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Abstract： This paper discusses the influence of Sb/In ratio on the transport properties and crystal quality of the 
200 nm InAsxSb1-x thin film.  The Sb content of InAsxSb1-x thin film in all samples was verified by HRXRD of the sym⁃
metrical 004 reflections and asymmetrical 115 reflections.  The calculation results show that the Sb component was 
0. 6 in the InAsxSb1-x  thin film grown under the conditions of Sb/In ratio of 6 and As/In ratio of 3， which has the high⁃
est electron mobility （28 560 cm2/V·s） at 300 K.  At the same time， the influence of V/III ratio on the transport prop⁃
erties and crystal quality of Al0. 2In0. 8Sb/InAsxSb1-x quantum well heterostructures also has been investigated.  As a re⁃
sult， the Al0. 2In0. 8Sb/InAs0. 4Sb0. 6 quantum well heterostructure with a channel thickness of 30 nm grown under the 
conditions of Sb/In ratio of 6 and As/In ratio of 3 has a maximum electron mobility of 28 300 cm2/V·s and a minimum 
RMS roughness of 0. 68 nm.  Through optimizing the growth conditions， our samples have higher electron mobility 
and smoother surface morphology.
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V/III比对分子束外延生长的GaAs基 InAsxSb1-x电子迁移率的影响
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摘 要：研究了 Sb/In 比对 200 nm InAsxSb1-x薄膜传输特性和晶体质量的影响。通过对称（004）扫描和非对

称（115）扫描的 HRXRD 计算了所有样品中 InAsxSb1-x薄膜的 Sb含量。计算结果表明，在 Sb/In 比为 6和 As/In
比为 3 的条件下生长的 InAsxSb1-x薄膜中，Sb 组分为 0.6。InAsxSb1-x薄膜在室温下测得的最高电子迁移率为

28 560 cm2/V·s。同时，本文还研究了 Sb/In比和As/In比对Al0.2In0.8Sb/InAsxSb1-x量子阱异质结的输运性质和晶

体质量的影响。结果显示，在 Sb/In 比为 6 和 As/In 比为 3 的条件下生长的沟道厚度为 30 nm 的 Al0.2In0.8Sb/
InAs0.4Sb0.6量子阱异质结的最高电子迁移率为 28 300 cm2/V·s，最小表面粗糙度为 0.68 nm。通过优化生长条

件，我们的样品具有更好的晶体质量和更光滑的表面形貌。
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Introduction
High-speed devices using III-V compound materials have become one of the international research hot⁃spots［1，2］.  The narrow band-gap materials of InAs， InSb and InAsSb in III-V compounds not only have high elec⁃tron mobility and electron saturation drift velocity， but al⁃so can form diverse quantum well band structures with AlSb， GaSb and other related ternary broadband gap ma⁃terials［3-7］.  These excellent characteristics allow the elec⁃trical devices to have the advantages of ultra-high speed and low power consumption.  There has been some litera⁃ture ［8-10］ on using InAs materials as channel layers to pre⁃pare high electron mobility transistor （HEMT）.  To pur⁃sue higher working speed and lower power consumption， the highest electron mobility in all III-V binary com⁃pounds of InSb has generated considerable interest for the fabrication of HEMT［11，12］.  However， the growth of high-quality InSb is challenging due to the large lattice mismatch between InSb and GaAs substrates.  To mini⁃mize the problem of lattice strain and improve mobility， InAsSb ternary alloy is anticipated to substitute of InSb and InAs.  Meanwhile， the straddle energy band struc⁃ture of Al0. 2In0. 8Sb/InAs0. 4Sb0. 6 heterostructure is used to replace the interleaved energy band structure of InAs/AlSb heterostructure， which can effectively reduce the lattice mismatch and the gate leakage current caused by holes.  Therefore， InAsSb material is expected to become a strong competitor as a channel material in the next gen⁃eration of HEMT［13，14］.Since the InAsSb material contains two V elements of As and Sb， the composition of group V elements can⁃not be accurately calculated by the ratio of growth rates.  More influencing factors need to be considered when growing InAsSb materials because the adhesion of As and Sb elements varies under different growth conditions.  Therefore， it is necessary to study the composition control of InAsSb materials grown by molecular beam epitaxy.  Based on the theoretical calculation results reported in the current literature［15-17］， the electron mobility of InAsSb as a channel material can reach more than 30 000 cm2/V·s.  However， the current experimental results are far lower than the simulation results due to challenges in the growth process such as interface mismatch and disloca⁃tion scattering［18-20］.  In comparison， fewer reports on ex⁃perimental results on the transport characteristics of the InAsxSb1-x with different Sb content are available currently.This paper discusses the influence of Sb/In ratio on the transport properties and crystal quality of the 200 nm InAsxSb1-x thin film.  The Sb content of InAsxSb1-x thin film in all samples was verified by HRXRD via the symmetri⁃cal 004 reflections and asymmetrical 115 reflections.  In addition， the influence of Sb/In ratio and As/In ratio on the transport properties and crystal quality of Al0. 2In0. 8Sb/ InAsxSb1-x quantum well heterostructures has also been in⁃vestigated.  By optimizing the Sb/In ratio and As/In ratio， Al0. 2In0. 8Sb/ InAsxSb1-x quantum well heterostructures with good surface morphology and high electron mobility were obtained.  All samples were confirmed by atomic force mi⁃croscopy （AFM） ， high-resolution X-ray diffraction 

