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OBJECTIVES AND PRODUCTS

Bottom terminated components and quad flat no{Ba&/QFN) packages have been extensively used
by commercial industry for more than a decade. @odtperformance advantages and the closeness of
the packages to the boards make them especialyuarfor radio frequency (RF) applications. A
number of high-reliability parts are now availabighis style of package configuration.

This report presents a summary of literature swgdlegnd provides a body of knowledge (BOK)
gathered on the status of BTC/QFN and their advlnasions of multi-rov QFN (MRQFN)
packaging technologies. The report provides a cehgmsive review of packaging trends and
specifications on design, assembly, and reliabiliynphasis is placed on assembly reliability and
associated key design and process parameters bettays show lower life than standard leaded
package assembly under thermal cycling exposunepettion of hidden solder joints for assuring
quality is challenging and is similar to ball grdrays (BGAs). Understanding the key BTC/QFN
technology trends, applications, processing paramseivorkmanship defects, and reliability behavior
is important when judicially selecting and narrogvthe follow-on packages for evaluation and testing
as well as for the low risk insertion in high-réliity applications.

Key Words. bottom termination component, BTC, quad flat nadle@FN, MLF, IPC 7093, solder
joint reliability
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1. EXECUTIVE SUMMARY

As with many advancements in the electronics ingiusbnsumer electronics is driving the trends for
electronic packaging technologies toward reducing and increasing functionality. Microelectronics

meeting the technology needs for higher performaremhiced power consumption and size, and off-
the-shelf availability. Due to the breadth of wdyking performed in the area of microelectronics
packaging/components, this report limits it preaBah to board design, manufacturing, and procgssin
parameters on assembly reliability for leadlesg.{(@uad flat no-lead (QFN) or a generic term of
bottom termination component (BTC)) packages. Shite of package was selected for investigation
because of its significant growth, lower cost, angroved functionality, especially for use in an RF

application.

The 2013 report of the international manufactuninigiative (iNEMI) roadmap shows component
(package) trends—their decline and growth. Tableshows the component trends to smaller surface
mount components and flip chip (versus wire bondesit)g the relative growth rate of different single
chip package types as baseline. It clearly shoasgbme single-chip packages, such as dual-in-line
package (DiP) and wire-bond ball grid array (BG#e projected to have negative growth while flip
chip, DCA/WLCSP (direct chip attach/wafer level mhicale package ) and QFN components are
projected to grow at a 15% compounded average agnuath rate (CAAGR).

Table 1-1. World Wide Semiconductor Package Volume (billions of units) (iNEMI/Prismark [1]).

Package Style CAAGR % of IC
(Bn ?.Jnits%l 2010 2011 2016 2016/2011 2016
DIP/SOT 53 43 39 1.9% 14%
SO/TSOP/SOT 83.0 808 108.4 6.0% 37.8%
QFPILCC 19.0 183 245 6.0% 8.6%
QFN 196 205 6.0 17.0% 16.1%
Wire Bond FBGA 8.0 82 126 8.9% 4.4%
Stacked FBGA 6.2 638 109 98% 3.8%
BOC 120 125 155 44% 5 4%
Wire Bond BGA 14 13 08 7 9% 0.3%
COB (Wire Bond) 72 77 13 8.0% 3.9%
Flip Chip FBGA 08 16 8.1 39% 28%
Flip Chip BGA/PGA/LGA 11 K 16 7 1% 0.6%
DCA/WLCSP 129 145 292 15.0% 10 2%
COGICOF 86 92 137 8.3% 4.8%
Total Wire Bond 1617 1603 2338 78% 816%
Total Flip Chip 234 264 526 14.8% 18 4%
IC TOTAL 1851 186.7 2864 8.9% 100%

The literature survey indicates the following:

e The BTC/QFN packaging size and 1/0O have signifiganhcreased. Now, packages
comparable to fine pitch BGA (FPBGA) are being eadtd.

s Significant design, process, and reliability datee aavailable for conventional QFN
components, but data are lacking for multi-row QFRIscently released specifications such as
IPC 7093, have helped to ease wider use of BTC/Q&d¥ages.

o |PC 7093 committee identifies two key issues in B{IJ providing the appropriate amount of
solder paste and (2) ensuring solder-joint relighi$ met.

¢ Reliability data is lacking, it is recommended ¢sttevaluate of BTC packaging technologies
to characterize behavior for insertion in low-vokiand high-reliability applications.



2. SINGLE CHIP PACKAGING TRENDS

2.1 Key Microelectronics Roadmap Organizations

Industry roadmap organizations have been creatediiess trends in numerous technologies including
microelectronic, optics, and printed electronicsheTInternational Technology Roadmap for
Semiconductors (ITRS) is the key industry roadmegvider for the conventional microelectronics
field, and it is sponsored by the world’s five legagichip manufacturers. The objective of the ITRS i
to ensure cost-effective advancements in the peence of integrated circuits and the products that
employ such devices, thereby supporting the healthsuccess of this industry.

iINEMI (a consortium of approximately 100 leading@tonics manufacturers, suppliers, associations,
government agencies and universities) is anothausiimy roadmap provider. The iINEMI roadmaps
cover the future technology requirements of thebaloelectronics industry by identifying and
prioritizing gaps in technology and infrastructuvéith the support of participant companies, iNEMI
generates timely, high-impact deployment projeziaddress or eliminate those gaps.

The Association Connecting Electronics Industri®Cj electronic interconnection roadmaps cover
three basic elements: (1) the design and fabricatiGcemiconductors and their associated packaging;
(2) the fabrication of the interconnecting substffatr both the semiconductor package and the ptoduc
printed board; and (3) multiple levels of assenabiy test. Figure 2-1 compares key attributes amd th
overlap areas of ITRS, INEMI, and IPC. The IPC mag encounters challenges in covering
increasingly fluid business relationship for theNDBnd EMS that may be anywhere on the planet
rather than previously a predominantly simple madefertically integrated the OEM markets. Teams
of experts from many organizations around the wbdde cooperated to ensure that the IPC roadmap
presents the recommendations based on origingbmguit manufacturer (OEM), original design
manufacturer (ODM), and electronics manufacturiegvises (EMS) companies’ vision and needs
assessment.
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Figure 2-1. Comparison of key attributes of three industry roadmap societies for microelectronic device (ITRS), packaging
(INEMI), and assembly (IPC) technology applications.



For example, The ITRS projects that by 2020-202&nyrphysical dimensions are expected to be
crossing the 10-nm threshold (limitation of Mooreaw). By fully utilizing the vertical dimensiort, i

is possible to stack layers of transistors on tpedf each other. This 3D approach will continue to
increase the number of components per square reilimeven when horizontal physical dimensions
become unable to meet demands for further reductidrerefore, it is recognized that the
semiconductor community needs to depart from #ditional scaling “technology push” approach and
involve new categories in its activities. ITRS nnatized this new approach in 2011, when it added a
micro-electro-mechanical systems (MEMS) chaptéinéaroadmap, and also aligned it with the INEMI
roadmap. In addition, the two roadmap societiekabotated in summarizing key industry packaging
gap and technology needs (see Table 2-1).

