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ABSTRACT 
 
The primary objective of this technical paper is to provide details pertaining to telemetry encoder 
size and weight reductions using Multi-Chip Module (MCM) design techniques and a silicon die 
scavenging process to decrease MCM development cost. Additional use cases relevant to the 
Department of Defense (DoD) community and recommendations for future efforts will also be 
presented. 
 

INTRODUCTION 
 
As military systems and subsystem technologies advance, the Test and Evaluation (T&E) 
community is constantly maturing and adapting methodologies and instrumentation strategies to 
collect the required information for evaluators and programmatic decision makers. Payload 
limited unmanned aerial systems and new missile technologies are just two examples that 
support an ever-expanding need to develop unobtrusive, miniaturized, and ruggedized on-system 
instrumentation. Meeting this need is further complicated by the evolving instrumentation 
requirements for larger data storage capacities, support for increased bandwidths, and 
improvements in power efficiency. Current methods for adding embedded instrumentation to 
these types of systems struggle to overcome the adverse effects to system performance caused by 
weight and center of gravity changes. With the current methods, the results include either: 1) 
accepting the system performance degradation or 2) creating a non-tactical configuration (i.e. 
tactical payload replacement telemetry kits). The following material documents a design 
technique that addresses this test technology gap for current and future integrated telemetry 
encoders, and includes some beneficial byproducts pertinent to interests within the 
instrumentation design community. 
 

MULTI-CHIP MODULE DESIGN 
 
Standard custom circuit design entails connecting plastic encapsulated or packaged Integrated 
Circuits (IC) via traces on a Printed Circuit Board (PCB) to perform a specific function. Each 
encapsulated or packaged IC typically contains a small silicon-based component, referred to as 
the silicon die, which provides all the functionality of the component, while the packaging 
material provides die protection, heat dissipation, and simplifies circuit board assembly [1]. The 



process of integrating multiple silicon die elements into a single package is referred to as an 
MCM [2]. 
 
As a point of reference, Figure 1 depicts the micro-focus X-ray image of a differential amplifier 
offered in an 8-pin Small Outline Integrated Circuit (SOIC) package and is intended to 
demonstrate the significant size difference between a plastic encapsulated integrated circuit and 
the silicon die.  The size of the encapsulated area in Figure 1 is 5 x 4 mm, while the die is only 
1.5 x 0.9 mm. This size difference is typical for ICs and can translate to a potential 50% to 75% 
reduction in PCB size when MCM techniques are implemented. 
 
 

 
Figure 1 Component (left) and Micro-Focus X-ray (right) Images of an 8-Pin SOIC Integrated Circuit 

 
For the miniaturized telemetry encoder, the foundational functional elements and components 
commonly used in previous designs were identified and evaluated to assist in locating viable 
candidates for MCM integration. These functional elements included a variety of serial interface 
types, analog signal conditioning, analog to digital conversion (ADC), memory (i.e. SRAM), 
programmable logic devices (i.e. FPGAs), and digital input/output (I/O) signals. The results of 
this system engineering effort revealed comparable components in die form that met or exceeded 
the performance of the components currently in use. The resulting 0.9 x 0.9 inch prototype Ball 
Grid Array (BGA) MCM printed circuit board and associated functional block diagram depicted 
in Figures 2 and 3 only requires ~30% of the board area used in previous designs. 
 

 
Figure 2 Top and Bottom View of Foundational Telemetry Encoder MCM 

Plastic Encapsulation 



 

 
Figure 3 Foundational Telemetry Encoder MCM Functional Block Diagram 

 
As with many modern digital circuit designs, incorporating a Field Programmable Gate Array 
(FPGA) has many advantages when compared to a microcontroller. These include process 
concurrency, flexible internal and I/O structures, and a large number of supported Intellectual 
Property (IP) cores [3]. When applied to this telemetry encoder, the end user can easily modify 
the frame format, redefine I/O logic levels (i.e. TTL, LVDS), and create/purchase IP cores (i.e. 
video compression, data encryption).  
 
Functional verification testing and thermal characterization work is currently being performed on 
this design. This testing ranges from simple analog and digital stimuli to more complex 
interfaces such as inertial measurement units, magnetometers, accelerometers, secure digital 
cards, and IRIG-B (AM). Once complete, encapsulation and final acceptance tests will be 
performed. 
 

SILICON DIE SCAVENGING PROCESS 
 
A potentially complicated aspect of MCM design work is the difficulty and cost associated with 
procuring small quantities of desired dies for prototype and first article fabrication. This is due to 
the IC manufacturer’s typical requirement of purchasing a full wafer (~500 to 10,000+ dies). 
Also, getting information such as die bond-pad to chip-pin assignments and die epoxy 
characteristics can be difficult. Because of this, joint efforts between the U.S. Army Redstone 
Test Center, academia, and private sector companies were initiated, and a process for scavenging 
dies from existing components was successfully demonstrated. The following list summarizes 
the scavenging process: 
 

- Generate bond-pad to chip-pin map using micro-focus X-ray images 
- Expose the encapsulated die using an acid based de-capsulation process 
- Remove existing bond wires from die 
- Remove die from remaining packaging material 
- Re-bond a statistical sample into open-cavity packages 



- Perform functional testing to determine scavenging yield 
 
This scavenging process can reduce the cost of MCM prototyping by as much as 75% and was 
required for two of the components used in the miniaturized telemetry encoder design that were 
not available in die form. Figure 4 provides some images taken during a die scavenging and re-
packaging process. 
 

 
Figure 4 Exposed Die after De-Capsulation (left) and Microscopic Image after Re-Bonding to an Existing Bond (right) 

 
ADDITIONAL USE CASES 

 
As a result of this work, several potential secondary use cases exist that have relevance to current 
issues within the DoD and T&E communities:  
 

• The ability to recover and repackage components provides an avenue for designers to 
improve the thermal and electromagnetic characteristics for ICs that meet functional 
requirements but are deficient in these areas. Thermal improvements are achieved by 
implementing a better heat dissipation strategy when designing the substrate. Similarly, 
the selection of metal type re-packaging material can aid in alleviating electromagnetic 
emission and susceptibility issues. 

• Failure analysis is common throughout the T&E community, but isolating these failures 
to the IC level can be difficult without micro-focus X-ray and die exposing capabilities. 
Figure 5 illustrates two common component failure modes that can be revealed: 1) wire-
bond separation resulting from a vibration or shock incident and 2) bond wire damage 
resulting from overcurrent conditions. 

 



 
Figure 5 Separation of a Wedge Bond from Substrate Pad (left) and Bond Wire Damage (right) 

 
• The process for harvesting dies from existing components can also be used to identify 

counterfeit components. The images in Figure 6 are an example where the silkscreen 
marking on the packaged component did not match the markings on the die after 
removing the encapsulation material. This is a common technique used by counterfeiters 
where the silkscreen of commercial grade components is replaced with the markings of 
the more expensive industrial or automotive grade versions. 

 

 
Figure 6 Example of a Counterfeit IC. The Part Number Markings on the Component (left) Do Not Match the Markings 

on the Die it Contains (right)  
 

CONCLUSIONS 
 
In summary, any improvement to instrumentation size, weight, performance, and operational 
characteristics is highly desired in the Army/DoD test community. Implementing MCM and die 
scavenging techniques addresses these areas and advances the State of the Art in this specific 
area. Also, as this technique matures for T&E use cases, several opportunities exist for future 
refinement and improvement to the work presented in this paper. These include new methods to 
increase the yield of scavenged dies and the incorporation of vertical die stacking methods to 
further reduce the MCM size. 
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