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Abstract 

 
THE RELATIONSHIP OF LIFE PREDICTION FOR QUAD FLAT NO-LEAD PACKAGE 

(QFN) PACKAGES USING 4 POINT CYCLIC BEND TETSING AND THERMAL CYCLE 

TESTING 

 

Monisha Mohan, MS 

 

The University of Texas at Arlington, 2015 

 

Supervising Professor: Dereje Agonafer 

In the structural design of the Printed Circuit Boards, the stiffness modulus of the 

involved Fr4 and Cu layers play an important role. The 4 point bend test is one of the few 

test methods which is included in the JEDEC standard for the Monotonic Bend 

characterization for board level interconnects. 

         The study in the past has shown that the damage mechanism of these two 

testing methods is similar. And also, correlation had been drawn by observation of failure 

mechanism through Scanning Electron Microscope (SEM). The purpose of this study is to 

create a methodology for co-relating 4 point bend test and thermal cycling and  to 

understand  the failure displacement on the solder joint. The printed circuit board 

assembly with the devices and solder joints aligned in the same direction was subjected 

to cyclic loading conditions and their behavior under the stress was analyzed. The test 

component contains daisy-chain connection to allow in-situ continuity monitoring of the 

device board level interconnects during the test. The daisy chain link in the outermost 

package is connected to a corresponding Printed Wiring Board(PWB) daisy chain link 

and electrically monitored.  
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           The electrical resistance was monitored to realize the amount of 

resistance the board can withstand before the solder joint starts to fail. It has been 

noticed from the experiment that the increase in displacement leads to decrease in the 

fatigue life of the solder joint.  

 

         Among the many environmental accelerated testing methodologies for 

assessing reliability of electronic systems, thermal cycling is the most commonly used for 

the characterization of devices as well as interconnections. Therefore, the assembly was 

subjected to thermal cycling simulations to estimate the number of cycles that would be 

needed for the accumulation of plastic work (energy density) in the critical solder joint. 

This will give us the methodology for correlating the 4 point bend test and thermal 

cycling.  
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Chapter 1  

Introduction 

An integrated circuit is protected from mechanical, thermal, electrical and 

chemical harm by the use of electronic packages while providing interconnections to 

other devices. Protecting the integrated circuit is becoming more and more difficult as 

they are getting increasingly complex as they meet the insight, known as Moore’s Law, 

which has become a golden rule for the innovations in the electronics industry. The 

increase in  transistor density relates to an increase in the number of interconnections 

coming from the chip to the substrate or  printed circuit board (PCB). Electronic 

packaging technology has to evolve as new high-speed products with ever increasing 

capabilities are developed. Area array bonding, with three and four tiers of bond pads, 

can provide the highest I/O capability and still maintain large wire diameters for 

mechanical and electrical performance. Wire bonded packages using conventional 

copper lead frame have been used in industry for quite some time. QFN packages use 

lead frame and molding materials efficiently, providing low cost and high yield for high 

volume and low pin count surface mount packages[1].  

The best methodologies for  assessing solder joint reliability involves using 

numerical finite element models(FEM) and analytical equations for initial design and 

experiments to confirm the failure modes and reliability of electronic packages. The 

analytical model though quick and easy to use, is not as capable   and effective as the 

numerical models in  capturing complex geometric and material behaviors. However, this 

technique is not computationally efficient for electronic packages with greater than 1000 

interconnects and requires validation by experimental tests[2]. Therefore, experimental 

testing of the wire bound QFN packages were successfully done and the solder joint 

reliability was determined. 
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In real life scenarios, the electronic devices gets affected by several 

environmental factors. In my thesis, I will be discussing about the effects of two of the 

most dominant factors, the mechanical stress and thermal stress on quad flat no-lead 

packages. I will also be drawing a co-relation of fatigue life prediction between thermal 

cycling and mechanical bending test  for a QFN packages on a Fr4 boards. 

 

Moore's Law 

In 1965, Gordon E. Moore, co-founder of Intel, sketched out a prediction of the 

pace of silicon technology that would later be deemed "Moore's Law". According to his 

predictions , the overall processing power for computers will double every two years. To 

break it down further, it simply means that number of transistors in a CPU would double 

every two years. This  predictions is widely accepted and followed as a principle rule in 

most of the computer companies. 