Table 2-1. Packaging gap and technology needs, a joint effort between ITRS and INEMI (ITRS [2]).

Less Than 5 Years (Tactical) Gaps/Needs Category Comments

Need lower cost multi-layer RDL interposers 0 These technologies are very critical to support ITRS

(silicon or glass) and integrated passive devices roadmap, but they are not cost effective nor available in
high volume today; they need step function cost reduction

Package warpage at elevated temperature R/SIO | Warpage is becoming the primary limiting factor to support

(surface mount technology [SMT] reflow) will drive further package miniaturization, particularly for larger die

the need for metrology and database and will drive and TSV package on package SMT

new materials and new packaging structures.

Need for optimized, lower cost of ownership and 0 Current equipment is mostly modified wafer fab equipment

high throughput equipment for wafer level or equipment designed for single-die packaging; not cost

packaging, fanout, 3D, in interposer assembly and effective nor designed or optimized for wafer-level

system in Package (SiP) packaging or multi-die SiP processes.

Wafer thinning and packaging of thin die will R/O | This issue becomes more critical as wafer diameter

require new, cost effective equipment, materials, increases and die thickness decreases; issues include

and processes. stress relief, surface thickness variation, wafer warpage,
handling after thinning, singulation, packing/shipment
methods from wafer fabs to packaging houses.

New equipment capability to support assembly of R/O Greater flexibility, versatility, and precision will be

SiP with a variety of components including ICs, required, as well as the ability to handle new processes

passives, optical devices, MEMS, and biochips on and materials. High units per hour to reduce cost. A good

the same substrate. example is assembly and test of chip on wafer wafer
processing.

Need high thermal conductivity materials for high R/O | The new materials properties required have been included

thermal density devices. in the Emerging Research Materials Chapter [of Ref. 2].

2.2 Single Chip Packaging Trends

Extensive work [4-11] has been carried out to ustdad the technology implementation of area array
packages for high-reliability applications. Fig@r2 categorizes single-chip microelectronic packggi
technologies into three key technologies: (1) tndyantroduction wire-bonded plastic ball grid ays
(PBGASs) and quad flat no-lead (QFN); (2) advandgddhip BGA (FCBGA) and ceramic column
grid arrays (CGAs); and (3) smaller foot print cligale/wafer level (CSP/WLP), and leadless quad
flat no lead (QFN), multi-row QFN, advanced QFN E&Q); and land grid array (LGA) packages.
There are numerous variations of packages. Onigesssembly, and reliability of conventional and
advanced QFN packages are discussed in detail.
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Figure 2-2. Microelectronic single-chip packaging technology trend, low and high 1/O. coarse and fine pitch, and leaded and
leadless configurations.

Plastic ball grid arrays (PBGAs) and chip scalekpges (CSPs) are now widely used for many
commercial electronic applications including poltabnd telecommunication products. BGAs with
0.8- to 1.27-mm pitches are implemented for hidtabdity applications, generally demanding more
stringent thermal and mechanical cycling requireenhhe plastic BGAs, which were introduced in
the late 1980s and implemented with great cautighe early 1990s, further evolved in the mid-1990s
to the CSP (also known as fine-pitch BGA) havinguich finer pitch from 0.4-mm down to 0.3-mm
pitches.

To accommodate higher 1/0O single-chip die, the-¢liypp BGA (FCBGA) is has been developed.
FCBGA is similar to PBGA, except that internallflip-chip die is used rather than a wire-bonded die
Because of these developments, it has become ewandifficult to distinguish different area array
packages by size and pitch; its internal die attenit configuration must also be considered. The
ultimate size reduction can be achieved by pratgcBingle die at the wafer level, hence the
introduction of wafer level package (WLP). WLPsoadgldress the key issues of using single bare die,
and they improve ease of handling and functiorstirtg.

For high-reliability applications, ceramic and hetin packages of area array packages were
implemented. The ceramic BGA (CBGA) package uskiglaer melting ball (PlaSn) with eutectic
attachment to the die and board. Contrary to PB&&ian, the high melt ball does not collapse during
solder interconnection reflow, hence, a contrahdtdf for improved reliability. The column grid ay
(CGA) or ceramic column grid array (CCGA) is similem a CBGA except that it uses column
interconnects instead of balls; hence, higherlfidit§ for improved reliability. The lead-free CGdses

a copper column instead of a high melting lead/titumn.



The flip-chip BGA (FCBGA) is similar to the BGA, e&pt that internally a flip-chip die rather than a
wire-bonded die is used. Refer to published repdytooks, papers [4-10] for this category of
microelectronics packages. Investigation of flippcBGAs included process optimization, assembly
reliability characterization, and the use of ingmectools (including X-ray and optical microscopy)

for quality control and damage detection due tdrenwnental exposures.

2.3 Array Chip Size Packaging Trend

2.3.1 Chip Scale Packaging (CSP) Trends

The trend in microelectronics has been toward evaeasing 1/0s on packages, which is, in turn,
driving the packaging configuration of semicondustd<ey advantages and disadvantages of CSPs
compared to bare die are listed in Table 2-2. Ghigle packaging can combine the strengths of variou
packaging technologies, such as the size and peaifrte advantage of bare die assembly and the
reliability of encapsulated devices.

The advantages offered by chip scale packagesdadmaller sizes (reduced footprint and thickness),
lower weights, easier assembly processes, loweralbveroduction costs, and improvements in
electrical performance. CSPs are also toleranteo$ide changes, since a reduced die size cabestill
accommodated by the interposer design without dhgrige CSP’s footprint.

CSPs have already made a wide appearance in comatiadustry as a result of these advantages,
and now, even their three-dimensional (3D) packaaes being widely implemented. Unlike
conventional BGA technology at typically 0.8-1.2Tanpitch, CSPs utilize lower pitches (e.g.,
currently, 0.8 to 0.3-mm pitch) and hence, will Bamaller sizes and their own implementation
challenges.

Table 2-2. Pros and cons of chip scale package (CSP).

