
 

Abstract— This paper reviews the materials and processes of 

1st level interconnects and seeks to understand how utilization of 

low temperature materials can enable the future needs of 1st 

level packages.  An industry survey was administered to 

understand the key drivers that necessitate the use of low 

temperature materials.  These were incorporation of thermal 

sensitive components, utilization of advanced substrate 

materials, warpage control of thinned substrates / components 

and energy reduction.  There were three approaches mentioned 

to incorporate these low temperature materials:  1) replace the 

interconnect materials completely with low temperature 

materials, 2) use traditional solders for attachment of certain 

items followed by second attachment steps using low 

temperature materials for thermal sensitive elements and 3) 

attach a component or die that has traditional SAC solder on it 

but has low temperature materials on the substrate side.  Low 

melting point tin-bismuth alloys that have been introduced to 

board level assembly were highlighted as potential candidates 

for these 1st level interconnects.  It had yet to be confirmed that 

properties of these alloys were consistent with the requirements 

of 1st level interconnects such as fine pitch connections near the 

processor.  Concerns included alpha emissions, microstructural 

stability, susceptibility to electromigration, whisker growth, and 

possibility of polymorphic transformation of tin phase at 

cryogenic temperatures to which some processors might be 

exposed.  For high frequency circuitry the inductance and 

capacitance properties of the interconnect materials also needed 

to be understood.  Consideration was given to whether the low 

melting point indium alloys that have found application in the 

attachment of IR Focal Plane Arrays could be used for other 

devices.  Where the properties of low melting point alloys might 

not be sufficient to cope with possible service conditions, post 

joining processes were discussed to convert the low melting 

point materials to a higher melting point final joint that were 

comprised substantially of intermetallic compounds. 

Keywords— First level Interconnects, Low Temperature 

Bonding, IC Package Reliability  

I. INTRODUCTION AND MOTIVATION 

The factors driving the wider electronics packaging 
industry towards lower process temperatures were found not 
to be identical for the 1st level interconnects that are the 
interface between the increasingly complex processors and the 
circuitry that relies on those processors for delivering the 
functionality on which modern society is now so dependent. 
A primary factor noted for board assembly was the reduction 
of overall energy consumed during the soldering process.  For 
1st level assembly, chip join techniques such as 
thermocompression bonding (TCB) had already reduced total 
energy demands.  The overriding driver highlighted was the 
temperature sensitivity of advanced substrate materials and 
various components.  Demands of those interconnects forced 
packaging assembly groups to explore novel new materials 

and processes such as transient liquid phase materials, 
sinterable Ag and Cu pastes, direct Cu-to-Cu bonding in 
addition to solder alloys.  The solder alloys considered were 
the commonly used Sn-Bi and Sn-In alloys, as well as other 
low melting point alloys systems.  It was noted that subsequent 
processing steps occur as part of 1st level packaging.  This 
necessitated an understanding of other assembly materials and 
their processing conditions, such as underfills which have 
traditionally been cured at temperatures below chip join 
temperatures.  The standard processing temperatures may now 
exceed the temperatures being utilized in the chip join sectors.  
The packaging groups must investigate how the lower 
temperatures would impact those materials or if they must 
switch to other materials that can be processed at lower 
temperatures. The sequential packaging of the 1st level module 
such as BGA attach at the end of assembly raised the question 
if this would require those joints to adopt the low temperature 
materials to avoid impacting the 1st level interconnects.  
Additional factors may play a role such as warpage reductions, 
especially for very thin packages, and creating solder reflow 
temperature hierarchy for multiple reflow processes for 
unique applications that can include rework opportunities. 

