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Abstract 

Thin film/solder-bump packaging can be used to improve integrated circuit 
performance and cost.  In this project we (1) designed and built a DES chip to 
demonstrate the advantages and (2) developed design methodology to support this 
design style, including appropriate CAD tools. 

Statement of Problem Studied 

Current chip design styles fail to exploit the packaging to improve 
cost/performance.  By greatly improving the cost and density of off-chip 
interconnect, thin film MCM-D and flip-chip solder bump technology have the 
potential to improve the performance and cost.  The questions that must be 
answered to address this potential are as follows: 

• To what extent can the performance be improved through the use of this 
technology 

• What design styles are needed to address these issues? 

• What are the potential problems and barriers to implementation and how are 
they overcome? 

• What design methodology and CAD tools are needed to support this design 
approach? 

Summary of Most Important Results 

We designed and fabricated a 3-chip, 9.6 Gbps (i.e. OC-12 rates), triple-DES 
encryption multichip module.  (The chips have been delivered but the MCM 
substrate is still in manufacture due to delays at MIDAS and MMS).  On these 
chips, the MCM substrate was used for global power, ground and clock 
distribution.  As a result it had the following advantages over conventionally 
designed chips: 
• It is 150 ps faster due to reduced clock skew 
• It is 35% smaller due to power/ground metalization savings 

We found that this 0.5 |J.m technology chip optimally exploited the 250 ^m solder 
bump pitch available to us.  In comparison, a 0.18 (im technology chip would need 
an 80 |0.m solder bump pitch to gain the same advantages.  The packaging 
technology needs to scale with the semiconductor process. 

As a vehicle to ensure that noise issues don't negatively impact performance, 
the on-MCM power, ground and clock circuits, we designed and built a noise 
measurement circuit; A 9-chip MCM.  This MCM is still in manufacture.  Modeling 
and simulation results indicate little in the way of deleterious noise models. 

We designed a partitioned 6-issue superscaler MIPS processor, at the behavioral 
Verilog (HDL) level.  We partitioned it into three chips - CPU, Instruction 



Cache and Data Cache.  The largest partition in terms of pin count was the CPU - 
Instruction Cache partition (at 228 pins).  Breaking out and routing these lines 
on the chip and MCM increased the instruction fetch delay by over 500 ps.  In 
compensation, the cache chip itself can operate 2 ns faster if built and 
designed in an optimized SRAM process, instead of a logic process.  We also 
investigated architectures that reduced the delay to 250 ps.  Though potentially 
beneficial, a big problem with partitioned architectures is the extra expense in 
testing.  New test approaches are needed for the technology to work. 

We developed a new technique for timing debug of flip-chip designs.  The 
technique uses a special test fixture to sense the timing at a large number of 
access points on the surface of the chip. 

We developed a partitioning tool to help in partitioning multi-chip designs. 
Given as input, a module-level description of the design, and a set of timing 
constraints, it produces a partition and floorplan that meets the timing 
constraints and is routable while minimizing implementation cost. 

Finally, we developed a tool that automatically converts Spice files to IBIS 
files.  IBIS is a de-facto standard for simulation of chip I/O circuits. 
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Technology Transfer 

There has been significant interest in our DES technology developed as part of 
that research.  We are currently submitting a proposal to DOE and the NSA in 
conjunction with Secant Inc., a start-up company in Research Triangle Park, NC. 

We have developed considerable interaction with member of the SHOCC program and 
with a number of MCM and Workstation companies, especially MMS, Sun 
Microsystems, and SGI.  In particular, we are influencing the technology- 
direction in the SHOCC program and with MMS (MicroModule Systems). 

The Spice to IBIS converter program written as part of this effort has been 
distributed to over 20 companies and is in wide use.  By request, we have ported 
it to a number of different platforms and Spice programs. 


