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Magnetoresistance and rectification are two fundamental physical properties of heterojunctions
and respectively have wide applications in spintronics devices. Being different from the well known
various magnetoresistance effects, here we report a brand new large magnetoresistance that can be
regarded as rectification magnetoresistance: the application of a pure small sinusoidal alternating-
current to the nonmagnetic Al/Ge Schottky heterojunctions can generate a significant direct-current
voltage, and this rectification voltage strongly varies with the external magnetic field. We find that
the rectification magnetoresistance in Al/Ge Schottky heterojunctions is as large as 250% at room
temperature, which is greatly enhanced as compared with the conventional magnetoresistance

of 70%. The findings of rectification magnetoresistance open the way to the new nonmagnetic
Ge-based spintronics devices of large rectification magnetoresistance at ambient temperature
under the alternating-current due to the simultaneous implementation of the rectification and
magnetoresistance in the same devices.

Magnetoresistance and rectification are two fundamental physical properties of heterojunctions and
respectively have wide applications in spintronics devices. Several types of magnetoresistance (MR) such
as anisotropic MR!, giant MR?, and tunneling MR? are presently indispensable in current data storage
technology. Later, the observation of emergent magnetoresistance phenomenon such as spin Hall MR*®
and large MR in nonmagnetic materials®® has inspired further investigations aiming to harness the spins
of electrons rather than just their charges in the next-generation spintronic devices. On the other hand,
rectification of high frequency alternating-current (AC) or detection of high frequency signals by conver-
sion into a direct-current (DC) signal is typically achieved by using Schottky diodes or semiconducting
p-n junctions. Beside this conventional functionality, new concept of rectifications'®-!* have been devel-
oped such as spin rectification in magnetic tunnel junctions'®!!, giant MR stripes'?, and anisotropic MR
microstrips'*~!> to pave the way for designing new spin sources for spintronic applications. Up to date,
the study of magnetoresistance and rectification effects are relatively independent to each other. This
leaves our understanding of the interplay between electrostatic response and spin dynamics incomplete
and limits the further development of spintronics.

: In this work, we report a very different magnetoresistance in nonmagnetic Al/Ge Schottky hetero-

. junctions that can be regarded as rectification magnetoresistance (RMR), which is due to the simulta-
neous implementation of the rectification and magnetoresistance in the same devices. It is found that
the application of a pure small sinusoidal alternating-current to the nonmagnetic Al/Ge Schottky het-
erojunctions can generate a significant DC voltage, and this rectification voltage strongly varies with the
external magnetic field. A rectification magnetoresistance as large as 250% is observed in Al/Ge Schottky
heterojunctions at room temperature while the conventional magnetoresistance is only of 70% in the
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Figure 1. Rectification magnetoresistance and conventional magnetoresistance of the Al/Ge/Al
heterojunctions. (a-c) respectively, shows the I-V curves, conventional MR, and rectification MR of the
Al/Ge/Al heterojunctions in a circle configuration as schematically shown in the inset of Fig. 1a, which were
measured at 300K. (d-f) respectively, shows the I-V curves, conventional MR, and rectification MR, which
were measured at 20 K.

same devices. The findings of rectification magnetoresistance open an alternative way towards novel
nonmagnetic Ge-based spintronics devices.

Results

Observation of rectification magnetoresistance. The electrical transport experiments were per-
formed on Al/Ge/Al heterojunctions in a circle configuration as schematically shown in the inset of
Fig. 1a, where the center Al/Ge electrode is designed to be Schottky contact while the circle Al/Ge elec-
trode is Ohmic contact at room temperature. Here the Ge substrate is intrinsic semiconductor. In Fig. 1a,
non-linear I-V curves has been observed at 300K, which is a signature that band bending of the junction
interface leads to the formation of the center Al/Ge Schottky barrier. A careful investigation shows that
the I-V curve is asymmetric about zero voltage, further indicating the existence of rectifying behavior
of Al/Ge/Al heterojunctions. Moreover, when the external magnetic field increases from 0 to 6 Tesla,
the voltage at a fixed current monotonically increases as shown in Fig. 1a, resulting in a positive mag-
netoresistance of 70% under the magnetic field of 6T at the direct-current of 10pLA as shown in Fig. 1b.

