CHAPTER II
THEORY AND LITERATURE REVIEW
2.1 Introduction of soldering and solder paste

Soft-soldering is the joining together of two metals using a low melting

temperature, tin-containing alloys as the filler metal, these alloys as the filler metal, these

alloy being termed internationally “soft sc yé l:1e melting temperature of the filler

metal-the solder alloy- is us the melting point of the basis
y g gp

metal or the metal being joi " 0 ering the filler metal wets and

. - iHbe : Wh@ solidified.
2. Heat activated thf flux and melted the solder alloy for joined together. Form

thermﬁcw Eﬂ Q‘Wﬁ(‘w?WﬁWﬂ ﬁtlsfy two confliction
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* The components to be soldered should not be heated to a temperature
at which they will be damaged.
3. Basic metal placed on PCB board must be jointed with electrical parts.
4. Fluxes have three major functions.
o Chemical function: The main task of the flux is to remove tarnish films

from surfaces and to protect the cleaned surface against re-oxidation.



e Thermal function: The flux assisting the transfer of heat from the heat
source to the joint area
e Physical function: The reaction products must be removed from the
surfaces to allow the solder to come into intimate contact with the base
metal surfaces
These functions influence the surface tensions of the basic metal, the solder, the
interfaces and hence the effect upon the wetting conditions.
Solder paste is a seemingly simple rﬂa‘(y’ﬁ)} that forms one of the foundations of
the surface mount assemble operation. If the sol&ex;dob'it not do its job correctly then first
o -

pass yield will be severely rediiced.”
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Solder paste is a sign ,f sold powder partieles in flux, to which special

agents have been added. Its 1S ncreasmgaapldly, not only in electronics but also in

vk ,*.."-1 +
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The range of propertiesjof currently ex;sﬁ;;ﬁ solder pastes is still in sufficient to

meet all the requirements for reﬂoW‘ﬁIdermE‘é.nce the development of new pastes is
»... ==
desirable, for instance sailtable rapld heatlng (" with a laselx beam) and for very slow

heating (as in an air ﬁlmi!pe) 7:_j

If the paste is heated above the melting temperature 6f solder alloy contained in it,
the alloy particles will coalesce to form one volume of metal. In most cases, however, this

metal contains a lgtgefuinibér/of voidsor flixfilléd\paies (Se€Figure 2.1)

Figure 2.1: Cross-section of a component lead, which has been reflowing soldered to an
alumina substrate using a solder paste. The solder joint contains a large number of holes,

which is not an exception.®



Most solder pastes contain 75 to 85 mass percent of solder metal, which is about
25 to 40 volume percent (see Figure 2.2). The metal particles are therefore not in manual
contact when the solder paste are homogeneously distributed. Dispensing agents are
added to prevent the separation of the heavy metal from the light vehicle. However,
shocks during transport may impair the stability and sometimes the paste settles in which

case stirring can restore uniformity of composition.
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Figure 2.2: Relationshi e percent and mass percent of solder

metal in a solder paste. Density of the 5 shown. (The curve is valid for solder

o

tin60-lead40 and a partigcula Hased vehic

For the applicatiop-of-the-paste-sheologica -“mﬁ;f“.. and thixotropy are
importance. These depend o S emnd size distribution of metal

particles, and the agent added.
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paste’s printability. Spherical powders are preferred over elliptical powders. The lower
the surface area, the lower the oxidation. Hence the finer and irregularly shaped powders,
with their larger surface area, have a higher metal oxide content than spherical powders.
Solder pastes containing powders of irregular shape are prone to clog screens and
stencils. Figure 2.3 shows acceptable and unacceptable solder particles for use in solder
paste. It should be notes that the pastes do not have to be as perfect, as shown in the

picture 2.3 (a.) Some variation in particle sizes and shapes is only to be expected.



paste®

Printing problems W olde containing powder particles
that are large in diameter, : “ 'een a encils. On the other hand, a
solder paste with powde i ar¢ 100 small is prone'to form solder balls during
reflow. |

The commonly used esh; that is, at least 99 % by
welght of powder pamcles will square inch) mesh and less than

Must form metallulgical bond
Alloy should be of hlgh urity.
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action.
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6. It must not soften or re-melt at the temperature at which the device will be

=

operating.
7. Its melting point should be compatible with board components and substrate
material.

8. It should have as narrow a plastic or pasty range as possible.’



Table.2.1 General alloys available.”

Type of alloy Melting range. (°C)
60/40 Sn/Pb 183-190

63/37 Sn/Pb 183-184

62/36/2 Sn/Pb/Ag 178

96/4 Sn/Ag 221

99/1 Sn/Cu 27

2.4 Solder paste flux comp

particles. The fluxes in pastés @re char: Ctatized\inMhe ame way as the fluxes for
cored solder wire The co ‘ | WW or modified type for
better resistance and solubilify. X i ‘may be eferred to generically as resins
= ral‘resins such as rosin, chemically
modified rosin, and synthetic resi s o f der paste fluxes the resins are dispersed
in solvents, together Wklﬁ onal ac and ge ﬁ ;

The solvent is ¢ Ve the colophony, its low rate

of evaporation at roonﬂb ate at ;@heat temperature), its low
flammability and its compqtibility with the o@r flux components, whereas its boiling

point should lie bﬁ‘uﬂld}%ﬂm w EJ ’] ﬂ ‘j

Activators @fe added to decompose and remove any oxide ﬁlm existing in the

- ﬂﬁﬁﬁiﬁﬁmﬂﬁm‘ﬁmﬁ B e

hydrochlonde or weak halide-free organic acids. The resin may be a weak acidic activator

but it is also added to protect the metals from oxidation during solder paste reflow. The
organic solvent dissolves and supplies the resin and activators to the portion to be
soldered and is typically an alcohol, glycol, glycol ether, or ester.
The activator should be selected by 2 major factors
1. Flux efficacy is the ability of the flux to promote solder wetting. Efficacy

is closed related to chemical activity.



