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Abstract 

Through Silicon Vias (TSVs) are vertical interconnections providing the shortest possible 

signal paths between vertically stacked chips in 3D packaging. In this thesis, TSVs are 

fabricated and two novel approaches for the metal filling of TSVs are investigated. A wire 

bonder is utilized to apply TSV core material in the form of gold stud bumps. The metal 

filling approaches are carried out by 1) squeezing stud bumps down the TSV holes by 

utilizing a wafer bonder and 2) stacking stud bumps on the outer periphery of the TSV holes 

and thereby forcing the material further down. Both approaches have successfully filled TSV 

holes of varying depths and no voids have been observed.  The squeezing approach reaches 

measured depths of up to 52.9 µm and the stacking approach reaches depths of up to 100 µm.  

 

 

 

 

Sammanfattning 

Through Silicon Vias (TSVs) är vertikala ledningsbanor med vilka kortast möjliga kopplingar 

erhålles vid 3D-integrering av staplade mikrochips. I detta arbete tillverkas TSVs och två nya 

metoder för att fylla TSV:erna med metall undersöks. Metoderna använder sig av en 

trådbonder för att placera ut fyllnadsmetallen i form av s.k. stud bumps i guld. Den första 

metoden pressar ner stud bumps i TSV-hålen med hjälp av en wafer bonder-maskin. Den 

andra metoden staplar stud bumps över TSV-hålen och forcerar på så sätt material djupare ner 

i hålen. Båda metoderna fyller TSV:erna av varierande grad och inga tomrum har observerats. 

Den första, pressande, metodens fyllning når upp till 52.9 µm och den andra, staplande, 

metodens fyllning når upp till 100 µm.  
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1 Introduction   

 

The urge to improve existing devices and make new devices smaller, faster and cheaper is 

what is driving the evolution of technology forward. One approach to improve device 

performance is 3D-integration where multiple chips are vertically stacked onto each other and 

connected with through silicon vias (TSVs). This thesis deals with two novel approaches of a 

maskless metal filling for TSV fabrication. These approaches are based on the use of an 

automated wire bonding machine.  

 

1.1 Background 

 

Making electronic devices smaller has many advantages. With smaller devices one gains 

higher speed, density and performance while at the same time the cost per chip is decreased 

[1, 2]. The IC industry’s downscaling of devices has lived up to Gordon Moore’s 1965 

prediction, known as “Moore’s law”; that the number of components per chip would double at 

roughly every other year [3]. This is what has been driving the microelectronic industry 

forward at such amazing speed [4]. The downscaling of devices is now closing in on the 

physical limits resulting in a tradeoff between power consumption and performance which 

will be both expensive and complicated to overcome [3, 5, 6]. With device feature sizes 

reaching its minimum, the main bottleneck for system performance is the wiring of 

interconnects.  

Interconnects are classified into three different groups: within a functional block (local), 

between functional blocks (semiglobal) and longer, spanning the entire circuitry, (global). 

Shorter interconnects result in smaller signal delay and less parasitic losses leading to higher 

speed and lower power consumption [7-9]. To achieve shortest possible global interconnects 

in the most commonly used 2-dimensional (2D) approach, different assembly techniques of 

several functional blocks or chips have been made. Examples of these assemblies are system-

on-chip (SoC), where several functional blocks are situated on a single chip, and 2D system-

in-package (SiP), where several chips are mounted on a single substrate, much the same as 

with the multi-chip module (MCM) [4, 9, 10].  

By stacking chips vertically, so called 3-dimensional (3D) integration, the lengths of the 

interconnects are greatly shortened resulting in a further decrease in power consumption while 

speed is increased. Also, as size is reduced one saves in on both weight and valuable footprint 

area [6, 10-12]. One way of implementing 3D integration with extremely short inter-die 

connections is by using the TSVs. A TSV is a vertical interconnect, most commonly of 

cylindrical shape [3], which is leading completely through the substrate. The use of TSVs is 

today the most efficient approach to 3D-integration [2]  and can ease the integration between 
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different technologies such as IC- and MEMS chips [10], help spread out fine-pitch circuitry 

through interposers [4] and have a wide range of other applications. The sidewall of a TSV is 

clad with an insulator for electrical isolation whereas the core of the TSV is filled with a 

conductive material, typically a metal [3]. There are many different methods used to fill the 

TSV with metal. The most common method is electroplating, which for high aspect ratio vias 

takes very long time and voids are likely to appear [13]. Therefore the search for a fast, cheap 

and reliable method is still ongoing. Among the different methods tested are; molten solder 

[14, 15], metal paste [16] and wire-bonded metal cores [10].  

 

1.2 Problem and Method 

  

Filling of TSVs is a cost-intensive process of the TSV fabrication [10] and thus, there is a 

need to improve this particular fabrication step. Two novel approaches of TSV filling, using a 

wire bonder, are proposed and should be investigated in this thesis.  

 Are both, or any, of the approaches feasible?  

 Do the approaches provide complete and void-free filling? 

 How well do the approaches compare to each other? 

The aim of this thesis is to conduct a proof-of-concept of these novel approaches of TSV 

filling. A wire bonding tool is utilized for placing the metal core of the TSV. Implementing a 

wire bonder is beneficial for this specific application as it fills the TSV in a back-end process 

with no lithography steps required. Wire bonding is a mature technology with wide 

availability allowing for reduction of time, cost and effort in the overall TSV process.  

Material and information regarding wafer fabrication techniques, TSV manufacturing and 

wire bonding technology is collected from a variety of different sources. Articles, conference 

proceedings and entire books are accessed online via the KTH library system [17] (KTHB 

Primo) and Google Scholar [18]. The regular KTH library is also used to find certain books.  

The metal core filling of TSVs by wire bonding originates from previous work by Mikael 

Antelius et al., who utilized gold stud bumps to seal off cavities [19, 20]. Published results 

show not only a successful sealing approach, but also the potential metal filling of vertical 

cavities. The experiments also used coining (mechanical flattening of the stud bump) to 

further seal the entrances. In this thesis, different methods for applying and deforming the 

gold are investigated for the use in TSV metal filling. To determine how much of the TSV is 

filled, i.e. determine the depth of the applied material, an optical microscope is used for 

backside measurements by shifting the focus point. For more accurate evaluations sample 

cross sections are imaged using both optical microscope and scanning electron microscope 

(SEM).  
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100 µm thick wafers are used for proof-of-concept. A very thin wafer will facilitate I-V 

measurement characterization on potentially completely filled TSVs, as any wafer thinning 

steps are eluded. 

1.3 Outline 

 

The thesis is structured in the following manner:  

 

Chapter 2 briefly describes the TSV- and wire bonding technology and in particular the stud 

bumping application which is used in this thesis. It continues by explaining theoretical back-

ground and process flow for the two filling approaches.  

Chapter 3 gives a step by step description of the fabrication of the TSV wafers followed by a 

detailed description of the experiments conducted using the two TSV filling approaches. 

Chapter 4 presents the results and also includes a general discussion around the outcome. 

Chapter 5 contains conclusions drawn from the experiments and results, comparing them to 

the expected outcome, answering the problem statements. The future outlook for the 

approaches is also discussed. 

Chapter 6 provides a brief summary of the work.  
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2 Theoretical background and Method 

 

This chapter presents a basic knowledge of TSV fabrication techniques and geometrical 

designs. It also describes, in short, the wire bonder tool and its functions that are relevant for 

this thesis work. The theory behind the two filling methods are reviewed and explained in 

detail and finally the mask layout for the TSV arrays is presented. 

 

2.1 Through Silicon Vias (TSVs) 

 

One approach to create inter-chip connections in 3D integration of stacked chips relies on the 

TSV technology. A TSV is a vertical connection going through the substrate, resulting in the 

shortest possible signal paths and high interconnect density as compared to many other 3D 

technologies, such as wire bonding on staggered chips. TSVs can also be used to extract heat 

and deliver power to each chip [3]. Figure 2.1 shows a 3D-SiP with TSV connections.  

 
Figure 2.1 3D-SiP with TSVs connecting stacked dies to the substrate. 

 

The TSV is a simple and elegant design, essentially consisting of three main parts; the via 

hole, a conductive core (usually Cu) and an insulating dielectric layer (usually SiO2). The via 

holes are fabricated using dry or wet etching or drilling processes [3, 21]. Typical TSV 

diameters are 100 µm but can vary between a couple of microns and up to several hundreds of 

microns depending on desired applications. Most aspect ratios for TSVs are in the range of 1 
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to 10 [2, 10]. Currently, the most common technique used for metal filling is electrodeposition 

of copper. It is a time-consuming process, taking from a couple of hours to 15 hours, 

depending on the TSV design. Metal filling of high aspect ratio (HAR) TSVs shows a high 

risk of void formations which affects the TSV electrical properties negatively and lowers the 

yield. Thus, electrodeposition of copper is very costly. It makes up for as much as 40% of the 

total TSV fabrication cost, and much resources are spent to improve this particular step [13, 

15, 16, 22]. 

 

2.1.1 Different Types of TSVs  

 

Various types of TSVs have been proposed and implemented. Designs and fabrication 

methods are optimized for application specific purposes. Figure 2.1 below shows four 

examples of different TSV types. The most common is the regular TSV (figure 2.2 a). It has 

straight sidewalls and can be either squared or, more commonly, cylindrical. The annular TSV 

(figure 2.2 b) has a non-conductive inner core surrounded by a conductive metal and a 

dielectric layer. The fabrication cost of annular TSVs, as compared to regular, is lower but 

requires a smaller cross sectional area to achieve the same conductivity.  

 
Figure 2.2 Cross-sectional and top views of four different types of TSVs; regular, cylindrical (a), annular 

(b), tapered (c) and coaxial (d), with substrate, metal filling and dielectric layer marked out [3]. 