In order to explore the effects of the simultaneous implementation of the rectification and magnetore-
sistance in the same devices, we applied a pure sinusoidal alternating-current to the devices and meas-
ured the magnetic field dependence of the rectifying DC voltage, i.e., rectification magnetoresistance.
Here, the MR is always defined as MR= (Vy— V,)/V,x 100%, where Vy and V|, are respectively the
detected DC voltage with and without magnetic field at a fixed DC for measuring conventional MR or a
pure sinusoidal AC for measuring rectification MR. The most intriguing and innovative part of present
investigation is the observation of greatly enhanced rectification MR as shown in Fig. 1c. We find that
the rectification MR in Al/Ge/Al heterojunctions is as large as 250% at room temperature for the AC
with the amplitude of 50pA and frequency 1000 Hz, which is greatly enhanced as compared with the
conventional MR of 70%.

The low temperature electrical transport properties were further measured on Al/Ge/Al hetero-
junctions. At low temperature such as 20K, both the center Al/Ge and circle Al/Ge electrodes become
Schottky contacts. In this case, I-V curves become more non-linear and asymmetric (Fig. 1d), leading to
larger rectification MR of 7700% under 10p.A applied AC (Fig. 1f), while the conventional MR is only
2800% (Fig. 1e). Moreover, due to the difference in asymmetry of the I-V curves at different tempera-
tures, the rectifying DC voltage and the conventional DC voltage have the same sign at the low temper-
ature 20K, while they have opposite sign at 300K.

Current amplitude and frequency dependence of rectification magnetoresistance. Figure 2a
shows the current amplitude dependence of the rectification MR of the Al/Ge/Al heterojunctions in the
circle configuration measured at 20K for the fixed frequency 1000 Hz. It is clear that the rectification MR
is much larger than the conventional MR in the current range of 5p.A to 100pA. Figure 2b shows the
frequency dependence of the rectification MR measured at 300K for a similar Al/Ge/Al heterojunctions.
It reveals that the rectification MR shows a very weak frequency dependence in the low frequency range
(<2KHz), while it decreases quickly with increasing frequency.
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Figure 2. Current amplitude and frequency dependence of the rectification magnetoresistance. (a) The
current amplitude dependence of the rectification MR (marked as RMR) of the Al/Ge/Al heterojunctions in
the circle configuration measured at 20K for the fixed frequency 1000 Hz. As comparison, the conventional
MR (marked as DC-MR) was shown, which was measured by using DC with the same current amplitude as
AC. (b) The frequency dependence of the rectification MR for another similar Al/Ge/Al heterojunction in
the circle configuration measured at 300K under AC current of 10 A.
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Figure 3. Rectification magnetoresistance and conventional magnetoresistance of four reference
samples. (a—c) respectively, shows the I-V curves, conventional MR, and rectification MR of the Al/Ge/Al
heterojunctions in a bar configuration as schematically shown in the inset of Fig. 3a. (d-f) respectively,
indicates the I-V curves, conventional MR, and rectification MR of the reference samples In/Ge/In

Schottky contacts (marked as Ge), Co,;Zn,;0 magnetic semiconductor films (marked as CoZnO), and the
combination of the In/Ge/In Schottky contacts and the Co,,Zn, ;O films in series (marked as Ge+ CoZnO).

Control experiments of rectification magnetoresistance. To confirm the rectification MR, the
following reference experiments have been performed. First, we prepared Al/Ge/Al heterojunctions in
a bar configuration as schematically shown in the inset of Fig. 3a, where both the Al/Ge bar electrodes
are designed to be Schottky contacts in series but with opposite rectification direction. The non-linear
asymmetric I-V curves, 80% conventional MR, and 200% rectification MR are found in this configura-
tion of two Schottky heterojunctions at room temperature, as shown in Fig. 3a-c. Second, we prepared
the In/Ge/In Schottky contacts on the n-type Ge (single side polished, <111> orientation with resis-
tivity of 0.02-0.15€cm), which have obvious rectification effect (Fig. 3d) but negligible conventional
MR (Fig. 3e). These In/Ge/In Schottky contacts indicate that only rectification effect without conven-
tional magnetoresistance cannot induce any rectification MR, as shown in Fig. 3f. Third, we prepared the
Coy;Zn, ;0 magnetic semiconductor films with obvious conventional MR (Fig. 3e) but negligible recti-
fication effect (Fig. 3d). This negative MR is a result of spin dependent hopping'é. It is obvious that only
conventional magnetoresistance without rectification effect can not induce any rectification MR either,
as shown in Fig. 3f. Fourth, we simply combine the In/Ge/In Schottky contacts and the Co,;Zn, ;O films
in series, which have obvious rectification effect (Fig. 3d) and conventional MR (Fig. 3e). However, the
above combined device can not induce any rectification MR, as shown in Fig. 3f. This unambiguously
indicates that a simple combination of rectification device and magnetoresistance device can not induce
any rectification MR. Furthermore, it is worthy to mention that any pure resistance devices with/without
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magnetoresistance in series with rectification MR devices do not produce any additional rectifying DC
voltage, which is very beneficial to the application of the rectification MR devices.

