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Abstract 

In hybrid pixel detector fabrication, high-density interconnection between focal plane 

array and the read-out integrated circuit is important. Bump bonding is the preferable 

assembly method, it is small in size, low cost, high performance and flexible I/O. Flip-

chip bonding is a vertical connection technique of focal plane array and top substrate 

with solder bumps. In this paper, Flip-chip bonding by electroplated indium bumps is 

described. There are advantages of using indium as the solder material. It is relatively 

inexpensive, it has good thermal and electrical conductivity, it is ductile, and it is 

cryogenically stable. Indium bumps with a diameter of 30 µm are successfully 

prepared by an electroplating method, however removing indium conductive layer 

after electrodeposition is challenging. The corresponding electroplating indium bump 

process is also discussed. Electrical measurement was applied to detect the connection 

integrity of the flip-chip assemblies. 

 Key words: Bumping, UMB (under bump metallization), electroplating. 
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1 Introduction 

Hybrid Pixel Detectors can be used in imaging applications, the pixel stands for the 

smallest sensing element which is able to grab information and deliver it to the readout 

chip. In manufacturing of such a detector, Flip-chip bonding by Solder bumps, is 

almost the only method that leads the device to show excellent performance. 

Solder bumps are small metal spheres which is grown in each pixel to be connected to 

the read-out chip using flip-chip machine. Selection of bumping material is another 

important issue. In this project indium has been used as a bumping material due to,  

 The ability of making very high-density connection between the detector and 

read-out chip. 

 The excellent plasticity of indium solder, it can form good bonds even at room 

temperature, hereby avoiding high-temperature bonding. 

1.1 Problem motivation 

Flip-chip bonding is a rapidly improving technology for production of pixel detectors. 

As a soldering material for this electronic interconnection, metallic lead combined with 

tin is extensively used, however medical studies have shown that lead has toxic 

properties and it is dangerous for health [5]. Therefore it’s recommended to use lead-

free solder bump for flip-chip applications.  

1.2 Overall Aim 

The overall aim of the project is to perform flip-chip bonding by indium bumps using 

standard silicon wafers, the processes includes deposition of under bump 

metallization(UBM), formation of indium bumps by using electroplating, aligning by 

a flip-chip bonding machine and characterization by electrical connection in-between 

the two substrates.  
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1.3 Verifiable Goals 

In the flip-chip bonding there are many consecutive laboratory works that has been 

carried out during the whole process.  

 Thermal growth of oxide layer 

 Photo lithographical process 

 Thermal evaporation process 

 Electro- deposition of indium 

 Aligning by using flip chip bonding machine 
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2 Related work 

UBM (under bump metallization) has a close relationship with bonding reliability and 

device performance. Normally, UBM plays the roles of adhesion to substrate, barrier 

and wetting to solder and constituting the ohm contact [1]. Titanium and nickel can be 

used as under bump metallization for indium bumps and consist of 300Å thickness of 

titanium for adhesion to the silicon oxide, and 2000Å thickness of nickel for adhesion 

to the indium. The titanium and nickel is evaporated on to the wafer, and then wet 

etched with patterned photoresist as an etch mask. Titanium and indium can be etched 

with 1% HF-solution and Nickle with HCL-solution [2]. 
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3 Theory  
3.1 Flip-chip technology  

Flip-chip bonding is a vertical connection technique which is almost the only way to 

realize the high-density interconnection between the FPAs (focal plane arrays) and the 

ROICs (read-out integrated circuits). Such bonding can offer, High-density I/O and 

Short interconnect distance, which can make the resulting device show excellent 

performance [1].  

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

precision of 1-2um, to make a perfect alignment, placing the pixels correctly over each 

other and making the chips level. Due to the adhesion between the bumps and the 

UBM, small misalignments are corrected automatically during the bonding process. 

To make a viable connection between the detector and the read out chip, heat or 

pressure is used. [2]. 

Finally bumps were reflowed multiple times and subjected to electrical test for the 

connection in between the two substrate. 

3.2   Solder bumps 

The solder adopted to bond the FPAs and ROICs is very important because some 

special requirements must be fulfilled such as temperature. In such an interconnection, 

indium is almost the only mating material that can be used because, it can stay ductile 

even at liquid helium temperature and form a good bond just at room temperature. 

Therefore, it can provide a flexible interconnection between focal plane arrays and 

avoid high-temperature bonding.  Its relative ease of making very small solder bumps 

is another advantage, which makes the very high-density connection possible [1]. 

