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摘要 

摘要 

当磁粒子包裹相应的外层物质时，可以与细胞产生选择性黏附，该特性可用

于细胞分离、分选、药物运输等。在硅片上制作导线阵列，通过对相应导线阵列

的通断电控制，可以操纵微磁粒子运动，也就控制了与其相联的细胞运动。细胞

运动到指定位置，借助工具对细胞进行操作，研究细胞特性。 

本论文研究工作的主要内容如下： 

1.全面地概述了国内外细胞操纵方法的发展状况与工作原理。 

2.从理论上对基于导线阵列产生的微电磁力操纵磁粒子方案进行可行性分

析，并使用有限元分析软件 ANSYS 作导线阵列相关的电磁场分布情况模拟分析、

在有培养液情况下的温度场分布情况模拟分析，以及用计算软件 Matlab 对磁粒

子在局部磁场作用下所受到的电磁力、磁粒子运动时受到培养液粘滞力进行计算

仿真。 

3.设计了导线阵列的结构尺寸和工艺流程，并制作了光刻掩膜版。完成了导

线阵列的各种工艺的研究，其中关键的工艺是 PECVD 和磁控溅射。在 PECVD

氮化硅过程中采用了新工艺，使 PECVD 温度只需 100℃，防止了胶的碳化。 

4.完成了外围电路的设计，对器件进行了测试，验证了基于导线阵列产生的

微电磁力操纵磁粒子方案的可行性。 

 

 

关键词：导线阵列;电磁场;温度场;磁粒子 
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ABSTRACT 

ABSTRACT 

The magnetic particle according to the outside layer material wrap up, can 

produce the selectivity with cell to stick to attach, this characteristic can be 

used for the cell separation, choose separately, the medicine conveyance etc. 

The electric order of different wires is changed to form a moving micro 

electromagnetic field, and then the particle movement can be manipulated, 

and also the cell movement can be manipulated. When the cell reaches the 

destination, use the tool to manipulate the cell and research the characteristic 

of the cell.  

The main contents of this paper is as follows: 

And discussing the MEMS technique of wire array, simulate the magnetic 

field and temperature field, and know the influence factors on electromagnetic 

force. 

1. Amply summarizing the development and significance of manipulation cell 

at home and abroad. 

2.Analyzing manipulating micro particle by micro electromagnetic force with 

wire arrays is available or not in theories, and simulate the electromagnetic 

field using the ANSYS soft, simulate the electromagnetic force attract the 

mirco particles under the part magnetic field using the MATLAB soft. 

3.Designing the configuration of wire array, discussing the arts and crafts 

process and deciding the produce method. During the PECVE process, using 

a new method to reduce the reaction temperature. The low reaction 

temperature avoid to carbonize the photoresist. 

4.Designing the peripheral circuit, testing the wire array chip, validating 

manipulating micro particle by micro electromagnetic force with wire array is 

available 

Key words: wire array; electromagnetic field; temperature field; magnetic 

particle
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