 
Figure 1-1 Trend of 50 years of Moore's Law 
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Quad Flat No-Lead Package 

Flat no-leads packages such as quad-flat no-leads (QFN) and dual-flat no-

leads (DFN) physically and electrically connect integrated circuits to printed 

circuit boards. The  Quad Flat No-Lead (QFN) package is an ideal choice for many new 

applications where size, weight, thermal and electrical performance are important. A QFN 

package offers a wide variety of benefits like a small sized footprint, reduced lead 

inductance, thin profile and low weight. It also uses a perimeter I/O pads to ease PCB 

trace routing, and the exposed copper die-pad technology offers good thermal and 

electrical performance. [3] 

                                    

 

 

Figure 1-2 Molded QFN Package and its cross sectioned view 
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Chapter 2  

Reliability 

A product's life is constrained by its shortest-lived component. A product 

manufacturer must assure that the product is capable enough to function through its 

intended product life. The bathtub curve is typically used as a visual model to 

demonstrate the three key periods of product failure. It is uncommon to have enough 

short-term and long-term failure information to actually model a population of products 

with a calibrated bathtub curve. The bathtub curve, displayed in the below Figure, 

does not depict the failure rate of a single item. Instead, the curve describes the relative 

failure rate of an entire population of products over time.  

 

 
 

Figure 2-1 The Bath Tub Curve 
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The bathtub curve comprises of  three periods: an infant mortality period which 

depicts the decreasing failure rate followed by a normal life with a low, relatively constant 

failure rate and concluding with a wear-out period that exhibits an increasing failure rate. 

Note that, the real time periods for these three trademark failure distribution can change 

enormously. Infant mortality does not signify "items that fail within 90 days" or some other 

characterized time period. Infant mortality is the time over which the failure rate of an item 

is diminishing, and may keep going for a considerable length of time. On the other hand, 

wear-out won't generally happen long after the expected product life. It is a period when 

the failure rate is increasing, and has been observed in items after only a couple of 

months of utilization. This, obviously, is a disaster from a warrant and guarantee point of 

view. 

 

 
Figure 2-2 The 'bathtub curve' hazard function (blue, upper solid line) is a combination of 

a decreasing hazard of early failure (red dotted line) and an increasing hazard of wear-

out failure (yellow dotted line), plus some constant hazard of random failure (green line) 
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In less technical  terms, in the early life of an item holding fast to the bathtub 

curve, the failure rate is high yet quickly diminishing as faulty items are recognized and 

tossed, and early work up of potential failures, for example:- handling, installation error, 

packing, transportation are surmounted. In the midlife of an item—for the most part, once 

it reaches the customers—the disappointment rate is low and consistent. In the late life of 

the item, the failure rate increments, as age and wear take their toll on the product life.  

 

 
Figure 2-2 Example of Damaged PCB 
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Chapter 3  

Mechanical Fatigue Testing 

Mechanical testing reveals the properties of a material when force is applied 

dynamically or statically. A mechanical test shows whether a material or part is suitable 

for its intended application by measuring properties such as elasticity, tensile strength, 

elongation, hardness, fracture toughness, impact resistance, stress rupture and the 

fatigue limit. The continuing thrust toward high-density and high performance electronic 

devices has spurred extensive research of the structural stability of solder joints because 

their mechanical failure is regarded as one of the primary factors limiting the reliability of 

advanced device packaging assemblies.  the solder joints in the assembly provide 

mechanical support in addition to an electrical interconnection and therefore they are 

failure prone, more so than any other component in the assembly, due to combined 

chemical, and electrical loads common to their use condition. The concern over reliability 

failure is further exacerbated by the rapid expansion of mobile electronics. Devices for 

mobile applications are significantly deprived of material redundancy compared to their 

structural  and process complexity while subjected to various unconventional loads such 

as shock and vibration. the failure mechanism of solder joints at such conditions is not 

well understood currently, resulting in a substantial knowledge gap in assessing their 

reliability limits. Of many sources of the joint failure, the most concerning and extensively 

studied has been thermal fatigue. Thermal fatigue occurs because of the mismatch in 

thermal expansion between the chip and the printed circuit boards (PCB) subjects the 

solder joint to repetitive shear stress with an on/off cycle of the device. The resulting 

fatigue instigates the formation of cracks and their subsequent growth until failure of the 

joint, typically following the interface between the solder joint and metallization layer 

either in the chip or the PCB. the mechanical fatigue test methods involved in my 
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research for determination of the solder joint reliability of a QFN package where, 

monotonic bending test and thermal cycling. 

 

 

Figure 3-1  Reliability under Thermal and Mechanical Loading 

 

The key specifications for evaluation under mechanical testing are as follows [4]. 

(i) Joint IPC/JEDEC 9702 covers basic mechanical bend testing characterization 

and strains to failures using four points, a bend test method commonly used by industry. 

Specific strain gage attachment requirements are delineated in IPC-JEDEC-9704. 

