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Abstract  

 

Hybrid pixel detectors are widely used in many fields, including military, 

environment, industry and medical treatment. When integrating such a detector, a 

vertical connection technique called flip-chip bonding is almost the only way to 

realize the high-density interconnection between each pixel detector to the read-out 

chip. Such bonding can offer high-density I/O and a short interconnect distance, 

which can make the resulting device show excellent performance. Electro deposition 

is a promising approach to enable a low cost and high yield bump bonding process, 

compared with conventional sputtering or evaporation which is currently utilized for 

small-scale production. Due to that, Indium bumping process using electroplating is 

selected, as a result of which indium bump arrays with a pitch of 220 µm and a 

diameter of 30 µm have been fabricated using a standard silicon wafer processing. 

UBM (under bump metallization) for indium bumping was Ti/Ni (300 Å/ 2000 Å). It 

helps to increase adhesion between the wafer and the bumps and also serves as an 

excellent diffusion barrier both at room temperature and at 200°C. The indium is 

electroplated, using an indium sulfamate plating bath, and then formed into bumps 

through a reflow process. The reflow is made on a 200°C hot plate with a continuous 

flow of nitrogen over the wafer. During the reflow the indium is melted and forms 

into bumps due to surface tension. All the corresponding procedural processing 

steps and results are incorporated in this paper. 

 

Keywords: Pixel Detector, Read Out Chip, UBM, Bump, Electroplating, Evaporation, 

Reflow and others. 
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Terminology 

 

Oxidation: A layer of material such as oxide is grown or deposited onto the wafer.  

 

Photolithography: It is the process by which patterns are formed on the surface of the 

wafer. 

Mask: is a square glass plate with a patterned emulsion of metal film on one side. 

 

Photoresist: It is a light sensitive polymer that is applied temporarily on the wafer 

mostly for plating or etching. 

 

Positive photoresist: Unexposed   areas   left   after development. Pattern identical to 

the mask.  

 

Negative photoresist: Exposed areas left after development. Pattern inverted compared 

to the mask. 

 

Mask aligning: The mask is aligned with the wafer, so that the pattern can be 

transferred onto the wafer surface. 

 

Exposure system: It helps to irradiate photo resist through a mask. 

 

Developer: It dissolves exposed photo resist. It is used a Microposit 351 Developer. 

 

Etching: is the process by which patterns are transferred into the oxide or metal layer. 

 

Thermal Evaporation: Metal is melted in vacuum and transported to the sample 

through vacuum. Heating by resistive elements or inductive heating. 

 

Electroplating: Electro deposition of metal. 

 

Reflow: Process to melt deposited metal to form bumps.  

 

Bump: Metal sphere used to connect a pixel on a detector to the read-out chip. 
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Acronyms / Abbreviations 

 

ROICs: Read out integrated circuits. 

HMDS: Hexa Methyl Di Silazane.  

PR: Photoresist. 

UBM: Under bump metallization.  In this project, 30µm octagons of titanium (300Å) 

and nickel (2000Å) used. 
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1 Introduction 
 

Hybrid pixel detectors are widely used in many fields, including military, 

environment, industry, medical treatment, etc. When integrating such a detector, 

flip-chip bonding is the best vertical connection technique, due to provision of high 

I/O density and short interconnect distance between chip and substrate, leading to 

high device performance. 

 

However, the main focus of this paper part laid on the Indium bump fabrication. 

Indium bumps are always used in the flip-chip integrated Hybrid pixel detectors and 

the Si read-out integrated circuit. The reasons for adopting the indium as 

interconnecting material lie in the fact that indium is a soft metal (softer than lead) 

and has very good ductility even at liquid helium temperature. The melting point of 

pure indium is only 156.6 °C and it is straight forward to form a good mechanical 

and electrical interconnection at room temperature. Thus, indium bump bonded 

devices could still perform well in cryogenic environments and feature a high 

reliability. 

 

1.1 Background and problem motivation 

Hybrid pixilated silicon detectors will be used in the next generation experiments 

using indium as a bumping material. Due to a worldwide trend on banning the toxic 

material lead in electronic products, conventional flip chip assembly using lead-

based solder bumps is facing a great challenge. As time goes by, more and more 

original equipment manufacturers and their subassembly suppliers are joining in 

lead-free production. Lead-free is becoming a global trend in the electronics industry. 

Based on that, research strives to find other metals or metal combination not 

including lead, to form bumps. That is why this days we can use numerous solder 

bump alternatives: SnPb37 (less used now), In, InAg, SnAg3.5, AuSn80/20 and 

Cu/CuSn pillar. 

