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ABSTRACT

The applications of silicon compilers, and the design
methodology of the Genesil Silicon Compiler are described.
The performance of Genesil system library adders and
multipliers are compared with comparable custom pipelined
adder and multiplier circuits built on the Genesil Silicorn
Compiler. High performance pipeline methods are discussed.
The appencdix is a tutorial illustrating a Genesil systern
hierarchical top-down chip design, including simulation and

tiring anzlysis procedures.
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I. INTRODUCTION

As integrated circuits (I.C.) grow increasingly complex,
new methods are needed to manage the complexity. cost, and
time consumed when designing and testing the desired I.C.
system. There is a demand for a quick, and relatively
economical design process to precede the actual chip layout.
To meet this criteria, the methodology must have the
capability of design at higher levels to specify, design, arnd
simulate the desired circuit. A state-of-the-art solution to
this requirement is the silicon compiler.

Loosely defined, a silicon compiler is a system which
generates I.C. layouts fror high-level descriptions.
Originally. silicon compilation referred to a design

methodology in lieu of a systern or set of processes. The

i

silicon corpiler was analogous to compilation of mackhine cod

{

from a high-level language. An object was a graphic image
rather than a block of executable code. Geometrics of the
desired chip were constructed the same way as machine code,
i.e., compiled frorm high-level languages. Early silicon
compilers use "C" and "LISP" compilers. [Ref. 1]

The latest silicon compilers are complete design systems.
Compilation is used as one mechanism for overall chip design.
State-of-the-art silicon compilers have computer aided
engineering (CAE) / computer aided design (CAD) as in the

past, but also include georetry editing, symbolic editing.




simulation. automatic placement, automatic routing,
corpaction., and design rule checking [Ref. 1].

Each state of a complex custor I.C. system design, from
concept to silicon testing, requires a team of experts in each
field. Each team normally is not an expert in the other areas
of chip development. Team expertise is a necessary condition
in the fields of requirements generation, logic
implementation, circuit simulation, chip layout, and testing.
Chip level silicon compilation now allows a systems
engineering to design Very Large Scale Integrated (VLSI)
chips. With a silicon cormpiler, the design is accomplished by
using a top-down, hierarchical design methodology starting
with a partitioned chip set, proceeding down to individual
chips. modules., and €finally blocks. The blocks. or bottom-
level design elements. include various types of logic blocks
including ALU's. PLA's. RAM's. ROM's, multipliers, and
inverters [Pef. 2].

Generally, far less time is required to design a circuit
with a silicon compiler than is necessary for a compareble
manual/CAD design method using graphic layout tools. The
silicon compiler makes possible the rapid, real time
development and testing of a system. This is advantageous for
designing and producing relatively small numbers of chips.
This is especially attractive for military applications where
small numbers of chips are required (hundreds and thousands

vs. millions) and a rapid turnaround time is desired ({Ref. 31.

to




Reference [l1) contains a directory with capability
corparisons of the silicon compilers currently available fror-
commercial sources. The most notable systems observed in the
directory concerning flexibility and overall performance were
the Concorde Silicon Compiler, made by the Seattle Silicon
Corp. and the Genesil Silicon Compiler produced by Silicon
Compiler Corp.

Currently, the Naval Postgraduate School has the

capability of VLSI design using full custom methods, the
MacPitts Silicon Compiler, and the Genesil Silicon Compiler.
Both the £full custerm and MacPitts methods depend on separate.
tirme consuring, programming for simulation and tiring analyvsis
of a VLSI chip. 1In Genesil. simulation and timing analysis
are integrated into the syster.

Chapter II describes the Genesil System's stand alone
capabilities for the design of a VLSI syster. Chapter III
briefly describes system pipelining theory, a corpariscn cf
Genesil likrary versus custonrm adders. followed by the desigr
and perforrance results of a pipelined 16 bit adder buil:t cn
the Genesil Silicon Compiler. <Chapter IV contains perforrance
comparisons of Genesil library multipliers versus custom
multipliers, followed by the design and performance results of
a custom 4 bit pipelined Wallace Tree structured multiplier,

concluding with the design and performance results of a custon




pipelined 16 bit parallel multiplier. The Appendix cortains a
tutorial for a top-down VLSI chip design for the Genesil

Silicon Corpiler.




II. GENESIL SILICON COMPILER

A. INTRODUCTION

The Genesil Silicon Compiler is based on silicorn
compilation., which is an Application Specific Integrated
Circuit (ASIC) design method. ASIC design methodology also
includes full custom, gate array, and standard cell methods.
Full custom design is accomplished by a team of IC experts.
whereas gate array, standard cell. and silicon compilation are
based on the prerise that the designer is not an IC expe::

[Ref. &7.

B. ASIC DESIGN

FLull custor Qesign is norrally used by IC rancfacsturers
producing vas: guantities (rillicns) of standarcé off-the-shelf
type chips. suzh as ricropreccessors. The chip is norrmally
very dense with a f.l1 set ¢f rasks and customized prcls carcs
for producticn tests since the designer and user arve ross
lively nct the sare [Pef. 2). Full custor design is tire
consuring and expensive. which carn be attributed tc the
complexity of the desigr parareters for high density chips.
Design parareters, at the full custom level, are a constant

tradeoff involving performance {(speed, power, function)., die

size, ease of test generatiorn. and testability [Ref. S,
Gate array design is accomplished by interconnecting the lﬂ
appropriate rows and columns of transistors with metal layers

~3

f£rcr- appropriate ne<list libraries. T
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defining the circuid
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array is prefabricated and a circuit design is "fitted" to the
array. Processing time is low, but circuit density is alsc
low. Gate array vendors provide macros containing predefinec
patterns to form SSI circuits such as NAND and NOR gates
[Ref.4). This presents problems when attempting to translate
a high level specification from one vendor to another.
Standard cell design is based upon the same methodology
as the gate array design except it differs in the manufacture
cycle. The gate array is a pre-manufactured wafer to which
metel is added to forr the IC. The standard cell does not
have pre-defined transistcr locations. The manufacturing

process is sirilar tc full custor, requiring all layers to be

ot

created. Tris doecs result, heowever, irn a more dense circul

thar that produced by the gate array rethod.
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Silicern cermpilation produces a circui¢ which
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sirilar tc a £ull custor design by synthesizing the ci
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with a top-dowr. hierarchical design methodology ccnsisting cf
chip sets, irdividual chips., modules and blocks [Ref. 5.
Silicon conrilatiorn provides the interface between high level
design specifications and a variety of design tools which

produce efficient IC layouts.

C. GENESIL SYSTEM DESCRIPTION

The Genesil Silicon Compiler System is a design
automation system which provides the user with the capability
of designing VLSI circuits from high level system description
to ranufacture tapecut by producing the I circuits from

€




architectural descriptions. The systeir is composed of menus.
comrands, arnd forms used in the following activities
descriptions. The syster uses the UNIX Operating Sys:zer. 2
Genesil System Overview is shown in Figure 2.1 [Ref. 6:p.

2.3]).

‘A,

i J
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1. Methodology

Prior tc beginning a Genesil session, the user should
pre-plan all functional and performance specifications. With
this initial plan, the user is able to rapidly observe
exploratory ("first cut") designs of the required
specifications. After as many alterations as desired or
required, the detailed design can be completed to include
simulation and timing analysis. Next, the physical design
process is "invoked" by using the Floor planning feature.
Once floor planned, verification is again conducted by
functional sirmulation for logic, and timing analysis for
perforrance. The chip is then ready for manufacture
interface. The Genesil methodology is illustrated in Figure

2.2 [Ref. €:r. 2.8].

ke
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2. Design

Genesil is an object oriented syster which uses a
hierarchical pathname system based on the UNIX operating
system pathnames. Objects are selected, attached, detached,
moved, and removed from the user's account. Objects include
blocks, modules, chips, and chip-sets.

Blocks are the lowest level objects in the Genesil
System object hierarchy. Blocks are created by the system
block generator as directed by the user's functional
specifications. There are three types of blocks, independernt
blocks, data-path blocks, and random logic blocks.
Independent blocks include complex stand alone blocks of logic
suck as ROM's and PLA's. Data-path blocks are designed
specifically for functions that manipulate parallel datsa.
Randor logic blocks contain user specified gate level locic.
Modules are a collection of blocks, other modules
(submodules). and parallel data-path modules [Ref. 7:p. 1.27.

Modules are intermediate objects in the hierarchy.
Modules are a collection of blocks and other modules
(submodules) [Ref. 7T:p. 1.27.

Chips are complete integrated circuits. Chips
contain blocks, modules, pad specifications, interconnection
lists, positioning information for blocks and modules and
packaging information. Chipsets are a collection of chips.

Chipsets include chip interconnection lists, and user-supplied

11
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simulation model programs and timing analysis models [Ref.
6:p. G.4].

After an object is attached from the SELECT_ORJECT
menu, a Header Form is completed which specifies function type
(i.e., RAMs, PLAs, random logic, etc.) and fabline. Next, a
Specification Form is used to implement detailed information
about the object. The Specification Form varies, depending on
the object type selected. The Specification Form is the heart
of the design process. This is where all design
specifications are designated by the user. Functional objects
are attached/detached, signals attached/detached, and bus
widths designated. Once the Specification Form is completed
to the user's specificaticns. the systenr generates a form
check which identifies any incorrect signal connections whickh
car. be corrected immediately. Figure 2.3 [Ref. 6:p. B.1€°

illus+trates the design description hierarchy.

12
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Figure 2.3 Design Description Hierarchy
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3. Netlisting

A net is a connection between two or rmore objects.
Objects are any one or combination of blocks, modules. chips.
or chipsets. A netlist is a listing of all the nets in a
module or chip. The netlisting feature allows the user to
specify the interconnections between objects. Object-
netlisting and Net-netlisting are two options which may be
selected and show the same information from different points
of reference. The Object-netlist form is used to define
connections of sub-objects to the system net. The Net-netlist

forr is used to specify signzl names to be combined intc =z

[¢1]

network which the system creates. Used in this context.
sigrzl is synonomous with a node, from which a single node :is
formed fror all ceonnectors and nets which are electrically

equivalent. Netlisting car zlso be accomplished between chips

to forr chipsets. Figure 2.4 shows the netlisting ¢tomranis

hierarchy [Pef. €6:p. 6.18.

14




DEFINITION Menu
13 1
{ f
NET_METLIST OBJECT_NETLIST
] !
; | , 1
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| | |
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! In-forr Commands In-form Corrands
CHECY._SPEC CHECF._SPEC
OBJECT_NETLIST NET NETLIST
SPECIFICRTICI SPECIFICATICN
WRITE_SPEC WRITE_SPEC
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SAVE SAVE
Figure 2.4 Netlisting Command Hierarchy




4. Floorplanning
Floorplanning consists of the actual placement =f

objects on a module or chip, the connection c¢f pirs tc pads cr
pinout, and fusion order specification. Placement refers to
the actual geographic locations of objects in relation to one
another. The placement feature allows the user to graphically
determine the placement between objects to minimize wire
lengths. Genesil provides the appropriate menu depending on
the object type. The pinout option provides for assignment of
external signals to on chip (signals not local to an cbiect)
and off chip ‘I/0 pins and pads) and is reguired fecr all
medules and chips. Fusion allows the user to create and
modify routing channel assignments on the flecerplan by bindirng
objects together to form channels [Ref. 6:p. 7.151, Fusio=n
may be accorplished automztically and then changed manually
fror the command selection fornm for more efficient routing.
Figure 2.5 [Pef. €:p. 7.28]1 depicts the Floorplanrning Cocmrarnd

Hierarchy.
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Figure 2.5 Floorplanning Command Hierarchy
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5. Compiling

Compiie is a cormrmand option that allows thke user <2
_. force ar irrediate compilation of the complete set of views or
selected views of the selected obje;t. A view is one of three

Genesil System representations of a block, which are

geometric, functional, and timing. Compilation must be
completed prior to simulation, timing analysis, plot, or
tooling activities. It is automatically done if simulation or
timing analysis is attempted prior to compile selection
because the syster checks the objects files for compila“ion
currency. For efficiency, it was found that each block of
objects sheould be corpiled at the corpletion of desicgrn =zn?2
netlisting. Figure 2.6 (Ref. €:p. A.7] shows the compile rmeru

of comrmands.

COMPILE Menu

l
SIM_MODEL
TA_MODEL
LOAD_MODEL
GATE_MODEL
LAYCUT
BUILD_ALL
CHECK
AUTO_DEF_SPEC

I
INTERACTIVE
ABORT_GO_ON

Figure 2.6 Compile Menu
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During initial design phase. the most significart
corpile corrands include Build_All, Sim_Model, and Ta_Model.
The Build_All commands compile all views of the current
object. Sir-Model compiles the simulation model needed for
simulation of the current model. Ta-Model compiles the timing
model necessary for timing analysis of the current object.

€. Simulation

The purpose of simulation is to verify that the
design and layout generated by the current object are
logically correct. The layout is synonomous with the
gecmetric view of an object and is the physiczl eguivalent cf
that object. The two most significant modes are functional
and switch-level sirulation.

Functional simulation generates a gate-level model
for generzl purpose simulation and is independent of
technclogy and layou*t. It is dependent only cn circuit
functionality and input signal changes. To perforr functional
simulation, the block must be defined and netlisted.
Furictionzl sirmulation is based on a demand-evaluation
alcorithr which creates a functional model that simulates cnly

the minimum logic required for correct results

[Ref. 9:p. 2.1). The user designates net values and manually

advances time across a clock edge.

Following design functionality verification, the C
object is floorplanned, resulting in the compilation of a
laycut. Fror the layout, switch-level simulation is used *c
»
19 h
1
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verify functionality of the actual layout of the chip.
Switch-level simulation uses an event-driven algorithrm which
is 5-10 times slower than functional simulatiorn ar2 is best
used during final verification only. The algorithn is ruch
slower because it depends on detailed signal propagation data
extracted from timing analysis [Ref. 9:p. 2.2].

7. Timing Analysis

Timing command selection places the user in the
general Timing Analyser (TA). The system then uses an

algorithm thas

H

eguires noc test vectors and generates the

following timing specs [Ref. 10:p. 1.11:
Ch:ect propagaticn delays
Paths lirmiting clock £frequency
Duty-cycle constraints
Input setup and hold times
Cu+tru* delays
Internal node setup., hcld times, and signal delzye
Path delays between internal nodes.

The user then selects a renu cormnmarnd to gernerate a ¢
repzrt fcr the desired information listed above. T
be used a*t any tire durinc design following Defin

Specificaticn for randcer leocic chiects or blocks, ané

>

followin

19}

Pefinition Specification and Floorplannirng fcr
modules or chips. Figure 2.7 [Ref. 10:p.1.1) shows the Timing

Analysis environment.
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8. Manufacture Interface

After a chip is completely specifiel and verified ir

terms of functionality, timing, power dissipaticn, and size.
the design is ready to be sent to a foundry specified on the
chip's definition header form. A foundry, or factory which
produces the chip, may be changed at any time by changing the
selection on the header form and re-compiling the chip.

Design specifications are altered with each foundry change.
The fabline, or process used to make the chip, changes with
eact foundry change which affects chip size, power. anéd tiring
results. Changes occur beczuse chip laycut differs due to the
selected fabline's design rule check, and each fcundry hzs its
own models for devices built on that particular fabkline ‘Fef.

6:p. 11.21.




IITI. ADDEP CIRCUITS

A. PIPLINED CIRCUITS FOR HIGH PERFORMANCE

The purpose of pipelined circuits is to increase the
through-put or performance of a circuit by splitting the task
to be performed into cascaded sub-functions or smaller pieces
and allocating separate hardware to each piece. Each piece or
sub-function is defined as a stage. A stage normally consists
of two corpcnents. They are the combinational logic to
perforr the sub-functior. and a latch or flip-flor *to save the
output cf one stace as input tc the next. The concept :is
analagous with a physical pipeline or automobile assertlyvline.
Data £flcws thrcugh the stages of the circuit at a rate whick
is independernt cf the lencth ¢f the pipeline or nurber of
stazes. If the overall €functior is completed in "¥" rano-
seconds’/ns!, and the functicrn is cdivided into
suk-functions., +hen the output of the original func+tion car
theoretically be increased by "X/N" ns. This results in an
"N" €£0ld increase cf perfcrrance [Ref. 117.

There are physiczl liritations on "N" due to hardware
technology., the function being pipelined., clock-skew. and
critical race. References 11 and 12 address hardware and
function lirmitations. Clock-skew, due to circuit lengths.
loading, and driver circuits, makes it nearly impossible to
guarantee that all stages of a pipelined circuit receive the
sar: puise at exactly the sarme tire. Critical race refers o

k)
<2




the situation where a datapath through a logic block in a
stage may be so short that, if the latch changes its output
early, the change may reach the next staging latch and change
it during the same clock pulse [Ref. 1]. For this reason,
usuvally flip-flops are used between logic stages or a two
phase clock system is used with latches, each phase serving
alternate stage latches. Two stages and a basic pipeline

clock are shown in Figure 3.1 [Ref. 12:p. 36]}.

L L L
: Logic : Logic :
; N ¢
Clock
L I 1
—r—%
—r =7 W]

Figure 3.1 Two Staces and Pipeline Clock

B. FULL ADDER DESIGN

1. Intreoduction

Full adders serve a significant role in high
performance pipelined signal processing circuits. High
performance custom signal processing filters consist of
pipelined adders and multipliers built from full adders. The
Genesil Silicon Compiler system library contains full adders

which can be prograrmed, via a menu, from 1 to 16 bits in




width. The performance and size of 2 1 bit library full adder
were corpared with the perforrance and size of a custom full
adder built on the Genesil Systen. Moyivation for performance
and size data stemmed from the research data presented in
Chapter IV, where full adders were used to build high
performance pipelined multiplier chips.