 

A tapered TSV (figure 2.2 c), having tapered sidewalls, is more resistive than a regular TSV 

[3]. Other types have been proposed, such as the coaxial TSV (figure 2.2 d) which has a 

grounded metal layer within the dielectric to provide extra shielding. However, there are 

currently no mature technologies capable of fabricate the coaxial TSVs [3]. In this thesis only 

non-tapered, cylindrical, TSVs are targeted. 
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2.2 Wire Bonding 

 

In the early days of transistor manufacturing wire-bonding, that is connecting dies to packages 

or substrates, was handled manually. [23]. Today, wire bonding is by far the most commonly 

used method for first-level interconnects (chip to board/package), making up for over 90 

percent with an estimated 8-9 billion bonded wires per year as of 2008 [24, 25]. Wire bonding 

is a mature back-end process. It is characterized by its high throughput and placement 

accuracy and comes in two principle methods: wedge-wedge bonding and ball-stitch bonding 

(also known simply as ball bonding, see figure 2.3). These approaches have not changed 

significantly in over 30 years [25]. 

Figure 2.3 Process flow of thermosonic ball-stitch bonding. An electrical flame-off creates a free air ball  

(a) which is bonded to a metal bond pad (b) aided by thermal heating, mechanical force and ultrasonic 

energy (c). The capillary moves in a desired loop (d) to the next pad and performs a stitch bond (e). The 

capillary is then lifted (f), the wire clamp closes and the wire breaks at the bond pad (g). Picture courtesy 

of Andreas Fischer. 

In this work ball bonding is used. It offers a high throughput since the capillary can approach 

a new bond pad from any direction and the wire can continue in any direction after the initial 

ball bond. At the start, the tip of the bond wire, called tail, sticks out of the capillary. The tail 

is melted during an electrical flame-off (EFO) discharge and then solidifies as a sphere due to 

surface tension, creating a free air ball (FAB) of desired size. This leaves the immediate 

connection between the ball and the wire with a section containing lager grains than the rest 

of the wire. This zone is known as the heat affected zone (HAZ) and has about 20% lower 

hardness [25]. The FAB is centered at the capillary, which then moves to the first metal bond 

pad. The FAB is welded to the bond pad using one of three different bonding mechanisms; 

thermo-compression using thermal heating and mechanical force, ultrasonic using a 

combination of ultrasonic energy and mechanical force and thermosonic which is a mixture of 

the two previous mechanisms [21] and shown in figure 2.2. After the ball bond is performed 

the bond capillary moves in a programmed trajectory to the next bond pad. There it performs 

a stich bond, squeezing down on the wire, thereby welding it to the pad. During the stich bond 

the end of the wire gets greatly weakened. The capillary then moves upwards to create a tail 

of desired length and when the wire clamp closes the tail breaks at the weakened part of the 

stich bond and the cycle can be repeated. In this work the wire bonder used is a fully 

automated ESEC 3100+ (ESEC Ltd, Switzerland) offering features such as pattern 

recognition and having a bond placement accuracy of 2.5 µm (3σ). The wire used is a Heraeus 
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25 µm in diameter AW14-wire consisting of 99.99% gold. As gold is the most malleable of 

all elements [26], it is highly suitable for metal filling of TSVs.  

Wire bonding has been utilized for various different applications other than creating 

interconnections through wires. Among them are using the bonded wire as actuator, sensor or 

antenna in MEMS applications [27], fabrication of microcoils [28], die attachment in 

packaging [29] and different TSV filling techniques [30, 31]. Also, wires of materials that are 

normally non-bondable can be integrated in MEMS structures using anchoring techniques 

[32]. 

 

2.2.1 Stud Bumping 

 

A well-established wire bonding technique is the fabrication of stud bumps by utilizing the 

wire bonder. Primarily, stud bumping is utilized for packaging applications, i.e. flip-chip. 

After stud bumps have been placed on the backside of the die, the chip is flipped around and 

assembled to a package face down. Stud bumping for flip chip applications is, however, 

mostly used for low volume productions [23]. In this work the stud bumps are fabricated by 

thermosonic bonding where thermal heating of the chip/wafer, compression force and 

ultrasonic energy is used at the same time. This gives more options for tuning the energy 

settings during the bonding process. Bumps can be flattened down once deposited, to ensure 

that all bumps are of equal height, have a flat surface and give an increased bonding area – a 

method known as coining. The placing of additional bumps on top of each other is a method 

known as stacking, and can be used to create a standoff relieving stress in thermal cycling 

[25]. 

 
Figure 2.4 Process flow of stud bumping. The FAB is created by an EFO (a) and is bonded to a bond pad 

as in the ball-stitch bond (b and c). After a lateral movement to weaken the wire, the capillary is lifted (d) 

and when the wire clamp closes the wire breaks (e). Picture courtesy of Andreas Fischer. 

The stud bumping technique is a modification of the ball-stich bonding procedure. The FAB 

is bonded to a bond pad in the same manner as in the conventional ball-stich approach. After 

the initial welding the capillary moves upwards, above the capillary imprint made on the ball. 
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The capillary then performs a lateral shearing movement, thereby plastically deforming the 

top of the bonded ball. The result is a flat top surface and a weakened ball-wire interface. The 

bond capillary then moves upwards. At a defined position the wire clamp closes, breaking the 

wire at the weakened part. The remaining wire outside the capillary is then used as a tail to 

create the next FAB. The deformed FAB is left as a stud bump on the surface. A schematic of 

the bumping process can be seen in figure 2.4.  
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2.3 Filling of TSVs using Stud Bumps 

 

Two different approaches to fill TSVs using stud bumping are investigated. 

 Squeeze-fit method: Place a stud bump on the TSV opening and use a wafer bonder 

to squeeze the metal into the TSV. 

 Stud bump stacking method: Place a stud bump on the TSV opening and then place 

another stud bump on top of the first one thereby pushing it further down the via. 

Stack as many stud bumps as is necessary to fill the TSV completely. 

The following sections provide the theoretical background as well and describe the 

implementation of both approaches in detail. 

 

2.3.1 Squeeze-Fit 

 

Placing of stud bumps over cavities to seal off entrances has previously been shown to work 

with the side effect that part of the bump is squeezed down into the cavity. By using even 

more material (i.e. larger stud bumps) the possibility to completely fill up a TSV is 

investigated.  A FAB is generated and is thermosonically bonded around the outer periphery 

of a TSV hole. To promote welding of the bump the wafer surface needs to be metallized. As 

in the conventional stud bumping process, a shearing movement is performed and the wire is 

broken off at the ball-wire interface. In this manner a complete test array of TSV holes are 

bonded with stud bumps. The bumped wafer is then put in a wafer bonder, placed between 

two silicon wafers to protect the holding chucks from any gold residues. The wafer bonder is 

utilized to apply a load, squeezing the material further down into the TSV hole. Figure 2.5 

shows the squeeze-fit process schematics.  

 
Figure 2.5 Process schematics of the squeeze-fit approach. A FAB is created (a) and bumped around the 

periphery of a TSV hole (b and c). A wafer bonder is utilized to squeeze the material into the TSV hole (d) 

and leaves the TSV completely filled with a characteristic “coin” on the surface (e). 
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The volume of a TSV hole can be estimated as the volume of a cylinder with the height 

defined by the wafer thickness. The required FAB size to succeed with a complete filling of 

the TSV can then be calculated using equation 2.1 and 2.2 below. 

2 34

3
TSV TSV FAB FABV r h V r              (2.1) 

2 3 23
4 3

3 4
TSV FAB TSV FAB FAB TSVV V r h r r r h                              (2.2) 

To ensure complete filling of the TSV hole the volume of the FAB should be larger than the 

volume of the TSV hole, that is VTSV < VFAB. The leftover material will cumulate over and 

around the TSV hole, forming a coin after the squeezing process. Other parameters need to be 

optimized, such as the placement of the stud bump, bumping parameters and wafer bonder 

parameters.  

 

2.3.2 Stud Bump Stacking 

 

The stud bump stacking approach takes advantage of the speed and accuracy of the wire 

bonder enabling more material to be placed into TSVs with high aspect ratios. Placing stud-

bumps on top of each other is a technique commonly known as stacking. In this approach the 

stacking will take place over a TSV hole. First, a FAB with a matching TSV hole diameter is 

placed into a TSV hole. After that, another FAB is bumped on top of the initial one, merging 

them together and forcing the material further down the TSV hole. The procedure is then 

repeated until the TSV hole is filled. Process schematics of the stud bump stacking are shown 

in figure 2.6. 

 
Figure 2.6 Process schematics of the stud bump stacking approach. A FAB is created (a) and is placed 

over a TSV hole (b and c). The procedure in (a), (b) and (c) is then repeated so that the second stud bump 

is placed on top of the already existing bump (d and e). The second stud bump will force part of itself and 

the first bump further into the TSV hole and eventually the hole will be completely filled (f). 

Several stacked stud bumps ensure a completely filled TSV. To facilitate clean bump stacks 

the top surface of the lower bump needs to be as flat as possible. Conventional stud bumping 

is performed on contact pads or otherwise solid structures, thus the stacking on top of cavities 
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needs to be thoroughly investigated. Also the FAB sizes and bumping parameters will need to 

be carefully optimized to create a continuous and void free filling. 

 

2.4 TSV Layout  

 

For the experiment, sparse arrays of TSVs with varying diameter have to be fabricated. Each 

array consists of 10 rows and 10 columns, totaling 100 TSVs of the same size. There are 

fourteen different TSV sizes with diameters varying from 20 µm up to 55 µm according to 

figure 2.7.  The fourteen arrays form an area and there are six identical areas across the wafer. 

The TSV pitch is 350 µm for all sparse arrays.  

 Figure 2.7 Overview of an area of sparse TSV arrays with diameter in µm indicated below each array. 

One wafer consists of six identical areas. 
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3 Fabrication  
 

This chapter describes the wafer-level fabrication process. The etching of the TSV holes and 

passivation of the sidewalls is presented in the first part. The second part describes in detail 

the TSV filling, using the squeeze-fit- and stud bump stacking approaches. 

  

3.1 Via Fabrication 

 

For these proof-of-concepts two 100 mm wafers, 100 µm thick and double side polished 

Silicon (Si) are used. The wafers consist of arrays of TSV holes with diameters varying from 

20-55 µm. Figure 3.1 shows a process flow chart of the wafer-level fabrication of TSV holes. 