  

This paper is focused on Indium bump fabrication using electroplating method for 

flip chip bonding in the hybrid pixel detectors area.  

 

Challenges of the electroplating process exist in the uniformity and consistency of 

plated bumps over a large area (e.g. 8” wafer scale) with ultra-fine pitch and high 

yield. Furthermore, it is difficult to monitor the characteristics of the indium growth, 

and particularly, the highly resistive substrate (seed layer) may cause an uneven 

current distribution, leading to non-uniformity. In order to generate indium bumps 
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uniformly, the electro deposition process including all possible variables must be 

precisely controlled. 

 

Flip chip bonding of silicon hybrid pixel sensors is relatively simple with fairy fine 

pitches (>100um) but as the pitch gets smaller and the number of bumps increases it 

becomes more challenging. Flip chip bonding technology becomes almost inevitable 

because they need connections between every single pixel to a silicon based read out 

integrated circuit (ROIC). Flip-chip interconnection offers a number of advantages 

over the more widely used wire bonding technique as mentioned above in the 

introduction. A primary concern for flip-chip bonding is minimizing fatigue in the 

indium bumps. 

 

1.2 Study objective and verifiable goals 

The overall aim of this project was to fabricate indium bumps using electroplating 

method for flip chip bonding hybrid pixel detectors. 

 

In the processing, the following sub processes were performed: 

a. Wafer cleaning 

b. Thermal growth of oxide layer 

c. Photo-lithographical process 

d. Oxide etching 

e. Evaporation 

f. UBM formation 

g. Metal etching 

h. Thick pr deposition 

i. Electroplating 

j. Reflow and bump formation 
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2 Theory 

2.1 Substrate preparation  

A single wafer may have to undergo many successive process steps to achieve the 

final desired result.  The first Step is wafer cleaning. Then, we precede the following 

successive steps, including Oxidation, Spin coating of HMDS, Pre baking, Drying, Mask 

alignment, Exposure to UV light, and Wet Etching and Cleaning. Out of the oxidation 

process the rest is called lithography process. 

 

The above lithographic steps are done to create a pattern on which the UBM will be 

formed. The pattern on the sensor wafer is determined by a photo resist mask on the 

wafer that has been itself patterned to open small holes on the silicon dioxide surface. 

After the possible oxide etching, the wafer with patterned holes on which its surface 

is free from oxide and ready for metal (Ti/Ni) evaporation. Then after a single 

lithography process it is possible to reach to the UBM stage.  

 

In this paper work, the under bump metallization (UBM) consists of two metal layers 

which are added on top of the silicon layer of the sensor. The first one is about 30 nm 

(300Å) titanium that acts as a barrier and an adhesive layer. It is followed by a 

roughly 200 nm (2000Å) nickel which is wettable with indium [2]. 

 

The UBM hinder the growth of silicon oxide on the pads, and thereby improves the 

electrical conductivity. A layer of UBM should also be prepared on the chip that will 

be the second part of this paper work, on which the detector lately going to be 

bonded. 

 

2.2 Bump growth 

Electro deposition has been a promising approach to enable low-cost, fine pitch and 

high yield bumping. Indium metals are electroplated on a photo-resist patterned 

wafer, for which a UBM layer of Ti/Ni has been deposited to provide electrical 

connection and to act as an under bump metallization. 

 

First the wafer is covered with a thick photo-resist, patterned with holes over the 

UBM. The photo-resist is used as a mask during the electroplating of indium. The 

main factors that can affect the electroplating process are current distribution and 

mass transport, which can be interdependent of each other. Therefore, the uniformity 

and morphology of deposits are determined by any variables that can influence these 

factors. Having a good conductive layer is one variable that will affect the current 

density.   
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After the indium is deposited in cylinders over the UBM, and the photo-resist is 

stripped off, the indium is melted in a process called reflow. During the reflow, the 

indium form spheres, so called bumps, due to the surface tension. 

 

For indium, which melts at 156°C, the reflow is done at 200°C. When the indium is 

molten, the balls are created by the surface tension. The size of the ball is defined by 

the diameter of the wettable UBM pad and the volume of the evaporated indium. It 

is important that the reflow is done in an oxygen free environment; otherwise the 

indium oxide which would be formed will hinder the indium to form bumps. For the 

reflow to be successful it is also important that the indium has good adhesion to the 

top layer of the UBM, but not to the surrounding material like oxygen [2, 3]. 