Pros Cons
Near chip size Moisture sensitivity
Widely used Thermal management
Testability for known good die (KGD) Limits package to low 1/Os
Ease of package handling Electrical performance
Robust assembly process Routability
Only for area array version Microvia needed for high 1/Os
Accommodates die shrinking or Pitch limited to use standard printed circuit board (PCB)
expanding Reliability is poor in most cases
Standards Underfill required in most cases to improve reliability
Infrastructure Array package version
Rework/package as whole Inspectibility
Reworkability of individual balls

In an effort to systematically characterize the GSPa package group, they may be classified into
categories or types including: (1) the flex cirdnoterposer type; (2) the rigid substrate interptgee;

(3) the custom lead frame type; and (4) the wadeell package (WLP) type. A typical chip scale
packaging process starts with the mounting of ikeod the interposer using epoxy, usually a non-
conductive type (although conductive epoxy is aised when the die backside needs to be connected
to the circuit). The die is then wire bonded toititerposer using gold or aluminum wires. Wire bond
profiles must be as low and as close to the dmoasible in order to minimize package height. Riast
encapsulation to protect the die and wires themovi@, usually by transfer molding. After
encapsulation, solder balls are attached to thernatide of the interposer, then the package ikadar

and finally, the parts are singulated from the I#athe.



In summary, several different approaches are bemgloyed by different companies to meet the
packaging challenge of mounting high-pin countgné¢ed circuits (ICs) to substrates. Each of these
approaches has its own merits and drawbacks.

e Mount the IC internally, wire bond or flip-chip, @nflexible/rigid organic or ceramic
substrate, and package the chip into a suitableagacmaterial. Apply small solder
bumps to the bottom of package, flip over, and nhamto suitable mounting pads on the
printed circuit board (PCB). This is commonly reéet to as ball grid array, or BGA,
technology. If the package dimensions are neadysime as those of the IC, this
technology is called chip scale packaging, or C3f. principal advantages of BGAs
and CSPs are their ability to protect the IC (vp#itkage) and their close similarity to
flip-chip.

» Attach the IC die to the bare PCB and wire bondiftbe die bonding pads directly to
bonding pads of the PCB. This is commonly refetceds chip-on-board (COB) or chip-
and-wire direct-chip attachment (DCA).

* Permanently attach small solder bumps to the bottbtine IC die, flip it over, and then
mount it onto suitable mounting pads on the PCRs i§hcommonly referred to as direct
flip-chip.

Figure 2-3 shows flip-chip die bond, chip-and-witieect chip attachment, and chip scale package
configurations.

Flip Chip On Board
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Figure 2-3. Chip-on-board/flip-chip die attachment and chip scale package configurations.

2.3.2 Flip Chip on Board [FCOB])

Flip-chip assembly is fast becoming the assemblthateof choice over wire bond to connect a chip.
Direct attachment of flip chips on board (FCOBs)hine-pitch solder bumps are being increasingly
used to address performance, power, size, anétf@rements. The FCOB requires underfill to ensure
solder bump reliability. However, added processiogts associated with underfill dispensing and
curing, add challenges especially for fine-pitclsemsblies as well as reliability. Concerns due to
underfill delamination make FCOB a less likely optifor the future generations of microelectronic
packaging. Furthermore, reliability issues arisemwlow-K dielectric material (ultra low-K dieleatri

in the future) is used in the integrated circul@)(manufacturing. When such ICs are assembled on
organic substrates, the stiff solder bumps cowddlcor delaminate the low-K dielectric material end
thermal excursions.



2.3.3 Wafer Level Packages (WLP)

Microelectronic packaging is migrating from wirertabto flip chip at the die level to meet aggressive
requirements for improved electrical performancd seduced size and weight. For wafer bumping,
solder electroplating is commonly employed, esplgciar fine pitch applications. Wafer-level chip-
scale packaging (WLCSP) typically utilizes wafee dind direct solder sphere placement technology
(see Figure 2-4). In WLCSP, pitch and solder ba# sre usually much higher and the number of I1/0O
much lower than for the use of flip chip within agkage. However, many companies plan to use WLPs
for higher pin-count applications, including anajogrts with larger die sizes. This will increase th
number of wafers to be processed, as well as therolumes. The memory die is one example of a
large die whose adoption significantly increasesrtmber of wafers.

One of the major drivers for the adoption of WLRspbrtable products is form factor, and mobile
phones increasingly contain WLPs, representindatgest single product application. Demands for
greater functionality in smaller spaces is drivihg adoption of WLPs in mobile phones faster timan i
any other segment of the market.

Figure 2-4. An Example of a wafer-level CSP. Note the bumps on the die.



3. LEADLESS PACKAGE STYLES

Leadless packages are generally near a die sidarsimarray CSPs, which have hidden terminations
pads, but they are also different. They do not lsaleer ball spheres, but rather metallized tertiona

or pads and a large heat-dissipation pad undepdibkage. Leadless packages are also known as
bottom-termination = components (BTCs) and numeroughero nomenclatures (see
Table 3-1). The terms include quad flat no-leadN@QFEual-row/multi-row QFN (DRQFN/MRQFN),
dual flat no-lead (DFN), and land grid array (LGggckages. In addition, new terms were added for
the more recently introduced improved versions.s€haclude the advanced QFN (aQFN) and array
QFN packages, which have generally multiple rownteals accommodating a higher number of
inputs/outputs (I/0s). The number of I/Os approadhat of CSP/FBGA packages with the advantages
of lower cost for potable and telecommunicationligpfions.

The new I/O configuration of QFNs with an extraeimal heat-sink pad will add new requirements for
design, assembly, rework, and reliability limitshieh are significantly different from the array CSP
packaging technologies. Since there are no leadsalls in leadless packages to compensate for
distortion from package or board warpage, thes&gmes require much more control than those of
CSPs in design and assembly processes. The neiveraguts add challenges in the second level
assembly and reliability.

Inspection for assembly integrity verification asahlity control become even more challenging than
those difficult conditions for CSPs. The outer terations could be inspected visually, but we were
still unable to determine integrity under the terations. For the heat-sink pad, only voiding cdodit
can be determined with nondestructive tools sucl-asy. This chapter summarizes the literature
surveyed covering these aspects of leadless packégghnologies as well as second-level reliability
and correlation to workmanship defects such assvmideliability.

Table 3.1. Typical leadless packaging styles, nomenclatures, and package supplier.

QFN Style Definition Reference
MLF/QFN Micro-lead frame [11,12]
Quad flat no-lead package
DRMLF Dual-row MLF [13]
aQFN Advanced QFN [14]
Array QFN Array QFN [15]
DFN Dual flat no-lead package [16]
NBA-QFN No bump array QFN [17]
TQFN Thin QFN [18]
VQFN/WQFN Very thin QFN [19]
LGA Land grid array [20]

3.1 Land-Grid-Array (LGA) Packaging Trend

Land grid array (LGA) packages have been increésinged in portable electronics and wireless
products because of the LGA low profile on the f@ahwiring/circuit boards (PWB/PCB) and direct

Pb-free assembly process compatibility. Since L&A lower standoff height and different material
properties compared with the conventional BGA pgekdts reliability behavior becomes a concern.
A major concern is the board-level solder-jointaieility of the LGA packages under thermal loading.
For high-reliability applications, this approachymaecome a popular approach with a much wider
commercial industry implementation of the Europed#mion restriction of hazardous substances
(RoHS).



