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Piranha Clean                                    

製程技術於金-金熱壓式鍵結接面清潔度之研究及其應用於低溫熱壓鍵結技術之探討

學生：梁家瑋 

 

指導教授：鄭裕庭 教授 

 

 

國立交通大學電子工程學系暨電子研究所碩士班 

摘要 

本論文利用 Piranha 潔淨技術清潔金表面有機氧化物等污染，並可降低金表面

的接觸角，提升表面自由能，將此技術應用於金-金熱壓式鍵結接面以達到低溫

可熱壓鍵結技術之探討。經由實驗驗證於 Piranha 潔淨技術，可將原本傳統熱壓

式接合所需溫度 300 度，經由本潔淨技術在壓力為 100MPa，接合時間 180 秒之

接合條件下將結合溫度降低為 160 度，此技術將可應用在需要低溫接合之晶片封

裝而不須花費高額的費用。 
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ABSTRACT 

Typical solder bonding process for flip chip assembly is performed above 200°C.  

The bond usually comes with thermal stress, misalignment, structural damage 

resulting in the reliability problem of packaging assembly.  Besides, the pitch size of 

electrical input/output (I/O) is usually limited by the size of solder ball that further 

restricts the flip chip bonding technique for high density interconnecting application.  

Therefore, it is critical to develop the chip assembly technique with low processing 

temperature and small bump size.  In this paper, piranha cleaning process combined 

with a conventional under bump metallization (UBM) process have been developed 

for realizing low temperature Au-Au thermally compressive bond (<200 　 C)  and it 

has shown the potential for the applications of fine-pitch interconnect and 

System-on-a-Packaging (SOP).  Experimental results show that the gold content in 

the bonding surface can be increase 33.7% after a 240 seconds piranha cleaning to 

realize a Au-Au thermally compressive bond with a contact resistance of 45mΩat the 

conditions of 160℃ and  100MPa applied pressure. 
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Chapter 1 Introduction 

3D-IC or Si-Based System-on-Package (SOP) scheme have been proposed 

for microsystem fabrication in recent years shown in Fig 1.1.  Instead of 

building everything on a single chip, discrete components are designed, 

fabricated in separate chips, and then fully integrated by stacking together or 

assembling onto a silicon substrate via through substrate via and flip chip 

bonding technologies to form a microsystem.  Without having any material and 

process limitations, a compact microsystem can be realized with more design 

flexibility for better performance.  Nevertheless, the needs for a complex 

microsystem with more functionality but higher processing speed would never 

be stopped and it is foreseeable that high-end microprocessor combined with 

storage, graphic, communication, and sensor chips would become the next 

generation personal portable electronic device.  Therefore, in terms of the 

progress of assembly and package technology, it is inevitable to have high 

density interconnects occurring in the chip and package.  In fact, 2007 ITRS 

roadmap has disclosed that the need for the fine pitch ball grid array (FBGA) 

packages with 100um area array pitch by the year 2014 that requires much finer 

lines and vias than the current micro-vias of 50um diameter and lines and spaces 

of 25um [1]. 
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thermal expansion coefficient (CTE) mismatch between the substrate and 

bonding materials, large misalignment due to the thermal expansion of 

alignment mark, and material incompatibility to the material with low melting 

point.  Previously, Saito et al. has utilized the surface activated bonding (SAB) 

to realize high-density bumpless interconnection from Si chip to a polyimide 

substrate.  Besides, in 2006, the same group also demonstrated Si to Si 

bumpless ultrafine pitch interconnects using Cu SAB technique in which about 

0.1um bump height and less than 10um pitch can be succeeded [5].  Since the 

SAB mechanism is based on the adhesive force formed by two atomically clean 

surfaces produced using CMP and Ar-FAB in ultra high vacuum environment or 

Ar plasma irradiation to have intimate surface contact, low process uniformity 

toleration, long activation time (~30min), and special customized tool 

requirement will make this technique hard to be implemented in mass 

production.  In addition to the SAB, Fiedler et al. [6] has demonstrated nano 

lawn structures for microelectronic packaging application in which bonding 

temperature and strength could be greatly enhanced due to the recrystallzation of 

Au-Au nanowire-contact.  However, process complexity including the 

employment of anodic aluminum oxide or nanoporous polymer as plating 

template also makes the technique quite impractical for the proposed integration 

application.   