(ii) Joint IPC/JEDEC 9707 covers a new test method that is more applicable for 

area array packages. It uses spherical loading at points rather than loading through 



 

9 

cylindrical rod as was used in four-point bend testing defined in IPC 9702. This standard 

supplements existing standards for mechanical shock during shipping, handling, or field 

operation, as well as filling the gap for IPC/JEDEC 9702 to better characterize maximum 

strain levels. The two specifications provide a common method of establishing the 

fracture resistance of board-level package interconnects to flexural/point loading during 

PCB assembly and test operations. No pass/fail qualification requirements are provided, 

since each package/assembly is considered unique. 

(iii) IPC 9703 covers generic guidelines for mechanical drop and shock testing. 

These are only guidelines because of requirements differences between industries. The 

document scope includes: a) methods for defining mechanical shock use conditions, b) 

methods to define system level and system board level component testing that correlates 

to the use conditions, and c) guidance on the use of experimental metrologies for 

mechanical shock tests. 

(iv) IPC 9708 is generated in response to newly observed board failures (pad 

cratering) resulting from the move to implement Pb-free solder alloys. Pb-free solders are 

generally stiffer than tin–lead solders; they can transfer more of the applied global strain 

to the assembly. The Pb-free approach requires higher reflow temperatures that induce 

higher residual stress/strains in the assembly. Pb-free is typically assembled with 

phenolic-cured PCB materials that are more brittle than conventional dicyandiamide-

cured (dicy-cured) FR-4 materials. These strains could eventually relax over time, but if 

mechanical strain is applied shortly after reflow, pad cratering could occur at lower 

mechanical strain levels. 

(v) JEDEC JESD-B111 was developed for portable electronics in response to the 

need to define resistance to repeated drops, which is required for mobile applications. 

The shock pulse requirement for a PCB assembly is defined based on JESD22-B110, 
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condition B, Table 1 (or JESD22-B104-B, Table 1) with 1500 Gs, 0.5 millisecond 

duration, and half-sine pulse. This specification is widely used by industry, and data are 

valuable for high reliability applications. JESD-B210A defines resistance to mechanical 

shock. 

(vi) MIL-STD-810F covers many aspects of environmental testing (including 

mechanical vibration and shock), and it is well established for conventional 

microelectronics for high-reliability applications. 

 

 
Figure 3-2  Key Commercial and military specifications for mechanical testing, including 

those that define bending, drop, vibration, and shock for behavior of microelectronics 
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3 Point Bend Test Vs 4 Point Bend Test 

Bend testing determines the ductility or the strength of a material by bending the 

material over a given radius. Both the three & four point bending test provides values for 

the modulus of elasticity in bending  , flexural stress , flexural strain  and the 

flexural stress-strain response of the material. The major difference between them being 

the addition of a 4th bearing for 4 point bend test. The peak stress produced in the 3 

point flexure fixture is at the specimen mid-point (or point contact) with reduced stress 

elsewhere. Hence, this analysis (stress localization) is ideal to test for specific isolation of 

stress on the specimen. On the other hand, the 4-pt flexure fixture produces peak 

stresses along an extended region of the specimen surface. Hence, exposing a larger 

area of the specimen is possible with more potential for defects and flaws to be 

highlighted. It is also to be considered that in the case of 4-point bending, the volume 

under stress is bigger than the one under 3-point bending. If we consider the Weibull 

statistics, it is to be expected that the mechanical strength measured through 4-point 

bending will be lower than the one measured through 3-point bending. Weibull statistics 

says that the bigger the volume, the higher will be the probability to find a longer crack or 

flaw in general. Therefore, to have a more reliable mechanical strength from the point of 

view of tensile stress, It is recommended that we use 4-point bending. This is important in 

the case of ceramic materials, which are very brittle and it is very difficult to prepare 

specimens for pure tensile tests. In the case of 3-point bending, the results of the 

modulus of rupture will be very sensitive to the finishing of the surface of the specimens. 

It is also understood that 3 point test is recommended for homogeneous materials like 

plastic, while 4 point bending test is more appropriate for non-homogeneous materials 

like composite, which is stiffer and more brittle, to avoid premature failure. 
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Chapter 4  

Fatigue  

Fatigue as a Phenomenon in Materials 

Fatigue is the condition whereby a material cracks or fails because of repeated 

(cyclic) stresses applied below the ultimate strength of the material. Fatigue failure often 

occurs quite suddenly with catastrophic result. When a structure is loaded, a crack will be 

nucleated (crack nucleation) on a microscopically small scale, this crack then grows 

(crack growth), then finally complete failure of the specimen. The whole process 

constitutes the fatigue life of the component in question. According to Jaap Schijve, 