LGAs in plastic package versions with low I/O anzks have been available for thinner consumer
products because of lower cost and lower assenthdeff compared to ball-grid-array versions. In
some cases, the LGAs are optimized for improvedorxdquency (RF) performance for wireless
applications.

For example, high coefficient of thermal expans{¢tCTE) ceramic LGAs have been recently
introduced replacing HCTE ball grid array (BGA) kages. The LGA solder interconnect is formed
solely by solder paste applied at the board assebsetmlause there are no sphere attached to the LGA.
It was reported that for HCTE LGA [20], a lower mdaff height of approximately 0.06-mm to 0.1-
mm, depending on solder paste volume and PCB gepneeuld be achieved. The pad surface finish
of LGAs is generally electroless gold plating, @10.5um, over electroless nickel. The LGAs with
such a surface finish become RoHS compliant. Katufes of an LGA packages include:

» LGA package eliminates the risk of damaged coluarmrspheres due to shipping or handling.

* LGA packages are RoHS compliant and can be usegltfar lead containing or Pb-free
assemblies.

» LGA packages have a lower mounted height than C&®&Bhis can allow for more space
above the device for a heat-sink solution or foakhorm-factor applications.

+ HCTE LGA Pb-free solder paste reported to haveti@bloard-level reliability than ceramic
ball grid array (CBGA) versions with tin-lead.

» LGAs in general have much lower board-level religbiThe reduction on reliability is yet to
be established.

3.2 Conventional Leadless Packaging Trends

In a 2003 paper [21], the authors state that withérlast few years, the QFN package has takersindu
by storm and they had already shipped one billemspFigure 3-1 shows a number of early generation
leadless packaging configurations including MicratlErame® package (MLF®), which was
introduced more than a decade ago.
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Figure 3-1. Examples of early generation of leadless packages including MLF® package.

The MLF® is a near CSP plastic encapsulated pactatiea copper lead frame substrate. It is a
leadless package where electrical contact to tH& iB@ade by soldering the peripheral lands on the
bottom surface of the package to the PCB, instéadldeoconventionally formed perimeter leads such
as thin small outline package (TSOP). For MLF |#rge conductive bottom pad improves the thermal
and electrical properties of the package. Notetdpeimages show earlier versions of the leadless
packages such as lead on chip. There are no bbgatrspreader pads in the early version of leadless
packages.

The exposed die-attach pad on the bottom effigieaghducts heat to the PCB and provides a stable
ground and electrical connections through condactlie-attach material. The design also allows
enhancement of electrical performance by enabliwgstandard 2 GHz operating frequency to be
increased up to 10 GHz with some design modificatio

3.3 Advanced Leadless Packaging Trends

The Association Connecting Electronics industriéiBCj [22] recently released the IPC 7093
specification,*Guidelines for Design and Assembly Process Impl¢atiem for Bottom Termination
Components,” covering the rapidly growing leadlpaskaging categories. The BTC is a generic term
for packaging technologies which their externalr@mstions consist of metallized terminals that are a
integral part of the package body and intendeddodiace mounting. This class of components includes
guad flat no-lead (QFN), dual-row/multi-row QFN (QRN/MRQFN), dual flat no lead (DFN), and
land grid array (LGA). The standard describes ftitecal design, assembly, inspection, and reliaili
issues associated with BTCs.

Figure 3-2 shows an example of advanced QFN (aQfadkage [14]. The aQFN is an improved
version of conventional QFN with multiple row temals accommodating higher number of I/Os. The
number of I/Os become similar to that of CSP/FBG&kages with the advantage of lower cost for
portable and telecommunication applications. Théipte-row QFNs; however, are more difficult to

10



assemble, there are more opportunities for sotalat-pridging especially when pitch is smaller, and

there are higher potential for risk due to thermeehanical environmental exposures. The thermo-
mechanical solder-joint reliability of aQFN was iraped by modifying packaging processes including
double-sided etching of copper lead frame to crisalated copper posts with higher standoff.
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Figure 3-2. The advanced QFN (aQFN) package configuration and re-design of FBGA to aQFN for thermal and electrical
characterization [14].

To compare the aQFN device characteristics to &aBA;Bhe authors re-designed a chip device in an
FBGA package and used it in an aQFN package tougedtentical functionality for testing. The
author listed the key package sizes, thermal, beutrizal characteristics of the packages. For eptam

it was shown the theta JA;4,°C/W) for the air velocities of 0.0, 1.0, and & were 23.5, 17.8, and
15.7 for the aQFN and they were 35.7, 31.3, andl 8.the FPBGA. This means the reductions of
about 34% to 46% in temperature for the aQFN, wbasttributed to its more effective heat dissipation
Testing was performed under 1 W power dissipatimh 26°C ambient temperature. Even though the
longest trace in FBGA was shorter than aQFN, theNiQutperformed the FBGA both thermally and
electrically.

The electrical simulation data in frequency dontai20 GHz for the insertion loss and the returs los
were shown in plots. From these plots, author cated that the aQFN can function above 16 GHz (at
-0.3dB) and 17 GHz (at -15dB), which is signifidgritigher than the frequencies for the FPBGA
package. In addition to the excellent thermal aledtecal performances, the aQFN is also cost-
effective compared to FBGA since it does not rezjaisubstrate as an FBGA does.
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4. LEADLESS PACKAGE PCB DESIGN/ASSEMBLY

4.1 PCB Design Requirement

It is common that the QFN package supplier to perfeome experimental trials to develop guidelines
for the PCB pattern design and document them imgipdication notes. For example, a QFN package
supplier [21] published the first revision of ifggdication notes in September 2002. The QFN package
are designed based on the revisions of JEDEC Riiblic95, e.g., 4.19, 4.20, a design standard for
outlines quad no-lead staggered and inline multipackages (with optional thermal enhancements).

Figure 4-1 shows a PCB pad pattern design recomifiegrtde QFN. As apparent, the design requires
that the lands on the package bottom side are tedtangular with rounded edge on the inside. Since
the package does not have any solder balls, tlotrield connection between the package and the
motherboard is made by printing the solder pasttvemotherboard and reflowing it after component
placement. In order to form reliable solder jointpecial attention is needed in designing the
motherboard pad pattern and solder paste printing.

£

-

sSD ’

Figure 4-1. MLF® (full lead design) component dimensions needed for PCB land pattern design [21].

