
Metal Organic Decomposition (MOD) Inks and Films for Electromagnetic 
Interference (EMI) Shielding and Semi Additive Process (SAP)

Michael Vinson, Sima Hannani, Melbs LeMieux, Brett Walker 
Electroninks 
TX, 78744 

M.Vinson@electroninks.com; Sima@electroninks.com

ABSTRACT 
The goal of utilizing conductive inks to compliment 
traditional metallization approaches in semiconductor 
packaging applications is to enable ultimate design, 
functionality, and capital expenditures (CAPEX) flexibility 
through additive manufacturing without sacrificing 
performance or reliability. 

Traditional metallization processes include the sputtering 
method, a Physical Vapor Deposition (PVD) technique, and 
plating among others. PVD and electroless plating are 
currently the most used method to deposit a metal film in 
semiconductor packaging industry and it requires a complex, 
multi-step process. The metal films and patterns are required 
for electromagnetic interference (EMI) shielding and SAP 
among others. These processes have certain limitations 
related to technology factors including limits on panel area, 
uniform thickness on complex 3D shapes, temperature, 
patterning, health, and environmental factors as well as 
economic factors (throughput, CAPEX, footprint, 
maintenance, material waste and energy usage). 

Alternatively, technology is seeing a shift to jettable (aerosol 
jet and inkjet) or sprayable conductive inks for conformal 
shielding and additive, 3D metallization. This approach 
brings about substantial total cost of ownership and 
throughput advantages that will be reviewed in this paper as 
the ink-based processes (spray/jet) does not require vacuum 
and has relatively low process temperatures (at or below 
180C in most cases).  

Metal complex conductive inks can be printed via various 
digital printing techniques such as aerosol jet printing, inkjet 
printing, and spray coating. The inks can be jetted or sprayed 
on various substrates e.g., 3D packages, wafers, chips, 
boards, and housings to provide a high-performance 
shielding layer that is reasonably priced and has outstanding 
reliability qualities for the semiconductor packaging 
industry.  

In this paper, we will review different printing techniques, 
and spray coating. We will review 5-sided metallization to 
provide shielding via spray coating, film performance 
parameters including coating thickness uniformity, EMI 
shielding effectiveness, adhesion to different substrates, and 
reliability. Another area of focus in this paper is using the 
silver metal complex inks in semi additive manufacturing as 
the silver MOD inks make an excellent seed layer for plating 

processes. We will discuss the spray coating process and 
performance of the silver film as the seed layer. 
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INTRODUCTION 
There is a constant drive to pack electronics into smaller 
spaces.  Recently, smart watches have been major drivers of 
further miniaturization and spurred System in Package “SIP” 
innovations. SIP enables several integrated circuits (ICs) 
along with larger capacitors/inductors to be housed in one 
package.  Many of these ICs operate at radio frequencies and 
the proximity increases electromagnetic interference 
(EMI).  The traditional solution of soldering a “metal can” is 
not feasible. Compartmental shielding of the package is 
necessary and sputtered metal has typically been utilized to 
provide the shield.  In this paper, an emerging cost-effective 
approach with certain technical advantages is presented 
which involves dispensing/spray coating silver ink to form a 
compartmental shield shown in Figure 1.  

The traditional sputtering method is a Physical Vapor 
Deposition process (PVD) that involves vaporizing a metal 
and depositing it onto the surfaces of the components; see 
Figure 2.  PVD is currently the most commonly used method 
to apply the EMI shield and it requires a complex, multi-step 
process.  Once the components are placed and loaded, the 
process steps include: 1) degas; 2) plasma pre-treatment; 3) 
deposit an adhesion layer; 4) deposit the EMI shield layer and 
5) deposit an anti-corrosion layer.  This process is performed
in a costly piece of equipment that occupies a large floor
space.  The space required is typically in the range of 12.5 to
35 m2 and the capital cost is in the range of $3M to $8M USD.
Sputtering has other technical limitations including non-
uniform coating of sidewalls and trenches, maintenance
costs, material waste, and low throughput.  Subtractive
manufacturing is the most mature and commonly used
process in the industry. Subtractive process involves
removing material to create patterns and traces by acid-
etching.  Additive manufacturing on the other hand creates
traces by adding materials. SAP is mostly used to create fine
line traces and patterns.

There are three PCB production processes: Subtractive 
manufacturing, additive manufacturing and semi-additive 
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manufacturing. A brief description of each process is 
summarized in the next section.  
 
Subtractive manufacturing is the most mature and commonly 
used process in the industry. 
 