Reasonable fatigue prediction for design or analysis can only be done if fatigue is viewed 

not only as an engineering problem but also a material phenomenon that is a process 

involving an invisible micro scale crack initiation till a macro scale fatigue failure. To this 

ends, the underlying stages of fatigue life of a component will be discussed as well as 

important fatigue properties of common materials and also the basic principle of design 

against fatigue failure. [5] 

 

Different Phases of Fatigue Life 

A research conducted in the 20th century has revealed that the nucleation of 

fatigue cracks occurs at a very early stage of fatigue life. The crack appears as a slip 

band within a grain. The cyclic slip develops as a result of cyclic shear stress, this leads 

to formation of slip steps, in the presence of oxygen, the freshly exposed surface of the 

material in slip steps get oxidized, which prevents slip reversal. The slip reversal in this 

case occurs in some adjacent slip plane, thereby leading to development of extrusions 

and intrusions on the surface of the material as shown in the figure given below. 
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Figure 4-1 Formation Of Intrusion And Extrusion Marks On The Material Surface 

 
 

The crack propagation in a material can be explained/ viewed as three different stages, 

 

 
Figure 4-2 Stages of Crack Propagation 



 

14 

The fatigue life (Nf) of a component is defined by the total number of stress 

cycles required to cause failure. Fatigue life can be separated into three stages where:  

 

             

 

 Crack initiation (Ni)  

This is the number of cycles required to initiate a crack. It generally results from 

dislocation pile-ups and imperfections such as surface roughness, voids, scratch etc. 

hence; in this period fatigue is a material surface phenomenon. The stress concentration 

factor, Kt is another factor to be considered in crack initiation prediction.  

 

Crack growth (Np)  

This is the number of cycles required to grow the crack in a stable manner to a 

critical size, generally controlled by stress level. Since most common material contains 

flaws, the prediction of crack growth is the most studied aspect of fatigue. Crack growth 

resistance, when the crack penetrates into the material, depends on the material as a 

bulk property. It is no longer a surface phenomenon. The stress intensity factor is an 

important factor for fatigue growth prediction.  

 

 Rapid fracture  

Very rapid critical crack growth occurs when the crack length reaches a critical 

value. Since rapid fracture occurs quickly, there is no rapid fracture term in the fatigue life 

expression. The fracture toughness KIC of the material is the primary factor for rapid 

fracture prediction or design against fracture.  
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 Fatigue Properties of Materials  

Fatigue is generally understood as the gradual deterioration of a material which 

is subjected to cyclic loads. In fatigue testing, a specimen is subjected to periodically 

varying constant amplitude stress. The applied stresses may alternate between equal 

positive and negative value from zero to maximum positive or negative value, or between 

equal positive and negative values or between unequal positive and negative values. A 

series of fatigue tests are made on a number of specimens of the material at different 

stress levels. The stress endured is then plotted against the number of cycle sustained. 

This stress value is called the fatigue limit of the material or the endurance limit. The plot 

of the two terms is called stress-cycle diagram or S-N diagram. The fatigue limit may be 

established for most steels between 2 and 10 million cycles. Non-ferrous metals such as 

aluminum usually show no clearly defined fatigue limit [6]. 

 
Figure 4-3 S-N Curve of a Ferrous and Non-Ferrous Metal 
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Chapter 5  

Fixtures 

The cost involved in purchasing a bending test equipment and accessories is too 

high. Therefore both three point & 4 point bending test fixtures and the Test equipment 

were designed, fabricated and assembled in our own testing facility. The bend test fixture 

is the most important accessory in mechanical examination for the flexural strength of 

engineering materials. Both the 3 point and the 4 point bend fixtures were modeled using 

solid works. As most of the dimensions required for modeling the fixtures were not readily 

available, they were calculated based on our requirements and the specifications given in 

the ASTM D790 test standard. A flexure test produces tensile stress in the convex side of 

the specimen and compression stress in the concave side. Therefore, the fixtures had to 

be designed in such a way that an area of shear stress is created along the midline. 

 

ASTM Test Standard 

 
This test method covers the determination of flexural properties of unreinforced 

and reinforced plastics, including high-modulus composites and electrical insulating 

materials in the form of rectangular bars molded directly or cut from sheets, plates, or 

molded shapes. These test methods are generally applicable to both rigid and semi rigid 

materials. The American Society of the International Association for Testing and 

Materials (ASTM) also describes in brief about the conditions that needs to be taken into 

consideration during the design of flexural test fixture.  

