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Screen quality, ink, behaviour, printersettings, substrate surface condition and dry and sintercon-
ditions determine print results. For high density printing the quality of each of those parameters is
important. It was found, that ink and screen play the most important part.

The metal gauze screen provided with the mask must have a flat surface (roughness < 5/um) and
an even thickness and gauze tension. For a number of inks the viscosity at low shear-rates defines the
fine line capabilities. Some tolerance on printersettings is found to be acceptable. The application of
a surfactantson the substrate surface proves to be a solution to gain a better line definition, During
levelling the evaporation of solvents at room temperature has to be favoured for an optimum result.

1. INTRODUCTION

Applicability reasons and cost considerations augmented the necessity of denser thick
film circuitry. The conductor pattern is decisive for the density. The objective of the
investigation was to establish, what line resolution could be gained and which conditions
must be met with metal gauze screens and commercially available inks for volume pro-
duction.

2. THE INVESTIGATIONS

The influence of the following parameters have been studied:

—ink

— printer and printersetting

— substrate surface conditions (pretreatment of standard thick film substrates)
— screen

— dry and sinter conditions

These parameters will be discussed one by one.

Ink

The inks under considerations were standard type Ag Pd, Ag Pt and Au inks and a few
special ones (Ni inks). To test whether the mechanism of the ink behaviour was under-
stood, some Ag inks were produced in our own laboratory.

From experience it is known that type and lotnumber are insufficient to specify and
ink. Every ink under consideration has been measured for its rheological behaviour.

A Rheomat 30 (Contraves) with a concentric measuring system (in accordance with
DIN53788) has been used. The measurements were carried out at shear rates between
0.0665 s™! and 500 s~ .
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238 P.J.B. BERTRAMS et al.

The equilibrium values were measured at the various shear rates for most of the inks
show thixotropic effects. From some inks the minimum viscosity values were measured
after breaking down the thixotropic structure and if possible a yield value has been cal-
culated (7¢) according to the formula of Casson/7 = v/To+ VneD .;

Screenprint Equipment and Conditions

In a climatic controlled clean area all print-tests were run on a modified Aremco printer
and a modified “de Haart” printer. Tests were run with various squeegee hardnesses,
squeegee pressures, squeegee speeds, snap-off distances and with two shapes of squeegee
blades.

Screens and Masks

The screens, 160 x 190 mm, consists of 230 and 325 mesh stainless steel gauze stretched
on an aluminium frame under 45°. The slightly calendered version of the gauze was taken
and the mask was placed with its lines parallel to the screen frame. The used masks con-
tained conductor lines of various widths and spacings.

Substrate Material and Surface Treatment

Standard 95% Al, O3 thick film substrates were used for the standard inks and B 270
glass for the inks to be printed on glass.

To trace the influence of surface treatment both types of substrates also have been
printed after cleaning of the surface in various ways and after a treatment of the surface
with a surfactant.

Dry and Sinter Conditions

— Levelling took place in air in various ways for different time.

— At 120°C the printed substrates were dried in a Hereaus stove with forced air circula-
tion.

— Sintering has been carried out according to standard prescribed methods.
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FIGURE 1 Printmask.
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3. RESULTS

As a criterion for the print result the deviation between the width of a dried conductor

line and its mask width in the screen, the socalled line widening has been used. This

line widening played the leading part for classifying inks, screens, print parameters etc.
The following classification has been valid.

line widening class
< 10/um 1
10 — 20/um 2
20 — 40/um 3
40 — 80/um 4
< 80/um 5

When the value spread over two classes and the mean value met a class limit, this situation
has been noted down as c.q. 2/3.

Discussion of the Results

It was found during the experiments, that the influence of printer and printersettings was
low compared to the influence of ink and screen on the line definition. The discussion
will be restricted to the contribution of screen, ink, substrate condition and dry and
sinter conditions.

Screen The factors mainly characterizing a screen are meshsize, gauze tension, gauze
tension distribution, emulsion layer thickness and flatness of the emulsion layer. Metal
gauze has a large mesh relative to the wire diameter. The 230 mesh and the 325 mesh
have a usable opening/wire diameter ratio. With high mesh values the problem of clogs
increases. For the screens under consideration the gauze tension was between 17 N/cm
and 30 N/cm. With a tolerance of 1 N/cm over the screen area.

For high density prints the gauze tension must tend to high values, otherwise clogging
will occur.

Figure 2 gives a good example of what a good screen should look like in close
examination.

FIGURE 2 A good quality screen.
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TABLE I
Four screens tested on their influence

Screen
mesh emuls. number Ink 500 #m 250 pm 125 um
325 8 um 951 B300 1 1 2
325 9 um 11087 B300 1 1 1/2
230 7 um 814 1 2 3
325 8 um 951 2 2 3
325 9 um L1087 2 2 3
230 7 pm 814 A200 2 3 4
230 22 um 326 3 4 4

This screen is characterized as follows:

— 325 mesh, slightly calendered, stretched under 45° on the frame
— mask parallel to the frame

— tension between 28 N/cm and 29 N/cm

— emulsion layer, thick enough to prevent the so-called stamp effect and thin enough to
resist excessive wear, applied in a direct/indirect method

— the flatness is better than 5 um’s, measured along the edge of a screenwindow, so
that no ink can be pressed between screen substrate.

