Constructional Project

Many electronics enthusiasts hesitate to build projects
involving surface-mount devices (SMDs) because they’re
“‘scared’ by the prospect of soldering such tiny parts to a PC
board. But it can be done; Jim Rowe shows how.

eally intended for manual as-

sembly. They're designed for

automated pick-and-place machines
-and reflow-soldering ovens.

. The problem is that more and more
ICs and other components are becom-
ing available only in SMD form. As
technology marches on, it’s becoming
necessary for everyone to get used to
working with SMDs.

Ir's TRUE THAT SMDs are not
iy

You may already be familiar with
simple SMDs, like resistors, capaci-
tors, diodes and transistors. Some of
these are shown in Fig.1. Note that
they're all shown twice agtual size,
for clarity.

We've used these in various projects
published in the last few years, and
shown how they can be soldered onto
a PC board: nse a soldering iron with
a fine conical or flattened conical tip

and very fine (0.71mm OD) resin-cored
wire solder.

How this is done is shown in Fig.2
and Fig.3. The basic idea is to hold
the chip or device in place while you
tack-solder one or two of its leads to
hold it in position. This then allows
youlo solder all the leads to their pads
in the usual way.

It needs to be done very carefully and
fairly quickly, so you don't damage either
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Fig.1: a selection of common SMD components, shown here twice full size
(if we showed them narmal size they’d be hard to see in some cases).
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the SMD or the PC pads by overheating.
You also need to make sure you don'’t
apply too much solder, which can cause
fine solder ‘bridges’ to short between
copper pads or tracks.

If you do get solder bridges, they
can be removed by applying the end
of some fine desoldering braid to the
top of the ‘bridge’ and briefly apply-
ing the tip of your soldering iron to
the top of the braid, so the end of the
braid heats up to the solder’s melting
point and ‘sucks up’ the excess solder
by capillary action.

OK, so what is the real problem with
SMDs? Put simply, it's not the resis-
tors, but the large SMDs with umpteen
dozen closely spaced pins.

Fine-pitch ICs

More and more VLSI (very large-
scale integration) devices now come
in SMD packages, like the one shown
opposite and those in Fig.4 —quad flat
packs (QFPs) with anywhere hetween
44 and 208 leads (pins).

The lead pitch can be as fine
as 0.4mm - less than 16% of the
0.1-inch/2.54mm pitch used in most
familiar dual in-line IC packages.

The width of the leads can also be
as fine as 0.18mm (that’s right — only
180um!), so the actual spaces between
the leads can be as small as 0.22mm
or 220um.

Now it is possible (just) to solder
a 44-lead MQFP device with 0.8mm
pitch leads like the IC shown in Fig.4,
using a fine-tipped soldering iron and
the technique shown on the right in
Fig.3.

That's providing you are extremely
careful, have a very steady hand and
don’t mind having to use the soldering
braid to remove the almost inevitable
solder bridges. If you can do this con-
sistently, then you are a champion!
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Close-up view of a 44-lead MQFP device
with 0.8mm pitch (lead spacing), afler
being reflow soldered using a low-cost

snack oven.
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Fig.2: the basic steps involved in manually soldering smaller SMDs like those
shown in Fig.1, using a fine-tipped soldering iron and very fine resin-cored
wire'solder. The steps for resistors and capacitors (left) are much the same as
those for SOT, SOD and SOIC devices (right).
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Fig.3: manual soldering of SMD ICs with lead pitches of 0.8mm or more can be
done in the same way if you're VERY careful, but be prepared for the accidental
creation of solder bridges between leads — and having to remove them using
solder wick. As you can see, there's not much difference in approach between
‘gull wing’ and ‘J-lead’ devices,
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444EAD METRIC QUAD FLAT PACK (MQFP)

ALL DIMENSIONS IN MILLMETRES

1004EAD LOW PROFILE QUAD FLAT PACK
(LQFP100/SOT407-1)

(BOTH DEVICES SHOWN 2x ACTUAL SIZE)
Fig.4: the key dimensions of a 44-lead MQFP device compared with those
for a 100-lead LQFP device ~ both shown twice actual size for clarity, You
can see why the fine-pitch devices can’t be soldered manually or even by
wave soldering.

The real problem arises when it
comes to devices with lead pitches
of 0.4mm or 0.5mm, like the 100-lead
LQFP device shown in Fig.4. These
packages are not even suitable for
automated wave soldering, let alone
manual soldering. The leads and gaps
between them are just too narrow.

Reflow profile

The only way to solder these devices
is by reflow soldering. This process
involves applying solder paste to all
of the tiny copper pads on the board
(using a laser-cut stencil and squeegee
system), then placing the SMDs accu-
rately in position on the board, Once
the SMDs are in position, the boards
are then placed on a conveyor belt and
passed through an ‘IR reflow oven’ al
a controlled rate, using infrared
radiant heating.

