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Abstract

Many words have been written about the impending lead free transition, during this period of frantic discovery lots has
been communicated about the reflow and alloy concerns; But the print process, which lets face it is the 1¥ process that
adds value, is often over looked but this is where a process can be made or broke. Much has been documented about the
differences of Lead free materials versus Lead rich materials; Mainly the discussion goes along the lines of questioning
the self-centring capability and the wetting characteristics. This leads onto questions such as, “What should I do with my
aperture design”, “Will I see more assembly defects?” This paper will look at these questions plus others such as what
happens if the process window is intentionally violated.

Process Window

This experiment will focus on violating the print process window and measuring the response. This was achieved by
including X and Y offsets to the solder paste deposits. This was realized by manually programming the automatic stencil
printer with offset values, which moves the alignment of stencil to board by the prescribed amount, this value can be
adjusted in 1 micron steps. To understand the influence aperture designs and offsets have on lead free assembly, we have
included a stencil, which has many aperture geometries.

Stencil
A stencil was fabricated from a Nickel formed blank, into this the apertures were cut via a YAG laser tool. The Nickel
material was chosen due to the benefits established from earlier work.

The stencil used throughout this experiment had a full range of aperture designs fabricated into the artwork, a full list of
these can be seen below in Table 1.

The purpose of varying the apertures within the stencil was two fold; the 1* was to determine if certain apertures would
influence the quality aspect of SMT production, the 2™ was to determine if aperture geometry could increase the process
window in which a lead free assembly could be manufactured.

All solder paste printing for the experiment was conducted using a 125 micron thick Nickel /laser cut stencil. The
apertures were not micro-etched or surface finished plated. A thickness of 125 microns was selected as a compromise
between a 100 micron and 150 micron thick stencil. The thinner 100-micron stencil would provide better solder paste
release for the smaller devices, but would inherently reduce the solder paste volume available for the larger component
types. A 150-micron thick stencil was not considered because of unacceptable solder paste transfer for the smaller
apertures. The metal mask was mounted in a centre-justified configuration. One stencil was designed for the experiment;
the passive component artwork on this stencil was broken into sub designs, which provided a total of 67 designs. The
breakdown of these design are shown in Figure la-c and Table 1, to aid in this description the board has been split into 2
sections A & B. It can be also seen from the diagrams and table below that to help tabulate the results the aperture
designs are labelled A-F and the Aperture sizes have been labelled X-Z.
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Figure 1a - Map of Aperture Designs
;"_ _____ BRI AR EVPY PP vow
—— ImnnompnEREocEeoEnEeeBeaasnsa s Ala
I A A R R R R R R R AR R TR EAZZ L2 A2 . v 1206
M EEEEERTEEEEERAERERERaRARAAAs R 6 -
IR e E R PP PO e -
7z (L T R P P T P RN I N PYYYYYYYT!I Y YYY
;.._ ........ :_::_:f:
EvAie it SnEmEans
o E e EE
Z T TaEER==
R el el el

Figure 1b - Section A
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Figure 1c: Section B

Table 1 - Key of Aperture Designs

Aperture | Colour code Shape Icon
Design
Standard
A Rectangular
B Rounded
o |
C Rounded
Corner IIIIII
F IIIIIII Offset Eili]Ei
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Table 2 - Aperture Size X (1:1)

Component type Aperture width (A) | Aperture Space (B) | Aperture Length (C)
1206 1.778 1.397 4.191

805 1.397 0.889 2.921

604 0.889 0.762 2.286

402 0.558 0.508 1.676

201 0.381 0.228 0.838

0.65mm QFP 2.54 0.65 0.394

PLCC 2.07 1.27 0.8

0.65 SOIC 1.905 0.65 0.381

Y (Standard Spec)

Component type Aperture width (A) | Aperture Space (B) | Aperture Length (C)
1206 1.678 1.397 4.091

