
Sacred Heart University
DigitalCommons@SHU

WCOB Faculty Publications Jack Welch College of Business

12-2011

Highly Resistive and Ultrafast Fe‐Ion Implanted
InGaAs for the Applications of THz Photomixer
and Photoconductive Switch
J. H. Shin

K. H. Park

N. Kim

C. W. Lee

Eunsup Daniel Shim
Sacred Heart University, shime@sacredheart.edu

See next page for additional authors

Follow this and additional works at: http://digitalcommons.sacredheart.edu/wcob_fac

Part of the Physics Commons

This Peer-Reviewed Article is brought to you for free and open access by the Jack Welch College of Business at DigitalCommons@SHU. It has been
accepted for inclusion in WCOB Faculty Publications by an authorized administrator of DigitalCommons@SHU. For more information, please contact
ferribyp@sacredheart.edu.

Recommended Citation
Shin, J. H. et al. "Highly Resistive and Ultrafast Fe‐Ion Implanted InGaAs for the Applications of THz Photomixer and
Photoconductive Switch." AIP Conference Proceedings 1399.1 (Dec 2011): 935-936.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Sacred Heart University: DigitalCommons@SHU

https://core.ac.uk/display/231061772?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://digitalcommons.sacredheart.edu/?utm_source=digitalcommons.sacredheart.edu%2Fwcob_fac%2F363&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.sacredheart.edu/?utm_source=digitalcommons.sacredheart.edu%2Fwcob_fac%2F363&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.sacredheart.edu?utm_source=digitalcommons.sacredheart.edu%2Fwcob_fac%2F363&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.sacredheart.edu/wcob_fac?utm_source=digitalcommons.sacredheart.edu%2Fwcob_fac%2F363&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.sacredheart.edu/wcob?utm_source=digitalcommons.sacredheart.edu%2Fwcob_fac%2F363&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.sacredheart.edu/wcob_fac?utm_source=digitalcommons.sacredheart.edu%2Fwcob_fac%2F363&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/193?utm_source=digitalcommons.sacredheart.edu%2Fwcob_fac%2F363&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:ferribyp@sacredheart.edu


Authors
J. H. Shin, K. H. Park, N. Kim, C. W. Lee, Eunsup Daniel Shim, Y. C. Kim, D. S. Yee, J. O. Kim, S. J. Lee, and S.
K. Noh

This peer-reviewed article is available at DigitalCommons@SHU: http://digitalcommons.sacredheart.edu/wcob_fac/363

http://digitalcommons.sacredheart.edu/wcob_fac/363?utm_source=digitalcommons.sacredheart.edu%2Fwcob_fac%2F363&utm_medium=PDF&utm_campaign=PDFCoverPages


Highly Resistive and Ultrafast Fe-Ion Implanted InGaAs for 
the Applications of THz Photomixer and Photoconductive 

Switch 
 

J. H. Shin1*, K. H. Park1, N. Kim1, C. W. Lee1, E. D. Shim1, Y. C. Kim2,  
D.-S. Yee2, J. O. Kim3, S. J. Lee3, and S. K. Noh3 

 
1Photonic/Wireless Convergence Components Department, Electronics and Telecommunications Research Institute, 

Daejeon, Korea 
2Division of Industrial Metrology, Korea Research Institute of Standards and Science, Daejeon, Korea 

3Nano Materials Evaluation Center, Korea Research Institute of Standards and Science, Daejeon, Korea 
*J. H. Shin, e-mail: sjh@etri.re.kr, Tel: +82-42-860-1568, Fax: +82-42-860-5404 

Abstract.  We develop highly-resistive (i.e. low-carrier-density) and ultrafast Fe-ion implanted InGaAs layers for the 
applications of THz photomixer and photoconductive switch. The measured Hall mobility, sheet resistance, carrier 
density, and carrier lifetime of the optimized 1.2-�m-thick Fe-implanted InGaAs layer are 3.4x102 cm2/Vs, 0.24 M�, 
6.5x1014 cm-3, and 0.13ps, respectively.  

