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A recipe for
first-time
success

This paper describes the methodology
employed by the IBM Microelectronics Division
for the design of its Blue Logic® application-
specific integrated circuits (ASICs) and
system-on-a-chip (SoC) designs. This
methodology is used by both IBM ASIC and
SoC designers, as well as OEM customers. A
key focus of the IBM ASIC/SoC methodology,
outlined in the first section of this paper,
is the first-time-right methods of design and
verification that maximize correct operation of
the chip upon product integration. The second
section of this paper describes advances in
methodology that deal with the physical effects
of shrinking device geometries and enable
design using the performance and density
capabilities available in the new technologies,
and methodology advances that have
improved design turnaround time (TAT) for
large, complex designs. Upcoming nanometer-
level technologies present new opportunities
to integrate systems on a single chip,
including functional components of mixed
libraries and mixed analog and digital design.
The final section of this paper outlines
strategies that are enabling SoC design
at these levels.

Introduction
While the device dimensions and structures, chip
capacities, performance levels, and diversity and range
of intellectual property (IP) in the VLSI and ASIC/SoC
industries are most frequently described by silicon product
vendors, the methods and execution time of the underlying
design and integration processes are also critical factors in
the success of product designers.

Starting more than thirty years ago, based on the need
to integrate multi-million-gate computer systems from
thousands of hundred-gate chip designs, the modern ASIC
industry is on the threshold of 100-million-gate chip
design capability. Now many processors can be integrated
onto a single system-on-a-chip (SoC). Although multi-
million-gate ASIC and SoC designs are now routinely
manufactured, designing them correctly and producing
them on time, and in volume, with adequate
quality/reliability levels, all involve the methodology
of design.

ASIC/SoC methodologies are needed that offer
designers the integration of systems with a complete range
of reusable digital and analog functions, and ways to
integrate them onto a single chip [1]. Electronic design
automation (EDA) companies are focusing as much
on tool flow and integration as on the development
of traditional standalone tools in order to relieve the
complexity burden of ASIC/SoC design [2]. Finally, a
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range of specialized third-party products and services,
from standard libraries to unique IP and chip-level
design, are now emerging to cover niches in the design
process and functional product spectra [3–5].

This paper describes the development of a single
methodology that the IBM Microelectronics Division has
used to provide a broad range of capabilities in hundreds
of ASIC/SoC designs.

The fundamental ASIC methodology
In the early 1990s, IBM became a commercial provider of
VLSI technology, ASIC methodology, and services. This
transition from internal supplier to industry provider
generated two fundamental questions regarding IBM
design tool strategy:

1. Which EDA tools (third-party vendor or IBM tools)
would be supported for ASIC design?

2. What should the methodology flow include
(in particular, front-end design, design signoff,
manufacturing test, and chip layout)?

To allow external ASIC customers to easily adapt their
chip designs and logic design methodologies to the IBM
offering, IBM provided support for front-end design tools
from leading third-party tool vendors. In particular, IBM

worked with logic synthesis vendors to ensure that key
optimization capabilities were effectively exploited by the
IBM ASIC libraries. Comprehensive VHDL [6] and
Verilog [7] libraries were developed to support use
by customers of a wide variety of third-party high-
performance logic simulation tools. Other vendor
offerings, including tools for logic entry, power analysis
and estimation, and formal verification, were similarly
supported in the IBM methodology flow. IBM leveraged
its internal design tools in three key areas: static timing
analysis, design for testability (DFT), and chip physical
layout.

The IBM Microelectronics Division developed its
Blue Logic* ASIC design methodology, which enabled
hundreds of ASICs and SoCs to be designed and operate
successfully in the customers’ products. Figure 1 depicts
the sequence of steps executed by the designer within a
set of IBM and third-party design tools that constitute the
methodology described in this section: design entry, design
reviews and checkpoints, simulation and other checking
and verification, logic synthesis, physical floorplanning,
DFT and automatic test-pattern generation (ATPG), clock
design, physical layout (place-and-route and timing
closure), and design release.