The ASTM test standard states that, the loading nose and supports to have 

cylindrical surfaces. In order to avoid failure due to stress concentration directly under 

loading nose, the radii of the support shall be 5.0±0.1mm unless otherwise specified. [7] 
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The test standard also states that the Minimum radius should be equal to 3.2mm  

    (a) Maximum radius of the supports should be 1.6 times specimen depth 

    (b) Maximum radius loading nose = 4 times specimen depth. 

 

Designed 3 point and 4 point Test Fixtures 

Based on these conditions, the 3 point and 4 point test fixtures were modeled 

using Solid works with respect to our test specimen. The fixtures were made movable 

with length of 12inches and width of 5inches. 

 
                Figure 5-1 Designed 3 Point Bend Test Fixture 

 
 

Wing Nut Screw 
for easy 
installation 

Upper 
Anvils 
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Figure 5-2 Four Point Bend Test Fixture 2-D Model 

 
Modified Fixture Head 

The modification in the fixture head that was made to help us in using the same 

fixture for almost any thickness (upto 1.6 times max allowable radius) of the test 

specimen by just changing the fixture head. And also, unlike the product that is currently 

available in the market which uses spring system to keep the cylindrical contact surfaces 

from slipping, the modified fixture head is highly stable and there is almost zero chances 

of slippage occurring during the test period. Apart from the above specified advantages, 

there is also no stress accumulation along the body of the anvil. The modification was 

done in such a way that, there would be minimal wastage of material during the process 

of fabrication. 
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Figure 5-3 Modified Fixture 

 
Fabricated Fixture 

 
The fixture was fabricated using hardened steel and later heat treated at 

temperature of around 1200˚C for 12hours. Heat treatment is a process which involves 

the use of heating or chilling, normally to extreme temperatures, to achieve a desired 

result such as hardening or softening of a material. Heat treatment techniques 

include annealing, case hardening, precipitation strengthening, tempering, normalizing 

and quenching. In our case, it involved heating of the steel to achieve hardening. This is 

done in order to make sure that fixture would fail and break before yielding under 

pressure. Below is the image of the fabricated fixture. 

 

Modified 
Fixture Head            Modified 

Anvil 
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Figure 5-4 Image of Fabricated Fixture 

 

Benchmarking Of Fabricated Fixtures 

Benchmarking is a systematic process for identifying and implementing best or 

better practices to measure or test a newly fabricated theory or product. In our case, the 

fixtures were benchmarked by performing a series of material characterization tests. The 

word Characterization, when used in materials science, refers to the broad and general 

process by which a material's structure and properties are probed and measured. It is a 

well-known fact that after iron, Aluminium is the second most widely used metal in the 

world. The properties of Aluminium include: low density and therefore low weight, high 

strength, superior malleability, easy machining, excellent corrosion resistance and good 

thermal and electrical conductivity are amongst Aluminium’s most important properties. 

Therefore, an array of bending tests were performed on Aluminium strips to determine its 

young’s modulus.  
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Al Sample Specifications 

An Aluminium 6061 sheet was used to acquire test samples of preferred 

dimensions. The Al sheets were cut with a length of 6 inches, width of 1.5 inches and had 

a thickness of 0.25 inches.  

 

Figure 5-5 Sample Al Strip 

 

 These strips were subjected to static 3 point loading, at a displacement 

rate of 1mm/sec and at room temperature using a Shimadzu tensile tester. The stress-

strain that was obtained from this experiment was analyzed to obtain the young’s 

modulus of the tested Al strip, which was further cross checked with the standard 

material characterization data. 

 

Figure 5-6 General stress-Strain Graph 



 

22 

Stress-Strain Relation 

The relationship between the stress and strain that a particular material displays 

is known as that particular material's stress–strain curve. It is unique for each material 

and is found by recording the amount of deformation (strain) at distinct intervals of tensile 

or compressive loading (stress). These curves reveal many of the properties of a material 

(including data to establish the Modulus of Elasticity, E). Stress–strain curves of various 

materials vary widely, and different tensile tests conducted on the same material yield 

different results, depending upon the temperature of the specimen and the speed of the 

loading. 

