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电极表面粗糙度对检测电容的影响
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摘要： 平行板电容是大多数MEMS传感器件的核心检测结构。考虑随着检测电极间距的减小，电极表面粗糙度会对其空间电场分布产生影响， 

本文研究了电极表面粗糙度对检测电容性能的影响。建立了单粗糙电极的平行板电容器模型，并采用有限元法分析了表面粗糙度和边缘效应对

静电场分布的影响；针对粗糙表面增大了电极存储电荷的能力，对粗糙表面的平行板电容器计算公式进行了修正。采用原子力显微镜对不同粗

糙度的样本进行了表征，实验和仿真结果表明：减小两电极之间的距离，增大检测电极的表面粗糙度，可以显著增大检测电容。当检测电极的

粗糙度从0.063 nm增加到60 nm时，平行板电容器电容值增大了9.0%。结论显示，增大MEMS电容器两电极的表面粗糙度，可以有效地增

大MEMS器件的检测灵敏度。
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Effect of the surface roughness on detecting capacitance
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Abstract: Parallel plate capacitor is a core mechanism in a Micro-mechanical-electrical (MEMS) sensing device. As the 
surface roughness of an electrode has obviously impact on the space electric field when the distance between the 
electrodes is shortened in the capacitance detection, this paper explores the effect of the surface roughness of 
electrode on the performance of the parallel plate capacitor. A parallel plate capacitor model with a single roughness 
electrode was established, and then the finite element method was used to study the effect of the surface roughness 
on the detecting capacitance. Based on increasing rough surface to enhance the memory electric charge capability, the 
formula for parallel plate capacitor with rough surface was corrcted. Finally, the Atomic Force Microscopy(AFM) was 
used to describe the samples with different surface roughnesses. Experiments and simulation results indicate that the 
surface roughness has a obviously effect on the detecting capacitance. Increasing the surface roughness of an 
electrode and decreasing the distance between the electrodes can improve the detecting capacitance greatly. When 
the surface roughness of an electrode increases from 0.063 nm to 60 nm, the detecting capacitance value grows by 
9.0 percent. The result shows that increasing the surface roughnesses of electrodes can improve the sensitivity of 
MEMS devices.

Keywords: Detecting capacitance   surface roughness   electrode   Micro-Electro-Mechanical Systems (MEMS)   

收稿日期 2013-02-21 修回日期 2013-03-29 网络版发布日期 2013-09-30 

基金项目: 

国家重大科学研究计划;大尺寸有障碍空间角度与基面位置测量的关键技术 

通讯作者: 张海峰

作者简介: 张海峰(1978-)，男，新疆沙湾人，博士后，讲师，2005年于空军工程大学获得硕士学位,2009年于哈尔滨工业大学获得博士学

位，主要从事微纳惯性器件、无线传感器网络和微流控芯片研究。 

作者Email: moonzhf@sina.com 

参考文献：

[1]PATRIKAR R M, DONG CH Y, ZHUANG W J. Modelling interconnects with surface roughness [J]. Microelectronics 
Journal, 2002, 33: 929-934. [2]ALBINA A, TABERNA P L, CAMBRONNE J P, et al.. Impact of the surface roughness on the 
electrical capacitance [J]. Microelectronics Journal, 2006,37: 752-758. [3]TSAI N C, LIOU J S, LIN C C, et al.. Design of 
micro-electromagnetic drive on reciprocally rotating disc used for micro-gyroscopes [J]. Sensors and Actuators A, 2010, 
157: 68-76. [4]代刚，李枚，苏伟,等.微惯性测量单元的误差整机标定和补偿[J]. 光学 精密工程, 2011, 19(7): 1620-1626. DAI G, LI 
M, SU W, et al.. Error calibration and compensation of entire micro inertial measurement unit [J]. Opt. Precision Eng., 
2011, 19(7): 1620-1626. (in Chinese) [5]LUO J K, LIN M, FU Y Q, et al.. MEMS based digital variable capacitors with a 
high-k dielectric insulator [J]. Sensors and Actuators A, 2006, 132: 139-146. [6]YU W, ZHANG Q, YE Z, et al.. Efficient 
statistical capacitance extraction of nanometer interconnects considering the on-chip line edge roughness[J]. 
Microelectronics Reliability, 2012, 52: 704-710. [7]郭等柱. 电极表面粗糙度对MEMS平行板电容器的影响[C]. 中国惯性技术第五届学