Register-transfer-level design and logic synthesis
Register-transfer-level (RTL) design descriptions were a
fundamental entry point for ASIC design. The growing
number of circuits in a typical ASIC design, and the
corresponding time required to design products of
increasingly functional complexity, required design
representations at a higher level of abstraction than a
gate-level design. RTL design languages, such as VHDL
and Verilog, provided a way to describe sequential and
combinational functions at the higher behavioral level.
The focus on RTL capability included methods to
incorporate macros such as arrays and embedded
intellectual property (IP) in the form of core functions in
either a hard core (full layout) or soft core (pre-layout
gate-level logic description). IBM created software to
generate functional interfaces with macros for rapid
integration in the RTL chip design, and to automate
the DFT signal connections to the macros [8].

Adoption of RTL methods led to the widespread use
of logic synthesis tools that map RTL descriptions to
gate-level implementations and optimize the timing
performance of the implementation. ASIC designers used
third-party logic synthesis tools to map their RTL to gates
based on gate representations in circuit libraries, and to
optimize the resulting implementation for timing and area.
An important criterion for synthesis tools and for the
modeling of circuits for synthesis tools was maintaining
close correlation between the timing data in the synthesis

Figure 1

Early 1990s ASIC methodology flow.
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models and the timing calculated with static timing
analysis sign-off tools.

In the early 1990s, statistical wire-load models (WLMs)
were developed to provide estimates of interconnect
delay, based on an estimated average distance between
connecting gates. The values provided in the WLMs were
based on die size, assuming that connecting gates could
appear anywhere on the chip. As technology products
offered increasing circuit densities, the contribution of
interconnect delay to overall logic path delay became
more significant. Beginning in 1995 with the CMOS 5L
technology product, IBM created area-based WLMs that
allowed reduced interconnect delay estimates based on a
more aggressive assumption that the connecting gates
would be constrained within a corresponding chip area [9].
Increased interconnect delay led to the partitioning of
chip-level logic designs and their assignment to physical
areas on the chip. Floorplanning tools were increasingly
used for planning the logic partitions, creating regions on
the chip for the partitions, and managing the WLMs to be
used by synthesis tools.

Static timing analysis and timing sign-off
By the early 1990s, static timing analysis was well
established within IBM as a highly productive method
of evaluating the performance of digital logic and
interconnect wiring between logic gates. Static timing tools
measure delays of all combinational logic paths and report
whether each path has met or failed to meet the timing
requirements established by the product designer, and
by how much. A reliable timing “signoff” can then be
performed at each step of the design cycle: The results
reported by the static timing tool are audited by the
product designer and the ASIC vendor to determine
whether the design can pass to the next step in the design
cycle, and ultimately whether the design can proceed to
manufacturing. Static timing analysis is efficient and
exhaustive for timing path coverage, and thus more
effective than the alternative offered by delay-based
gate-level simulation [10].

Race-free full-scan design for testability
The logic synthesis flow and the IBM ASIC DFT methods
have enabled designers to largely ignore hardware test
issues when designing the functional logic. While
providing this functional design flexibility, these DFT test
techniques also provide extremely high levels of stuck-fault
coverage (.99% on most ASICs) using ATPG software.
Through the use of these DFT methods (which include
software for DFT design automation and verification) and
ATPG, all patterns required for ASIC manufacturing test
are generated, and the ASIC designer is freed from the
need to develop test patterns.

The DFT methods are based upon level-sensitive scan
design (LSSD) [11]. All latches are connected into shift
registers known as scan chains. For test operation, LSSD
provides unique control of the clocking of the two latches
that comprise each register bit, as shown in Figure 2. For
the functional operation of the product, a single system
clock operates each latch pair as an edge-triggered flip-
flop. Separate clocking of the LSSD latch pair in the
test operation allows all scan operations and testing for
stuck-faults to be performed independently of the timing
behavior of the logic paths. Thus, LSSD is known as a
“race-free” test capability. Tools were developed [12] to
automate the insertion of DFT structures into the ASIC
design. The sequence by which the DFT synthesis tools
create an LSSD-compliant design from the output of
logic synthesis tools, and the repowering of the system
and test clocks, is depicted in Figure 2. The combination
of design automation, full-scan DFT structures, and race-
free test operation allows the RTL designer to largely
ignore hardware test issues when designing the product
function.

Figure 2

Automation of LSSD latch and clock mapping through the design 

for testability and clock synthesis flows.
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