In general, in order the QFN performs at an optinfunctionality and reliability, special attention
should be given to ensure that the PCB is desigimegerly and that the package is mounted
appropriately. For enhanced thermal, electricad, lamard-level performance, the exposed pad on the
package is soldered to the board using a corregpgitidermal pad on the board. Furthermore, for
proper heat conduction through the board, thernsd weed to be incorporated in the PCB in the
thermal pad region. The number of thermal viasriporated into the design depends on the power
dissipation and electrical requirements of the $peapplication. However, thermal dissipation data
show that there is a point where additional thermma$ may not significantly improve the thermal
performance of the package. The PCB footprint desigeds to be considered from dimensional
tolerances due to package, PCB, and assembly.

The IPC consensus specifications for BTC/QFN paiciptechnology should be reviewed. Generic
guidelines provided by the IPC specification shdagdcombined with the specific application notes to
achieve an optimum performance and reliability.€ehkey IPC specifications related to this subjects
are [22]:

e IPC 7093: Guidelines for Design and Assembly Preceaplementation for Bottom
Termination Components
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e |IPC 7351: Generic Requirements for Surface Mourgigireand Land Pattern Standard
e IPC 7525: Stencil Design Guidelines

The target audience of the IPC 7093 is composethofgers, designers, process engineers, operators,
and technicians who deal with the processes ofreldc design, assembly, inspection, and repaie. Th
IPC committee accepts that even though the docuimemdt a complete recipe—refer to package
supplier application notes and literature—it id@si many of the characteristics of robust anchbddi
assembly processes and provides guidance informadi@omponent suppliers regarding the issues
being faced in the assembly processes. The IPC dtemmdentifies two key issues in BTC: (1)
providing the appropriate amount of solder paste; (@) ensuring solder-joint reliability is met.

Providing an appropriate solder amount requires dffective pad design, which is becoming
challenging since most current QFN packages hanefitch pad design; therefore, it is very limited
room available for the optimum pad configuratioheTpad design should also consider the soldering
reflow process since during assembly, liquid soldayancy of the individual small pads will compete
with the larger heat-sink pad solder surface temsithe two competing forces if become unbalanced,
they will cause to induce processing defects.

4.2 PCB Assembly Challenges

Industry and package suppliers have placed sigmifiefforts to overcome the challenges of forming
reliable solder joint for QFN package assemblidsisTs because of the small no-lead termination
surface area and the sole reliance on printedispédge on the PCB surface. This is further corapaid

by the large thermal pad underneath the packagesgmebximity to the inner edges of the terminaso

In addition to the consideration for the pad pattsign to eliminate some of the assembly prohlems
it is also special considerations are needed imcdtdesign and paste printing for both perimetest a
thermal pads.

For the perimeter QFN termination pads, it is rec@nded that the standoff heights should be about
50 to 75 um (0.002 to .003 in.) with good side eolfillets in order to achieve optimum and reliable
solder joints [21]. Although a joint with no or lofillet, but a good standoff height, reduces tlhe, li
but still the residual life may be sufficient to etehe application requirement. The stencil apertur
opening for perimeter pads should be designedhiae a maximum paste release. This is typically
accomplished with consideration of (1) Area Ra&ice@ of aperture opening/aperture wall area), and
(2) Aspect Ratio (aperture width/ stencil thickne3$is package supplier recommends that the stenci
aperture should be 1:1 to PCB pad sizes with #rcgtbeing laser cut and electro polished.

IPC 7093 recommends use of a 125 um (0.005 imgitdickness for < 0.5 mm [0.02 in.] pitch or
smaller and 150 um [0.006 in.] stencil thicknegddoger pitches. In some cases in order to gaigmo
solder volume to mitigate gold embrittlement, thee wf thicker stencil or overprinting may be
considered. However, these methods for applyindesatan lead to issues with solder paste release
and bridging.

For an advanced array QFN [23], the author foulad &m optimum solder joint at each termination is
achieved for a stencil design with 20% openinghieait-sink pad that is divided into a 2 x 2 matrid a

a termination-opening ratio of 1 to 1.3 values. &xpental results showed that when the solder en th
thermal pad exceeded 40%, the solder joint ondhmihation pad decreased [in size?]. The reason is
that during solder reflow process, the surfaceitensf the molten solder on the heat-sink pad cause
the array QFN package to be lifted. This resulta inigher solder standoff on the terminations by
pulling solder upward away from the side, which ever form solder fillet.

For the thermal pad, solder joint attachment shdwalde minimal voids in order for the solder to

effectively remove the heat from the die within gaekage and enhance electrical performance. Voids
should be minimized since voids-free solder mayh®opossible because of presence of thermal vias
and the existence of a large thermal pad. Alsogassing occurs during the reflow process, and this
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may cause defects (splatter and solder ballinghef solder paste coverage is large. The package
supplier recommends use of smaller multiple openfogthe thermal pad solder paste printing rather
than a large opening. This result in 50% to 80%lesopaste coverage. Figure 4-2 [13] shows a few
options to achieve these levels of coverage. Fapiimum paste release, the area and aspect ratios
should be greater than 0.66 and 1.5, respecti@lyer package suppliers may recommend different
pad opening sizes for the stencil design depenalingeat-sink and termination pad configurations.

IPC7093 discusses that the standoff height varethd amount of solder that wets or flow into the

plate through hole (PTH) via. The encroached viavides and easy path for solder to flow into the
PTH and decreases package standoff height whilggptli via impedes the flow. IPC recommends
achieving 50 pm, thick solder joints and soldert@a@sverage of at least 50% for plugged via types
and 75% for encroached via types.

O O O O O O 1.0mm dia. (_‘.'chles
Q O 1.5mm dia. Circles O O O O O O @123 mmb
@15 B O O O O O O Coverage: 50%
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Figure 4-2. Thermal Pad Stencil Designs for 7 x 7 and 10 x 10 mm MLF® Packages [13].

4.3 X-ray for Solder-Joint Integrity and Voids

X-ray transmission radiography is an inspectiorhmégue in which X radiation passes through a
specimen to produce a shadow image of its intestratture. X-ray radiography, in its static film
version, was for decades a common nondestructale&ion technique for electronics parts and hybrid
electronics. For example, MIL-STD-883 once defitieel X-ray feature requirements for small-scale
electronic devices. Real-time X-ray detection systewhich replaced film radiography, are now
widely used to define features and select the aofaisiterest for further evaluation. With the
advancement of microelectronics with much smaketdre sizes, real-time X-ray has now become a
necessity for inspecting and detecting fine andididfeatures of electronic packages and assemblies.
Magnifications of 1000x are now obtainable from ocoencially available equipment.