 

Previous research has shown that high pressures are required for 

interatomic attraction to overcome surface asperities in metals if the bonding is 

formed at room temperature [7].  The asperities can be further removed via the 

aforementioned surface cleaning processes.  Therefore, piranha cleaning 

process combined with a conventional UBM process [8] is proposed and 
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investigated to explore the feasibility for realizing low temperature Au-Au 

thermally compressive bond (<200℃) for fine-pitch interconnecting and SOP 

application.  Such a surface cleaning technique is simple without the needs of 

complex tools to achieve the Au-Au bond with reasonable electrical contact 

resistance.  In the study, Au-Au thermally compressive bonds will be formed in 

a flip-chip matter with Daisy chain design.  Via the electrical and mechanical 

characterizations using I-V measurement, X-ray Photoelectron Spectroscopy 

(XPS), Atomic Force Microscope (AFM) and Scanning Electronic Microscopy 

(SEM), the correlations within bonding conditions, interface cleanness, bonding 

strength, and electrical contact resistance of the Au-Au bond have been 

identified for future process optimization for related applications [9]. 
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Chapter 2 Experimental procedure 

2.1 Test sample structure design 

The structure of  bonding test sample is shown in Fig. 2.1, respectively. 

Ten corresponding bonding pads with complementary conducting lines are both 

designed on two separated carrier Fig. 2.1(a) and chip Fig. 2.1(b). Two  

alignment marks are set both on carrier and chip for flip chip bonding system 

during the bonding alignment. The bonding pads, wires and contact pads are 

fabricated by electro plating copper for 5um  and covered with electroless 

plating 1um Ni and 0.4um Au. The bonding pads for circular bonding 

interconnection and the diameter of bonding pad is 40um as  

shown in Fig. 2.1(d) can be calculated for required bonding pressure. Total 

length of wires is about 1100um which were designed appropriately for 

convenience of electrical resistance measurement.  Thus, the total contact 

resistance can be obtained by subtracting the resistance of line pattern (Fig. 

2.1(c)) from the resistance measured from two contact pads, A and A’, once 

carrier and chip are bonded. 
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 Alignment mark 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Structure of chip(a), carrier(b), and Line pattern(c) use for de-embedding (c). Chip 

and carrier bonded together and bonding pad were designed diameter of 40um(d). 

 

2.2 Test sample fabrication 

  The fabrication process of test sample is depicted in Fig. 2.2. First, a 

0.7um thick SiO2 was deposited onto a P-type  (100) silicon substrate by wet 

oxidation as shown in Fig. 2.2(a). Secondly DC sputtered Ti/Cu 300A/1200A 

onto oxide as seed layer as shown in Fig. 2.2(b). Then patterned AZ 4620 photo 

resist to define the region of copper wires and bonding pads as shown in Fig. 

2.2(c). The wires and contact  pads were fabricated by copper electroplating for 

5um as shown in Fig. 2.2(d) and remove photo resist as shown in Fig. 2.2(d). 7 

  40um 

Contact pad A (a)  (b) 

(c) 

Contact pad A' 

(d) 
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MEMs technology. Then dip the wafer into mixed Sulfuric Acid and Hydrogen 

Peroxide solution for several minutes to remove organic and inorganic 

contamination from the gold surface. To prevent any ion remain on the gold 

surface, strong rinse in DI water is required after this cleaning step.  

 

2.4 Flip chip bonding process 

   A carrier on the sample tray is picked up and set onto the heat stage, then a 

selected chip flipped over so that the backside surface can be held by upper 

heater. The two-sight  camera is inserted between the chip and carrier. Move 

and rotate the stage to fit the alignment mark on both side were overlapped. 

Retract the camera as long as the alignment operation is complete. The upper 

stage heated at set temperature and move down to exert specific pressure. 

Usually, bonding time is set within 180 seconds. As the clean process performed 

on Au bonding pads thermal compressive bonding process should be performed 

in few minutes due to gold surface may absorb organic substance when exposed 

to the atmosphere. 
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Chapter 3 Result and discussion 

Test sample was fabricated by steps as above, several measurements were 

set up and done. XPS analysis to identify Au content on bonding pads after 

cleaning, bonding pressure condition to find minimum pressure requirement, 

SEM picture of Au-Au bonding adhesion test and cross section are included, 

contact resistance measurement and AFM analysis shown as below. 
 

3.1 HDXPS Analysis 

Au surface contamination is always concerned in thermocompression 

bonding process. It is believe that the higher surface cleanness improved, the 

higher bonding strength can be achieved. Since there is not formed significant 

oxide film on gold at room temperature, and solubility of oxygen, carbon, and 

hydrogen in gold are all negligibly small, it is believed that gold absorbed 

organic substance when exposed to the atmosphere [10]. To examine  the 

effectiveness of surface cleaning  by Sulfuric Acid and Hydrogen Peroxide 

mixed solution, XPS analysis was performed on Au surface is shown in Fig. 3.1. 

It can be seen that after 240 seconds dipping into Sulfuric Acid and Hydrogen 

Peroxide mixed solution, the content of Au increase from 41.9% to 75.6% and 

organic contamination, such as carbon or oxygen decrease from Au surface. 

