
Sensors 2010, 10, 3989-4001; doi:10.3390/s100403989 

 

sensors 
ISSN 1424-8220 

www.mdpi.com/journal/sensors 

Review 

Challenges in the Assembly and Handling of Thin Film Capped 
MEMS Devices 

Jeroen J. M. Zaal *, Willem D. van Driel and G.Q. Zhang 

Delft University of Technology, Department PME, Mekelweg 2, 2628 CD Delft, The Netherlands; 

E-Mails: Willem.van.Driel@Philips.com (W.D.v.D.); G.Q.Zhang@TUDelft.nl (G.Q.Z.) 

* Author to whom correspondence should be addressed; E-Mail: J.J.M.Zaal@TUDelft.nl;  

Tel.: +31-24-353-2863; Fax: +31-24-353-3350. 

Received: 5 January 2010; in revised form: 8 March 2010 / Accepted: 22 March 2010 / 

Published: 20 April 2010 

 

Abstract: This paper discusses the assembly challenges considering the design and 

manufacturability of a Wafer Level Thin Film Package in MEMS applications. The 

assembly processes are discussed. The loads associated with these processes are illustrated 

and evaluated. Numerical calculations are combined with experimental observations in 

order to estimate the assembly risks. Our results emphasize the need for concurrent design 

for assembly. 
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1. Introduction 

With the rising interest in Micro Electrical Mechanical Systems (MEMS) due to expanding 

application areas and new products opportunities the need for reliable and cost-effective MEMS 

development is becoming more and more important. One of the most important differences between 

MEMS and traditional IC products are the (possible) use of moving parts. These can include: 

cantilevers, membranes and resonators. Cantilevers can be used in switching applications [1] or data 

storage applications. Membranes find applications in microfluidics and microphone applications. 

Finally, resonators [2] can be used as sensors for temperature [3], gas [5], particles [6], motion [7], 

pressure [8] and in many other applications such as oscillators [9,10] or several medical tasks [4]. 
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Although our research merely focuses on MEMS resonators using a Wafer Level Thin Film 

Package (WLTFP) the described problems and risks apply to all WLTFP’s in general. MEMS 

resonators have tremendous advantages over conventional resonators, because they are small, and can 

easily be batch processed. When combining the resonator with a WLTFP, a very thin product can be 

produced. The processing of a whole wafer in one go means that a large number of resonators can be 

packaged at once. This results in a very low risk of contamination since the unsealed resonator does 

not leave the cleanroom. After the sealed resonator structure is created, the resonator can be used in a 

multi chip module and serve as an oscillator. 

Besides these advantages, one of the main drawbacks is the fragile nature of the WLTFP. This can 

cause many problems during fabrication and/or lifetime testing of these devices. The fragile nature and 

packaging influences on MEMS in general is reported to be a roadblock in fast and effective MEMS 

development [11,12].  

This paper discusses the assembly challenges considering the design and manufacturability of a 

WLTFP in MEMS applications. Section 2 will briefly introduce the concept of WLTFP’s, followed by 

Section 3 and the respective subsections treating the relevant assembly steps: wafer thinning, wafer 

dicing, wire bonding, and plastic encapsulation. 

2. Wafer Level Thin Film Package Design 

During the design and optimization of a WLTFP, the loads occurring during both the assembly 

processes and the lifetime should be considered in order to increase the reliability and 

manufacturability. Choice of material is an important factor in this process since material properties as 

brittleness, plasticity and microstructure influence both the mechanical strength and the hermiticity of 

the WLTFP. Figure 1 provides an example production process of a WLTFP. These types of processes 

are under constant development for different type of process flows and temperature ranges and are 

described in several papers [13-16]. 

Figure 1. An example of a production method for a WLTFP. 
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Loads introduced during the production process, such as stresses due to thermal mismatch, 

influence the yield during assembly and lifetime reliability. A WLTFP that experiences a low intrinsic 

stress level before assembly is more robust since it can cope with more stress due to handling and 

assembly. This requires investigations into the stress levels induced by the assembly process in order 

to design a stronger and more reliable cavity. 

3. Wafer Level Thin Film Package Assembly 

After production, assembly is the next step for the resonator. This research focuses on packaging 

resonators in plastic moulded packages. A typical assembly flow is depicted in Figure 2. 

Figure 2. Production flow for plastic encapsulation of a plastic overmoulded package. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Each step in the assembly process imposes different types of mechanical loading on the WLTFP. 