Figure 4-3 compares visual and X-ray inspectiorr@gghes for defect detection, especially for selder
joint interconnections. X-ray is specifically uskefar features such as package internal wire bond
anomalies, assembly solder-joint voids, bridgessing elements, and geometric changes in feature
sizes. In other cases, visual inspection is faregap to X-ray detection for solder-joint defects,
including dewetting, microcracks, and “cold andulis” anomalies. It is therefore critical to evakia
the limitations of various types of X-ray systerasdetecting damage and cracking and for inspecting
hidden solder joints. Ideally, a combination ofigas inspection techniques may be performed inrorde
to assure quality at part, package, and systensleve
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Visual X-ray
Inspection Excellent for exposed Inspection
solder joints inspection Excellent for hidden
including de-wetting, cold features
solder, contamination, Solder balls/ voids/bridge

stress marks

Cannot detect disturb
solder, flux,

No inspection of hidden e
contamination, so on

solder joints in area array
packages, BGA/CGA
Need C-SAM for
delamination detection

Figure 4-3. Strengths and weaknesses of using X-ray vs. visual inspection to detect key solder-joint defects.

Voids within solder joints under the QFN exposeetthal pad can have an adverse effect not only on
thermal performance, but more importantly on higeexl and RF performances. These voids increase
the current path of the circuit. Generally, the imaxn size for a void should be less than the \iehpi
within the plane to assure effectiveness of eaalasiheat dissipation.

With regards to the effect of voids on QFN, it iegticted from thermal simulation(see Figure 4-4} th
smaller multiple voids in thermal pad up to 50%taf pad area do not affect thermal performance It i
also stated that the voids in thermal pad regiomdbimpact the reliability of perimeter solder
joints[13,22]. Large voids, however, should be dedi by masking thermal vias to prevent solder
wicking inside the via during reflow. Methods of sking includes (1) via tenting (from top or bottom
side) using dry film solder mask, (2) via pluggingh liquid photoimageable (LPI) solder mask from
the bottom side, and (3) via encroaching.
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Figure 4-4. Effect of Voids on Thermal Performance [13, 22].
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5. LEADLESS ASSEMBLY RELIABILITY

For low volume and high-reliability applicationfietuse of QFN package should be concentrate on
understanding key parameters affecting long-tetiabiity and workmanship defects with a potential
of a latent failure. In contrast to portable elentcs which cost and miniaturization are key drifes

the development of QFNS, the cost advantages benegigible in the overall system cost for use in
a high-reliability application. The key motive ftireir use in such applications is their high-fregme
functional advantages. Therefore, in order to aghibe highest assembly reliability with the lowest
risk of insertion, it is required to perform optation in board design, process, and testing td thee
stringent requirements. The following sections enéskey parameters that affect reliability of
conventional and advanced QFN package assemblies.

5.1 Assembly Reliability of Conventional QFN

In a 2003 paper [21], guidelines were providedtignoard design and surface mount of MLF package
based on extensive surface mount experimentaldi@st The authors also presented accelerated
temperature cycling reliability test data for difat material sets, various body/die sizes, tentpera
cycle conditions and board thickness. For examplgas shown that the die size within the package
can have significant effect on the board levehldlity (see Figure5-1]. The curve shows the data f
the first cycles-to-failures vs die-to-packagecathich are normalized for the same test condiach
board thickness using a relevant acceleration féata variable. It is apparent that the life terwvery

low if the die over the package size ratio is vieigh and the life increases non-linearly for a lowe
value of this ratio.

The effect of package land size was evaluated mguks5-mm (0.020 in) pitch for a 48-termination
package and 0.8-mm for a 28 termination packagés fi@sulted in land size of 0.23x0.4-mm and
0.28x0.6-mm, respectively. The area ratio becorB2 Wwhich is equivalent to a 2X improvement in
fatigue life based on the Weibull cycles-to-failutata. It was postulated that the larger land tedul
in a wider and a longer solder joints, and thusngér path for the crack propagation before a cetapl
separation. The effect of PCB thickness was asaegereliability decreased with an increase in
thickness. The solder-joint reliability reduceddiyout 33% for the 1.6-mm thick board in comparison
to the 0.8-mm thick for the 10-mm 68 lead QFNs adBes.

Even though a significant effect of die-to-packagereliability is apparent, especially for the oati
greater than 70%, the authors suggested that ittjiamight be sufficient for most handheld and
consumer electronic applications. The reliabilitight not be sufficient; however, for some other
applications such as automotive and network harglwarprovement approaches were recommended
included: (1) increase the standoff height andctnge solder fillet formation. Increase in stahdof
was accomplished by implementing a thicker leath&an the package or the “Bumped MLF". The
resulting bump height was as much as 100 pm (4rmiderside, which in turn results in increased
standoff (joint thickness) by100 um (4 mils). Field@ment analysis (FEA) showed a 2X improvement
in reliability which agreed with the results whiatso showed about a 2X improvement in board level
reliability (see Figure 5-2)
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Figure 5-1. Effect of Die to Package ratio on board level reliability [21].
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In another 2003 paper [25], the authors presenteargrehensive detailed solder-joint fatigue testin
with models and life prediction for QFN assembligssign analyses were performed to establish the
effects of package geometry, material properti@s, thermal cycling test condition. The authors
concluded that the relative fatigue life prediciomere in agreement with the test results.

It was shown that solder-joint reliability are imped for smaller package size, more center pad
soldering, smaller die size, thinner die, biggee giad size, thinner board, longer termination
length/width, smaller pitch, higher solder standbitter solder fillet, higher mold compound CTE,

and smaller temperature range of thermal cyclirsd. telowever, the effects of land size, mold

compound modulus, and die attach material are fooite insignificant.

Thermal cycle characterization of QFN on thickeB8{2.36-mm (0.093 in) and 3.17 mm (0.125 in))
as well as applicability of simple life projectiomodel—Coffin-Manson—were the subject of a more
recent study [26]. Both tin-lead and Pb-free sadeere evaluated. Figure 5-3 shows the Weibulkplot
generated by the authors based on their test se#t100°C and -40°/125°C) for both SnPb and
SnAgCu solder joints for the 10-mm 68 terminatioANQpackage assembled onto a 2.36 mm (0.093
in) thick board.

The characteristics cycles-to-failure (0°100°Aeydor SnPb and SnAgCu were about the same (3521
vs 3683 cycles); however, under the -40°/125°C desdition, the SnAgCu solder joints had 26%
shorter characteristic life cycles than SnPb sqgjdiets. For the 3.17-mm (0.125 in) thick board and
0°/100°C cycles, the characteristic life cycleséased by 30% for SnPb and by 50% for SnAgCu; the
decreases were about 20% for both solder jointenn#d®/125°C thermal cycling tests.
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Figure 5-3. Weibull of SnPb and SnAgCu solder joints in 10mm 68 lead QFNs on 93mils thick boards, thermal-cycled at 0-
100°C and -40°-125°C test conditions [25].
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These authors also showed the importance of diatage ratio on solder-joint reliability. When die

size increased from 3.7-mm to 4.8-mm in the 7-mnie&8 QFNs, it was found that the board level
reliability wad reduced by about 50%. The boareleeliability decreased by about 30-50%.when the
die size increased from 2.1-mm to 3.2-mm in therb-82 lead QFNs.

