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1.0 Abstract

Quad Flat No Lead (QFN) is a lead-frame based iplgsickage, it has several
advantages over traditional lead-frame package,iticiude reduced lead inductance, a
near chip scale size offers improving electricalfgqenance and lower weight, it use
perimeter 1/0O pads to ease PCB trace routing, apdsed copper die-pad technology to
offer good thermal performance. These features @dKe an ideal choice for many new
applications where size, weight, thermal and eldtperformance are important.

What is aQFN? it is based on existing etching4eache & IC assembly process to
develop new technology , and it is also similar different to QFN process, It's key
concept is on Leadless, Pb-free & multi-row packamge due to its stand-off structure,
let it get more benefits in surface mount relidpjlso it has QFN all advantage and create
more features than QFN.

The features of aQFN have:

- Low profile, small footprint and light weight
- Free-form 1/O design

- Fine lead pitch 0.4mm

- Excellent thermal performance

- Excellent electrical performance

- Cost effective package

- Extend QFN 1I/O count up to 300
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2.0 Surface Mount Consideration

For getting good performance on thermal, electriceard level when user do
surface mount assembly, some factors need to camsiadch as PCB design, stencil
design, type of solder paste, component placenmrdideration, reflow profile setting,
and assembly process flow. This application natssprovide guideline for user
reference, hope this guideline could help userewetbping the proper mother board
design and surface mount process.

3.0 PCB Design Requirements
3.1 Package OutlinéPOD) Information

ITEM Sy imibol FHORMAL
Lead Pitch A 0.3 0.a5 [a
Fin 1 Diarmeter is Round E MAn= 023
Lead Oirmenzian - = (= M= 023
Lead Dimenzion - ¥ C: MIn= 023

Terminal Size should >= 0.23mm (Testing
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Ground Ring (H)
ITEM Symbaol MORMAL
Row Pitch E D+0.2
Ground Ring F 0.2
Space between terminal edge to PKG edge G 0.2
Space between terminal edge to ground ring H 0.25
e edge to cavity edge | 0.3
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3.2 Land Pattern Desig(ref. |PC-SM-7351A or -782)

There are two types of land patterns are choseusier PCB design,
one is Solder Mask Defined (SMD), solder mask opgsismaller than
metal pads. The other is Non-Solder Mask Define8NID), solder mask
openings larger than metal pads. Better contrtth@fcopper etching
process as compared to the solder masking procaessiNSMD
preferable. Also, the SMD pad definition can inwod stress
concentrations near the solder mask overlap repiaincan result in solder
joints cracking under extreme fatigue conditionsing NSMD instead
improves the reliability of solder joints as solieallowed to “wrap
around” the sides of the metal pads on the board
Base on real SMT assembly test, NSMD and circlpsisrecommended
to use on SMT assembly, the pad size defined asvisiowing:

NSM D(Non-Solder Mask Defined)

Copper

Solder Mask
Openin
aQFN Package PCB Land Pad Design
Land |Terminal| Land Land | Copper | Solder
Pitch Size Shape | Shape Pad M ask
0.65mm [ 0.35mm | Circle Circle [0.375mm | 0.475mm
05mm | 0.23mm | Circle Circle [0.255mm |0.355mm
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3.3 Thermal Via Desigifref. JEDEC 51-5)

In order to transfer the heat from top of latelR®B to inner or bottom layer,
thermal via design is necessary. Base on JEDEQ@meemdation, the design with via
diameter 0.3mm and pitch 1.2mm is a better dediga.numbers of thermal via more
than this design just can help a little on thertrerperformance, as below showing of
simulation data:

1.2 mm

B HEE B

JEDEC’s recommendation

T, Jf

> b >

Thets T& (C/)

—_
o

$ 0.3 rmm {drill}

* & &
® & O
=

2

7w 7 48L BCCH+, die size 100 x 100 mils

3.4 Thermal Pad and Power Ring Design:
Thermal Pad and Power Ring Design for PCB, ASE ssigty1 as package size, to
make PCB’ thermal pad and power ring dimensioraasesas aQFN package design.
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4.0 Board Mounting Guidelines

4.1 Stencil Design
4.1.1 Basic concept: Aspect Ratio ( W/T, 2R/T) > 1.5, &atio (W/4T,
R/2T) > 66%

e

4.1.2 Trapezoidal Aperture: Bottom Opening 25~50 micrtarger thanthe
Top, Well design for paste release

Aperture

4.1.3 Use laser cutting followed by electro-polishing $bencil fabrication.

4.1.4 The recommended stencil apertures are same with IBQB pattern,
Thickness is 0.1mm

4.1.5 Use Type 4 solder paste(25 to 45 micron partide sange) or finer for
solder printing, and SAC305 is common used soldastgp Senju
M705-S101-S4 is recommended solder paste.