2. Genesil Silicon Compiler Library Full Adder

A full adder, shown in Figure 3.2 [Ref, 13:p. 2.11,

was extracted from the Genesil Compiler Library, Volume III,

. which is a collection of all system random logic blocks

available. The figure illustrated the only transparent

information available to the user concerning a full adder.

({1}
I AQOERn

Out
! ADOER

.
M ot

Figure 3.2 Genesil View of Adder Block

The figure depicts two data input buses (A and B), and a
single carry input (Cin) which are added together resulting in
the data output bus (OUT) and a carry output (COUT) [Ref. 3].
The manual offered no internal logic circuit diagrams nor
performance and size specifications for the adder. Since the

adder width can be varied from 1 to 16 bits, the interest was




in whether the system used a general algorithm for adder

constructicn, possibly resulting in wasted size and

unnecessary hardware, or if it "customized" the adder %tc user

specifications.

A 1 bit full adder block called 1lib_fulladd_blk was

constructed, and a VLSI layout is shown in Figure 3.3.
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The object size, calculated by the system, was 3.56 ¥ 7.42
mils, resulting ir a total area of 26.15 square rils.

Timing analysis was performed or the block wkich

resulted in the Timing Analyser output propagation delays

shown in Table I.

TABLE I
GENESIL FULL ADDER OUTPUT PROPAGATION DELAYS

OUTPUT DELAYS (ns)
- OUTPUT !
z
MIN MAY. i
|
|
cout 1.9 4.7 |
1
|
|
SUM 1.6 5.2 i
1

3. Custom Full Adder

A typical full adder was constructed fror exclusive-
or gates, AND gates, and OR gate as shown in Figure 2.4 [PRPef.

14].

28




Figure 3.4 Full Adder Logic Circuit




An object called cus_fulladd_blk was constructed and

a VLSI layout is shown in Figure 3.5.
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Figure 3.5 Custom 1 Bit Full Adder Layout
The object size, in mils, as calculated by the system was 7.58

X 2.42. This resulted in a total area of 18.34 square mils.
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Timing analysis was performed by the syster timing

analyzer resulting in cutput propagation delays presented in

Table II.
TABLE II

h CUSTOM FULL ADDER OUTPUT PROPAGATION DELAYS

OUTPUT DELAYS (ns)

OUTPUT
MIN MAX

cour 2.5 5.0 |
i
SUM 1.4 4.6 f
1 i i

4. PResults
The results ¢f a cormparison between the syster
library full adder and the custer full adder are surrmarized in

Takle IIT.
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TABLE III
SIZE AND PERFORMANCE SUMMARY

MAX PROPAGATION | TOTAL AREA |
DELAY (ns) (SO MILS)
GENESTIL
FULL ADDER 5.2 26.15
CUSTOM
FULL ADDER 5.0 18.34

The data indicate that the custom full adder provides a

[ZH
18]

0.2ns performance improvement with 7.81 square mils saving

area.

C. FOUR BIT ADDER DESIGN

1. Introduction

The four bit adder is the building block for high
performance pipelined adders. A basic four bit adder is = .
ripple carry circuit consisting of four full adders. Tke
carry out of each adder ripples down as one of the three
inputs to the next adder. Performance size consideratiors
influence the appropriate design. Designs include pipelirninc
full adders with latches, four bit carry-lock-ahead adders
(CLA), and pipelined CLA. A pure performance pipelined CLA is
described in Reference 15.

2. Genesil Silicon Compiler Library Four Bit Adder

A library four bit adder called lib_4bit_blk was
constructed by using the Random Logic Block Specification menu

shown in Figure 3.6.
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N U — R

Block type: ADDEP
BRlock index: O

Nare: >ADDERO_
Wideh: > 4
Regire
Connector wWidth : Timing
A 4 1 Propl(t) [ 3] >A3
[ 2] >A2
[ 1] >Al
[ 0) >A0
B 4 1 Prop(t) [ 3] >B3 L
[ 2] >B2 .
[ 1) >B1
[ 0] >BO
ouT 4 1 Prop(t) [ 3] >»83
{ 2] >82
[ 1) >812
[ 0] >S0 _
v 1 1 Prop(t) [ 01 >Ci e
ceouT 1 1 Propft) [ 0] >Co .
FEED 4 1 Feed thru { 31 FRLSE
[ 2] >FRILESE
[ 1] >FALSE
[ ol >FALST

Figure 2.€ Genesil 4 Bit Adder Specification Menu

Signal nares were specified for the A and B buses. the 4 bits
sur (OUT', carry-in (CIKN!. and carry-out (COUT).
A VLEI laycut of the adder was constructed by using

the system's plct fezture and is shown in Ficure 3.7.
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Figure 3.7 Genesil Laycut 1ib_4bit blk
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The size of the adder, calculated by the syster during layout,
measured 8.77 X 7.42 rmils, resulting in a to*tal area cf €5.07
square mils.

Timing analysis, provided by the Syster Tiring
Analyzer, produced the output propagation delays for all
output signals. Data are provided in Table IV.

TABLE 1V
GENESIL 4 BIT ADDER OUTPUT PROPAGATION DELAYS

o
ouTPUT ! OUTPUT DELAYS (ns' !
l ]
i MIN 1 MLY !
|
Co i 1.9 ! 9.5 !
| !

| S0 | 1.6 5.2
l )
f s: i 3.1 6.3 '
L ‘ !
‘ | s2 | 2.3 8.0 !
- [ ‘
| g2 ! 2.1 9.2 :
[ i !

Maximur propagation delay was 9.5 ns. occurring at the carry-
out (Co'! output.

3. Custonm Four Bit Carry-Look-Ahead (CLA) Adder

The Genesil System manuals provide no information
concerning any CLA features of the library adder. Without
CLA, addition can become inefficient, but by pipelining

conventional adder circuitry, performance can be increased at

the price of additiconal hardware. CLA circuits involve mcre
hardware than ripple carry circuits, but are faster., .H
"

QK
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The principle of CLA circuits involves anticipa‘tinc when
and where a carry will be generated. The circuit "looks
ahead" tc see where the carry is needed. References 1% arns 1¢
provide detailed CLA algorithm development and anzalysis. The
circuit shown in Figure 3.8 [Ref. 17) was constructed for a
performance and size comparison with the Genesil 4 bit adder.

Figure 3.9 shows the Random Logic Functional
Specification menu used to build the CLA circuit. Each random
logic object was specified, signals designated, and the

circuit net-listed.
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Gate amays
_______ producing the
A carry bit

Stage )

Gt

{Group
propagste)
P3-0)

{Grovp
generate}
G133 -0}

Figure 3.8 4 Bit CLA Adder
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Ll DEL EDIT MOVE 0: >XORO (XOR)
DEL EDIT MOVE 1: >XOR1 (XOR)
DEL EDIT MOVE 2: D>AND2___ (AND)
DEL EDIT MOVE 3: >AND3 (AND)
DEL EDIT MOVE 4: >OR4 (OR)
DEL EDIT MOVE 5: >XORS (XOR)
DEL EDIT MOVE 6: O>XOR6____  (XOR)
DEL EDIT MOVE 7: >AND7 (AND)
DEL EDIT MOVE 8: D>ANDE (AND!
DEL EDIT MOVE 9: >ANDO (AND)
DEL EDIT MOVE 10: »>AND10___  (AND)
DEL EDIT MOVE 11: >O0R11 (OR)
DEL EDIT MOVE 12: »>XOR12___  (XOR)
DEL EDIT MOVE 2: >AND13 ___ (AND)
DEL  EDIT MOVE  14: >AND14____ (AND®
DEL EDIT MOVE  15: >AND25___ (AND)
DEL EDIT MOVE  16: >AND16 __  (AND)
DEL EDIT MOVE 17: >OR17 (OR)
DEL EDIT MOVE 18: »>XOR1&___  (XOR)
DE. EDIT MOVE 1 >¥OR19 ___ (XOR)
DE. EDIT MOVE  20: D>AND20___ (AND)
DEL EDTT MOVE  21: O>AND21__ (AND®
DEL EDIT MOVE  22: D>AND22___ (AND)
DEL EDIT MOVE  22: O>AND22 __ (AND)
DEL EDIT MOVE  24: D>AND24____ (AND)
DEL EDIT MOVE  25: >OR25 (OR)

Ficure 3.2 PRandonm Logic Functional Specificaticn Meru
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An object layout of the CLA block called
cus_cladkit_blk was completed. The system calculated tke size
of the obiec*t as 44.%3 X 2.42 mils, resulting in a total aresz
of 107.7€ sguare mils.

Since this was a custom object, the System Functional
Simulator was used to test for correct logic. Random values
were put on the inputs, the system clocks cycled, and results
read from the Functional Simulator menu. An example
simulation run extracted from the Functional Simulator is

irncluded zz Ficure 3.10.

> /cus_cladris_blk is of type genblock/rl with 28 ports
> pert 0 I A0 to NC =1
> pert 1 T 21 to NC =1
>» port 2 I BO to NC =1
> pert 2 I AZ to NC =1
>» port ¢ T Bl to NC =1
> port 8 I A3 to NC =1
> pcrt € I B2 to NT =1
> port 7 I B3 tc NC =1
> port 2 2 C4 to NC =1
> port 9 © SC tc NC =1
>» port 17 2 €1 te NC =1
> port 11 0 82 to NC =1
> port 12 ¢ €3 to NC =1
> port 12 I Ci to NC =2

-

Figure 3.10 4 Bit CLA Simulation

The System Timing Analyser was used for output
propagation delays data for all output signals. The results

are shown in Table V.

L3
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TABLE V
4 BIT CLA OUTPUT PROPAGATION DELAYS

OUTPUT DELAYS (ns) |
OUTPUT
MIN MAX
c4 2.8 6.9
o) 1.4 5.1
s1 3.8 7.6
s2 3.8 8.7
s3 3.5 9.0 ,
]

Maximum propagation delay was 9.0 ns, occurring at the nmost
significant bit output (83).
4. Results

The results of the ccrparison are summarized in Takle

VI
TARLE VI
SIZE AND PERFORMANCE SUMMARY
MAX PROPAGATION I TOTAL APRPE2
DELAY (ns) (Sq Mils)
GENESIL 4 BIT ADDER 9.5 €5.07
CUSTOM 4 BIT CLA ADDER 9.0 107.76

The data indicate that the custom CLA provides a 0.5 ns
performance inmprovement, but is 42.69 square rils larger than
the library adder. The performance of the library adder
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indicates that the circuit probably has CLA circuitry included

in the system adder algorithm.

D. SIXTEEN BIT ADDER DESIGN

1. Introduction

The pipelined 16 bit adder can be used in conjunction
with two's complement hardware for special purpose signal
processors, in the final stages of a 16 bit multiplier as
presented in Chapter IV, or in various other capacities
involved with high performance special purpose hardware. This
section compares the performance and size of a 1€ bit Geresil
library adder with a custor 16 bit adder built on the Genesil
System. Additional pipelined adder designs and perforrmance
data are available in Reference 18.

2. Genesil Librarv 16 Rit Adder

A library 16 bit adder called lib_16bit_blk was
constructed by using the Randor Logic Block Specification renu

shown in Figure 3.11.

Block type: ADDER
Block index: O©
Narme: >ADDERO
Width: >lé

Regime
Connector Width Timing
A 16 1 Prop(t) >A[15:0]
B 16 1l Proplt) >B[15:0)
ouT 16 1 Prop(t) »S$[15:0]
CIN 1 1l Prop(t) >Ci
couT 1 1 Propl(t) >Co
FEED 16 1 Feedthru >FALSE=*1¢

Figure 3.11 Genesil 1€ Bit Adder Specification Menu
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Input signal names, in bus notation., were specified for the A
:; (A[15:0]) and B (B[15:0)) buses. and Cin. Output signails
included sum (s[{15:0]), in bus notation, and Co.
A VLSI layout from the system plot feature is included

as Figure 3.12.
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Figure 3.12 Genesil Layout lib_16bit_blk
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The size of the library 16 bit full adder was calculated Lty
the system to be 29.56 X 7.42 mils, resulting in a total area
of 219.33 sgquare mils.

Output propagation delays for all signals were
calculated by the System Timing Analyser and are presented in

Table VII.
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TABLE VII
GENESIL 16 BIT ADDER OUTPUT PROPAGATION DELAYS

OUTPUT DELAYS (ns)'
OoUTPUT

MIN MAX

Co 1.9 27.2

s[0] 1.6 5.2

s{10] 2.3 19.8

s[11] 3.1 21.1

s[12] 2.3 22.8

sf13] 3.1 24.0
sf{14] 2.3 25.7 %
srisl 3.1 27.0 !
sr1] 3.1 6.3 E
si2? 2.3 8.0 E
sr3? 3.1 9.2 ;
| aran 2.3 1.0 |
; SR 2.1 12.2 E
! slel 2.3 13.9 %
l sr7, 3.1 15.2 :
srel 2.3 1€.9 !

sf9] 3.1 18.1

Maximum propagation delay was 27.2 ns, occurring at the carry-

out (Co) signal.
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3. Custom 16 Bit Pipelined Adder

A custom 16 bit adder was constructed using Genesil
library 4 bit adders for the add logic, and 2-phase library D
flip/flops to retain the data between each stage. The library
adders were used because the performance and size comparison
with a 4 bit CLA previously completed indicated that the
differences were insignificant for the purposes of this
section. An attempt to build a custom Earle latch, as
presented in Reference 12, failed because the system
disallowed random logic gate output signals to simultaneously
perform as both external output signals and internal feedback
signals. This feature is required for merory in both the D
flip/flop and Earle latch. This problem was not pursued
further because a library D flip/flop setup and hold time was
found not to exceed €.5 ns. This was approximately 2.0 ns
less than the 4 bit library adder which was used in -ach stage
of the adder. The adder logic, therefore, was the dominating
delay factor driving the clock speed. Figure 3.13 shows the
design, in block diagram form, used to construct the adder on
Genesil.

Figure 3.14 shows a VLSI layout of the custom 16 bit
pipelined adder module, without input/output pads, constructed
for perforrmance and size comparison with the library adder.
The module was floorplanned using the list-best command in the
floorplan menu. This feature graphically advised the user of

the best placement of the 5 stages in the module for optimur
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routing and fusion. The adder module was 21.89 X 339.19 mils,

resulting in a total area of 7424.87 sguare mils.
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B{15:8}1 A[15:8] B[(7:4]) A[7:4] B([3:0] A[3:0] CIN

b

{ b

16 Bit D F/F

8 Bit D F/F 4 Bit ADD

BANK OF D F/F's

Stage 1
ljf Bit D F/F 4 Bit ADD 4 Bit D F/F
BANK OF D F/F's
Stage 2
8 Bit D F/F 4 Bit ADD 8 Bit D F/F
§
4
| BANK OF D F/F's |
Stage 2 L ]
l 4 Bit Add 12 Bit D D/F {
J
BANK OF D F/F's
Stage 4
1 Bit
D F/F 16 Bit D F/F
Stage 5
couT SUM [15:0)

Figure 3.13

16 Bit Pipelined Adder Design
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Figure 3.14 List~Best Floorplanned
16 Bit Pipelined Adder
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As a size and routing comparison, Figure 3.15 shows the

sare adder rodules stages placed manually. The size of this

th

_ module was 55.41 X 91.42 rils. resulting irn z *otal arez o

5066.50 square mils.
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Figure 3.15 Manually Floorplanned
16 Bit Pipelined Adder
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Although this design was significantly smaller than the one
ﬁ- floorplanned by the system, routing and fusion of the module
h floorplanned by the system took a significantly shorter tire
to complete. The system floorplanned module took 10 to 15

‘ minutes to route, while the manually floorplanned module took
i 1 to 2 hours to complete the routing.

Figure 3.16 shows the pipelined adder with the pads

attached. This figure was included to demonstrate the

significant increase in chip size experienced with the
addition of pads and associated routing. The size of the chip
increased to 171.83 X 385.83 mils, resulting in a total area

of 66,297.17 square mils.
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Figure 3.16 16 Bit Pipelined Adder With Pads
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Simulation was performed for logic validation using
the Functional Simulator. Various combinations of binary
integers were placed on the input signal buses, the system
clocks cycled, and test results were observed on the output
signal buses. Figure 3.17 shows a sample of a simulation test

run extracted from the Functional Simulation output form.

