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ABSTRACT

In the past decade, Quad Flatpack No Lead (QFN)
components were widely used in a variety of electronic
products and their long term reliability was highly
concerned by the industry.

Compared with other package type components, such as
Quad Flat Pack (QFP), the solder joints of QFN are under
its body, and the standoff between component and Printed
Circuit Board (PCB) is very low, and it will hinder the
escape of solder paste flux at reflow stage. After reflow
process, evaporation of ingredients of flux is not fully
completed and the flux residue underneath QFNs,
especially for large size ones, is always “gooey”, and the
stage of this flux residue is quite different from that
reflowed in open air, whose Surface Insulation Resistance
(SIR) reliability is usually evaluated according to IPC
standard.

In this paper, the factors that affect SIR reliability of
“gooey” flux residue underneath QFNs will be discussed.
A variety of dummy QFNs that made of PCBs are
assembled on PCBs whose surface finish is OSP by
reflow in air, then they are tested under 5V bias voltage
and 8501, 85%RH test condition for 168 hours. After the
test, the dendrites of tested QFNs are checked and
measured by X-ray. Further, two solder paste fluxes from
different vendors are chosen, their SIR performances of
“gooey” flux residue and the properties that may affect
their SIR performances are studied.
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INTRODUCTION

In the past decade, the increased use of QFN (Quad
Flatpack No Lead) package components, also named as
MLF (micro-lead frame)/BTC (bottom termination
component), had been driven by their application in
consumer products with the drive to miniaturization and
lower costs [1].

Compared with other package type components, all the
solder pads, with no solder spheres, of QFN are totally
rowed underneath component body. For some QFNs,
there is a large soldering ground pad on center, as shown
in Figure 1.
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Figure 1. Common single and multi-row QFN
components [1]

For its special package designs, according to long term
application experiences of industry, the main issues of
QFN component are [1]:

1. For the QFNs with a center ground pad, a large volume
of solder paste is printed. When soldering, the solder paste
is 100% covered by component body. The volatiles of
flux cannot escape easily and will be trapped in molten
solder, so oversize voids in the center ground pad, which
may affect thermal transmit and reliability, could be a
concern.

2. For the peripheral functional pads, always fine pitch
and without solder balls, the standoff of solder joints is
quite low, which fully depends on the volume of solder
paste printed by the stencil for QFN. The low standoff
will reduce the thermal cycling reliability of the QFN.

3. For the sake of low standoff, the cleaning ability of flux
residue under QFN, if needed, may be also a concern,
especially when using water-based cleaners.

However, in terms of flux residue underneath QFN, the
researches on its SIR reliability are very little. Because the
escape of volatiles in flux is greatly hindered by QFN
component body, the flux residue always shows as
“gooey” state. It is very different from the one reflowed in
open air, which is always dry and hard.

Obviously, now widely used IPC-TM-650 method 2.6.3.7
and corresponding IPC-B-24 test vehicle which are
designed to test SIR reliability of flux residue reflowed in
open air do not fully apply to the “gooey” one.

Until now, there is no standard test method and
corresponding vehicle for “gooey” flux residue. In order
to evaluate its reliability, one idea is to design a new test
structure according to QFN layout [2]. The other is to
print paste flux, instead of solder paste, on IPC-B-24
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coupons and then it is reflowed when covered with glass
slides[3][4].

In this paper, first, the designing factors that may affect
SIR reliability of QFN were studied under the test
condition of 857 and 85% RH by the specially designed
test vehicle and dummy components. Second, the SIR of
the “gooey” flux residues made from paste flux A and B
were also tested under the same test condition. The
“gooey” flux residue was made by printing paste flux on
IPC-B-24 SIR boards and then placing glass slides on the
boards when reflow. Final, the properties that may affect
the SIR performances of these paste fluxes were studied.

EXPERIMENT PROCEDURE

Reliability Test of QFNs

Among all the QFN package components, single and dual
row QFNs are the most common and widespread used
ones. The positions which have ion migration risk are
where the “gooey” flux residue may exist.