术年会， 2003:172-180. GUO D Z. The effect of electrode surface roughness on the MEMS parallel plate capacitor[C].  
CSIT, 2003, 172-180. (in Chinese) [8]GILL V, GUDURU P R, SHELDON B W. Electric field induced surface diffusion and 
micro/nano-scale island growth[J]. International Journal of Solids and Structures, 2008, 45 : 943-958. [9]ALBINA A, 
TABERNA P L, CAMBRONNE J P, et al. Inuence of carbonaceous electrodes on capacitance and breakdown voltage for 
hybrid capacitor[J]. Microelectronics Journal, 2007, 38 : 642-648. [10]PATRIKAR R M. Modeling and simulation of surface 
roughness [J]. Applied Surface Science, 2004, 228: 213-220. [11]ZHAO Y P, WANG G C, LU T M. Surface roughness 



effect on capacitance and leakage current of an insulating film[J]. Phys. Rev. B, 1999,60: 9157-9164. [12]DURAKBASA M 
N, OSANNA P H, DEMIRCIOGLU P. The factors affecting surface roughness measurement of the machined flat and 
spherical surface structures-The geometry and the precision of the surface [J]. Measurement, 2011, 44: 1986-1999. 
[13]尼启良，陈波. 散射法表面粗糙度测量[J]. 光学 精密工程, 2001,4: 151-154. NI Q L, CHEN B. Measurement of surface 
roughness by scattering method[J]. Opt. Precision Eng., 2001,4:151-154. (in Chinese)

本刊中的类似文章

1．陈剑鸣 吕启蒙 吴光敏 楚合群 John D Mai.分子印迹型薄膜体声波谐振毒品检测传感器[J]. 光学精密工程, 2013,21(9): 2272-2278

2．龙亮 钟少龙 徐静 吴亚明.微型光纤磁传感器的设计与制作[J]. 光学精密工程, 2013,21(9): 2294-2302

3．张丛春 郭泰 丁桂甫.基于SU-8胶的新型被动式微型阀[J]. 光学精密工程, 2013,21(4): 1011-1016

4．李伟 车录锋 王跃林.横向电磁式振动能量采集器的设计与制作[J]. 光学精密工程, 2013,21(3): 694-700

5．吴耀军 王群书 叶锡生 唐传祥 林新伟 吴丽雄.周期和随机分量叠加而成粗糙表面的激光散射[J]. 光学精密工程, 2013,21(3): 546-553

6．吕东喜 王洪祥 黄燕华.光学材料磨削亚表面损伤预测[J]. 光学精密工程, 2013,21(3): 680-686

7．孟艳丽 李达 陈波.光学表面X射线异常散射现象[J]. 光学精密工程, 2013,21(2): 253-259

8．刘双杰 郝永平.S型折叠式微悬臂梁刚度计算[J]. 光学精密工程, 2013,21(2): 388-393

9．许晓威 陈立国 孙立宁.半月形电极微液滴驱动微流控芯片[J]. 光学精密工程, 2013,21(10): 2557-2565

10．翟雷应, 徐静, 钟少龙, 吴亚明.无交叠垂直梳齿平动微镜的驱动特性[J]. 光学精密工程, 2012,(8): 1772-1781

11．李晓莹, 李慧敏, 常洪龙, 何洋, 焦文龙.微机电系统光学组件的系统级建模[J]. 光学精密工程, 2012,20(5): 1069-1075

12．伞海生, 宋子军, 王翔, 赵燕立, 余煜玺.适用于恶劣环境的MEMS压阻式压力传感器[J]. 光学精密工程, 2012,20(3): 550-555

13．姚峰林, 高世桥.基于高速摄影动态测试微陀螺振动[J]. 光学精密工程, 2012,20(1): 165-170

14．郭振山, 王世斌, 李林安, 贾海坤, 门玉涛, 何巍.纳米尺度金属薄膜在拉伸状态下的稳定性[J]. 光学精密工程, 2011,19(9): 2293-2299

15．庄须叶, 汪为民, 陶逢刚, 姚军, 高福华.非正交二维MEMS倾斜镜的研制[J]. 光学精密工程, 2011,19(8): 1845-1851

Copyright by 光学精密工程