2. Flux corrosive is the ability of flux residues to affect the soldered products
after the soldering process.

Electronic devices all undergo continuous temperature variation except for those
used under constant temperature conditions and, in extreme cases such as equipment in
vehicles, the temperature variation may be as great as 80.degree. C. or more.
Consequently, flux residues on printed circuit boards also undergo continual temperature

fluctuations, and have therefore been sul

resulted in impaired reliability. _&‘ ' /
The thickener is the thiekener give &otropy and has the purpose of

ducmg good resolution during

[}t to cracking and deterioration, which has

preventing the sagging of the'po

printing or screening; its effget’” however, rapidly va lshes when the temperature is

increased and therefore the cg ould be above a lower limit
depending on the metal cG

The rheological p “the screen print-ability of the
material. Hence, in order tgfob the PCB, the rheology of the
paste must fall within a rel idow. Solder paste rheology is
largely determined by those comiponet: te which are collectively known
as the vehicle. Generally, solder pas nsist of solvents to dissolve the rosin

fluxes or fluxing agenL and«the ﬁ' and ofl dditives to achieve the proper

rheology. Currently, c Clgt o) derivatiy wus Cellosolve TM. mono-
and dialkyl ethers of et}ﬁen

solder pastes.'
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improve the coalescence of the molten solder particles and the wetting of metallic

i eﬁf are used in commercial

substrates. In particular, solder paste flux removes oxide layers from the solder and joint
surfaces, transports reaction products away from the soldering zone, and protects the
clean joint surfaces from oxidation until soldering has taken place. Solder paste flux also
acts as a heat transfer medium, which ensures that all parts of the joint reach a

temperature above the melting point of the solder particles.
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2.6 Tackiness of the solder paste

Tackiness is the ability of solder paste to hold the surface mount components in
place after placement but before reflow soldering. The tackiness of a paste is in an
indicator of whether the working life of a paste has elapsed. If a tackiness check reveals
that a paste has been pressed in to service past its working life, the paste is no longer

useful to hold components in place during placement and in handling before reflow.

The tackiness of pastes de ’ factors, such as component placing

ed of disrupture and paste drying
—
T———

pressure, pressure, pressure dwe

time before placing of com

2.7 Viscosity of the sold/

Solder paste are 0
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: 1\\\\1\‘ at a constant rate of shear
stress or strain rate, the sol | decrease over time, thus implying that
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its structure breaks down pr, f%‘ iy
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\\3' viscosity of the solder paste

decreases as the shear stress o reases. Explained simply, the paste is

thin when a shear stress is applie s th-a squeegee), but thick when no stress is

applied. This property is,highly désirable for print suggested by figure 2.4
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Figure 2.4: Typical solder paste viscosity change during screen printing operation®

The solder paste will stay on top of the open of the screen or stencil, flowing only
when the squeegee induces a stress on it.

Once the paste has been deposited on the lands, the squeegee-induced shear rate is

removed and the paste returns to its highly viscous form, thus staying on the lands and not
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flowing onto the non-metalized surface of the board. In addition to shear force, particle
size and ambient temperature have an effect on solder paste viscosity. Figure 2.5
represents the decrease in viscosity that occurs as shear force or temperature is increase or

particle size is decreased (finer particle)

Viscosimy I

Figure 2.5: Impa andi temperature and decreasing

particle size on solder past al content and flux vehicle.®
Its should be not

) \1‘ . the effect on viscosity (on the
Y axis) of only one varia

‘\' eason for combining them is
S'On viscosity.

Just prior to applicatio _ cosity should be measured at 25 'C
using a Brookfield viscometer. Th ATIOY of spindles (TA, TB, TC, TD, TE,
TF, etc); the TF spmdl d fo paste
5 RPM. 1— A

The solder paste Eould be inspected visually for mpea:ance' a homogeneous,
light to medium gray paste dsgdesirable. A thin Jayer of flux that makes the contour of
solder particle stllﬁ %Me’la %pgm ‘§ w &] M %ry crusty appearance.

To inspect for foreig\ substances, lumplgess ora crusted surface, the so der paste may be

QRN 0 IR B

2.8 Solder ball

to simply illustrate a similar

iscosity measurement at

Solder ball are small spherical particles of solder, usually 2 to 5 mils in diameter,
which reside on the nonmetallic surfaces of the board. Solder balls, especially the mobile

ones, are reliability hazard because potentially they can short metallic conductors at any



12

time during the life of substrate. There are two mechanisms by which solder ball are
formed.

1. Solder Balls are caused by very fine powder particles in the solder paste.
They are carried away from the main solder deposit as the flux melts and flow before
solder itself melt. This happen when the paste deposited outside the land area ether by
design (screen opening is larger than the land area) or by misregistration. These small
powder particles then lose contact with t
melt; each particle becomes a sm ' e periphery of the original paste
deposit. A collection of sm m&.ain solder deposit is called a
“halo”.

/
2 Solder ball are / / .-

solder particles is so thick .a

er solder paste deposit and when solder

layer on the surface of the
\ tivator in the paste is not
sufficient to remove it. Sinces# fot et ' solderi g temperatures, it is pushed

oundin \\\ olten solder. Solder balls
ed by the first mechanism
than the metal.®

aside as solder ball as solder ballhb

formed in this manner arefusuall lar \\

-
#,

because of presence of surfacgoxi e

) g -

k“
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2.9 Slump

Slump is the ab l} y of the solder 1 { f-‘ g deposit on the lands.
For good soldering resultsﬁ)l er paste s ) nimized. Slump also depends on

the percentage of metal in thf solder paste. The ost rellable way to control slump is to

establish bounds ﬂhu\g’ n}lﬂp&f‘ﬂﬁ Wﬁlﬂ ﬂd‘jnsure that the paste

remains within thosg bounds. Excessive slump of a paste can cause brldgmg as shown in

T ARANTUNNINGAE
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Figure 2.6: Slump of solder paste\\ \r € # eating to about 100°C. Left: paste
without a placed component. montgct older pastes of adjacent solder

lands by paste flow.® — ——

¢ accuracy and reproducibility of

a‘ patterns. The printability of

following experiments. Dumm oqﬁi?f:_van bea r test substrates.

1. Weigh ﬁve cleaned: dgn;my bmtrates before (W1) and after (W2)
the past screened or stenclled on. JJ‘_%bstrates for each method
of appll n, to get average n

2. Determine_ﬂle welght of the solder paste a.bl)lled to each board by the
formula W2-W s,

s IS IS I RN Sinec pos o ech

subs?rlate using a depth sgope.
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exposed to the atmos 4 hours.