Indium bump technology is a unique process used mainly for flip-chip bonding as low 

cost assembly process.  Because of its cryogenic stability, thermal and electrical 

conductivity, self-adhesive (ductile) nature and relative ease of application, indium is 

a good material for this application [6]. 
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For indium, which melts at 156°C, the reflow is done at 200°C. During the reflow, the 

indium form spherical bumps due to the surface tension. It is important that the reflow 

is done in an oxygen free environment, otherwise indium oxide can be formed as a 

result the desired bump shape could not achieved. For the reflow to be successful it is 

also important that the indium has good adhesion to the UBM [2]. 
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4 Methodology 
Different methods for fabrication of bumps  

Indium Bumps can be fabricated by different methods, however evaporation and 

electroplating techniques are the two primary methods. In Evaporation technique 

Indium is firstly deposited onto the substrate and then a lift-off process is performed. 

While in Electroplating technique Indium is electrodeposited onto the desired 

locations after a lithography process. Comparatively, the electroplating method is a 

cost effective and flexible indium bumping method [1].  

Therefore the electroplating method has been chosen for fabrication of indium bums 

in this project. For this method an anode of 99.999% pure indium bar and a plating 

solution containing indium ions are needed. The electro-plating time and current will 

be determined based on the information given by the manufacturer of indium plating 

bath [7]. 

 

Figure 01: Indium electroplating bath. 
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5. Implementation  

This experiment is performed on a 4 inch Si (100) single face polished silicon wafer and 

double side polished glass wafers. For photolithographic process three masks have 

been used with an octagonal opening of 30um and snack connections. The full process 

flow is shown in (App. A). 

5.1 Thermal growth of oxide layer 

Formation of silicon dioxide on silicon wafer is the first process in this experiment. 

Thermal oxidation is one of the methods for the growth of an oxide layer, which is 

placing of wafer in a heat chamber and exposing it for oxygen gas. Cleaning the wafer 

with a solution of sulfuric acid (H2SO4) and hydrogen per oxide (H2O2) with a ratio 

of 4:1 for 10min is done first, this will help to remove organic residues and is also very 

effective in removing particles from the surface. This treatment results in the formation 

of a thin silicon dioxide layer (about 10 AO) on the silicon surface. Then the wafer is 

immersed in an IMEX solution made of 3lit clean water, 30ml HF 50% and 3ml 

Isopropanol for 10 min to remove any oxides from the wafer surface, and then it’s 

important to dry it in a dryer.  

Finally for the oxidation process, keep the wafer in the furnace with a recipe program 

of wet Oxygen 1050g 1h for 6:35 hrs. But the oxidation process only takes an hour. 

5.2 UBM (under bump metallization) 

Titanium and nickel are used as under bump metallization. The UBM is consisting of 

300Å of titanium for adhesion to the silicon, and 2000Å of nickel for adhesion to the 

indium. The experimental results indicate that Ti/Ni has an excellent barrier effect both 

at room temperature and at 200 0C. A thin seed layer of Ti/Ni was evaporated directly 

on to a wafer(silicon dioxide layer) by using metal evaporator machine, which consists 

of about 300 Å Ti and 2000 Å Ni. Ti is used as an adhesion to silicon and nickel to 

indium as an under pump metallization. Once the evaporation of both metals has been 

completed the first photo lithographical process can be done, a positive photoresist 

1818 was spun, then exposed and developed to form the required patterns using 

bottom snake Mask-1. Finally stripping is done to remove the rest of photoresist 

followed by etching nickel and titanium respectively. 

http://en.wikipedia.org/wiki/Silicon_dioxide
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Figure 02:  Unscaled UMB (under bump metallization) 

 

5.3 Photolithographic process 

 

   5.3.1 Coating of photoresist 

The wafer is coated with a thick light-sensitive liquid called photoresist. The coating 

is applied while the wafer is spinning. The photoresist thickness depending on 

different spin speed and time. Then wafer is heated in order to cure the photoresist 

(soft baking) at 75-100oC for approximately 1 min. This step also improves adhesion of 

resist to wafer [8]. 

Two types of positive photoresist have been used for this project, 

 1818 positive photoresist as an etch mask for UBM. 

 A thick photoresist (ma-P 1275) patterned over the UBM used as a mask during 

the electroplating.  One layer of photoresist spun 3000rpm, will give a height of 

approximately 7, 5 um [4]. See App. D for more information. 

    5.3.2 Exposure to ultraviolet ray (UV) 

Parts of the wafer are selected for exposure through a mask between an ultraviolet 

light source and the wafer. A mask is a patterned square glass plate, this pattern is 

transferred onto the wafer surface by carefully aligning with the wafer using mask 

aligner. 
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       5.3.3   Development 

The wet etching process is done immediately after exposure, to remove the unwanted 

photoresist from the wafer. While etching a wafer is dipped into an appropriate 

developer depending on a photoresist used. See App. C for more information about 

the photoresist, exposure and development time. 