Loading mechanisms that occur during these steps are discussed in the following subsections. 

3.1. Wafer Thinning  

Wafer thinning is composed of three steps: applying the grinding tape, thinning the wafer and 

removing the grinding tape. The grinding tape is needed to fix the wafer to the vacuum table used to 

support the wafer. Figure 3 schematically depicts the grinding setup where the bulk of the material is 

removed by means of a mechanical grinding process. The last step is to etch away the rough peaks 

created by the grinding abrasive in order to increase the wafer strength [17]. 
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Figure 3. (a) Wafer thinning by grinding; (b) Etching away of crack initiation points in 

order to increase the wafer strength [17]. 

a b 
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The grinding tape application process can damage the WLTFP due to the applied pressure. This 

pressure is needed to create a sufficient adhesive strength. When tape is applied to the WLTFP side of 

the wafer, the tape will land on the WLTFP’s itself, which are sticking out above the surface. The 

application pressure will then force the tape to contact the remaining wafer surface. In other words the 

tape will eventually embed the WLTFP structure. Figure 4 visualizes this loading mechanism and 

while Figure 5 shows an embedded WLTPF in a cross-section of the tape. 

Figure 4. Tape application to the front side of a wafer. 

 

 
 
 

 
pressure 

Figure 5. WLTFP embedded into the glue layer on the tape. 

 

3D and 2D Finite Element (FE) simulations are performed to calculate the stresses in the WLTFP 

during tape application. The resulting deformations and stress levels of a WLTFP during tape 
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application be found in Figure 6. The yellow layer in Figure 6(a) is the base film of the tape and the 

green layer is the glue. This is forced around the WLTFP by the applied pressure but the glue does not 

have full contact everywhere. Contact algorithms are used to mimic the embedding of the WLTFP in 

the glue. Figure 6(b) depicts the maximum principal stress corresponding with this loading 

mechanism. The edges and the center of the cavity are loaded due to the bending in the freestanding 

WLTFP layers. The maximum principal stress due to the application of the tape is 180 MPa in this 

model with a WLTFP span of 100 m. 

Figure 6. (a) Tape application deformations; (b) Stress distribution during tape application. 

a b 

 

 

The (2D) model contains two materials for the grinding tape: the foil (E = 50 MPa, = 0.3) and the 

glue (E = 20 MPa,= 0.3). The WLTFP contains several layers of silicon nitride (E = 190 GPa,  

= 0.2) and aluminium (E = 60 GPa, = 0.3). The application of the tape is done by means of an edge load. 

The tape removal process on the active side is hazardous in the sense that the release glue will apply 

tensile forces on the WLTFP caps and plugs. Damage to WLTFP’s due to tape application and removal 

on are depicted in Figure 7. This specific wafer did not undergo any grinding process between tape 

application and removal. This means all damage is caused by either the applying of the tape or the tape 

removal forces. 

Simulation of the tape removal process can identify the regions of the WLTFP that experience the 

highest stress concentrations. These regions should then be stiffened to increase the design robustness. 

To simulate the tape removal process, a model using the cohesive zones technique [18] is made by 

modifying the geometry from the earlier presented simulations. The modified model is depicted in 

Figure 8(a). The geometry depicted in Figure 8(a) is a 2D representation of a 100 m wide cavity with 

a matrix of plugs sealing the cavity.  

The stress distribution in Figure 8(b) shows that the stress concentrations are found in the region 

near the corners of the span and the middle part of the freestanding layer. The maximum principal 

stress is around 200 MPa for this specific type of tape and cavity combination. 

 

 

Stress concentrations 
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Figure 7. Damage due to tape application and removal. 

 
(a) cap sticking on the tape (b) resonator sticking on tape 

 
(c) cavities missing caps (d) Cavity missing a cap 

Figure 8. (a) Tape removal model; (b) Principal stressed caused by tape removal. 
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3.2. Wafer Dicing 

The dicing process consists of a tape application step and a dicing step. The tape is applied to the 

backside of the wafer, instead of the front side that was used during the wafer thinning. The wafer once 

more undergoes pressure loading when the tape is applied to the backside. Careful support to the 

WLTFP side of wafer is needed since the soft tape is on the back side. No soft tape is present to protect 
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the WLTFP from pressure exerted to stick the wafer to the foil. This is illustrated in Figure 9(a). An 

example of a wafer on dicing tape is depicted in Figure 9(b). 