Inside the oven, they move
through areas with temperatures
set for preheating, followed by
a ‘ramp up’ to above the melt-
ing point of solder and then a
‘ramp down’ to well below the
melting point. This is known
as a ‘reflow soldering profile’.

Using this approach, SMDs
with alead pitch of 0.4mm can
be soldered to boards safely
and with a high degree of reli-
ability, at the same time as all
of the other SMD components.

The main drawback is that |
a commercial IR reflow oven |
is very expensive (many |
thousands of pounds) and
thus beyond the reach of

Pl 9.6%
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enthusiasts and even many small
manufacturers. Getting laser-cut sol-
der paste stencils made from your PC
board CAD file is not cheap either.

So, the challenge is to find a much
cheaper way of soldering these fine-
pitch SMDs on to PC boards. Fortu-
nately, there is a way!

About solder paste

Solder paste is available from the
better electronics stores. It consists of
tiny spheres (<50um in diameter) of
tin-lead solder (63% tin, 37% lead),
suspended in a water-soluble paste
or gel of flux.

It’s typically sold in fairly large plastic

syringes, holding about 80 grams of sol-
der paste. This is actually far too much
for the average enthusiast, because the
ingredients in the flux apparently have
a shelf life of only six months after
manufacture, even when stored in
a refrigerator. Yet 80g of paste is
enough to solder many hundreds
—even thousands ~ of SMDs,

So, while solder paste is avail-
able, it's a pity that it isn't sold
in much smaller quantities — say
5g or 10g, resulting in a lot less
\VEISIHF;B.

When you buy solder paste,
make sure you store it in a refrig-

six-month working life. Do NOT
¢ storeitin a fridge that is also used
. tostore food. If you must, place the
| syringe in an air-tight container,
| because both the solder spheres
and the flux give off toxic fumes

2 —see later.

Applying the paste

As mentioned earlier, large-scale
manufacturers use laser-cut stencils
and a squeegee system to apply just the
right amount of solder paste to every
pad on the PC board where an SMD
lead or contact area is to be soldered.

This is shown in the upper two dia-
grams of Fig.5. This technique simply
isn’t practical for small manufacturers
or enthusiasts.

A much simpler approach involves
applying a thin ‘stripe’ of paste along
the pads for the SMD leads, as shown
in the lowest diagram in Fig.5.

Thestripe of paste is only a millimetre
or so wide and can be applied using a
fine brush, a very narrow roller applica-
tororafinespatula witha 1mm wide tip.

APPLYING SOLDER PASTE USING A
STENCIL AND SQUEEGEE

SOLDER PASTE LEFT ON FADS

AFTER STENCIL IS REMOVED
THIN SDDER PASTE

STRIPE OVER PADS ™\

frr

LOW COST AITERMNATIVE: MANUAL
APPLCATION OF SOLDER PASTE 'STRIPE'

Fig.5: for reflow soldering, large-

scale manufacturers apply solder
paste to the board pads using a
squeegee and a very thin stencil,
laser cut from the PChoard CAD file
(top). This leaves the paste neatly
on the pads (centre) but this is not
feasible for enthusiasts. However, for
fine-pitch SMDs, a very thin paste
stripe (bottom) is almost as good.
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Abave: a close-up view showing a thin ‘stripe’ of solder paste applied manually
to the pads for one side of a 100-lead LQFP device, with the tiny solder spheres
just visible. This stripe is a tad uneven in thickness - a little too thick near the left
end, and a little too thin towards the centre.

A close-up of the same board after the device had been reflow soldered using a
snack oven. Despite the 0.5mm lead pitch, there were no solder bridges.

You'd think that applying a continu-
ous stripe of solder paste in this way
would be asking for trouble because
it would form bridges between pads,
during the reflow soldering process.
However, the secret of this approach
is to make the paste stripe very THIN
—only about 100um wide or two solder
spheres thick.

Ifit’s no thicker than this, the result
is that surface tension and capillary
action cause the solder spheres to
‘pull themselves together’ into the
gaps between each SMD lead and its
board pad, when they melt during the
reflow soldering, As a result, most of
the solder spheres in the paste belween
the pads get sucked into the molten
solder directly under each SMD lead,
leaving very few to form bridges.
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Not too thick, not too thin

If you make the paste stripe too thick,
there WILL be enough spheres left in
the gaps between pads to form bridges.

On the other hand, if you make the
stripe too thin, there will be insuffi-
cient spheres to pull together and form
a good bond between each SMD lead
and its pad underneath. So, erring in

this direction results in ‘missing joints’
after the reflow soldering process — not
at all easy to repair!