> is of type module with 48 ports

> port 1 I TRUE to NC = H

> port 3 I FALSE to NC = L

> port 5 O al([15:0) to NC*16 = 1111111111111110
> port 7 I a(l15:0] to NC*16 = HHHHHHHHHHHHHHHH
> port 9 O b1(15:41 to NC=*12 = 111111111111

> port 11 I b[15:0] to NC*16 = HHHHHHHHHHHHHHHH
> port 13 0 clo to NC = 1

> port 15 CI phase_a to NC =1

> port 17 CI phase_b to NC = 0

> port 20 O 22[15:2]1 to NC*8 = 11111111

> port 21 0 a2[3:0] to NC*4 = 1111

> port 23 O b2[18:8) to NC*8 = 11111111

> port 25 O c20 to NC = 1

> port 27 O d0[3:0)] to NC*4 = 1110

> port 30 O a2[15:12) to NC*4 = 1111

> port 31 O a3[3:0] to NC*4 = 1111

> port 33 O b3[15:12] to NC*4 = 1111

> port 35 O c30 to NC =1

> pcrt 37 0 d377:0) to NC*8 = 11111110

> port 39 O a4[3:0] to NC*4 = 1111

> pert 41 O ¢4 to NC = 1

> port 43 0 d44[11:0] to NC*12 = 111111111110

> port 45 O carry to NC = 1

> port 47 O sum([15:0] to NC*16 = 1111111111111110

Figure 3.17 Simulation Results of 16 Bit Pipelined Adder

Timing analysis was performed to investigate the
worst case delay in each stage of the adder. Figure 3.18
through Figure 3.22 list the worst case propagation delays and

identifies the worst case signal for each of the five stages

54

]




RS )

of the pipelined adder. The data indicate that the largest
propagation delay was 9.5 ns which occurred in stages 1
through 4. This delay is attributed to the library 4 bit

adder used in each of these stages.
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Figure 3.20 Stage_3 Output Delays
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OUTPUT DELAYS (ns)

Output Phl(r) Delay Ph2(r) Delay

Min Max Min Max
a4 0] 1.6 5.2 1.6 5.2
ad (1] 3.1 6.3 3.1 6.3
ad[2] 2.3 8.0 2.3 8.C
ad[2] 3.1 9.2 3.1 9.2
cd 1.9 9.5 1.9 9.5
a4 (0] 4.0 4.2 -——- -——
d4(10; 4.0 4.2 -—- -——-
d4r111] 4.0 4.2 -——- -—-
441} 4.0 4.2 -—- -———
a4 (1] 4.0 4.2 —-—- -——-
d4 21 4.0 4.2 -— -——-
d412] 4.0 4.2 -——- -
qa4[4] 4.0 4.2 -——- -——
445! 4.0 4.2 —-——- -—=-
d4(6] 4.0 4.2 -—- -—-
d4 (7] 4.0 4.2 - -—-
d41[8]) 4.0 4.2 -——- -——-
a4 9] 4.0 4.2 -—— ---

Figure 3.21 Stage_4 Output Delays
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OUTPUT DELAYS (ns)

Qutput Phl(r) Delay Ph2(r) Delay

. Min Max Min Max

. carry 3.3 3.5 -——- -—-
h sum (0] 4.3 4.5 -—- -=-
sum{10) 4.3 4.5 -— -——-

sum([11] 4.3 4.5 -—- -——-

sum{12] 4.3 4.5 -— -—-

. sum([13] 4.3 4.5 - -

: sum({14] 4.3 4.5 - -

sum([15] 4.3 4.5 -—- —-——

sum[1] 4.3 4.5 - -

sum[2] 4.3 4.5 - -—

sum[3] 4.3 4.5 - -

sum(4] 4.3 4.5 - -

sum{5] 4.3 4.5 - -

sum[6] 4.3 4.5 - -—

sum([7] 4.3 4.5 -——— -—-

sum[8] 4.3 4.5 - -

sum[9] 4.3 4.5 - -—-

Figure 3.22 Stage_5 Output Delays

4. Results
The results of the comparison between a standard 16
bit library adder and custom pipelined 16 bit adder are shown
in Table VIII. These figures do not include delay asscciated
with interstage flip-flops.

TABLE VIII
SIZE AND PERFORMANCE SUMMARY

TOTAL AREA |MAXIMUM PROPAGATION
(Sq mils) Delay {(ns)
GENESIL
16 BIT ADDER 219.33 27.2
CUSTOM 16 BIT
PIPELINED ADDER 7424.87 9.5
60




E. PERFORMANCE SUMMARY
Table IX is a summary of the size and performance results

of the addere desicned and constructed in this chapter.

TABLE IX
ADDERS SIZE AND PERFORMANCE SUMMARY

IR
TOTAL AREA |MAXIMUM PROPAGATION
{Sq mils) Delay (ns)
GENESIL
FULL ADDER 26.15 5.2
!
CUSTOM i
FULL ADDER 12.34 5.0
| GENESIL !
4 BIT ADDER 65.07 9.4 i
]
| cusToM 4 BIT !
! CLA ADDER 107.76 9.0 |
| i
i GENESIL | y
. 16 BIT ADDER |  2:9.33 | 27.2 |
4 i !
CUSTOM 16 BIT | | @
PIPELINED ADDERI 7424.87 | 9.5 !
1 ]

The data indicate that there is no significant perforrance
advantage gained with the custom full and 4 bit adders. The
custom 16 bit pipelined adder data clearly illustrate the

performance advantage gained by pipelining.




IV. MULTIPLIEP CIRCUITS

The binary multiplier is a major component of signal
processor filters. Conventional ALU add and shift multiply
functions and parallel multiplier circuits are not adequate

for the speed requirements of the high speed processor. This

chapter presents performance data on 4, 8, and 16 bit unsigned

library multirliers., which are compared to a custor 4 and 16
bit pivelined rultiplier.

The mul+tiplication add-and-shift algorithr for two n-bit
binary rnurkers are represented by Equation 4.1 [Refs. 11 an2d

1€l .
r = 2 2'a b tg. 20

b rerresen*s the n-bit multiplication vector. a
represen<s bkits n of the multiplier vecter a arnd p
repsesents the 2n bit product vector.[Ref. 1€:p. 1

11

This conceprt is illustrated in Figure 4.1 [Ref. 16:p. 11] for
the product of two 8-bit integers. The multiplication of the
two 8-bit integers results in eight partial products,
generated from the ANDING of the multiplicand (MC) and
multiplier (MP) bits, which are then added to form the final

a -
prooucet.
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B. 4, 8, AND 16 BIT GENESIL LIBRARY MULTIPLIEPF

1. Multiplie

re

The Genesil library rultiplier block arrey ccre ie an
array of half and full adders which provides a parallel
multiplier scheme for integer and fraction/mantissa portions
of floating-point numbers. In depth parallel multiplier
theory and schematics are contained in Reference 4:pp. 344-
348. The multiplier block array core and operation
illustrating the product of 111001 multiplied by 1101 is shown
in Figure 4.2 [Ref. 12:p. 4.3). The block is designed fcr
unsigned integer rmultiplication and reguires exterrnzl
circuitry for signed operations. The least significan+ /Lo
bits ares produred directly fror the array, but an external
adder is reguired to complete the partial product additiosn of
the most significant (MS) bkits. The multiplier and
rultiplicand widths carn be varied from 4 to 32 bits, hu+ the

rultiplier width cannct exceed the multiplicand width.
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Figure 4.2 Multiplier Block Array Core and External Adder
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2. 4, 8, and 1€ Bit Multiplier Data

Three modules, containing 4. 8, and 16 bit Genesil

. library multipliers and external adders, were constructed from
the Specification Menu. Each was simulated for correct logic
and processed by the Timing Analyser for propagation delay

L data. The results are summarized in Table X.

TABLE X
4, 8, AND 16 BIT OUTPUT PROPAGATION DELAYS

OUTPUT PROPAGATION |
! DELAYS (ns} !
! ]
! MIN MAY, |
I 4 BIT ?
! MS_SUM t 3.2 0.9 !
g LS_OUT 2.1 10.3 |
| MS_OUT 5.3 18.8 |
(- J
| 8 BIT {
| MS_SUM 4.1 1 284 |
! re_ouT \3.2 1 23.4
' MS_OUT | s.9 1 2.2
l — | L i
1€ mrT | ' i
| MS_SUM i 4.6 | s1.0
| LS_OUT 3.2 | 49.4 |
! MS_OUT | 6.9 | 77.0 |
[ { 1 |

The MS_SUM data are the propagation delays of the array core
only. MS_OUT is the total propagation delay of both the core
and external adder.

The addition of D flip/flops between the core and
external adder in Figure 4.2 decreased the propagation delay

driving the maximur clock speed allowable for the circuit to

32
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that of the MS_SUM output propagation delay. The D F/F input*s

were MS_SUM, MS CAPPIES, and LS_OUT. MS_SUM and MS_CARPIES

i were then clocked into the external adder or next stzce cf the

pipeline. Table XI illustrates the theoretical allowable

clock speed of a circuit using the multiplier modules
considering each module with and without the D flip/flop

'I insertion. The modulés without D f£flip/flops inserted between

the core and external adder, clock speeds were calculated

_I assuming there was a D flip/flop attached to the outputs of

the external adder and LS_OUT.

TABLE XI
THEORETICAL CLOCEK SPEED OF
4, 8, AND 1€ RTIT LIBRARY MULTIPLIER

CLOCR SPEED (MHZ) !

e

|
i j
IwzTHOUT | WITH !
"D F/F ! D F/F ]
| INSERTED [ INSERTED |
i i
i 4 BIT MULTI?;IER{ 39.5 57.4 |
l !
2 £ BIT MULTIPLIER! 22.3 J 32.3 |
] ! )
16 BIT wmyrrIPLIER! 11,3 | 17,3 |
L | 1 |

The data indicate that there was a significant increase of the
allowable clock speed of a circuit using the multiplier
modules with the addition of the D flip/flop inserted between

the core and external adder.
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C. 4 BIT PIPELINED MULTIPLIER

1. Intrecduction
This section presents performance data for a 4 bit
pipelined rmultiplier using the Wallace Tree structure. Figure

4.3 illustrates a 4X4 multiplication in dot form [Ref. 16].

Figure 4.3 4¥4 Multiply

After the rzr+izl products are formed, the three rigcht columns
of partial prcducts are shifted down to form a pyranmié cr

tree, as illustrzted in Figure 4.5 [Ref. 1l€].

Ficure 4.4 Wallace Tree Partial Products
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Next, 3-input, 2-output full adders are used to compute carry
b save addition (ZSA} for column reductiocn.

_ To reduce these columns of height h. CSA is used to reduce
8 three dots of column height to two. These two outpu* dots.

: which represent the familiar sum and carry outputs of a full
adder, are placed in the next level of the tree structure in
their appropriate positions.[Ref. 16:p.16]

This concept is illustrated in Figure 4.5 for a 4X4

multiplication.
I I R R I
.i i g.{ FIRST LEVEL CSA
T N IR S
IS T N B |
Pl i .
I I b SECOND LEVEL CS2
I R T {1
Lo L )

Figure 4.5 CSA Reduction 4X4 Multiplicaticn
Once reduced to the last level addition., various CLA and

pipelined ripple adder designs are available for increased

performance.
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2. 4 Bi* Pipelined Multiplier Design

The 4 bit pipelined multiplier was designed usinz the
Wallace Tree Structure, with D flip/flops inserted for
pipelining. A block diagram of the module is shown in Figure
4.6. All partial products were generated simultaneously by
the 16 AND gates. Next, the partial products were reduced
using the Wallace Treé concept described in section 1. The
final level additions were computed by a pipelined Genesil

library 2 bit ripple adder and a 3 bit ripple adder.




16 AND»>

7 BIT D F/F 3 FULL ADDERS

LEVEL ONE (W_1)

[ BANE OF D F/F's

- e e mm e mm em em e am e mm e em em e e me e em e e e e em e e e e e

— .
3 BIT D F/Fl [ﬁiFULL ADDERS
LEVEL TWO (W_2)

BANY. OF D F/F's

L T T

LEVEL THREE (W_3)

{ BANY. OF D F/F's

|3 BIT RIPPLE ADDERj | 4 BIT D F/F
A T A

P7 P6 P5 P4 P3 P2 P1 PO LEVEL FOUR (W_4)

Figure 4.6 Custom 4 Bit Pipelined
Multiplier Block Diagram
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each level.

was 7.6 ns,

wW_3, and W_

4.

floorplanned, and simulated to test for

4.7 depicts the floorplan.

The module consisted of 4 blocks called W_1, wW_2,

The module was attached to a chip,

correct logic. Figure

Figure 4.8 shows the 4 Bit Multiplier Chip with pads,
clock, aground, and power. Timing analysis was performed by

the system Timing Analyser for output propagation delays at

The results are presented in Table XII.

TABLE XIT

4 BIT PIPELINED MULTIPLIER OUTPUT PROPAGATION DELAYS

|OUTPUT PROPAGATION DELAYS (ns) |

! {

iBLOCE | ‘ |
| | MIN [ MAX |
L N 1 i
bow_1 | 3.7 2 €.8 i
{ ! e i
w2 2.5 i 4.7 |
| | | i
w2 ! 4.3 i €.6 l
i | ! !
l w_4 | 3.5 g 7.€ i
i i 1 j

which occurred in tlock W_4.

The data indicate tha*t the longest output propacation delayv
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D. 16 BIT PIPELINED MULTIPLIER

The purpose of the work reported in this secticon was to
build a strictly hich performance 16 bit pipelined multiplier
chip which could be rapidly tested and de-bugged. Two designs
were considered. They were the Wallace Tree structure and
ripple adder design using a pipelined parallel multiplier with
all partial products computed prior to array entry.

The Wallace Tree structure was rejected because, while it
saved only two levels of logic, the design presented serious
de-bugging difficulties. It was found to be extremely
difficult tc trace and debug signal errors when the colurn
height was 16.

The design used was the pipelined parallel rmultiplier.

[¥]

The prirmary advantage of this desicn was found to be the

relative ease of de-bugging the chip. The prirmary

)3
8]
in
b
N
m

disadvantage was the additional cost in haréware and ckhi
assoclated with D £lip/flop delays used to align and save

intermediate

H
"n

esults [Ref. 12:pp. 51-53].

o
t

1. 6 Bi*t Pipelined Multiplier Design

The 16 bit pipelined multiplier was designed using 2
pipelined parallel multiplier, and pipelined ripple carry
adder hardware for summing the final partial products. A
design block diagram is shown in Figure 4.9. All partial
products were generated simultaneously by the 256 AND gates.
This initial partial product generation is alsoc necessary for

the Wallace Tree structure. Partial product reduction car be




accomplished bv Booth's modified algorithm and read cnly

.

memories (ROM) [Ref. 191, bu*t neither were pursued in tki

design. The partial products were then reduced with full

adders, aligned, and rippled through the array with D

- flip/flops.




| 256 AND'S
1 ]
{_;] [4390
16 FA'S
LEVEL 1
P1
y
D F/F BANK
16 FA'S P1 PO
16 FA'S
P2
P2 LEVEL 2
y Y
D F/F BANE
-— . . — —-— — —— - o ——————————————— — —

MSB ALDDS ALONG BOTTOM:

o LEVELS 3 THROUGH LEVELS 8
o ARE DUPLICATIONS OF LEVEL 2

PO-P15
|5 BIT ADDER
S — LEVEL 9
I Pl16-20
¥
D F/F BANF
¥
5 BIT ADDER
P16-20 P0-15
P21-25 LEVEL 10
y
D ¥,/I" BANYF
S BIT ADDER P0-25
couT=p31 LEVEL 11
P26-30
\ 4
D F/F BANK
l P0-31
Figure 4.9 Cus+tom 16 Bit Pipelined Multiplier Block Design
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Eleven levels of blocks were used to construct thre

rmultiplier. These were then attached to a chip. which also

included input/output pads. clock, power, ané ground. The

chip was then floorplanned, and

shown in Figure 4.10.

the floorplan, with pads. is

The chip was tested for correct logic using the

system simulation feature. Ten
unsigned integers were inserted
Although the tests run were not

indicated correct logic for the

to fifteen random 16 bit
on the input signals.
all inclusive, the results

inputs tested.
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Timing analysis was performed by the system Timins
’
E Analyser fcr cutput propagation delays at each level. The
resuclts 2re presented in Table XTII.

TABLE XIII
16 BIT PIPELINED MULTIPLIER OUTPUT PROPAGATION DELAYS

OUTPUT PROPAGATION
DELAYS (ns)
LEVEL

MIN MAX
, 1 4.7 5.8
i
! 2-8 7.2 10.4 |
L !
' 9 7.9 8.1
|

rb ! 10 | 7.9 8.1 |

L | |
; 11 7.9 | 8.1 '
i | 1

The data indizzte that the longest delay in the circuit is
16.¢ ns. ccrzurring in each level 2 throuch 8.
E. PERFOPMLMTE RESULTS
Takle ¥IV is a surmmary of the perforrmance results of the
mulitipliers desioned and constructed in this chapter.
80




TABLE XIV
MULTIPLIEP PEFPFORMANCE RESULTS

MAX DELAY |NO. OFiCLOCY¥ RATE!
(ns) STAGES (MHZ)
: 4 BIT GENESIL (WITH LATCH) 10.9 1 57.4
hl 8 BIT GENESIL (WITH LATCH) 24.4 1 32.3
16 BIT GENESIL (WITH LATCEH) 51.0 1 17.3
4 BIT WALLACE (PIPELINED) 7.6 1 70.9

16 BIT PARALLEL (PIPELINED) 10.4 8 59.1 ]

The data clezarly illustrate the performance advantage gained
by using the custom pipelined multipliers for high perforrmance

tasks.
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V. CONCLUSIONS

.

A. SUMMARY

This thesis has described the applications of silicon
compilers, and the design methodology of the Genesil Silicon
Compiler. The Genesil Silicon Compiler methodology was
demonstrated with the design and verification of custom
pipelined adder and multipler circuits.

The Genesil Silicon Compiler system is a rapid and
efficient stand-alone tool for algorithr to hardware
implementation and verification. Rapid iterative design.
simulation. and timing analysis is possible because the svester
recuires no user initiated programnming.

t 21s

[

The Genesil system user's manuals state that

n

assumed the user has attended the Genesil Silicon Corpriler

user scheol. The manuals are reference ranuals, and nc*
tuteriales for rnew users. The new user., however, can reridly

learn ths systenm.

The user should thercuchly pre-plan desigrn and
rerformance specifications becatuse there is no*t a plot "screen
durp" capability on the system. The user must manually track
and record all signal and object changes if an updated design
plot is desired at the end of a session.

Object compiling and channel routing times for the
circuits designed in this thesis were longer than anticipated.
In crder to expedite obiect compiling during design iteraticns

g2




and de-bugging. object sizes (i.e., blocks. modules)! shculd be
as small as practicable. The systerm auto placement and
routing features decreased routing times. but were less
efficient than manual placement for overall object size.
Complete chips, with all associated hardware, consumed
much system memory. During thesis research, chips and objects
were stored on tape backups when memory availability became
critical. All design and performance specifications can be

verified at the block and module levels, which saves memory

B. RECOMMENDATIONS

The £c¢llowing reccmmendations should be considered:

1. Research the area of optimum chip test algorithrs
ricr to fcundary “apeout. Investigate the full Genesiil
Corriler Syvs+ter Corporztion’'s capabilities in the test area.
2. Purchase a plo%ter for plot "screen durmpe"” for rapid
irterrmediate desiogn schemztics.