Strain:- 

Strain is "deformation of a solid due to stress" - change in dimension divided by 

the original value of the dimension - and can be expressed as 

ε = dL / L          

Where, 

ε = strain (m/m) (in/in) 

dL = elongation or compression (offset) of the object (m) (in) 

L = length of the object (m) (in) 

Stress:- 

Stress is force per unit area and can be expressed as 

σ = F / A          

Where, 

σ = stress (N/m2) (lb/in2, psi) 

F = force (N) (lb) 

A = area of object (m2) (in2) 
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i. Tensile stress - stress that tends to stretch or lengthen the material - acts 

normal to the stressed area 

ii. Compressive stress - stress that tends to compress or shorten the 

material - acts normal to the stressed area 

iii. Shearing stress - stress that tends to shear the material - acts in plane to 

the stressed area at right-angles to compressive or tensile stress 

 
Young's Modulus - Tensile Modulus, Modulus of Elasticity:- 

A solid body deforms when a load is applied to it. If the material is elastic, the 

body returns to its original shape after the load is removed. The material is linear if the 

ratio of load to deformation remains constant during the loading process. Not many 

materials are linear and elastic beyond a small amount of deformation. A constant 

Young's modulus applies only to linear elastic materials. A perfectly rigid material has an 

infinite Young's modulus because an infinite force is needed to deform such a material. A 

material whose Young's modulus is very high can be approximated as rigid. Young's 

modulus, which is also known as the elastic modulus, is a mechanical property of linear 

elastic solid materials. It defines the relationship between stress (force per unit area) and 

strain (proportional deformation) in a material.  

Therefore, 

E = stress / strain  

   = (F / A) / (dL / L)          

Where, 

E = Young's modulus (N/m2) (lb/in2, psi) 
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Figure 5-7 Stress- Strain Graph of Al sample 

 

This figure represents the stress- strain graph that was obtained from the 

experimental bend test methodology. From the above graph, the experimental young's 

modulus of Aluminium (Al)  has been calculated to be 66 Gpa. While the standard 

young's modulus of Al  has been noted to be around 68.9 Gpa. This has given us a 

marginal  error of 4.37%, which is carefully taken into account in order to be used as a 

correction factor in future results which are obtained using the bend test fixtures. 
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Chapter 6  

Monotonic Bend Test Characterization 

Printed circuit board assemblies experience various mechanical loading 

conditions during assembly and use. The repeated flexing (cyclic bending) of board 

during various assembly and test operations and in actual use can cause electrical 

failures due to circuit board and trace cracks, solder interconnect cracks, and the 

component cracks. The Board Level Cyclic Bend Test Method is intended to evaluate 

and compare the performance of surface mount electronic components in an accelerated 

test environment for handheld electronic products applications. This test method is widely 

used because it is suitable for testing large sample size of packages at similar loading 

condition (bending moments) between the inner load span regions. 

 

 

 
Figure 6-1 Four Point Bend Test Setup 
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QFN Test Sample 

Description:- 

In this study, 1mmx1mm Quad Flat No-Lead (QFN) package with 36 I/Os is 

assembled on a 133mmx76mmx1mm Fr4 PCB's. This assembly  is then  tested under 

four point cyclic bending test and accelerated thermal cycling at varying temperatures, 

ranging from -45˚C to 125˚C in order to predict the fatigue life of the QFN packages. 

 
 

 
Figure 6-2 Fr4 Printed Circuit Boards with QFN Packages 

 

These PCB's were a standard 8 layer JEDEC cyclic bend test boards. Each test 

board and mounted package was daisy chained so that the overall electrical resistance of 

the daisy chained solder joints would be individually measured from each mounted 

package. 
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Design Test Condition of Experiment 

 
The JEDEC standard recommends the use of a bend test apparatus which can 

cause a repeated bending of printed circuit boards at 1-3Hz cyclic frequency for upto 

200,000 cycles with a maximum displacement of 4mm. However, in order to acquire the 

test results fairly quickly without altering the test results by inducing premature failure in 

the test specimen, it is recommended that either the displacement or the frequency is 

kept at the maximum. It should also never be tested with both displacement and 

frequency at the maximum. Due to large number of cycles for this test, the board may 

move on the anvils in the plane of the board. It is recommended that this movement is 

controlled to 1mm max in all directions. The table below explains in detail about the 

recommended and optional setting of a parameter. 

 

 
Table 6-1 Recommended and Optional parameters for cyclic 4- point bend test 

Parameter Recommen

ded 

Optional 

Span for support anvils 110mm N/A 

Span of Load anvils 75mm N/A 

Load anvil to component keep-out 10mm N/A 

Minimum anvil radius 3mm N/A 

Load Anvil vertical displacement  

2mm 

2mm Up to 4mm 

Load Profile Sinusoidal Triangular 

Cyclic Frequency 1Hz Up to 3Hz 
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The conditions for the monotonic cyclic bending test is based on the strain 

measurement taken in accelerated thermal cycle testing. the strain measurement position 

was designed according to the maximum value of the strain change for the solder joint 

position in cyclic bend test. The test samples were prepared and a rosette strain gauge 

was attached on the board. The magnitude of strain and strain rate at the board is directly 

related to the amount of board curvature and strain in solder joints. 