805 1.297 0.889 2.821

604 0.789 0.762 2.186

402 0.458 0.508 1.576

201 0.281 0.228 0.738

0.65mm QFP 2.44 0.65 0.294

PLCC 1.97 1.27 0.7

0.65 SOIC 1.805 0.65 0.281

Z (Over Print)

Component type Aperture width (A) | Aperture Space (B) | Aperture Length (C)
1206 1.878 1.397 4.291

805 1.497 0.889 3.021

604 0.989 0.762 2.386

402 0.658 0.508 1.776

201 0.481 0.228 0.938

0.65mm QFP 2.64 0.65 0.494

PLCC 2.17 1.27 0.9

0.65 SOIC 2.005 0.65 0.481

Board

A test board was designed for the experiment; Figure 3 is a photograph of the test vehicle. The substrate was a double-
sided panel that measured 140mm wide by 204mm long. Attachment pad metallurgy was bare copper covered by Entek
plus (OSP). The ranges of passive components, which are of interest for this report, are 0201, 0402, 0603, 0805 and
1206. The Pad widths, lengths and spacing are documented in Table 3.

Note all components were mounted in the orientation below therefore all reference to X and Y movements are as shown.
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Figure 2 - Attachment Pad Dimensioning
Table 3 - Pad Geometries
Component type Pad width (A) Pad Space (B) Pad Length (C)
1206 1.778 1.397 4.191
0805 1.397 0.889 2.921
0604 0.889 0.762 2.286
0402 0.558 0.508 1.676
0201 0.381 0.228 0.838
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Figure 3 - Photograph of Test Board

S23-03-5




Print Platform

The study was conducted using a DEK Europa platform. Before embarking on the experiment described in this paper,
the printing machine was calibrated mechanically. Using the manufacturer’s defined procedure, the results were verified
that the Cp and Cpk values passed the minimum 1.6 values. To reduce the amount of statistical “noise” the same
machine, interface and transfer heads were used throughout the experiment. The same batch of substrates throughout
was also used for measurement purposes.

The following printer process parameters were used throughout the experiment

Print Speed = 80mm/s
ProFlow = 300mm Cassette
Paste Pressure = 1.8 bar
Print Gap = Omm
Separation Speed = 10mm/s

As part of the robustness test within this experiment both X and Y print offsets were included, this would hopefully give
an insight to the robustness of a lead free print process. Table 5 lists the level of offsets for all the runs.

Solder Paste
The solder paste sample used in this investigation is shown in Table 4. The material was suspended in a no clean flux
medium.

Table 4 - Solder Paste
Material Label Alloy type Metal Content (%)
A Sn96.5Ag3.0Cu0.5 89

Reflow

The boards were re-flowed using a standard 10-zone oven. The board was profiled to ensure a correct pre-heat, soak and
peak set-up, Figure 4 below shows the reflow profile used throughout the experiment, additional information about the
oven set-up is shown below.

Oven Model: Vitronics-Soltec XPM2
Number of Heating Zones: 8

Number of Cooling Zones: 2

Convection Fan Speed: 3500rpm

Oxygen level when Nitrogen active: < 50ppm
Conveyer speed: 53 cm/min

Peak temp: 240C

The use of Nitrogen was selected for a number of runs; this schedule can be seen in Table 5.

M.O.LE STATUS Speed  Zonel ZoneZ Zone4 ZFones  Zonef  Zone7
Max Internal T 46C 5300 93 138 183 188 236 242
Battery: 5.010 CriMin_ 93 138 183 188 236 247
Points: 533 260 T T T T T T T
Active: 120000 ' ' ' ' P ' 10
Interval 00:00:01.0 ! ! | | — ; e
Date: 05/21105 PP I I i : I '

Time: 02:48:32

________________________________

Tool status box
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Figure 4 - Profile of Reflow Oven
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Table 5 - Lo