4.1.6 For thermal paddle stencil openingsing array of 2X2 opening and
20% opening of PCB thermal paddle area is recommend to avoid
void resident inside thermal paddle and can geebsblderability
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Recommend of stencil opening of thermal paddle

Rule:

0.22 mm 4R 0.125mm
— I(_
2 )
& "
!
.
& L &

-

)

FCE E-Fad size

1. Total opening area of stencil/ Total area of PC  B’s thermal pad = 20%

Stencil Recommend Opening

aQFN Package PCB Land Pad Design Stencil
Land |Terminal| Land Land | Copper | Solder _ _
Pitch Size | Shape | Shape Pad Mask | Thickness | Shap | Opening
0.65mm | 0.35mm | Circle [ Circle |0.375mm|0.475mm| 012 mm | Circle | 0.4 mm
0.5mm |0.23mm | Circle | Circle |0.255mm |0.355mm| 01 mm Circle |0.27mm
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4.1.7 For power ring, stencil opening describe as belawehg:

Width of Power Ring:

A
4—
Power Ring
¢ o
* o
* o
¢
Stencil Opening for e o
Power Ring long side
direction e @
Rule:
1.A=B

Stencil Opening for
Power Ring width:
B

—

* o
* o
* o
* o
LA T

D
Gap of Stencil Opening for
Power Ring:

2.0.3mm < C <0.6mm

3.D>0.2mm
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4.2 Component Placement

For placing theaQFN,following methods can be used for recognition and
positioning
4.2.1 Vision system to locate package outline.
4.2.2 Vision system to locate individual bumps. It isoBunended that the
side-lighting option on the pick and place machsnasion system be

used when attempting to use a individual bump reitiogp approach to
ensure better contrast for bump recognition

4.2.3 lItis prefer to use machine with fine pitch placetfer better accuracy

4.3 Reflow Proflie
Below reflow-profile is base on using solder p&&#C305

A Ramp Up Rate | B.Pre-HeatTime | C.Ramp Up | D.Reflow Time E.Peak Tem 5.Cooling Rate
{25--1500C) (155~-165C)  |(200C~ peak)| (Ahove 2200) ) P (peak ~25C)
SFEC. =1.2C/s 60-90 sec =1Cis 6090 sec 230~-255C <6C/s
EPeak Temp:
ARamp Up Rate CRamp Up 230-255C
(25~150C):<1 2¢/4 (200C- peak): <1Cfs
G.Cooling Rate

(peak ~25C): <6Cfs

B Pre-HeaiTime D-Reflow Time .

(155-165C):60-00 see (hove 220C): 60-90 sec
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5.0 Assembly Process Flow

Below Figure shows the typical process flow for mig surface mount packages
to printed circuit boards. The same process camsbd for mounting the aQFN without
any modifications. It is important to include pgstint and post reflow inspection,
especially during process development. The volufieaste printed should be measured
either by 2D or 3D techniques. The paste volumeilshbe around 80 to 90% of stencil
aperture volume to indicate good paste releaser Adflow, the mounted package should
be inspected in transmission x-ray for the prese@fe®ids, solder balling, solder bridge
or other defects. Cross-sectioning may also be inedjuto determine solder joint
situation.
Typical reflow profiles for No Clean solder paste ahown in 4.3. Since the actual
reflow profile depends on the solder paste beiregend the board density, ASE does
not recommend a specific profile. However, the terafure should not exceed the
maximum temperature the package is qualified fopeting to moisture sensitivity level.
The time above liquidus temperature should be arolth seconds and the ramp rate

during preheat should beo(]lsecond or lower.

Solder Paste Printing REFLOW
Post Print Inspection Post Reflow Inspection
¢ (Visual/X-ray)
Component Placement ¢
¢ Rework & Touch Up
Pre Reflow Inspection ¢
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6.0 Rework Process (ref. IPC-7711)

For defects underneath the package, the whole gackas to be removed.
Rework of aQFN packages can be a challenge duéhew small size. In most
applications, aQFN will be mounted on smaller, tiein and denser PCBs that introduces
further challenges due to handling and heatingessu Since reflow of adjacent parts is
not desirable during rework, the proximity of otleamponents may further complicate
this process. Because of the product dependenpleaities, the following only
provides a guideline and a starting point for tlevedopment of a successful rework
process for these packages.

