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Abstract
The  influence  of  nano  silver  filler  content  on 

properties  of  ink-jet  printed  structures  for 
microelectronics  were  investigated.  Samples  were 
prepared  by  using  ink  with  different  nano  silver  filler 
content:  44 %,  41 %  and  38 %.  The  electrical 
measurements  were  performed during  and  after  heating 
process. It was shown, that filler content does not have a 
strong influence on sintering time, but it changes the final 
resistivity of printed and sintered structures. 

The  enhancement  of  sintering  process  by  UV 
exposure  was  also  investigated.  Preliminary  results  are 
promising and the further study will be conducted.

Introduction
Electrically  conductive  microstructures  and  contacts 

with  dimensions  in  the  range  of  tens  of  micrometers 
nowadays  plays  very  important  role  in  microelectronic 
packaging. Performing the structures like lines, different 
patterns or dots arrays is possible under the condition that 
both special technologies and materials are applied. Since 
the  late  eighties  of  the  last  century,  digital  ink-jet 
technology  has  been  widely  explored  by  the  electronic 
industry in developing new manufacturing processes [1].

Ink-jet  technology  needs  a  special  liquid,  usually 
called  ink,  which  should  satisfy  at  least  the  following 
three requirements: has very low viscosity, can be treated 
as a “true solvent” without component separation during 
high  acceleration,  and  is  able  to  make  electrically 
conductive structures. If a suspension is used as the fluid 
for  printing,  the  “conductivity”  condition  requires 
applying  electrically  conductive  particles,  and  the “true 
solvent” demands particles with dimensions as small as 
possible,  not  higher  than  tens  of  nanometers.  Ink  for 
printing conductive microstructures is typically based on 
noble  metals  of  nano-sized  dimensions  because  of  the 
chemical  inertness  in  ambient  atmosphere  and  good 
electrical conductivity – mainly Ag. 

We are able to produce the silver particles with very 
narrow size distribution. The smallest controllable size is 
4 nm, and size distribution window of few nanometers 
(e.g. particle size: 4-10 nm) [2]. The silver nanoparticles 
can be produced with controlled size up to 60 nm. On the 
basis of this nano sized filler, the ink for ink-jet printing 
technology is formulated [3] and microstructures can be 
printed  with  the  use  of  a  professional  drop-on-demand 
printer.  The  structures  are  noncondcutive  just  after  the 
printing.  To  obtain  good  electrical  conductivity,  they 
need  an  additional  energy,  mainly  supplied  during  a 
heating process.

In  our  previous  work  [4]  the  properties  of  the 
structures made by ink-jet printing with the use of the ink 

containing  the  nano  sized  silver  particles  were 
investigated.  It  was  shown,  that  thermal  process 
influences  strongly  the  electrical  resistance,  and  finally 
resistivity of printed structures was only about three times 
higher  than  the  value  of  the  bulk  material.  Initial  tests 
with  the  4-10 nm  silver  particles  showed  that  the 
resistivity of structures is about 4.5 µΩ·cm, while the bulk 
resistivity  of  silver  is  about  1.55 µΩ·cm. Also different 
electrical tests proved similarity between a bulk silver and 
the structures  made  by  ink-jet  printing  with the use of 
nano sized silver particles.

Such results suggest  that  during the heating process 
almost the whole binder is removed from an ink, and in 
the final layer only sintered silver particles remain. If so, 
the  following  question  arises:  whether  decreasing  the 
amount of filler in the ink influence the printed structure 
properties  such  as  an  electrical  resistivity  or  not?  The 
question is very important, as spare even small amount of 
very costly nano silver may bring significant economical 
effect  in  the  mass  production. It  was  investigated  by 
electrical  measurement  of  three  inks  with  different 
content of nano silver filler.

Inks and samples preparation
The conductive  inks were formulated  basing on the 

Ag powder  with  particles  in  the  atomic  size  range  (4-
10 nm in diameter). The base properties of used inks have 
been shown in Table 1.

Table 1. The base properties of inks for ink-jet printing 
Number of components One

Consistency Very low viscous fluid

Color Dark  brown  to  black  with 
metallic shine

Viscosity*) 3.6 ÷ 18 mPa·s 

Thixotrophy index ~ 1.0  

Surface tension value 28.5÷32.5 mN/m

Specific gravity 1.3 ÷ 1.6 g/cm³

*)Brookfield LVDVII + CP; 100 rpm; 20 °C

There were prepared three inks (named as #1, #2 and 
#3)  witch  differ  in  the  filler  content:  44 %,  41 %  and 
38 % respectively.