 

5.4 Electrodeposition of Indium 

Electrodeposition involves a wet electrochemical step to deposit the solder bumps. For 

the electroplating bumping process, a very thin layer of metal acting as the cathode is 

needed and its resistance is not negligible. This thin metal film is normally deposited 

prior to bumping and known as the seed layer [3].  After the wafer prepared with 

UBM, a blanket layer of indium is deposited on the wafer acting as seed layer for bump 

growth. This seed layer of indium is 5000 Å and covers all the area of the wafer. Then 

the second photolithographic process is performed with Ma-P 1275 positive tone 

photoresist. The photoresist pattern acts as a mask to selectively expose the conductive 

area to the electrolyte. Finally, the wafer is immersed into an indium sulfamate plating 

bath and acts as the cathode also an anode which is 99,999% pure indium is utilized to 

complete the circuitry. Electrical connection is made through the edge of the wafer and 

the indium bar. The current density suitable for electrodeposition was calculated 

approximately 38mA/cm2 (see App D).  

 

 

Figure 03:  Electrodeposited Indium. 
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5.5 Seed layer etching and reflow 

After completing the electrodeposition, the next step is stripping the photoresist 

patterns and removing the seed layer to reveal the isolated indium bumps. The indium 

seed layer should be removed prior to the reflow step. Wet etching will affect indium 

bumps in the reactions for this reason, it is acceptable if only small amounts of indium 

bumps are etched away due to the reactions, because the seed layer was very thin and 

it was not significantly reduce the height of the indium bumps after etching. 

 

Figure 04:  Electrodeposited indium after stripping and seed layer etching. 

 

Once the indium seed layer was removed, the indium bumps were reflowed. The 

samples were heated up to 200 ºC in an oven with a continuous flow of nitrogen and 

held for 30 seconds to allow melted indium to form a spherical shape by surface 

tension [1, 2]. It is important that the reflow to be done in oxygen free environment in 

order not to form indium oxide, once indium oxide is created it make the reflow 

process difficult.  

 

Figure 05:  Indium bumps after reflow. 
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5.6 Flip-chip bonding and test 

In this experiment an indium bump array chip is bonded to the top substrate via the 

flip-chip method. In this process temperature and pressure are the most crucial factors. 

The flip-chip process was performed at room temperature due to the excellent 

plasticity of indium at room temperature. After successful preparation of sensor with 

bumps and read out chip with UBM and, mating both parts on a flip-chip bonding 

machine. Finally the device were reflowed multiple times for self- alignment and then 

subjected to electrical test to detect connection integrity in between the two substrate. 
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6 Results and Discussion 
6.1 Bottom substrate 

6.1.1 UBM (under bump metallization) 

Under bump metallization of Ti 300Å and Ni 2000Å thick, Figure 1,2 shows isolated 

UBM after etching Nickle with HCL-solution and etching Titanium with HF-solution 

(see APP. B) using an etching mask, mask 2(see App. E) 

 

Figure 06: UBM (Under bump metallization) of Ti 300Å and Ni 2000Å thick. 

 

6.1.2 Octagonal Opening over UBM  

Through different sampling, exposer and developing time is determined, to open a 

hole over the UBM using mask 2 (see APP. E). Prior to that, wafer was ready with a 

conductive layer of indium 5000Å thick followed by coating of thick photoresist Ma-

P1275.  Finally octagonal holes with a diameter of 30µm is ready for electroplating see 

the figure below. 
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Figure 07:  30 µm diameter octagonal holes on photoresist down to the UBM. 

 

6.1.3 Electroplated Indium  

After calculating open area and determining the current value for electroplating (see 

App. D), the indium electroplating has been done. Approximately 35.88µm high 

uniform indium deposition was achieved by making test samples, in the first samples 

it was impossible to get uniform indium deposition since the mask was old there was 

openings besides the octagons, finally after covering those openings by photoresists 

indium was deposited on the targeted place see figure 08. 
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Figure 08: Electrodeposited Indium in different magnification scale. 

 

6.1.4 Reflowed indium bumps 

Stripping is performed to remove the rest of photoresist followed by etching the 

conductive layer of indium (see App. B for etch recipe). Afterwards reflow has been 

made, with a continues flow of nitrogen  in a 200°C hot covered plate for 30 s, to melt 

electrodeposited indium forming spherical balls, see Figure 09.  

 

Figure 09:  Reflowed indium bumps after stripping and seed layer etching in dif-

ferent magnification scale. 
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Figure 10:  High magnification view of reflowed indium bump. 

