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Abstract 

This paper presents thermal deformation of slider fixture in ion mill 
heatless etching process by the finite element method. The research 
objective is to reduce thermal damage of  the ion mill heatless etching 
process. First the process parameters and slider burn defect of the ion 
mill heatless etching process are studied. Next, a CAD model and mesh 
are constructed. Boundary conditions for heat transfer analysis are 
applied on the mesh. Temperature distribution is calculated and set as 
thermal load for thermal stress analysis. Then thermal deformation is 
computed. A new model of slider fixture is designed. The thermal 
deformation of the new model is computed. The results show that the new 
model reduces thermal deflection 3% and increases real clamp force 2.5 
times the old model. The new model will reduce: the burned area on a 
slider’s surface or permanent bending deformation.  
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1. Introduction 
 In Hard Disk Drive (HDD) production, a slider is the major component of Read/Write operation. 
One important process of the slider fabrication process is the Ion Mill Heatless Etching process. If there is 
a bad heat transfer in this process the slider will have a burned area on its surface, as shown in Fig. 1, or 
permanent bending deformation. This effect will generate scrap. The milling process is studied in 
temperature rise [1-7] and thermal stress [8-11]. 
 This project studies the jig-fixture model relating to thermal damage. Thermal stress and 
deformation are computed by using the finite element method. Then a model improvement will be done.  
The new model results are better for heat transfer, and reduce scrap. The result shows that the new model 
will reduce thermal displacement and increase real clamp force more than the old model. The new model 
will reduce: the burned area on a slider’s surface or permanent bending deformation. 
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2.  Methodology 
 2.1 Theory 
 Thermal damage behavior can be predicted by solving a heat transfer equation. Then temperature 
results will be applied in thermal stress analysis. The results of thermal stress analysis will obtain thermal 
deformation of slider fixture. 
  2.1.1 Heat transfer analysis 
  Temperature solutions can be solved from conservation of energy, Eq. (1). 

Fig. 1.   Burn area on carrier. 
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Where ρ is density, c is specific heat capacity, k is the thermal conductivity coefficient, and T is the 
temperature. 
 Finite element equation, Eq. (2), is derived by using the standard Galerkin method and recurrence 
relation. [12] 

1
∆t

1
∆t[c] {T}n+1 = {T}n + {Q}c + {Q}h + {Q}qs  [c]-[K] 

  2.1.2 Thermal stress analysis 
  Thermal deformation and stress can be derived from equilibrium equation, Eq. (3a)-(3c), 
stress-strain relation, Eq. (4a)-(4f), and strain-displacement relation, Eq. (5a)-(5f). [13] 
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where σ is normal stress and τ is shear stress. 
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where E is modulus of elasticity, γ is Poisson ratio, ε and γ are normal and shear strain, respectively. 

where u, v, w are displacement in x, y, and z direction, respectively. 
The standard Galerkin method is applied to obtain finite element equation, Eq. 6, for thermal stress 
analysis. [14] 

where [K] is stiffness matrix, {δ} is displacement matrix, {F0} is thermal load matrix, and {Ft} is surface 
traction matrix. 
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Carrier 

Fig. 2.  1/12 symmetric CAD model. 

Fig. 3.  finite element model of slider fixture. 

Carrier 

Copper Base Plate 

Table 1 Material properties. 

 E (GPa) 115 204 
  v 0.31 0.28 
 α(mm/mm/°C) 17x10-6 10.2x10-6 

 ρ (kg/m3) 8,940 7,650 
 k (W/m/°C) 391 24.2 
 c (J/kg/°C) 385 460 

Properties 
Copper 

Material 

 2.2 Application 
 Eq. (2) is used to compute thermal distribution. Eq. (6) is then used to calculate thermal deformation 
and stress distribution on slider fixture during the ion mill heatless etching process. The input data of FEM 
are the CAD model, material properties, and load. 3D CAD models of slider fixture components are 
constructed. The symmetric (1/12) model is selected to generate mesh. 
 Nodes (36, 955) and elements (153, 675) are constructed as shown in Fig. 3, and are not depend on 
the solution. Material properties are used as presented in Table 1. 
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Fig. 4.   Boundary condition for heat transfer. 
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Fig. 5.   Boundary conditions of thermal deformation. 
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 Boundary conditions of heat transfer analysis are applied as represented in Fig. 4. The temperature 
sensor at the top surface has a temperature of 45 oC. Chilled water flows past the fin at the bottom surface 
of copper base plate and makes a convection condition. 
 Heat transfer analysis is then applied to solve the temperature distribution. Temperature results are 
applied as thermal loads for thermal stress analysis. Boundary conditions are applied on the mesh. There 
are displacement loads in the z direction with - 0.02 mm, fixed rotation θ on the symmetric surface, fixed 
z translation on the bottom surface, and fixed translation in r and z directions along axis, as shown in Fig. 5. 
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Fig. 6.   Thermal deformation on slider fixture. 