 

2.3 Flip chip bonding 

The detector and the read-out chip are connected by the bumps using a flip chip 

bonder. The indium bumps are melted during the bonding process, to form a viable 

connection between the bumps and the UBM at the read-out chip. 

 

The flip chip bonder needs a precision of 1-2um, to make a sufficient alignment, both 

placing the pixels correctly over each other and making the chips level, for achieving 

a successful bonding throughout all pixels. Due to the adhesion between the bumps 

and the UBM, small misalignments are corrected automatically during the bonding 

process [3]. 

 

As is well known, the temperature and pressure are the most crucial factors in such a 

process. Due to the excellent plasticity of the indium solder, the flip-chip process for 

an indium bump can be performed at room temperature with low pressure. 3–5 g 

pressure per bump will be enough for the indium flip-chip. 
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3 Methodologies and Implementation  
 

Methodology: 

This study is based on a relatively closest master’s thesis, research of publish articles 

and written books within the topic area. 

 

The practical work was performed in clean room lab of Mid Sweden University in 

Sundsvall. 

 

Different process steps were tried out in order to achieve a reliable working indium 

bumps. 

 

1.  Wet etching of oxide and metals (Ti/Ni/In): Different etch recipes tried out with 

their etching time. 

2. Thick photo resist: Prepared by adjusting the three parameters: Exposure time, 

Baking and Developing time while keeping the light source intensity and 

manufacturers specification of the photo resist. 

3.  Evaporation: By using the proper rate, it is possible to evaporate evenly over the 

wafer surface. 

4. Electroplating: To keep the recommended indium sulfamate plating bath current 

density (20Am/ft2), the current and electro-plating time determined based on the 

specification. 

5. Forming indium bumps using reflow: As other researchers researched out too, 

temperature, time and environment are researched and tried out. 

 

Implementation:  

A 4-inch (100-mm-diameter), thickness 525 µm single face polished standard silicon 

wafer were used as the substrates in this work. It is used medipix (MPX) 220 photo 

sensitive (FS) contact openings (mask 1) and MPX 220 FS metal etches (mask 2) 

masks both that have 30µm detector diameter and 220µm pitch for UBM and 

electroplating of indium. Trials was done by using both masks and both photo 

resists, but for the final trial it was used mask 1 and positive photo resist throughout 

the whole process. The full process flow is shown in App. A 

 

Wafer processing  

 It is very important to discuss how the wafer processed. 

Wafer cleaning: Cleaning silicon wafers is necessary to remove both inorganic and 

organic residues. Here it is used a two step chemical cleaning process, 

1. Sulfuric acid (H2SO4) and hydrogen per oxide (H2O2) with a recipe of 4:1 for 10min. 
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2. IMEX solution made of 3lit clean water, 30ml HF, a 50% 3ml IPA (Isopropanol) for 

10 min.  

 

The sulfuric acid/ hydrogen peroxide based solutions, which are successfully used to 

clean Si (100) surfaces, leave a significant amount of residual oxide on the Si surface 

which cannot be removed by thermal annealing. Therefore, a second chemical 

etching step is needed to remove the oxide. 

 

3.1 Thermal growth of oxide layer and its etching  

Oxidation is a process which converts silicon on the wafer into silicon dioxide. The 

chemical reaction of silicon and oxygen already starts at room temperature but stops 

after a very thin native oxide film. For an effective oxidation rate the wafer must be 

settled to a furnace with oxygen or water vapor at elevated temperatures.  

 

In this paper work, the wafer kept in the furnace with a recipe program of wet 1050g 

1h. But the whole process took around 6:35 hrs. Silicon dioxide layers are used as 

high-quality insulators which act as a barrier layer. 

 
Figure 3-1: Deal-Grove curves. The required time for a 5000 angstrom oxide using 

wet oxidation at 1050 °C is approximately one hour [4]. 

 

After proper cleaning and oxidation, the next step is the first lithographic process by 

which it is possible to transform a pattern from the photo mask to the surface of the 

wafer. Here positive photo resist and open contact mask used in the final wafer. But 
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in the first two more trials, it was used both masks and both photo resist 

interchangeably. After this process done, the pattern transformed on the surface of 

the wafer and the openings are visible using microscopes. On the opening, there is no 

photo resist but silicon dioxide which will be etched with a 1% HF-solution (20:1:1, 

H2O:HF:H2O2). It is possible to use also an NH4F etchant. All the procedural steps are 

included in the appendix A. 