Figure 9. (a) Loading mechanism during dicing tape application; (b) Diced wafer on dicing tape. 

a b 

  

Examples of damages to WLTFP’s during the wafer dicing process are shown in Figure 10. The 

yellow color is the stack of sacrificial material and capping material, the brown color is freestanding 

capping material and the grey is the bare silicon without any layers on top. 

Figure 10. Cracked wafer level thin film packages during wafer dicing. 

 
 

As shown in Figure 11(a) the dicing blade caused some minor damage. It is observed that the 

damage level is approximately equal over the 10  10 mm2 die surface in Figure 11(b). Since the 

damage is found all over the wafer instead of only next to the dicing lane it can be concluded that the 

damage is not caused by the dicing blade. Instead, the damage is ascribed to the wafer handling. 
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When using a laser dicing process instead of diamond blade dicing one of the main concerns is the 

debris around the sawing lanes that needs to be removed. New methods with little or no debris are in 

development to make laser dicing an attractive alternative for (thin) MEMS wafers [19]. 

Figure 11. (a) The saw lane shows little damage; (b) Caps fail on this chip with no  

specific location. 

a b 

  

3.3. Die Attachment 

During the placement of the die on the leadframe, the die needs to be removed from the tape by 

means of a pick and place operation. The same holds for a flip-chip application. The cavity can be 

damaged by the gripper when it is touched. On the contrary the vacuum used to hold the chip will not 

damage low pressure cavities since the differential pressure only decreases due to the very low cavity 

pressure. The pick and place force is in the order of 1N [20], this corresponds to a 1MPa suction force 

on the chip when a vacuum collet is used with a 1 mm2 internal cross-section. These forces are not 

significant in comparison to other process induced stresses. 

3.4. Wire Bonding 

The wire bonding process uses a high frequency rubbing action to attach the bondwire to the 

bondpad. This sinusoidal shaped force is carried into the device by the bondpad construction. The 

process frequency can act as an actuator on any part of the MEMS. Depending on the geometry and 

materials of the MEMS under consideration, it is necessary to analyze to likelihood of problems. If one 

of the eigenfrequencies of the MEMS or the WLTFP is (very) close to the bonding frequency, it may 

start to resonate. Since the resonance frequency depends on both mass, stiffness and pre-stresses, every 

case is different. A different stress level in the WLTFP due to annealing can lead to a different 

effective stiffness and thus solve or create a resonance problem. Figure 12 depicts a die-attached and 

wire-bonded die with several resonators present. 

Besides resonance, the geometry of the MEMS can cause damage during wire bonding. Due to 

thick layers or high structures the movement of the bond-needle needs to be programmed in 3 

F
ailed caps
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directions while usually in plane movements occur. Figure 13 depicts a resonator chip with damage to 

the sealing layers due to scratching by the bond capillary. 

Figure 12. A prototype die-attached and wire bonded chip with four resonator blocks. 

 

Figure 13. Bond needle damage to a sealing structure. 

 

3.5. Overmoulding 

The WLTFP should protect the MEMS device and there should be no contact between the cap and 

the device during the overmoulding process. In the overmoulding process pressures of 60–90 bar are 

used to liquidize the epoxy and overflow the die. Due to the imposed pressure, the cap may bend and 

thereby close the cavity or even crack. The pressure acting on a WLTFP is not equal for each WLTFP 

in the mould due to the viscous nature of the epoxy moulding compound. Pressure is needed to flow 
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the epoxy to each corner of the mould. The flow front should, by default, be at atmospheric pressure, 

meaning that WLTFP just behind the flow front experiences a low pressure. The injection pressure is 

the pressure measured in the plunger of the injection moulding machine. The real experienced pressure 

by the WLTFP is thus a function of location in the mould [21]. WLTFP’s closer to the runner will 

experience a higher pressure than WLTFP’s far away from the runner. When the filling of the cavity is 

completed, pressure will rise everywhere due to the lack of empty space to fill. However, due to curing 

the pressure on the WLTFP will not be equal to the injection pressure since the EMC is curing rapidly 

and reinforcing the cavity. This is caused by the high mould temperature which affects the curing kinetics.  

After moulding the significant magnitude of the curing shrinkage of the EMC [22] can load the 

WLTFP comparable with an external pressure. The curing shrinkage can be 1 to 2 percent in each direction. 