The acceptance criteria for use for use of that particular solder paste should be as
follows

e The solder paste weight should not vary more than 10 % among the average
measurements taken on one substrate.

e The paste height should not vary more than + 1 mil among the average

measurements taken on one substrate. The acceptable paste height range is8-10
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mils. Commonly an 8 to 10 mil paste thickness is used with stencil (4-6 mils for
fine pitch packages). In addition to stencil thickness. The condition of printing
equipment determines print height.

e The solder paste pattern should have uniform coverage, without stringing and

without separation of flux and solder, and it should print without forming a peak.’

2.11 Wetting effect and de-wetting r
Wetting of the basis metalsurfaces by tﬁb—ﬂl‘(ﬂtﬁn solder is the primary essential

o
for soldering to take place, fgl_(_:g__ Without it the selder w1ll not spread over the surfaces

and will not be drawn lnt‘o_'pmf

action must usually occur quieKly, of 4 sold ring process 10 be viable from he production

Cuices by capillary. action. Moreover, this wetting

standpoint. Nevertheless, a fisfitefi i 1S _quui-l'ed for wetting to be established and for

capill enetration to oeéur; in the nexal aiging the soldering temperature gives rise
pillary p © 3 g p g

to easier wetting. 4 ,u

The process of wetting of mefal surfa::f by moltén solder is relatively complex

one. Nearly all-soldering alloy ont,am fin anH;—;nfshe most commonly used binary tin-

- b

lead solders, tin is the active constxfuent whlag?ﬁromotes wetting while the lead is an
e

inactive diluent’s. Wettm% results from mutual solublhty of tyﬁ the liquid solder and the

substrate, or reaction be’thpen solder and substrate which usué'i_]}y results in the presence,
at the solder/basis metal mterface of layers of mtermetalhc compound, for example

FeSn, when the substrate is the iron- based, and CusSns, together perhaps with a tenuous

layer of Cu3Sn, whéit d@ppér is'beifg soldertd, Figtre| 2,7,

Figure 2.7: Layers of intermetallic compound formed at the interface when molten solder

wets a clean copper surface; the thinner, darker layer adjacent to the basis copper is
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Cu3Sn (and is not always visible in micro sections), while the thicker layer adjacent too
the solder film is CugSns.*

To assist in the wetting of the basis metal surfaces in a joint by molten solder, a
flux, which is a week acid, must be present to dissolve the thin oxide films already
present on the surfaces of the components and on the solder itself and to prevent
oxidation during joint formation.

The amount of wetting and sp f solder that occurs depends o the free

energies are represented by i ‘ d/ y) acting along the surface, the
' olten sol

equilibrium condition for a p

der a flux on a horizontal metal

surface which is heated, is de retica lly by the diagram seen in Figure 2.8

n metalflux

\
e
o <X ‘_u::x
; I

Figure 2.8: Diagram e of interfacial tensions occurring

TR )
when a droplet of molten solder rests ifrequilibriu he presence of flux on a surface it
has wetted and the €q .-'b‘.'gn ]

YATHS -

1s the interfacial tensmn bet\@en the basis metal and the

“Fl ‘M £ ELIL@MJ 4] i PR
AR1aN AR NUIAY v e

solder.
and 6 is contact angle (dihedral angle) between the basis metal
and
the solder.
Thus the surface tension between flux and basis metal is balanced by the
combined values at solder/basis metal interfacial tension at the solder /basis interfaces. As

the interfacial tension at the solder/basis metal interface decreases, due to a metallurgical
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alloying process, there will be a greater force spreading the solder over the surface, and 6
will be caused to decrease in order to maintain the balance of forces. With perfect
wetting, this contact angle should approach zero, Figure 2.9, corresponding to infinite
spreading of solder, but in the practice other factors, such as surface roughness, have a
limiting influence. The force giving rise to spreading also provide those necessary for

capillary flow into a narrow joint gab, and it is generally accepted that good capillary

flow into a narrow joint gab, and it is genera lly accepted that good capillary flow is

obtained when the contact angle 13\ \\,“

excellent wetting:
6—00

non wetting:

A\

6 >900

Figure 2.9: Diagram of 3 en droplet of molten solder,

and a surface on which it s wetting (solderability of the

surface) *
With certain surface condlt on al wetting and spreading have occurred
B ’.-*"-"l‘:" g = .
that is pronounced mcSase of contact ai ¥ i ae splder retracts in globule or
dewets, leaving only an-extremely-thin-fiim-ot soiders 1 -\‘ matt appearance, on the
surface of which the globile rest. Th S'U d' irable as incomplete wetting

in the first place, since it mgy reduce both the quantlty and the continuity of the solder in
the joint. Moreo remammg within the
joint and an inh ﬂ uQMeﬂ?ﬁlﬁﬁﬂ ly wetted substrate. A
common ewett ﬁi ﬁ'ﬂgjhe work piece
surface, ﬁnﬁ’iﬁﬁ'ﬂ ﬁ leﬁnﬁ Mﬁl 1s insoluble in

flux and Mﬂ not react with solder. Incomplete removal of the oxide film, or the presence
of abrasive particles embedded in the surface, can give rise to dewetting, but an initially
wetted surface may dewet as soldering continues or else an incompletely wetted surface
may undergo a transition to a dewetted surface with longer contact times, due to the
presence of a contaminant on the surface.

Dewetting is normally an indication of inadequate surface preparation and, when

the whole surface is affected, re-soldering will simply alter the physical size, shape and
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distribution of the solder globules, so that the overall visual appearance may change but
the defect is still present. Often it is necessary to re-prepare the surface before good

wetting can be achieved.*
2.12 Corrosive

Corrosion by flux residues is the unwanted chemical attach by these residues on

the solder product during its lifeti \\ originated from flux vapors, heated

flux, and non-heated flux 2 ;.‘4-_,.__ ect from mere discoloration to a
complete destruction of the functioiing of the g “Closely connect to corrosions the

question of reduction of s ence of flux residue. A prediction

of failure by corrosion or amfinaécgptable decrease in irface resistance is hard to give,

and no generally accepted ;! IS areda Difference methods are often
1Q

5 }d
The testing methods'can'be evn& twb -\ \~

e
e Test on the flux itseli§ne eélfl gﬂpe

fares :
e Test on boards after solder 'iv“' W "‘, -processing treatments of the product

applied in combination in*Ordg e predictions.

uence of the soldering operation on it;

under taken into account.’