For single row QFNs, the “gooey” flux residue may exist
at:

1. The airgaps between Outer Functional Pads (OFPs) or
2. The airgaps between Outer Functional Pads (OFPs) and
Central Ground Pad (CGP)

A sketch map that shows where these airgaps are for
single row QFNs is shown in Figure 2.
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Figure 2. Sketch map of airgap locations for single row
QFNs

However, for dual row QFNs, it will be more complicated
and the “gooey” flux residue may exist at:

1. The airgaps between Outer Functional Pads (OFPs) or
2. The airgaps between Outer and Inner Functional Pads
(IFPs) or

3. The airgaps between Inner Functional Pads (IFPs) or

4. The airgaps between Inner Functional Pads (IFPs) and
Central Ground Pad (CGP)

A sketch map that shows where these airgaps are for dual
row QFNs is shown in Figure 3.

In this test, in order to evaluate the ion migration risk of
these positions where the “gooey” flux residue may exist,
various dummy single and dual row QFN components
with different factor levels were designed, according to
their developing trends and real applications. The design
factor levels of these dummy components were shown in
Tablel-5.
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Figure 3. Sketch map of airgap locations for dual row
QFNs

Because the OFPs are very similar for single and dual row
QFNs, it is not necessary to repeatedly test the ion
migration risk for both components. In this test, it was
only tested by single row QFNs.

Table 1. Components for evaluating risk of OFPs

Design
Components Design factor levels
Parameters
Component size 15%15mm 15#%15mm
. OFPs size S1*18mil 32*30mil
Single Row -
QFN. airgap of OFPs Smil | 10mil | Smil | 10mil
s
airgap of . . . .
6mil | 6mil | 6mil | 6émil
OFPs&CGP

Table 2. Components for evaluating risk of OFPs&CGP

Design )
Components Design factor levels
Parameters
Component
i 15%15mm 15%15mm
size
. OFPs size | 51*18mil | 51*18mil | 32*30mil | 32*30mil
Single Row -
. airgap of . . . .
QFNs 8mil 8mil 10mil 10mil
OFPs
airgap of
61nil 10mil 6mil 10mil
OFPs&CGP

Table 3. Components for evaluating risk of OFPs&IFPs

Design
Components Design factor levels
Parameters
Component
i 15*%15mm 15*%15mm
size
OFPs size | 46*10mil | 46*10mil | 24*10mil | 24*10mil
airgap of . . . .
8mil 8mil 8mil 8mil
OFPs
Dual Row airgap of
8mil 10mil 8mil 10mil
QFNs OFPs&IFPs
IFPs size | 32%32mil | 32%32mil | 32%32mil | 32%32mil
airgap of . . . .
8mil 8mil 8mil 8mil
IFPs
airgap of . . . .
15mil 15mil 15mil 15mil
[FPs&CGP
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Table 4. Components for evaluating risk of IFPs

center of CGP through the drilled hole of PCB bottom,
and then the boards were assembled with reflow profile
developed to close to the lower limit of reflow window

Table 5. Components for evaluating risk of IFPs& CGP

Component
. 15%*15mm 15*15mm
size
OFPs size | 46*10mil | 46*10mil | 46*10mil | 46*10mil
airgap of
&P Smil Smil Smil $mil
OFPs
Dual Re airgap of
o Row eep 8mil 8mil 8mil 8mil
QFNs OFPs&IFPs
IFPs size 32%32mil | 32*32mil | 20*20mil | 20*20mil
airgap of
gap 8mil 8mil 8mil 8mil
IFPs
airgap of
15mil 18mil 15mil 18mil
IFPs&CGP

As the dummy QFNs mentioned above could not be
obtained from open market, and they had to be made in
the form of PCB panelizations, whose surface finish were
Electroless Nickel Gold (ENIG), and thickness were 0.079
inches, and then the PCBs were divided through the
milling cutter. It needs to be note that for the convenience
of PCB manufacturing, the length of OFPs for all the
QFNs is shorter than design value 8mils, but this will not
affect horizontally comparing results and final
conclusions.