 
Figure 3.1 Process flow for wafer level fabrication of TSV holes. Starting out with a clean silicon wafer (a), 

photoresist is deposited (b), exposed to UV-light through a mask and developed (c). The opened windows 

are then dry-etched creating the straight, vertical through opening (d). Thermal oxidation grows a silicon 

dioxide layer on the sidewalls acting as insulator (e) and, finally, a gold layer is sputtered on the wafer top 

side (f).   

 

3.1.1 Lithography 

 

The first step in the lithography process is to apply hexamethyldisilazane ([(CH3)3Si]2NH), 

more commonly known as HMDS. The HMDS is used to promote adhesion between the 

wafer surface and the photoresist which will be applied in a later stage. Deposition of HMDS 

is done using a HMDS vapor prime oven Star 2000 (Imtec, USA). The wafer is placed in a 

vacuum chamber which is purged with nitrogen. The chamber is heated up to 150°C 

thermally dehydrating the native oxide on the wafer surface. Vapor form HMDS then reacts 

with OH-groups on the surface as depicted in figure 3.2. 
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Figure 3.2 Schematic of chemical reaction between HMDS and pre-heated 

silicon substrate. 
 

HMDS makes the wafer hydrophobic and thus promotes photoresist adhesion as it prevents 

adsorption of humidity. The HMDS also prevents undercutting of the resist during 

development [33]. 

After the HMDS treatment, positive photoresist Megaposit SPR 700-1.2 (DOW Chemical 

Company) is spun on the wafer using a manual spin coater, primus SB15 (SSE, Germany). 

The photoresist thickness is determined by its viscosity and the spinning speed. Desired 

photoresist thickness is 1.2 µm and the photoresist datasheet shows that this thickness is 

acquired when spinning at 5000 rpm [34]. A minimum thickness of 1 µm is needed because 

the photoresist is used as a soft mask for the TSV hole formation. Table 3.1 summarizes the 

spinning recipe used and table 3.2 shows the resulting thickness on a dummy wafer after 60 

seconds post-baking at 110°C. The resulting photoresist thickness is measured using a four 

point measurement with a MPV-SP interferometer (Leitz, Germany).  

Table 3.1 Spinning recipe for 

applying 1.2 µm thick photoresist. 
Spin speed [rmp] Time [s] 

0500 5 

500 5 

5000 25 

 

Table 3.2 Four point measurement of photoresist 

thickness. 
Measurement Photoresist thickness [nm] 

1 1091 

2 1084 

3 1084 

4 1084 

 

The average thickness of the photoresist is 1085.75 nm which is close to the desired 1.2 µm. 

Photoresist was also applied on the backside, using the same parameters. This layer acts as a 

backside protection during the TSV hole formation. It also levels out any warping of the 

wafer. A mask, containing the layout to define the pattern of the TSV arrays, is used. The 

mask is a lime-soda substrate with non-transparent patterns of chromium film. After 

alignment in mask aligner MA6/BA6 (SÜSS MicroTec AG, Germany), the wafer is exposed 

to UV light with an intensity of 20 mW/cm
2
 for 7.1 seconds resulting in a dose of 142 

mJ/cm
2
. The UV exposure creates a chemical reaction within the photoresist so that exposed 
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areas will be dissolvable in a developer solution. The wafer is developed by immersing it in 

solvent CD26 for 25 seconds. An optical microscope is used for visual inspection. To ensure 

that there is no over- or under exposure, which could cause too large or too small structures, a 

TSV spot of 20 µm in diameter is measured using a BX51M (Olympus, Japan) microscope. A 

post exposure bake at 110°C is performed to drive out any remaining solvents and further 

harden the photoresist.  

 

3.1.2 Etching 

 

The patterned wafer is placed in a STS Multiplex ICP DRIE machine (Surface Technology 

Systems, UK) used for dry etching. Deep Reactive Ion Etching (DRIE) is extensively used in 

MEMS fabrication for anisotropic etching of silicon. To achieve anisotropic features, the 

Bosch process is utilized, which is based on alternating passivation- and etching cycles [35]. 

Firstly, plasma is generated in vacuum by applying an RF power of 1000W at 13.56 MHz to a 

coil outside the chamber inducing a magnetic field. The magnetic field then creates an electric 

field within the chamber ionizing the precursor gas [36, 37]. The wafer is situated below the 

plasma and is cooled by helium having a wafer platen power, also operating at 13.56 MHz, of 

20W. Applying platen power creates a bias in the chamber which will help direct ions 

vertically toward the wafer [38]. Passivation gas C4F8 is dissociated, forming ions and 

radicals. The radicals then polymerize and are deposited as a thin film of nCF2 on the wafer 

surface, as shown in equation 3.1, also covering sidewalls and bottoms of any trenches.  

2 2( ) ( )xnCF nCF adsorption nCF passivation layer                           (3.1) 

The next step is to switch to the etching gas SF6 which also is dissociated, forming both ions 

and free fluorine radicals (equation 3.2). Directed ion bombardment assist the fluorine 

radicals to remove the passivation layer parallel to the plasma exposing silicon at the bottom 

of the trenches, shown in equation 3.3. Due to the directionality of the ions, the passivation 

layer on the sidewalls remains intact. After the bottom layer is etched away the fluorine 

radicals react with exposed silicon (equation 3.4). Assisted by the ion bombardment the 

fluorine radicals perform an isotropic etch by adsorption and finally desorption in gas form 

(equation 3.5) [39, 40]. The following passivation step begins the next cycle.  

6 x y x ySF e S F S F F e                                                (3.2) 

2( ) { } ( ) ( )x xnCF passivation layer F ion energy CF adsorption CF gas           (3.3) 

Si F Si nF                                                         (3.4) 

{ } ( ) ( )x xSi nF ion energy SiF adsorption SiF gas                          (3.5) 

 



 

15 
 

The sequential switching between the passivation- and the isotropic etching step results in 

scalloped sidewalls [35, 39, 41]. Figure 3.3 illustrates both process steps schematically.  

 
Figure 3.3 Anisotropic etching process, alternating passivation and etch steps. 

Anisotropic dry etching of silicon is affected by several parameters, such as exposed area, gas 

flow and temperature. It is also limited by the feature opening and thus, the etch rate 

decreases consistently [41]. A total of 140 cycles is used in the process with an etch time of 9 

seconds and a passivation time of 5.3 seconds. The photoresist mask and backside layer is 

then removed using an N-Methyl-2-pyrrolidone remover. Figure 3.4 shows a SEM image of a 

55 µm diameter TSV hole. The scalloped sidewalls are the result of the alternating 

passivation- and etching steps. 

 
Figure 3.4 SEM image of a 55 µm diameter TSV hole showing scalloped features on 

the sidewalls. 
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3.1.3 Insulation and Metallization 

 

The TSV hole insulation is achieved by a thermal oxidation process. The wafer is placed in a 

boat with one dummy wafer on each side to achieve highest possible uniformity. The furnace 

used is a 5200-series furnace (Thermco, UK) with a temperature of 1150°C. The boat is 

loaded in the furnace at 700°C and is then purged with nitrogen to create an inert atmosphere. 

The temperature is slowly ramped up to its maximum at 1150°C and water vapor is 

introduced. On one wafer silicon dioxide with a thickness of 300 nm is grown and on the 

other wafer a silicon dioxide with thickness of 2 µm is grown. The oxidation times are 12 

minutes and 6 hours 20 minutes respectively.  

The front side of the wafer is metallized by the physical vapor deposition (PVD) method of 

sputtering. A gold layer of 300 nm thickness is deposited using a KDF 844i (KDF 

Electronics, USA) sputtering system to enable the TSV filling, as the bumps will fuse to the 

metal layer [19]. A layer of 50 nm titanium-tungsten (TiW) is utilized to improve the 

adhesion of the gold layer to the wafer surface and simultaneously acts as a diffusion barrier. 

Two wafers are mounted on a pallet, which is hung up inside a load-loch chamber and the 

system is pumped down to high vacuum of 9.6*10
-7

 Torr. Argon (Ar) plasma is created in 

front of a TiW target and an aperture moves to reveal only the selected target to the pallets 

track. Ions are directed towards the TiW target and target atoms are ejected through 

momentum transfer. During the collision the target atoms gain kinetic energy from the ions, 

move through the chamber and deposit themselves on the wafers [42]. The pallet is passed in 

front of the open aperture four times at set speed of 75, which leaves a TiW layer of roughly 

50 nm thickness. The plasma is then turned off and the aperture moves to reveal to gold 

target. Six scans of the pallet at a set speed of 100 results in a 300 nm thick layer of gold on 

top of the TiW layer.    

 

3.1.4 Fabrication Complications and Discussion 

 

During the fabrication step a total of two wafers were completed with the above mentioned 

sidewall insulation layer thickness of 300 nm and 2 µm respectively. A third wafer was 

fabricated but broke after the TSV etching step. The wafer was fixed, using a thermal release 

tape, to a carrier wafer used as etch stop so as not to etch the wafer chuck and damage the 

machine. To release the sharp wafer, the carrier was heated and unfortunately the sharp wafer 

broke, probably due to thermal stress. The two remaining wafers used an applied backside 

layer of 1 µm thick photoresist. This arrangement proved successful, even though it includes a 

number of extra process steps which is not optimal, especially when handling such thin 

wafers. A desired process would have been to make use of an automated lithography tool such 

as the Maximus 804 (ATMVision AG, Germany). The Maximus 804 can apply HMDS, 

deposit photoresist and bake the wafer in one run. It also handles developing of photoresist 

and post exposure baking and would save much handling and time. Unfortunately, the 100 µm 
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thick wafers were too thin to be recognized by the automated system in the Maximus and thus 

a process with more manual handling had to be performed.  

Some machinery use vacuum for wafer fixation. As there are extensive amounts of TSV holes 

throughout the wafers and the wafers are so thin, great care has to be taken when using this 

fixation method. 
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3.2 TSV Filling 

 

The main part of the thesis concerns the filling of TSVs. Both filling approaches use a wire 

bonder tool to place bulk material on the outer periphery of the TSV hole or inside the TSV 

hole. To ensure a consistent placement of the bulk material, the pattern recognition of the wire 

bonder is used to mark out TSV holes as bond pads. 