Mechanisms of rectification magnetoresistance. Now we discuss the possible mechanisms of the
conventional MR and rectification MR in the Al/Ge/Al heterojunctions. A few mechanisms are known to
induce positive magnetoresistance in semiconductor diodes and nonmagnetic materials. The large posi-
tive MR is a characteristic of the inhomogeneous semiconductors and p-n junctions®*!7-1%, For instance,
a large positive MR could be induced as a result of electric-field inhomogeneity caused by space-charge
effect®, where quasi-neutrality breaking need to be achieved under large applied electric voltage as high
as several tens volts. In our case, however, the positive MR is observed at several millivolts. The meas-
uring voltage of several millivolts is three or four orders lower than reported voltage needed to show
obvious space charge effect. Moreover, the I-V curve of the studied Schottky diodes is near linear in
this low voltage range, which is different from the I-V curves of the space charge effect. Therefore, the
space-charge effect can not explain the conventional MR in our Al/Ge/Al heterojunctions. On the other
hand, large positive MR was explained by spin-dependent electron filling in the interface band structures
in magnetic semiconductor diodes or magnetic p-n junctions?*-*?, and it was explained by diode-assisted
MR mechanism in diode-assisted Ge, Si and GaAs nonmagnetic semiconductors?***. Obviously, these
mechanisms can not explain the conventional MR in our Al/Ge/Al heterojunctions either.

In line with above-mentioned effect, the shrinking of the wave function of the impurity state could
lead to a large non-saturating positive magnetoresistance in lightly doped semiconductor materials and
artificial structures as well”*-28. Considering the fact that intrinsic Ge devices with a lower carrier con-
centration showed a much significant MR compared to the n-type Ge devices, we believe that quantiza-
tion of the carrier motion by the magnetic field is responsible for the present positive MR*. In particular,
for small enough carrier concentration, only a finite overlap exists between the electron wave functions
of impurity and/or interfacial states. The application of magnetic field causes the shrinkage of the carrier
wave function and the overlap of wave-function “tails” between different states is greatly reduced. In such
a way, magnetic field gradually narrows the band width of impurity and/or interfacial states and increases
it to a slightly higher energy”?. This slight increase of band energy due to the magnetic field further
modifies the energy band bending at the Al/Ge Schottky interfaces, which leads to a large positive MR.

The mechanism of the rectification MR is related to both conventional MR and rectification effect of
Schottky heterojunctions. As previously mentioned, both conventional MR and rectification MR are
defined as MR=(V,— V)/V,Xx 100%. By introducing a pure sinusoidal AC, I=1, sin(wt), into the
Schottky heterojunctions to measure the rectification MR, the detected DC voltage V at any specific

magnetic field equals to the average of the corresponding real time voltage Vy (1), i.e., V,; = % j(; : Vg (t)dt.

Here T'is the time period of the applied AC current. For the same reason, we can obtain V, = % fo ! Vy(t) dt
and further the rectification MR was obtained. It is reasonable to believe that V(t) has the same mag-
netic field dependence as conventional MR for relatively low AC frequency, i.e. the wave function shrink-
ing mechanism. Despite this similarity, the rectification MR is essentially different from the conventional
MR. On one hand, the rectification MR can be much larger than the conventional MR; on the other
hand, without rectification effect, the rectification MR disappears no matter whether the device has con-
ventional MR or not. Up to date, though the most relevant physics behind rectification MR effect has
been captured, further quantitative and extended investigations are required to clarifying the current
amplitude and frequency dependence of the rectification MR.