The printed circuit board test vehicle which the dummy
QFNs would be assembled on, is an 4 layer board with
dimensions 11.7 inches x 10.9 inches x 0.079 inches, and
the surface finish was organic solderability preservative
(OSP). Independent traces, which were used to apply
voltage bias during test, were designed to link to each
component site on the board.

The PCB laminate for both dummy components and test
vehicle was FR4 with middle glass transition temperature
(Tg) of 150°C.

Solder paste A with SAC305 alloy was selected and all
the boards were pasted by a 0.12mm thick stainless
stencil. The apertures of the stencil for both OFPs (design
value) and IFPs of all the components was 1:1 but 70%
for CGPs.

When reflow, the temperature underneath components is
measured by locating the measuring thermocouple on the
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Com?uuem 15%15mm 15%15mm (230 C) , as shown in Flgure 4.
S1Z¢e
OFPs size | 46*10mil | 46*10mil | 46*10mil | 46*10mil
airgap of
sap 8mil 8mil 8mil 8mil
OFPs
airgap of - =
Dual Row sap 8mil 8mil 8mil 8mil
QFNs OFPs&IFPs
IFPs size | 32*32mil | 32*32mil | 20*20mil | 20*20mil |
e
airgap of ENME RIME 70
&P Smil 10mil Smil 10mil mx | T i&’.‘.‘.ﬂ[ oz i) | LB ‘ e ‘ "'.3."" o
]:FPS = llﬂ. rn?.r.': MDQSD: Gﬂl.\:ﬂl 1) | 230
aigapof | o | tsmil | 15mil | 15mil )
[FPs&CCP m m m m Figure 4. Reflow profile of dummy QFNs

The outline of assembled boards was shown in Figure 5.

Figure 5. Outline of assembled boards

All the boards were putted into the 85 °C, 85%RH
environmental chamber. After the environment was
stable, the 5V bias voltage was applied and it lasted for
168 hours. In the end, the dendrites (Figure 6) of all the
tested components were checked and measured by X-ray,
the length of the longest dendrite for each components
was recorded according to the following 6 levels as shown
in Table 6.

Figure 6. Dendrites morphology underneath QFNss, a)
single row QFN; b) dual row QFN
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Table 6. Dendrites recorded levels

First, the standard testing solvent was made by putting

Level No. Length Range Q.Olg new paste flux or “gqoey” flux residue individually
into 20ml alcohol and solving for 24 hours, and then the
0 100% conductivities of these standard solvents were tested

1 75-100% respectively by a Conductivity Measurement Instrument.
2 30-75% Second, the change in compositions for paste flux A and
3 25-50% B, when reflow at 240°C, was analyzed by In-situ FTIR.
4 0-25% The paste flux was put on the salt pad in a heater and then
s "y the temperature was set to 240°C and held for 10 minutes.

° When testing, the sensitivity of FTIR was 4cm-1.

RESULTS AND DISUSSION

Reliability Test of QFNs

After reflow, the flux residue state must be checked by
pulling out the dummy components that have been
mounted on test vehicles. As shown in Figure 8, the
“gooey” flux residue does exist at the airgaps of
components.

SIR Test of “gooey” Flux Residue

For the purpose of investigating the effect of different
solder paste formulations on SIR of “gooey” flux residue,
solder pastes with SAC305 alloy named A and B, from
two different vendors, that have passed IPC standard SIR
test were chosen. For the convenience of printing enough
flux without bridging after reflow, paste fluxes rather than
solder pastes were used. The samples of “gooey” flux
residue were prepared by the following steps:

1. Printed the two paste fluxes on the standard IPC-B-24
SIR boards, the thickness of stencil was 0.12mm and the
apertures ratio was 1:1 compared with the lines of comb
patterns.

2. Put a piece of glass slide that its size was 29*16*2mm
on the center of comb pattern on which paste flux had
been printed.

3. It should avoid the movements of glass slides through
fixing it with Kapton tapes when reflow. The reflow
profile is shown in Figure 7. For the SIR boards, the
temperature of the comb patterns with glass slides could
reach the peak temperature of 242.5 ‘C , while the
temperature of the comb patterns without glass slides
could reach the peak temperature of 252.2°C.