EMI SHIELDING 
  

  
Figure 1. New approach using conductive ink for 
compartmental shielding for System in Package  
 
A common concern about the switch from sputtered copper 
to silver ink is that the cost of silver would be 
prohibitive.  However, since the amount of metal on each 
chip is so small, for example 1-3 um thickness, the silver cost 
per chip amounts to only a fraction of a cent.  The cost and 
footprint of sputtering equipment can dwarf the costs of the 
materials.   
 
The primary benefits of spray coating include low capital cost 
(< $0.5M USD), simple production process and high 
throughput with minimal maintenance.   
 
Typically, conductive inks are made from metal flakes and/or 
nanoparticles.  In this paper, a new paradigm of particle-free 
metal complex conductive inks is introduced that is 
particularly qualified for shielding applications. The particle 
free silver ink has fundamental conductivity, process, and 
reliability advantages manifesting in excellent shielding 
across relevant frequencies, minimal material usage, fast 
curing time (<5 minutes), and lower material cost.  Table 1 
highlights the pros and cons of sputtering versus spray 
coating particle-based and particle free ink [1] [2] [3].  
 
 
  

 Figure 2. Typical sputtering process and materials for 
shielding [4]  
 
Table 1. Comparison of conformal EMI Shielding 
technologies  
Coating Method  Sputtering Spray coat Spray Coat 

Material  Copper/Anti-
Corrosion 

Silver Particle 
Ink 

Silver Particle-
Free Ink 

Capital 
Investment  

High Low Low 

Equipment 
Footprint  

High Low Low 

Maintenance  High Low Low 
Throughput  Moderate High High 
Ability to coat 
3D, complex 
structures  

Ok 
(Requires 
substrate 
treatment) 

Good Good 

Process Temp  Varies High (>150C) Low (<100oC) 

Materials Cost  Very Low Moderate Low 
Typical 
thickness 
required  

3 um >6um 1-3 um 

Shielding 
Effectiveness (1 
GHz)  

>70 dB >60 dB >70 dB 

  
A key benefit of particle free ink is that the resistivity is very 
low at 3.2 µOhm-cm (2X bulk silver). As shown in Figure 3, 
the final microstructure of the particle free silver film is dense 
and connected.  This is because particle free formulations do 
not rely on nanoparticle sintering or contain 
dispersants/ligands that result in many voids and poorly 
connected particles.  Resistivity and low porosity are key 
factors in shielding performance.  Low resistivity means less 
silver thickness can be used for adequate shielding, resulting 
in less material usage. This also increases equipment lifetime 
and reduces costs.  Figure 4 shows the IEEE-299 Shielding 
Effectiveness test result for 1-40 GHz for 1um and 3um 
Silver film spray coated with Particle-free silver ink.  
 

 
Figure 3. Microstructure of particle free ink versus particle-
based silver ink  
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 Figure 4. IEEE-299 results for 1-40GHz  
  
Another benefit is that the particle free ink is homogenous so 
no mixing is required, and it can be stored at room 
temperature during the coating process.   
  
Spray Coating Process  
The process of coating components with a spray coating 
system and particle free ink is for the most part dictated by 
the customer.  However, a typical process is depicted in 
Figure 5 and details are described below:  
 
Preparation – chip preparation and cleanliness are essential 
for good adhesion of the film to the chip surface.  The chips 
will be cleaned with a common solvent to take off any 
residues or dust from the surface of the chips.  The chips will 
then go through a dehydration bake step to evaporate the 
solvent.  Customers often perform their own preparation 
process including different plasma cleaning.   
 
Placement - the components are placed on an adhesive 
Kapton sheet.  The spacing varies depending on the design 
and dimensions of the components.  
 
Load into coating system - the Kapton sheets will be 
transferred to a heated stage >100oC surface temperature on 
the chip at the coating station.  
 
Coating - the particle free conductive ink is sprayed onto the 
chips.  At a >100oC surface temperature on the chips, the 
volatile solvent system will evaporate near instantly and the 
chemical reaction creates a thin silver film on the surface of 
the Epoxy Molding Compound (EMC).  Instantly the 
components will visually appear silver as the material 
deposits.  Multiple layers are applied to achieve the desired 
film thickness without any waiting time between layers.  To 
ensure maximum shielding effectiveness, the target film 
thickness is between 3-5µm.   
  
Final cure - the trays of coated chips are transferred to a 
thermal oven.  Package level components are typically cured 
at 140-160C for up to 20 minutes in an oven.  It is worth 
noting that the particle free silver ink is already dried and 

cured on the spray coating stage.  The final oven cure only 
boosts the resistivity marginally.  