Table 6-2 Selected Bend Test Conditions 

Parameter Selected 

Span for support anvils 127mm 

Span of Load anvils 76mm 

Threshold Resistance 1000Ω 

Minimum anvil radius 3mm 

Load Anvil vertical displacement   4mm 

Load Profile Sinusoidal 

Cyclic Frequency 1Hz 
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Figure 6-3 Recommended Strain Gauge Location 

Chapter 7  

Strain Gauges  

 
If a strip of a conductive metal is stretched, it will elongate and become thinner, 

these changes will result in an increase of electrical resistance. Contrarily, if the same 

conductive material is compressed, it will broaden and become shorter. When these 

stresses are kept under its elastic limits, this strip can be used as a measuring device for 

physical forces and for measuring its resistance. This measuring device is what we call a 

strain gauge. 
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Figure 7-1 Bonded Strain Gauges 

 

Typical strain gauge resistance ranges from 30Ω to 3KΩ. Forces that are capable 

of inducing greater resistance would permanently deform the test specimen and the 

conductors themselves. As strain gauges are devices that are used to measure 

extremely small changes in resistance with highest level of accuracy, it demands for a 

bridge measurement circuit. 
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Wheatstone Bridge 

 
A Wheatstone bridge  is an electrical circuit which is used to measure an 

unknown electrical resistance by balancing two legs of a bridge circuit, one leg of which 

includes the unknown component.  The primary benefit of a Wheatstone bridge is its 

ability to provide extremely accurate measurements (in contrast with something like a 

simple voltage divider). The Strain-gauge configurations are arranged as Wheatstone 

bridges. The gauge is the collection of all of the active elements of the Wheatstone 

bridge. 

 

 
Figure 7-2 Wheatstone Bridge configuration 

 

 
The number of active element legs in the Wheatstone bridge determines the kind 

of bridge configuration. Based on the number of active elements, There are three types of 

strain-gauge configurations: quarter-bridge, half-bridge, full-bridge. The table below 

shows the number of active elements in each configuration. 
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Table 7-1 Strain Gauge Configuration 

CONFIGURATION  NUMBER OF ACTIVE 

ELEMENTS  

Quarter- Bridge                         1  

Half-Bridge                         2  

Full-Bridge                         4  

 

 

Selected Strain Gauge 

 
From a thorough study and analysis it was understood that, the in any case the 

combination of grid area, gage resistance and excitation voltage, should be low enough 

to avoid the instability caused by sensible temperature rise in the strain gauge. The strain 

gauges purchased where pre-wired in order reduce the risk of using comparatively 

heavier wire and damaging of the gauges during the soldering process. The selected 

strain gauge was capable of measuring strain in 0°, 45°, 90°.Finally a strain gauge with 

the following attributes was selected, 

TYPE:-3/120RY81-3L-3M 

Grid Length:- 3mm 

Measuring Grid Length:-45mm 

Resistance:- 120 Ω ±0.35% 

Gage Factor:- 1.98 ±1.0% 

Temperature coefficient of gage factor:- 93 ±10 

Sensitivity:- (i)0.5% (ii)0.2% (iii)0.5% 
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Chapter 8  

Event Detector 

 
An event detector is an electronic test instruments used for continuous 

monitoring of interconnect resistance or continuity during environmental stress-testing. It 

is capable of detecting short duration events/failures according to precisely defined test 

specifications. An event is defined as a change in channel loop resistance which exceeds 

the threshold resistance for a duration no longer than 200 nanoseconds. In an event 

detector, it is necessary for us to set the threshold resistance. The threshold resistance 

used for this experiment was 1000Ω. Therefore, the approximate formula for setting the 

voltage is, 

        
       

       
 

 

 
Where,    is the voltmeter reading, required to set the desired threshold 

resistance,    with a typical tolerance of 2%. In this case, the Voltmeter reading was 

calculated to be 4.256Volts. 

 

Figure 8-1 STD Series Event Detector 
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Figure 8-2 Detailed schematic of Event Detector Connection 

 

A threshold voltage range of 3.6volts to 5.9volts in a open circuit is described as 

high compliance mode. In this mode, all unused channels must be shorted to ground. If 

this is not done, the threshold resistance will be inaccurate. The event detector is kept in 

high compliance mode by removing the compliance voltage selection jumper and 

threshold voltage selection jumper, both of which are located in the motherboard of the 

instrument. 
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Chapter 9  

Experimental Test Setup 

 

 

 
Figure 9-1 Cyclic Bend Test Setup 

 

 
The above image is the overall view of the four point cyclic bend test setup. Once 

the setup was complete and all the test criteria's where met, the QFN package was 

continuously subjected to cyclic bending of predetermined, constant displacement of 

4mm until 63.2% of the units failure was observed. The failure was said to occur when 

there was a spike in the overall electrical resistance of the test specimen. This spike in 

resistance was continuously monitored and recorded by the event detector that was 

connected to the daisy chained PCB through serial ports with the help of ribbon wires. 