Print Material | Side D/B Print Dir | Print Offset Reflow
Atm
Part A
1 A OTHC Dummy | Fwd 0 N2
2 A OTHC Dummy | Rev 0 N2
3 A OTHC Build Fwd 0 N2
4 A OTHC Dummy | Fwd 0 N2
5 A OTHC Dummy Rev 0 N2
6 A OTHC Build Fwd 0 N2
7 A OTHC Dummy Rev 0 N2
8 A OTHC Dummy | Fwd 0 N2
9 A OTHC Build Rev +140 um (x) N2
10 A OTHC Dummy Fwd +140 um (x) N2
11 A OTHC Dummy Rev +140 um (x) N2
12 A OTHC Build Fwd +280 um (x) N2
13 A OTHC Dummy | Rev +280 um (x) N2
14 A OTHC Dummy | Fwd +280 um (x) N2
15 A OTHC Build Rev +140 um (y) N2
16 A OTHC Dummy | Fwd +140 um (y) N2
17 A OTHC Dummy Rev +140 um (y) N2
18 A OTHC Build Fwd +280 um (y) N2
19 A OTHC Dummy Rev +280 um (y) N2
20 A OTHC Dummy | Fwd +280 um (y) N2
21 A OTHC Build Rev +140 um (y) Air
Results

Below is a recap of the factors which where included within this experiment.

. 67 individual aperture designs for each passive component
. Offset shift in both X and Y
. Atmosphere both air and Nitrogen

From the above list many responses were gained from this experiment and below are the highlights from this.
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Figure 5 - Total Number of Assembly Defects by Process Set-Up

The 1* set-up was focused on the effects of a standard process, during this set-up no adjustments such as offsets were
included, and the reflow atmosphere was Nitrogen enriched. The results from this batch of experiments showed that with
a centred print process the assembly process was extremely robust. The next batch of results shows, the assembly yield
when X & Y offset are included into the process.

Figure 5 shows that a shift of +ve 140 microns in the X-axis with nitrogen doesn’t cause a large number of defects (4).
For clarity the photographs presented show the top left-hand corner of the 0201 chips, this includes aperture designs A at
1:1 (X), Standard Spec (Y) and over print (Z). The set of photographs shown in Figure 6 illustrate the results observed
during this set-up.
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Figure 6 - Photograph Showing the Complete 0201 Process Flow (140microns +ve X with Nitrogen)

When the same +ve 140-micron offset is added to the Y-axis, 576 defects are observed. The majority of these defects
were tombstones. The set of photographs shown in Figure 7 illustrate the results observed during this set-up.
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Figure 7 - Photograph Showing the Complete 0201 Process Flow (140microns +ve Y with Nitrogen)

The next step in the experiment was to keep the 140-micron Y offset but switch off the nitrogen and allow the reflow
process to run in air. The result from this was remarkable; the defects were noticeably reduced (279). The set of
photographs shown in Figure 8 illustrate the results observed during this set-up.

Figure 8 - Photograph Showing the Complete 0201 Process Flow (140microns +ve Y with Air)
The final batch of tests involved increasing the offsets to 280 microns.

Again the response from the y-offset shift was more responsive and gave a total of 1505 defects. The set of photographs
shown in Figure 9 illustrate the results observed during this set-up. A worthy observation from this set of photographs are
reasonably good reflow results, which were obtained from the bottom row of 0201 components, the aperture design
which corresponds to this row was AZ. The other two rows were the same shape but different aperture size; the poorer
response can be seen clearly.

Figure 9 - Photograph Showing the Complete 0201 Process Flow (280microns +ve Y with Nitrogen)

The 280-micron offset in the x-axis again was not as responsive but this test did results in 300 defects. The set of
photographs shown in Figure 10 illustrate the results observed during this set-up.
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Figure 10 - Photograph Showing the Complete 0201 Process Flow (280microns +ve X with Nitrogen)
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As can be seen from Figure 5, if you could guarantee a print process in which the offsets do not deviate, then a fair
statement would be that, “no change” to stencil architecture is required; But this is the real world and we know that FR4
has a dimensional stability of no greater than 0.08%. Which would in the case of the test vehicle used for this experiment,
potentially have an excess of 200 microns offset, therefore the tests that were conducted at 140 microns will be further
analysed as these results reflect, “real life”.