Table I gives the results gained with some 230 and 325 mesh screens. The 325 mesh
screens show better results than the thicker 230 mesh screens.

Inks  In the left part of table II the variety in classification of the inks is obvious. A
number of factors are important. From the start of the squeegee movement up to and
including the sintering the inks have to endure the following influences:

/— /squeegee movement and meshsize (viscosity at shear rates between 100 and 1000 s™!)
1

— adhesive and cohesive forces (ink-substrate, ink-screen and internal ink respectively)

— surface tension and gravity in deposited ink columns

— shear stresses at shear rates between 100 and 0 s

— if present thixotropy

— evaporation of solvents.

During the squeegee movement the ink is pressed through the open meshes on the sub-
strate. The viscosity should be low to have a good flow into and through the meshes and
have a good separation of the ink from the screen. A too high viscosity will cause clogging.
Preferably the viscosity should be between 50 and 70 Pas at a shear rate of 100 s~ . (See
figure 1.)

Higher shear rates should cause lower viscosities. Adhesive and cohesive forces play a
part in determining the amount of ink that will be deposited.

After the transfer stage, surface tension and gravity (ink column height and specific
mass) act on the ink causing levelling and outflow. The velocity of flow is fixed by the
rheological behaviour of the ink. The shear rates are low at this stage (0.1 s71).

The relation between the spread of ink and acting surface tension in this situation is
given by the expression



241

FINER LINES IN THICK FILM CIRCUITRY

'$SE[S U0,

19qUINUO] - - “YUI N - - YUT IN - -€ “YUT PJSV T0 YUl SV- -T ‘Ul PIo5—T ‘SIopusa o18 <) ‘g ‘Y

vie 753 € 0TV
€ € €/T 0LTD 0T-0£T
oLt 79 ¥ ¥ € 0TV
081-0€  00SE-090T 00TZ-008  O0L9-0S¥ $87-007 0TI ¥S T ()1 1 00€d O01-0€T
SE-0  OEPI-0V9  SL6-SIS  OZ¥OIE 0€T-01T 121 8¥ 12 ¥ 1253 01TV
SE-0  0LZI-006  SL6-069  SSS-SS¥ 0€€-00€  OLI 79 € € €/t €0TV  S-0€T
0S-0  0901-08%  0L9-08€  OLT 4y €8 143 ¥ ¥ % 0TV
0€TT-0901 00ST-098  069-0LS 0ce SL /€ ¥/€ yle 107V
00¥-0LT 00¥9-009% 009€-00LC OFII-0I0T 0006  TTI L6 9x4 €/t [4 087D
000€-000Z 000Z-00ST 0001 009 0ze 011 4 €/t () 00TV
007-0S  006€-00TC 00ST-06¥T 00TT-016 0S9-06¥  0TC 79 A A 1 0LT
087-09 088%S8%T 008Z-0£0T O¥OI-0L9 00S-0¥¥ 0T 06 () T 1 06D  S-ST€
0S-0¢ 0011006  SPL-009  00¥OVE 90T 141 L9 € r4 00T
S0  0901-08%  099-08€  OLT 0ST €8 143 Sl 253 (1144
S-0T  008-0S¥  09v-0€€  ¥IT STl L 6T 14 14 0€T
09-0  O0EVI-0v9  SL6-SIS  0THOTE 0€7-0TT 121 8y 25 e/t 012
08-0  0061-0¥9 060T-SIS  OLOVE SST-0vT  SEI 4y vle €T 001V
SL6 098 0¥9 (1187 TLT 184 €/t €/t 1€V
069 009 06¥ 08¢ 917 79 €lt T/t 0IEV
¥ 14 200€ 9
081-0€  00SE-090T 001Z-008  OL9-0S¥ $87-097 0TI ¥S 4 1 ooc g
00€-(S9)  0009-00TT 000S-008T 000Z-000T  008-009  OIT 9% T/t T 00t D
087-0FT 008%-0¥ST 00ST-00LI  0S8-008 86¢ 871 4% 1 1 00oTd 8-STE
[mbo "urw  ymbo'upur  mbs‘uru  [mbo ‘urw  pnbe ‘unu 6 S0T 001 (Y41 0ST 00€ wrl
(ed) $990°0 STT'0 wo 24! [use
Tm anfeA (0 je sed .Aumwoo@; Goﬁﬁomﬁ—wmw—u Juj uaId§

(*0 "IV) SYUI Jo AIS00SIA pUE UOHEOLISSEL)
Ia19vL



242 P.J.B. BERTRAMS et al.

y R

TG 1 T
TR TV T -
e[ HHHt :
\\‘qK\ I .
T T+ : i Y
! | :;g\\o
anl
; SR
: i

|
b sl VI3 S a1 Ve 62 e

FIGURE 3 Rheogram of some inks

Sc = 7sa — (ysL +7LA)
s = surface tension of solid in air

TsL =interfacial tension of solid and liquid
7L A = surface tension of liquid in air.