 Figure 5. Spray coating process  
  
ADHESION AND RELIABILITY TESTING  
It is essential to have good adhesion to the surface of the EMC 
because missing metal will harm the shielding 
performance.  This unique particle free ink has been tested 
with ASTM D3359 Cross Hatch Adhesion Test on EMC test 
vehicles. In ASTM D3359 cross hatch patterns are created on 
the metal film using a sharp razor blade or commercially 
available bare claw tool. An ASTM grade tape is then used to 
test the adhesion by peeling the tape off. If none of the 
squares come off, as shown in the image below, the sample 
gets a 5B/excellent grade in adhesion. Figure 6.  Samples are 
tested for 1000 hours in an 85% humidity chamber at 85oC.    
  

  
Figure 6. a) top view of EMC component (b) After ASTM 
tape test  
  
Figure 7 shows the resistivity over time at 85% humidity 
chamber at 85°C.  There is actually an initial drop in 
resistivity at the 0-100 hours but after 100-hour check to 1000 
hour check point there is no further change in resistivity.  
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Figure 7. Resistivity over 1000 hours in 85oC/85% humidity  
  
The samples also passed other reliability testing such as 
thermal cycling test (TCT), high temperature storage test 
(HTST) and Unbiased Highly Accelerated Stress 
Test (UHAST).  
  
BAR CODE SCANNING  
Laser etched bar codes and serial numbers are written on the 
packages which are used by pick and place machines.  Codes 
must be clearly read after silver ink is spray coated and 
cured.  Film quality, thickness, and surface roughness of the 
conductive ink is important for bar code scanning to ensure 
the bar codes on the packages are readable subsequent to 
silver film application.  Figure 8 shows the bar code on the 
chip before (a) and after coating (b).  These bar codes are 
typically etched 15-20 um deep into the packaging, and flake-
based inks that are deposited 10 um thick for example can 
cause issues with bar code reading.  Since particle free ink 
uniformly coats the EMC, bar code reading has been 
successfully tested even at coated thickness greater than 
3um.  
  

 Figure 8. Bar code scanning  
  
FILM THICKNESS AND COVERAGE  
A problem with all top down coating techniques, sputtering 
and spray coating, is that the top horizontal surface being 
coated thicker than the vertical sidewalls.   This problem is 
overcome with the coating system platform that has a rotating 
and tilting spray head that can spray at up to a 45o 
angle.  Figure 9A shows an EMC teste vehicle spray coated 

with the MOD silver ink.  The sidewalls and the top are 
uniformly coated with ~3 um of silver metal. Figure 9B 
shows the dense structure of the silver MOD film. The dense 
structure and lack of binders and additives in the MOD silver 
inks make it highly conductive.   
  

 

  
Figure 9A (top) and 9B (bottom). Film thickness, 
uniformity and density  
  
Particle based dispersions often need to be both cooled (or 
frozen) and mixed inside of the spray coating tool.  Compared 
to nanoparticles, the cost of particle free ink is lower because 
the proprietary formulation is simple to produce in large 
quantity with near 100% yield.  Moreover, the total cost of 
ownership of particle-free inks is lowered by having higher 
utilization (less sedimentation), reduced printing 
maintenance, and prolonged print times.  
  
Another area that the MOD inks are an excellent fit is for 
miniaturization of fine lines, and circuitry while maintaining 
higher performance and reliability in PCB production. To 
achieve this goal, it is important for the fine lines and traces 
to have great adhesion to the substrate while maintaining a 
good signal integrity. There are three PCB production 
processes: Subtractive manufacturing, additive 
manufacturing and semi-additive manufacturing. A brief 
description of each process is summarized in the next 
section.  
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Subtractive process involves removing material to create 
patterns and traces by acid-etching.  Additive manufacturing 
on the other hand creates traces by adding materials. SAP is 
mostly used to create fine line traces and patterns.   
 
In this paper a new concept of SAP process is introduced, Ink 
semi-additive process (iSAP). The general steps for iSAP 
involve:   
 
1) Applying the MOD ink to form a conductive cathode 

layer on uncladded laminates. 2) Applying the 
photoresist layer. 3) Exposure of the photoresist. 4) 
Forming the patterns. 5) Copper plating to form circuit 
traces. 6) Strip away the remaining photo resist. 7) Flash 
etching the uncovered MOD metal layer.  

 
 A depiction of the iSAP process flow is shown in Figure 10.  
 