（HRXRD）， reciprocal space map （RSM） and Hall mea⁃surement.
1 Experimental procedures 

All samples were grown on GaAs substrate by Gen-II solid-source MBE system.  After deoxidation of GaAs substrate at 690 ℃ for 5 minutes， a 100 nm GaAs was grown at 650 ℃ and a 100 nm GaSb was grown at 540 ℃ to ensure that the substrate surface was flat.  For one structure， a 1. 5 μm Al0. 2In0. 8Sb metamorphic buffer layer was used to study the transport properties of the 200 nm InAsxSb1-x layer， as shown in Fig.  1.  The 200 nm In⁃AsxSb1-x thin films of the first group of samples A1， A2 and A3 were grown at different the Sb/In ratios of 5， 6 and 7， while the As/In ratio is kept at about 3.

For another structure， the Al0. 2In0. 8Sb/ InAsxSb1-x quantum well heterostructures were grown for preparing high electron mobility transistors， as shown in Fig. 2.  For the Al0. 2In0. 8Sb/ InAsxSb1-x quantum well heterostruc⁃tures， the 1. 5 μm Al0. 2In0. 8Sb that acted as a lower barri⁃er layer and buffer was directly deposited on the GaSb buffer layer.  Then a different thicknesses InAsxSb1-x chan⁃nel， a 20 nm Al0. 2In0. 8Sb upper barrier layer and a 5 nm InSb cap layer were deposited on the top of the Al0. 2In0. 8Sb layer.

The first group of samples B1， B2， and B3 with dif⁃ferent Sb/In ratios （5，6，7） were grown to investigate the effects of different Sb components on the crystal quality and electron mobility of Al0. 2In0. 8Sb/ InAsxSb1-x quantum well heterostructures， while the As/In ratio was also kept 
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Fig. 2　 Schematic diagram of Al0. 2In0. 8Sb/ InAsxSb1-x quantum 
well heterostructures
图2　Al0. 2In0. 8Sb/ InAsxSb1-x量子阱异质结构示意图