  

3.2.1 Squeeze-Fit Approach 

  

The squeeze-fit experiments are carried out first because the coining process requires an even 

bump height to achieve uniform load distribution across the wafer. Any contamination or 

remaining deformed bumps, risks disrupting the load uniformity during the coining process. 

The 100 µm thin wafers have a high risk of breaking and future coining might not reach the 

same compression with unwanted structures on the surface. For this reason, close inspection 

after coining is of importance to make sure there are no anomalies.  

The wire bonder is used to place the TSV filling material at the outer periphery of the TSV 

holes in the form of stud bumps. Excess material, which is not squeezed into the TSV hole, 

will be flattened on the front side of the wafer during the coining process. The FAB used must 

therefore provide more material than the minimum needed to fill out the TSV hole, as was 

shown in equation 2.1 and 2.2. Considering a TSV hole with a diameter of 55 µm (radius of 

27.5 µm), the minimum diameter of a FAB to completely fill the TSV hole is 76.8 µm (radius 

of 38.4 µm), as given in equation 3.6. 

23
3

(27.5) *100 38.4
4

FABr µm                         (3.6) 

Taking excess material into account the FAB needs to have a diameter exceeding 76.8 µm in 

diameter to be able to completely fill a 55 µm TSV hole. TSV hole volumes vary between 

31416 µm
3 

(20 µm diameter) to 237583 µm
3
 (55 µm diameter). Figure 3.5 shows a 

comparison of TSV hole diameter and minimum FAB diameter for each TSV hole volume. 
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Figure 3.5 Comparison of TSV hole diameter and minimum FAB diameter for each via volume 

 

A FAB with diameter of 80 µm has a volume of 268083 µm
3
 and is used for all TSV sizes in 

this approach. For these experiments a stud bump recipe has been optimized. Table 3.3 lists 

the parameters of interest. The process temperature is set to 40°C so that the thermal budget 

can be kept at a minimum. Such low temperatures, however, require increased ultrasonic 

energy. The wire bonder automatically calculates the EFO settings needed.    

Table 3.3 Wire bonder parameters for stud bumping at 40°C with a FAB 

diameter of 80 µm. 
Parameter Value 

FAB diameter 80 µm 

EFO pre-spark voltage 4500 V 

EFO current 40 mA 

EFO time 1.3550 ms 

Tail-length 696 µm 

Process temperature 40°C 

Impact force 650 mN 

Bond force 600 mN 

US power 50 % 

Bond time 40 ms 

Overall bond time 41.974 ms 

 

The working area of the wire bonder is limited to 50 times 70 mm. As a consequence, the 

wafer needs to be rearranged during the bonding process to be able to bond all over a 100 mm 

diameter wafer. Two arrays can be bumped during the same run without the need of 
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repositioning the wafer. To achieve an optimum placement result, pattern recognition is used 

marking the TSV holes as bond pads. Four arrays of the same TSV diameter are fully bumped 

with a total of 400 bumps. Figure 3.6 shows one 42 µm TSV array with stud bumps placed on 

top of the TSV holes before coining. The total time for bumping one array containing 100 

TSVs is approximately 10.3 seconds.   

 
Figure 3.6 Fully bumped 42 µm diameter TSV array, in total 100 bumps.  

 

All TSVs are bumped using FABs with diameters of 80 µm. To apply more core material, 

some of the TSV diameters are bumped twice, i.e. having a two bump stack over the TSV 

opening. One TSV diameter is bumped three times. The bumps are placed centered on the 

TSV opening to maximize the material available to be squeezed inside the hole. For the 37 

µm diameter TSVs however, the bumps are placed with an offset of 35 µm. The offset was 

used in the previous work by Antelius et al., [20] and is therefore also investigated to recreate 

the original conditions. 

After stud bumping four arrays of the same TSV diameter, the wafer is put in a CB8 wafer 

bonder (SÜSS MicroTec AG, Germany) with one oxidized wafer with a thickness of 500 µm 

each placed both above and below the TSV wafer to protect the machine chucks from gold 

residues. In a series of experiments, the total load is varied between 4000 and 6000 N, giving 

a squeeze load of 10 to 15 N per bump. Table 3.4 lists the wafer bonder parameters including 

numbers of bumps per TSV and whether or not the bumps are placed with an offset. 
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Table 3.4 Parameters for coining with CB8 wafer bonder. The list is in the order the experiments were 

carried out and each TSV diameter type consists of a total of 400 bumps. 
TSV diameter 

[µm] 

No. of bumps per 

TSV (stacked)  

Total bond 

force [N] 

Force per 

bump [N] 

Chamber 

pressure [mbar] 

Offset  

(35 µm) 

Test wafer 

(no oxide) 

     

30 1 6000 15 1*10
-2

 No 

40 1 4000 10 1*10
-2

 No 

25 2 6000 15 1*10
-2

 No 

42 2 6000 15 1*10
-2

 No 

37 2 6000 15 1*10
-2

 Yes 

Sharp wafer 

(2µm oxide) 

     

37 1 4000 10 1*10
-4

  

(held for one 

hour to create 

better vacuum) 

Yes 

55 3 6000 15 1*10
-4

 No 

 

If the material is not squeezed down the TSV hole, it gets flattened out on the front side of the 

wafer in the shape of a coin. Figure 3.7 shows one 37 µm diameter TSV array after coining. 

The irregular shapes of the coins are probably due to different sized shapes and angles of the 

stud bump tails.  

 
Figure 3.7 Fully bumped 37 µm diameter TSV array after coining. 
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3.2.2 Stud Bump Stacking Approach 

 

The stud bump stacking approach is based on fitting FABs exactly into the TSV hole which 

requires high placement accuracy. The diameter of the FAB is an essential parameter for this 

approach and must be optimized to match the TSV hole diameter. Thus, the wire bonder 

settings of specific FAB sizes are compared to the produced FAB after EFO. This is done by 

first setting a specific FAB size in the wire bonder. Accordingly, a FAB is created and 

detached, using tweezers, for further measurements. This procedure is repeated for a number 

of different sized FABs forming a row of standing wires with FABs at the end. FAB 

measurements are conducted using a SEM. Table 3.5 presents the results of the measurements 

and figure 3.8 below shows a graphic comparison of the results. 

Table 3.5 Wire bonder FAB diameter settings and resulting measurements of produced FABs. 
ESEC FAB diameter 

setting [µm] 
40 45 50 55 60 65 70 75 80 85 90 

Produced FAB 

diameter measurement 

[µm] 

30 45.5 49.2 53.9 58.6 63.5 68.6 72.1 76 80.6 81.7 

 

 
Figure 3.8 Comparison between FAB diameter settings and produced FAB measurements. 

Plotting the measured FAB diameters against the diameter setting shows a consistent 

deviation towards lower FAB diameters in the interval of 45 µm to 80 µm. The FAB diameter 

saturates at 82 µm. For settings lower than 45 it is likely that the EFO is not applying enough 

power to create a spherical FAB due to the wires’ thickness. Figure 3.9 shows a detailed SEM 

image of a FAB with a set diameter of 60 µm. 
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Figure 3.9 SEM image of a FAB with set diameter of 60 µm and measured diameter of 58.6 

µm. The figure also shows the wire connected to the FAB through the FAB-wire interface. 

 

TSVs with 55 µm in diameter are targeted so as not to be on the lower limit of the FAB 

diameter. The first experiments for the stud bump stacking approach are carried out to find 

optimized placement parameters for the initial stud bump and allowing further stacking of 

stud bumps on top. This requires substantial different parameter settings as compared to the 

squeeze-fit case. The bond forces should be kept at a minimum to create smallest possible 

bump deformation. The bump also needs sufficient attachment to the TSV hole entrance, but 

not too rigid as it must be allowed to be pressed down further. A safe maximum limit of the 

bond force is 4000 mN. The bump has to be slightly larger than the opening to avoid void 

formation. The results listed in table 3.5 indicate that FAB sizes ranging from 54-60 µm in 

diameter should be optimal for use in 55 µm TSV holes. Four different FAB sizes with a total 

of ten bumps each investigated. The bumping parameters and the number of successfully 

placed stud bumps in the TSV holes for each FAB size used are listed in table 3.6. 

Table 3.6 Bumping parameters and number of successfully placed initial bumps on 55 µm TSV holes. 
Parameter Value 

FAB diameter 54 µm 56 µm 58 µm 60 µm 

TSV hole diameter 55 µm 55 µm 55 µm 55 µm 

Process temperature 160°C 160°C 160°C 160°C 

Impact force 250 mN 250 mN 250 mN 250 mN 

Bond force 200 mN 200 mN 200 mN 200 mN 

US power 28 % 28 % 28 % 28 % 

Bond time 12 ms 12 ms 12 ms 12 ms 

Overall bond time 13.974 ms 13.974 ms 13.974 ms 13.974 ms 

Successfully placed bumps 3/10 9/10 10/10 10/10 
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Figure 3.10 shows detailed images of bumps for each FAB size tested. The experiment 

reveals that a FAB of 54 µm in diameter does not provide enough material to be sufficiently 

squeezed into the TSV hole as only three out of 10 remain in the hole after bumping. FABs of 

58 µm or larger in diameter completely covers the TSV hole. Figures 3.10 c, d visualize this 

situation. The excess material is placed on the outer periphery of the TSV hole which is not 

convenient for this stacking approach. An initial FAB of 56 µm in diameter fits the TSV hole 

exactly with none or very little excess material on the on the outer periphery of the TSV hole 

(figure 3.10 b) and 9 of 10 FABs are successfully placed into the TSV hole. Showing the best 

results, the FAB size of 56 mm was decided to be used as initial bump.   

 
Figure 3.10 SEM images of test run results for stud bump stacking. Showing bumps originating from 

FAB-sizes of 54 (a), 56 (b), 58 (c) and 60 (d) µm in diameter on top of 55 µm diameter TSVs. One can 

clearly see the capillary imprint on the wafer in (a) and (b) whereas the imprint is on the bump itself in (c) 

and (d) 

With initial FAB size optimized, several experiments with continued stacking are carried out. 