 

3.2 Photolithography process, metal evaporation, metal etching and UBM 

formation,  

Lithography is used to transfer geometric shapes on a mask to the surface of a silicon 

wafer. In this paper work, it is used 3 consecutive photolithographic processes to 

form the final outcome Indium bump. On the first process, it is possible to rich the 

silicon surface after etched it with HF. 

The steps involved in the photolithographic process are wafer cleaning, surface 

preparation using HMDS, photoresist application, soft baking, mask alignment, 

exposure and development, hard-baking, inspection, etching, resist striping and final 

inspection. 

 

HMDS is a primer that acts as an adhesion promoter for photo resist. It is typically 

used before spinning resist. In this process, it is used a Microposit 351 Developer. It is 

possible to use a Strong acid ( H2SO4) to stripping off the photoresist. 
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Fig. A, lithography process while it is used positive photoresist. 
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              Fig. C, lithography process while it is used negative             

photoresist. 

 

 

   Fig. B, lithography process while it is used positive photoresist. 

 

Figure 3-2: Comparison of positive vs. negative photoresists under a lithography 

process shown in fig A, B and C. 

 

The next step is evaporation of the two metal layers (titanium and nickel) on top of 

the wafer surface successively one after the other. Titanium used thickness is 300Å 

which is roughly 0.03µm, that acts as a barrier and a good adhesive layer to the 

silicon. And nickel used thickness is 2000Å which is roughly 0.2µm; help us to form 

good adhesion to the indium. 
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After doing the second lithography process by using mask 1 and positive pr(as an 

etching mask) the same as it is done for the first lithography; metal etching will 

followed based on the wet etch recipes. (See App B). First, nickel etched with HCl-

solution (8:1:1, HO:HCl:H2O2) then ttitanium is etched with a 1% HF-solution (20:1:1, 

H2O:HF:H2O2). Then it will results a UBM of 30µm diameter octagons with a pitch 

of 220µm. 

3.3 Thick PR deposition for indium electroplating 

Before the proceeding of thick photoresist deposition; right after the formation of 

UBM which will use as a plating base to the 5000Å indium evaporated all over the 

wafer surface. Then the third photolithography process comes in which the thick 

Photoresist deposition will be very important for indium electroplating process. 

 

A thick photoresist (S 1818G2) patterned with 30µm holes over the UBM will be used 

as a mask during the electroplating. As some reference books recommend, the 

thickness of the photoresist should be (>10µm); in this paper work, after lots of trials 

done, it is only achieved an 8.1µm(three layers) thick height, each layer will give 

about 2.7µm with a spun speed 2000rpm [5]. See App. C for more information about 

the photoresist.  

 

The exposure and developing time for all the layers of photoresist is determined 

through trial tests and based on the information given by the manufacturer. 

 

3.4 Electroplating of indium 

Right after the formation of thick photoresist under the third lithography, the wafer 

is ready to be continued the indium electroplating. Here is the connection steps so far 

we come across: the ubm formed directly on top of silicon wafer surface, over the 

ubm there exists an evaporated 5000Å (It is a conductive layer of indium that also 

serves as a seed layer for the plating) and at last the patterned thick photoresist 

appears with 30µm octagon openings over the seed layer of indium, directly over 

which the indium electroplating will be performed. 

 

The electroplating is performed in an appropriate indium sulfamate plating bath 

under a controlled current density (see App. D for product data). Indium sulfamate 

is the preferred indium plating bath for different reasons. The current density range 

for plating with the sulfamate bath is 10 to 100 Amps/ft2, with 20 Amps/ft2 the 

preferred current density. The higher the current, the faster the indium deposition 

and likely will result uneven deposition and brings different indium height that is 

not recommended for this work. The anode to cathode ratio should be 1:1 or higher. 
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The anode efficiency is 100% and the cathode efficiency is 90% and remains relatively 

constant throughout the life of the bath [6]. 

 

 This is how the electroplating performed, a 99.999% pure indium anode and the 

wafer is lowered in the plating bath (here before immersing the wafer in to the 

plating bath, be aware of opening is done on the contact which was covered with 

thick photoresist through which current transfer occur from the solution to the 

wafer) and a current carried by indium ions is lead from the anode to the wafer, see 

Figure 3.1.  

 

  
Figure 3-3: Schematic non-scale picture of electroplating of indium. 

 

The ions are reduced at the openings on the wafer, forming an indium layer [3]. 

 

For the electroplating a current of 0.025Amps is used, which gives a current density 

of 38Amps/ft2. After an hour about 72 µm of indium is deposited and the plating is 

complete (see App. D for detailed calculations).  

