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快速快速快速快速热热热热退火退火退火退火对对对对多多多多层层层层Ge量子量子量子量子点点点点晶体晶体晶体晶体质质质质量的影量的影量的影量的影响响响响
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福州大学物理与信息工程学院 福州 350108

摘要摘要摘要摘要： 使用超高真空化学气相淀积(UHV/CVD)设备在Si衬底上生长多层Ge量子点, 用双晶X射线衍射

(DCXRD)、拉曼光谱(Raman)等手段表征在不同条件下快速热退火的Ge量子点材料的组分、应力等特性, 研究

了快速热退火对多层Ge量子点晶体质量的影响。结果表明: 随着退火温度的升高, 量子点中Ge的组分下降, 量子

点应变的弛豫程度加剧。在1000℃退火20 s后, 量子点材料已经完全弛豫。
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Influence of Rapid Thermal Annealing on Ge Quantum Dots Crystal Quality

WEI Rongshan, DING Xiaoqin, HE Minghua 

College of Physics and Information Engineering, Fuzhou University, Fuzhou 350108 

Abstract: Multilayers of Ge quantum dots were grown on Si substrate by UHV/CVD. The Ge 
composition and strain relaxation in Ge dots by a rapid thermal annealing (RTA) treatment at different 
conditions were characterized by DCXRD and Raman spectrum, and the influence of rapid thermal 
annealing on Ge quantum dots crystal quality was investigated. The results show that the Ge 
composition decreased and strain relaxation in Ge dots increased at higher annealing temperature. The 

Ge dots were almost completely strain relaxed by RTA treatment at 1000oC  for 20 s.
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DCXRD   Raman spectrum   

收稿日期收稿日期收稿日期收稿日期 2011-01-04 修回日期修回日期修回日期修回日期 2011-02-27 网网网网络络络络版版版版发发发发布日期布日期布日期布日期 2011-06-21 

DOI: 

基金基金基金基金项项项项目目目目: 

国家自然科学基金61006003和福建省自然科学基金2009J05143资助项目。 

通通通通讯讯讯讯作者作者作者作者: 魏榕山

作者作者作者作者简简简简介介介介: 

通通通通讯讯讯讯作者作者作者作者E-mail: wrs08@fzu.edu.cn 

参参参参考文考文考文考文献献献献：：：：



[1] HUANG Changjun, The study of self-assembled Ge quantum dots in Ge/Si multilayer 

structure, Ph.D. Dissertation, Institute of Semiconductors, Chinese Academy of 

Sciences(2002) 

[2] (黄昌俊, Ge/Si材料系自组装Ge量子点研究, 博士学位论文, 中国科学院半导体研究所(2002)) 

[3] D.J.Eaglesham, M.Cerullo, Dislocation-free Stranski-Krastanow growth of Ge on Si

(100), Physical Review Letters, 64(16), 1943(1990) 

[4] S.Tong, J.L.Liu, J.Wan, K.L.Wang, Normal-incidence Ge quantum-dot photodetectors at 

1.5μm based on Si substrate, Applied Physics Letters, 80(7), 1189(2002) 

[5] J.L.Liu, W.G.Wu, A.Balandin, G.L.Jin, K.L.Wang, Intersubband absorption in boron-

doped multiple Ge quantum dots, Applied Physics Letters, 74(2), 185(1999) 

[6] A.I.Yakimov, A.V.Dvurechenskii, Y.Y.Proskuryakov, A.I.Nikiforov, O.P.Pchelyakov, 

S.A.Teys, A.K.Gutakovskii, Normal-incidence infrared photoconductivity in Si p-i-n diode 

with embedded Ge 

[7] self-assembled quantum dots, Applied Physics Letters, 75(10), 1413 (1999) 

[8] C.Miesner, O.R¨othig, K.Brunner, G.Abstreiter, Intravalence band photocurrent 

spectroscopy of self-assembled Ge dots in Si, Applied Physics Letters, 76(8), 1027

(2000) 

[9] C.Li, Q.Q.Yang, Y.H.Cheng, H.J.Wang, J.Z.Wang, J.Z.Yu, Q.M.Wang, A study of 

Si1−xGex/Si quantum well intermixing by photocurrent spectroscopy, Thin Solid Films, 

359(2), 236(2000) 

[10] SHI Wenhua, The study of Ge/Si nano-islands and device, Ph.D. Dissertation, Institute 

of Semiconductors, Chinese Academy of Sciences(2007) 