77 »5’*

2.13  Electric insuls »'Eﬁ,;. resistanc ()
The surface reswtarpe‘&f a soldered b is very important because it may affect

the electronic ﬁtﬂx&] 6'9 %ﬂm W%quﬂl in areas where high

impedances are ptésent. It may also glve an 1nd1cat10n of the p0551b111ty of corrosion

IR AN AL . e

board under relevant test conditions. The IEC method app!ies a ring and disc pattern that
is submitted to a ‘Damp Heat Steady State’ test of 4 days’ duration. The resistance

measurement is taken after 1 minute at 500 volts.

2.14 Metal content
The metal content in the solder paste determines the solder fillet size. Fillet size

increase with an increase in the percentage of metal, but the tendency for solder bridging
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also increases with increase in metal content at a given viscosity. A higher metal content

will result in higher thickness of the reflowed solder as shown in the below table

Table 2.2:The relative of metal content and thickness®

Metal content (%) Thickness (inch)

Wet solder paste Reflowed solder

90 0.009 0.0045

k" 7 - " ‘ i
85 R \M 0.0035
L g
80 — 00097 0.0025

75 0.0020

As the above table indicatesgthefin // .L- S
paste thickness for 90% metal conite / 5 as It

' d solder can vary from 50% of
m\\

2.15 Surface Mount T¢
2.15.1 Solder paste printing

In the printing solde the, work holder, held firmly

4 — £y |
by vacuum or mechani '. 3‘ ,

pins. Ether a screen and
stencil is used to apply s@er paste. Figure210"and 2.11 @sent cross sectional and top
view, respectively, which shiow the major diffgrence between screens and stencils. The

flame of the screﬂs %E},’cal s|atefsintldr; 1he/diffefentes Jicin the construction of

individual opening8iused for depositing éhe solder paste Figure 2.11 shows schematically

a screen W“ ﬁ mm W ﬁ@l E’ photographic
views corregponding to the diagr. 2 figure 2.11 show only one PLCC on a

screen/stencil and figure 2.12 shows opening for only a few components, in the reality

there are many components on the screens and stencils. The number of components on

the screen/stencil matches the number of components on the board.
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STENCIL
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| SRR | T ) STENCILTHICKNESS
WENAI!AJ f
Figure 2.10: Cross-section Wstencils and screens for solder paste
s 6
printing. _ J ’
H

LU

(3a.) SCREEN

;/munun : 3. 1P

-— e ——— e —— o —
= ca-_- ey s i 8 5%
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U

stencil (i;gmmfﬁﬁﬂiﬁCWﬁﬂﬂﬂﬁgﬂﬂmetal mask
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v, | ] -f_:
s of »Q'pe\‘&)g in screen (a) and three different stencil
types: mesh/emulsion stencil {b) /& 'e‘tal m’d'é'( §teneil (a;), and flexible metal mask (d),

i .
cannot be used for otherj—lowever, the flames can be uscfd over and over for different

e

board design to save cost.

GlIoISOoNDIan & Al O™ £y

Figure 2.13: A flexible metal mask stencil. -
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Typically, a screen will contain open wire mesh around which solder paste must
flow to reach the substrate surface. A stencil opening is fully etched and does not obstruct
paste flow. The screens or stencils have etched opening to match the land patterns on the
substrate, where solder paste must be deposited for the electrical interconnections.

The screen/stencil is stretched in a metallic frame and is aligned above the

substrate. The distance between the top of the board and the bottom of the stencil/screen

SOLDER PASTE

Figure 2.14: A" ying sotder paste-ona sub: Sgueegee in a screen-printing

Initially, ually placed on the
stencil/screen mﬂiﬁﬂmegt one end oﬁhe stencil. During the printing
process, i ﬁ bottom of the
stencil touﬁrﬁﬁoﬁﬁﬁ idmmlj ﬁﬂeﬁl ﬂ on the land
through the openmgs in the stencil/screen peels away or snaps off immediately behind the
squeegee traverses the entire length of the image etched in the material mask. When
screens are used, there is also the flood squeegee close to the print squeegee, whose

function is to flood the screen with solder paste before the printing operation begins. The

flood and print squeegees were discussed previously.
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sereens peels away or snaps off immediately

behind the squeegee and re / bnglnanQSItlon (See Figure 2.14) Thus snap off

good quality printing. The ‘;‘l'; \ \
1. Prepare solder paste z ;’? J&: \" 1
2. Setup and register s eqnﬁténcﬂ ; gf"‘ |
3. Print solder paste -H,_,f .
4. Clean scree&?éencil after prmtlr;g Y :{— __,:‘
7z 754
2.15.2 Placing of compo;knt - | J_l

‘ -3 o/

Componeﬂaue&ja{:%l %ﬂh&] %itﬁnw t&]sﬁﬂsﬁejy hand or with
automatic machinés! In hand placing tﬂpwal mlstakes may be made that are absent in
o TUYNIINA Y

Theqmﬁmesaxat p@ce components with wire terminations into holes in the
substrate (printed board) are called insertion machines or inserters: there exist inserters
for radial and axial components.

Automatic insertion, particularly on single-sided boards, gives more reproducible
soidering resuits than hand mounting. When a through hole (leaded) component is
inserted into a printed board, there is an absolute go/no-go situation. Either the leads go
through the holes, or they do not. With the surface mounted component, however, as the

component is piaced onto the substrate surface (popularly termed ‘onserted’), its position
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must be accurate relative to the solder lands, and placing accuracy is therefore a major
item. Increased machine accuracy must be obtained by method of automatic vision and
control that are being developed and introduced currently.

All machines of surface mounting, although different in detail, use the same basic
steps: picking the component from the packaging medium (tape, magazine or hopper),
aligning or centering the component the component and placing it on the substrate in the

desired orientation with respect to the substrate, see figures 2.16 and 2.17. The exact

location of each component must be programnmed into the automatic placement machine;
this information may be generatéd by the ' t is also used for the circuitry.