Fig. 1　Schematic diagram of InAsxSb1-x thin film structure
图1　InAsxSb1-x薄膜结构示意图
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at about 3.  Meanwhile， the channel thickness of this group of samples was 15 nm. The second group of samples C1， C2， and C3 with different As/In ratios （1，2，3） were grown to investigate the effects of different As components on the crystal quality and electron mobility of Al0. 2In0. 8Sb/InAsxSb1-x quantum well heterostructures， while the Sb/In ratio was kept at about 6.  Meanwhile， the channel thickness of this group of samples was in⁃creased from 15 nm to 30 nm.  The third group of samples D1， D2， D3， D4 and D5 corresponds to InAs0. 4Sb0. 6 channel layer thicknesses of 15， 20， 25， 30 and 35 nm to investigate the effect of different channel thicknesses on the crystal quality and electron mobility of Al0. 2In0. 8Sb/ InAsxSb1-x quantum well heterostructures.  The Sb/In ratio was kept at about 6 and the As/In ratio was kept at about 3.
2 Results and discussion 
2. 1　 The influences of Sb/In ratios on InAsxSb1-x 
thin films　Figure 3 displays 2×2 μm2 AFM images of samples A1， A2 and A3 with an RMS roughness of 0. 287 nm， 0. 28 nm and 0. 6 nm， respectively.  Atomic steps can be clearly seen in samples A2 and A3， indicating that the surfaces of the samples are very flat.  However， some bright spots can be seen in sample A3.  These were due to the excess Sb beam while the Sb/In ratio was 7， re⁃sulting in residual Sb elements on the surface.  The 10×10 μm2 AFM images of samples A1， A2 and A3 can also be found that sample A2 has the smallest RMS value of 

0. 7 nm， which is much smaller than a recent literature report（1. 9 nm）［21］.The Sb content of the InAsxSb1-x layer in all samples was verified by HRXRD via the symmetrical 004 reflec⁃tions and asymmetrical 115 reflections， as shown in Fig.  4（a） and 4（b）.  The calculation results are shown in Ta⁃ble 1.  The Sb composition of sample A1 was calculated to be 0. 68 and the lattice constant of InAs0. 32Sb0. 68 was found to be 6. 3464 Å.  The Sb composition of sample A2 was 0. 6 and the lattice constant of InAs0. 4Sb0. 6 was 6. 3068 Å.  The Sb composition of sample A3 was 0. 84 and the lattice constant of InAs16Sb0. 84 was 6. 4099 Å.  The diffraction peaks of GaAs， GaSb， InAsxSb1-x and Al0. 2In0. 8Sb can be clearly observed for samples A1 and A2.  In sample A3， only the diffraction peaks of GaAs， GaSb and Al0. 2In0. 8Sb can be observed.  This is because the InAs16Sb0. 84 lattice constant of sample A3 is close to the lattice constant of Al0. 2In0. 8Sb （6. 4106 Å）， causing their diffraction peaks to overlap.The crystalline quality of the epitaxial layers was fur⁃ther assessed by XRD RSM measurements.  Figure 5 （a）， 
（b） and （c） show the logarithmic XRD RSM for the sym⁃metrical （004） for sample A1， sample A2 and sample A3， respectively.  Apart from the GaAs substrate peak denoted by S， three epitaxial peaks were also identified from Fig. 5 （a）， （b） and （c） denoted by L1， L2 and L3， respectively.  L1 represents the epitaxial peak of GaSb， L2 represents the epitaxial peak of InAsxSb1-x and L3 represents the epitaxial peak of Al0. 2In0. 8Sb.  Corre⁃

 

A3 RMS=0.62 nm A1 RMS=0.287 nm A2 RMS=0.28 nm 

（a）

 

A1 RMS=0.91 nm A2 RMS=0.7 nm A3 RMS=2.32 nm 

（b）

Fig.3　(a) 2×2 μm2 AFM image of samples A1, A2, A3； (b) 10×10 μm2 AFM image of samples A1, A2, A3
图3　（a）样品A1、A2、A3的2×2 μm2 AFM扫描图像；（b）样品A1、A2、A3的10×10 μm2 AFM扫描图像
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sponding to the analysis in Fig. 4， it can be seen that the epitaxial peak of InAs0. 16Sb0. 84 in sample A3 is indeed close to the epitaxial peak of Al0. 2In0. 8Sb.The influence of the V/III ratio on the electrical 

properties of InAsxSb1-x thin films was examined by deter⁃mining the Hall properties.  The electron mobility μ re⁃fers to the average speed of electron units under the elec⁃tric field intensity.  The value of μ can be obtained from the following formula：
μ = q < τ > /m* , （1）