2. Transfer the systerm to the VAX 785 for more remorv
capability and faster tape storage capabilities.

4. Fcllowing systemr transfer to the VAX 785, establisk a
user custom library for high performance modules including
pipelined integer multipliers, floating point multipliers,
signed multipliers. and adders.

5. Do design. layout, simulation and Timing Analysis

without pads for memory and routing time efficiency.




APPENDTY

!I GENESIL SILICON COMPILER TUTOPRIAL

A, INTRODUCTION

The purpose of this tutorial is to guide the new user
through the mechanics of a Genesil system hierarchical top-
down chip design. Designs may be implemented either top-down
or bottor up. The tutorial begins with designing two kacic
blocks, followed by a multiplier module, and surmarized wi<kh
the design ¢f z chip which uses the twe blocks as its ceore.

Pricr to bezinning the initial session. the user shcoull

become fariliar with the

.

ster Description Users Manuzl. in

‘l/)

particular. Chapters 2 and 3. The rext manuzl 2f interes* :s

...... ds. The

(9]
()
(?
U
'J
e
7
0,
14
ct
1]
’l
(=]
[1)]

Sk
1)
N
kol
’_J
w
¢ ]
1]
ot
’l.
(o]
¢ ]
n
o]
th
[
7]
[y)]
a
[UR
o]
<
o]
=
o
Q,
(9]
o]
1

i
J

new usey should periodically refer to Appendix A (Genesil

System Menu Map' of the Syster Description Application

Cozrzzands ranuval during initial sessions.

1. Design Method

All design and performance specifications should be
pre-planned, including a detailed sketch with all signal
names. The basic stand-alone object which can be attached to
a chip is the block. Blocks may be attached to modules or
chips, but not to other btlocks. Modules, the interrediate
okbiect in +the hierzrchy, rmay be attached to other rcdules and

84
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chips. There are no chip size constraints in the Genes:il

3 system., althouzh this is dicated by the selected foundarv.
_ Larae designrs can, therefore. be implemented with chipsets.

2. Operating System

Genesil runs under the UNIX operating system. The

user is referred to the UNIX For Genesil Users manual for

detailed UNIX pathnames information. The pathname is the full
name of an object in the Genesil system. The user is referred

h to page 4.8 in the System Description Users Manual for naming

conventions detzils.

B. TUTORBLY_2 BLOCK

This section conzalins a s+ep-byv-step desicn ¢f & block
narmed tutorblk . The blcck will contain two randor logic
ckjectes, which are a 4 bit adder (AQ), and 5 bit D F/F (DFF1Y,

b

T -planned scheratic of ths block, including all sigre

>

m

L€

ho

rar<s is shown in Figure 2.>.

tutorklk 1

[ |

cin  ——| ;AC[ZS:O? S i
i - ]
a(3:0]——| A0 (A0 coUT |DFF1|-_DFF1[4:0)

b[3:0] —— i
[

Figure A.1 Tutorblk_1

os 1
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Since the system is menu driven, it is irportant to have a
detailed schemrmatic with signal names clearly marked. The sare
signal nare cannot both enter and leave the same object.

All commands may be executed by typing in the command
next to the prompt followed by a RETURN, by using the arrow
buttons located on the upper right side of the keyboard to
scroll through the commands followed by a RETURN, or by using
the MOUSE. All following command instructions assume the user
is using the MOUSE. The instruction select SOME_THING, means
use the mouse to move the c¢ross-hairs to SOME_THING and press
the execute button (right hand button) on mouse.

1. While in the Executive menu (upper righ% cocrner of

screern) :

W

Frllowing LOGIN and GENESTIL entry. select
CONTINUE.

E. Select SELECT OBJECT (Figure A.2). This is

c. Select ATTACH (Figure A.3), followed by NEW
{Figure R.4) since this block is the intital object.

d. Select BLOCK (Figure A.5) since this is the
object type desired.

€. Next type in tutorblk_1, at the prompt followed
by a <CR>. This is now the name of a new, yet to be defined.
block, as indicated by the successful creation statement on

the screer.




Erxecutive

Genesil Version v7. 0

START Genesil job “gensettle/settle/tutor_chip on microl
Mon Aug 22 21 08 53 1988

Cenesil (tm) Bystem Version v7.0
Copyright Silicon Compiler Systems Corporation 1%9BE
Licensed Material -- Program Property of SCSE =~ Al)l Rights Reserved .
This software is protected as an unpublished work and the copyright notice
does not imply publaication This software contains confidential trave
secrets of Silicon Compiler Systems Corporation The reproduction
transéer or use of this software or the supporting documentation 1s
governed by @ license agreement with SCS. and the software shall te used
scle.y In accordance with such agreement

RESTRICTED RIGHTS LEGEND

e

Use, duplication or disclosure by the Governament
18 subgsect to Testrictions as set forth ain
subparagraph (c)>(1)(11) of the Rights 1in
Technical Data and Computer Software clause

)
) et 252 227-7013
H
4
CONT INUE
EXIT_GENESIL
CANCEL
"NSERT  MESSAGES GRAPHICS OVERLAY RECORD UTILITY
Ex17_GENESIC SELECT_OBUECT DEFINITION

PACKAGE _EDIT

Figure A.2

-®
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RN IR W R R ) N T R W W WA TN WU E WU W R W RN U RN TR RN RRE RN TRRTWRTRATTRATERRTTROCTRTRTATaR
User “gansettle/ssttle Executive
Genesil Version v7.0

START Genesil job “gensettle/settle/tutor_chip on microl
Mon Aug 22 21:08:53 1988

Cenesil (tm) Bystem Version v7.0
Copyright Silicon Compiler Systems Corporation 1986
Licensed Material ~— Program Property of SCS -~ All Rights Reserved

This software 1s protected as an unpublished work and the cooyTiant notice
does not imply publication This software contains confidentiasl tracde
secrets of Si1lacon Compiler Systems Corporation The reproguczion
transfer or use of this software of the supporting cocumentatinr is
governed by & license agreement wath SCS. and the software snhall be used
soixly 1n accordance with such agreement

h e e e e e e

RESTRICTED RIGHTS LEGEND

Use., duplication or disclosure by the Covernment
14 subject to restrictions as set forth in
subparaprapnh (c)c1r¢11) of tne Raghts 1in
Technica: Data and Computer Software clause
at 252 227-7013

’
TONT INUE
~IT_GENESIL
CANCZEL
SELECT _OBJECT
ATTACH
NEwW
B.OCw
tute-tlh_1
) Successful Creation of “gensettle/settle tutordls_1

INSERT MESSAGES GRAPHICS QvERLAY RECORD UTILITy
Ealé upP ACCOUNT ATTACH RENAME
CANTE. DOWN PATH DETACH DISFPLAY
SIDEWAYS

SELECT OBJECT Option
CETLECT_OBJECTY

Figure A.3
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Rl a2 2222222 222 XTI RIS 2T 2RI YRR PR Y Y R A Y T Y R Y Y Y XY Y Yy Y YIS Y YY)
User. “gensettle/settle - Executive
Ceresil Version v7.0 ————

START Genesil job “gensettle/settle/tutor_chip on microl
Mon Aug 22 21:08:53 1988

Genesil (tm) Bystem Version v7. 0
Copyright Bilicon Compiler Bystems Corporation )Jer
Licensed Material -- Program Property of SCS ~~ All Rignts ‘:z;erved

This software 15 protected #s an unpublished worhk and the coryright notice
does not imply publication This software contains confidential trace
secrets of Silicon Compiler Systems Corporation The reproduction
transfer or use of this software or the supporting documentatior 1s
governed by & license agreement with SCS. and the scftware shall be used
solely 1n accorganie with such agreement

RESTRICTED RIGHTS LEGEND

Use. duplicat:ion or disclosure by the Government
15 sub ject to restrictions as set forth an
subparagrapr (c)(i)c11) of the Rights 1n
Tecrnical Data and Computer Software clause
at 252 227-70:13

P I IR P E S N T

)

)

CONTINJE
EXIT_GENESIL
CANCEL

SELECT _OBJECT
ATTACH

INSERT MESSAGES GRaAPHICS OVERLAY RECORD UTI IT
CANCEL EXISTING
NEW

Enter ATTACw Cptiorn
CSELECT _UBUECTOATTACH

Figure A.4
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(222213222 222122 24X 222222223222 YT IR LRI YT YYYY YR Y XY Y )
User “gensettle/settle Erecutave

—— Genesil Version v7. 0O

START GCenesal job “gensettle/settle/tutor_chip on microl
Mon Aug 22 21 08 53 1988

Cenesil (tm) System Version v7.0
Copyright Silicon Compiler Systems Corporation 1968
Licensed Material -- Program Property of SCS -~ All Rights Rese~ved

This software 1s protected as an unpublished work end the copyright notaice
does rnot amply pudlication This software contains confidential trade
secrets of Silicon Compiler Systems Corporation The reproduction
transfer or use of this softwars or the supporting documentation 1s
governed by & license agreement with SCS, and the scftware shall be used
solely 1n accorgance with such agreement

RESTRICTED RIGHTS LEGEND

Use., duplication or disclosure by the Government
18 subject to restrictions as set forth in
subparagraph (c)(1)(11:! of tne Rights ar
Technical Data and Computer Software clause
at 252 227-7013

F I

?

CONT INUE
EXIT_GENZEIL
CANCEL
SELECT_UBJECT
ATTACH

NEW

INSEFT MESSACES GRAPHICS OVERLAY RECORD uTl

CANCEL BLOCK CENERAL_MODULE CHIP CHIF_SET
PARALLEL _DF
RANDOM_LDGIC

ATTAL~ New Ot ject Type
CSELECT_OEVECT L ATTACHAINEWD

Figure A.S5
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f. Select BACY¥, which returns the user tc the rain
Executive meru.

g. Now select SELECT_CBJECT, ard on the next screen
select DOWN. The next screen should indicate a list of sub-
objects on the right side of the screen (Figure A.6). Select
tutorblk_1 and it will now be attached to the tree.

h. Now go BACK to the initial Executive menu (Figure

2. The block now needs to be defined:

a. Select DEFINITION {(Figure A.2). The next screen
is the initial Definiticn renu (Figure A.7) as denoted kv tha
upper right hand corner cf the screen. The upper lef:t hand
corner indica%tes the cbhiect tvpes and pathnares.

. Select HEADER (Figure A.7). The rext screern

ure A.8) is tne Header f£orr.  Select RANDOM_LOGIT unis

'

'n
)
Y

icn type. (QONFIPM 14, +tren select VITC_CPLOBR und

(1))

oS

¢. Next ACCEPT_FOPRPM (Figure A.8) which will return
the screen tc the Definiticn menu. Now select SPECIFICATION
which rcves the screen ¢tc the PANDOM LOGIC Functional
Specification form (Figure A.9).

d. Select NEW (Figure A.92), and a random logic

library pers up on the right side of the screen. Select ATMDER

and DFF from the logic library.




(A S S 4422 LRI 2222 22 2222l a2 d 2 221222 222221222222 322222222 22222 2]

User: “gensettle/settle Executive
—— Genesi]l Version v7. 0 mrsmrm— - ——— -
) START Qenesil job “gensettle/settle/tutor_chip on microl ! Sub-obects
Mon Aug 22 21 0B 53 1988 {CHIP _1ox1oMULT
Flro
Qenesil (tm) Bystem Version v7 O I1MOD _1eBITMULT

tmMOT _16BIT_ADDER
Copyraight Bilicon Compiler Systems Corporation 1:TEST_ROT_UP
. TEST_CmIP
Licensed Material — Progrem Property of SCS —~ All Right:TImING_MOD
IWALLACE_CHIP
This software 15 protected as an unpublished wori and the cop WALLAIE_MOD

’
)
)
)
)
)
)
)
) does not imply publication This software contains confident . acs_i!
) secrets cf Silicon Compiler Systems Corporation The reprodu.aed:_ 3
) transfer ur use of this software or the supporting doctumentat . acc_i~
) governer bty a license agreement with SC5. and the software shliade_it
) solely 1n azcorcance with such agresment ‘aca_1%
) : acoer
) RESTRICTED RIGHTS LEGEND lecoer _4bpa1t
) ibboe
) Use. duplication ov disclosure by the Governmenibls 1
) 18 sulgect to restrictions as set forthn an ol 2
) sutparagraph (clr(ldci11: of tne Rights 1in tus _cladtit_ple
> Technical Data ane¢ Computer Software clause cus_+Lilacdo_ole
) at 252 227-7013 ‘fast_pipelesie
) iJjohn
) Ljonr_cesp
CONT IHUE tlio_@Gpit_mult
TXIT_GENESIC imoa_t
ANCEL imoc Sbatmult_lab
SELECT _OLJECT imolt_4dtat_laie
ATTALR itut _meode
NEwW ‘tuteroln 1
BLGCw stutcraial _vlk
tutorclk _1 ‘tutorial _chag
» Successfi]l Creation of “gensettle/settlie tutortls_1 ‘tutorial _moo
DOWN .
_______________________________________________________________ Ve e ————
INSEFR T SASES GRAFPRICS OVERLAY RECORL UTIeITy
CanNTEL

DowWnN Path Name [string)
JECT  DOwWN o tuterble_1

Figure A.6
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Ceneral_Block. “~gensettle/settle/tutorbli_1 Definition
Cenesil Version v7 O
GCenesil (tm) System Version v7.0

Copyright BGilicon Compirler Systems Corporatior 1988
Licensed Material -- Program Property of SC5 —- All Rights Reserved

This software is protected as an unpublished work and the copyright notace
does not imply publacation This software contains confidential trade
secrets of Silican Compiler Systems Corporation The reproduction
transfer or use of this software or the supporting documentation s
goverred by & license agreement with 8C8. and the software shall ve used
sc.2ly 1n accordance with such ggreement

e e e o v

RESTRICTED RIOMTS LEGEND

i Use. duplication or disclosure by the Covernment
' 18 subgject to restractions as set forth ain

' subparagraph (c)(1)t11) of the Rights ar

) Technical Data and Computer Software clauvse

' at 252 227-7013

IONTINT
ExIT_GENEE].,
CAIEL
SELECTY_OBUELT
aTTal~
EW
BLOCH
tuvtore iy !
Successfy! (Creatio~ 0f “gensettlessettle tutcrbla_i
DOwN

tvteThiv 1
Gack
DEFINITION

[

ZTINITION

Figure A.?
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Genersl_Block “gensettle/settle/tutorble_1 Defanition
Genesil Version v7.0 -

Object Type BLOCK
Tunction type

External FCx_BLOCK FIFO

Label LPLA LRAM

LROM MULTIPLIER PAD

Parallel _Datapath PLA RAM

fandom_Logic ROM
Technclogy
Fab line

aMl_CT204A CEN_CN20A CEN_CN30A

GEN_CP12A GES_CP12A IMP_CP20A

NCR_ONQOA NSC_CN12a NSC_CN20A

OPE_IN20A RIC_CN20A SSC_CN20A

USZ_CN20A VYC_CNibA vTC_CPLOB

vIC _CFi1ga VvTI_CN20a
Createad By gensettle Date Mon Aug 22 31 09 58 15786
Last Mog:ifiec Date ™Mon Aug 22 21 09 5% 1988
Status
Comp.:.e carareters
COMPILER TviL STANDARLD NONE ESTImATE
Notes

TaNCE L

Figure A.8
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Random_Logir “gensettle/settle/tutorble_ 1 Random Logic Block Editor
Genesil Version v? O-—=—wm —— e ———————— . e—mc————

RANDOM LOGIC Functional Specification

_ cnECe _FOR™ NEw TExT_5~&l
EIGEImIE ZeVE SIGhALEL
laniEl TECH_IMC Iy UNUSED

LOEF INITION.

Figure A,8
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e. Now select BACK and the screen should be back in
the RANDOM LOGIC Functional Specification form (Figure A.10)

with the ADDER and DFF included.

£f. Select EDIT, which is adjacent to ADDERO (Figure
A.10) and the next screen will be a specification form for the
adder (Figure A.11). Details of all random logic

specification forms are found in the Genesil Silicon Corpiler

Library Vol I, Blocks.

g. Fill in the adder specification forr as shown in
Figure A.12. Select EXPAND for a line-by-line entry forr if
desired and select COMPPRESS to return.

h. Select NEXT (Ficure 2.12), which pulls up =

specificaticrn renu for the DFF. Fill it ouv*t as shown in

i. Now select BACY tc return tc +the RANDOM 10GIC
Functional Specification form (Figure A.10}.

j. Select SIGNALS (Figure A.10) and the screen shows
a signal list of the block. Make the signals corresponé to
Figure A.14 by selecting I. O and L next to the signal nares.
This cleans up the circuit because the system assumes the user
desires Both normally.

k. Now select BACK to return to Figure A.10.

1. If desired, VIEW may now be selected for a block

diagram, with signals, for inspection. Use BACK to return to

the specification form.

9¢
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Random_Logic: “gensettle/settle/tutordla_1 Random Logic Black Editor
Genesil version v7. O~—-- -

RANDOM LOGIC Functional Specification

DEL EDIT mMOVE 0 D>ADDERO__ (ADDER)

DEL EDIT MOVE 1: >DFF1____  (DFF)

INSEFT  MESSAGES GRAPHICS FIRm OGvERL &Y RECORT UTILI™
ATCEFT_FORM CHECw_FORM NE v MOVE _GROUP VIEW

E 1GEINMOLE savt SIGNALS DELETE_GROUP TE»T_SFEC
CaNCE. TECH_CHECK UNUSED EDIT_GROUP

Figure A.10
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Rendom_togic

Block type
Block index
Name

Width.