Vi unlmg*‘echn

Figure 2.16: Drawing of a method.fo:

LA = .
printed board. The vacuum pipettes, f-‘I,/ca.( izontally and vertically. R is
reel; T is tape with leadl ? C, which can be pickci up after stripping off the

Figure 2.17: Five stages of picking up a component from u tape, as in the Philips’s MCM
(modular chip mounting) machines. The component is lifted, while being held between a
solid rod (below) and a vacuum pipette (above the component). Note the devices (jaws) to

align the component.’
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The selection of automatic placing machines is an issue reaching far beyond the
scope of this book. However, as a guide the four placement techniques for surface mount

components (SMDs) are outlined to illustrate their main characteristics (see Figure 2.18).

Soldering in Electronics

Figure 2.18: Four mai mount components onto
substrates:’
(a) In-line placement: systemy low cost, mnflexible;

(b) Sequential place: flexihility; | :

(c) Simultaneous placeme_I= bility, bigh output;
(d) Sequentia -ous placement: ; output.

Vi 3
In-line Placement:!} simp eriesﬂ dedicated pick-and-place
units, each of which places a gngle componewin a pre-set position on the substrate.

Generally used foﬂ% Girk ity G B AED ok, 13 e oF machine has a circle

time of between twéland five seconds per board.

: a ¥ . = e
ST T T URTAR,
componen‘:i) o' th strate." T - ent c lized either by the pick-

and-place head carrying the component or by the table carrying the substrate (see Figure
2.19). As the machine is software programmable, it offers great flexibility. Cycle times

around two seconds per components.
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Figure 2.19: Pock-ai ad of the placing machine MPS 318, provided

with a vision system. Part ' a is- 81ble in the top-rlght part of the picture. The
X-movement is realized by th€ héa d the-y. -fhfpvement b el by the table carrying
the board. The machin€ f 4 .tp mtetchange (not v151b1e) to allow
handling of a great variet 3

P

it Jaws,tg a}

ivedisy %pﬂnser?’_J; Th

package; note the four arms ﬂe package after having been pocked up.

The device to the left is an a

_,;-'.-.;'_',’_’ﬂ'_. : mn ::f
Simultaneous pl&ement The components are_mc% in a single operation. A

placement module (or‘gt_atlon), containing a number of pik*and-place units, takes an
— —

array of components fror_xbkhe packaging medium anc simgljaneously places them on the

substrate. The pick-and-place.units are guided, to the correct substrate location by a

program plate (aﬂxu Bp@r%%%ﬁ%ﬁ%@ offers a high output,

but with limited fléxibility. Cycle tlm? are typxcally between two and ten seconds per

= AASINIUINNA NUIAEL.....ee

transferred in a single operation, but the pick-and-place units within each placement
module can place all components simultaneously, or in sequence, allowing greater design
flexibility (see Figure 2.20). Positioning of the components is controlled either by moving
the substrate with an X-Y moving of the pick-and-place units (although the X movement

is limited by adjacent pick-and-place units), or a combination of both.
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multiple pipettes perform th -8p ed co _Ponent plck-up and placing operation. The
picture beam is moved by fri lmear )slotbrs running on air bearings, whereas the

potion of the beam is conSt tpred ﬁx servo systems. After components have

been picked up from the tape, they aréw preefg& ly centered as show by figure 2.16. A

unique acoustic monitoring sys m-'pr&VJdCS pus_@iévenﬁcatlon of successful component
_,._u"

pick-up from the tape and subsequegt.ﬂaceme%-t&n-ﬂihg printed boards.’
| £

—
:.“-—J

— .

J g

Drying the paste ie.f evaporatlon of the greater part of the flux solvent of the flux

-
\

2.15.3 Paste drying =

.'\.ﬁ_{n.r

solvent before soldermg, but after placmg of: components i$§ umportance, to prevent
components being Blown away and moyed out of true position by tog rapid evaporation
of the solvent ‘sitll preSent duting soldermg, the ‘béneficialleffect 6fipredrying on the paste
slump has Been dlscussed earlier in thls subsection. The necessary degree of predrying
depends on the shape of joint and the conditions of the soldering process to reflow, such
as heating rate and direction of heat input.
A distinction should be made between predrying at low and at high temperature.

At low temperature, e.g., at 45 OC, only the surface layer of the paste is influenced, but
this is already sufficient to avoid slump. At higher temperature, the solvent from the bulk

of paste is evaporated, so that the blowing away of components is avoids. On the other
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hand, predrying of the paste reduces the coalescing power of the paste and gives more
small solder balls on the board.
Various bake-cycles (in air) are used: 20 to 40 minutes at 70 9C, or 5 t0 20
minutes at 90 °C is applied, but in the other case 10 seconds at 170 °C proves effective.
Strangely enough, it is not always recognized that the selection of the drying
Conditions should also be determined by the type (boiling point) and amount of solvent

presented in the paste. An impression of ffect of the drying treatment can easily be

® v
P ' L
g -2 4, ,
5 ; -
§ 4 [j' 15
R :
o ol
i. ¥ E’ [ &
i A D
) - paste 1
—8 (1 _‘— ¢ \\\\
—;—?— ~ paste 2
T T
-10 :
o (MW
Figure 2.21: De ng preheating treatment at

80°C and 100°C for a tini of 60 minutes, after which the téfperature was rapidly raised

S 12113 k120 S
solbkibl mh ¥ AASUBITNLNALL o

waiting tlme up to several days, but in this case the relative humidity in the environment

must be lower than 50%. Yet, unnecessary waiting should be avoided, as the formation of

satellites during soldering will become more likely.> "'
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2.15.4 Reflow soldering process

Reflow soldering is the making of joints by remelting previously applied solder,
without the addition of any extra solder during operation. The word “ reflow” should not
be taken too literally, as reflow soldering refers nowadays to all processes in which heat
and solder are applied separated.

For the various reflow soldering methods a definite minimum quantity of solder is

required, depending on the design of the joi rmed. The field of reflow soldering

encompasses mass soldering methods, as ' peration. Many reflow methods

The actual solderi ined according to the heat

resistance of the SMD. It is ?ctually recommended that the temperature characteristics of

e I A -
QW'] ﬁ\ﬂﬂim NM’YJ\WEJ']G t

Figure 2.22: Soldering with Soldering Iron'’



29

(2) Pulse heat soldering

This method consists in melting solder supplied in advance by using joule's heat
generated by the electric resistance of an electrode or the joint on the PCB to be soldered,

and soldering the SMD by applying pressure to it from a heater chip.