where m* represents the electron effective massive， τ represents the mean free time of electrons and q repre⁃sents electron charge.  InAsxSb1-x is a compound of InSb and InAs materials， so its crystal structure is relatively stable.  The room temperature electron effective mass of InAsxSb1-x is 0. 023-0. 039（1-x）+0. 03（1-x）2 m0.  There⁃fore， InAsSb with a 60% Sb component has the lowest electron effective mass among III-V compound semicon⁃ductors， resulting in the highest electron mobility［22，23］.  As shown in Fig. 6， Hall measurements were performed on 1 cm × 1 cm sample pieces at 300 K to obtain the elec⁃tron mobility， results of 24 540 cm2/V·s were obtained for sample A1， 28 560 cm2/V·s for sample A2 and 25 850 cm2/V·s for sample A3.  It can be seen from the above results that the highest mobility is indeed obtained when the Sb component is 0. 6.  The results of electron mobility in this paper are much better than previously re⁃ported， as shown in Table 2.  For comparison with the lit⁃erature， the density of 2DEG concentration was convert⁃ed into a volume density value of 1. 01 ×1018 cm-3.
2. 2　The influences of Sb/In ratios on Al0. 2In0. 8Sb/In⁃
AsxSb1-x quantum well heterostructures　Although InAsSb has excellent transmission proper⁃ties， the lack of matching high-quality semi-insulating substrates limits its development.  Therefore， an Al0. 2In0. 8Sb strain buffer layer was used to release the stress caused by the lattice mismatch between InAsSb and GaAs substrates.  The AFM images of Al0. 2In0. 8Sb/In⁃AsxSb1-x quantum well heterostructures grown under dif⁃ferent Sb/In ratios are shown in Fig. 7.  It showed a 10×10 μm2 AFM images of sample B1， B2 and B3 with an RMS roughness of 2. 794 nm， 1. 725 nm and 3. 359 nm， respectively.  It can be seen that when the Sb/In ratio was 6， the surface of the sample was the smoothest and with its RMS roughness at the lowest of the batch of samples.The （004） HRXRD scanning curves of samples with different Sb components are shown in Fig. 8.  The diffraction intensity of the InAsxSb1-x channel layer is very weak because its thickness is too thin.  From Fig. 8， it can be observed that the Bragg angles of Al0. 2In0. 8Sb in all 
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Fig. 4　HRXRD scanning curves of (a) (004) peak and (b) (115) 
peak for various samples.
图4　样品的HRXRD：（a）（004）扫描和（b）（115）扫描

Table 1　Results calculated from HRXRD measurements
表1　HRXRD测量计算结果

Sample

A1
A2
A3

（004）scanning
Bragg angle

29. 06°
29. 08°
28. 73°

a⊥（Å）
6. 3435
6. 3395

6. 41

（115）scanning
Bragg angle

39. 08°
39. 62°
38. 64°

a//（Å）
6. 3491
6. 2765
6. 4099

a（Å）

6. 3464
6. 3068
6. 4099

1-X

0. 68
0. 6

0. 84

 

Fig. 5　XRD RSMs of the symmetrical （004） （a） sample A1； （b） sample A2 and （c） sample A3
图5　对称扫描（004）（a）样品A1；（b）样品A2和（c）样品A3的XRD-RSM
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samples are the same， indicating that the Al composition is the same.  Additionally， it was assumed that the contri⁃bution of FWHM mainly comes from lattice distortion caused by dislocations， and the dislocation density in Al0. 2In0. 8Sb thin film samples can be calculated based on FWHM.  The FWHM of the Al0. 2In0. 8Sb buffer layer in samples B1， B2， and B3 are 1 109 arcsec， 997 arcsec， and 1 033 arcsec， respectively， indicating that the quali⁃ty of the three samples is equivalent.As shown in Fig. 9， the electron mobilities of sam⁃ples B1， B2 and B3 at 300 K are 17 500 cm2/V·s， 18 500 cm2/V·s and 17 700 cm2/V·s， respectively.  Ac⁃cording to the calculation results in Table 1， the channel materials of samples B1， B2， and B3 are InAs0. 32Sb0. 68， 