Details of experimental parameters can be found in Appendix A. Figure 3.10 depicts that the 

tails of the bumps are uneven. Thus, the process parameters are further optimized to create 

flatter bumps and facilitate further stacking. This is done by adding fine adjustment to the 

bump shape. Table 3.7 lists the adjusting parameters of interest. Beneficial is a flat top on the 

bump. It is achieved by shearing it with the capillary at the end of the bumping process, 

illustrated in figure 3.11. However, the lateral shearing removes a certain amount of material 

but the flat surface is favorable for subsequent stacking. A flat surface provides a maximum 
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contact area for bonding and gives a more defined geometrical target area. An even bump 

distinctly reduces the risk of void formation during the stacking procedure.  

Table 3.7 Fine adjust shape parameters for initial 56 µm diameter FAB on 55 µm 

diameter TSV holes. Used to create a flat top of the stud bump to promote 

subsequent stacking. Shear height is where the shearing off takes place with zero 

value at the top of the ball height. The shear length is assisted using ultrasonic 

energy. To tail height US is ultrasonic energy applied when going to tail height 

and clamp timing at tail defines the wire clamp closing time. 

Parameter Value 

Shear start height 15 µm 

Shear end height 15 µm 

Shear length 40 µm 

Shear length US 10.0% 

To tail height US 0.0% 

Clamp timing at tail -2.6 ms 

 

 
Figure 3.11 SEM image of 56 µm diameter FABs bumped into 55 µm diameter TSV holes. The bump in 

(a) has been sheared off at a 15 µm shear height with a shear length of 35 µm. One can see the wire 

residues to the right of the flat top. The bump in (b) use the fine adjust shape parameters described in 

table 3.7 with a shear length of 40 µm leaving it with a preferred flat surface, in contrast to (a).  

 

The results of the FAB placement and shearing parameter optimization are used to further 

investigate stud bump stacking for TSV filling. As with the initial bump, the following bumps 

also need flat tops, except for the final one. During stacking, the filling depths of the TSV 

holes are continuously investigated. The depth is estimated with focal measurements using an 

optical microscope; the wafer is placed upside down, the TSV hole edge is set as focus point 

and the fine adjustment focus knob gradation is set to zero. By slowly shifting focus to the 

gold filling within the TSV hole, the estimated distance between the TSV hole edge and the 

gold filling can be read from the gradations on the focus knob. The distance measured is then 

subtracted from the total depth of the TSV hole to get the actual filling depth. Gradation 

intervals on the focus knob are 5 µm and this measuring method is not precise but gives a 

good indication of the depth achieved. Experiments of the following FAB diameters are then 

carried out to investigate the trade-off between applying maximum core material and 

minimizing excess material outside the TSV hole. The FAB diameter size for the subsequent 

bumps are found to be optimal at about 45-46 µm. Figure 3.12 shows a comparison between 
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45 µm and 50 µm diameter for the second bump. Both are bumped with the same placement 

parameters; impact force = 500 mN, bond force = 500 mN and US power = 25%.  Due to a 

small shear length, both bumps still have their tails attached. 

  
Figure 3.12 Comparative SEM image of (a) 45 µm and (b) 50 µm diameter stud bumps on top of an initial 

bump. In (a) the bump is almost completely pressed down into the TSV hole. Only a thin layer of excess 

material is left outside. In (b) the bump is deformed but most of the material is still outside the TSV, both 

at the sides and on top. The tails are not completely sheared off and bump shape fine adjustments needs to 

be further optimized. 

Continued experiments are carried out to optimize the impact forces, the bond forces and the 

US power for all bumps. Complete descriptions of all experiments are listed in Appendix A. 

A stable three bump stack recipe is created, leaving a minimum of excess material and upon 

backside imaging reveals filling depths of approximately 60-65 µm, as shown in figure 3.13.  

 
Figure 3.13 SEM image of a stack containing three bumps. The stack is using the 

parameters listed in table 3.8, consisting of one 56 µm and two 46 µm diameter FABs, the 

last one with remaining tail. The figure shows that almost all the bump material is forced 

down the TSV hole. 
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For this recipe the initial stud bump is slightly modified to a FAB size of 55 µm and otherwise 

uses parameters from table 3.6. The following bumps are of FAB size 46 µm using ramped up 

impact- and bond forces of 800/750 and 1000/900 mN, respectively with a US power of 35%. 

Table 3.8 describes the bump parameters for the three-bump-stack recipe. 

Table 3.8 Parameters for optimized three-bump-stack achieving depths of 60-65 µm. Parameters not 

described here are the same as in table 3.6 and table 3.7. 

Bump 

order 

FAB size 

[µm] 

Impact 

force [mN] 

Bond force 

[mN] 

US power 

[%] 

Shear 

height [µm] 

Shear 

length [µm] 

1 55 250 200 28 15 40 

2 46 800 750 35 25 45 

3 46 1000 900 35 25 45 
 

The three-bump-stack is used as a basis for continued stacking. Using these parameters, 

depths of 60-65 µm are reached. Depending on observed tail remains from the previous run, 

small changes from the three-bump-stack recipe is made regarding shear height and length. 

All experiments are described in full in Appendix A. The maximum filling depths are 

achieved using a total of five and six bumps. The complete five- and six-bump-stack runs are 

described in table 3.9: 

Table 3.9 Recipe and parameters for five- and six-bump-stack runs respectively. These recipes resulted in 

the best depths achieved. 
Bump 

order 

FAB size 

[µm] 

Impact 

force [mN] 

Bond force 

[mN] 

US power 

[%] 

Shear 

height [µm] 

Shear length 

[µm] 

1 55 250 200 28 15 35 

2 46 800 750 35 25 45 

3 46 1000 900 35 30 60 

4 46 1000 900 35 30 60 

5 50 1000 900 35 30 65 

 

 

      

1 55 350 300 28 15 40 

2 46 800 750 30 20 45 

3 46 1200 1000 30 25 60 

4 46 1200 1000 30 35 60 

5 46 1200 1000 30 35 60 

6 75 1300 1200 40 40 70 
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4 Results and Discussion 

 

In this chapter the results of the two different filling approaches are presented and evaluated 

in separate sections. The outcome of the experiments and what might have caused the specific 

results are discussed. 

 

4.1 Squeeze-Fit Results  

 

The filling depths of the TSVs and the TSV aspect ratio of the experiments are summarized in 

table 4.1. The filling depths on the test wafer are measured on cross sections using an optical 

microscope. The filling depths on the sharp wafer are measured on cross sections using an 

SEM.  

Table 4.1 Measured depths and ratios of gold filling in TSVs using the squeeze-fit approach. 

Depths achieved on the test wafer are measured on cross sections using an optical microscope, and 

on the sharp wafer using an SEM.  

TSV Ø [µm] No. of 

bumps/TSV 

No. of TSVs 

measured 

Measured depth 

(average) [µm] 

Filled TSV aspect 

ratio 

Test wafer 

(no oxide) 

    

30 1 4 31.0 1:1 

40 1 4 36.1 0.9:1 

25 2 2 33.5 1.3:1 

42 2 4 41.5 0.9:1 

37 2 4 39.7 1.1:1 

Sharp 

wafer (2µm 

oxide) 

    

37 1 1 37.0 1:1 

55 3 4 49.8 0.9:1 
 

The TSV filling aspect ratio is varying between 0.9:1 to 1.3:1. A possible reason for this on 

the test wafer could be the amount of CF2 (Teflon) passivation layer, as no oxide is present. If 

the passivation layer is scratched away during filling the friction forces of the exposed silicon 

will be higher than that of CF2, making it harder to force gold inside the TSV. Figure 4.1 

depicts SEM images of squeeze-fitted TSVs on the sharp wafer. 
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Figure 4.1 SEM images of squeeze-fitted TSVs with a diameter of (a) 37 µm and (b) 55 µm. Offset bumps 

were used in (a) which is clearly visible with the main bulk of the coin to one side of the TSV. For cross 

sectioning the dies are submerged in polymer and grinded down. The polymer is visible as the speckled 

area surrounding the bumps. 

  

The filling quality of the TSVs using the squeeze-fit method is good. Void formation as well 

as cracking or chipping of silicon or silicon-dioxide is not observed. There is no observable 

cracking at the TSV entrance, the gold deforms around the sharp edge in a smooth manner. 

Figure 4.2 shows magnifications of squeeze-fitted TSVs sidewalls and figure 4.3 shows a 

magnification of the complete filling of a TSV with 55 µm in diameter. 

 
Figure 4.2 Sidewalls of TSVs with (a) 37 and (b) 55 µm diameter using the squeeze-fit method. No voids 

are observed and the gold filling is tightly against the sidewalls. The scratch marks come from grinding 

the dies to produce cross sections. 
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Figure 4.3 The filling of a TSV with 55 µm diameter. The filling is tight against the 

sidewalls and there is no chipping observed at the TSV hole entrance. 

4.2 Stud Bump Stacking Results 
 

TSV filling using the stud bump stacking approach features the best observed filling depths of 

metal into the TSV. The achieved filling depths of 10 TSVs using six stacked bumps are 

presented in table 4.2. Noticeable is the non-uniform filling depths and the depth of the sixth 

TSV, reaching 75 µm. In the most extreme cases the differences may be caused by non-

centered bump placement. This could be due to the placement accuracy of the wire bonder or 

the possibility that the wafer moves during bonding. The filling depths of four TSVs using 

five stacked bumps are presented in table 4.3 with the same noticeable non-uniformity and the 

second TSV reaching a depth of 70 µm. A detailed description of the experimental parameters 

for the stud bump stacking experiments can be found in Appendix A. 

Table 4.2 Filled depths and TSV aspect ratios of the six-bump-stack. It consists of a complete row of 10 

TSVs filled using the same parameters. The first TSV, however, lost its bumps during processing. 

 Six-bump-stack 

TSV no. 1 2 3 4 5 6 7 8 9 10 

Depth [µm] - 65 58 50 60 75 58 60 55 60 

TSV ratio - 1.2:1 1.1:1 0.9:1 1.1:1 1.4:1 1.1:1 1.1:1 1:1 1.1:1 

 

Table 4.3 Filled depths and TSV aspect ratios of the 

five-bump-stack, consisting of four TSVs filled 

using the same parameters. 
 Five-bump-stack 

TSV no. 1 2 3 4 

Depth [µm] 45 70 55 55 

TSV ratio 0.8:1 1.3:1 1:1 1:1 
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In addition to the filling depths of the TSVs, the sidewall coverage, structural integrity and the 

void formations are investigated. For this reason cross sections of the TSVs are prepared. 