Simulations of a moulding process should thus include curing kinetics and cure shrinkage in 

combination with a flow analysis when an accurate estimation of the moulding process loads is 

needed. An easier approximation can be made by applying the injector pressure to the model. 

However, this is an overestimation and the cavity should thus be more robust than needed. Figure 14(a) 

depicts such a model. The model is a modified version from the models earlier described using the 

same materials and geometry. A pressure of 8 MPa is added as representation of an 80 bar moulding 

pressure. The maximum stresses found are in the order of 250 MPa. The high stress regions are located 

near the edge of the cavity, which is a bending point, and on the underside of the cavity near the 

centre. 

Figure 14. (a) Model of the WLTFP under moulding pressure (arrows represent the 

moulding pressure); (b) The maximum principal stress in the WLTFP due to an 80 bar 

moulding pressure. 

a b 

 

4. Discussion and Conclusions 

Although the possibilities of MEMS products in low-cost packages are large, the challenges with 

respect to manufacturability and/or yield are significant. This paper illustrates that the assembly 

processes needed to package a MEMS chip are important during the design of the MEMS chip since 

they impose significant loads. 
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Possible loading conditions during the most common assembly processes are discussed and 

illustrated. The process induced stresses are summarized in Figure 15. 

Figure 15. Process induced pressures on the WLTFP. 
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Based on experimental observations combined with Figure 15 a ranking of the most hazardous 

assembly processes for WLTFP’s can be made, being: 

1. Wafer thinning. The most hazardous is the wafer thinning process due to the direct contact with the 

grinding tape and the process pressure used. 

2. Dicing. Dicing is a hazardous process due to the application to the tape and the risk of debris and 

subsequent cleaning damage. 

3. Overmoulding. The moulding process is less dangerous than the previous two processes but can 

cause problems in yield due to the different loading throughout the mould. 

A robust and accurate WLTFP design should consider assembly loads and try to avoid stress 

concentrations after wafer processing. These stress concentrations can be caused by, for example, CTE 

(Coefficient of Thermal Expansion) mismatches or poor geometry design. In this paper, we have 

combined numerical calculations with experimental observations in order to estimate the assembly 

risks. Our results clearly emphasize the need for concurrent design for assembly. Solutions to reduce 

the stresses in the critical areas are under investigation.  

Acknowledgements 

The authors gratefully acknowledge the financial support by the Dutch Ministry of Economic 

Affairs in the framework of the Point One project MEMSLand [http://www.memsland.nl]. 

References and Notes 

1. Yan, J.; Seshia, A.A.; Phan, K.L.; Steeneken, P.G.; van Beek, J.T.M. Narrow Bandwidth  

Single-Resonator MEMS Tuning Fork Filter. In Proceedings of IEEE International Frequency 

Control Symposium joint with the 21st European Frequency and Time Forum, Geneva, 

Switzerland, 2007; pp. 1366-1369. 



Sensors 2010, 10                            

 

 

4000

2. Zhu, X.; Aslam, D.M.; Sullivan, J.P. The application of polycrystalline diamond in a thin film 

packaging process for MEMS resonators. Diam. Relat. Mater. 2006, 15, 2068-2072. 

3. Jha, C.M.; Bahl, G.; Melamud, R.; Chandorkar, S. A.; Hopcroft, M. A.; Kim, B.; Agarwal, M.; 

Salvia, J.; Mehta, H.; Kenny, T.W. Cmos-Compatible Dual-Resonator MEMS Temperature 

Sensor with Milli-Degree Accuracy. In Proceedings of the Solid-State Sensors, Actuators and 

Microsystems Conference, Lyon, France, 2007; pp. 229-232. 

4. Zhu, X.; Aslam, D.M. CVD diamond thin film technology for MEMS packaging. Diam. Relat. 

Mater. 2006, 15, 254-258. 

5. Forleo, A.; Francioso, L.; Capone, S.; Casino, F.; Siciliano, P.; Tan, O.K.; Hui, H. Wafer-level 

fabrication and gas sensing properties of miniaturized gas sensors based on inductively coupled 

plasma deposited tin oxide nanorods. Procedia Chem. 2009, 1, 196-199. 

6. Voiculescu, I.; Zaghloul, M.E. Electrostatically actuated resonant microcantilever beam in cmos 

technology for the detection of chemical weapons. IEEE Sens. J. 2005, 5, 641-647. 