InAs0. 4Sb0. 6 and InAs0. 16Sb0. 84， respectively.  Figure 9 shows that the Al0. 2In0. 8Sb/ InAsxSb1-x quantum well hetero⁃structures obtain the maximum electron mobility when the Sb component is 0. 6.  This result is consistent with the Hall test results in Table 1.  This is because the effective mass of electrons reaches a minimum value when the Sb component is 60%.  The 2DEG concentrations in the chan⁃nel are 9. 44×1011 cm-2， 1×1012 cm-2 and 7. 89×1011 cm-2 re⁃spectively， with little change.
2. 3　The influences of As/In ratio on Al0. 2In0. 8Sb/In⁃
AsxSb1-x quantum well heterostructures　It can be observed from the comparison between Fig. 6 and Fig. 9 that the electron mobility of sample A2 in InAsxSb1-x with 15 nm thickness was significantly low⁃er.  Therefore， three samples with different As/In ratios were grown for study after changing the channel thickness in the quantum well from 15 nm to 30 nm.  Figure 10 displays the images of a 10 μm×10 μm surface scan of samples C1， C2 and C3 with an RMS roughness of 1. 757 nm， 1. 785 nm and 0. 68 nm， respectively.  It shows that sample C3 has a smoother surface than other samples.The （004） HRXRD scanning curves of samples with different As components are shown in Fig. 11.  In Fig. 11， there are only three peaks corresponding to the GaAs substrate， GaSb buffer layer， and Al0. 2In0. 8Sb strain buffer layer.  Because the thickness of the channel layer InAsxSb1-x was too thin to be observed.  The peaks of the Al0. 2In0. 8Sb strain buffer layer in all samples are clearly visible.  The FWHM of samples C1， C2 and C3 are 903 arcsec， 936 arcsec， and 986 arcsec， respec⁃tively.  The similar FWHM and Bragg peak positions in⁃dicate that the crystalline quality of all samples is simi⁃lar. Electron mobility is an important electrical parame⁃ter that can be used to evaluate whether Al0. 2In0. 8Sb/In⁃AsxSb1-x quantum well heterostructures grown by MBE can be used to prepare high mobility transistors.  As shown in Fig. 12， the electron mobility of samples C1， C2， and C3 at 300 K is 10 100 cm2/V·s， 22 020 cm2/V·s and 28 300 cm2/V·s， respectively.  Because In atoms will occupy a portion of As and Sb atomic positions as well as interstitial positions in the lattice at the lower V/III flux ratio， this can easily cause In atom clusters.  This situation will cause a decrease in the electron mobility as seen for samples C1 and C2.

Fig. 6　Electron mobility μ and 2DEG concentrations ns versus 
different Sb/In ratios for samples A1， A2， A3
图 6　样品A1，A2和A3的电子迁移率和二维电子气浓度与不
同的Sb/In比

Table 2　Summary of literature data about the structur⁃
al properties of InAsxSb1-x thin films.

表2　InAsxSb1-x薄膜结构特性的文献数据汇总

Ref

21
24
25
26

This 
work

Sb 
compo⁃
sition
0. 58
0. 13
0. 05
0. 9
0. 6

Thick⁃
ness

（nm）
1 500
5 000
800

1 000
200

RMS roughness
（nm）

1. 9（10×10 μm2）
-

3. 954（2×2 μm2）
1. 99（10×10 μm2）

0. 7（10×10 μm2）

Electron 
mobility

（cm2/V·s）
-

25 000
5 430

13 000
28 560

2DEG con⁃
centrations
（cm-3）

-
5 × 1016

1. 01×1017

1. 3×1017

1. 01 ×1018

 

