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Abstract—Solder paste is a homogeneous, stable suspension oprocedure for evaluating solder pastes being dpeeldor a

solder powder particles suspended in a flux binderand is one of
the most important process materials today in surfee mount
technology (SMT). By varying the solder particle sie,
distribution and shape, as well as the other constient materials,
the rheology and printing performance of solder pags can be
controlled. Paste flow behavior is very important n defining the
printing performance of any paste. The purpose of tis paper is
to study the rheological behavior of SAC (Sn-Ag-Cujolder paste
used for surface mount applications in the electrao industry.

The reason why the rheological tests are presented this
paper are two critical sub-processes: aperture fiihg and paste
withdraw. In this paper, we report on the investigdion of the
rheological profiles, the serrated cone-to-plate sfem was found
as effective in parameter minimizing the wall-slipeffect (Fig. 1).
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I. INTRODUCTION

The solder paste is used for connectingtéhminations
of integrated chip with land patterns on the PCBe Paste is
applied to the lands by printing the solder pasiagia stencil,
while other methods like screening and dispersirgy aso
used. A majority of defects in mount assemblies aresed
due to the issues in printing process of due tedatsfin the
solder paste. An electrics manufacturer needs ve hagood
idea about the printing process, specifically thaste
characteristics, to avoid reworking costs on theeawlies.
Characteristics of the paste, like viscosity and fevels, need
to be monitored periodically by performing in-houtests.
One approach currently adopted by the industry isestluce
the solder alloy particle size to facilitate pafitav through
the very small stencil apertures.
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Fig. 1. a) Solder paste is release correctly (al»-siip effect). b)
Solder paste isn't release correctly (wall-slieetj.

However, reducing the particle size in thiaywhas been
shown to radically affect the paste rheology andsequently
the printing behavior. In this paper we addressrtbed for
characterizing 3 solder paste formulations; andseme a

application using the stencil printing process.

Current surface mount technology (SMT) methatgiire
the screen printing of a solder paste. This mdtiriamixture
of solder powder, flux and various additives thapiove the
rheology and other characteristics. In order tatpproperly,
the solder paste must flow easily when shearedlilyepass
through the stencil openings, and maintain its shafier
printing. A paste characterization method needed to
developed that would predict a paste's stencilopexdnce. It
was felt that both the material's viscosity andritgerent yield
strength were the significant parameters that shodoé
characterized.

Solder paste is one the most widely useddatenection
material in the electrical bond between electra@imponents
and the substrate. Solder paste can by categor@sed
homogeneous and dense suspension of solder alltiglgs
suspended in flux medium. For typical solder patsie typical
metal content is between 88 to 91% by weight, amalia30-
70% by volume. The most commonly used lead fredesol
alloy based SAC. The main constituent of flux medliis a
naturally occurring rosin or chemically made rodRuosin is
used to remove impurities and clean up solderefdses and
help to solder alloy joint components and metal spad
printed circuit board. A number of different ingrewts
including solvents, activators, thickeners, thigpic agent,
and tackifiers are added to the flux to provide thesired
rheological properties to the solder paste [2].

be

II. BASIC CONCEPTS OFRHEOLOGICAL PROPERTIES

A. Viscosity

The thixotropy behavior was investigated thtoug
rheological test based on shear rate test. In téedg shear
rate test, the materials were subjected to a linearg shear
rate from O to 32 5for a period 600 seconds. To measure the
viscosity of liquids required firstly the definitio of the
parameters which are involved in the flow. Then tias to
find suitable test conditions which allow the meastent of
flow properties objectively and reproducibly.

Isaac Newton was the first to find basic law of
viscosimetry describing the flow behavior of anatéquid.

He defined the viscosity as relation shear stresgver shear
rateD (1) [3].
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T
=— Pa.s 1
7 D [Pa.s] 1)
T - shear stress  [Pa]
1 — viscosity [Pa.s]

I,

The parallel cone-to-plate model helps targeboth shear
stress and shear rakyg. 2. Cone-to-plate system has bee
chosen for his best results with solder paste.

D - Shear rate

b)

Fig. 2. Principle of cone-to-plate model. a) Cooglate system for
measuring solder paste. b) detail for calculatalation of shear
stress and shear ratey ), is a flow speeds is a shear stress, y is

gap size.

Shear stress

A force F applied an area being the interfae®veen the
upper plate and the liquid underneath leads t@w #h the
liquid layer. The velocity of flow that can be m&imed for
a given force will be controlled by the internasistance of
the liquid, i.e. by its viscosity (2) [3].

- = F(force _ N(newtor) _
A(area) m?

Pa(Pascal) (2)

Shear rate

D =t [ @
y

B. Thixotropy and rheology of solder paste

Thixotropy is defined as: ‘Memory’ propemf a fluid
(especially of solder paste) where by its viscoigsistance
to flow) depends on its recent history of flow amat just on
the force applied to it. This idea influenced frimFig. 4
n Rheology is defined as a term describing viscosity
and surface tension properties of solder pastasioesives.