The rework process involves the following steps:orihonent Removal’,” Site
Redress”,” Solder Paste Application”, “Componentadeiment”, and “Component
Attachment”

These steps are discussed in the following in nu®®il. Prior to any rework, it is

(0]
strongly recommended that the PCB assembly be biakeat least 4 hours at 125 to
remove any residual moisture from the assembly

6.1 Component Removal
The first step in removal of component is the neflof solder joints attaching
component to the board. Ideally the reflow profde part removal should be the same
as the one used for part attachment. Howevertjrthe above liquid can be reduced as
long as the reflow is complete.

In the removal process, it is recommended usin@rewachine to do rework, it could
get good rework quality, the heating profile sejtaould using same profile with mass
production, the board should be heated from thteoboside using convective heaters and
hot gas or air should be used on the top sideeottimponent. Special nozzles should
be used to direct the heating in the component andaheating of adjacent components
should be minimized. Excessive airflow should asoavoided since this may cause
aQFN to skew.

2013/02/26 Rev:17 12
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6.2 Site Redress
After the component has been removed, the sitesntede cleaned properly.
The residual solder must been removed, the lanniddive cleaned with a solvent. The
solvent is usually specific to the type of pastedush the original assembly and paste
manufacturer’'s recommendations should be followed.

6.3 Solder Paste Printing and transferring to aQFN
As below picture showing, it needs a special revgtekcil to transfer solder past
to a new and good aQNF component, first put aQFNxome, then print solder paste on
aQFN by stencil and heat it to make solder joinaQ¥N leads.

2013/02/26 Rev:17 13
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6.4 Component Placement

Before component placement, don’t forget adding esdtax both on aQFN
component and PCB board, aQNF packages are expecheve superior self-centering
ability due to their small mass and the placemétitie package should be similar to that
of QFNs. As the leads are on the underside ofptukage, split-beam optical system
should be used to align the component on the modlaed. This will form an image of
leads overlaid on the mating footprint and aid iroper alignment. Again, the
alignment should be done at 50 to 100X magnificatioThe placement machine should
have the capability of allowing fine adjustments<inY, and rotational axes.

6.5 Component Attachment
The reflow profile developed during original attagdnt or removal should be
used to attach the new component. Since all refbogfile parameters have already
been optimized, using the same profile will elintendhe need for thermocouple
feedback and will reduce operator dependencies.

2013/02/26 Rev:17 14
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7.0 Board Level reiability Test (ref. JEDEC-22-B111)

The purpose of this study is for understandingctiygability of board level
reliability of aQFN .

I. Package profile

Item Parameter Value Unit
Customer ASE
Device name
Package type aQFN
Package size 11.5x11.5 i
Lead count 261 L
L Die size 5941x5712 um
Die thickness 6 mil
Schedule 32YU1B
Epoxy type EN-4900F
CPD G700LA
CPD thickness 0.675 mm
Wire bond material Copper
Vendor SUM
LF Thickness 0.13 mm
Anchor lock Yes
» Test vehicle

Wendor : Flotech

PCB drawing no. : 5600-91-A000-12102
Wanufacturing date: 2010 /w0l
Dimension (L x W): 132x77 mm?
Thickness: 1.0 mm

Layer: 8 L

Pad : 0.27 mm /DNEMDT

Cpening : 0.37 mm

Wlaterial: FR-4

Fitch: 0.47 mm

Solder paste type ¢ SAC305

Solder paste model: M705-3101-54
SMT : No wia side

Surface finish : OSP

PCB dezign follow JESD22-B111

@ ASE Group. &l rights reserved.
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Board configuration

u 132
105 135 ™
B I I 1 B
#l L ﬁ # #5 154
.| il
P r i 71
#6 7 3% # #10 77
154——-] L—
© #1 #2 #13 #14 #15
— 6
_u.l l—z #37

Experimental procedure
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SMT profile for lead free
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Drop configuration
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Baszz Place

Ditop Table

Smiks Surface
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JEDEC drop test apparatus

Test result
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Mounting scheme for PCB assembly
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Cell No. [ #1 | #2 | #3 | #4 | #5 | #6 | #7 | #8 | #9 [#10|#11|#12|#13|#14 #ISDropf;:::e

A|75 | ok|ok|ok|ok|ok|ok|]ok|ok|ok]ok|ok|ok|ok]|ok]|[100] 75
B |ok|ok|ok|ok|ok|[ok|ok|ok|ok]|ok|ok]|ok]|ok]|ok]|97 |100 97

F

20%

IV. Summary
JESD22-B111 board-level drop tests (condition B)aarried out, drop

performance of ASE aQFN 11.5x11.5 261L, currentyus:

1. All boards are passed 30 drops after performepgatedly test.

2. From the investigation of dye penetration, blserved that the main crack
phenomenon of is pad peeling on test board sid¢h&umore, from cross section result,
the most crack is pad peeling on test board side
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