Figure 8. “Gooe’ flux residue underneath QFNs, a)
single row QFN; b) dual row QFN

After 8501, 8SRH% test for 168 hours, the test results of
single and dual row QFNs are as shown in Figure 9-13.
For all the groups, two results of dendrites are shown in
these figures, one is length distribution of dendrites, and
the other is cumulative percent of all recorded level.
Because the longer dendrites are more concerned, all the
results as below are analyzed in descending order. In all
the figure legends, the descriptions of the dimensions are
£ listed in Table 7.

Table 7. Descriptions of the dimensions in the figure

Hauw
- | %2 l:’:llll e | e ,"",,1,'.;| im#ll-“ [ Figure No. Dimensions Descriptions
} tsam - ot e m s
T x S - — 2 51*18mil or _
2] = = i = = Cr = = Fi 9 32%30mil sizes of OFPs
Figure 7. Reflow profile of SIR covered by glass slides e el :
8mil or 10mil airgaps between OFPs
After reflow, all the samples were horizontally put into ] St 18““1_“1" sizes of OFPs
the chamber set at 85°C, 85%RH. As environment was Figure 10 32*30mil
stable, the SIR was tested for 168 hours by 12.5V bias and 6mil or 10mil airgaps between OFPs & CGP
1 i i 46*10mil or
measurement Vqltage. During testing, the.res1stance and ’ _ sizes of OFPs
electrical shorting were regularly monitored by Ion Figure 11 24*10mil
Migration Evaluation System. At last, without moving 8mil or 10mil airgaps between OFPs & TFPs
glass slides, all the tested samples were checked by a 32*#32mil or :
. . . sizes of [FPs
optical microscope after SIR test. Figure 12 20%20mil
8mil or 10mil airgaps between [FPs
Solder Paste Flux Properties Analysis 32#32mil or e ot D
S1Zes O s
I"l;hefszﬁne pastehﬂuxes as abov;, A angi B, w}?re choser: Figwe 13 20%20mil
ollowing the same procedures above, the “gooe i - : -
y . g p > g y 15mil or 18mil airgaps between [FPs & CGP
flux residues were made at the reflow peak temperature of

240 C.

legends
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Single Row QFNs-OFPs

51" 18mil-Brnil Len. Distri.
 51% 18mil-10mil Len. Distri.
Lpoox  EEE32*30mil-Bmil Len. Distri.
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]
o
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-=-51*18mil-Bmil Cumn. Per,
==—51*1&mil-10mil Cum. Per.

paome —e—32%30mil-8mil Cum. Per.

ank 32*30mil-10mil Cum. Per.
100% 75-100% 50-75% 25-50% 0-25% 0%
Length Level

Figure 9. Test results of OFPs for sing row QFNs

Single Row QFNs-OFPs&CGP

517 183 mil-Gmil Len. Distri.

5 1% 13 mil-10mil Len. Distri.
BOS% e 32* 30mil-Gmil Len. Distri,
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=——32*30mil-6mil Cum. Per.

[
100% 75-100% 50-75% 25-50% 0-25% 0% 327 30mil-10mil Cum. Per.

Length Level

Figure 10. Test results of OFPs&CGP for sing row QFNs

Dual Row QFNs-OFPs&IFPs
46" 10mil-Bmil Len. Distri.
B[ 100N e 46%10mil-10mil Len. Distri.
Feoas w24 * 10mil-8mil Len. Distri.
o 24 10mil-10mil Len. Distri.

—B-46* 10mil-Bmil Cum, Per,

=45 10mil-10rmil Cum. Per.
A . =a=24* 10mil-2mil Cum. Per,
/
- T
100% 75-100% 50-75% 25-50% 0-25% 0%
Length Level

Figure 11. Test results of OFPs&IFPs for dual row QFNs

24* 10mil-10mil Cum, Per,

Dual Row QFNs-IFPs&IFPs

12 120.0%
32 % 3 2mil-Bmil Len. Distri,

= & 1000%

327 32m0il- 10mil Len. Distri.

soow 20 20mil-Emil Len. Distri,

1 20* 2 0mil- 10mil Len. Distri.