Typically viscosity for solder pastes isrange from 10

to 1000 Pa.s. Solder paste exhibits non-Newtoniad a

thixotropic behavior when subjected to a shearingss. The
viscosity of a material can be defined as the raficshear
force to shear rate (1). Comparison of flow as asliscosity
for Newtonian and Non-Newtonian liquids implicibfn Fig.

3.
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Viscosity curves
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Fig. 3 a) Flow curves: dependency of shear raéssion shear rate.

The shear stresscauses the liquid to flow in a special Curve 1 is Newtonian liquid; curve 2 is Non-Newtonlauid b)

pattern Fig. 2 b). A maximum flow speed pax Wwill be
found at the upper boundary of plate moved in divecof t.
The speed drops across the gap size 'y’ down g0’ at
the lower boundary contacting the stationary plagminar
flow means that infinitesimally thin liquid layesdide on top
of each other, similar to cards in a deck-of-cafise laminar
layer is then displaced with respect to the adjaoees by a
fraction of the total displacement encounteredhe liquid
between both plates.
In the general form the shear ra® is defined by a
differential (3) [3]:
S
dy

[s']

®3)

In the case of linear speed drop across the thep
differential in the equation above can be approséuidy

Viscosity curves: Dependency viscosity on shea. 1@urve 1 is
Newtonian liquid; curve 2 is Non-Newtonian liquid.

Materials made up of complex organic moleswith a
range of organic functional groups are capable
intermolecular interactions that lead to an inhest@ady state
structure in the material. This phenomenon can etsor as a
result of intermolecular interactions between jgéf, such as
solder spheres. For such materials, the thixotropiare can
be shown by a shear rate sweep experiment (for geain a
parallel plate geometry) in which the materialubjected to a
shear rate cycle of O to 100 per seconds and tb@ridl0 per
seconds (called rehogram). The thixotropy is thguméto the
area between the ascending and descending sheawurags.
It is indicative of the degree of molecular anddgo particle
structure in the paste. Diagram describing thixptrasually

of

named rheogram is iRig. 4 Other notable features of the

rheogram are the initial increase in viscosity,tlas as the
shear stress increases without significant shdarinarease,
followed by the paste ‘yielding’ and then undergpishear
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thinning. Shear tinning is defined as the propertya fluid
(usually solder paste) where the viscosity (that tise
resistance to flow) reduces temporarily as the dflus
subjected to an increased shear force, (for exarbplea
squeegee during the print process). The above whess
desirable and necessary for satisfactory printmdy antislump
proprieties. A paste is subjected to a wide rarfgghear rate
during various phases of the printing procdsg. (5. Theses
are classified as mixing, rolling and stencil grigt (Fig. 6

3].

A

Viscosity curve

Viscosity

Shear rate
Fig. 4 Diagram describing Thixotropy.

The organic chemicals cream is referred to as’#und is
generally a trade secret and/or covered by patehte
purpose of flux is to give the solder paste itsaordike
texture and to enable formation of metal joints dmsuring
that the metal surfaces are ‘clean’ of oxides attime the
metal joint are formed. Rheological behavior ofdsol paste
during stencil printing implicit from theig. 6

—> heat

) generation
stencil

solder
paste

PCB
Fig. 5 Stencil printing process. Rubbing squeeagestencil can
produce some heat, and warm up solder pastes.

[ll.  EXPERIMENTAL PROCEDURE

The work report in this work is concerned oralogical
characterization of solder pastes designed for ppiteh
application to the stencil printing process. Thstfpart of this

——
t[s]

Fig. 6 Viscosity of solder paste during printinggess. Point A is
beginning of printing process, B is filling up areapres with solder
paste, C is contact point of solder paste and satbsand D is the
end of printing process.

A. Solder paste samples

Three commercially available lead-free soldastes (P1,
P2 and P3) were used in the experimental studpstrén this
paper. All of them are classified as SAC based¢lean and
halide free. All three samples have to same part&ike
distribution (25-45um) and metal loading 88.5 %wisight.
P1 and P2 sample have melting point range at 207€22nd
P3 has melting point range at 217-234°C. The detdithese
samples are provided irable 1[4][5][6].

Table 1. Solder paste properties.