The authors use the Coffin-Manson relationship tojget the life for QFN assemblies (SnPb or

SnAgCu) under different operating thermal cycleditons (see Figure5-4). The maximum operating

temperature is assumed to vary while the lowespésature was set as 0°C. This plot shows the
SnAgCu solder joint has about 2X larger accelenafé@tor (AF) than that for the SnPb solder joint.

The error% in AF prediction is found to be withi66e%.

AF: operating temperature vs. 0-100C test condition
5.0 1
o I . | —e— QFN SnPb model |
a .\ | —8— QFN SAC model |
u
Z 3.0

50 60 70 80 90 100

A T, operating temperature range

Figure 5-4. Acceleration factor comparison in Coffin-Manson type model for QFN: SnPb vs. SnAgCu [25].

Recently, modeling analyses were performed [2doimpare behavior of conventional and dual-row
QFN (DRQFN) package assemblies under thermal donditand warpage performance effects on
board level solder-joint reliability. It was showimat conventional QFN had slightly better thermal

performance than DRQFN and that the critical sojdiert is at the package corner and crack is likely
to occur along the termination and solder interfeieboth packages. The board level solder-joint
fatigue life (-40°/125°C) of conventional QFN isoabthe same as DRQFN (2099 vs 1817 cycles). In
the follow-on paper published in 2013 [28], desigihexperiment (DOE) modeling was used to

determine the key reliability factors for a multw QFN (MRQN) packages. The key factors shown
to be the CTE of molding compound, the height dfisojoint and the CTE of PCB. When all these

improvement factors were considered in the modealiegjgn, the thermal cycle projected to increase
from 677 to 4165 cycles (-40°/125°C), a factorludt 5.4 times.
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Even though the impact of conformal coating andipgtvas discussed for BTC/QFN assemblies, the
authors [29] did not present any detail informat@n the test condition. It simply states that it is
observed that BTC/QFN failures occurred very rapdiiring temperature cycling (—40°/125°C) with
urethane based potting materials with all unitkeéhat the sub 100 cycles. The packages had good
guality joints with sufficient solder thickness 8375 pum (0.0025 to 0.003) in standoff). The distus
further carried out based on common knowledge andietimg knowing the key effect of underfill and
thick conformal coating known by industry. It isdwn that underfill is designed for improving
resistance to mechanical loading including shosistance.

It is also known that the use of underfill and khamnformal coating can greatly influence failure
behavior under thermal cycling. Polymeric materiadwe glass transition temperature which their
properties significantly changes beyond that temmpee. During thermal cycling if underfill and
coating materials pass through their Tgs, thert, ¢hases potential problems. Conformal coating
should not bridge between PCB and the component.

On warpage, the potting shrinkage considered theeiseemed the most damaging to BTC packages
based on the model of deflection in a PCB. Simjlarlodeling showed that QFN package also deforms
due to potting compound, the warpage shown to bhwder of magnitude higher for potted package at
the corner solder joints. On solder stresses, stiwaded very high stresses during the cold temperat
dwell, again especially those in the corners.

5.2 Assembly Reliability of Advanced QFN

Array and advanced QFNs are the next generatio@Fils with multi-row terminations. A few
published papers addressed this topic. Reliahilityrmation is just started being presented, esfiigci
for the PCB assembly.

For example, a comprehensive investigation waspted on advanced QFN package [23], which was
performed both to optimize the array package, tlindereliability approaches, and to determine
assembly requirements. Regarding assembly anditiiathe author stated that careful consideratio
was given to stencil design since industry hasbéisted that the majority of solder-joint failurase

due to printing process. IPC 7525 guideline is useglvaluate the effects of variable such as the di
paddle opening, the termination aperture ratio, theddie pad segmentation. It was reported that the
3D X-ray inspection did not show sufficient resauatto examine the solder-joint coverage on intefa
between the copper and solder interface. The effextilder coverage and other variables were deemed
necessary to be determined by destructive crosgsakt analysis method. Based on extensive
evaluation, the author recommends using a steasibd with 20% opening for the die pad and 2 x 2
matrix segmentation at a 1:1.3 termination apentatie.

For solder-joint reliability evaluation, the boatdvel drop tests—applicable for the handheld
condition—was carried out using a modified drop diban B of JESD22-B110 and daisy chain
package and PCB had for monitoring drop cyclesitores. The Weibull plots of the board drop test
results are shown in Figure5-5. The array QFN wift0-um anchor design (TV3) performed the best
with the first failure observed at 161 drops. Huos ttase, the ideal condition of solder-joint cragk
was the key failure mechanism rather than the uradde internal wire bond breakage as it was the
case for the TV2. Comparison of three types ofifailmechanisms are shown in Figure 5-6.
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Figure 5-6. Failure detection by cross-sectioning: (1) TV1 after 7 drops with lead detachment (top left), (2) TV2 after
49 drops with broken weld (top right), and (3) TV3 after 161 drops with solder-joint failures (bottom) [23].
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Board level reliability evaluation was also the jpgbof a recent high-density package (HDP) inqustr
consortium user group [30]. The consortium testest bventy QFN packages including: (1) packages
with various body and sizes, (2) packages withorernumbers of termination rows, (3) packages with
various termination surface finishes, (4) packagéh various terminal pitches, and (5) package
assemblies evaluated under one temperature cyirtge of 0 to 100°C, but with the dwell times of
10 and 60 minutes.

A total of 17235 cycles were completed for the liute dwell testing and 6000 cycles for the
60-minute dwells. A few QFN assemblies failed earlythe sub-1000-cycle ranges revealing no
apparent evidence for such early failures evenghaouwas thought that isolated poor workmanship
of solder joints might have been the key contributthe Weibull plots were therefore produced with
inclusion of data from early failures and withdugir inclusion. When early failure data were exelad
significant improvement was found correlating thaufre points to the Weibull plots (see figure 5-7)
The failure plots are for the 164 I/O, 0.5 mm pjtdbal-row QFN packages cycled under two dwells.
The thermal cycle with 10-minute dwells showed éairgycles to failures compared to the 60-minute
dwells, about 1.9-fold increase in lifetime.

0.5 pitch QPN164, 127128 éxdédie, Jrow, Snfinish
ATC 17235 cycles, 10min dwell, 5182 cyc 60 min dwell
A 10 min dwell
Wirtr .y 7 10 mun dwell excluding
B 2 carly failures
X
- |
L 3
- |
- - d
-y
. 3
X -
.
D £ta | Beta 1*2 n/s
F 1
L 4
YR2012
MOTD27
$
2 sarly fails (10 min) board §12, Act dis~imm
Cycles (0=1000)

Figure 5-7. The temperature cycling results for a 164 1/0, 12 mm x 12 mm body size, dual row QFN. Die size was
measured at 3.78 mm x 3.78 mm [30].