Keywords: terahertz, photomixer, InGaAs, photoconductive switch 
PACS:  73.50.Pz(photoconductivity), 85.30.-z(semiconductor devices)

INTRODUCTION 

Terahertz (THz) frequency sources have received 
considerable attention for their medical, agriculture, 
environmental, and security applications [1]. Over the 
past decades, significant progresses have been realized 
in the fields of THz time-domain spectroscopy (TDS) 
and frequency-domain spectroscopy (FDS) using 
photoconductive switch (PCS) and photomixer, 
respectively. Researches on both the PCSs and the 
photomixers have been mainly conducted using the 
low-temperature-grown GaAs (LTG-GaAs) due to its 
short carrier lifetime and high resistivity (i.e. low 
carrier density). Recently, there have been several 
reports on LTG-InGaAs or ion-implanted (IM) InGaAs 
that can act as a photoconductive material aiming at 
the connection between the THz and the well 
developed InP-based communication technologies [2, 
3]. However, the InGaAs based photomixers have the 
critical problem of high dark current, which is not 
acceptable for efficient THz emission because of 
background thermal radiation as well as low thermal-
damage threshold. Consequently, the reported THz 
powers from InGaAs-based photomixers are several 
ten times lower than those from typical LTG-GaAs 
photomixers. Therefore, more thorough studies on the 

material optimizations would be needed for achieving 
more efficient and widely-tunable InGaAs-based 
photomixers. In this work, we develop a highly-
resistive (i.e. low-carrier-density) and ultrafast Fe-ion 
implanted InGaAs layer for the applications of THz 
photomixer and PCS. 

FABRICATION AND RESULTS 

An 1.2-�m-thick undoped InxGa1-xAs (x=0.53) 
epilayer was grown on a semi-insulating InP substrate 
at 650oC by using a MOCVD system. The as-grown 
wafer was split to several pieces which were implanted 
by Fe ions with various ion energy and dose conditions. 
Each as-implanted piece sample was further split to 
several pieces for various post rapid-thermal-anneal 
(RTA) processes. All the post RTA processes were 
conducted in H2 environment in just 30 seconds. 
Figure 1 shows the Hall measurement data against the 
post RTA temperature for various implantation 
conditions. The black, red, green, blue, cyan, and 
magenta lines in Fig. 1 correspond to the Fe-ion 
energy / dose conditions of 2.3MeV / 2x1015cm-2, 
2.3MeV / 1x1015cm-2, 2.3MeV / 6x1014cm-2 + 0.7MeV 
/ 2x1014cm-2, 2.3MeV / 3x1014cm-2 + 0.7MeV / 
2x1014cm-2, 3.0MeV / 2x1015cm-2, and 3.0MeV / 
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1x1015cm-2, respectively. The Hall mobility increases 
with RTA temperature as shown in Fig. 1, which is 
consistent with the data in [3]. And the carrier density 
decreases with RTA temperature, which is also an 
expected phenomenon because of the curing of the 
shallow donor defects generated during implantation. 
As one can see in Fig. 1, the optimized Fe-ion energy, 
dose, and post-RTA temperature giving the lowest 
carrier density are 3.0 MeV, 1x1015 cm-2, and 500oC, 
respectively. In the optimized condition, the measured 
Hall mobility, sheet resistance, and carrier density are 
3.4x102 cm2/Vs, 0.24 M�, and 6.5x1014 cm-3, 
respectively.  
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FIGURE 1.  Hall data of the various Fe-implanted 
InGaAs layers. 

 
The carrier lifetime was measured by using a time-

resolved pump-probe time-resolved reflection 
spectroscopy (TRS). Figure 2 shows the result of the 
TRS experiment. The measured carrier lifetime is 
about 0.13 ps which is the lowest value ever reported.  

 

 
 
FIGURE 2.  Result of the pump-probe reflection 
spectroscopy of the Fe-implanted InGaAs layer. 

 

The details about electrical and optical properties 
of the Fe-implanted InGaAs layer will be presented in 
the conference. The fabrication of photomixers and 
PCSs with the Fe-implanted InGaAs layer is under 
way for efficient and broad-band THz generation. 

CONCLUSIONS 

We develop highly-resistive (i.e. low-carrier-
density) and ultrafast Fe-ion implanted InGaAs layers 
for the applications of THz photomixer and 
photoconductive switch. The measured Hall mobility, 
sheet resistance, carrier density, and carrier lifetime of 
the optimized 1.2-�m-thick Fe-implanted InGaAs 
layer are 3.4x102 cm2/Vs, 0.24 M�, 6.5x1014 cm-3, and 
0.13ps, respectively. The fabrication of photomixers 
and PCSs with the Fe-implanted InGaAs layer is under 
way for efficient and broad-band THz generation.  
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