The  samples  were  printed  on  on  microscopic  glass 
slides  by  using  the  drop-on-demand  printer  (Dimatix 
DMP-2831) equipped with cartridge having a 12 nozzles 
of  22.5 µm diameter.  The drops of  volume about  10 pl 
were  jetted  with  the  frequency  of  1 kHz.  The  drop 
spacing  were  20 µm  (1270 dpi).  The  structures  were 
printed with the shape presented in Fig. 1. In the first step 



contacts (6 mm x 6 mm) were printed and sintered during 
1 hour in temperature of 250 °C. Then the paths of 4 mm 
width  were  printed  joining  contacts.  The  distance 
between contacts were 34 mm. After the second step of 
sample preparation the structures were only dried for 10 
minutes in temperature of 110 °C.

Resistance changes during sintering process
Measurements were carried out using Agilent 4294A 

impedance  analyzer.  Samples  were  placed  on  heated 
stage  equipped  with  probes  mounted  in  XYZ  micro-
manipulators. Electrical connections at heated stage were 
optimized  for  low parasitic  capacitance  and  resistance. 
Temperature  was  controlled  by  Eurotherm  3208  PID 
controller.

The  changes  of  parallel  resistance  Rp  measured 
during heating of each sample were presented in Fig. 2. It 
can be observed that the high resistance remains stable at 
the beginning of sintering process. After about 500 s the 
resistance  decreases  by  several  order  of  magnitude  in 
relatively  short  period  of  time  and  then  remain  quite 
stable on low value (~ 1 Ω). It is worth to indicate, that 
the  shape  of  each  presented  curve  is  similar.  It  is 
interesting that reducing the filler content in ink does not 
influence strongly on sintering time. So one can draw a 
conclusion,  that   regardless  of  filler  content,  the liquid 
fraction  of  ink  and  nanparticle  protective  coating  are 
removed  in  the  same  time.  Furthermore  the  final 
resistance of each sample after heating process is similar 
(about 1 Ω). Therefore the additional DC measurements 
of samples after sintering process were performed.

Electrical parameters of sintered structures
Generally, it is well known that the higher content of 

silver in the ink formulation, the lover resistivity of the 

printed  structures.  As  it  was  mentioned  in  the 
Introduction, the formulation with as low as possible the 
silver  content  is  worth  to  be  tested.  The  acceptable 
content of silver seemed to be about 40 % as the shape of 
printed structures below this value start to be blurred (Fig.
3). Because of this only samples #2 and #3 (made of ink 
with 41 % and 38 % nano silver filler respectively) were 
analyzed.

The  samples  for  DC  electrical  measurements  were 
dried 10 minutes at 110 °C and then were sintered one 
hour at 250 °C. There were analyzed four samples (four 
strips printed the way as presented on figure  1) made of 
each ink, to be sure that printing process is repeatable. It 
was particularly important for the value of strip thickness 
estimating,  as  it  strongly  influence  the  calculated 
resistivity of printed structures.  Measurements (done by 
use of Dektak II profilometer) showed that average value 
of the thickness is about 0.5 µm.

Fig. 4 and Fig. 5 represents an example results of four 
point  Kelvin  DC  measurements  for  a  double  current 
sweep up to 10 mA for samples #2 and #3 respectively. 
The  measured  resistances  are  stable  for  current  higher 
than about 2 mA. The resistance were measured for each 
strip and average value for samples made of ink #2 was 
1 Ω and for samples made of ink #3 was 1.5 Ω.

Fig. 1. The shape of printed samples for testing

Fig. 2. The dependance of parallel resistance Rp of 
measured samples from  heating time at T = 240 °C

Fig. 4. Four point (Kelvin) DC measurement of sample #2 
(41 % of filler content)

Fig. 3. Comparison of samples shape after printing and 
sintering; Sample #2 (41 %) on top and sample #3 

(38 %) on bottom.



The corresponding average sheet resistance, R□ (Fig.
6 and  Fig.  7)  was  about  140 mΩ/□ and  210 mΩ/□ for 
sample #2 and #3 respectively.