D\ et chip
- ::;__\ 'y Hn,/

e Jua m}\‘\‘*“

(3) Convection reflow s

This method consists in $oldering the SMB by | t'mg air or N2 gas with a heater

and spraying compressed gas from A e on joint on the PCB. The temperature is

i Ll

AT
adjusted by adjusting the hez : :

M ]

ﬂuﬂ’m E

2 ‘j
Solder paste 6’
V557 2 '] N

Figure 2.24: Convection Reflow Soldering '°

(4) Laser Soldering
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This method consists in converging a laser beam into a spot with a lens and

casting the beam onto the joint. A YAG laser is used.

é e {)L Camera

Light source

IITIIIET VWL V4 Vi

Figure 2.25

The light emittéd=foim-a-xenon m-‘“’-: reflecting mirror to
create a light flux that is in-# ] rﬁ

YR T
‘ ?l""
'nmnaa

Figure 2.26: Light Beam Soldering '°
2.154.2 GENERAL HEATING
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(1) Infrared reflow soldering

This method consists in heating the SMD with the heat generated from an infrared
panel heater and soldering it onto the PWB.

The infrared ray that is emitted may be near or far infrared. The radiation

efficiency of the near infrared ray varies depending on the color and shape of the SMD to

be soldered. Temperature variations may occur as the result of uneven coloring on the

Figure 2.27: Infrared Reflow Soldering '’

(2) Convection reflow soldering
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Convection reflow soldering is an improved method that solves the problems of
infrared reflow soldering, i.e. the temperatures of the PWB and SMDs on it are uneven.
This method also solves the problem of vapor phase soldering (VPS)-high running cost.
The principle of convection reflow is to heat the SMDs by convective heat transfer, i.e.,
by making air heated by a heater circulate in an oven. Consequently, even if the thermal

capacity of the PWB differs from that of the SMDs, the temperatures of the PWB and

SMDs become uniform after the lapse Ve
N\
The features of the convection reflow -;.." dering bed as follows.
e Excels in temperafure uniformity co@nfrared reflow soldering (the
temperature is little influence b of|SM L‘i:\«.b e heated).
e Relatively low thg
2. Disadvantages

e Slightly longef'sold

ﬂuqum

AR § AR Ed%‘ﬁn’%e’i%l’]ﬂ 3

Soldering '’

(3) Convection-infrared reflow soldering

This method solves the problem of the comparatively longer soldering time of the

Convection reflow method by combining it with infrared reflow.
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Hot air /Infrared radiation

N T PR
-

AR ANANNNE A

Infrared radiatiol Hot air

Figure 2.29: Convecti ed Reflow Soldering '

(4) Vapor phase reflow sol

This method cons/

then subjecting the SMD e
The features of VPS are de
1. Advantage

ature special inert liquid, and

oldering by vaporized heat.

e Low thermal stress &q; }

: i h
e Even heating of com nenis reg: of their shape
f‘..;a:" - s
e Accurate temperature control throug > of vaporized heat

e Extremely high heatstransief efficie es. it possible to lower the heating

> muse soldering is performed

temperature and shorte ;@77‘"3 oY —

o S ANENINING
RIAINTU NI Y

Figure 2.30: Vapor Phase Reflow Soldering '°
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(5) Flow (Wave)soldering

This method consists in forcing out molten solder in a soldering bath to the
component on the PWB.
The feature of this method is described as follows.
1. Advantages

e High productivity (solderi be completed in a few seconds)

2. Disadvantages
e Difficult to sol

‘;uch as fine-pitch and J-lead
et ecause the components are

e Self-alignme '//,.'., ot \* pected (b
temporarily fixed on the ihesive). ‘

//_ s

package)

(6) Thermal profile reqlﬂement me and tem eratur%
1) Preheat

> s ARHARYNT NN

b) Solvent Volatile start to volataje

RN TN AN TR =

ayoid paste splattering.

2) Soak/Preheat
a) PCA stabilize-AT across the PCA.
b) This process is continuing volatilization of solvents-solder cream and

activation of solder paste component.
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i) Chemical remove surface oxides from pad surface and component lead
solder alloy particles.

ii) If this process is too short or too low temperature caused insufficient
activation.

iii) If this process is too short or too low temperature caused insufficient
activation.

iv) If this process is too long or too high or temperature caused

W

(1) The activator wi to reflow

a) This process is thg mpeitife a ‘ becomes liquidus.
b) This temperature matist€xee d ;,.- | e of the metal alloy and
the maxim ‘migimanyte ified

\ \

and if this process too long
4) Cooling
a) This process must be ocg 15 0 promote finer-grain structure and

contributes toyn

b) This g,— wtion

y

p Reflow Profile

Tcm o ) | wTalls ila u | -
'. diFRikd]; 3 emp.[ |
2!0-235°C
. ./
WﬁNﬂ‘iﬂJﬂJ IRTA S

_0306°Css :
150 - < :
110 hettl----- H < Soaking Zone _:  Reflow Zone P'
E : 2.5 min max § 40-80 seconds é

A :

s s :

5( : Pre-l Icu'l Zone >_

1-1.5 min 3 33 i
Time (s)

Figure 2.32 The temperature profile for the reflow soldering process
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(C)
250
200 | SOLDER MELTING COMPLETES,
SURFACE TENSION DOMINATES COOL DOWN
SOLDER SPHERQIDS MELTS, PHASE
150 | WETTING AND WICKING BEGIN

METAL OXIDES

SLOPE < 10°C/s

Figure 2.33 Descripti il

2.16 Soldering paste flu

The term "vehicl a normally solid fluxing
agent, optional specialize i S, ‘ ich the fluxing agent and
additives, when used in the fproportior essary ining paste applications, are

substantially soluble at an elgvated ~temp : elevated temperature is that

odiiCe a clear, or substantially

additives, are substantia(l"ﬁ

clear, solution. In the p' Gtice :‘~ ooling is critical, and is

defined as cooling fron‘@

temperature, at a sufficiently rapid rate to obtai mass nucleation or precipitation of
p ¥ .n.p precip

vehicle second phﬁ ﬂuﬂ.é?s ﬁiy% WiEWn growth. Preferably

C ear.@olution, at such elevated

the paste has a maximum particle size (of second phase ingredients, primarily flux) not

¢
substantial ﬁqﬁﬁmﬂ b ﬂmﬁ articles being
less than about ten (10)mictons! a§ d'by a Finenéss-Of-G Ege.