VN | i =8 32*32mil-8mil Cum. Per.

7
l + zoom
0%
100% 75-100% 50-75% 25-50% 0-25% 0%
Length Level

Figure 12. Test results of [FPs&IFPs for dual row QFNs

== 32*22mil-10mil Cum, Par.
o 200* 20mil-Bmil Cum, Per.

—— 20* 20mil-10mil Cum, Per.

Dual Row QFNs-IFPs&CGP

8 1200% . . .
G032 mil-15mil Len. Distri.
7t }
LOE%  mem32*32mil-18mil Len, Distri.
PR }
z. | Faoow  mEm20*20mil-15mil Len, Distri.
ﬁ 2 20" 20mil-18mil Len, Distri.
3 s
& g
N 5 =8=32%32mil-15mil Curn. Per.
200m &
2 —=—32*32mil-18mil Cumn. Per,
/ 200
L l -_ 1 420" 20mil-15mil Curn. Per.
“ g . ek —— 20" 20mil- 18mil Curn. Per.
100% 75-100% 50-75% 25-50% 0-25% 0%
Length Level

Figure 13. Test results of [IFPs&CGP for dual row QFNs

Under the harsh test condition (850, 85% RH), all the
groups in this test, whether single or dual row QFNs, have
the risk of ion migration. In general speaking, both the
airgap and size of functional pads have the effect on
dendrites growth. However, according to the results
above, they are not exactly the same. Obviously, the
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factor of functional pads size is the major one when
comparing with corresponding airgap between OFPs or
OFPs & CGP or OFPs & IFPs or IFPs or IFPs & CGP.
Because the aperture of the stencil for both OFPs and IFPs
is 1:1, it is easy to understand that the size of functional
pads is equal to printed solder paste volume. In addition,
when the reflow profile is fixed, the more solder paste
volume there is, the more “gooey” flux residue after
reflow process. As to the airgap, when the corresponding
functional pads are the same, the smaller the airgap, the
more seriously the dendrites grow.

Finally, based on the above conclusions, for the sake of
reducing ion migration risk of QFNs, first, when the pads
are designed, the size of functional pads and
corresponding airgaps between functional pads or
functional pads and CGP should be optimized in advance;
second, when reflow, under the premise of ensuring
assembly quality and solder joint reliability, the apertures
of stencil and reflow profile should also be optimized in
order to reduce the “gooey” flux residue as less as
possible.

SIR Test of “gooey” Flux Residue

The monitored results of resistance for paste flux A and B
are shown in Figure 14-15. The resistance of both paste
fluxes is lower than the baseline of IPC standard, 100M
ohm, however, the resistance of paste flux B is 1-2 orders
of magnitude higher than paste flux A. After168 hours,
when the test is finished, for paste flux A, only 2/12 of the
samples have passed this test, but for paste flux B, except
for one abnormal comb pattern (paste flux B-5), 9/11 of
the samples have passed it, obviously their SIR
performances are consistent with the corresponding
resistance at the beginning.

SIR Test Results —— Blank Pafteen
1100 —aste Flux A-1
w—Paste Flux A2
1000
——paste flux A3
Paste Flux A4
800 1
—aste Flux A5
& 800 ——Paste Flux A6
F —— paste Flux A7
00 T Paste Flux 48
— Paste Flux A0
00 T = —_— =
¢ 1 —Paste Flu 810
$Y I}
—— Paste Flux A
so0 J i Paste Flux A-11
! Faste flux 412
100 | I

% % o8 %2 g8 & 3 8

Time(h)
Figure 14. SIR test results of “gooey” flux residue for
paste flux A

@
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SIR Test Results

1100 - ——Paste Flux B-1

o= Blank Pattern

o Paste Flux B2
—Pycte Flux B-3
—Ppste Flux B4
— e Flux 05
—Paste Flux B6
—pyste Flux B-7
——Paste Flux B8
—Ppste Flux B9
——Pptte Flux B-10
——Paste Flux B-11

Paste Flux 812

Time(k)

Figure 15. SIR test results of “gooey” flux residue for
paste flux B

At last, all the tested samples of both paste flux A and B
are checked by optical microscope, it is clearly seen that
there are a lot of dendrites for the failed samples, and their
features are consistent with ion migration failure mode, as
shown in Figure 16.