Particle Metal Melting
paste | SiZ€ loading point Flux Alloy
distribution | [% by range type
(um] weight] | [°C]
96.5Sn-
P1 25-45 88 0.5 217-220 F1 3Ag-0.5Cu
96.5Sn-
P2 25-45 88.5 217-220 F2 3Ag-0.5Cu
99Sn-
P3 25-45 88.5 217-234 F3 0.3Ag-
0.7Cu

B. Rheological Measurements

All rheological measurement were conducted using a
rotovisco system comprises of sensor system

HAAKE
PK100B and measuring system RV20. Principle of méag
cone-to-plate system at this system isFig. 2 Special care
was taken while loading the solder paste sampleo ont
measuring geometrics. For every measuring were nsed

study deals with solder paste samples rheologic&fmple of solder paste from the container. Thip stes

characteristics. Two different rheological testscluding
viscosity sensitivity of temperature and Thixotropgst
depend on measuring time duration [1]. We publistatdonly
a small part of what we tested within the stencihging
process.

repeated because solder paste was embossed outtHeom
“between plate area” during repeated measuringmyg time
measuring. Also we tried to ensure the same camditiof
measuring. Before starting the test, the sampleallased to
rest for the period at least 1 minute to allow fanple to
relax and to reach a required temperature. ldeatlihg
procedures were followed for all the tests. Temijpees
during the tests were hold at same level from #girtning to
the end of test.
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IV. RESULT AND DISCUSSION

A. Viscosity test results

than 30 % when temperature rising from 20°C to 3afC
shear rate 3%

Viscosity
Conditions for viscosity tests are in thable 2 [Pa.s]
230
Table 2 Options of measuring for viscosity test. 210
H H 190
Angle_ of Diameter Shear rate| Temperature Tlm_e 170
conic of cone [5_1] range [°C] duration e
pate[7] | [mm] J [s] e
1 20 0-30 20-30 60 130 —a—165s-1
110
As show afFig. 7, all of solder pastes samples have % -\‘\-—-\‘\_

decreasing viscosity when temperature is increbkghest
decreasing of viscosity has sample P3, that's rti@arype of
solder paste is most sensitive for temperature.p&af2 has
lowest dependability on temperature rising. Visgosof P2
can be more stable during stencil process, becaussng
squeegee on stencil can produce some heat, and warm

solder pastes(g. 5.

Viscosity

[Pa.s]
65

.
—
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Fig. 7 Viscosity as a function of temperatureddferent solder
paste samples. Shear rate was set up t&30 s

Study of the rheological behaviors of thieleppaste
helps us better understand behaviors of soldee rastencil
procedure. For our experiment we chose P1 sample.
Dependency of rising shear rate on decreasing sitycs
shown in theFig. 8
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Fig. 9 Viscosity of solder paste sample P1 aqatfan of
temperature. Measured were shear raték 9 s' and 16 &.

Fig. 10shows the flow curves obtained for samples P1, P2

and P3, which show functionality viscosity on sheste. All
samples have decreasing trend during increasing
acceleration of measuring plate rotation. P1 sanims
produced the highest maximum viscosity followedH8/ and
P2 at low shear rate, but at higher shear rate IsaR® has
lowest decreasing of viscosity. The differencesnaximum
viscosity for the solder paste samples can bebat&d to the
differences in flux systems. We can predict tlutlar paste
type P3 has lowest dependability on printing speed it can
be more stable than samples P1 and P2.

Viscosity
[Pa.s]

195
175 4
155 -
135 4
115

. N

75 1

——P1
—=—P2

——P3

55

35

3 6 9 12 15 18 21 24 27 30

Shear rate [s Y]

Fig. 10 Viscosity as function of shear rate fdfedent solder paste
samples. Temperature was set up to 24°C.

B. Thixotropy test result
Conditions for thixotropy tests are in the TaBI

Table 3 Option of measuring for thixotropy test.

Fig. 8 Viscosity of solder paste sample P1 asatfan of shear
rate. Set ups of temperature were 20°C, 24°C and 30°C.

We can see were small influence of rising terapure on
this effect is more remarkable fiig. 9 Small shear rate
(comparable with stencil printing) decrease hasmmore
effect when temperature decrease. Viscosity decrganore

Angle of | Diameter Time
; Shear rate| Temperature -
conic of cone [5_1] C] duration
plate [°] [mm] [s]
1 20 0-30 24 60 and 600

The results from the Thixotropy tests are pmas in
Fig.
viscosities as function of time(60 and 600 secands)th

of

11 at solder paste sample P1. Test shows the regultin
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curves have decreasing course, but “600 secondse dg
lower as expected. Long time shear rate action nsakeer
paste sample easily to flow, that's mean viscositysolder
paste is depended also on time duration of thershéa This
experiment confirm of memory properties of soldatepfluid.

Viscosity
[Pas] 200

180 %

160
140
120

100 —e— 60 seconds

80
50 \-\\‘\-\.\_‘\o\“&
40

— . 3

—=— 600 seconds

20

0

3 6 9 12 15 18 21 24 27 30

Shear rate [s'l]

Fig. 11 Thixotropy test at solder paste sampleTRinperature was
set up to 24°C.

V. CONCLUSION

The solder pastes have been reported to iketribpic,
shear-thinning, and to possess a yield stress.visgesity of
solder pastes decrease with increasing temperatuveell as
with increasing shear rate.

Obtaining accurate rheological measurements cldes
paste, help us to obtain the true rheological g of
solder pastes and the difficulties that arose iantjfying the
viscometric parameters.
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