Connector
A

B

ouT

CIN

couT

FEED

L |

ADDER
[
ADDERO___
»_4
Regime
Width ! Timaing
4 1 Propt(t)
4 1 Propit)
4 1 Prop(t)
1 1 Proptt)
1 1 Proptt)
4 1 Feedthru
GrRAPHICS
NExT

>FALBES4

>FALBES4

ONCs4A

>FALSE

>NC

>FALSE~4

Figure A.11
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OVERLAY

FORM

(2222222222222 2222222 1L 222 2 22 YA 2222222 2222222 42232 2222222222223
~gensettle/settle/tutorbly_1 Kkendom Logic Block Edaitor
OCenesil Version v? O-—rcrcmmmaarc e er e

Random Logic Block Specification




Random_Logsc

Block type-

Name
Wiagth

A

B
ouT
CIN
couT
FEED

¥ Blocy inagex’

Connector Width

F Y W W

1
1
1
1
1
1

VORI RORNBRTRITRERORNNETRNVRRRIN RO NRNRUECGIRNADOINARARORITRORIPORNGPRLARERNAGIAIIIESSE
~gensettle/settle/tutorbli_1
Genesil Version v7.0 ——— -

Random Logic Blocs Eeitor

Rendom Logic Block Bpecaitication

>ADDERO__

Regime

Timing
Prop(t)
Proptt}
Prop(t)
Prop(t)
Prop(t)
Feedthru

Figure

>8(3:0)

>6(3:0)

>a0£3:0)
>FALSE

>a0cout

>FALSE=4

A.12
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Random_Logic: “gensettle/settle/tutorblik_1 Random Logic Block Editor
Genesi1l Version v7. 0
Random Logic Block Specafication

Block type DFF
Blochs irdes 1

Name >DFF1
widtn >_5
Regime
Lonrector Width { Taming
PrHX 1 1 Phase X Pphase_a
PrY 1 1 Phase Y >phase_b
IN S 1 Vylt-1) >aOcout, a0l 3 0]
ouT S 1 Syt >d¢fi(4:0)
LOarl b 1 Vyotet=-1) >TRUE

L DEFINGTLON

Figure A,13
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Rancom_(ogic “gensettle/settle/tutorbls_;3 Random Logic Block Editor
- - - Genes:l version v7. 0 - ——— -
SICNALS
New signal type INPUT QUTPUT 10 LOCAL
inputs

DEL 10BL >al3 02
DEL CBL »pi3 01
reL 1CDe sprase_a
DEL i0B. prase_d

Outputs
LEo LZBL SallZ 0]
De. 3B .alcout

DE. ICBe rgfé, (4 0]

E-*e- reu g:c°a. ~ame-'s [st~3ingl
CUEF L TION, JiGnalsS!

Figure A,14
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m. Now select ACCEPT_FORM, and af“er the sys+ter
writes the text file and validates the form, the screen should
be back to the Executive menu (Figure A.15).

3. The block will now be compiled:

a. From Figure A.15 select COMPILE. The next screen
gives the user various compile options including simulation.
timing analysis, and layout. Since all will be used later.
select BUILD_ALL (Figure A.16).

bP. At corpletion of comrpile, the scréen will again
return to the Executive menu (Figure A.17).

4. The block will now be simulated. Detaile? cirulatinsn

wn
(e}

imulation Users Guide:

infcrmaticen can be found in the

a. Select SIMULATION (Figure A.17;.

b. Select GFL then SIMULLTE on the Simulaticrn
Envircnrment form (Figure A.18)'. Neotice the syster is new in
the Functicnal Sirulaztcr (upper right hand corner ¢f screen!

c. Select BIND (Figure A.19) to inpu* signzl values

d. Select MULTIPLE SIGS (Figure A.20) since there
are sever3al signals to input.

e, Type in al0l etc., and the valuve (0 or 1) as
prompted. Use the values shown in Figure A.20 as initial
examples.

f. When all desired signal values have been entered.
select BACK (Figure A.20).

g. Now select CYCLE and 2 (Figure A.21) to cycle the

syster clocks twice.
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Random_tLogic “gensettle/settle/tutorblk_1 Erecutive
——- -Genes:l Version v7. 0O -——

¢_L1 2. SIGNAL “a0(3 01.a0cout”

$_oL1 3. SIGNAL "d¢f1[4 01"

) Created signal “dff1l4a)"

Created signal "d¢é3(3)"

Created sighal "dFF1(2)"

Crested signal "dff1{1)"

Created signal "d¢ff1001"

$_L1 o. SICNAL “TRUE"

BaCk

SIGNALS

OUTPJT SIGNAL 8 _LY O. L

OUTPU™_SlGNAL $_LI 1. L

CONF IR™

Baly

AZCEFRT _Z0RM™

Tert #1210 215 written
+ Tris cbyject 1s prodicaible 1n all current technologies

: Form s valaa
Ealem
° SELECT_OBUELT

SIDEwAYE

CANTEL

P

ATTACH

NEW

5. Qv

tutorels _2

Suitessfu. lreaziom of “gersettle/settie/tutorble &

- jels 1N

tutctoie _2

BaCr

SZLEIT_JEVELT

SIlEwars

tutarcik_1

Calr
OVEF LAY RECORL vTI1o05
E3IT_GENESIL SE_EIT_OBUECT DEFINITION COMBILE TOQLING
FAZWAGE_EDIT SiMULATION PLG™
TIMING TRANSLATE

Figure A,15
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Random_Logic: “gensettle/settie/tutorblic_1 Compile
—— Cenenil Version v7 Q-c~r--mecccccmcnencan——— ——————
S_L1 3. SIGNAL *“défil4 03"

‘ Created signal “"gff104)"

Created signal "“d#¢#1(3)"
Crsated signal “déFL1L2]"
Created signal “géé1l1d”
Created sagnal "d¢f2003"
$ L1 6. SIGNAL “TRUE"™
BaCK

SIGNALS
i QUTPUT_SIGNAL s_L1 O, L

OUTPUT _SIGNAL $_L1 1: L

CONF IRMm

BaCw

ACCEPT_FOR™

) Tesrt 4:ie 15 wraitter

I This ot yect is producible in all current tecnnoclogies

> Form 18 valac

Lacy

SELECT _TBUECT

SIDEwAYE

* CaNCEL

uF

ATTACH

NE W

DLOTv.

tutovtls o
Suztteisfl (reatiom 0f “gengettlie/settle/tutorpls_2
Own

tutortlr &

Lalk

SELEIT_CLUJELDT

SI0EwsrE

Ttoutetbis !

BAZw
come it

INSEET  ~ECIaGED  GRAPHICS DVERLAY RECORD UTILIT
laNTEL S1~_mMODEL TA_MODEL LAY OUT CHESw _MODE_ON
RUILD_a.. LOAD_MOEL AUTG_DEF_SPEC

Figure A.16
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Rendom_Lopic: “gensettle/wettle/tutorbli_1} Exscutive
Genesil Versaion v7.0 ———

) done converting CMDS logic gate

v INFO eadding extra logic for mus node 1

1 INFO eadding extra logic for muz node 10

) INFO weadding extre logic for mur node 13

) INFQ wepdding extra logic for mus node 7

> INFO weadding estra logic for mux node 20

) INFO eadding extra logic for suxr node 21

) INFS eadding extra logic for muz node 30

) INFO wadding extra logic for musz node 33

)

)

)

>

’

’

?

}

)

-

INFO eadding extra logic for mux node 40
INFQ  eadding extra logic for mux node 43
INFD  CLOCK PAILR
pra phase_a. phb phase_b
«E_total = O 15.E_cape0 12.E_1maz=0 03 nJ
*F_ac = 0 00 mw
#F_ac = 1 50 mw @5 Sv_OdegC@IOMM2(1 17 mw + ( 33 mW)
#7otal power dissipation= | 50 mW @5 Sv_OdegC@10MNI
Done withr command COMPILE GATE SWITCe LVve MODEL ~-=--in Bloch stutorblia_1
Time: real=15s cpum7 68 (U=TE . 22 Qs (c=7 2s)

+ Evecwving command COMPILE {OAD _MODEL ---=m—-w~w- w===~=31n Block /tutordls_1
Caraz:ta~ce for ‘phase_a° 18 O Os pf
Capa-itar-e for ‘phase_bd° 18 O 34 p¢

1 Fesr 47 cyrrent to VSS 12844 uA
bey, Frrameters 212 transistors. Dissipation 1 5 milliwatts@5v@10mn:
hey, Farameters (set 124) Modified

Dore with command COMPILE LOAD MDDE. —w-----v-come—o in Bloca /tutortle_2
Time: real=47s cpu=23: (u=los. $=7 3¢) (=223
- v Evecuting command MARK SIMULATOR BLOGCK MODEL~-—=-=-~ in Block tutorble 3

ioac'ng mode; ¢or type RL

Gene-ating mocel for /mni-gensgensettlessettlestutorbli_1 type F_
v Dere with commang MARK SIMULATOR BLOCK MODEL--------— ir. Bloca Jtutorbly 2
D Times real=3lg. cpuslls (u=e Bs., $=4 45) (c=]0s
+ Dore with commare Bulil_ALL

SELECT _DBJECT  DEFINITION COMPILE TOOL 1N
FAIKAGE EL!T SIMULATION £LOT
TIMING TRANSLATE

Figure A,17
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Randem_tLogic' “gensettle/settie/tutordle_1 Functional Saimulator
Genes1l Version v7. 0 —— -

Simulation Environment :

setup Files Comment
. N

Screen Lefinition Files Comment
M T

Test Vector Files Comment
> >

‘heip genies/<{topic>) = help on genmie. try help genieshelp
(help sim/.Jtopicr) =~ help on simulator
(heif sim/setuc) - help on setup
Some simulato- commands
tpl inst) =~ prant instencel(bloch. module), shuwe CONNectiont
tpr Net: ~ praint net. srows connections
tgr Countt = ¢clozk count times
(sb count) - ster count times
tsnt net) ~ gets value 0F net as binary strang
fsr ret. ~ gets value of et as her string
twhodr:ves net) - show values of drivers cn net

$N anc¢ tnb no .longer using binding strengths
sef tnhne help i1nfo 1f you need the 0ld bena.ior

INGEF™ MECSaZE:  GRAPWILE  FORM OUVERLAY RECORL UTici™
EYIv_tim SIMU_ATE GFL DISABLE _CURRENCY
FLaTGFL
FLaTSGFL
GH
Cerrare

it - -
L EIMALRT SO

Figure A.18
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Random_{Logic “gensettle/settle/tutorbli_I Functionai Saimulator
———— ———— Genesil Versaion v7. 0
INFC CLOCW PAIR

pha phase_a. phb phase_b
#E_total = 0 15 E_cap=0. 12, E_1max=0 03 nJ
eP _dc = O 00 mw
oP_ac = 1 50 mW 85 S5v_OdegC@iOMHz(1 17 mW + 0 33 ml)
#Total power dissipation= 1. 50 e €5 Sv_OdegCR10MH:z

Done with command COMPILE GATE SWITCH LVL MODEL ----in Bloc: stutorbla_1
Times realwiSs, cpu=? b8 (usS 28, su2 4&s) (c=7 2s)

Erecuting command COMPILE LOAD_MODEL —-=—-===--— m———— ~=in Bloc: ‘tutorblik_1
Capazitance for ‘prase_a° 1s 0 06 p#

Caracitance for ‘phase_b "’ 15 0. 34 pt.

I Feal AL current to VS5 12844 uA
rey Parameters 212 transistors, Dissipation 1 % milliWattsedSveé, omn:
hey Parvametert (set 124) Modifired

Done with comrane COMPILE 1L.OAD_MDDEL --=---=r-oc--=-- in Bloc» ‘tutorpla_d
Times real=47¢. cpu=23s (u=16s. s=7 3s) (c=I3s)
Erecuting command MARK SIMULATOR BLOCK MODEL-~------1n Blocs stutorble_1

loaging model for type RL

Generating model for /mrt gen/gensettle/settle/tutordli_1 type RL

Done with command MARK SIMULATOR DLOCH MODEL-=~v-===- an Clocs rtutorble_.

Times real=s3is. cpumils (uxe Bs. s=8 43) (c=10s)
) Done with _agmmano BUILD_ALL
SIMuL&TION
GFuL
» Selecting Functional Moagel

A JAMULATE
> Crnecving 4;le currenrcy
V Irte nal Oc:ect Hierarchy, Initializes
) Comp.eting Cata Gatne-ing Fhase
» All é.les ave up to date
) DLone wuith currency check
) Lirsaing s:m mcdel

) pnasebr phase ¢t

GRAEmICS COVERLAY UTILTTY
QUEF ¥ HIER LEVEL ENVIRONMEN' NEWE  HEENE
BIND cven KUN_VECTORS SCRO-L b1lv _SCREEN
AZSERT STEF UNB IND FQZMaT _SCREEN
PRCFAGATE VERTFY _VAL_UE
Commare
CEIMI_ATION.
Figure A.19
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Random_Logic “gensettle/settle/tutorbli_1 Functional Simulator
————cee——— Qenesil Version v7.0
)

Y loasing model for type RL

) Generating model for /mnt/gen/gensettle/settle/tutorblk_1 type RL

) Done witn command MARK SIMULATOR BLOCK MODEL—==—-===jin Bloct stutorbla_1i
) Times real=3dis, cpu=ils (y=6 Bs. sw4 4s) (c=10s)

) Done with command BUILD_ALL

SIMULATION

GFL

} Selecting Functional Model

SIMULATE

) Cnecrning file currency

) Interral Object Hierarchy Initialized. ...

» Comgieting Data Gathering Phase

s 4&l] “:les are up to date
)

Uone with currency check
Linri1ng sim moael
} prasecaT phase_a phaseb= phase_d
BINnE
MULTIF_E_SI6S
alC3

[3:
INSEFT MESSAGES GRAPHICS OVEPLAY RECORD UTILITY
Balr MULTIPLE_SI1GS  CHOOSE_SIGS
MOVE _DOWN
MOVE _UF

< te CINL
CERIMULET ION .
! 2 Pigure A,20
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Random_L.ogic “~gensettle/settle/tutorblu_t Functional Simulator
--Genesil Version v7 0--

) Done with command MARK SIMULATOR BLOCK MODEL--—=~~—- in Block retutorbli_2
) Times real=31ls, cpu=lls (u=é Bs., s=4 4s) (=10g)
) Done with command BUILD_ALL
SIMULATION
GFb

) Seiecting Functional Model
SIMULATE
) Checking €1le currency
)} Interral Qo ect Hierarchy Initialized. ..

) Compieting Data Cathering Pnase
) A1l fi1les are up to date
) Done with currency check
) Linking sim model

prhesenas pohase_a phased™ phase_b
CIND
MULTIFLE_E1GS
&lC]
C
(1)
H
ale?
o
alz?2
1
cll3
V]
LR}
ticl
C.
pL{2]
1
L4ty
Trlet
&

INSERT  MESSALES GRAPWILS OVERLAY RECONRD UTILIT
E&ly QuERY HIEF Levic ENVIRINMENT NEWSIREENS
EInt Criu RUN_VECTORS SCROLL F1Cvy _SCREEN
AZECRY ETER UNB IND FORMAT _SCREEN

PRJIPALATE VERIFY_vALUE

Lomeanz
CEIMIULRTION D

Figure A.21
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. Type in pi and depress RETURN (Figure A.21).

i. Now the screen should look like Figure A.22.
which has simulated the block for proper logic. Other values
may be inserted by using the previous steps beginning with c.

j. Now select BACK, then EXIT_SIM, with a CONFIRM to
return to the Executive menu (Figure A.17)

5. Timing analysis will now be performed on the block.

The Timing Analysis Users Guide contains detailed information

concerning tiring data and commands:

a. Select TIMING (Figure A.17).

F. The syster shculd be in the Tiring Analyser
function as shown in Figure A.23.

c. CSelect CLOCKS, and 211 object clock inferrzticn
is as shown iz Figure A.24.

d. Select BACK ( Figure A.24).

€. Cfelect PATE_DELAY (Figure A.23). The screen n:ov
shows a2 lie* ¢f all user generated nodes or signals (Figure
A.25). Bv selecting source and destination signals fror the
list. the svs*em calculates logic propagation delays between
the selected nodes (Figure A.26). This is where the detailed
schematic may be useful.

f. Select BACK (Figure A.26) to get to Figure A.23,

then BACK to exit timing, followed by CONFIRM.
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Random__Logic “gensettle/settle/tutorbli_1 Functional Simulator
Genesil Version v7 O -

1 loacing model for type RL

' Generating model for /mnt/gen/gensettle/settle/tutorble 1 type R
) Done with commend MARK SIMULATOR BLOCK MODEL---~—---in Bloci Jtutorblk_1
) Times real=31s. cpusmils (ymgs Ps. sm4 J3s) (cwiQ0s)

) Deone witn currency check

) Lanmbing saim model

) phasea= phase_& phaseo= phase_b

BInD

MULTIF_E_S16¢S

al0?