For other QFN package assemblies, a similar regtuatithermal cycle life due to the 60-minute dwell
were observed even though the levels dependent hen package styles. For example,
Figure 5-8 shows the Weibull plots for the larg@8iN package with 236 1/0, 0.5-mm pitch, and 3-
rows where its middle row was connected by viaaa-fechnology. The impact of the 60-minute dwell
is apparent with the changes in the fitted Weiléls and their characteristic values.
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The consortium presented optimization conditiontfier 164 1/0, dual-row, and 12-mm x 12-mm body
QFN, it was concluded that the smaller the die, sfeelarger the pad size, and the larger volurtaeso
fillets all cause to increased solder-joint fatigiie. On the other hand, for the 140 I/O QFN, an
undersized pad coupled with the via-in-pad desigthe SMT lands (and potentially with the NiPdAu
lead frame finish) are the major contributors ® shortening of solder-joint fatigue life [see Fig-

9]. In summary, solder-joint fatigue life of MRQFH.g., 236 I/0O, can be become comparable to the
level of fine-pitch BGA with an optimized PCB lapdttern and a low ratio of die to body size.

0.5 pitch QFN236,12X128, "xTdie, Jrow, NiAu
ATC 17235 cycles,1imin dwell, 5182 cycles 60 min dwell
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Figure 5-8. The temperature cycling test results for 236 1/0, 12 mm x 12 mm body size, NiAu lead frame finish,
3-row QFN [30].
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0.5 pitch QFN140,10X108,2row, NiPdAu
ATC:17235 cycles, 10min dwell, 5182 cycles, 60 min dwell
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Figure 5-9. The temperature cycling testing results for the 140 /O, 10 mm x 10 mm, NiPdAu lead frame finish,
dual row QFN [30].
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6. SUMMARY

This report reviewed literature on leadless packagach are near the die size similar to array CSPs
The report presented board design, manufacturind, pocessing parameters and their effects on
assembly reliability. Leadless packages are alswkras quad flat no-lead (QFN) or the generic term
of bottom termination components (BTCs). The BT@&enselected for literature surveying because
of their significant growth, which is projected liie INEMI roadmap, reduction in cost, and
improvement in functionality, especially for usehigh-radio frequency applications.

Design, assembly, and reliability data gatheredcfomventional leadless packages including QFN,
dual-row/multi-row QFN (DRQFN/MRQFN), dual flat riead (DFN), and land grid array (LGA).
Similarly, when data were available, they were gegt for advanced QFN (aQFN) and array QFN
packages. The aQFN packages are improved versibreonwventional QFN with multiple-row
terminals accommodating higher number of 1/0s. Tienber of I/Os reaching to the level of
CSP/FBGA packages with the advantage of loweranmdimproved RF characteristics for potable and
telecommunication applications. Key findings disadin the report are summarized in the following
list.

e ltis projected that QFN packages grow at a ratkbéb compound average annual growth rate
whereas single chip packages such as DiP showinegabwth.

e ltis categorized the BTCs into three key groupsdtter address the key design, assembly, and
reliability issues associated with each categorljese categories are: (1) conventional
single/dual row QFNs, (2) advanced array QFNs, é)dLGAs. The literature surveyed
indicates a number of papers and a guideline dootvwere published for conventional QFNSs,
but limited work was reported on array QFN and Lskages.

e It is recommended for effective use of QFN packagereview the key important generic
guidelines which are discussed in the IPC guidelen&l specifications, e.g., IPC 7093, 7351,
and 7525 along with the specific application nofemerated by the package suppliers.
Additional testing by user may be required to adsliesues associated with the use of specific
design requirement and SMT equipment.

e It is reviewed the key parameters affecting sojdart reliability for QFNs. The key
parameters include solder standoff and fillet alb ee-to-package ratio.

e It is highly recommended to not only continuouskview emerging QFN packaging
technologies, but also to test evaluate a numbehefwell-established packages to better
understand nuances on assembly and reliabilitgffective implantation in low-volume and
high-reliability environmental applications.

Understanding key technology development and cheniatics of QFN and advanced QFN packaging
technologies, assembly, quality assurance, andbikdy are important in judicially selecting and
narrowing the follow-up applicable technology, anility assurance and reliability test methods in
preparation for low-risk insertion into electrosigstems for NASA use.
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7. ACRONYMS AND ABBREVIATIONS

aQFN
ASIC

BGA
BOK
BTC

CAAGR
CGA
CMOS
COB
CSP
CTE

DCA
DFN
DiP
DOE
DRMLF
DRQFN

EMS

FCBGA
FCOB
FEA
FPBGA

HCTE
HDP
IC
IEEE
iNEMI
10
IPC
ITRS

JPL

KGD
LCC
LGA
LOC

MEMS

advanced quad flat no-lead
application-specific integrated circuit

ball grid array
body of knowledge
bottom termination component

compounded average annual growth rate
column grid array

complementary metal oxide semiconductor
chip-on-board

chip scale package

coefficient of thermal expansion

direct chip attachment
dual flat no-lead package
dual-in-line package
design of experiment
dual-row micro-lead frame
dual-row quad flat no-lead

electronics manufacturing services

flip-chip ball grid array
flip chip on board

final element analysis
fine pitch ball grid array

high coefficient of thermal expansion

high-density package

integrated circuit

Institute of Electrical and Electronics Engineers
International Electronics Manufacturing Initiative
input/output

Association Connecting Electronics Industries
International Technology Roadmap for Semiconductors

Jet Propulsion Laboratory
known good die

leadless chip carrier

land grid array

lead on chip

micro-electro-mechanical systems
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MLF
MRQFN
MtM

NBA
NASA

ODM
OEM

PBGA
PCB
PGA
PTH
PWB

QFN

RDL
RF
RoHS

SIA
SiP
SMT
SO
SOC
SOT

Tg
TQFN
TSOP
TSV
TV

USON
VQFN
WLP

WCSP

WLCSP
WLP

micro lead frame
multi-row quad flat no-lead
more than Moore

no-bump array
national aeronautics and space administration

original design manufacturer
original equipment manufacturer

plastic ball grid array
printed circuit board
pin grid array

plated through hole
printed wiring board

quad flat no-lead

redistribution layer
radio frequency
(European Union) restriction of hazardous substances

semiconductor industry association
system in package

surface mount technology

small outline

small outline chip

small outline transistor

glass transition temperature
thin quad flat no-lead

thin small outline package
through silicon via

test vehicle

ultra-thin-small-outline

very thin quad flat no-lead
wafer level package

wafer level chip scale package

wafer-level chip-scale packaging
wafer level package
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