 

3.5 Reflow and bump formation 

Reflow is the process where the electroplated indium is melted and form spheres, so 

called bumps, the bumps are created by the surface tension. The purpose of reflow is 

to increase bump height by reshaping the indium into a sphere and to facilitate the 

flip-chip bonding alignment. Reflowed bumps have also been shown to have higher 

reliability [8]. The reflow should be done in an oxygen free environment under 

continuous flow of N2 at 200°C.  

 

After the electroplating done, the next step is stripping off the thick positive 

photoresist using the striper solution. Then the conductive layer of indium over the 

surface of the wafer is etched out (see App. B for wet etch recipe), leaving the UBM, 

seed layer evaporated indium on top of UBM and the electroplated indium. Then the 
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wafer is ready to continue reflow. For this, three reflow trials was made with 

different temperature zone and working equipments. It was used two different hot 

plates and furnace by cutting the wafer in to three pieces: 

1. On hot plate 1, 95°C was the plate maximum temp. With continuous flow of 

N2 and O2; on this, the first trial was taken for 30s, then for 30 more sec., the 

second trial show up only very small development. 

2. On hot plate 2,  180°C with continuous flow of N2 and O2  for 30s, no 

significant difference was seen from the original before reflow; then the 

temperature raised to 200°C, 1min; no development seen again, then it was 

tried to the maximum plate temperature 250°C for 2min, 5min still the 

development were not visible. 

3. Using furnace, with continuous flow of N2, but without O2. The first trial was 

taken with 180°C, 30s no sphere was formed. Then the temperature raised to 

200 for 1min, here it shows light development; then it was tried to 270°C, 1min 

and at last to 600°C, 1min. On the last two temperature trials in the furnace, no 

development was shown.  

To end up with successful reflow, the alignment of the UBM and the evaporated 

5000Å indium (seed layer to the electroplating) is very important. In both cases, it is 

used the same mask and positive photoresist for patterning of the photoresist used as 

the etch mask for the UBM, and for patterning the thick photoresist used as mask for 

the electroplating, here the alignment should be done carefully.  

 

Using the same mask twice, means the mark for the alignment has to be fitted on top 

of itself, which is more difficult than fitting the inverted alignment mark designed to 

give a good alignment. Look the displayed alignment marks, the top mark is on the 

mask, and the bottom mark is on the wafer. 
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Figure 3-4: Alignment marks done on the photoresist to precede UBM and 

electroplating work. 

 

Beside to the above concern, it is advisable to use some novel reflow methods 

utilizing ECR-RIE and low-pressure MOCVD, see the demonstration.62, 123 These 

methods can effectively remove the indium oxide on the surface of indium bumps to 

ensure the high quality reflow [7].  But even if it is tried to keep the above mentioned 

concerns, the reflow work was not successful as it should be, so this lead us to do 

further study here to be successful in the reflow. As the hand book referenced us, 

may be using some novel reflow methods utilizing ECR-RIE and low-pressure 

MOCVD will be one that helps us to solve this problem. 
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4 Results and Discussion 
 

It is tried to include almost all the works done in the processing. 

 
Figure 4-1: Wafer after mask pattern transfer from the mask to the wafer. 
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Fig. 4.2a) Developed and etched wafer in small scale view.       

         
Fig. 4.2b) Magnified scale view of fig. 4-2a)     Fig. 4.2c) Magnified scale view of fig. 4-2a)   

         
Fig. 4.2d) Magnified scale view of fig. 4-2a)     Fig. 4.2e) Magnified scale view of fig. 4-2a)  

 

Figure 4-2: Fig. 4.2(a-e), the wafer after it gets developed and etched with HF. 
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The above picture shows different unclear texture inside the octagon holes with in 

the small area of the wafer. Fig. 4.2(a), two dimensional developed and etched wafer 

in small scale view. Fig. 4.2(b), a magnified three dimensional views and fig. 4.2(c-e), 

two dimensional view of a single hole. For this trial, it was used positive photoresist 

and mask 1.  

 

          
Figure 4-3: The wafer after it gets developed and etched with HF. It was succeeded to 

the final result. 

 

The above octagon hole was taken from the final wafer in the processing trial. Here 

also it was used positive photoresist and mask 1. 

 

Under the first lithography, mask pattern transfer occur from the mask to the wafer 

without any problem and while developed, the holes has got open up and when it is 

believed there is no photoresist remain in the octagon hole, the wafer etched with HF 

solution. But as the pictures shows up, it is not really reached to the silicon surface; 

so it demands more developing and etching time back and forth until it gets better. 