For high magnification view the sample of reflowed indium bump is viewed by a SEM-

microscope, see figure 10. As has been observed already the deposited indium formed 

a sphere like structure, and underneath are some indium left over after reflow.  

6.2 Top Substrate 

The top substrate is prepared with a borosilicate glass wafer. Similar to the detector 

under bump metallization, Ti 300Å and Ni 2000Å are evaporated on wafer layer by 

layer. After photolithographic process using top snake mask 3 (see App. E), wet 

etching of Ti and Ni is performed.  Figure 10 shows deposited UBM after etching. 

 

Figure 11: Top substrate with UBM. 
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6.3 Dicing  

Wafer dicing is performed using a Micro Automation Programmable Dicing Saw. 

During dicing, the wafers are mounted on dicing tape which has a sticky backing that 

holds the wafer on a thin sheet metal frame. Different cutting blade has been used to 

dice silicon wafer and glass silicon wafer .Once a wafer has been diced, the pieces left 

on the dicing tape are referred to as die (see figure 12) 

Figure 12:  Chips after dicing. 

 

 

 

 

 

 



Flip-Chip Bonding by Electroplated Indium Bumps  

Tizita Yeshitela                                                                                                         2016-01-14 

__________________________________________________________________________ 

 

23 

 

6.4 Integrated chip by flip-chip bonding 

The bottom and top chips are mated and reflowed again for 20 min at 180 oC in a 

furnace. Samples are successfully bonded as shown in the figure below and ready for 

electrical test.  The electrical test conducted to check the connection between the two 

substrate shows no connection.  

Figure 13:  Sample-1 after flip-chip bonding and reflow. 

Another sample mated with 2kg pressure and reflowed at 250 oC temperature for 100 

s. As shown in figure 14, the bumps collapse however the electrical test conducted 

across the pads has a linear current-voltage (I-V) curve which is pure Ohmic behaviour 

with a measured value of 2kΩ resistance. The corresponding characteristics current-

voltage curve (I-V curves) is shown below in figure 15. 

 

Figure 14:  Sample-2 after flip-chip bonding and reflow. 
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Figure 15:  Current-voltage characteristics curve across the pad sample-2. 

Resistance of a nickel specimen with length 1,4cm and cross sectional area of 2x10-8 

cm2 can be calculated as; 

R = ρ L / A     [9]        

Where, 

R = resistance (ohm, Ω) 

ρ = resistivity coefficient (ohm cm, Ω cm) 

L = length of wire (cm) 

A = cross sectional area of wire (cm2) 

Resistivity coefficient (ρ) of nickel is 6, 99x10-6 Ωcm [9]. 

 R =
1,4 ∗ 6,99 ∗ 10−6

2 ∗ 10−8  

R ≈ 490 Ω 

Calculated resistance of nickel is reasonable, since the thin film resistance is higher 

than bulk resistance.   
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7 Conclusion and Future Work 

The crucial step for the bump bonding technology is how to effectively fabricate 

uniform bumps onto the desired areas of the wafer. In this thesis, Fabrication of indium 

bumps for flip-chip bonding has been achieved successfully through successive 

laboratory experiment.  

Exposure and developing time for the photoresist have been determined in a 

photolithographic process.  In order to get uniform deposition of indium throughout 

the hole, it is needed that the photoresist got opened down to the UBM. 

Wet etching of titanium, nickel and indium are performed through laboratory 

experiment. Here the etching time plays great role for the end result, since very short 

period of time causes over etching. 

Indium bump arrays have been successfully prepared using the electroplating 

method. During electroplating current should flow in the right direction and the 

surface of wafer outside of the opened area which we want to deposit indium should 

be covered with photoresist. 

One of the difficulties in this project was how to remove the seed layer after 

electroplating. Through careful controlling, the seed layer can be successfully removed 

via wet etching since the seed layer is very thin compared to the deposited indium 

which is about 35,88 µm and the etching effect on the deposited indium is not 

significant. 

During reflow in which the deposited indium is forming spherical bumps, the indium 

need to have good adhesion with the UBM, and the shape should be similar to the final 

bumps. It is also important to have shorter time between etching of the conductive 

layer and reflow, since it doesn’t give a chance for the formation of indium oxide which 

makes the reflow process difficult.  