Compare with cleaning by Ar/H2 plasma after 1 minuite treatment, surface 

content of Au increased from 37.5% to 80.5% [9]. 
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Figure 3.1: XPS Content analysis of bonding surface by Sulfuric Acid and Hydrogen Peroxide 

mixed treatment and compared with SAB process[9]. 

 

3.2 Bonding pressure condition 

XPS analysis shows that Sulfuric Acid and Hydrogen Peroxide mixed 

cleaned after 240 seconds, Au contents rise up to 70%, which we chose as our 

typical clean time. To examine the failure mode of 40um Au bump, the test were 

carried out after bonding under the condition of different pressure. It was found 

that higher pressure bonding pressure lead chip to be bond after cleaning. In Tab. 

3.2, chip and carrier bonded at 160℃, the minimum pressure requirement  in 

this experiment is 100Mpa. 
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Pressure(Mpa) Bonded 

30 ╳ 

50 ╳ 

100 ○ 

120 ○ 

Table 3.2: Pressure condition (○-bonded, ╳-fail) 

 

3.3 Au-Au bonding adhesion test 

Fig. 3.3 shows the SEM picture of chip and carrier forcefully separated 

bonding transition structure in the bonding condition of 160  100Mpa for℃  180 

seconds. We know that failure occurs at the weakest region of bonded interface. 

In Fig. 3.3(a), copper wires and bonding pads on carrier were lifted by exerting 

external force as the carrier and chip are bonded together. Bonding pads were 

bonded tightly enough to lift off copper wire from carrier as the detail part of 

SEM picture shown in Fig. 3.3(b). In Fig. 3.3(c), shows the detail SEM image of 

lifted off bonding pad.  By using EDX analysis, sputtered Ti seed layer adhere 

on carrier after separation. As the result, we found out that the sputtered Ti/Cu 

interface is the weakest region to be broken. We have discovered that by using 

mixture of Sulfuric Acid and Hydrogen Peroxide clean, bonding strength is 

strong enough to break the interface between Cu and Ti. 
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Figure 3.3: SEM picture of chip and carrier separated by external force. 

 

3.4 Cross section 

Fig. 3.4 shows the SEM picture of the entire cross section image of the 

bonding area in the condition of 160 , 100Mpa, 180 secon℃ ds. The upper and 

lower bump were connect together with high accuracy and no damage was 

found at interface.  There is a lift off area between Si carrier and lower bump, 

was filled with broken pieces during polish process without unferfilling. As 

shown in figure, Several voids are found at both right and left ends of the 

bonding interface as the result of  bump deformation under high pressure. 

These voids may cause contact resistance increases. 

(a) 

Ti 

Bonding pad 

(c) (b) 
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Figure 3.4: SEM picture of cross section of Au circular bonding interconnection. 

 

3.5 AFM analysis 

The roughness of the  bonding pads play an important role in dominating the 

resistance between bonding pads. The decrease in the roughness leads to the 

increase in the bonding area. The RMS roughness values of electrodes surface, 

which are very large using in concept of SAB [11]. In comparison with SAB 

method mentioned in [9], roughness were in degree of 200nm to 400nm after 10 

minutes treatment, By using mixture of Sulfuric Acid and Hydrogen Peroxide 

clean, RMS roughness was measured  at 50nm as shown in Fig 3.5, would 

supply a good  bonding surface to bond with lower contact resistance.  

 

 

 

Upper Bump 

Lower Bump 

Si Chip 

    Si Chip 

Voids  Estimated Bonding 

Interface 

Ti/Cu seed layer 

40um 
Lift off area 
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Figure 3.5: AFM roughness measurement. 

3.6 Contact resistance measurement 

The contact resistance of each bonding pad can be derived by dividing the 

total

 

 resistance by the total number of bonding pads. The effect of  different 

bonding temperature on electrical resistance is shown in Fig 3.6. Under the 

bonding condition of 100MPa, cleaned for 240 seconds, bonding temperature 

increased from 160℃ to 300℃, the contact resistance decreased from 45 to 

17mΩ. The  higher  temperature applied on the contact area during the 

bonding  process, the more Au surface can be welded, and contact area 

between the electrodes is greatly increased, the more resistance is decreased. 
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Figure 3.6: Contact resistance measurement  for different Sulfuric Acid and Hydrogen 

Peroxide mixed treating time. 
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Chapter 4 Conclusion and Future Work 

4.1 Conclusion 

 We successfully demonstrate a cheaper Au surface clean process for Low 

temperature thermocompression bonding technology. By piranha clean for 240 

seconds interconnection can be bonded in condition of 160℃, 100Mpa. 

 

4.2 Future Work 

 How to improve piranha clean reliability is the main issue in this work. 

There is a super piranha clean mentioned in [12]. By using super piranha clean 

can lower the contact angle on Au surface and reach higher surface energy. 
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