Figure 4.4 depicts SEM images of the TSVs reaching depths of 70 µm and 75 µm. 

Measurements of the cross sections reveal that the previous focal shift measurements differ in 

the filling depths of the TSVs.  

 
Figure 4.4 SEM images of (a) optically measured filled depth of 70 µm and (b) optically measured filled 

depth of 75 µm. The SEM cross sections show depths of approximately 80 µm (a) and 100 µm (b), which 

must be considered as more reliable figures, achieving TSV ratios of 1.5:1 and 1.8:1. The TSVs are, 

however, not completely filled sidewall to sidewall near the end, probably due to the shape of the initial 

FAB. 

 

The SEM pictures in figure 4.4 show a 14% and 33% higher depth as compared to the focal 

shift backside measurements. SEM examination of two more TSVs (TSV 8 and 10 in the six 

bump stack series, both with depths measured to 60 µm, see figure 4.5) reveals similar higher 

depth of 25% and 55%. Potentially, the inaccuracy of the focal shift measurements is caused 

by focusing on varying shapes of the bottom filling contour. The use of focal shift with an 

optical microscope to measure depths is a quick method and can be used at any time during 

experiments. It is, however, not an accurate enough tool for quantitative investigation of TSV 

filling depths. With the true depth ranging from 14% to as much as 55% deeper as compared 

to the focal shift backside measurement figures the method shows more promising results. 

 Figure 4.5 SEM images of two TSVs where both showed depths of 60 µm using backside measurement. It 

is revealed in the images that they reach depths of 75 µm (a) and 93 µm (b). 
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SEM images of the cross sections show no void formations. The coverage of the sidewalls is 

good and there is no observed damage to the wafer around the TSV hole entrance, as shown 

in figure 4.6.  

 
Figure 4.6 SEM images of two TSVs filled using the stud bump stacking method. No voids are observed 

and the gold filling is smooth against the TSVs sidewalls. The filling is also following the sharp edge of the 

TSV hole entrance, without chipping the wafer. 

 

However, it was observed that any form of damage to the TSV sidewalls will stop the core 

materials progress down the TSV, which is probable as the friction between the gold filling 

and the sidewall will increase with a rougher surface. There is, however, the possibility that 

said damage occurred during dicing and is not the reason for stopping the filling procedure. 

Figure 4.7 shows two different TSVs where this phenomenon is observed. 

 
Figure 4.7 SEM images of two TSVs with visible damage to the sidewalls at the same place the metal core 

material bends off. Whether this is due to damage during TSV fabrication and/or handling or during 

dicing of the wafer is unclear. 
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5 Conclusions  

 

In this master thesis two novel filling approaches for TSVs have been investigated. Both 

methods are characterized by utilizing wire bonding. Wire bonding may provide a cost-

effective and flexible filling of TSVs for low to medium via densities. The high flexibility of 

these approaches is a great advantage over other filling methods. It is a maskless back-end 

process and does not require any high temperatures or chemicals. It is potentially compatible 

to various material compositions and operates at high speed and accuracy. Even though the 

placement of stud bumps done by a wire bonder is a serial process, the speed is very high 

compared to other methods, bumping 100 TSVs in 10.3 seconds. As is shown in this thesis, 

the methods are feasible and a proof-of-concept as such is made, though currently not at any 

high aspect ratios. The results show a maximum filling depth of 100 µm. However, these 

approaches are restricted to TSV aspect ratios of up to 1.8 and there are still obstacles to 

overcome which will be discussed further in this chapter.  

In the squeeze-fit approach the coining step is a parallel process. One run consists of 400 

TSVs, all of the same diameter and having bumps placed with the same parameters. As a 

result there were a large amount of TSVs with no exceptional differences in depth. With only 

200 TSVs of the same diameter left per wafer, and the wafers being in short supply, the 

number of experiments for each diameter is limited. In retrospect it would have been 

preferable to use fewer TSVs per run to be able to optimize the process for TSVs of a certain 

diameter. The conclusion for the coining procedure of the squeeze-fit approach is that process 

parameter variation, such as increase of the load force, off-set variation and higher vacuum do 

not seem to affect the outcome and can therefore be discarded in future improvement 

experiments.  

The stud bump stacking approach requires higher precision compared to the squeeze-fit 

approach. Problems occurred as too small FABs do not stick on the inner sidewall of the TSV 

hole and FABs matching the TSV hole diameter most often resulted in a small offset. The 

offset shows as a small piece of the FAB gets squeezed by the capillary and is bonded to the 

wafer surface. Attempts were made to correct for the offset but with no success. The outcome 

of the offsets are that continued stacking is made harder as part of the initial FAB is welded to 

the surface and thus requires more force to be pushed further into the TSV hole. The reason 

for this is most likely due to the placement accuracy of the wire bonder and thus, difficult to 

improve. The impact of the offset on the end result is however not investigated in detail. It is 

also noticed that the filling depth uniformity is poor, as can clearly be seen in figure 5.1, 

despite the use of identical bumping parameters. 
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Figure 5.1 Five TSVs, bumped with the same parameters, showing varying depths. 

 

Again, the offset limitation is potentially the root cause for this behavior, if the TSVs with 

most shallow depths are subjected to more offset FABs than the ones with deeper depths. 

Also, as discussed in chapter 4.2, there might be the case of the gold filling getting stuck 

where there are some form of damage within the TSVs. In some cases it has been observed 

that the filling depth is limited to 50 to 60 µm. Even further stacking and increasing of the 

bond force does not improve the filling depths. The reason for this is speculative and needs to 

be further investigated. Potentially the filling is inhibited by sidewall anomalies such as 

silicon chipping or other forms of sidewall damage, as the filling in the middle of the TSV 

hole is continued to be forced deeper.  

None of the methods show any sign of void formation, neither between the stacked bumps nor 

at the sidewall-metal interface. Also they do not seem to harm the wafer by way of chipping 

or cracking. This would suggest that the used wire is suitable for use as TSV core material 

when applied by a wire bonder. The stud bump stacking method shows more promising 

results than the squeeze-fit method, even though the design of experiment of the latter could 

be improved with perhaps a better outcome.  

 

5.1 Future Work 

 

Results showed that it is possible to force gold core material to a depth of 100 µm and 

continued work with these approaches has a promising outlook to be successful.  

The most promising run in the stud bump stacking approach ended with a 75 µm diameter 

FAB, resulting in a bump at the wafer surface. Ending this process with a coining procedure, 

combining both methods, could provide enough force to squeeze down what little core 

material is missing. Also it would mean that one gets a flattened area at the wafer surface, 

which would facilitate contacting of chips/devices. To further automate the filling process, 

which would be of interest for use in the industry, there are wire bonders with integrated 
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coining tools [24]. This would give the possibility to use either methods, or a combination of 

them, with a minimum of wafer handling and shortened process times. 

As the filling uniformity is poor, evaluation of sidewall structure and composition would be 

recommended and sloped sidewalls might promote the movement of core material under 

applied forces. 
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6 Summary 

 

Through silicon vias (TSVs) are vertical interconnects used for 3D integration of stacked 

chips. It is essentially a hole going through a substrate with insulated sidewalls and a 

conductive core. In this thesis two novel methods for filling TSV holes have been developed 

and evaluated. Both methods use a fully automated wire bonder (ESEC 3100+) as placement 

tool for the TSV core material in form of gold stud bumps. 

Two 100 µm thick wafers were fabricated in the Electrum laboratory, containing several 

arrays of TSVs of varying diameters. After etching and oxidation of the TSVs, the front side 

of the wafer was sputtered with gold to enable the following stud bumping process. 

First, the squeeze-fit approach has been evaluated. Stud bumps, originating from a spherical 

gold ball (FAB) of 80 µm in diameter, were bonded to the outer periphery of TSVs with 

diameters of 25, 30, 37, 40, 42 and 55 µm. Bonded bumps were in some cases stacked using 

two, and in one case three, bumps on top of each other to increase the core material available. 

After stud bumping, the wafer was placed between two oxidized dummy wafers in a wafer 

bonder and squeezed together to force the bumps into the TSVs. Cross sectional images 

revealed that the filling reached depths of approximately 30-50 µm. The number of bumps 

applied to the TSV and the force used in the wafer bonder does not appear to influence the 

results. 

The second method, stud bump stacking, has required more optimization for the stud bumps. 

Optimized in size and shape, stud bumps were stacked over the TSV entrance, each new 

bump forcing the existing bumps further down the TSV hole. Only TSV holes of 55 µm in 

diameters were used in this approach. A recipe was optimized to obtain a good sequential 

order of stud bumps in the stack. The initial bump, a FAB of 55 µm in diameter, fitted neatly 

into the TSV and was followed by four 46 µm diameter FABs bumped with increasing bond 

forces. The sixth and last bump was a large, 75 µm diameter FAB and cross sections showed 

the filling reaching a depth of 100 µm. With approximately 5 µm left before protruding from 

the TSV backside opening, the tip shape of the filling was oval. This shape is probably due to 

either the shape of the initial bump or due to the sidewall friction and thus, the metal is not 

completely filling out the TSV.  

Both approaches forced the gold core material down TSV holes, at varying depths, and TSVs 

of ratios (depth to diameter) 0.8:1 to 1.8:1 were created. With further optimization of the more 

promising stud bump stacking approach and perhaps alterations of the TSVs (smoother 

sidewalls, altered TSV hole types, etc.) the outlook to create a stable technique to fill TSVs 

using a wire bonder is promising. 
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List of Figures 
 

Figure 2.1 3D-SiP with TSVs connecting dies to the substrate. 

 

p. 4 

Figure 2.2 Cross-sectional and top views of four different types of TSVs; regular, 

cylindrical (a), annular (b), tapered (c) and coaxial (d), with substrate, 

metal filling and dielectric layer marked out [3]. 

