 
and it would collect 3.6 μg in 30 min at 200 mg/m3. We anticipate 
that the volume of air required to transfer samples from the μPP to 
the μPHI will be < 3 mL.  Figure 7 shows that the μPHI can retain 
> 95% of 3.6 μg sample of m-xylene if the transfer volume is < 12 
mL. For a 1.6 μg sample the capture efficiency is > 95% for 
transfer volumes as large as 50 mL! These results demonstrate 
excellent capacity for m-xylene with the μPHI.   

The capacity for DMMP was significantly lower than that for 
m-xylene, despite its vapor pressure being ~9x lower.  In fact, 
above ~200 ng it was not possible to achieve >90% retention, 
regardless of the sample volume.  At 75 ng of DMMP, 
corresponding to a 30 minute sample at 5 mg/m3 (S = 0.44 
mL/min), the retention was 90% for a 1 mL transfer volume. 
Clearly, the polarity of DMMP plays a significant role in its 
adsorption on C-B and C-X adsorbents. We have explored the use 
of ionic liquid coatings as a means to enhance retention of polar 
VOCs on these adsorbents with modest success (data not shown).  
Desorption efficiencies ~98 % were observed for m-xylene and 
DMMP.  

For desorption tests the μPHI heaters were operated globally or 
sequentially. The control software allowed adjustment of the 
individual ramp rate, heater ON time (hold-time) and delay 
between adjacent heaters (Fig. 8a). Experiments were performed to 
assess the combination of heating and flow parameters that would 
provide the sharpest injection band. The best results were obtained 
when the residence time of vapor above each heater was held close 
to the firing delay between individual heaters (~100 ms). For this 
purpose, the flow rate was reduced to ~50 μL/min (residence time 
~300 ms) during the desorption process until all heaters reached 
250 C and the sample was completely injected, at which point 

 
Figure 6: GC-FID chromatogram for a 4-vapor 
mixture passively sampled with the μPP, transferred 
to a surrogate focuser and injected.   

Table 1: μPP sampling rate for m-xylene and DMMP.  
 

VOC Modeled S 
(mL/min) 

Exper. S 
(mL/min) 

Ratio 

m-xylene 0.60 0.69 1.15 
DMMP 0.44 0.48 1.09 

 

 
Figure 7: Plots of fractional retention (capacity) of m-xylene 
versus the transfer volume for the PHI for bolus challenges 
of 1.6 and 3.6 ug at 5 mL/min. Retention is >90% for transfer 
volumes < 12 mL.  
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flow was increased to 3 mL/min to complete the transfer to the FID 
(no column was used).  The full width at half maximum for the m-
xylene peak was ~190 ms (Fig. 8b).    

    
CONCLUSIONS 

The concept introduced here of combining devices for passive 
sampling and progressively heated injection appears to be sound.  
Preliminary test results are promising. The capability of the μPP to 
passively sampling vapors at rates close to modeled values, to 
retain captured vapors at high mass loading levels, and to 
efficiently desorb vapors thermally for transfer to the PHI all 
support its continued development.  The capability of the μPHI to 
retain transferred samples of volatile non-polar vapors such as m-
xylene is encouraging but polar vapors are less effectively retained.  
The use of ionic liquid modifiers shows promise for improving the 
retention of polar vapors and results of such testing will be 
described in a future report.  Regardless, the progressive heating 
feature of the μPHI appears to be effective, with injection bands < 
200 ms already having been achieved at low flow rates compatible 
with μGC separation columns.  A hybrid-integrated COIN 
prototype has been assembled but data could not be generated in 
time for this publication. Nonetheless, results reported here augur 
well for the ultimate implementation of a monolithically integrated 
μCOIN to serve as a collector module for future μGC systems.  
 
ACKNOWLEDGMENT 

This research has been supported by the Office of the Director 
of National Intelligence (ODNI), Intelligence Advanced Research 
Projects Activity (IARPA). The views and conclusions contained 
herein are those of the authors and should not be interpreted as 
necessarily representing the official policies, either expressed or 
implied, of ODNI, IARPA, or the U.S. Government. The U.S. 
Government is authorized to reproduce and distribute reprints for 
governmental purposes notwithstanding any copyright annotation 
therein. Preliminary studies were supported by a pilot grant from 
the NIOSH-sponsored, University of Michigan Center for 
Occupational Health and Safety Engineering. 
 
REFERENCES 
1. J. Wang, et al., “Compact prototype microfabricated gas 

chromatographic analyzer for autonomous determinations of 
VOC mixtures at typical workplace concentrations,” 
Microsystems & Nanoengineering, 4, 17101 (2018). 

2. A. Garg, et al., “Zebra GC: A mini gas chromatography system 
for trace-level determination of hazardous air pollutants,” 
Sensors and Actuators B: Chemical, 212, 145 (2015) 

3. Y. Qin and Y. B. Gianchandani, “A fully electronic 
microfabricated gas chromatograph with complementary 
capacitive detectors for indoor pollutants,” Microsystems & 
Nanoengineering, 2, 15049 (2016). 

4. J. Wang, et al., “Microscale Gas Chromatography with 
Microsensor Array Detection: Challenges and Prospects,” 
Proceedings Eurosensors 2017, September 3-6, 2017, Paris, 
France, 1, 633 (2017). 

5. T. Sukaew, and E.T. Zellers, “Evaluating the dynamic retention 
capacities of microfabricated vapor preconcentrators as a 
function of flow rate,” Sensors and Actuators B: Chemical, 
183, 163 (2013). 

6. J. Bryant-Genevier, and E.T. Zellers, “Toward a 
microfabricated preconcentrator-focuser for a wearable micro-
scale gas chromatograph,” Journal of Chromatography A, 
1422, 299 (2015).  

7. J. H. Seo, S. K. Kim, E. T. Zellers, K. Kurabayashi, 

“Microfabricated passive vapor preconcentrator/injector 
designed for micro gas chromatography,” Lab Chip, 12, 717 
(2012). 

8. A. D. McBrady, F. Nusseibeh, “PHASED micro gas analyzer”, 
Final Report (Honeywell), BAA 03-40: Micro Gas Analyzers 
(MGA), DARPA Contract No.: FA8650-04-C-2502, June 27, 
2008. 

9. J. Mitchell, G. Lahiji,  K. Najafi, “Encapsulation of vacuum 
sensors in a wafer level package using a gold-silicon eutectic”, 
Technical Digest, 13th Conf. on Solid-State Sensors, Actuators 
and Microsystems, Transducers ‘05,  pp. 928-931 (2005). 

 
CONTACT 

E. T. Zellers, tel: +1-734-936-0766; ezellers@umich.edu 
 
 

 

294


	MAIN MENU
	Help
	Search
	Print
	Author Index
	Keyword Index
	Table of Contents


<<
  /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 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /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 (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'IEEE_Xplorer'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