The most important thing about
this manual approach to applying the
solder paste is to take your time and to
make the stripe width as you can. It's
easiest to do this with the board under
a magnifier lamp or even a low-power
stereo microscope with illumination.

I've also found that a very thin and
narrow-tipped (about 1mm) spatula
seems to make it easier to apply and
even-up the paste stripe, although a
very narrow ‘epplicator wheel’ (I made
one myself) was almost as good and
much easier than a fine brush.

Whatever you use, the main ingre-
dient is time and patience — applying
solder paste is a bit like trying to
spread microscopic caviar evenly on
a sheet of glass.

In fact, since you have plenty of
paste, do a few dry runs on a sheet of
PCB copper laminate.

Placing the SMDs

Once the solder paste has been ap-
plied to the hoard, you can place your
fine-pitch SMD(s) in position, with
their leads over the board pads, ready
for the reflow soldering process.

Large-scale manufacturers use & pick
and place machine to position all of
the components on the board in one
pass — not just the fine-pitch SMDs, but
everything else as well. Then all parls
can be soldered to the hoard in a single
pass through the reflow oven. But that's
not really feasible if you're placing all
of your components manually.

Our method is to place the fine-pitch
ICs on the board first, then do their
reflow soldering. After the hoard cools
down you can then inspect the results,
and ifall is well you can proceed to sol-
derin therest of the components one by
one, using the fine-tipped soldering iron
approach illustrated in Fig.2 and Fig.3.

You may be wondering how accu-
rately you have to place the fine-pitch
IC packages in position, before reflow

The business end of a ‘mini spatula’ made by the author for applying a stripe of

solder paste on pads for fine pitch SMDs. It's shown here about 3x actual size.
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TEMPERATURE
I

| SNACK OVEN

TURNED OFF
AT 205°C

MNOTES: SHADED PINK AREA SHOWS RECOMMENDED TEMPERATURE FROFILE UMITS
183°C = MEITING POINT OF TINAEAD SOLDER (60/40)
225°C = RECOMMENDED PEAK REFLOW PACKAGE TEMPERATURE
BIACK CURVE = MEASURED TEMP PLOT OF BOARD & ICS
OM 220 x 140mm x 4mm THICK ALUMINIUM PLATE, HEATED INSIDE KAMBROOK
650W KOT-150 SNACK OVEN ['BAKE' SETTING, USING BOTH ELEMENTS)

TFig.6: the shaded pink arca shows the reflow soldering temperature profile limits
recommended by SMD manufacturers, The solid black curve shows the measured
temperature plot achieved using a low-cost snack oven set on ‘Bake’.

soldering. The answer is placed fairly
accurately, but not fanatically so. The
main thing is to make sure that every
device lead is over its corresponding
PC board pad and closer to that pad
than it is to any other pads nearby.

If you achieve that, when the solder
spheres in the paste melt and coagulate
during the reflow process, surface ten-
sion and capillary forces in the molten
solder will automatically ‘pull’ all
the leads centrally into position over
their pads.

So, the idea is to carefully lower the
IC package (orientated correctly, of
course) into position using a ‘vacuum
pick-up tool’ or similar, and then
nudge it gently into the correct posi-
tion using a fine jeweller's screwdriver
or pick tool, Again, it’s casiest to do
this under a magnifier lamp or stereo
microscope, preferably one where vou
canrotate the board and IC until you're
happy that all leads are over their pads
on the board.

Once all the fine-pitch SMDs have
been placed carefully in this way, your
board wil] be ready for reflow solder-
ing. Be very careful not to bump or jar
it, because the SMDs could easily be
jolted out of position. :
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Reflow soldering

Now, how do we do the actual reflow
soldering? If you use an online search
engine to track down info on reflow
soldering, you'll find that quite a few
people have tried doing it with an
electric frypan or skillet.

The basic idea is to place the PC
board in the centre of the frypan, ap-
plying power until the solder paste
clearly melts and flows under each
SMD lead. You then turn off the power
and allow it all to cool down.

This can work — but there is a bigrisk
of scorching the underside of the PC
board; inevitably the underside of the
board must be raised to a temperature
considerably higher than the melting
point of solder.

This board-overheating problem
tends lo be made worse because the
heating element in the underside of
most frypans is circular in shape.
This produces uneven heating of the
PC board, with a cooler region in the
centre, surrounded by a ring of heat.

So, depending on the location of
your fine-pitch SMDs on the board,
the reflow operation can easily result
inaring of scorching on the underside
af the board. The result is a totally

unusable hoard, and the SMDs won't
be salvageable either.

Get an old frypan

If you decide to try the frypan ap-
proach, please don’t use a frypan that
is also used for cooking food.

