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Abstract: - The present paper reports on the micro thick film growth problems on Low temperature co-fired ceramic technology. The focused interconnection technique is isothermal solidification to provide, power supply connection for micro heater. In this isothermal solidification process, the diffused amount of material and formation of intermetallic phase molecules depends on the surface growth , grain size of the micro thick films, resultant contact surface area with inter layer, temperature and density gradient between the base layer to solder layer.  Surface growths of the silver thick film on LTCC substrate is studied with the help of SEM. 
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1. INTRODUCTION



Surface growths of the micro thick films greatly affect the eutectic bond [1] of isothermal solidification [2, 3] which is based on diffusion of solder metals at defined ratios. This eutectic method is also applicable to the wafer bonding of micro electro mechanical systems (MEMS) as a technique of joining substrates [4]. Isothermal solidification is the process, in which temperature and pressure are kept constant to allow the diffusion of  materials from the both directions of base and mounting component or i/o leads into the solder layer which aim to construct inter metallic phase components (molecules with complex structures). Interconnections between various components play a major role which decides the operating temperature range of the device [5]. Extreme and Ultra high temperature ceramic package electronic devices need to work in a temperature up to the 210o C and beyond 3000oC [6, 7, 8] respectively. The restriction of the use of certain hazardous substances (lead based solder alloys) in electrical and electronic equipment (RoHS) [9], shows the importance of thermally and mechanically stable interconnections and need of new techniques. 
Low temperature co fired ceramics (LTCC) have a good scope in the area of micro electronic device packaging, because of its advantages over the other techniques such as capability to withstand at extreme temperature, very less dielectric loss for beyond 1 GHz frequency applications and high heat dissipation possibilities.  Properties of the printed micro thick films on LTCC substrate differ from the alumina substrate. In this LTCC based package production generally two methods are followed, such as pre firing & post firing. The present reporting problem is noticed in pre firing process.           
2. EXPERIMENTAL PROCEDURE

Micro thick films printing on LTCC green tape is done by using screen printing technology. In this method the mesh properties play a role to define the surface quality of the resulted thick films such as aperture size (area of single open), mesh count per linear inch, etc.  
Three 10 mil green tapes were taken to prepare substrate of thickness in between 27-30 mil which gives the good mechanical base strength. Square electrode pad pattern is printed on upper most green tape of the substrate by using screen printing technique. Different levels in preparation of LTCC substrate are shown in below figure. LTCC pre firing process is different from the post firing. In this pre firing process silver DuPont paste is taken for electrode pad thick film construction. The sequential steps involved in the pre-firing method are shown in below flow chart.   
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Fig.1. Flow chart of LTCC substrate pre & post firing process including with isothermal solidification.

The surface growth primarily depends on the firing temperature profile of the furnace is shown in Fig. 2 where typical temperature profile which is given to the firing of silver thick films on green tape. Among the shown steps of pre firing process the bag sealing and lamination will greatly affect the substrate strength and surface of the thick film as well because in these steps the gas trapping is possible inside layers which are enough to degrade the substrate quality. The fabricated square samples faced unexpected problems due to mismatch of thermal coefficient of expansion between thick film and LTCC substrate (TCE of substrate < TCE of silver thick film) after the co-firing. The screen printed silver thickness over the green tapes varies in thickness if double printing on same substrate to avoid small gaps left while the first screen printing. While co-firing LTCC substrate and silver thick film in tension and compression respectively. The interface formed in pre-firing method between thick film and LTCC substrate bounds with stress which causes poor surface growth.
[image: ]
          Fig.2.Typical temperature profile LTCC substrate co firing

3. RESULTS AND DISCUSSION

Surface growth morphology of the surface metal layer of the fired LTCC substrate is studied with SEM. Unequal deposition is noticed after the firing of  the substrate are shown in the SEM images. The stress on the surface zones at bumps are shown in image where the annealing process is not removed because of rapid temperature decrease. Growth formation levels differ from region to region on the same electrode pattern square sample.  Air molecules trapping may take place in the while lamination process or bag sealing. This trapped gas particles ejected from the surface while co firing process of the micro thick film on the substrate. This simultaneous process of trapped air ejection and growth of the thick film might be a noticeable problem in pre firing method of LTCC packaging
.
 At micro level deposited silver paste print on the surface of the substrate is uniform before the firing but after firing, the surface of the metal totally deformed into unequal which represents the restructuring of thick film is not achieved with that applied temperature profile to the furnace. The temperature profile (Fig.2) is given to firing need more time where the mass transport will take place. Because of less time period was applied in co firing temperature profile which affect the  rearrangement of grains size and mass transport from highly mass deposited places to lower region. The cooling process is natural process at room temperature which may causes rapid decrease in temperature of the fired substrate not uniform in all the directions. The heat lost rate is not equal from the bottom (the samples are placed on the alumina substrate) to the top to the moisture environment. The measured thickness of these thick films is about 0.010 mm to 0.016 mm. This thickness variation is equal to the height of the bumps (highly deposited) is about 4 µm. The purpose of the isothermal diffusion based soldering is not achieved through 4 µm distances.         
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Fig.3.SEM image of middle portion surface        growth of the electrode pad pattern
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Fig.4. SEM image of the edge region of the electrode pad  
Thermal expansion coefficient mismatch arise between the silver paste and LTCC green tape with respect to temperature increase (8550 C is applied peak level temperature).
 [image: ]
Fig.5. SEM image shows roughness increase

The applied pressure on the inter layer solder through heating stamp pads is unequal on different regions of metal surface causes rough marks created on the bumps of silver thick film while isothermal solidification based interconnection formation. The post firing process of LTCC substrate with platinum thick film has a good growth of surface growth which enables higher diffusion from substrate layer to solder foil.

[image: ]
Fig.6.post firing process of platinum thick film print on LTCC substrate  
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