Discussion

The present rectification MR should be observable in other Schottky diodes and/or p-n junctions with
both rectification and magnetoresistance simultaneously. One can readily anticipate devices with even
higher rectification MR values than reported in this proof of principle investigation by optimizing the
device design. Nevertheless, this amazing rectification MR accompanied with high sensitivity definitely
provides us an alternative way towards advanced germanium-based magnetoelectronics technologies.

Methods

Sample preparation. The experiments were performed on Al/Ge/Al heterojunctions in a circle con-
figuration as schematically shown in the inset of Fig. 1la, where the center Al/Ge electrode is designed
to be Schottky contact while the circle Al/Ge electrode is Ohmic contact at room temperature. The Ge
substrate is intrinsic semiconductor (single side polished, <100> orientation with resistivity of 55.6-
59.4Qcm). The circle Al/Ge electrode was annealed at 550°C for 3 minutes to form Ohmic contact
at room temperature. Then the center Al/Ge electrode with the diameter of 150 um is designed to be
Schottky contact. The separation distance between the two electrodes is 150 um. The Al/Ge/Al hetero-
junctions in a bar configuration are I mm in length and 150pum in width. Both Al/Ge electrodes are
connected by Al wire bonding at different temperature and pressure to obtain two different Schottky
contacts in series but with opposite rectification direction.

Transport measurements. The I-V curves and conventional MR were measured with Keithley 2400
electrical current source meter and Keithley 2182 voltage meter. The rectification MR was measured with
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Keithley 6221 source meter to provide a sinusoidal AC input and Keithley 2182 voltage meter to measure
the generated DC voltage. For all the MR measurements described above, the external magnetic field
was applied in the film plane.

References

1. McGuire, T. R. & Potter, R. I. Anisotropic magnetoresistance in ferromagnetic 3d alloys. IEEE Trans. Magn. 11, 1018-1038
(1975).

2. Baibich, M. N, Broto, J. M., Fert, A., Nguyen Van Dau, E, Petroff, F, Etienne, P, Greuzet, G., Friederich, A. & Chazelas, J. Giant
magnetoresistance of (001)Fe/(001)Cr magnetic superlattices. Phys. Rev. Lett. 61, 2472-2475 (1988).

3. Moodera, J. S., Kinder, L. R., Wong, T. M. & Meservey, R. Large magnetoresistance at room temperature in ferromagnetic thin
film tunnel junctions. Phys. Rev. Lett. 74, 3273-3276 (1995).

4. Nakayama, H., Althammer, M., Chen, Y.-T., Uchida, K., Kajiwara, Y., Kikuchi, D., Ohtani, T., Geprigs, S., Opel, M., Takahashi,
S., Gross, R., Bauer, G. E. W,, Goennenwein, S. T. B. & Saitoh, E. Spin Hall magnetoresistance induced by a nonequilibrium
proximity effect. Phys. Rev. Lett. 110, 206601 (2013).

5. Ding, Z., Chen, B. L., Liang, J. H,, Zhu, J., Li, J. X. & Wu, Y. Z. Spin Hall magnetoresistance in Pt/Fe;O, thin films at room
temperature. Phys. Rev. B 90, 134424 (2014).

6. Solin, S. A., Thio, T., Hines, D. R. & Hermans, J. J. Enhanced room-temperature geometric magnetoresistance in inhomogeneous
narrow-gap semiconductors. Science 289, 1530-1532 (2000).

7. Schoonus, J. J. H. M., Bloom, E L., Wagemans, W., Swagten, H. J. M. & Koopmans, B. Extremely large magnetoresistance in
boron-doped silicon. Phys. Rev. Lett. 100, 127202 (2008).

8. Delmo, M. P, Yamamoto, S., Kasai, S., Ono, T. & Kobayashi, K. Large positive magnetoresistance effect in silicon induced by the
space-charge effect. Nature 457, 1112-1115 (2009).

9. Chen, J. J., Zhang, X. Z., Piao, H. G., Wang, ]. M. & Luo, Z. C. Enhanced low field magnetoresistance in germanium and silicon-
diode combined devices at room temperature. Appl. Phys. Lett. 105, 193508 (2014).