[11] (时文华, Ge/Si纳米岛材料与器件研究, 博士学位论文, 中国科学院半导体研究所(2007)) 

[12] X.Liu, D.Huang, Z.Jiang, X.Wang, Interface broadening and Raman scattering in 

Si1−xGex/Si superlattices, Physical Review B, 53(8), 4699(1996) 

[13] P.Boucaud, L.Wu, C.Guedj, F.H.Julien, I.Sajnes, Y.Campidelli, L.Garchery, 

Photoluminescence and intersubband absorption spectroscopy of interdiffused Si/SiGe 

quantum wells, Journal of Applied Physics, 80(3), 1414(1996) 

[14] J.Y.Yao, T.G..Anderson, G.L.Duniop, The interfacial morphology of strained epitaxial 

InxGa1−xAs/GaAs, Journal of Applied Physics, 69(4), 2224(1991) 

[15] Z.Pan, Y.T.Wang, Y.Zhuang, Y.W.Lin, Z.Q.Zhou, L.H.Li, R.H.Wu, Q.M.Wang, 

Investigation of periodicity fluctuations in strained (GaNAs)1(GaAs)m superlattices by 

the kinematical simulation of x-ray diffraction, Applied Physics Letters, 75(2), 223

(1999) 

[16] J.Wan, Y.H.Luo, Z.M.Jiang, J.Wan, Y.H.Luo, Z.M.Jiang, G.Jin, J.L.Liu, K.L. Wang, X.Z.Liao, 

J.Zou, Ge/Si interdiffusion in the GeSi dots and wetting layers, Journal of Applied 

Physics, 90(8), 4290(2001) 

[17] M.A.Renucci, J.B.Renucci, M.Cardona, in: Proceeding of the Second International 

Conference on Light Scattering in Solids, Raman Scattering in Ge-Si Alloys, edited by 

M.Balkanski (Paris, Flammarion, 1971) p.326 

[18] J.C.Tsang, P.M.Mooney, F.Dacol, J.O.Chu, Measurements of alloy composition and 

strain in thin GexSi1−x layers, Journal of Applied Physics, 75(12), 8098(1994) 

[19] P.H.Tan, K.Brunner, D.Bougeard, G.Abstreiter, Raman characterization of strain and 

composition in small-sized self-assembled Si/Ge dots, Physical Review B, 68(12), 

125302(2003) 

[20] Q.J.Cai, H.Zhou, F.Lu, The effects of thermal annealing in self-assembled Ge/Si 



quantum dots, Applied Surface Science, 253(10), 4792(2007) 

本刊中的本刊中的本刊中的本刊中的类类类类似文章似文章似文章似文章

1．王志 王旭.改变基底合成不同形貌碳纳米管宏观结构[J]. 材料研究学报, 2011,25(4): 0-0

2．吕滨 孙旭东 孙挺 王毅.用微波均相沉淀法合成Sc2O3纳米粉[J]. 材料研究学报, 2011,25(3): 255-258

3．张妍 周科朝 张晓泳 张斗.用冰模板法制备羟基磷灰石多孔陶瓷[J]. 材料研究学报, 2011,25(3): 289-294

4．刘立恒 辜敏 鲜学福 喻江涛.粘结剂对颗粒活性炭PSA分离CH4/N2性能的影响[J]. 材料研究学报, 2011,25

(3): 249-254

5．曹政 蒋百灵 鲁媛媛 王涛.磁场非平衡度对CrNx镀层性能的影响[J]. 材料研究学报, 2011,25(3): 313-320

6．陈文国 代建清 丁耀民 夏井兵.热处理对Ba2Co0.6Zn1.0Cu0.4Fe12O22(Co2Y)铁氧体磁性能的影响[J]. 材
料研究学报, 2011,25(3): 308-312

7．李松 张跃.前驱体转化低铝含量非晶Si--Al--C--N的高温析晶行为[J]. 材料研究学报, 2011,25(3): 237-242

8．楼白杨 陈茂军 杨京 徐斌.碱性介质中Pd/Sn石墨电极的电催化性能[J]. 材料研究学报, 2011,25(3): 333-

336
9．国娜 李亚东.Sm3+掺杂对SmxNiCo0.2Mn1.8O4热敏陶瓷性能的影响[J]. 材料研究学报, 2011,25(2): 209-

213
10．吴法宇 张峻巍 周艳文 李维娟.基于双带模型的螺旋炭纤维电导特性[J]. 材料研究学报, 2011,25(2): 187-

192

Copyright by 材料研究学报