Then it goes to the next step in the mean while, the opening shows up a bit widening; 

if the widening increased, it will lead to misalignment. 

 

 

 

 

 

 

 

 

 

 

 

 



Indium Bump Fabrication using Electroplating for Flip Chip Bonding 

Saron Anteneh Sjödin,                                               2016-05-31 

17 

 

 

 
Figure 4-4: UBM formed and the photoresist not yet removed. 

 

 
Figure 4-5: Small scale view of UBM formation after the photoresist stripped off. 
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Figure 4-6: Magnified scale view of UBM formation after the photoresist stripped off. 

 

During the second lithography, having proper alignment is very important. 

 
 

 
Figure 4-7: Unsuccessful electroplating in small scale view. 
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Figure 4-8: Unsuccessful electroplating in magnified scale view. 

 

The above two pictures displays unsuccessful electroplating using different scale in 

the first processing trial. Here in the third lithography, it was used negative 

photoresist on top of evaporated indium conductive layer and proper alignment was 

done to open up holes; on which indium deposition will be performed using 

electroplating. The used current was 0.05Amps and current density 76Amps/ft2 

which will give us un even distribution of indium deposition. The best 

recommended current density is 20Amps/ft2. 
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Figure 4-9: Wafer area showing light cracks after indium electroplating.                              

 

 
Figure 4-10: Wafer area showing deep cracks across the negative photoresist after 

indium electroplating. 
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Figure 4-11: Wafer area showing good results in indium electroplating after 

photoresist removal. 

  

In this second trial of processing, it was not continue to the next reflow step since the 

good area of bump formation was not satisfactory which was about less than 50%. 

During the processing, it is good to consider the freshness of all these developer, 

photoresists, etchants', strippers and plating bath solution with their corresponding 

rates to achieve good results. Almost all the working data's included in the 

processing flow Appendix A. For example, if we used an old photoresist while 

processing, sometimes the problems may not be visible in the first lithography, but it 

may will come lately after third lithography while electroplating collectively with 

others. So good attention should be taken here beside to the processing UV light 

dose, baking time, wafer quality and good alignment marks.  

 

As a prove of this, the mentioned defects were seen in all of the three processing 

trials: 

 

One wafer was show up a crack from the center towards the radius of the wafers 

immediately after indium evaporation done while all parameters kept safe, its defect 

may related with the wafer quality. The other wafer also show up a big crack across 

the diameter of the wafer immediately after it gets developed in the second 
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lithography process while all parameters kept safe, its defect may related with UV 

light dose. And in some wafers it shows up unsuccessful electroplating may due to 

under and over development of photoresists or may be the occurrence of bubbles 

while performing the plating. 

 

 
Figure 4-12: Successful indium electroplating before removal of positive photoresist 

using mask 1 in the third processing trial. 
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Figure 4-13: Successful indium electroplating after photoresist removal. 

 

 
Figure 4-14: Successful indium electroplating after photoresist removal in magnified 

scale view. 
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Figure 4-15: The wafer area having both indium deposition and no indium 

deposition. 

 

In the third trial of processing, which is as shown in the above figures (fig. 4-12 to 4-

15) electroplating becomes successful. Above 85 % of the wafer area was effective for 

the next reflow steps. In this trial, fixing good alignment before electroplating was a 

problem next to formation of thick photoresist since it was used the same mask 1 

throughout the whole process and it was not easy to proceed to the next step by 

using the existing positive photoresist in the clean room lab at the moment. By 

adjusting the baking, developing and exposure time, it was possible to pass the 

problem and reach to a successful electroplated indium.  
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Figure 4-16: Reflowed indium bump using hard plate with in O2 environment. 

 

 
Figure 4-17: The same as fig. 4-16 but in magnified scale view. 



Indium Bump Fabrication using Electroplating for Flip Chip Bonding 

Saron Anteneh Sjödin,                                               2016-05-31 

26 

 

 

 
Figure 4-18: Reflowed indium bump using hard plate with continuous flow of N2. 

 

 
Figure 4-19: The same as fig. 4-18 but in magnified scale view. 
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Figure 4-20: Reflowed indium bump inside the furnace. 

 

 
Figure 4-21: The same as fig. 4-20 but in magnified 3D scale view. 
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5 Conclusions 
The goals of this project have been almost reached. A suitable wet etch of indium has 

been found. Baking, exposure and developing times of the thick photoresist has been 

determined. Indium has been electroplated successfully and then tried to form the 

bumps using reflow. 