In summary, using the test method above which is not
fully mature, the SIR test results of “gooey” flux residue
are much different between Paste Flux A and B, even
though both of them have passed IPC standard SIR test.

Figure 16. Dendrites morphology after SIR test
Solder Paste Flux Properties Analysis
The conductivity test results are shown in Figure 17.

Whether for new paste fluxes or “gooey” flux residues,
obviously, the conductivity of A is higher than B. it is
well known that the conductivity is the reciprocal of
resistance, so the conductivity order of paste fluxes or
“gooey” flux residues is very consistent with the order of
the initial resistance tested in SIR of “gooey” flux
residues. This means the conductivity of paste fluxes or
“gooey” flux residues is strongly related to SIR results,
and conductivity test may be a quick method to evaluate
SIR results of “gooey” flux residues.
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0.0 T 1
A B

Paste Flux
Figure 17. Conductivity of paste flux in different status

It is also well known that the carboxylic acids are always
as the activators, and various ethers are always as the
solvents in solder paste flux [5]. On a typical FTIR curve
(Figure 18), the carboxylic acid is represented by the peak
3500cm-1 which is the absorbance peak of v(-OH), and
the ether solvent is represented by the peak 1100cm-1
which is the absorbance peak of v(C-O-C).

f A

3500cen-1V{OH)

-l ) ) 1100cm. wicoa', ) '?

Figure 18. Absorbance pe.iank.(.)f v (-OH) and v(C-O-C) on
a typical FTIR curve

After the new paste fluxes are tested at 240°C for 10
minutes, the changes in amount of activators in fluxes are
shown in Figure 19. It is seen that the content of activators
in flux A is always higher than in flux B, which is
reflected by the absorbance value. According to the
experience in industry, excessive amount of activator in
flux residue will lower its resistance and increase the risk
of ion migration.
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0.12 4 |—&— | Paste flux A
|—a— | Pasteflux B

0.104 s

0.08 .

0.06 .

Absorbance

0.04 - .

0.02 4 .

0.00 .

0 2 4 6 8 10 12
time/min
Figure 19. Changes in amount of activators when
mimicking reflow at 240°C for 10 minutes by In-suit
FTIR

As to the content of ethers in flux residue, the similar
regularity is not found, however, as long as the solvent
exist, when there is a bias voltage, the ions in “gooey”
flux residue will move more easily than in hard and dry
flux residue. Further, these ethers, which are strong polar,
will prefer to absorb moisture when tested in high
humidity environment. For “gooey” flux residue, this will
aggravate the corrosion and the risk of ion migration.

CONCLUSIONS

Under extreme design levels and harsh test condition, the
SIR reliability issue of QFNs should be concerned. In
order to avoid the failure of QFNs when they are used, the
full cooperation in industry is needed.

When a QFN component is designed, if the pads always
have bias voltage when the component is in normal
operation, the size of these pads should be as small as
possible while the airgap should be as big as possible.

When a QFN component is assembled on PCB, under the
premise of ensuring assembly quality and solder joint
reliability, the “gooey” flux residue between the pads
those always have bias voltage should be reduced as less
as possible by properly optimizing the apertures of stencil
and reflow profile.

In addition, before a QFN is assembled on PCB, a solder
paste that has better SIR reliability of “gooey” flux
residue should be chosen. Of course, the premise is to
establish a standard method and corresponding test
vehicle that could effectively evaluate the SIR reliability
of “gooey” flux residue, such as IPC-TM-650 method
2.6.3.7 and IPC-B-24 test vehicle for dry flux residue. In
this test, a test method is optimized but it is not fully
mature yet and should be optimized further.

As to the paste flux itself, the SIR reliability of “gooey”
flux residue may be related to its conductivity and the
content of activators after reflow.
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