Electrical test conducted for flip-chipped samples shows pressure and temperature are 

crucial factors for the bonding process. Therefore the results in this experiment leads 

to the following recommendations for future work, 

 Investigation of indium bump quality for a successful bonding. 
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 Perfection in Flip-chip bonding process which makes the electrical connection 

possible in between the two substrate with a controlled bonding height.  
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9 Appendixes 
Appendix A: Detail Experimental steps 

A 4 inch (100) silicon wafer is used as bottom substrate. In the final process of 

fabricating bumps on the test structure, step 1-9 will be carried out using mask 1 and 

using the old mask the process starts from step 10-18. For the top wafer preparation a 

3 inch glass silicon wafer is used and the same process carried out step 1-9 again but 

using mask 3.   

Under bump metallization  

1. Evaporation of titanium (300Å).  

2. Evaporation of nickel (2000Å).  

3. Spin coating positive photoresist, 1 layer.  

4. Pre-bake, 1min., 100°C.  

5. Exposure, 8sec., mask 1.  

6. Develop, 60sec.  

7. Wet etching of nickel (etch recipe see App. B).  

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

9. Strip remaining photoresist, 10min.  

 

Indium bumps  

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

11. Spin coating thick positive  photoresist(Ma-p 1275), 1 layer.  

12. Pre-bake, 1min., 100°C.  

13. Exposure, 15s., using old masks, mask 2 ).  

14. Develop, 10min.  
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15. Electroplating of indium. Indium sulfamate plating bath (see App. D). Current: 

0.25Amps. Time: 30min.  

16. Strip remaining photoresist, 10min.  

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

18. Reflow on hot plate (200°C), with flow of nitrogen.  

 

Appendix B: Wet etching (Chemical etching) 

 
Titanium and Indium  

To etch titanium and indium we can use the same recipe. 

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

300Å of titanium is etched in approximately 5 seconds. 

5000Å of indium is etched in approximately 5 seconds. 

 

Nickel  

Nickel can be etch by HCl-solution (8:1:1, H2O:HCl: H2O2).  

2000Å of nickel is etched in approximately 15 minutes. 

 

Appendix C: Photoresist 

A positive tone photoresist ma-P 1275, with a ma-D 331/S developer is used for 

electrodeposition. For 7.5 µm film thickness 30 sec spin time is needed at coating speed 

of 3000 rpm [4]. 

During the exposure the light source has an intensity of 16mW/cm2, in which an 

exposure time of 15s and 10 min developing time was determined. 
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Figure 16: Thickness Vs spin speed of Ma-P 1275 photoresist [4]. 

 

Appendix D: Electrodeposition of Indium 

A ready- to-use indium sulfamate solution is preferred plating bath for indium 

electrodeposition, since sulfamate baths are very stable compared to others and are 

considered as one of the easiest baths to control and operate. According to the 

datasheet recommended pH value of the bath is between 1.5 – 2.0 and the process can 

be operated at room temperature with Cathode efficiency 90% and Anode efficiency 

100% (indium bar). The range of current density is between 10-100 Amps/ft2 and 20 

Amps/ft2 preferred current density [7].  
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Calculation of current density and deposition thickness  
 
Area opens for electroplating:  

 

Area of single octagon holes  =
2s²

1+√2
 

             = 7,456*10-10m2 

 

Total area = 7,456*10-10 x 20 x 642   = 6,5745*10-4 ft2 

 

Current used 0.025Amps.  

 

Current density = I/A = 0,025/ 6,5745*10-4 ft2= 38,025µAm/ft2 

 

The plating rate is about 0.002825 inches/hour.  

Plating time is 30 minutes. 

 

Approximate deposition thickness is 35,88µm. 
 

 
 

Appendix E: Snake masks 

For the whole photolithographic processes three masks have been used, each mask 

consists of 20 chips and is patterned with a positive photoresist. The content of the 

mask is shown in table 1. 

Table 1: Content of mask 

Pixel 

size(µm) 

Chips per 

mask 

Pixel per 

chip 

No of snake 

per chip 

No of pixel 

per mask 

30 20 4096 1984 81920 

Mask 1 

Mask 1 which is used for the detector (bottom substrate).  It is an etch mask for the 

UBM and snake, resulting in UBM and snake structure after etching titanium and 

nickel.  
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Figure 17: Mask 1 (Bottom snake structure wafer level). 

 

 

Figure 18: Bottom snake structure chip level. 
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Mask 2 

Mask 2 which is used for the detector (bottom substrate). It is applied for the second 

photolithographic process after evaporation of indium seed layer gives opening for 

electroplating over the UBM. 

 

Figure 19: Part of mask 2 showing opening for electroplating. 

 

Mask 3 

Mask 3 which is used for the top substrate. It is an etch mask for the UBM and snake, 

resulting in UBM and snake structure after etching titanium and nickel. 

 

Figure 20: Part of mask 3 showing top snake structure. 

 

 

 