The strain gauges connected to the test specimen under loading conditions helps us in 

monitoring the strain range of the during the test procedure. 

Universal testing machine 

Event detector 

JEDEC 
Oven 

Air In-let 

Air Outlet 
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Chapter 10  

Results 

 
Life Prediction Model 

COFFIN-MASON RELATION:- 

The Coffin-Manson formula describes the relationship between plastic strain and 

fatigue life in the low-cycle high-strain fatigue regime. For Mechanical fatigue, Darveux 

and Syed have suggested that the total strain energy density is a good indicator of solder 

joint damage. 

N (63.2%)Pr ( )f C     

Where, 

Nf =Characteristics of material (Scale Parameter) 

C and γ are characteristic constants of FR4, C=25 and γ =6.886 

Δε= Strain range of the bending test 

 

From the lifetime results, the life prediction model of cyclic bending at 125˚C 

temp, 

6.8886(63,2%Pr) 1E 25( )fN      

 

Weibull Plot 

 
The Weibull distribution is a very flexible life distribution model that can be used 

to characterize failure distributions in all three phases of the bathtub curve.  Shape 

parameter, beta (β), is the key feature of the Weibull distribution that enables it to be 

applied to any phase of the bathtub curve. This is one of the most important parameter in 
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the Weibull distribution plot. Weibull distributions with β< 1 have a failure rate that 

decreases with time, also known as infantile or early-life failures. Weibull distributions 

with β close to or equal to 1 have a fairly constant failure rate, indicative of useful life or 

random failures. Weibull distributions with β > 1 have a failure rate that increases with 

time, also known as wear-out failures. These comprise the three sections of the classic 

"bathtub curve." A mixed Weibull distribution with one subpopulation with β < 1, one 

subpopulation with β = 1 and one subpopulation with β > 1 would have a failure rate plot 

that was identical to the bathtub curve. Scale parameter, eta (η), determines when, in 

time, a given portion of the population will fail. 

 

Figure 10-1 Weibull Plot for 4 Point Bend Test 
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From the graph and other test results, it was noted that the first Instance of 

Failure according to JEDEC standard was observed at 1800 Cycles. 

 

Figure 10-2 View of the Test Sample during Cyclic Loading 

 

 

Thermal Cycle Testing 

Thermal cycling is the alternate heating and cooling of a material. Sample shall 

be placed in such a position with respect to the air stream such that there is substantially 

no obstruction to the flow of air across and around each sample(s). When special 

mounting is required, it shall be specified. The sample shall then be subjected to the 

specified temperature cycling test condition for the specified number of cycles 
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Figure 10-3 Thermal Cycling Chamber 

 

 
The thermal cycling test was conducted in the Texas instruments test facility. And 

it was observed that the first instance of failure was observed much later at 3430Cycles. 

 

Scanning Electron Microscope 

A scanning electron microscope (SEM) is a type of electron microscope that 

produces images of a sample by scanning it with a focused beam of electrons. The 

Thermotron 
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electrons interact with atoms in the sample, producing various signals that can be 

detected and that contain information about the sample's surface topography and 

composition. The electron beam is generally scanned in a raster scan pattern, and the 

beam's position is combined with the detected signal to produce an image. SEM can 

achieve resolution better than 1 Nano meter. Specimens can be observed in high 

vacuum, in low vacuum, in wet conditions (in environmental SEM), and at a wide range of 

cryogenic or elevated temperatures 

While observing and comparing the samples subjected to the cyclic bending test 

and thermal cycle testing under a scanning electron microscope, it was observed that 

both the specimens had suffered from component side bulk crack. 

 

Conclusion 

In this study I have designed, fabricated and benchmarked both 3 point and 4 

point bend test fixtures at a comparatively lower Cost. It has been found that stiffness is 

factor which influences the life in the cyclic bend test. Data analysis showing Weibull plot, 

slope, Characteristic life and 1st failure for fatigue test was done. Cycles taken for first 

instance of Failure to occur in thermal Cycling for similar test conditions was observed. 

The life prediction model of cyclic bending at 125C temperature for a QFN package was 

done. 

And towards the end, it has been observed from the Weibull graph that, the 

lifetime for 1mm Fr4 board with QFN package under cyclic loading is about twice the 

lifetime of thermal Cycle test with the same test conditions and strain range 
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