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This chapter presents the basic concepts involved in implementing integrated system designs,
from the system designer's point of view. Tools are described which help the designer
produce the geometrical layout patierns for each layer of an integrated system given the
logic, circuit, or topological level design of the system. Procedures are described for
encoding these layout patterns and then using the encoded layouts in the patterning and
fabrication processes to implement the inlegrated system. In addition, we discuss how
design tools and procedures are likely 1o evolve towards fully integrated design systems,
under the influence of increased complexity of design and predictable changes in the

technologies of implementation.

To enable groups of readers to actually design moderate sized LSI systems, we've inciuded
descriptions of easily constructed LSI design tools and procedures for organizing and
implementing LS! multi-project chips. [In each case, the tools are described as part of a
complete system of design and implementation procedures, some of which are performed
manually while others are machine assisted. Those experienced in software system design
will recognize that construction of the machine-assisted portions of these systems is fairly
straightforward. Contrary to what many may think, designing your own LSI projects,
merging them onto collaborative multi-project chips, and having these implemented by
commercial maskmaking and wafer-fabrication firms is now well within the computational

and financial reach of most industrial R&D groups and university EE/CS departments.

We are firm believers in fearning by doing, and hope that the information provided in this
chapter will help and encoursge -many groups of readers to try their hand at building LSl
design tools and designing LSE systems. Such first-hand experience will lead to a deeper

understunding of the remaining material in this text
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An overview of the stages of iﬁlegrated system design, layout, and implementation is given
in figure 1. The designer first transforms the circuit and topological level designs into a
geometrical layout of the system, using procedures described later in this chapler. In order
to optlimize the layout, perform various design checks, and discover errors, the designer
usually iterates several times between design and fayour. The result is a set of design files
describing the layout. These files are in a particular representation called an intermediate

Sform, which efficiently and unambiguously describes the layout geometry.

The design files are then converted into files for driving ihe chosen patterning mechanism.
At present, design files are commonly converted into pattern generator {PG) files, for use
by a maskmaking firm for driving an optical pattern generator, the first step of
maskmaking. By a sequence of photolithographic steps, the mask house produces a set of
masks, which a commercial wafer fabricaiion firm may then use to pattern silicon wafers.
Each finished wafer contains an array of system chips. The wafers are then diced into

separate chips, which are packaged and tested to yield working systems,

From the system designer's point of view, maskmaking and fabrication can be visualized as
one would a film processing service: the designer produces the “artwork" (design files), from
which the mask house makes "negatives” (masks), which are then run on a fab line to
produce “prints” (wafers). The maskmaking and fabrication sequence is function, design,
and layout independent: the mask and fab firms do not require detailed information about
the integrated systems they fabricate. If the original layouts satify the design rules, and
satisfy a few constraints imposed by patterning and fabrication, then these processes will

yvield correctly patterned wafers.

One need not closely bind a system's design to the detailed processing specifications of
particular mask and fab firms. Various firms will differ somewhat in the minimum value
of the length unit A which they can successfully process. The transit time of the transistors
fabricated, and the resistance per square and capacitance per unit area of fabricated features
will also vary from one fab line to another. However, well structured and relatively process
independent nMOS designs will function correctly if scaled 1o a value of A appropriate for

the chosen fabrication Tacilities, and operated using an appropriate system clock period.

We next examine some of the present implementation procedures a bit more closely. to set
the stage for sections on design and layout. Those later sections will be clearer if one can

visualize how the design files are o be used during patterning and fabrication.

[o¥)



design checks

and tests

system definition

design files in intermediate form

| PG FILE GENERATION |

PG files

packaged chipe

TESTING

lworking chips

] |
I . ]
| |
| PATTERN GENERATION (PG) | ¢

b
: AND MASKMAKING )
| ¥
] ;
e U ]

masks
r=—==-==-=-—"=—"=—®==F®===>7"=7T====-=-=-= I3
| {by tab line) ¥
i t
i |

| | <

| WAFER FABRICATION (FAB) ]
| 1
| |
| ]
R U I S 1

wafers

PACKAGING

[Ch.4., Sect.1]

— — — >  DESIGN < - = - - - -

LAYOUT |<€ — — — — — =

Fig. 1. Overview of Integrated System Implementation

{overview sil)



fCh.d: Tmplementing Integrated System Designs: Sect.1]<Conway>imph.vlsi January 25, 1978 5:55 PM

PPatterning and Fabrication

On completion of design and layout, the system design is contained in sysiem layour files in
intermediate form. Prior to fabrication, a final check plor of the layout is usuaily generated
by converting these design files into files for driving a graphics plotter. Check plots are
used for visually checking for design rule violations and other design errors. Once the
designers have done as much visual checking as they are going to do, the system layout files
are converted into paitern generator (PG) files, 10 be sent to the maskmaking facility.
Figure 2 summarizes the sequence of patterning and fabrication procedures which then

follows, and identifies the artifacts passed on at each step in the sequence.

Maskmaking begins with partern generation 1o produce reticles. Present pattern generators
are projector-like systems containing (i) a precisely movable stage, (ii) an aperture of
precisely variable rectangular size and angular orientation, and (iii) a light source, all
program controllable by a computer system. To produce a reticle, a photographic plate is
mounted on the stage, and the PG file for a particular system layer is used to direct the
flashing of a sequence of rectangular exposures, of particular sizes and orientations, onto a

sequence of coordinate locations on the plate, as illustrated in figure 3.

The PG file contains a sequence of entries, each of which describes a rectangle. A typical
representation uses five numbers for each rectangle: the x,y coordinates of its center, and its
height, width, and angular orientation, as shown in figure 4. One can now visualize the
nature of the conversion from intermediate form 1o PG files: the layout of each layer must
be decomposed into its equivalent as a set of rectangles, each having [x.v,h,w,a] values
flashable by the particular pattern generator, and these rectangles must be sorted into an

efficient flashing sequence for that pattern generator.

When the flashing sequence is completed, the plate is developed, yielding the reticle. A
sketch of such a reticle is given in figure 5. Each reticle is a photographic master copy
much like a photo negative, of the layout of one system layer, usualty at a sciale ten times
(10x) the final system chip size. Photo entargements of reticles, called "blowbacks"”, may be
obtained from the mask house, io provide a further level of checking of design layout. PG
file conversion, and pattern generation. At the current value of A = 3 microns, blowbacks at
approximately 100 10150 times actual chip dimensions have sufficient detail 10 enable visual

checking of the smalltest features. Blowbacks of reticles may also be oblained in the form of
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