Fig. 7.   Graph of δ/δmax and s/L. 
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 Fig. 6 shows thermal deformation contours on the symmetric model.  Fig. 7 presents the function of 
δ/δmax and s/L. L is the length of carrier. Maximum displacement, δmax, will be at s/L = 0.55. The 
simulation results show that the new model reduces maximum deflection 3%. A prototype of the new 
model is constructed and tested. A force sensor is installed. The experimental results show that real clamp 
force of the new model is 2.5 times the old model and reduces thermal damage. 
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3.  Conclusions 
 This project studies thermal damage of slider fixture in the ion mill heatless etching process. The 
aim is to reduce thermal damage by a finite element method. Process parameters and slider burn defect of 
the ion mill heatless etching process are studied. Heat transfer analysis is applied on the old model. 
Temperature results on slider fixture are applied as thermal load for thermal stress analysis. Thermal 
deformation and stress are computed. A new model of slider fixture is then designed. The thermal 
deformation of the new model is computed. The results show that the new model reduces thermal 
deflection 3%. A prototype of the new model is constructed and a force sensor is installed. The experimental 
results show that the new model increases real clamp force 2.5 times the old model. The new model will 
reduce: the burned area on a slider’s surface, or permanent bending deformation.  

Acknowledgement 
 The author is pleased to acknowledge the Hard Disk Drive Institute (HDDI), Seagate Technology, 
and the Thailand Commission on Higher Edbcation of Thailand (the National Research University 
Project). 

References 
[1] Brown, G. and Nichols, K.G. A review of the use of electron beam machines for thermal   
 milling, Journal of Materials Science, Vol. 1, pp. 96-111, 1966. 
[2] Lu, G. Ar+-ion milling of II-VI semiconducting materials, Philosophical Magazine Letters,   
 Vol. 68 No. 1, pp. 1-4, 1993. 
[3] Joubert, O., Pons, M., Weill, A., and Paniez, P. Temperature Effects in the Dry Etching Step   
 of a Silylation Process, Journal of The Electrochemical Society, Vol. 140, No. 3, pp. L46-L49, 1993. 
[4] Efremov, A.M. and Svettsov, V.I. Dry Etching of Copper Using Chlorine: A Review,   
 Russian Microelectronics, Vol. 31, No. 3, pp. 179-192, 2002. 
[5] Park, W. M. and et. al. Measurement and estimation of temperature rise in TEM sample   
 during milling, Ultramicroscopic, Vol. 107, pp. 663-668, 2007. 
[6] Yang, X., Kim, D-P., Um, D-S., Kim, G-H., and Kim, C-I. Temperature dependence on dry   
 etching of Al2O3 thin films in BCl3/Cl2/Ar plasma, Journal of Vacuum Science and Technology A,   
 Vol. 27 No. 4, p. 821-825, 2009.  
[7] Kwon, J.Y. and et. al. The Impact of Device Configuration on the Photon-Enhanced Negative Bias   
 Thermal Instability of GaInZnO Thin Film Transistors, Electrochemical and Solid-State Letters,  
 Vol. 13, No. 6, pp. H213-H 215, 2010. 
[8] Takai, M., Lu, Y.F., Koizumi, T., Namba, S., and Nagatomo, S. Thermochemical Dry Etching of   
 Single Crystal Ferrite by Laser Irradiation in CCI4 Gas Atmosphere, Applied Physics A, Vol. 46   
 No.3, pp. 197-205, 1988.  
[9] Yuan, G.H., Ge, C.S., and Zeng, X.Y. Simulation of temperature and thermal stress field in   
 laser milling processing, ACTA Mechanica Sinca, Vol. 17, No. 1, 2004. 
[10] Hong, Y., Jiang, H., and Raja, S., The stress distribution and thermal behavior of TiBN and   
 TiBN/TiN coatings in milling AISI H13 work tool steel, Journal of Wuhan University of   
 Technology-Materials Science Edition, Vol. 20, No. 1, 2005. 
[11] Davis, L.O. Investigation of Residual and Thermal Stress on Membrane-Based MEMS Devices,   
 Thesis, University of South Florida, 2009. 
[12] Dechaumphai, P. Finite Element Method: Fundamentals and Applications, ISBN: 978-84265-621-1,   
 Alpha Science, 2010. 
[13] Fung, Y. C. Foundations of Solid Mechanics, International Edition, Prentice-Hall, 1965. 
[14] Zienkiewicz, O. C. and Taylor, R. L. The Finite Element Method, Fourth Ed., Vol. I, McGraw-Hill   
 Press, Singapore, 2004. 