[

al1sl

1

-
LU
(W)

-
-
']

-
M
s

[ A B L BT e N
e
o w
o

o

~
W
[

1
Baly

“viLE

b
tute tla_1 1s of type gart.ock/Tl with 10 porte

cert v (I prase_a to NI = 3
v eg2tt 1 U1 prase_p tc NI = (
copere £ 0 0é41(8 02 te NIeS = 10111
cemt X} T3 to NIead = 30310
v
K

to-t & BIiZ 0 tc NlisZ = 1:01

OVERLAY UTILITY
Lalr Q EF ~1EFR_LE JFL ENVIRONMENT NEWS . REENS
Tl ik Run_VEITORS SCROLL F1Cv _SCREEN
MICERT STEF UNG INT FORMAT _SCREEN
FROFALATT VEFIFY_vALUE
DM anc

Lim, =710

Figure A,22
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Random_Lagic- “gensettle/settle/tuterblik_ 1 Timing Analyzer
Cenesil Version v7.0

TIMING ANALYSIS REPORTYT

IOt ject Type BLOCK Functaon Type Random_Logic
Technology Ci Fab Line: VTC_CPiOB
Setup Files
inder file_name comment incluge

o °
Process Corner

GUARANTEED TYPICAL

Operaring Condgitions

Jurirtion temperature - Supply voltage ——
Current Clock Desinaition

Phase 1 - Phase & -

INSZFT MESSASEES GRAPHICS FORM OVERLAY RECORD UTILITY
Bhlr CLEAR_CSETUP: CLOCKE OUTPUT _DELAY DISABLE _CURRENCY

READ_SETuUP: SETuF _HOLT PATH_DELAY VIOLATIUNS
NODE _SETUF NODE _DELAY

Figure A, 23
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NPV PPOROPONSCRCANISERNOBRCORRRTORNIEERRRBVEPRARIRRORRIRRRERRPLBBELORBRBASGOPRPES
Rendom_(Logic “gensettlie/settle/tutorblh_1i Timing Analyter
Cenesil Version v7 Qemecmcmrecm e e e -

CLOCK REPORT MODE

Fabline VTC_CP10B Corner TYFICAL
Junction Temperature 75 degree C Voltage 5 OOv
Phase 1 pnhnase_a Phase 2 phase_b

Included setup files ocefault setup file

CLOCK TIMES (minaimum)

Phase ) High- —— ns Phase 2 Hagh 10 & ne
Cyclie (from Pni1 ns Cycle (from Pn2, 25 € e
Minimum Cycle Time ns Symmetric Cycle Taime < " ns

CLOCv. WORSY CASE FATHS

Minimum Phase 2 hior t:me is 10 @ ne set by
Nooe Cumvlative Delay Transition
tirternal 10 § Tise
alcout g 9 fall
8l0) - [Tane fall
Minimurm cycle time (érom FH1. 14 10 § ne set by
Node Cumulative Dielay Trantition
tinternal) 10 @ rise
a0cut e < tal)
all3 ¢ 0 tall
Manmimum cycle tige (from FPri s €1 9 ns set by

#e Cicch deiay 1 &rs 1Y 9-1:17 7) eyzle_shaving disadlec

Noce Cumulative Delay Transition
INSERT MESSAGES GRaPHILE  FORM OVER_AY RECORLD UTILT Y
BACH PHASEZ _niGH CYCLE Pt Dume AT _THRESHOLL
CYlLE_FPHc QUMM _LAT(H

DTIMING CLOune
Figure A, 24
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L2 T2 R 222 XY IR 2222 Y YIS AL ST L A RS2 2212222 222222222 22222 220 22 2 23
Random_Logic “gensettle/settie/tutorbliu_1i Timing Analyier
- Cenesil Version v7. 0 -
FATH DELAY MODE { NODE_NAME
- ta0i0]
Favline VTC_CP10B Corner TYPICAL ‘801
Junction Temperature:. 75 degree C Voltage: 5 0O0v ta0icl
Phase 1. phase_a Phase 2. phase_b {a0(3]
Inciuded setup files defavlt setup file ‘a0cout
‘al0d
PATH DELAY (ns) taltl
Source Destinataion Ph1 Delay Ph2 Delay ‘alc)d
Min Max Min Max el 2

tgfFLLA]
iphase_a
.phase_c

Encer [gtraing)
Tir1ns FPATH _DELAYD

Figure A.25
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Random_Logit: “~gensettle/settle/tutorble_1 Timing Analyzer
Genesi] Versaon v7. 0 -
PATH DEL_AY MODE H NODE _NAME
—— 1a0(02
Fabline WVYC_CPLIOB Corner TYPICAL ‘a0l
Juriction Temperature. 75 degree C Voltage S O0v ‘a0lQ)
Pnase 1 phase_a Phase 2. pnase_b 18033
Includea setup files default setup fale ‘al0cevt
----- ‘al0l
PATH DELAY (nu) talt)
Source Destination Pnrn1 Delay Ph2 Delay a2
Min Mazx Mmn Ma: al 33
ate: a01{0) 38 42 3 8 4 2 PAILICD
al1l 2013 36 S 0 36 S 0 FA:pl:)
al2: a0(2) 38 S 1 3 8 S 1 PA:plxl
alZ2__ a0(3) 39 S 1 39 5 3 PAIL[3:
igéfy1L03
todei1)
g€l
refé1i3)
taéerial
‘phase_a

lprase_o

strinol

TTIMING taTm_LE_AY.

Figure A.26
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6. Now tc exit Genesil:
a. Select EXIT_GENESIL (Figure A.15).
F. Select CONFIRM.
€. Select appopriate log command. The block is
stored in the user's account regardless of which log command
is selected. It is best to not save the log in the interest
of memory, unless a future printout is desired.
cC. TUTORBLK_2 BLOCK
This section is a user exercise to build a block named
tutorklk_2 by following the steps illustrated in sectior R.
This block is necessary for the completion of the chip in
section E.
The rlzock will contain six randor logic objects.
consistinge cf € inverters (10~-i4) and a 5 bit D F/F (DFFS).
The pre-rlanncd scheratic of the block, includinz all

necessary ciznzl

peldie R T -

1"y
V0

o]

ames is shown in Figure A.27.

f
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tutorblk.2

DFF1[0] i0
i0 S—
DFF1(1] il
il
DFF1[2] i2
i2 DFF5 —DFF5([4:0}
DFF1[3] i3
i3
DFF1[4] iq
i4

Figure A.27 Tutorblk_2

To ensure that the block functions properly and will
connect properly to the chip, make the specification menus
match Figure A.28 through A.32. Then compile, simulate, and

perform timing analysis as in section B.
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Random_Lopic - “gensettle/settle/tutorbli 2 Random Logic Blocs Editor
Genes:l] Version v7. 0

RANDOM LOGIC Functional Specification:

DEL EDIT MOVE 0: SINVERTO_  (INVERT)
DEL EDIT MOVE 1 DINVERTI_  (INVERT)
DEL EDIT MOVE 2 DINVERTZ_  (INVERT)
DEL EDIT MOVE 3 SINVERT3_  (INVERT)
DEL EDJIT MOVE 4 DINVERTA_  (INVERT)
DEL EDIT MOVE S. SDFFS___  (DFF)
INEIRT MESSAGES ORAPHICS FORM OVERLAY RECORED UTILITY
AZCEST_FORM CHECK_FORM NE W MOVE _GROUP VIEW
PIGEONAULE Save SI1GNALS DELETE_GROUP TEXT_SPLC
CanEL TECH_CHECK UNUSED EDIT_GROUP

SDEFINITIOND
Figure A,28
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Iz 2y e YA Y T Y 2P vy Y Y R 2R 2 22 222X 2222 R R 22224 2 22 2 S X sl
Random_Logic “~gensettle/settle/tutorblk 2 Random Logic Blocr Eaiter
----- Genesil Version v7.0 -

Random Logic Bleock Specification

Block type INVERT
Block 1ndexr O

Name S INVERTO_
Drive Strengttk >1
Regime
Connector Width | Timing
IN 1 1 Proptt¢) D>d¢#1(01
ouT 1 1 Prop(t) >i0
INSERT MESSWGES GRAPHICS FORM OVERLAY RECORD UTILITY
Laln NEXT CyPAND

COEF I ITION
Figure A.29

19
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Random_Logic. “gensettle/settle/tutorblik_2 Random Logic Block Editor
Genesil Version v7. 0

Random Logic Block Bpecitication

Block type DFF
Blocr i1nder. S

Name >DFFS
Widtt >.5
Regime

Connector Width I Timing
PrHx 1 Phase X >phase_o»
PHY 1 1 Phase VY >phase_bd
IN S 1 vyit=-1) >i4,43,12.11., 10
ouT S 1 Sy(t) >d¢¢5(4:0)
LOAD 1 1 vytle-1) >TRUE

INSERT MESSAGES CGRAPHI(LS FORM OVERLAY RECORD UTILITY
Lalr PREV CONVERT ExXPaND

CDEFINITIOND F@‘uz’_A.SO
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Random_Logic “gensettle/settle/tutorbli 2 Random Logic Block Editor
Genesil Versaion v7.0
Random Logic Block Specification

Block type DFF
Block 3ndesx. S

Name DFFS
Width -_5
Regime
Connector Width | Timing
PHX 1 1 Phase X [ QD] >hhase_a
PHY 1 1 Phase Y + 01 Sphase_pb
IN S 1 vylt=-1) L 4) >i4s
£ 33 >i3
€2 e
1) >il
[QENeD] 10
ouT 5 1 Syt { 41 rafe5041
32 P X 2-14<D!
[~ SdFESLRI
L1 NeFESLL)
t 01 SdFESLO2
LOAL 1 1 wytt~1) { 0l STRUE
INSEF T  MESSAGES  GRAPRICS  FO&M OVERLAY RECORD UTILITY
Balu FREV CONVERT COMPRESS

CLEFINITION.
Figure A.31
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Random_Logic “gensettle/settle/tutordbln_2 Random Logic Flock Editor
Cenes1l Version v7.0
SIGNALS
New signal type INPUT OUTPUT 10 LocaL
Inputs

DEL 1CBL >aff1(4]
DEL 10BL SefFLILIY
DEL 10BL >dff1l2)
DEL I10BL rdfé1l1
DEC 108L 2aff1L02
DEL 10BL phase_a
DEL 108L Zphase_b

Outputs

DEL 1080 d6£504)
DEL 10BL Se€45023
LEL 10BL »d¥€502)
oEu 1CBL Sef£5(012
DEL I10BL >0€$5001

Locals

DEL I1GB. 10
DEL 10BL R
DEL 10BL sia
DEL 10BL Lz
DEL 1GBL >4

Erter neuw tigra. rame s [string)
CDEFINITION. S150ALS
Figure A.32
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D. MULT_MOD MODULE

This section illustrates the design of a 4 bit multiplier

l

MS_CARRIES[2:0]

—

Ms_suM{2:0)

1

i
-

ADDER 3 BIT |
_ J

LS_OUT[3:0]

module. The detailed schematic is shown in Figure A.33.
MULT_MOD
al3:0)
b[{3:0] — LIBRARY_MULT

S7 s6 S5 s 4
| l |
I R B
DFF_8 BIT }

TR AR R

«r 7 P6 PS5 P4 P2 P

9
9
12
'
D

Figure A.33 Mult_Mod Module

Library_mult is a Genesil system library parallel multiplier

block. The external adder is necessary to complete the

multiplication. Detailed information concerning the ﬂ

multiplier block is contained in the Genesil Silicon Compiler

Library Volume I, Blocks.

1. The user should proceed as in the previous sections -T
up through ATTACH NEW (Figure A.5):

a. Now select GENERAL _MODULE (Figure A.5).

123

Q




b. Go BACK, name the module Mult_Mod, by tyring it
in nex»* to *he prompt. and attach it to the tree as in the
previous sectioens.

c¢. Select DEFINITION from the Executive menu.

d. Select HEADER (Figure A.34), then VTC_CP10B for
Fab line, and ACCEPT_FORM.

e. Now select SPECIFICATION to pull up the Module
specification menu. No objects are on the menu yet.

f. Select ATTACH_NEW, then RANDOM_LOGIC. The user
will now be prempted for a name. Name the first randem logic

object adder 2bit.

o)

c. epezt for dff_g8bit.

L. Xow select ATTACH_NEW. then select BLCOCK. and

- _mult when prompted. When complete. the screen

th
4]
r
[ 3]
t
m
e
97

azh sub_cotbk’ect (adder_3bit., df
library mul+' must now be defined.
<. Starting with adder_3bit, select DEFINE (Ficure
A.38). Then select HEADER and specify RANDOM_LOGIC for obiect
type on the Header fcrm. Fab line can be specified. but will
be automatically taken care of at the module level. Select
ACCEPT_FORM.

k. Next select SPECIFICATION which pulls up a RANDOM
LOGIC Func*ional Specification Menu. Select NEW, then ADDER

fror the rmern: provided.
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SOOBCPINIONNIERNVIELIRRRVCREPRIORIBASONRRPRBANNRGADOOIRRCRVERGINLSIREOREOODOIOASES
Moaule “gensettle/settle/tutorial_mod Definition
Cenesil Version v7. 0

Macule Type  GCENERAL

Technology CMOS-1

Fab line

AMI_CT20A CEN_CN20A GCEN_CN30A

GCEN_CP12A CES_CP12A 1MP _CP20A

NCR_CN20A NSC_CN12A NEC_CN20Aa

ORB_CN20A RIC_CN20A SSC_CN20A

US2_CN20A VTC_CN16A VTC_CP10OE

VTC_CP12A VTI_CN20A
Createa By gensettle Date Mon Aug 22 15 40 26 19868
Last Modifired Date: Mon Aug 22 17 35 45 1588
Status
Placed Yes Routes No

Compile parameters

COMPILER TYPE STANDARD NONE ESTIMAYE
Power Adjuster >1 00_ (multiplier)

Flatten (OFF. OND Estimate (OFF,POWER. CLOCK. BUS. ALL)
Notes

>This _1s_a_general _module_whaich_will_be_constructed_top_ocown _The_mod__
swill_contain_a_ladbrary_4_tat_multaplier. _3_tait_ripple_adoer. _ang
D_¢/€°'s

WU

INSEFT MESSAGES GRAPHICS FORM OVERLAY RECORD UTILITY

&£ZCEPT_FORM
CanZEL

. DEF INITIONLHEADERD
Figure A.34
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Module “gensettle/settle/tutorial_mod

Deéinitaon
Cenesil Version v7 O

Sub~0b jects Name Type
vedder _3b1t Random_lLogic DEFINE DETACH
>dff_Boat Random_Logac_____ DEFINE DETACH
>library _mult MULTIPLIER DEF INE DETACH

ATTACH_NEW ATTACH_EXISTING
INSEFT MZSSAZES GRAPHICS FORM OVERLA Y RECORD UTILITY
ALCEFRT _FORM wEADER ATTACH

NET_NETLIST
OLJEZT _NETLIST

CDEFINITION.
Figure A.35
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1. Go BACFK to the Specification menu and it should
look like Figure A.36.

m. Now select EDIT, and fill out the Randor Logic
Block Specification menu as shown in Figure A.37. Select
EXPAND and the menu should look like Figure A.38.

n. Starting at step j, follow the same procedures
with dff_8bit. The RANDOM LOGIC Functional Specification form
(Figure A.39) and Random Logic Block Specification form
(Figure A.40) should be filled out as shown.

©o. Proceed the same way for library_mult. but
rerember to select rultiplier ¢n the Header form.

p. Fill out the MULTIPLIER SPECIFICATION menu as
shown in Figure A.41.

¢. Select ACCEPT_FORM (Figure A.41), then BACY¥ to
the Module Specificaticn Forr (Figure A.35).

2. The meodule must now be netlisted:

a. Select CBJECT_NETLIST (Figure A.25).

b. Tyre in adder_3bit (Figqure A.42) next to Object
Nare. Ancther way to do this is to mouse Object Name, depress
Return, arnd a list cf sub-Obijects is pulled up on the righ+
side of the screen for selection.

c. Proceed through the Net Name list, and select E.

next to attributes, for external for all signals. This is

necessary to make the module function correctly!

d. Select Object Name, and type in dff_8bit (Ficure

A.42). Do the sare as irn c above.
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Rendom_togic: <nsettle/settle/tutorial_mod/adder _3bit Random Logic Block Edator

Genesil Version v7.0

RANDOM LOGIC Functional Specification:

DEL EDIT nmOVE (o) >ADDERO__ (ADDER?

INSERT MESSAGEES GRAPMICS

ATCEST _FORM CHECH_FORM
F 1GEQNMULE SavE
CANIEL TECH_CHECH.

