Intense THz pulse generation from a large-aperture microstructured emitter
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Abstract—We have fabricated large-aperture photoconduc-
tive antennas with interdigitated microstructured electrodes.
The emitter was fabricated on a semi-insulating GaAs substrate
and composed of seven units which can be operated
independently, and the overall area was about 7 square cm. The
spacing between each electrode was 10 micrometer. The device
was operated at a bias voltage below 30 V. The obtained
amplitude of the output THz waves was comparable to those
from conventional large-aperture emitters. Coherent super-
position of the output from each unit was observed.

1. INTRODUCTION

Large-aperture photoconductive antennas excited by
amplified femtosecond optical pulses have been studied and
used for the generation of intense terahertz (THz) pulses [1]-
[5]. They can emit half-cycle or monocycle intense THz
pulses with a broad bandwidth, and have been used in real-
time imaging [5]-[9] and other applications. The requirement,
however, of a bias voltage as high as 10 kV or more with
conventional large-aperture emitters has limited their usage.
We fabricated microstructured photoconductive antenna
arrays with interdigitated electrodes which can overcome
limitation of the conventional structure.

The THz field is scaled to the effective emitter area and the
bias field under pump fluences sufficiently large for
saturation. Bias field applied to small spacings between
microstructured electrodes can easily be raised up to a 100
kV/cm level, and 500 kV/cm will be possible using the state-
of-the-art microprocessing technology. In contrast, the bias
field of the conventional large-aperture antenna has been
limited at around 10 kV/cm due to discharge on the
semiconductor surface. Although the effective emitter area of
the microstructured antenna is about 25% of the whole area,
it is easily scalable using larger wafers. Thus the
microstructured antenna is the choice for the generation of
intense broadband THz pulses.

II. EMITTER STRUCTURE

The fabricated antenna array was composed of seven units
of photoconductive antennas. They were fabricated on a 2-
inch semi-insulating GaAs wafer. A picture of the whole
emitter is shown in Fig. 1(a). Each unit had separate
electrodes and could be operated independently. Each unit
had metal interdigitated electrodes as shown in Fig. 1(b). The
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Fig. 1: (a) Picture of the THz emitter composed of seven
units of photoconductive antennas having an interdigitated
electrode structure. (b) Structure of each unit.

line width and the separation of the electrodes were both 10
pm, and each unit had an area of 10 mm x 10 mm. Shadow
masks were placed to allow excitation light to irradiate only
every other electrode spacing. This enables constructive
interference of the THz field emitted from the interdigitated
electrode structure. SiO, was deposited on the electrodes for
the insulation between the electrodes and the metal shadow
masks. The electrode structure was fabricated using two
methods, i.e., lift-off and dry etching. Since the THz emission
properties of these samples were found to be similar to each
other, the experimental results obtained using only lift-off
samples will be shown below.

Our device structure essentially follows the approach of
Yoneda et al. [6] and Dreyhaupt et al. [7]. Yoneda et al.



fabricated an interdigitated antenna array on a CVD diamond
substrate, which was excited by high-power KrF excimer
laser pulses. The emitter of Dreyhaupt ef al. had a size much
smaller than the present one and was excited by unamplified
laser pulses. The emitter reported in the present study had a
size comparable to those of conventional large-aperture
antennas, and was excited by amplified femtosecond
Ti:sapphire laser pulses.

III. EXPERIMENTAL RESULTS

The properties of the emitter were characterized by
measuring the waveforms of the emitted THz field as a
function of bias voltage and excitation light fluence. The
results were compared with those of a conventional large-
aperture antenna [1], which had a 3-cm spacing between the
electrodes. The antennas were excited by amplified 150-fs,
800-nm Ti:sapphire laser pulses at a repetition rate of 1 kHz.
Emitted THz field was focused by a TPX lens of a 98.3-mm
focal length, and the field waveform was measured using an
electro-optic sampling method. The microstructured antenna
was biased by a dc voltage up to 30 V, which corresponds to
a bias field of 30 kV/cm. It was observed that the THz field
becomes unstable above this voltage level. The obtained peak
THz field at this bias was about half of that obtained using a
conventional large-aperture antenna at a bias field of 2
kV/cm, as shown in Fig. 2. This is about seven times lower
than predicted by a scaling law. The waveform of the THz
pulse from the microstructured emitter shows a monocycle
profile, which is in contrast to the half-cycle pulse shape
obtained from the conventional large-aperture antenna.

In a separate measurement, a THz waveform from each
unit was obtained by applying a voltage only to a single unit.
It was found that the summation of the seven waveforms
agreed with the waveform obtained from the whole antenna.
This observation confirms coherent superposition of the THz
waves from separate units.

IV. CONCLUSION

A large-aperture microstructured photoconductive antenna
array having 10-um width and spacing of interdigitated
electrodes was fabricated on semi-insulating GaAs, and the
properties were characterized. Generation of THz pulses with
a field amplitude comparable to those obtained with
conventional large-aperture antennas was observed. The
obtained field was not as high as expected from the scaling
law, and the properties will be improved by optimizing the
microprocessing procedure. Coherent superposition of the
output from each unit was observed.
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Fig. 2: THz field waveforms obtained from a
conventional large-aperture emitter and the micro-

structured antenna array under typical operation con-
ditions. The excitation fluence was over the saturation
level, and the bias field was 2 kV/cm and 30 kV/cm for
the conventional and microstructured antennas,
respectively.

REFERENCES

[1] T. Hattori, K. Tukamoto, and H. Nakatsuka, “Time-
resolved study of intense terahertz pulses generated by a
large-aperture photoconductive antenna,” Jpn. J. Appl. Phys.
40, pp.4907-4912, 2001.

[2] R. Rungsawang, K. Ohta, K. Tukamoto, and T. Hattori,
“Ring formation of focused half-cycle terahertz pulses,” J.
Phys. D 36, pp.229-235, 2003.

[3] T. Hattori, K. Ohta, R. Rungsawang, and K. Tukamoto,
“Phase-sensitive high-speed THz imaging,” J. Phys. D 37,
pp.770-773, 2004.

[4] R. Rungsawang, K. Tukamoto, and T. Hattori, “Electric
field imaging using intense half-cycle terahertz pulses,” Jpn.
J. Appl. Phys. 44, pp.1771-1776, 2005.

[5] R. Rungsawang, A. Mochiduki, S. Ookuma, and T.
Hattori, “1-kHz real-time imaging using a half-cycle terahertz
electromagnetic pulse,” Jpn. J. Appl. Phys. 44, pp.L288-
1291, 2005.

[6] H. Yoneda, K. Tokuyama, K. Ueda, H. Yamamoto, and
K. Baba, “High-power terahertz radiation emitter with a
diamond photoconductive switch array,” Appl. Opt. 40,
pp-6733-6736, 2001.

[7] A. Dreyhaupt, S. Winnerl, T. Dekorsy, and M. Helm,
“High-intensity terahertz radiation from a microstructured
large-area photoconductors,” Appl. Phys. Lett. 86, 121114,
2005.




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