Figure 11 shows a breakdown of the defects by aperture design. For the reasons mentioned above we will only focus on
the runs in which the140-micron offsets were included. It is interesting to observe the effects of 280, but if your running
with this amount of alignment offset, the implementation of lead free is the least of your worries.

It can also be clearly seen that from Figure 11 the addition of Nitrogen (N2) has a detrimental effect on the process.

The results, which utilised air within the reflow process, show superior capability, but still certain aperture designs still
show issues when 140 microns offsets are employed. Aperture design AZ shows good capability and this design is
interdependent of the reflow atmosphere (AZ, a standard rectangle and overprint). This design would be the preferred
design for all passive components, as it has proven that it can cope with the, “normal” offset shifts that occur in SMT
assembly.

Graph showing assembly defect by aperture design and assembly process type 140 micron
offsets only

== == 140 micron X Offset N2 ====140 micron Y Offset Air ==#=140 micron Y Offset N2 ‘

Figure 11 - Assembly Defects by Aperture Design (140 micron Offsets Only)

Conclusions

During this experiment several points have been discovered: One of the most important of these is the comprehension
that a centred lead free print process should not give the process engineer any major alarm. An important aspect is to
ensure that the repeatability and accuracy of the deposit is under control. As we have discovered in past investigations,
the utilization of Enclosed print head technology and nickel/laser cut stencils are the enabling tools to achieve this
stability of deposition.

But, of course, as we have already discussed, a utopian process does not exist within an assembly facility; therefore, the
“no problem” statement is only true if you have the luxury of manufacturing within a laboratory facility. Therefore, we
need to fully appreciate the influence that stencil geometries can have on a real life lead free process.

Figure 12 shows all the combinations of aperture designs and size. A total of 67 aperture designs were used throughout
the experiment. As can be seen from the results, some designs were extremely detrimental to the process, but design AZ
(standard rectangle with 50 micron added per side) showed significant benefit for all passive components that exhibit
standard assembly offset creep. It would seem that this slight increase of solder paste volume aids the assembly process,
particularly once the solder paste placement accuracy is breached. One reason for this increased capability could be
explained by the fact that the overprint not only gives a “larger slop” area of placement, for both “paste on pad” and
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“component to pad” alignment, but the additional solder paste material balances the wetting forces during the reflow
process. A further benefit to this aperture design was the fact that the O.S.P pad was tinned, which is more a cosmetic
feature but, one which is ever present in the discussion of lead free assemblies.

Graph showing assembly defect by aperture design and assembly process type
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Figure 12 - Assembly Defects by Aperture Design (All Offsets Shown)

The addition of nitrogen clearly increased the number of defects. This could be due to increasing the wetting forces and
reduced wetting time of the solder during reflow. Longer thermal reflow profiles could reduce the number of assembly
defects that have been observed with Nitrogen.

One strong observation from this experiment was the different response is between the resistor and capacitor packages.
The capacitor package accounted for approximately 80% of all the defects recorded. This defect rate was more noticeable
on the 0201 and 0402 capacitor packages, once the solder paste was shifted in the y-axis. Both these packages have a
high, height to width ratio, which would tend to suggest that the balance of total downward forces pulling down on the
component, is only slightly more than the surface tension moments of the end faces; therefore when the paste is miss-
aligned, the end face, which is not fully contacted with the solder paste, does not have sufficient surface tension to equal
the pulling force of the opposite side. When this phenomenon happens the chip component flips up due to imbalance of
forces. On the larger chip components this is not seen, mainly because the mass of the component is greater than the end
surface force.

To sum up:

e Apertures that were rectangular in profile, and include an additional 50 microns on the East and West edge,
(assuming the chip component is mounted vertically) display a greater assembly yield rate.

e  Using Nitrogen within the reflow process is detrimental to the assembly process window.

e  Utilising the correct aperture designs can deliver a high yield rate even when “paste to pad” or “component to pad”
offsets creep into an assembly process.
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