7. Höchst, A.; Scheuerer, R; Stahl, H.; Fischer, F.; Metzger, L. ; Reichenbach, R.; Lärmer, F.; 

Kronmüller, S.; Watcham, S.; Rusu, C.; Witvrouw, A.; Gunn, R. Stable thin film encapsulation of 

acceleration sensors using polycrystalline silicon as sacrificial and encapsulation layer. Sensor. 

Actuator. A-Phys. 2004, 114, 355-361. 

8. Suijlen, M. Ontwerp MEMS Druksensor: Rapport Ontwerpproject NXP Nijmegen, in Final report 

design project MEMS pressure sensor NXP Nijmegen, 2007. 

9. Hsu, W.T.; Pai, M. The New Heart Beat of Electronics-Silicon MEMS Oscillators. In 

Proceedings of the 57th Electronic Components and Technology Conference, Reno, NV, USA, 2007; 

pp. 1895-1899. 

10. Steeneken, P.G.; Ruigrok, J.J.M.; Kang, S.; van Beek, J.T.M.; Bontemps, J.; Koning, J.J.; 

Parameter Extraction and Support-Loss in MEMS Resonators. In Proceedings of Comsol 

Conference 2007, Boston, MA, USA, 2007. 

11. Hsu, T.R. Reliability in MEMS Packaging. In Proceedings of International Reliability Physics 

Symposium, San Jose, CA, USA, 2006. 

12. Tanner, D.M. MEMS reliability: Where are we now? Microelectron. Rel. 2009, 49, 264-270. 

13. Reuter, D.; Bertz, A.; Nowack, M.; Gessner, T. Thin film encapsulation technology for harms 

using sacrificial CF-polymer. Sensor. Actuator. A-Phys. 2008, 145-146, 316-322. 

14. O’Mahony, C.; Hill, M.; Olszewski, Z.; Blake, A. Wafer-level thin-film encapsulation for MEMS. 

Microelectron. Eng. 2009, 86, 1311-1313. 

15. Ayanoor-Vitikkate, V.; Chen, K.; Park, W.-T.; Kenny, T.W. Development of wafer scale 

encapsulation process for large displacement piezoresistive MEMS devices. Sensor. Actuator.  

A-Phys. 2009, 156, 275-283. 

16. Verheijden, G.J.A.M.; Koops, G.E.J.; Phan, K.L.; van Beek, J.T.M. Wafer level encapsulation 

technology for MEMS devices using on HF-permeable PECVD SIOC capping layer. In 

Proceedings of the 21st International Conference on Micro Mechanical Electrical Mechanical 

Systems, Tucson, AZ, USA, 2008; pp. 798-801. 

17. Wu, J.D.; Huang, C.Y.; Liao, C.C.; Fracture strength characterization and failure analysis of 

silicon dies. Microelectron. Rel. 2003, 43, 269-277. 



Sensors 2010, 10                            

 

 

4001

18. Zhang, G.Q.; van Driel, W.D.; Fan, X.J. In Mechanics of Microelectronics, 1st ed.; Springer: 

Dordrecht, The Netherlands, 2006; Volume 141, ISBN: 1-4020-4934-X. 

19. Izawa, Y.; Tanaka, S. Debris-Free In-Air Laser Dicing for Multi-Layer MEMS by Perforated 

Internal Transformation and Thermally-Induced Crack Propagation. In Proceedings of the 21st 

International Conference on Micro Mechanical Electrical Mechanical Systems, Tucson, AZ, USA, 

2008; pp. 822-827. 

20. Internal Report Sumo; NXP Semiconductors: Nijmegen, The Netherlands, 2009. 

21. Roellig, M.; Meyer, S.; Thiele, M.; Rzepka, S.; Wolter, K.-J. Modeling, Simulation and 

Calibration of the Chip Encapsulation Molding Process. In Proceedings of EuroSimE 2009, Delft, 

The Netherlands, 2009. 

22. Yang, D.G.; Ernst, L.J.; van ‘t Hof, C.; Kiasat, M. S.; Bisschop, J.; Janssen, J.; Kuper, F.; Liang, Z. 

N.; Schravendeel, R.; Zhang, G.Q. Vertical die crack stresses of Flip Chip induced in major 

package assembly processes. Microelectron. Rel. 2000, 40, 1533-1538. 

© 2010 by the authors; licensee MDPI, Basel, Switzerland. This article is an open-access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 

 