 

Wafer cleaning before oxidation is very important to remove both inorganic and 

organic residues. 

The purpose of performing oxidation is to create a silicon dioxide layer which 

provides a high-quality insulating barrier on the surface of the silicon wafer that 

allowed silicon to become the dominant semiconductor material in use today.  

 

The waiting time of the wafer stays in the solution, depends on the freshness of the 

solution while developing, etching oxides and metals, so inspection during every 

necessary process flow using a microscope is very important. And also it is clearly 

seen that the three parameters (baking after spinning of photoresist or pre bake, 

exposure and developing) seriously depend on each other. By using a 6min pre bake, 

2min every layer while doing the patterning of thick photoresist in the third 

lithography was very helpful to get a workable wafer to continue to the next 

processing steps, see the process flow in App A.  

 

Beside precisely following all the processing flows, aged photoresist while 

performing photolithography and using quality needs a concern; it may happen 

cracks and blisters of photoresist in the processing flow. 

 

During electroplating it is important that the current is flowing in the right direction, 

to deposit metal on the wafer, and not remove the existing metal from the wafer. To 

get an even current density and thereby deposit the indium evenly, all areas which 

are open for electroplating should be of approximately the same size. Otherwise the 

larger areas attract a high current density, causing a voltage drop over the wafer, and 

only the larger areas and the nearby openings are electroplated [3]. 

 

Another important aspect to be considered in using electroplating is that, it is 

possible to have a conductive layer of indium on the wafer (with ubm underneath), 

and get a good result. But where the current is connected to the wafer, a tougher 

metal than indium is needed. Because of the indium being a soft metal, it is easily 

scratched of the wafer, causing an unreliable connection for the current. Otherwise 

by using electroplating, it is capable of producing high quality, ultra- fine pitch and 

high yield indium bumps.  
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Due to the excellent plasticity of the indium solder, the flip-chip process for an 

indium bump can be performed at room temperature with low pressure. 3–5 g 

pressure per bump will be enough for the indium flip-chip. 

 

To succeed with reflow, the electroplated indium over the evaporated indium, the 

evaporated indium over the ubm, the ubm over the silicon wafer surface needs good 

adhesion between each other. Since the indium is electroplated in holes of the same 

size as the UBM, located directly over the evaporated indium, the alignment of the 

UBM and the electrodeposited indium is important. A short time between the 

previous etching of the conductive layer, and an oxygen free environment during 

reflow, keeps down the amount of indium oxide formed, and thereby helps the 

reflow to be improved. But unfortunately as it is seen from the result, using furnace 

did not provide a better result than the other two alternatives using hard plate in this 

paper work. So here it may need further study. Some technologies use a method to 

improve indium bump bonding via indium oxide removal using a MULTI-STEP 

PLASMA PROCESS. 

 

This work features a ubm composed of titanium and nickel on both sensor and 

readout chip. The indium bumps of about 72 µm height are deposited onto the 

sensor and reflowed, while on the readout chip only a thin indium layer will be 

evaporated. After both parts are joined another reflow is performed to establish the 

thermo-mechanical connection and to perform self alignment.  

Having a functioning bonding process would be beneficial to the research on 

pixelated detectors at the university. Being able to both fabricate detectors and bond 

those to the read-out chip at the university would decrease both time and costs [3].  
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7 Appendices 
 

Appendix A: Process flow 

A 4 inch silicon wafer is used. All the processing steps tried to be listed as short as 

possible.  

 

Wafer cleaning process  

1. Si wafer immersed in to a solution of H2SO4 and H2O2 with a recipe of 4:1 for 

10min. 

2. Rinse the wafer with water having nitrogen bubbles for 5 min and blow with 

dry N2. 

3. Again the wafer immersed in to an IMEX solution made of 3lit clean water, 

30ml HF 50% and 3ml IPA (Isopropanol) for 10 min. 