 

 

 

p. 5 

Figure 2.3 Process flow of thermosonic ball-stitch bonding. An electrical flame-off 

creates a free air ball  (a) which is bonded to a metal bond pad (b) aided 

by thermal heating, mechanical force and ultrasonic energy (c). The 

capillary moves in a desired loop (d) to the next pad and performs a stitch 

bond (e). The capillary is then lifted (f), the wire clamp closes and the 

wire breaks at the bond pad (g). Picture courtesy of Andreas Fischer. 
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Figure 2.4 Process flow of stud bumping. The FAB is created by an EFO (a) and is 

bonded to a bond pad as in the ball-stitch bond (b and c). After a lateral 

movement to weaken the wire, the capillary is lifted (d) and when the wire 

clamp closes the wire breaks (e). Picture courtesy of Andreas Fischer. 
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Figure 2.5 Process schematics of the squeeze-fit approach. A FAB is created (a) and 

bumped around the periphery of a TSV hole (b and c). A wafer bonder is 

utilized to squeeze the material into the TSV hole (d) and leaves the TSV 

completely filled with a characteristic “coin” on the surface (e). 
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Figure 2.6 Process schematics of the stud bump stacking approach. A FAB is created 

(a) and is placed over a TSV hole (b and c). The procedure in (a), (b) and 

(c) is then repeated so that the second stud bump is placed on top of the 

already existing bump (d and e). The second stud bump will force part of 

itself and the first bump further into the TSV hole and eventually the hole 

will be completely filled (f). 
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Figure 2.7 Overview of an area of sparse TSV arrays with diameter in µm indicated 

below each array. One wafer consists of six identical areas. 
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Figure 3.1 Process flow for wafer level fabrication of TSV holes. Starting out with a 

clean silicon wafer (a), photoresist is deposited (b), exposed to UV-light 

through a mask and developed (c). The opened windows are then dry-

etched creating the straight, vertical through opening (d). Thermal 

oxidation grows a silicon dioxide layer on the sidewalls acting as 

insulator (e) and, finally, a gold layer is sputtered on the wafer top side 

(f). 
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Figure 3.2 Schematic of chemical reaction between HMDS and pre-heated silicon 

substrate. 
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Figure 3.3 Anisotropic etching process, alternating passivation and etch steps. 
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Figure 3.4 SEM image of a 55 µm diameter TSV hole showing scalloped features on 

the sidewalls. 
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Figure 3.5 Comparison of TSV hole diameter and minimum FAB diameter for each 

via volume 
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Figure 3.6 Fully bumped 42 µm diameter TSV array, in total 100 bumps. 
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Figure 3.7 Fully bumped 37 µm diameter TSV array after coining. 

 

p. 21 

Figure 3.8 Comparison between FAB diameter settings and produced FAB 

measurements. 
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Figure 3.9 SEM image of a FAB with set diameter of 60 µm and measured diameter 

of 58.6 µm. The figure also shows the wire connected to the FAB through 

the FAB-wire interface. 
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Figure 3.10 SEM images of test run results for stud bump stacking. Showing bumps 

originating from FAB-sizes of 54 (a), 56 (b), 58 (c) and 60 (d) µm in 

diameter on top of 55 µm diameter TSVs. One can clearly see the 

capillary imprint on the wafer in (a) and (b) whereas the imprint is on the 

bump itself in (c) and (d) 
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Figure 3.11 SEM image of 56 µm diameter FABs bumped into 55 µm diameter TSV 

holes. The bump in (a) has been sheared off at a 15 µm shear height with 

a shear length of 35 µm. One can see the wire residues to the right of the 

flat top. The bump in (b) use the fine adjust shape parameters described 

in table 3.7 with a shear length of 40 µm leaving it with a preferred flat 

surface, in contrast to (a). 

 

 

 

 

 

 

p. 25 

Figure 3.12 Comparative SEM image of (a) 45 µm and (b) 50 µm diameter stud 

bumps on top of an initial bump. In (a) the bump is almost completely 

pressed down into the TSV hole. Only a thin layer of excess material is 

left outside. In (b) the bump is deformed but most of the material is still 

outside the TSV, both at the sides and on top. The tails are not completely 

sheared off and bump shape fine adjustments needs to be further 

optimized. 
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Figure 3.13 SEM image of a stack containing three bumps. The stack is using the 

parameters listed in table 3.8, consisting of one 56 µm and two 46 µm 

diameter FABs, the last one with remaining tail. The figure shows that 

almost all the bump material is forced down the TSV hole. 
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Figure 4.1 SEM images of squeeze-fitted TSVs with a diameter of (a) 37 µm and (b) 

55 µm. Offset bumps were used in (a) which is clearly visible with the 

main bulk of the coin to one side of the TSV. For cross sectioning the dies 

are submerged in polymer and grinded down. The polymer is visible as 

the speckled area surrounding the bumps. 
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Figure 4.2 Sidewalls of TSVs with (a) 37 and (b) 55 µm diameter using the squeeze-

fit method. No voids are observed and the gold filling is tightly against the 

sidewalls. The scratch marks come from grinding the dies to produce 

cross sections. 
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Figure 4.3 The filling of a TSV with 55 µm diameter. The filling is tight against the 

sidewalls and there is no chipping observed at the TSV hole entrance. 
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Figure 4.4 

 

SEM images of (a) optically measured filled depth of 70 µm and (b) 

optically measured filled depth of 75 µm. The SEM cross sections show 

depths of approximately 80 µm (a) and 100 µm (b), which must be 

considered as more reliable figures, achieving TSV ratios of 1.5:1 and 

1.8:1. The TSVs are, however, not completely filled sidewall to sidewall 

near the end, probably due to the shape of the initial FAB. 
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Figure 4.5 SEM images of two TSVs where both showed depths of 60 µm using 

backside measurement. It is revealed in the images that they reach depths 

of 75 µm (a) and 93 µm (b). 
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Figure 4.6 SEM images of two TSVs filled using the stud bump stacking method. No 

voids are observed and the gold filling is smooth against the TSVs 

sidewalls. The filling is also following the sharp edge of the TSV hole 

entrance, without chipping the wafer. 
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Figure 4.7 SEM images of two TSVs with visible damage to the sidewalls at the same 

place the core material bends off. Whether this is due to damage during 

TSV fabrication and/or handling or during dicing of the wafer is unclear. 
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Figure 5.1 Five TSVs, bumped with the same parameters, showing varying depths. 
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List of Tables 
 

Table 3.1 Spinning recipe for applying 1.1 µm thick photoresist 
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Table 3.2 Four point measurement of photoresist thickness. 
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Table 3.3 Wire bonder parameters for stud bumping at 40°C with a FAB diameter 

of 80 µm. 
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Table 3.4 Parameters for coining with CB8 wafer bonder. The list is in the order the 

experiments were carried out and each TSV diameter type consists of a 

total of 400 bumps. 
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Table 3.5 Wire bonder FAB diameter settings and resulting measurements of 

produced FABs. 
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Table 3.6 Bumping parameters and number of successfully placed initial bumps on 

55 µm TSV holes. 
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Table 3.7 Fine adjust shape parameters for initial 56 µm diameter FAB on 55 µm 

diameter TSV holes. Used to create a flat top of the stud bump to promote 

subsequent stacking. Shear height is where the shearing off takes place 

with zero value at the top of the ball height. The shear length is assisted 

using ultrasonic energy. To tail height US is ultrasonic energy applied 

when going to tail height and clamp timing at tail defines the wire clamp 

closing time. 
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Table 3.8 Parameters for optimized three-bump-stack achieving depths of 60-65 

µm. Parameters not described here are the same as in table 3.6 and table 

3.7. 
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Table 3.9 Recipe and parameters for five- and six-bump-stack runs respectively. 

These recipes resulted in the best depths achieved. 
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Table 4.1 Measured depths and ratios of gold filling in TSVs using the squeeze-fit 

approach. Depths achieved on the test wafer are measured on cross 

sections using an optical microscope, and on the sharp wafer using an 

SEM. 
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Table 4.2 Filled depths and TSV aspect ratios of the six-bump-stack. It consists of a 

complete row of 10 TSVs filled using the same parameters. The first TSV, 

however, lost its bumps during processing. 
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Table 4.3 Filled depths and TSV aspect ratios of the five-bump-stack, consisting of 

four TSVs filled using the same parameters. 
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Appendix A 

 

This appendix lists the complete experiments of the stud bump stacking approach. In these 

experiments only TSV holes of 55 µm in diameter were used. The wafer contains six arrays in 

10x10 matrices, each numbering a total of 100 TSV holes. Figure A-1 shows a wafer 

overview with the used arrays marked out (in total five were used). The marked arrays, as 

well as the following parameter- and result listings, are in chronological order.  

 
Figure A-1. Wafer overview with the used arrays marked out in chronological order. 

Depth measurement is done using the focus shift method described in the report and where no 

measurements were taken, the value is put down simply as a hyphen (-). A quotation mark (“) 

in the list indicates the same value as above. 
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Array 1 

 

Row Column FAB 

size [µm] 

Bump 

order 

Impact 

force [mN] 

Bond force 

[mN] 

US Power 

[%] 

Bond time 

[ms] 

Process 

temp. [°C] 

Measured 

depth [µm] 

1 1-10 60 1 250 200 28 12 160 25-30 

2 1-10 58 1 250 200 28 12 160 30-40 

3 1-10 56 1 250 200 28 12 160 30-40 

4 1-10 54 1 250 200 28 12 160 ~30 

5 1-10 56 1 250 200 28 12 160 - 

“ “ “ 2 “ “ “ “ “ 20-40 

6 1-10 56 1 250 200 28 12 160 - 

“ “ “ 2 “ “ “ “ “ 20-30 

7 1-10 58 1 250 200 28 12 160 - 

“ “ “ 2 “ “ “ “ “ ~30 

8 1-10 58 1 250 200 28 12 160 - 

“ “ “ 2 “ “ “ “ “ 30-40 

9 1-10 56 1 250 200 28 12 160 - 

“ “ “ 2 “ “ “ “ “ - 

“ “ “ 3 “ “ “ “ “ ~30 

10 1-10 56 1 250 200 28 12 160 - 

“ “ “ 2 “ “ “ “ “ - 

“ “ “ 3 “ “ “ “ “ ~30 

 

Row 1 – 4 lists the FAB size optimization.  