10. Tulapurkar, A. A., Suzuki, Y., Fukushima, A., Kubota, H., Maehara, H., Tsunekawa, K., Djayaprawira, D. D., Watanabe, N. &
Yuasa, S. Spin-torque diode effect in magnetic tunnel junctions. Nature 438, 339-342 (2005).

11. Miwa, S., Ishibashi, S., Tomita, H., Nozaki, T., Tamura, E., Ando, K., Mizuochi, N., Saruya, T., Kubota, H., Yakushiji, K., Taniguchi,
T., Imamura, H., Fukushima, A., Yuasa, S. & Suzuki, Y. Highly sensitive nanoscale spin-torque diode. Nature Mater. 13, 50-56
(2014).

12. Kleinlein, J., Ocker, B. & Schmidt, G. Using giant magnetoresistance stripes to efficiently generate direct voltage signals from
alternating current excitations. Appl. Phys. Lett. 104, 153507 (2014).

13. Gui, Y. S., Mecking, N., Zhou, X., Williams, G. & Hu, C. M. Realization of a room-temperature spin dynamo: the spin rectification
effect. Phys. Rev. Lett. 98, 107602 (2007).

14. Yamaguchi, A., Miyajima, H., Ono, T., Suzuki, Y., Yuasa, S., Tulapurkar, A. & Nakatani, Y. Rectification of radio frequency current
in ferromagnetic nanowire. Appl. Phys. Lett. 90, 182507 (2007).

15. Zhu, X. E, Harder, M, Tayler, J., Wirthmann, A., Zhang, B., Lu, W,, Gui, Y. S. & Hu, C.-M. Nonresonant spin rectification in the
absence of an external applied magnetic field. Phys. Rev. B 83, 140402R (2011).

16. Yan, S. S., Liu, J. P, Mei, L. M,, Tian, Y. E, Song, H. Q, Chen, Y. X. & Liu, G. L. Spin-dependent variable range hopping and
magnetoresistance in Ti;, ,Co,0, and Zn, ,Co,O magnetic semiconductor films. J. Phys.:Condens. Matter 18, 10469-10480
(2006).

17. Xu, R., Husmann, A., Rosenbaum, T. E, Saboungi, M.-L., Enderby, J. E. & Littlewood, P. B. Large magnetoresistance in non-
magnetic silver chalcogenides. Nature 390, 57-60 (1997).

18. Parish, M. M. & Littlewood, P. B. Non-saturating magnetoresistance in heavily disordered semiconductors. Nature 426, 162-165
(2003).

19. Yang, D. Z., Wang, F. C,, Ren, Y, Zuo, Y. L., Peng, Y., Zhou, S. M. & Xue, D. S. A large magnetoresistance effect in p-n junction
devices by the space-charge effect. Adv. Funct. Mater. 23, 2918-2923 (2013).

20. Zuti¢, L., Fabian, J. & Das Sarma, S. Spin-polarized transport in inhomogeneous magnetic semiconductors: theory of magnetic/
nonmagnetic p-n junctions. Phys. Rev. Lett. 88, 066603 (2002).

21. Jin, K. ], Lu, H. B., Zhou, Q. L., Zhao, K., Cheng, B. L., Chen, Z. H., Zhou, Y. L. & Yang, G. Z. Positive colossal magnetoresistance
from interface effect in p-n junctions of La,¢Sry;MnO; and SrNby , Ti;0Os. Phys. Rev. B 71, 184428 (2005).

22. Xiong, C. M., Zhao, Y. G., Xie, B. T,, Lang, P. L. & Jin, K. J. Unusual colossal positive magnetoresistance of the n-n heterojunction
composed of La, 3;Cags;MnO; and Nb-doped SrTiO;. App. Phys. Lett. 88, 193507 (2006).

23. Chen, J. J., Zhang, X. Z., Piao, H. G. & Wang, J. M. Enhanced low field magnetoresistance in germanium and silicon-diode
combined devices at room temperature. Appl. Phys. Lett. 105, 193508 (2014).

24. Chen, J. J., Zhang, X. Z. Luo, Z. C., Wang, J. M. & Piao, H. G. Large positive magnetoresistance in germanium. . Appl. Phys. 116,
114511(2014).