B1 RMS=2.794 nm B2 RMS=1.725 nm B3 RMS=3.359 nm 

Fig. 7　10×10 μm2 AFM image of samples B1， B2， B3
图7　样品B1， B2， B3的10×10 μm2 AFM扫描图像
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2. 4　 The influences of channel thickness on 
Al0. 2In0. 8Sb/InAs0. 4Sb0. 6 quantum well heterostruc⁃
tures　Based on the previous optimization results， it was found that the thickness of the InAsxSb1-x layer has a sig⁃nificant impact on electron mobility.  Therefore， the in⁃fluence of channel thickness on electron mobility and 2DEG concentration was studied while fixing the Sb/In ra⁃

tio at 6 and As/In ratio at 3.  Figure 13 shows the electron mobility and 2DEG concentration dependence on chan⁃nel thickness at 300 K.  It is evident that the electron mo⁃bility of samples increases quickly from 18 500 cm2/Vs to 28 300 cm2/Vs with the increase of the channel width from 15 nm to 30 nm.  When the InAs0. 4Sb0. 6 channel width is 30 nm， the mobility reaches the maximum of 28 300 cm2/Vs.  When the channel width is larger than 30 nm， the electron mobility decreases slowly from 28 300 cm2/Vs to 27 400 cm2/Vs.  Interface rough⁃ness scattering is the main factor limiting the mobility in InAs0. 4Sb0. 6 channels thinner than 30 nm， while disloca⁃tion scattering is the main factor limiting the mobility in InAs0. 4Sb0. 6 channels above 30 nm.  Therefore， the elec⁃tron mobility is no longer increasing with channel layer thickness after 30 nm.  After our literature search， the highest electron mobility reported for the InAsSb quan⁃tum well heterostructures is currently 28 000 cm2/Vs［27］.  They used a digital alloy method to grow InAs0. 125Sb0. 875 material as the channel layer.  However， this method of growing InAs0. 125Sb0. 875 channel layers using digital alloys introduces more interfaces.  Moreover， interface rough⁃ness scattering will have a significant impact on electron mobility.  Therefore， the results obtained by the growth method used in this article have obvious advantages.  From Fig. 13， it can be seen that the 2DEG in the quan⁃tum well is 6. 03×1011 ―1. 01×1012  cm-2.  The overall trend change is not significant.
3 Conclusion 

In summary， the influence of the V/III ratio on the transport properties and crystal quality of the 200 nm In⁃AsxSb1-x thin film and Al0. 2In0. 8Sb/InAsxSb1-x quantum well heterostructures has been investigated.  The calculation results indicated that the Sb component is 0. 6 in the In⁃AsxSb1-x thin film when grown under the conditions of Sb/in ratio of 6 and As/in ratio of 3.  Meanwhile， the highest electron mobility of InAsxSb1-x thin film measured at room temperature was 28 560 cm2/V·s.  In addition， the high⁃est electron mobility of the Al0. 2In0. 8Sb/InAs0. 4Sb0. 6 quan⁃tum well heterostructures was obtained at 28 300 cm2/V·s for a sample with a channel thickness of 30 nm grown un⁃der the conditions where Sb/in ratio was 6 and As/in ratio was 3.  This investigation reports the high-quality film and high electron mobility obtained for Al0. 2In0. 8Sb/
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Fig. 8　HRXRD scanning curves of （004） peak for samples B1， 
B2， B3
图8　样品B1、B2、B3的（004）峰HRXRD扫描曲线

Fig. 9　Electron mobility μ and 2DEG concentrations ns versus 
different Sb/In ratios
图9　电子迁移率μ和2DEG浓度ns与不同Sb/In比的关系

 

C1 RMS=1.757 nm C2 RMS=1.785 nm C3 RMS=0.68 nm 

Fig. 10　10×10 μm2 AFM image of samples C1， C2， C3
图10　样品C1、C2、C3的10×10 μm2 AFM图像
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InAs0. 4Sb0. 6 heterostructures lattice-matched to GaAs and opens the exploration of their uses in high electron mobil⁃ity transistors.
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Fig. 11　 HRXRD scanning curves of （004） peak for samples 
C1， C2， C3
图11　样品C1、C2、C3的（004）峰HRXRD扫描曲线

Fig. 12　Electron mobility μ and 2DEG concentrations ns versus 
different As/In ratios
图12　电子迁移率μ和2DEG浓度ns 与不同As/In比的关系

Fig. 13　Electron mobility μ and 2DEG concentration ns versus 
different channel thickness
图13　电子迁移率μ和2DEG浓度ns与不同沟道厚度的关系
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