For most practical purposes, in accordance with the concepts of the present
invention, cooling takes place at an average rate of at least 3 °F per minute.

In a preferred embodiment of the present invention, cooling is carried out in a
cooling zone having indirectly cooled heat exchange surface with continuous scraping of
cooled layer from said surface. However, cooling is carried out with as little mechanical
agitation as possible. Following shock cooling, there is obtained a vehicle having a thick,

creamy consistency, and a crystalline second stage of very fine particle size, rendering it
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suitable for blending with a suspension of fine particle size metal powder. At the point of
addition of the metal powder, other fine particle size additives, for instance a fine ground
flux activator composition, may also be introduced into the vehicle.

The viscosity of the final paste product is that necessary for convenient dispensing
in fine bore dispensing equipment. For most applications, in accordance with the concepts
of the present invention, the viscosity falls within 30,000 to 500,000 centipoises,
preferably 80,000 to 200,000 centipm
Viscometer, Model No. RVF, using
particular ingredients and pro -- ortlons are those necessary to

achieve a viscosity within tw S —

It was found, that by_en “ °k coolin the viscosity desired remained

as measured at 78.°F. by a Brookfield

e at 20 r.p.m.), depending upon the

nths or longer, within 15% (in
terms of centipoises) of that 2 at the vehicle and/or paste
were exceptionally stabl ccurred during a six-month

storage period.

The heating tempera ‘ edients are heated, can also
vary within a wide range, depe o2t edients and proportions selected
Generally, speaking, the heating 13?:52@@5; emperature of about 180 °F to 260 °F
(about 82 °C to about léi y-© Too'low a he - g:hampers dissolving of the

it of proper particle size on

cooling. Overheating tﬁis egr@tlon, decomposition and

evaporation loss.

At the co Wﬁﬁr moved to a closed
position shuttin ﬂthe stmom vesj acket and water valve 38 was opened
introduci [.T ﬁ ﬁ& jacket.
Rotation o hﬁgh ﬁﬁﬂﬁmﬁm Qﬂ(ﬂ ’j: E[Jed with the

scraper 22, stlll at about 27 r.p.m. Rate of cooling was maintained at about 3 °F. per
minute average, until the entire mixture became opaque and vehicle temperature was
about 80 °F (About 27 °C). It is understood that during cooling falling temperature
periods will be interrupted by fairly constant temperature periods when precipitation of
certain vehicle components takes place. The rate of cooling of at least 3 °F per minute
refers to the average temperature drop in the cooling cycle. In this particular example,

cooling took place in about 30 minutes. "'
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2.17 Literature review

Stayner, et al."? developed wax-flux compositions for use in low-temperature
soldering processes comprise (A) a major amount of a wax and (B) an effective amount
to cause fluxing, at or below the soldering temperature of the piece to be soldered, of a
wax-soluble product obtained by first reacting an aliphatic hydrocarbon-substituted
succinic acid or derivative thereof which is capable of forming carboximide bonds with

an alkylene polyamine to form a carb oximide n reactmg said carboximide with an

alkylaryl sulfonic acid. A process.for : _k" 1 components to a printed circuit

board comprises (A) applyingsa=moite : 1on as described above to the
metal pattern side of the bo | flux composmon to solidify, (C)
trimming the components lea nents to the printed circuit
board.

Cooper, R. N. ® d vater-dispersible fluxes for
use in connection with ing and related or other
environments, particularly for € soldering of water lines made
from copper or copper-base all so ble or readily water-dispersible

) "
fluxes are produced in the form o

T TN T : ; o
water-soluble surfactant:hor mixtures” of '/ surfacta espegially those of nonionic
character, with or witho w.-:-m——----- eciatly where v s present in amounts of at
least several percent by |.| cight of . co' osition. Said paste flux

compositions also contain water-soluble amine hydrochlorldes and, advantageously,

ammonium cnlond mﬂaﬂﬁuﬁ WE’ m';ﬂ cﬁts which, when used,

are employed in s

Snyder, et al develo procrsijh gj.“ particularly
suitable forae n g w ﬂj te vehicle by

mixing togethqer at an elevated temperature, paste ingredients including solvent, flux and
specialized additives, cooling said vehicle, and blending metal powder therewith.
Blending preferably is subsequent to cooling, but can be simultaneous with cooling,
though without significant exposure of the metal to the vehicle at elevated temperature.
Cooling of the vehicle takes place under shock cooling conditions, such as to obtain a fine
particle size suspension, and is to a final temperature inhibitive of significant reaction of

metal powder with vehicle acidic constituents. The present invention provides increased
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viscosity control and suspension stability necessary for fine bore automatic dispensing of
the paste. |

Mastrangelo A.J."° improved soldering or brazing paste compositions comprising
a metal alloy powder and a vehicle therefore. The vehicle comprises hydroxypropyl
cellulose blended with glycerine and/or water further blended with a mixture of

polyalkoxyalkanols. Said vehicle is totally fugitive, leaving exceptionally low residue and

maintains stable viscosity during extended
Hasegawa, et al.'® d 2 t compnses a solder paste portlon

containing powdered solder and
higher melting point than the _solder ¢ whose surface can be wet by

can comprise a single meta : “fals f which | s the center of the sphere

metal bearing solder paste
composition having a heat-polymeri ' " ANt ‘Vehicle can be non-aqueous,
organic liquid, and may be
incorporated with a flux into & ion capable of utilizing an average
particle size finer than 100 meshﬂ]“t-l;g-ggst