II. MANUFACTURING NEEDS AND STATUS 

Packaging assembly groups that work on applications such 
as photonics, high performance computing, artificial 
intelligence, servers, sensors, and LED luminaires were 
contacted.  Information on materials that were available to 
meet their challenges were gathered from various vendors for 
substrates and materials and summarized in Table 1.  The 
materials / methods were split into three categories.   Metal 
pastes (solder, Cu, Ag, etc.), homogeneous solids (solder, Cu, 
Ag, etc.) and Cu-to-Cu bonding.  Unlike board level assembly, 
many 1st level package lines do not utilize pastes which tend 
to outgas and have residues that must be cleaned which can be 
detrimental to some of the components attached.  The outgas 
can impact components or down line processing steps.  This 
creates a new level of complexity for implementation.  For the 
no-clean pastes, residues can interfere with subsequent 
assembly steps such as underfill, which requires further 
studies and qualifications.  It is for this reason that the two 
categories of materials were separated.  These were further 
subdivided based on the method of applying the bonding 
material or the type of joint (metal, metal/adhesive or 
metal/oxide) for the Cu-to-Cu bonding.  To understand the 
readiness and amount of work remaining, the status was 
divided into high volume manufacturing (HVM), 
development studies and research activity.  Some of the 
options could be utilized for the entire 1st level assembly while 
others are applicable only to wafer / die, substrates, or 
components.  Finally, items such as tooling, new materials or 
even hardware that are needed to implement a given solution 
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were noted to help adopters of the technology understand what 
would be required.  Taken as a whole, this summarizes the 
gaps to be filled and challenges to be met in implementing 
these low temperature materials in the interconnects in 1st 
level packaging. 

TABLE 1.  MATERIALS FOR 1ST
 LEVEL INTERCONNECTS 

 

III. FRAMEWORKS AND INTERCONNECT TYPES 

The nomenclature of 1st level packaging modules and their 
respective interconnects are starting to coalesce.  Packages are 
defined as 3D where 2 or more active semiconductor devices 
are stacked and interconnected without packaging between 
and 2D for all other types [1].  Fig. 1 shows the different level 
of interconnects in advanced packaging.  It is the interconnects 
within these architectures that can utilize low temperature 
materials listed in Table 1.   

 

Fig. 1. Schematic 1st Level Module Nomenclature (source: HIR 2021) 

 These are divided into 6 types.  Die-to-Die, On Package 
Die-to-Die, Die-to-Package, within package (such as 
embedded bridge), Package-on-Package and Package-to-
Board.  The Die-to-Die will utilize Cu-to-Cu bonding or fine 
pitch micro-bumps.  On Package Die-to-Die take advantage 
of high density wiring on the top surface of a substrate.  Some 
vendors may attach a separate organic layer to the top surface.  
Since the package is not considered a separate entity, many 
times it does not get defined as an interposer.  Fig. 2 shows 
some of the Die-to-Package interconnects along with an 
example of a Package-on-Package which has a Package-to-
Board on its bottom side [1].  It becomes clear that each joint 
and each side of the joint of the interconnect may utilize 
different materials from Table 1 which require different 
methods to deposit.  The die side continues to utilize plating 
as its primary method of fabrication.  Given the limitation of 
low temperature plating baths, this requires either a Cu pillar 
with a solder cap or traditional SAC solder.  The choice 

determines if a hybrid joint will be utilized within the final 
package leading to different mechanical properties.  Thus, the 
industry survey showed varying degrees of implementation 
along with different focus from the various respondents.   

 

 

Fig. 2. 1st Level Interconnect Nomenclature (source: HIR 2021) 

IV. CHALLENGES AND ADOPTIONS 

 Unless a company is willing to commit to a chip first 
process, the die continues to leverage C4 plating.  Other than 
In which has toxicity concerns [2], no other low temperature 
plating bath is available.  This requires attaching a die with 
SAC solder to a substrate with solder that has up to 80oC lower 
melting point.  If there is any issue in the chip join sector such 
as inadequate oxide removal with a low temperature flux, 
solder can experience the head in pillow defect.  When this 
occurs in 1st level packaging on a solder mask defined pad, the 
edge of the molten solder can be pressed against the solder 
mask resulting in separation of some of the solder.  This 
creates a micro-solder ball that can lead to a short.  Soft error 
rates continue to be an issue for processor die and requires any 
low temperature material to which it is directly attached to 
meet this requirement [3, 4].  No source for ultra-low alpha Bi 
alloys exists.  If this can be sourced, the electromigration 
issues within these alloys remain challenged for temperatures, 
current densities and operational times needed for 1st level 
joints [5].  For any interconnect that is not underfilled, the 
mechanical characteristics such as brittleness become the key 
factor.  It does appear that a few adoptions are entering the 
manufacturing arena [3].  The earliest seems to be the On 
Package Die-to-Die where a high-density wiring entity is 
attached to the top surface with a SnBi alloy.  The next 
adoption is the use of SnBi alloys to attach components such 
as optical devices at temperatures below 150oC.   Even though 
low-temperature interconnects are not in heavy use, the survey 
[6] indicates that many companies are exploring this area and 
some specific providers are now offering these for sale.   
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