CDEFINITIONCDEFINED

FORM OVERLAY RECORD UTILITY
NE W DELETE _GROUP VIEW
SIGNALS EDIT_GROUP TEXT_SREC
UNUSED
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Random_Logic: <nsettle/settle/tutorial_mod/addar_3bit Random Logic Block Editor

Cenes1l Version v?2. 0

Rangom Logic Block Specification

Block type ADDER
Block 3noex O

Name >ADDERO__
Width >3
Regime
Connector Width ¢ Tamang
A 3 1 Prop(t) >MS_SumMiz: 0)
B 3 1 Prap(t) >MS_CARRIES(2: 0]
ouT 3 1 Proptt) >386.85. 84
CIN 1 1 Praptit) >FALSE
couT 1 1 Propt(t) >87
FEED 3 1 Feedthry DFALSE®2

. UEFI.ITION - DEFINE

OVERLAY RECORD UTILITY

EXPAND

Figure A,37
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dlock type ADDER
Block inderx O

Name 2ADDERO __
Width .3
Regime
Conrector Width ! Timing
A 3 1 Prop(t) ¢
4
4
[ 3 1 Proptt) C
4
t
ouT K] 1 Prop(t) C
4
. s
CIN 1 1 Propit) I
COuvT 1 1 Fropt(t) {
FEED z 1 Feedthru C
4
4

CDEF IR IT I DES INEL

2]
1)
(D}
2]
1]
o3}
2]
1)
01
(o3
0l
2)
1)
01

BOPRRRROBE NP RN SRR OP RN PIEOIIROBE VORI RNRRERRROCRCRRNOOPIRNRPOARRRBIRENRIORTRONRRERIESE
Random_Logic <nsettle’/settle/tutorial_mod/adder_3bit
Genesi! Version v? O

Random Logic Block Editor

SHS_SUML2)
SMS_SUM1)
SMS_BUMLO)

Random Logic Block Specification

SME_CARRIES[2)

>MS_CARRIES(1)
SMS_CARRIESLO)
o886

I

>85

>34

»FALSE

>87

FALSE

SFALSE

~FALSE

OVERLAY

Figure A.38
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DEL EDIT mMOVE o] >DFFO (DFF)

AILEFT _FORM CHECH» _FORM NEW
FlGENmOLE SavE S1GNALS
CaniE. TECH_CHECHK UNUSED

CDEFINITION: LEFINE:
Figure

...'I0.0...QO'....Q..0'.'..0'0....'............0.QQ.....'.Q.....QQ..'..'Q'.....Q

Random_Logic <gensettle/settle/tutorial _mod/d¢é _Bbit Random Logic Block Edator
- Genesal Version v7. 0O —— -

RANDOM LOGCIC Functional Specification

OVERLAY RECORD CTILITY
DELETE_GROUP VIEW
EDIT_GHOUP TEXT_SPEC

A.38
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Random_Logic <gensettle/settle/tutorial _mod/déf_Bbit Hanoom Logiz Elock Editor
—— Cenesil Versi1on v?. Q-mrmmceccm e e e e e e

Random Logic Block Specification

o K

Block type DFF

i Bloch ingexr O
Name >DFFC
i Width -
Regime
Lonnmecter  Widtn i Taming
Phx 1 1 Phase X phase_a
Pry H 1 Phase Y Sphase_b
IN € 1 vwyt-1) 287,86, 85,84, L5_0UTL3 0)
ouY € 1 Syt »P7,P6.P5.P4.P3. P2.F1,. PO
LGAD i 1 vyit=~1> >TRUE
SFA“HICS FORM OVERLAY RECORD UTILITY
Bacy CONVERT ExXPaAND

SDEFINITIONDEF INE! .
Figure A.40
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MULTIPLIER <gensettle/settle/tutorial_mod/library_mult MUTIPLIER Block Editor
- Cenesil Version v7.0
MULTIPLIER SPECIFICATION

MC Waidth >4
MP Wigth >4
Input Latch NO VES
Dutput Latch: NO VES

Width Timing

Muiziplaer

MF_IN <4, 1 T >al3: 0]

Multiplicane

MC_IN <4 1 p7 >6(3.013

LEF

, LS _0OuTt LAl o pr >LS_0uTE3 01

STicwky <2 c pr >ETICKY

2CRC Scalar ¢ pr > ZERQ

MEL

M _SuUmM . 3. o pr MS_Sumi2 03]

ME_“ARRIEZ <3 o oT >MS_CARRIESIZ 03

GRAPHICSE FORM OVERLAY RECORD UTILITY

HCCEFT _FORM CHEC» _FOR™ TEXT_SFEC ViEw
FIGEDN-ILE SAVE
Caniio

Enter (cmmendg
COEFINITION.DEF INEL
Figure A.41
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Module “gensettle/settle/tutorial_mod Leéinition
Genesil Versaon v7. 0

Ob ject Name. Dadder_3b1t FIRST PREV NEXT LAST

Misplay NONE CHECK_RESULTS LENCTH SIG_TYPE PRIORITY

dort by NET_NAME CONNECTOR_NAME ATTRIBUTE INTERNAL_EXTERNAL

VEFAULT/USER /BOTH Name Net Name 1-€ Attribute

MS_CARRIES(2 0] O>MS_CARRIES[2: 03 I E NA EDIT
MS_SUuM(2 0) >MS_SuMl2: 0] 1 E NA EDIT

sd >s4 I E NA EDIT

5 285 I E NA EDIT

[ 1) Y- I E NA EDIT

$7 e7 1 E NA EDIT

v

INSER™ MESSASES GRaAPHITE FORM OVERLAY RECORD UTILITY
ACCEFT _FORM CHEC» _SPE( NET_NETLIST SPECIFICATION WRITE SPEC
FIGEONMOLE VIEW_DRC_NETL1GT READ_SF¢C
CANCEL SAVE

Enter [strangl
SDEFINITIONMOBJECT _NETLIST.

Figure A.u2

134




AP RPN N PSRN PN NN NN RO RN ORI O RPN ANRNOROROERABONRARRRNPPRERIRSROARIABCRENNERRINOEORARS

Module: ~gensettle/settle/tutorial_mod Deésnition
—— Genes1l Version v? O---~ewmmeccncaccan—— -
Ob ject Name >déf_8Bbit FIRST PREV NEXT LAST
“1zsplay NONE CHECK_RESULTS (ENGTH SIG_TYPE PRIORITY
sSort by NET_NAME CONNECTOR_NAME ATTRIBUTE INTERNAL_EXTERNAL
DEFAULT/USER/BOTH Name Net Name I-E Attribute
LS_0uT(3 o1l >LS_OUTI3. 03 1 E NA EDIT
PO >PO 1 E NO_READ EDIT
P1 >P1 1 E NO_READ EDIT
P2 >P2 1 E NO_REALD EDIT
P3 >P3 1 E NO_READ EDIT
P4 pd L I E NO_READ EDIY
PS5 ! E NO_READ EDIT
Fe 1 E NO_READ EDIT
(4 1 E NO_READ ED1T
phase _a 1 E NO_DRIVLHK EDIT
prase_b 1 E NO_DRIVER EDIT
s 1 E NA EDIT
, =8 1 E NA EDIT

E 1 E NA ECIT

s7 1 E NA EDIY
-

N T MESSAGES GRAPHICS FORmM OVERLAY RECORL UTILITY
ALCEFY_FORM CHECLR _SFEC NET_NETLIST SPECIFICATION WRITE _SPEC
PIGESUHELE VIEW_DRC_NETLIST READ_SPEC
CANLE SAVE

Frte- [exrang)

LOEFINITIONDOBUECT _NETLISTY
Figure A.43
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e. Select Object Name, and type in library_mul+

(Figure 2.44'. Do the same as in ¢ above.

f. Now select SPECIFICATION (Figure A.44) tc check
the netlist. The system will state if valid or advise of
errors which are listed by using VIEW_DRC_NETLIST.

. 3. The module must now be floorplanned. Simulation and
timing analysis cannot be performed on a module prior to
netlisting and floorplanning.

hl a. After netlist validation, the screen should show
- a module Definition menu. If not, go BACK or ACCEPT_FORM to
return tc the Definition menu. Select FLOOR_PLAN.

. Ficure A.45 should now be on the screern. Ffelect
PLAZEMENIT (Figure A.45).

¢. Next select each unplaced block (Figure A.46)

until all azrez rlaced. Blocks may be moved by hooking the
object with the MOUSE. The rest of the commands are explaired

in detzil in Thapter 6 of the System Descriptiorn Applications

d. Next go BACK (Figure A.46) to Figure A.45.
€. Select PINOUT (Figure A.45).
f. Now select AUTO_PINOUT (Figure A.47).

g. Go BACK (Figure A.47) to Figure A.45.

jo

Select FUSION (Figure A.45).

Select AUTO_FUSE (Figure A.48).

[¥h

J. Now go BACK (Figure A.48) to A.45.

136




_ e 222222 222 e 22222222222 222222222 222 2222222 2222222 X2y TLLY TR YYY Y]
Modvle: “gensettle/settle/tutorial_mod Definmitaion
GCenesi) Version v7 O
Ob yject Name: Dlibrary_mult FIRST PREV NEXT LAST

Nisplay NONE CHECK_RESULTS LENGTH SIC_TYPE PRIORITY
sort by NET_NAME CONNECTOR_NAME ATTRIBUTE INTERNAL_EXTERNAL

DEFAULT/USER/BOTH Name Net Name 1-E Attribute
LS_OUTL3: 0) LS _0UTL3: 01 1 E NA EDIT
MC_INC3 01 >6[3 0) 1 E NO_DRIVER EDIT
MP_INC3:0) >al3 013 1 E NO_DRIVER EDIY
. MS_CARRIES(2 01 >MS_CARRIESI[2: 0) 1 E NA EDIY
R MS_SuMt2 0] >MS_Sumi2. 03 1 E Na ELIT
STICKY[1. 0) >STICKY(L:0) 1 E NO_READ EDIT
ZERD >2ZERD 1 E NO_READ EDIT
INSERT MESSACES GRAPHICS FORM GVERLAY RECORD UTILITY
ACCEFRT_FUORM CHECZY _SFEC NET_NETLIST SPECIFICATION WRITE_SPEC
PLIGE HOLE VIEW_DRC_NETLIST READ_SFEC
CANCE. SAvVE

Enter [string)
DEFINITION-OBUECT _NETLIST.:
Figure A. 44
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Module. “pensettle/settle/tutorial_mod
Qenesil Version v7.0

Fioorplan

CANCEL
“ONF IRM
SACH
S_NULL. s_L1 1, DEFINE “DEFINE"
SPECIFICATION
) Specification 1s read
BLOCK s_L1 O, EDIT
EXPAND
BACHK
CANCEL
CONF IR
Baly
$_NJLL. s_L1 2. DEFINE “"DEFINE"
SPELIFICATION
ChaNZEL
CONF IPM
B4ty
OBUECT _NETLIST
» metlist versior 1 O
NEXT_NAME NEXT
) dfé_Boart
NEXT_NAME NEXT
) labrary_muls
CANCEL
CONF IrM
DEFINITION
FLIORPLAN
Checbirng file currency
) Internal Ot ezt mierarchy Imitializea
) Compgleting Data Gathering Phase
i All 1mput files are uwp to cate
) w#igr=z ftotalplolu=2
) @emchnligr=g
) Read spec 1s done
)

sulogo=0C
INSERT MESSAGES GRAPHICS OVERLAY
oone PLACEMENT
CANCEL FINOUT
FUSION
Commang

SDEFINITIONFLOORPLAN:
Figure A.u45
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Module “~gensettle/settle/tutorial_mod

Qenesil Version v7. 0

Degree cf Freedom : MOVE( ON/OFF )

Floorplaen

ROTATE( ON/OFF )

{ Unplaced_block

JISPLAY VECTOR( ON/OFF )

iagoer_3bit

! MODE - Edge_Density( ON/OF !a¢¢_Bb1¢

‘livrary_mult

INSEERT MESSAGES GRAPHICS OVERLAY RECORD UTILITY
Ealv BEST _PLACE CENTER FI
PLES”™ E_nll L1ST_BEEY PAN IDENTIF Y
Ter7 _ire” CHECK_SPEC SCALE
AUTO_PLACEMENT 200m™

Errer tlocr te FLACE(str)
CLEFINITION. FLOORPLANS

Figure A.46
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Module “gensettlie/settle/tutorial_mod Floorplan
----------- Cenesil Version v7 0
Moge ADD_CONNECTOR MOVE_CONNECTOR REMOVE _CONNECTOR
Edge NORTH SOUTH EAST WEST
NORTH _CONNECTOR EAST_CONNECTOR SOUTH_CONNECTOR WEST_CONNECTOR
' STICKY[0] LS OUTtOJ at27
ETICKY(1) LS_OuUT(1) al3])
ZERUT LS_DUTL2) bl2)
: LS_OUT(I] pL31]

MS_CARRIESIOI_ >
MS_CARRIES(11_
MS_CARRIESL2)__
MS_BUMCO)
MS_SuMC 1)
MS_8UMI2)

PO

|

INSERT FORM OUVERL_AY RECGRD UTILITY
BAalr _
SSET_PINJUT SET_ELGE
Tea™ _5FEC

Ente- ccnnector ramelctr)

SLEFINITION. €L00%CLAN.
Figupe A.47
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Mogule “gensettle/settle/tutorial_mod

Floorplan

GCenesil Version v72. 0 -

Erte- s.-saer o FUSEIpnt]
CLEFINITION. FLOORFLAN
Figure A,u8
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k. Select DONE (Figure A.45), followed by CONFIRM.

If all goes well, the floorplan will be complete.

4. Now simulation and timing analysis can be performed
as described in the previous sections.
E. TUTOR_CHIP CHIP

This section is a tutorial for a top-down chip design of
a chip named tutor_chip. The chip consists of tutorblk_1 and
tutorblk-2, a clock, input/out pads, a VSS pad, and VDD pad.

A schematic with signal names is shown in Figure A.49.

DATA vDD
IN tutorblk_2
DFF1
tutorblk_1 {0] i0
i0
AQ[3:0]
DFF1[4:0] [1] il
AQ DFF1 il
al[3:0] AQ courT
b{3:0] (2] i2
4i2 DFF5
(3] i3
i3
(4] iq
id
CLK
DDF5{4:0]
DATA
VSS ouT

Figure A.49 Tutor_Chip Chip
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1. Definition and Specification:

a. Proceed as in the previous sections down through
ATTACH NEW. Now select CHIP from the Executive menu (Figure
A.50).

b. Name the chip tutor_chip when prompted, and
attach it to the tree.

¢. Select DEFINITION and HEADER. On the Chip Header
form (Figure A.51) select Fab line VTC_CP10A and leave the
Package Type as NO_PACKAGE.

d. Select ACCEPT_FORM (Figure A.51).

e. Now select SPECIFICATION from the Definition menu
and the screen should show a blank Chip Specification form
{Figure A.52).

f. Next select ATTACH_NEW (Figure A.52) and BLOCK
(Figure A.53). Name the object data_in when prompted.

a cust like the rodule, each sub-chiect on the chin
must be defined by using the appropriate Header anrA
Specification forms.

h. Select DEFINE next to data_in on the Chip
Specification menu.

i. Select HEADER from the next screen. Select PAD
from the Header form for Function type (Figure A.54) and
CONFIRM. Select ACCEPT_FORM.

j. Next select SPECIFICATION and the screen should

show a PAD Functional Specification menu (Figure A.55).
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User: “gensettle/settle Executive
Cenesil Version v7. 0

START Genesil job “~gensettlessettle/tutorchip on microl
Mon Aug 22 22 02.41 1988

Cenes1l (tm) System Version v7. O
Copyraight S1licon Compiler Systems Corporation 1988

Licoensse” Material =- Program Property of 8CE -« Al] Raights Reserved
This software 31s protected as an unpublished work and the copyright notice
does not aimply publication This software contains confidentia)l trade
secrets of Silicon Compiler Systems Corporataion The repraduction.
transfer or use 0f this software or the supporting documentation is
governed by & license agreement with SCS. enc the software shall be used

solely 1n accoroance with such agreement

RESTRICTED RIGHTS LEGEND

Use. duplicatior or oirsciosure by the Government
18 subject tc restrictions as set forth :n
subparagrapn (c)(1)t132 of the Rights 1in
Technical Data and Computer Software clause
) at 25¢ 227-7013
)
)
CONT INUE
SELECT_OBUECT
ATTACH
NEW
INSERT MESSAGES GRAPHICS OVERLAY RECORD UTILITY
CANCEL BLOCK CEMNERAL _MODULE CHIP CHIF_SETY
ParaLLEL_DF
RANDOM_LODGIC

e T M e e e e e e e v e e e e

ATTACH New Db, ect Type

DBELECT _OBJVECTLATTACHINEW.
- ’ Figure A.50
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Chip “~gensettle/settle/tutor_chip Deéinition
Genesi]l version v7. 0

Object Type CHIP

Technology

Fabt laine
AM]I _CT20A CEN_CN20A GEN_CN30A
GEN_CP12A GES_CF12A ImP_CP20A
NCR_CN20A NSC_CN12A NSC _CN20A
ORG_CN20A RIC_CN20A SSC_CN20A
USZ_CN20A VTC_CN16A VvIC_CP10B
VYL _CP12A VT1_CN20A

Fachage Type
CLLCC100¢4 CLLCC124y CLLCC13ze
CLLCCi3eg CLLCC68ao CLiClobob
CLrlCobal CLLCCBAg CLLCCBAGB
CuLllBadl CPCAIOCe CPLAL0He
CPeAIDe CPGAI3ZC CPGA144¢
CPRGALATS CEGALBOS CPGAtIBUg
CPsaz4es) CPGA2Z4f2 CPRGABEBC
(PGaB4: CPGAB4c CPGAGAe
CSEZE: CSGAOC CSB4Ja
Cebase CShobc IVT_#+nC
PDIF 4O FDiF4s5C FDIFeéc
PLDICa4c F_UlCobe P.DCiB4e
PPG~107e PEGALZ0e FPGAL149¢

NO_~ ACRAGE

Createc by gensettle Cate Mocn Aud &2 22 04 23 158&
ast Modifiec Date Morn Aug & 22 04 Z3 1+Bc
Status
Flacecs e Ruuted Ne
Compile paramete-s
COMPILEF TVYFEZ STANL &R T Estimate (OFF.POWER. CLOIK. BUS ALL)
GRA®mICE  FORM OVERLAY RECORL UTILITY
HlCEFT _FOFRM
CANIEL
CDEFINITION. mEALER. . 1
iITION mEALE Figure A.51
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Chip. “gensettle/settle/tutor_chip Defsinition
Cenesil Version v7 Q-—-vom——oe——— e —————————
Sub—0b jects Name Type
ATTACH_NEW ATTACH_EXISTING
INSEFT MESSAGES  GRAPHICS  FORM OVERLAY RECORT UTIL Iy
W CEST_FORM HEADER ATTACH NET_NETLIST

OBJECT_NETLIST

CDEFINITION
Figure A,52
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Chip. “gensettle/settle/tutor_chip Definition
Genesi] Version v72.0 -

Sudb—~0t yjects Name Type

ATTACH _NEW ATTACH_EXISTING

FORM UVERLAY RECORL UTILITY
CANCEL B Gl GENERAL _MUDULE
FARALLEL_FATH

RANDIM_LDGIC

new Ot ;sct Type
CDEFINITION, ATTACH ATTACH_NEW!