S e

no cleanup to remove residual solder reflow, anc

ellent anti-slump properties, requires

aller more controlled joints

to be formed. /N _
Davis J.L., et ‘g i paste ﬂ'ehicles using blends of
monofunctional and polyfunetional alcohols. The blend may have a major portion of a

low viscosity, mﬁﬁﬂtﬁaql%ﬁoww fniiof parfign of a high viscosity

polyfunctional alc8Hol thickener. The monohydnc solvent has a room temperature

viscosity Tﬁ@ﬁ@lﬁwq W E;P may include
such materials as 2-butanol, I-he eptanol, 1-octanol, T-nonanol, T-dodecanol, 2-

ethoxyethanol, 2-(2-ethoxyethoxy)ethanol, 2-(2-butoxyethoxy)ethanol, n-hexadecanol, n-
octadecanol, benzyl alcohol and mixtures thereof. The polyalcohol has a room
temperature viscosity of between about 26 to about 1500 cp and includes compounds
such as 1,2-ethanediol; 1,2-propanediol; 1,3-propanediol; 1,2-butanediol; 1,3-butanediol;
1,4-butanediol; 1,2-pentanediol; 1,5-pentanediol; 2,4-pentanediol; 2,5-hexane-diol;
glycerol; 1,2,4-butanetriol; 2,2'-(ethylenedioxy)diethanol; 1,12-dodecane-diol; 1,16-

hexanedecanediol and mixtures thereof. These blends give improved solubility of organic
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acid fluxing agents, provide relatively high viscosities of the solder paste and permit
lower amounts of solvent to be used.

Degani Y. 1® developed paste that is useful in applications such as surface
mounting of components on printed circuit boards has been found. After soldering, the
residue requires no cleaning. The achievement of these desirable properties is
accomplished by employing a solder flux vehicle including a three-component residue

modifier. A mixture of 4 grams sebaci s propyl paraben, 4.5 grams ethyl

gram
cellulose, 3 grams dimerized rosin,. 58.5 grams of di-propylene glycol
was heated in an oil bath that The mixture was mechanically
stirred during the process. Aflci40" grams.of castor oil were added to the hot
mixture. After 5 minutes, thesmixire ' e ,; 4 from the hot oil bath and allowed to

cool to about.70 °C. One cd’ gfams of- \ (70.°C-80 °C) where mixed with

require cleaning after the Sold; _ ti n, The ot flux composition of the present
e ally comprises about 10 to about
40% by weight of the organicq crar Y monitin salt and about 60 to about 90% by
weight of the organic solvent. M@F Tux, gomposition of the present invention for
use in solder paste gengtally comprises o about 49% by weight of the organic
: u v ve ght of the thixotrope and
eight of the organic solvent. ADolder paste was then formed

with 10.25 weight¥ ﬁ ﬁ ﬁve compositidh’and 89.75 weight% of the solder alloy

(63/37 Sn/Pb allo o %}@W{Jﬂ Q§51dues from the flux
LQ WIT ARG ’6’% 448 T BB T s

using screeh- printable, electrically conductive pastes consisting of 40 to 75% by weight
of metal powder (silver, aluminum, copper and their mixtures), 5 to 55% by weight of an
organic solvent and 5-20% by weight of and synthetic resin based on a thermoplastic
epoxy or phenoxy resin with an average molecular weight of 10,000 to 250,000 and an
epoxide content of 0 to 1.

Gomi T., et al, > developed solder paste additive contains a deactivation agent
functioning at soldering temperature. This novel additive is used for fluxes and soldering

pastes. In the course of soldering, the deactivation agent in the additive deactivates an
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activator such as organic acids such as succinic acid contained in the flux and the
soldering paste in order for removal of an oxide film from a metallic base used for
electric circuit. By use of the additive, corrosion of the metallic base with the activator is
prevented even though the activator remains on the base. The additive enables one to omit
an unnecessary washing step from a preparation of electric circuit and rosin such as WW
rosin activator such as diethylamine solvent such as isopropyl alcohol thickener agent

such as hardened castor oil and tested for spread factor, corrosiveness and solder ball

1.2 developet \\(“ g cEmposition comprising, a flux base

Takemoto, et al.
resin, a modified amine compe@ '"h..; ined by i) at least one member selected

: — o e
from the group consistin compounds, carboxyl group-
containing compounds ; picon i, ounds (ii) with an amine

compound having an activ

Degani, et al* devglop eful in applications such as
surface mounting of ¢ has been found. After
soldering, the residue fro ater cleaning or requires no
cleaning at all. The achie "ﬁ‘f ; properties is accomplished by
employing a solder flux ve ;W_ g agent, a low vapor pressure
component, a high temperature ¢ -':,; eological properties promoter.

Qiao X., et al. ﬁdevelop;%%:{‘ -t in ffiicroelectronics packaging.

Initially liquid forms Swith eutectic compc :
solidification and secon d - aboﬂ 180 °C. Upon reheating,
processed solders do not resmelt until temperatures above 220 °C. Solder consolidation

bl e lquIdﬂl W%ﬁ W@W&kqtﬂ@f liquid phase formed

which in turn dep s on the paste 1ngr§d1ents The ingredients of paste are 87% of solder

e QST T NPT TNY ™"

Katsuoka, ef al.?® developed a solder paste by addition of a polyamide resin,
which is compatible with rosin-based resins as the main components of liquid flux and
solder paste flux, which is resistant to temperature variation and provides a damp
proofing effect, and particularly a polyamide resin which is obtained by polycondensation
reaction of a dicarboxylic acid of 2 to 21 carbon atoms and a diamine and has a softening
point of 80 OC to 150 °C, or a polyamide resin, which is obtained by polycondensation

reaction of a dimer acid and a diamine and has a softening point of 80 B¢ 1g 150 9C,
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highly reliable low-viscosity liquid fluxes and solder paste fluxes, with which
solderability is not impaired, where the flux residues on printed circuit boards after
soldering undergoes no cracking or deterioration even under temperature variation, and
which prevent poor insulation and migration even under high humidity environment, are
provided.

Kubota, et al.*’ disclosed a paste composition including (A) an organic binder

inorganic powder containing multivalent

comprising acidic functional groups;

with high precision, by suppressia i.by mixing an organic binder having

acidic functional groups and a.e6n aining multivalent metals.

28

Currie, et al.”" inventgd'a léad-frée solder paste comiprising a solder paste flux and

solder alloy particles that g ead-free v herein the solder paste flux

comprises resin dissolved 1dissolved resin particles less

than 25 mu.m in size ho provide improved solder alloy

powder coalescence and subgtra aintaining appropriate solder

paste rheology for use in printed®€irguit board z ocesses.

Y]
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