25. Shklovskii, B. I. & Efros, A. L. Electronic properties of doped semiconductors. Springer-Verlag, Berlin (1984).

26. Tian, Y. E, Yan, S. S,, Cao, Q,, Deng, J. X,, Chen, Y. X,, Liu, G. L., Mei, L. M. & Qiang, Y. Origin of large positive magnetoresistance
in the band-gap regime of epitaxial Co-doped ZnO ferromagnetic semiconductors. Phys. Rev. B 79, 115209 (2009).

27. Volkov, N. V,, Tarasov, A. S., Smolyakov, D. A., Gustaitsev, A. O., Balashev, V. V. & Korobtsov, V. V. The bias-controlled giant
magnetoimpedance effect caused by the interface states in a metal-insulator-semiconductor structure with the Schottky barrier.
Appl. Phys. Lett. 104, 222406 (2014).

28. Sladek, R. J. Magnetically induced impurity banding in n-InSb. J. Phys. Chem. Solids 5, 157-170 (1958).

Acknowledgements

We acknowledge the financial support from the NBRP of China no. 2013CB922303 and 2015CB921502,
the key program of NSFC no. 11434006, the NSFC for Distinguished Young Scholar no. 51125004, 111
project no. B13029, and NSFC no. 11374187.

Author Contributions

S.S.Y. conceived and designed the experiments. YET., K.Z., HH.L, QL. and S.T.Y. conducted the
experiments. Y.ET. and S.S.Y. wrote the manuscript. All authors discussed the results and implications
and commented on the manuscript.

SCIENTIFIC REPORTS | 5:14249 | DOI: 10.1038/srep14249 5



www.nature.com/scientificreports/

Additional Information
Competing financial interests: The authors declare no competing financial interests.

How to cite this article: Zhang, K. et al. Large rectification magnetoresistance in nonmagnetic Al/Ge/Al
heterojunctions. Sci. Rep. 5, 14249; doi: 10.1038/srep14249 (2015).

This work is licensed under a Creative Commons Attribution 4.0 International License. The

M i mages or other third party material in this article are included in the article’s Creative Com-
mons license, unless indicated otherwise in the credit line; if the material is not included under the
Creative Commons license, users will need to obtain permission from the license holder to reproduce
the material. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/

SCIENTIFIC REPORTS | 5:14249 | DOI: 10.1038/srep14249 6


http://creativecommons.org/licenses/by/4.0/

	Large rectification magnetoresistance in nonmagnetic Al/Ge/Al heterojunctions

	Results

	Observation of rectification magnetoresistance. 
	Current amplitude and frequency dependence of rectification magnetoresistance. 
	Control experiments of rectification magnetoresistance. 
	Mechanisms of rectification magnetoresistance. 

	Discussion

	Methods

	Sample preparation. 
	Transport measurements. 

	Acknowledgements

	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ Rectification magnetoresistance and conventional magnetoresistance of the Al/Ge/Al heterojunctions.
	﻿Figure 2﻿﻿.﻿﻿ ﻿ Current amplitude and frequency dependence of the rectification magnetoresistance.
	﻿Figure 3﻿﻿.﻿﻿ ﻿ Rectification magnetoresistance and conventional magnetoresistance of four reference samples.



 
    
       
          application/pdf
          
             
                Large rectification magnetoresistance in nonmagnetic Al/Ge/Al heterojunctions
            
         
          
             
                srep ,  (2015). doi:10.1038/srep14249
            
         
          
             
                Kun Zhang
                Huan-huan Li
                Peter Grünberg
                Qiang Li
                Sheng-tao Ye
                Yu-feng Tian
                Shi-shen Yan
                Zhao-jun Lin
                Shi-shou Kang
                Yan-xue Chen
                Guo-lei Liu
                Liang-mo Mei
            
         
          doi:10.1038/srep14249
          
             
                Nature Publishing Group
            
         
          
             
                © 2015 Nature Publishing Group
            
         
      
       
          
      
       
          © 2015 Macmillan Publishers Limited
          10.1038/srep14249
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep14249
            
         
      
       
          
          
          
             
                doi:10.1038/srep14249
            
         
          
             
                srep ,  (2015). doi:10.1038/srep14249
            
         
          
          
      
       
       
          True
      
   