The  following  geometrical  dimensions  of  printed 
structures  were  taken  into  account  for  resistivity 
calculations  (Length  x  Width  x  Height):  34 000 µm  x 
5 000 µm x 0.5 µm. The results, presented in  Fig. 8 for 
sample #2 and Fig. 9 for sample #3, show that resistivity 
of  structures  are  about  8 µΩ·cm  and  12 µΩ·cm, 
respectively. It is interesting, that for sample #3, made of 
ink with 38 % of nano Silver filler content, the resistivity 
is about 50 % higher than for sample #2 (with 41 % of 
nano  Ag  content). Nevertheless  there  are  quite  good 
results for both inks, because in both case it is only few 
times higher than the value of  the bulk material  (ρAg = 
1.55 µΩ·cm).  It  is  worth  to  indicate  that  for  our 
“standard” ink (with about 50 % of nano Ag) resistivity 
of the printed structures was about 4.5 µΩ·cm [4].

Enhancement of sintering process by UV exposure
To  obtain  good  electrical  conductivity,  the  printed 

structures need additional energy, mainly during heating 
process. For lowering costs of the production it is desired 
to keep both the temperature and operation time of such 
sintering process as low as possible. Dependently on ink 
components,  sintering  time  and  expected  electrical 
resistivity, the temperature of the process is varied. The 
previous tests of formulations established in our labs, the 
resistivity  below  5 µΩ·cm  was  reached  after  1 hour 
heating in temperature up to 250 °C [4]. In other labs the 
temperature of the process is reported as a few dozen of 
Celsius  degree  lower  [5,  6],  or  even  in  the  range  of 
100 °C [7].

During the production process of silver nanoparticles 
their coagulation is moderated by a protective coating of 
fatty  acid.  This  protective  layer  is  removed  at  the 
beginning of heating process, before nanoparticles start to 
be sintered. It seems that decreasing the temperature and 
time of sintering process is possible when the additional 
energy will be delivered from other sources, eg. from UV 
lamp, before or during drying of printed structures.

The  samples  after  printing,  but  before  drying  were 
exposed  to  UV light  for  5  minutes.  The power  of  UV 
lamp was 100 W and power density on samples surface 
was about 1 W/cm2. The changes of parallel resistance Rp 
was measured during heating at T=240 °C. The obtained 
results  for  each  sample  were  compared  with  those 
obtained  for  samples  without  UV  exposition  (standard 
drying) and presented in Fig. 10, 11 and 12 for ink #1, #2 
and #3 respectively.

Fig. 5 Four point (Kelvin) DC measurement of sample #3 
(38 % of filler content)

Fig. 6. Sheet resistance, R□ of sample #2 (41 % of nano 
Ag filler content)

Fig. 7 Sheet resistance, R□ of sample #3 (38 % of nano 
Ag filler content)

Fig. 8. Resistivity of of sample #2 (41 % of nano Ag filler 
content)

Fig. 9. Resistivity of sample #3 (38 % of nano Ag filler 
content)



Results  presented  above  shows  that  the  additional 
energy  in  form of  UV light  delivered  to  samples  after 
printing  but  before  drying   influences  on  the  sintering 

time.  These  changes  are  not  large,  but  it  is  worth  to 
indicate  that  the UV exposure  was relatively  short  –  5 
minutes  only.  Nevertheless for  sample #2 (Fig.  11) the 
sintering  process  was  accelerated  about  2  minutes. 
Therefore the UV enhancement of sintering process will 
be investigated in our future work.

Conclusions
The ink-jet technique seems to be very attractive for 

microelectronic technologies. The electrically conductive 
structures  are  performed  by  printing  an  ink  containing 
silver  nanoparticles.  To  obtain  good  electrical 
conductivity,  the  printed  structures  need  additional 
energy,  mainly during a heating process.  It  was shown, 
that  after  the sintering  process the resistivity of  printed 
structures can be only a few times higher than the value 
of  the bulk material.  It  was also shown that  the  filler 
content influence the final resistivity of printed structures. 
Obtained results were very good even for the structures 
made of ink with low level of filler content (38 %). It is a 
good news from the economical point of view because we 
can reduce the amount of very expensive nano silver filler 
in  the  ink  during  producing  process  and  final  printed 
structures would have an acceptable resistivity, especially 
for some, not very restrictive applications. Unfortunately 
reducing the filler content filler lowers the viscosity and 
surface tension of inks, so it has a tend to spill-over and 
the shape  of  printed  pattern  is  fuzzy.  So for  inks with 
reduced  filler  content  (below  40 %)  the  additional 
modification of liquid fraction is required, to be able to 
print the high resolution patterns of few µm pitch.

Preliminary study on UV light influence on sintering 
time was conducted. Despite the relatively short exposure 
time (~5 min.) the results are promising and the further 
study has to be conducted.
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