 Figure 10. iSAP process flow  
  
Semi-additive processes include modified semi-additive 
process (mSAP), SAP and iSAP. SAP and mSAP processes 
are similar. The significant difference is that SAP starts by 
applying a thinner electroless copper seed layer compared to 
mSAP. This makes the etching process faster. mSAP 
however starts with applying a thicker (~10X) copper foil. 
The difference in SAP and mSAP is most noticeable at the 
etching process. Since mSAP starts with a thicker copper 
layer, the traces and the spaces are limited to 20~30um. Since 
SAP starts with a thin copper is faster and easier to etch the 
traces and spaces are closer to 10 um [7].  
 
In iSAP, a thin layer of conductive MOD silver film (~200-
500 nm) will be used to create an ultra-thin conductive layer. 
This conductive layer will be deposited using spray coating 
technique. This approach not only simpler and provides a 
highly conductive layer with excellent reliability and 
adhesion properties, but also is greener and has a higher yield. 
Also due to the unique adhesion properties of the MOD ink, 
a broad range of substrates can be used in this process.  
 
Figure 11a and 11b, shows cross section SEM image of the 
MOD silver ink spray coated on a flexible substrate. The 
silver film is uniform in thickness and has excellent adhesion 
to the substrate.  
  

 Figure 11a and 11b. Cross section SEM image of copper 
plated on spray coated MOD silver ink.  
  
The excellent adhesion to a variety of substrates including 
Kapton, makes the MOD ink an excellent choice for semi 
additive applications. Figure 12, shows 5B (Excellent) 
adhesion to Kapton according to ASTM D3359 cross hatch 
test. We have demonstrated 5B adhesion with spray coating 
MOD inks from 0.5um to 50um film dry silver film 
thickness.  
 

  
Figure 12. ASTM D3359 cross-hatch adhesion test  
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As mentioned, this ultra-thin silver metal film makes  
a great layer to plate the copper film on. Figure 13,   
shows the copper plated on the spray coated MOD inks   
as seed layer.   
  

  
Figure 13. Copper plated on spray coated MOD ink  
  
Image 14 shows the copper plated on build up film with EI 
silver ink as seed layer. The seed layer was spray coated and 
the thickness is ~1um in thickness. The sample then went 
though the plating process. The plated thickness is ~30um in 
thickness. Figure 14 shows the peel strength test after the 
plating process. The failure mode is the silver seed layer and 
the build up film.  
 

 Figure 14. Peel strength test results  
  
The sample then were transferred to High Temperature Test 
(HTS) conditions (150oC for 168 hours). The peel strength 
test was performed again after the HTS. Figure 15 shows the 
peel strength test results after the HTS test.  
  

 Figure 15. Peel strength test results after the HTS test  
  
Besides silver MOD ink as seed layer, a new benchmark 
technology has emerged  in the form of a copper MOD ink 
that can also be used as seed layer. The copper MOD ink can 
be applied on the substrate of choice with multiple printing 
techniques such as spray coating, spin coating and ink 
jetting.   
 
Figure 16 shows the Electroninks copper MOD ink spin 
coated on a silicon substrate. The thickness of this copper 
film is ~100nm which makes it an excellent choice for the 
iSAP processes.  
  

  
Figure 16. Copper MOD ink spin coated on a silicon wafer  
  
The copper film also has excellent 5B adhesion on silicon 
wafer as shown in figure 17.  
  

Proceedings of SMTA International, Oct 20 - 24, 2024, Rosemont, IL, USA. 6



  

  
Figure 17. ASTM D3359 cross-hatch adhesion test  
  
The copper ink can be printed at room temperature under 
ambient conditions and then transfers to a nitrogen oven for 
the final bake. This ink will cure in ~5 minutes at 140oC-
170oC.  
 
Figure 18. A shows the copper MOD ink as seed layer with 
5B adhesion on build up film. Figure 18. B shows a copper 
plated on copper MOD ink as seed layer on build up film as 
the substrate. 18. C shows a plated sample using copper MOD 
ink as seed layer on Polyimide substrate. The seed layer in 
this case is ~1-2um and the plated layer is ~15 um.  
 

  
Figure 18. A, B and C. plated sample using EI copper MOD 
ink as seed layer  
 
 
 
 
  

CONCLUSION 
MOD inks have shown versatility, production readiness and 
enhanced performance in IC packaging.  With the 
introduction of a new global benchmark copper MOD ink, we 
can expect to see the adoption of these particle free inks 
accelerate soon.  
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