Figure A.53
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General_Block “~gensettle/settle/tutor_chipsdata_in

Obgject Type. BLOCK
Function type

Definition

Cenesil Version v7.0

External FCX_BLOCK FIFOD

Ladel LPLA LRAM

LROM MULTIPLIER PAD

Parallel _Datapath PLA RAM

Random_Logic ROM
Technology CMOSE-1
Fab line VTC _CP10OB
Created Ly, gensettle Date: Mon Aug 22 22 Oe 2o
Last Modafied Date. Mon Aug 22 22 06 39 :
Etatus
Compile paramaeters
COMPILER TYPE STANDARD NONE ESTIMmATE
Power Adjyuster .1 O0_ (multaplaer)
Notes

INEERT MEESS4GEZE  GRAPHICS  FORM OVERLAY RECORD UTILITY
LCERT _FOR™
CANCE_
DOCTINITIONDEF IS HEADER.
Figure A. Sg
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PAD “~gensettle/settle/tutor_chaip/date_1n Pad Elocx Editor
Cenesil Version v7. 0 ———
PAD Functiona) Specaification.
Pas Type DATA vsse vDD CLOCK
TEST STROBE CLKPROCIN ANALOG
Data Flow. IN ouT 10
Protection FAB_DEFAULT N_PROTECTION NP_PROTECTION
Input Processang SIMPLE PARITY SHIFT SYNCHRONI ZER
Input Draver ND_CLOCK DIRECT TRISTATE PRECHARGED
Inverting Driver YES NO
Crange patch YES NO
wiger >_8
Bonding Pads:
. Data ZDATA (DATA)
;b Connectors’
° Phase F “phase_b (PHASE_B)
Data In »al3 0J.003 02 (DIN)

INSERT  MZSSAGEES  QRaPHILS FORM OvVERLAY RECOFD UTILITY
ALCERT s OR™ CHECY _FDR™ viEw
FIGEONAZLE SaveE TE»T_SPEC
CANTEC TECH_CHECK
CLEFIN T JON. DEFINEL .

Figure A.SS
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Select IN fcor Data Flow. All other specifications are
defau'.ts except width, Phase B, and Data Ir. Fill these to
match Figure A.5E.

k. Now select ACCEPT_FORM (Figure A.55). Go BACK to
the Chip Specification form (Figure A.56). Figure A.56 is a
complete Chip Specifiéation form for tutor_chip. Your Chip
Specification form should have only a data-in PAD on it at
this time.

1. For each of the remaining PADS (clock, vss, vad,
and data_out)., using steps £ through j except for the
following PAD Functional Specification forr changes:

{1} Clock PAD: Select CLOCF for Pad tyre. ALl
other specifications are defaults except PHASE_A and PHASE B.
tyvype in phase_s, and phase_P» in accordance with Figure RL.57.
ACCEPT_FORM (Figure A.57) and continue to the next PAD,

{2) VSS PAD: Select VSS for Pad Type. AIl
other inputs are left to defaults. ACCEPT_FORM (Figure A.52)
and continue to the next PAD. The Chip Specificaticn form
should now look like Figure A.59. The order is not important.

(3) Vdd PAD: Select vdd for PAD type. All
other inputs are left to defaults. ACCEPT_FORM (Figure A.60)
and continue to the next PAD.

(4) data_out PAD: Select OUT for Data Flow.

All other specifications are defaults except width, Phase A,
Phase B, and Data Out. Fill these in to match Figure A.61.

ACCEPT_FOPM and go BACF to the Chip Specification for:m.
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Chip “gensettle/settle/tutor_chap Deé¢inition
Cenesil Version v7. 0

Sub-0b jects Name Type

>date_in PAD DEFINE DETACH
>clock PAD DEFINE DETACH
Svss PAD DEFINE DETACH
>tutorblis ) Random_Logac DEFINE DETACH
>tutordik _2 Random_Logac DEFINE DETACH
>vdo PAD DEFINE DETACH
sdata_out PAD DEFINE DETACH
ATTACKH_NEW ATTACH_EXISTING

AZTLET 0 ~ZADTF ATTACH NEY NET1L]ET
UbJELT _NETLISY

Figure A.56
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PAD. ~gensesttle/settle/tutor_chip/cloch

Genesil]l Version v7. 0O

fad Tyope

Faa Block Edartor

PAD Functional Specification:

Protection
Layout

Cly Input
Clkpower
Divider
Loadaing

Prase A
Phase b

INSEFT  MESSA

AWICEE ! _FORM
FEIGESHHILE
Can{EL

e ————————- -————

DATA v8ss VDD CLOCK
TEST STROBE CLKPROCIN ANALOGC
FAB_DEFAULT N_PROTECTION NP_PROTECTION
PAD_LIMITED NON_PAD_L IMITED
SINGLE DOUBLE

RING POWERPAD LOCAL_ISOLATED

DIVIDE_2 NO_DIVIDE CLMPROC
150PF 100PF

Bonding Pads
YDATA____ (DATA)
>VSS (VSS)
>vDD (VDD)

Connectors

sphase_as (PHASE_A)

CDEF INITION:DEF INE.

dphase_bd (PHASE_B)
£ES GRAFMICS FORM OVERLAY RECORD UTILITY
CHECw_FORM vIEw
SAVE TEXT_SPEC
TECH_CHECK
Figure A.S57
152




0 DA

LA 221222 22T 242 222222222222 22 222 FY L2 TY YT YT YT T Y Y YTy Y e Y Y Y Y Y Y Y )
PAD “~gensettles/settle/tutor_chip/vss Pag Block Editor
GCenesil Versaion v7. 0O
PAD Functional Specification:

Pacg Type DATA 1% -3 vDD CLOCK
TEST STROBE CLKPROCIN ANALOG
Style : CORE RING COMBINED CLMPOWER_ISOLATED
Bonding SINGLE DOUBLE
Inauctarce DEFAULT CHANOE
Change pitch YES NO
Wigthn >0

Bonding Pads:
Vss >Vse (VSS)

Connectors

INSEFT MESSAGEI GRaPHICS FORM DVERLAY RECORD UTILITY
ACIZFT_F0Pm CHECY _FORM ViEw
PIGEIN=ILE SavE TEAY _S7E<
CANIE. TECH_IHELW

SDEFINITIUNCDEFINEL
Figure A,58
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Chip: “gensettle/settlestutor_chip Definition
Genesil Version v7.0 -

Sub-0bjects Name Type

data_sn PAD DEFINE DETACH
cloch PaD DEFINE DETACH
ves PAD DEFINE DETACH
ATTACH_NEW ATTACH_EXISTING
.
INEZET MESSAGES  GRAPHICES FORM OvERLAY RECORL UTILIT
CaNCEL DEFAULT_TG_CURKENT _NAME

Erter Neu hNave né (reated Obgezt [peth)
SDEFINITION aTTACH ATTACH_EXIETING. “gensettle/settles/tutorblh 3>

Figure A.59
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PAD: “gensettle/settle/tutor_chip/vdd Fao Bloch Editor

Genes1]l Version v7 O

PAD Functional Specifacation

~ad Type DATA v8s vDD CLOCK

TEST STROBE CLMPROCIN ANALDG
Style. CORE RING COMBINED CLMPOWER_ISOLATED
Bandang SINGLE DOUBLE
Inductance DEFAULT CHANGE
Change patch YES NO
Width >_0

Bonding Pads

Vda >VDD (VoD

Connectors

INSERT MESSAGES GRAPHICE FORM OVERLAY RECORD UTILITY
KZCEPT_FORM CHECK _FDRM VIEW
F i GEDUROLE SavE TExT_SFEC
CaNEL TECH_CHECK

.DEFINIYTION,DEF INE:

Figure A.60
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PAD- “gensettle/settle/tutor_chip/data_out Fac Blocy Eaitor
Cenesi] Version v7 O~-eermeccecr e cc e cr e — e
PAD Functional Specification:

-ad Type DATA vss vDD CLOCK
TEST STROBE CLKPROCIN ANALODGC

Data Flow IN ouT 10

Output Latch STATIC CLOCKED TRANSPARENT

Dr:ve Speed DRVSPEEDI DRVSPEED2 DRVSPEED1 DRVSPEEDO tslowe::*
Inverting Draiver YES NO
Drive Type FABL INE TTL CMOS
Change pitch YES NO
Width >_5

Bonding Pads
Data ~DATA (DATA
. Connectors
Phase A ~phase_a (PHASE _A)
Phase L ~phase_t (PHASE _B)
Data Oct raéfSla 02 «DOUT)
Disable »D1SABLE (DISABLE,

INSERT MESSAGES GhHAWPHICS FORM OVERLAY RECOFRC UTILTTY
ALCEE T _FOR™ CHECw _FORM vilw
PIGEDMILE SAVE TE+ ! _SFED
CanTI. TECH_CHECK

CLEFINITION DEFINEL
Figure A.61
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m. Fronr the Chip Specification form, select
ATTACH_EXISTING. The user will now be prompted for the path
to the existing object. Type in “gensettle/settle/tutorblk_1
and depress RETURN (use your own name and path unless you are
in Settle's account). Now select DEFAULT_TO_CURRENT_NAME.
The Chip Specification form should now include tutorblk_1.

n. Attach tutorblk_2 in the same manner. The Chip
Specification form should now contain the same objects as
Figure A.56.

2. The Chip must now be netlisted:

2. Select ORJECT NETLIST (Figure R.5%€) and sc.c-*

e=-" object's netlist, as described in the module section and
ensure all object netlists match Figure A.62 - A.67. Type in
the required signal names where applicable, and depress RETURN
at the end of each line.

b. Select SPECIFICATION (Figure A.67), and if there
are no netlist errors, the Chip Specification form should be
on the screen (Figure A.56). Now select ACCEPT_FORM (Figure
A.56), and the screen will now show the Definition menu as
illustrated in Figure A.68.

3. The Chip must now be floorplanned:

a. Select FLOORPLAN (Figure A.68}).

b. Use the module placement procedures to place the
two unplaced blocks (Figure A.69]).

c. Go BACK to the initial floorplan menu (Figure

A.70). Select PINOUT. All unplaced PADS are now listed.
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Chip. “~gensettle/settle/tutor_chip Defainition
Genesil Version v7 0O

Object Name >data_in ) FIRET PREV NEXT LAST

Sisplay NONE CHECK_REBULTS LENOTH GI0_TYRE PRIORITY
sort by NET_NAME CONNECTOR_NAME ATTRIBUTE INTERNAL_EXTERNAL

DEFAULT/USER/BGTH Name Net Name I1-£ Attripute

DATAL7 01 >DATAIN_PADSL7: 0) 1 E NA EDIY
DINC? 0] 383 0).013: 013 1 E NA EDITY
PHASE _B Sphase_b 1 ENA EDIT

RECORT UTI I Ty
CHECLW _SPEC NET _NETLIET SFECIFICATION WRITE _SPEC
FlSED aHTE VIEW_DRC_NETLIST READ_SPEC
CanzTE, SA.C

Entes {3tring?
CDEFIN T IONI OBJUECT _NETLIST.

Figure A,62
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Chip “gensettle/settle/tutor_chap

Definition

—————— Genesil Vversion v7. 0

Ob ject Name Dvss FIRST PREV NEXT LAST

“iasplay NONE CHECK_RESULTS LENGTH SIC_TYPE PRIORITY

sort by NET_NAME CONNECTOR_NAME ATTRIBUTE INTERNAL_EXTERNAL

DEFAULT/USER/BOTH Name Net Name I-£ Attraidute

FORmM OVERLAY RECORD UTICITY

AZERT _FUORM CHEC». SPEC NET NETLIGT SPECIFICATION WRTe SEE(
FlIGEmILE VIEW_DRC_NETLIST READ _SPEC
ChatalE L SAVE

Erte- [strang)
CDEFTNITIONDQRJECT _NETLIST

Figure A.63
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Chip “gensettle/settle/tutor_chip Definition
------ Genesil Version v7. 0

Ob ject Name “tutorblik_1 FIRST PREV NEXT LAST

Nisplay NONE CHECK_RESULTS LENGTH SIG_TYPE PRIORITY

sort by NET_NAME CONNECTOR_NAME ATTRIBUTE INTERNAL_EXTERNAL

DEFAULT/USER/BOTH Name Net Name I-E Attraidute

at3 01 >al3:01 1 E NA EDIT

(3 03 >bIl3 O) 1 E NA EDIT
défi1ta 02 >d¢etla 0] 1 E NA EDIT
phase_a Zphase_a 1 E NA ECIT
phase_D >phase_t 1 E NA eDIT

INE GRAPHICS FORM OVERLAY RECORD UTILITY

aClE - CHELy _SFEC NET_NETLIST SPECIFICATION  wrRiTi _3FLC

PISE Nl VIEW_DRC_NETLIST RE«L _SPEL

CAtiEL SavE

trrer ‘strangl
CDETINITION, GEVECT _NETLISTY

Figure A,64
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Chip: “~pensettie/setcle/tutor_chip Definition
Qenesil Version v7.0

Ob ject Name. >tutorble_2 FIRST PREV NEXT LAST

Tisplay NONE CHECK_RESULTS LENGTH GIC_TYPE PRIORITY

sort by NET_NAME CONNECTOR_NAME ATTRIBUTE INTERNAL _EXTERNAL

DEFAULT/USER/BOTH Name Net Name I-E Attribute

dff1L4 01 >0¢¢1[4:01] I E NA EDIT
df¢£S514 O] >df¢504.01 I E NA EDIT
phase_a >phase_a 1 € NA EDIT
prase_»b Jphase_b 1 E NA EDIT

INSERT™ MESSAGES GRAPHICS FORM OVERLAY RECORD UTILITY
AZIEST_FORM CHECK _SPEC NET_NCTLIST SPECIFICATION  WRITE_SPEC

F IGEDNHOLE VIEW_DRC_NETL1ST READ_SPEC

ZaniE, SavE

Erter {string)
CDEFILITION.-OBUELCT _NETLIST.
Pigure A.65
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Chip “gensettie/settle/tutor_chap Detinition
Cenesil Vversaion v7. 0
Ob ject Name >vdd FIRST PREV NEXT LAST
Display NONE CHECK_RESULTS LENCTH SIC_TYPE PRIORITY

sort by NET_NAME CONNECTOR_NAME ATTRIBUTE INTERNAL_EXTERNAL

DEFAULT/USER/BOTH Name Net Name I-E Attripute

INSERT MESS43EL  GRAFPMIIS FORM UvERLAY RECORD UTILITY
ACCEPT_FURM CHECY _SFEC NET_NETLIST SPECIFICATION  WRITE_SFEC
PIGEONHILE VIEW_DRC_MNET_IE7 REAL _SPEC
CANCEL SAVE

Erter (evrang’
CDEFINITICN. OCJECT _NETLISTC

Figure A.86
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Chip “~gensettle/settle/tutor_chip Definition
~~——==Cenesil] Version v7. O
Ob ject Name D>date_out FIRST PREV NEXT LAST

Display NONE CHECK_RESULTE LENGTH ' SIC_TYPE PRIORITY
Sort by NET_NAME CONNECTOR_NAME ATTRIBUTE INTERNAL _EXTERNAL

DEFAULT/USER/BOTH Name Net Name I-€E Attridute

DaTals ©3 SDATAOUT(4: 0] I E NA EDIY

DISABLE >FALSE 1 E NA EDIT
DOUTCe 01 >dfed(4 03 I E NA EDIT

PHASE _A vphase_a I E NA EDIY

PHASE B sphase_b I E NA EDIT
INSERT MESSAGEE  GRAPHICS FORM OVERLAY RECORD UTILITY

HCCEFY_FOR™ CHEZw _SPEC NET_NETLIST SPECIFICATION WRITE_SPEC

FIGEDNLLE VIEw_DRC_NETLIST READL_SPEC

TaNIEL SAVE

trter lctraing?
CLERINITION. DEJECT _NETLISTO

Figure A.67




LA

W

LY T R TR Y YRy Y YT L Y YT L Yy Y Y Y Y Y Y Yy Yy Y Y Y

Chip' “~gensettle/settle/tutor_chip Desinition
Genesil Version v7 0

) This object is producible in all current tecnnologies

Form 15 valid

~ACK

OBJECT_NETLIST

$_NULL. OBJ_NAME “*

‘datea_1n

$_L1 O, NET_NAME “DATAIN_PADS(7 01"

$_NULL: OBJ_NAME ‘“date_in"

‘clock

$_L1 0. NET_NAME "CLK_PAD™

s _NULL. OBU_NAME "clock"

‘ves

$_NJLL. OBJ_NAME *“ves"

‘tutorblk_1

$_NULL. OBU_NAME “tutorblk_1"

‘tutorblek _z

$_NULL. OBJ_NAME “tutorblik_2"

‘vdd
$_NULL. OBJ_NAME ‘“voe"
data_out

DATADUT_PADSI4A O]
$_NULL., DB2_NamE "
‘cata_out ’
$_ L1 O, NET_NaME “DATADUT(4 01"
$ L1 1. NET_NamE “FALSE"
t NULL: $_LI 2 NET_NAME “gFfFfSI4 OO
THNCEL
4ECw _SFEC
LDR_CHECK
}) No loog 1s detected
* metlist 1s valaig
SFECIFICATION
) Netlist 1s stored
) Key Farameters (set 120) Mocified
ACCEFT_FORM

DAtk HEADER NET_NETLIST FLODRPLAN TE:1_EPEC_READ
SFECIFICATION  OBJECT_NETLIST CURKENCY_OFF TEYT_SEEC_WRITE

CDEFINIYION
Figure A.68
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Select each PAD with the MOUSE. Place the cross hairs around
the chip in the desired PAD location. Click the right MOUSE
button. After placing a PAD, it may be moved by hooking it
with the MOUSE, and moving it to the desired new location.

d. After placing all PADS, go BACK to the initial
floorplan menu (Figure A.70) and select FUSION.

e. Select AUTO_FUSE. Go BACK to the initial
floorplan menu (Figure A.70).

f. Select DONE (Figure A.70). If all pads are
placed correctly, the system will confirm floorplan complete.

g. If there are PAD placement errors, try moving the
PADS around and select DONE again.

4. After the chip is netlisted and floorplanned, it may
be simulated and timing analysis performed in accordance with
the previous block and module instructions.

5. The chip may be plotted using the following commands:

a. Select PLOT (Figure A.71).

b. Next select NEW_PLOT (Figure A.72).

c. Select LAYOUT for a VLSI layout of the chip
(Figure A.73).

d. Now select WORKSTATION (Figure A.74), and then GO
(Pigure A.75).

e. If all things go well, the screen should show a

layout similar to Figure A.76.
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