The fumes given off by solder paste
during the reflow process are quite
toxic and are likely to be absorbed hy
the frypan metalwork and/or Teflon
coating. So the toxins may well be
transferred into any food cocked in
the frypan afterwards.

Buy a cheap frypan specifically for
the job, and mark it clearly ‘NOT TO
BE USED FOR COOKING FOOD'.

Because of the toxic fumes given off
during reflow soldering, il's also very
desirable to do it in a well-ventilated
area — preferably outdoors. This ap-
plies regardless of whether you use a
frypan or some other heating device.

Having read the references on the
web about reflow soldering using a
frypan, I decided to try it, but with a
slightly different approach.

I bought a cheap frypan, then did a
few experiments with it. To try getting
around the board scorching problem,
I cuta ‘heat spreader’ plate from 4mm
thick aluminium sheet and placed this
in the centre of the frypan with my test
board sitting on it.

This did seem to make the heating
fairly even, but there was still a major
problem. Even with the frypan’s ther-
mostat set for maximum, the tempera-
ture on the top of the PC board never
reached the melting point of solder
(183°C), let alone the 215° level that
is necessary to ensure good reflow.

Presumably, the small air gap be-
tween the bottom of the frypan and
my spreader plate added too much
thermal resistance. 1 removed the
spreader plate and tried again, with
the board placed directly on the bot-
tom af the frypan,

This lime the temperature on the top
of the board did reach about 210°C and
reflow took place. IHowever, when it
had cooled down, I noticed that the un-
derside of the board had been scarched
in areas that had been directly aver the
circular heating element.

So, reflow soldering with a frypan is
just not worth the risk of PCB damage.

In the oven
Another ‘cheapo’ reflow technique

. that you'll come across on the weh

Everyday Practical Electronics, July 2010

involves the use of a small electric
‘snack’ or toaster oven. Almost all
these use a pair of heating elements,
oneat the top of the oven compartment
and the other at the bottom.

Whatever you're going to heat up
in the oven goes on a tray supported
by a wire mesh 'drawer’ in the centre,
which is linked to the oven door so it
slides in or out when the door is closed
or opened.

Often, there's a switch which allows
you to select either the top element
(Grill) or the bottom element (Reheat)
or both at the same time (Bake). Each
element draws about 325W, so the
oven uses about 650W when both are
used together. Since the reflow opera-
tion only involves drawing this power
for five or six minutes at most, this
isn’t a problem.

The main advantage of using this
kind of snack oven far reflow soldering
is that the heating is done by infrared
radiation, on the top of the board as
well as from below, just like a *proper’
IR reflow oven. The main difference is
that your board stays fixed in the oven
during the whole process, rather than
moving through different temperature
regions on a conveyor bell.

This means that you have to arrange
for the reflow temperature profile to be
provided in some other way. This turns
out to be easier than you would think.

I decided to try the snack aven
approach for myself, so I hought a
Kambrook KOT-150 snack oven which
cost just £20. It has no thermostat — just
an electromechanical timer and the
element selector switch. But the lack
of a thermostat is not a problem, and
the timer didn't turn out to be all that
necessary either,

First bake

My first test with the snack oven
was to clamp a thermocouple tem-
perature prnhe onte a test board,
which was then placed in the small
pressed tinplate tray that came with
the oven. The tray was then placed
on the oven's sliding mesh drawer
and the oven door closed carefully
so that the thermocouple lead could
exit through a small gap at the top of
the door.

The oven was set to ‘bake’ (both
elements on) and the timer knob set
to apply power for about 10 minutes.
I then proceeded to take temperature
measurements every 15 seconds.
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Here's the setup we used to successfully reflow solder fine-pitch SMDs. The board
assembly is clamped on a 220 x 140mm plate of 4mm-thick aluminium plate, with a
thermocouple probe clamped to the board copper near the 100-lead device, Shortly
after this shot was taken the snack oven was turned on and then turned off as soon
as the digital thermometer reading hit 205°C.

The resulting temperature charac-
teristic turned out to be very close to
the solid black curve in Fig.6, which
also shows (shaded pink area) the
reflow lemperature profile limits for
fine-pitch SMD IC packages recom-
mended by chip manufacturers like
NXP/Philips.

As you can see, the warm-up
characteristic is nicely within the
recommended limits. By turning off
the power to the oven when the tem-
perature on the top of the board just
reached 205°C, the board temperature
coasted up nicely to a peak of 215°C
and then began to coast down again, It

As soon as the temperature coasted down to aboul 165°C, the door of the snack
oven was carefully swung down to allow the entry of more air to speed up the
cooling. Both SMDs on this board had been reflow soldered very nicely, with no
solder bridges between leads or pads. The board had not been damaged in any
way either, so we can recommend the snack oven approach.
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