Row 6 – 8 lists two bump stacks of FAB sizes 56- and 58 µm.  

Row 9 – 10 lists three bump stacks of FAB size 56 µm. 

No fine adjust shape optimization is done. 
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 Array 2 

 

Row Column FAB 

size [µm] 

Bump 

order 

Impact 

force [mN] 

Bond force 

[mN] 

US Power 

[%] 

Bond time 

[ms] 

Process 

temp. [°C] 

Measured 

depth [µm] 

1-3 1-10 56 1 250 200 28 12 160 - 

“ “ “ 2 280 230 31 “ “ - 

“ “ “ 3 300 250 35 “ “ 40-50 

4-6 1-10 55 1 250 200 30 12 160 - 

“ “ “ 2 300 250 35 “ “ - 

“ “ “ 3 350 300 40 “ “ 50-60 

7 1-10 55 1 250 200 30 12 160 - 

“ “ “ 2 350 300 40 “ “ ~50 

 

Two- and three bump stacks of FAB sizes 55- and 56 µm with ramping impact- and bond forces and US power. 

No fine adjust shape optimization is done. 
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Array 3 

 

Row Column FAB 

size [µm] 

Bump 

order 

Impact 

force [mN] 

Bond force 

[mN] 

US Power 

[%] 

Bond time 

[ms] 

Process 

temp. [°C] 

Measured 

depth [µm] 

1 1-10 56 1 250 200 30 12 160 - 

“ “ “ 2 550 200 “ “ “ ~50 

2 1-10 56 1 250 200 30 12 160 - 

“ “ “ 2 “ “ “ 96 “ 40-50 

3 1-10 56 1 250 200 30 12 160 - 

“ “ “ 2 550 “ “ 96 “ 40-50 

4 1-10 56 1 250 200 28 12 160 - 

“ “ 45 2 600 550 40 12 “ 50-60 

“ “ “ 3 700 650 “ 45 “ “ 

“ “ “ 4 “ “ 50 12 “ “ 

5 1-10 56 1 250 200 28 12 160 - 

“ “ 40 2 600 550 40 “ “ ~50 

“ “ 45 3 700 650 50 “ “ ~60 

“ “ 45 4 800 750 40 “ “ “ 

6 1-10 56 1 250 200 28 12 160 - 

“ “ 45 2 650 600 40 “ “ 50-60 

“ “ “ 3 650 600 50 45 “ “ 

“ “ “ 4 750 700 40 36 “ “ 

7 1-10 48 1 600 550 45 100 160 ~50 

8 1-10 48 1 700 650 40 12 160 ~50 

9 1-10 48 1 800 300 30 12 160 ~40 
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Array 4 

 

Row Column FAB 

size [µm] 

Bump 

order 

Impact 

force [mN] 

Bond force 

[mN] 

US Power 

[%] 

Bond time 

[ms] 

Process 

temp. [°C] 

Measured 

depth 

[µm] 

Shear 

height* 

[µm] 

Shear 

length* 

[µm] 

Shear 

length* 

US [%] 

3 1-10 56 1 250 200 28 12 160 - 20 23 5 

4 “ “ “ “ “ “ “ “ “ 15 “ “ 

5 “ “ “ “ “ “ “ “ “ 10 “ “ 

6 “ “ “ “ “ “ “ “ “ 5 “ “ 

7 “ “ “ “ “ “ “ “ “ “ 28 10 

8 “ “ “ “ “ “ “ “ “ 15 35 “ 

9 “ “ “ “ “ “ “ “ “ “ 40 “ 

10 “ “ “ “ “ “ “ “ “ “ “ “ 

3-10 2 45 2 700 650 35 12 160 -  

“ 3 “ “ 500 500 “ “ “ “ 

“ 4 “ “ 700 650 25 “ “ “ 

“ 5 “ “ 500 500 “ “ “ “ 
No fine adjustment shape made 

for the second bumps 
“ 6 50 “ 750 600 35 “ “ “ 

“ 7 “ “ 650 550 “ “ “ “ 

“ 8 “ “ 750 600 25 “ “ “  

“ 9 “ “ 650 550 “ “ “ “ 

“ 10 “ “ 500 500 “ “ “ “ 

 

Row 1 and 2 had faulty first bumps and could not be used. Row 9 and 10 are bumped with the same parameters but with an offset of -2 µm and -

4 µm in x- and y-direction, respectively. This is to investigate the effect of an offset to the bump shift observed. Column 1 is only bumped with 

initial bumps to investigate the fine adjustment shape parameters. 

*) Other fine adjustment parameters not included are the same for each run and have the values: To tail height US = 0% and Clamp timing at 

tail = -2.6 ms. Shear height have the same parameter for Shear start height and Shear end height.  
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Array 5 

 

Row Column FAB 

size [µm] 

Bump 

order 

Impact 

force [mN] 

Bond force 

[mN] 

US Power 

[%] 

Bond time 

[ms] 

Process 

temp. [°C] 

Measured 

depth 

[µm] 

Shear 

height* 

[µm] 

Shear 

length* 

[µm] 

Shear 

length* 

US [%] 

2 1-10 56 1 250 200 28 12 160 - 15 40 10 

“ “ 46 2 700 650 “ “ “ “ - - - 

3 1-10 56 1 280 200 28 12 160 - 15 40 10 

“ “ 46 2 725 650 “ “ “ “ - - - 

4 1-10 55 1 250 200 28 12 160 - 15 40 10 

“ 1-8 46 2 800 750 35 “ “ “ 25 45 “ 

“ 1-4 “ 3 1000 900 35 “ “ 60-65 25 45 “ 

5 1-10 55 1 300 250 28 12 160 - 15 40 10 

“ 1-2 46 2 1000 950 35 “ “ “ 25 45 “ 

“ “ “ 3 “ “ “ “ “ “ “ “ “ 

“ “ “ 4 “ “ “ “ “ “ “ “ “ 

“ “ “ 5 “ “ “ “ “ “ “ “ “ 

“ 3 46 2 750 700 35 12 160 - 30 60 10 

“ 3 “ 3 850 750 “ “ “ “ “ “ “ 

“ 3 “ 4 950 900 “ “ “ “ “ “ “ 

“ 4 46 2 1050 1000 35 12 160 - 30 60 10 

“ 4 “ 3 “ “ “ “ “ “ “ “ “ 

“ 4 “ 4 “ “ “ “ “ ~50 “ “ “ 

“ 5 46 2 1050 1000 35 12 160 ~50 30 60 10 

“ 6-7 46 2 750 700 35 12 160 - 30 60 10 

 

Array 5 contains continued experiments with fine adjustment shapes for higher order bump stacks. Row 1 was offset and could not be used. 
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Array 5, continued 

 

Row Column FAB 

size [µm] 

Bump 

order 

Impact 

force [mN] 

Bond force 

[mN] 

US Power 

[%] 

Bond time 

[ms] 

Process 

temp. [°C] 

Measured 

depth 

[µm] 

Shear 

height* 

[µm] 

Shear 

length* 

[µm] 

Shear 

length* 

US [%] 

6 1-10 55 1 250 200 28 12 160 - 15 40 10 

“ “ 46 2 800 750 35 “ “ “ 25 50 “ 

“ “ “ 3 1000 900 “ “ “ “ “ 60 “ 

“ “ “ 4 1200 1100 “ “ “ “ “ “ “ 

“ “ “ 5 1500 1200 “ “ “ “ “ 65 “ 

“ 1-5 “ 6 “ “ “ “ “ “ “ “ “ 

7 1-10 55 1 250 200 28 12 160 - 15 35 10 

“ “ 46 2 800 750 35 “ “ “ 25 45 “ 

“ “ “ 3 1000 900 “ “ “ “ 30 60 “ 

“ 1-5 46 4 1000 900 35 12 160 - 30 60 10 

“ “ 50 5 “ “ “ “ “ 45-70 “ 65 “ 

“ 6-10 50 4 1000 900 35 12 160 - 30 65 10 

“ “ 46 5 “ “ “ “ “ 50-60 “ 60 “ 

“ 5-6 46 6 1200 1000 40 12 160 55 30 60 10 

8 1-10 55 1 250 200 28 12 160 - 15 35 10 

“ “ 46 2 800 750 35 “ “ “ 25 45 “ 

“ “ “ 3 1000 900 “ “ “ “ 30 60 “ 

“ 1-5 46 4 1000 900 35 12 160 - 30 60 10 

“ “ 55 5 1200 1000 “ “ “ 60 “ 65 “ 

“ 6-10 55 4 400 350 35 12 160 - 30 65 10 

“ “ 46 5 1200 1000 “ “ “ 60-65 “ 60 “ 

“ 4-5 46 6 1400 1200 25 12 160 60 30 70 10 
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Array 5, continued 

 

Row Column FAB 

size [µm] 

Bump 

order 

Impact 

force [mN] 

Bond force 

[mN] 

US Power 

[%] 

Bond time 

[ms] 

Process 

temp. [°C] 

Measured 

depth 

[µm] 

Shear 

height* 

[µm] 

Shear 

length* 

[µm] 

Shear 

length* 

US [%] 

9 1-10 55 1 350 300 28 12 160 - 15 40 10 

“ “ 46 2 800 750 35 “ “ “ 20 45 “ 

“ “ “ 3 1200 1000 “ “ “ “ 25 60 “ 

“ “ “ 4 “ “ “ “ “ “ 35 “ “ 

“ “ “ 5 “ “ “ “ “ “ “ “ “ 

“ “ 75 6 1300 1200 40 “ “ 50-75 40 70 “ 

 

Row 7 and 9 produced the highest filling ratios with depths of 70 and 75 µm. Listed below are the filling depths of row 7, 8 and 9 for each 

column. 

Column 1 2 3 4 5 6 7 8 9 10 

Depths (row 7) [µm] 45 70 55 55 55 55 50 60 60 60 

Depths (row 8) [µm] 60 60 60 60 60 60 60 65 60 60 

Depths (row 9) [µm] - 65 58 50 60 75 58 60 55 60 

 

 

 

 

 