Sc > 0 results in complete coverage of the surface. For S¢ < 0 the liquid will spread
until a contact angle is formed. For equilibrium according to Young the following equa-
tion is valid

YsA = YLs tYLA cosO
YLA

2. 3

< 7

TSA YLS

Thick film inks (yp o ~ 3 — 4 x 1072 N/cm?) should spread entirely over the surface
of Al, 03 or glass (yg4 > 40 x 1072 N/cm?). This is also valid for solvents as terpineol
and butyl diglycolacetate.

Most inks seem to produce a contact angle of 20 - 40° /2/. Possibly the substrate is
covered with a thin layer of ethylcellulose during the outlow owing to the evaporation
of solvent. This causes (ygs ethycell. < ygp solution) the outflow to stop. Table III
gives bad result for cleaned surfaces and surfaces pretreated with Aethylcellulose.

TABLE III
Influence of pretreatment of substrate surface (Al,0,) ink A 204

250 um 125 um 125 pm

Treatment L-R L-R L —R  Total average
No (as delivered) 3-3 3_4 4 -3 3/4
Fired at 850°C 3-3 3/4 -4 4 -3/4 3/4
Fired at 1100°C 3-3 3/4 -4 4 - 3/4 3/4
Cleaned 3-3 3/4 —4 4 - 3/4 3/4
Cleaned + surfactant 1-1 1-1 1-1 1

Cleaned + Aethylcellulose 3/4 -3 3/4-4 4 -3/4 3/4
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FIGURE 4 Rheogram of some inks

It is probably impossible to prevent the surface from becoming greasy. Pretreatment
with a surfactant seems to be beneficial.

The part of gravity becomes clear from the fact that narrow lines and thicker layers
spread more. The height/width ratio is larger than for wide lines (see below).

N~
LN = PN
250 um 40 um 160 um

The driving force for the 160 um line is higher.
The velocity of the outflow is described by the formula V =S¢ /n x K.

Sc (the coefficient of spread) is constant and K also (related to substrate rough-
ness and layer thickness).
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1 determines the velocity of the outflow.

— 7 depends on the shear rates (in this stage D < 1s7!)

— 7 rises in course of time for thixotropic materials (fig. 3)
— 1 rises because of the evaporation of solvent.

For the inks under consideration the viscosity at low shear rate is a very important
factor. In this range three distinct properties are functioning:
a) the viscosity under equilibrium conditions
b) the velocity with which thixotropy and relaxation are built up
¢) the numerical value of the yield value (7,).

As a characteristic for this range the value of nat D =0.1 s could be taken.

ad a) For the inks under consideration the viscosities under equilibrium conditions
are plotted against the shear rates.

See e.g. Figure 3 and Figure 4.

From these plots viscosity values at specific shear rates are combined with classifi-
cation values of the inks in Table I.

High viscosity values correlate with good quality printing. The following classifi-
cation limits are considered:

class 1 or 2 n > 1500 Pas

class2 or 3 700 < n < 1500

class 3 or 4 300 < n< 700
Resulting in diagram (Figure 5).
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FIGURE 6 Increase of viscosity as a function of time at D = 0.06 s~ after D =5 s™!
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These results are more or less specific for the organic binder and solvent ingredients
of these commercial inks.

The deviative results found for Ag and Ni inks can be related to the difference in
binder solution constituents of these inks.

ad b) The outflow happened, particularly, in the first minutes, so that the equilibrium
value could not be reached in practice. At these moments, the minimum viscosity and
the built up velocity of the thixotropy are important. Figure 6 shows that for the ink
with the better resolution the minimum viscosity is higher and the built up of the thixo-
tropy is faster.

ad c) the presence of a yield value promotes the line resolution. The determination
is not simple when thixotropic effects are present.

To overcome this problem, the increase in viscosity between the shear rates of 1 and
0.1 s can be used as a substitute criterium.

From the curves follows: class 1 dlogn > [0.6/
dlogD

class2 3187 105/
dlogD

dlogu
class 3 dlog D >/0.4/

Dry and sinter conditions  Strictly speaking levelling and drying are in line with one
another. It is obvious that drying, as a process to remove the solvent inside the conduc-
tor, must start at room temperature without causing eruptions. An end temperature of
120°C for 15 minutes is sufficient. Doing it this way no line widening contribution is
found. Sintering does not cause line widening at all.

Summarizing, it can be said that for this type of inks the rheogram for low shear
rates can help to predict the fine line capabilities.

4. CONCLUSIONS

— For the investigated type of inks the rheogram can predict the fine line capabilities.

— A slightly calendered metal gauze screen stretched under 45° with the frame, with a
homogeneous tension between 20 and 30 N/cm, preferably 325 mesh, with a thin flat
emulsion layer gives the best results.

— As a quick evaporation of the solvent can be beneficial an adequate levelling con-
dition must be emphasized.
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