4. The wafer kept in to a drier for 10min.  

Oxidation process 

5. The wafer kept in furnace with a recipe program of wet 1050g, 1h.  

I. Photolithography process(steps 6-11) 

6. Spin coating of HMDS, 1 layer. 

7. Spin coating positive pr, 1 layer. 

8. Pre-bake, 1min., 95°C. 

9. Masking, exposure, 20s, MPX 220 FS contact openings mask (mask 1).  

10. Develop, 20s. 

11. Repeat step 2 and again clean and dry in machine for 5 min. 

12. Wet etching of SiO2, 7min (etch recipe see App. B). 

13. Repeat step 11. 

14. Strip remaining photo resist, 65°C. 

15. Repeat step 11. 

Under bump metallization (steps 16-23) 

16. Evaporation of titanium (300Å).  

17. Evaporation of nickel (2000Å). 

II. Photolithography process(steps 18-23) 

18. Spin coating of HMDS, 1 layer. 

19. Spin coating positive pr, 1 layer. 

20. Pre-bake, 1min., 95°C. 

21. Masking, mask alignment, exposure, 20s, mask 1. 

22. Develop, 35s. 

23. Repeat step 11. 
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Wet etching of nickel (etch recipe see App. B). 

24. Repeat step 11. 

Wet etching of titanium (etch recipe see App. B). 

25. Repeat step 11. 

26. Strip remaining photo resist, 65°C. 

27. Repeat step 11. 

 

Indium bumps (steps 28-40) 

28. Evaporation of indium conductive layer (5000Å). 

III. Photolithography process(steps 29-34) 

29. Spin coating of HMDS, 1 layer. 

30. Spin coating thick positive pr, 3 layers. 

31. Pre-bake, 6min., 95°C. 

32. Exposures, 30s, mask 1. 

33. Develop, 10min. 

34. Repeat step 11. 

35. Electroplating of indium. 

36. Indium sulfamate plating bath (see 2App. D) 

37. Current: 0.025Amps, time: 1hr. 

38. Stripping off photoresist. 

39. Repeat step 11. 

40. Etching of conductive indium layer (etch recipe see App. B).  

41. Repeat step 11. 

42. Reflow on hot plate (200°C), with continuous flow of nitrogen. 
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Appendix B: Wet etching recipes 

SiO2 

1% HF-solution (20:1:1, H2O:HF:H2O2). 

5000Å of oxide is etched in approximately 7 min. 

SiO2 can also be etched by NH4F. 

 

Nickel 

HCl-solution (8:1:1, HO:HCl:H2O2). 

2000Å of nickel is etched in approximately 15 min. 

 

Titanium 

1% HF-solution (20:1:1, H2O:HF:H2O2). 

300Å of titanium is etched in approximately 5 seconds. 

 

Indium 

1% HF-solution (20:1:1, H2O:HF:H2O2). 

5000Å is etched in approximately 3 seconds (~1700Å/s) [3]. 

Indium can also be etched by Aqua Regia (3:1, HCl:HNO3) [3, 8]. 
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Appendix C: Thick photoresist 

The photoresist used is a positive tone photoresist S1818 G2, with a Microposit 351 

Developer. 

 

 
Figure 7-1: Figure 7-1: Spin curves of S1818 G2 photoresist, 30s spin time [5]. 

 

The exposure dose used for a 2.7µm single coat is 1500 mJ/cm2, with a developing 

time of 20 seconds. Since a spin speed of 2000rpm is used, triple coating results in a 

thickness of about 8.1µm (Fig. 1), which requires a longer exposure and developing 

times than those given in the data sheet for 2.7µm.  

 

During the exposure the light source has an intensity of 12mW/cm2, which for a 

8.1µm thick layer would give an exposure time of 30s and 10 min developing time. 
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Appendix D: Electroplating 

The indium sulfamate plating bath contains  

o Indium sulfamate 105.36 g/l  

o Sodium sulfamate 150 g/l  

o Sulfamic acid 26.4g/l  

o Sodium chlorine 45.84g/l  

o Dextrose 8.0 g/l  

o Triethanolamine 2.29g/l [2]. 

 

PH 1.5-2  

Operated at room temperature.  

Cathode efficiency 90%  

Anode efficiency 100% (indium)  

 

Current density between 10-100 Amps/Ft2 and the composition put in the following 

way. 

 
Figure 7-2: Indium sulfamate plating bath composition [6]. 

 

Calculation of current density and deposition thickness 

 

Area opens for electroplating: 

Single octagon area with 30µm diameter, 

 

         
   

      
   

           

      
                 

 

Total area 
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Current used 0.025 Amps. 

 

Current density  
     

           
    

     

 

 

The plating deposition rate at 20 Amps/ ft2 at 90% cathode efficiency are 

0.001486"/hour and for 38 Amps/ ft2 is about 0.002823"/hour. 

 

The plating rate is about 0.002823"/hour [6]. 

Plating time is an hour. 

 

Deposition thickness =                            

 

 

For unit conversion, it is used:  

1m2 10.764ft2 

1 inch  0.0254m 

 

 

 


