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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 Silicon

Compiler. High perfornance pipeline methods are discussed.

The append:x is a tutorial illustrating a Genesil syster.

hierarchical top-down chip design, including simulation and

timing analysis procedures.

Arcesslon For

NTIS GRA&i
DTIC TAB
Unannounced
Jutifloatlo

Distribution/

Availability Codes

Avai'i ando
Dist Special

±i



PL-

TABLE OF CONTENTS

I. INTRODUCTION....................................... 1

II. GENESIL SILICON COMPILER.......................... 5

A. INTRODUCTION................................... 5

B. ASIC DESIGN.................................... 5

C. GENESIL SYSTEM DESCRIPTION.................... 6

111. ADDER CIRCUITS..................................... 23

A. PIPELINED CIRCUITS FOR HIGH PERFORMANCE ...... 23

B. FULL ADDER DESIGN.............................. 24

C. FOUR BIT ADDER DESIGN......................... 32

D. SIXTEEN BIT ADDER DESIGN...................... 41

E. PERFORMANCE SUMMARY........................... 61

IV. MULTIPLIER CIRCUITS................................ 62

A. INTRODUCTION................................... 62

B. 4, 8, AND 16 BIT GENESIL LIBRARY MULTIPLIER..64

C. 4 BIT PIPELINED MULTIPLIER.................... 68

D. 16 BIT PIPELINED MULTIPLIER................... 75

V. CONCLUSIONS........................................ 82

A. SUMMARY........................................ 82

B. RECOMMENDATIONS................................ 83

APPENDIX................................................. 84

LIST OF REFERENCES....................................... 174

INITIAL DISTRIBUTION LIST................................ 176

iv



I. INTRODUCTION

As integrated circuits (I.C.) grow increasingly corplex,

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, and

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 from high-level descriptions.

Originally, silicon compilation referred to a design

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

silicon compiler was analoacus to compilation of machine cede

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 from 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 geometry editing, symbolic editing.



simulation. automatic placement, automatic routing,

compaction, and design rule checking [Ref. 11.

Each state of a complex custom I.C. system design, fror

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 compiler, 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 ALY's. PLA's. RAM's. ROM's, multipliers, and

inverters [Ref. 21.

Generally, far less time is required to design a circuit

with a silicon compiler than is necessary for a comparable

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.



Reference [1) contains a directory with capability

comparisons of the silicon compilers currently available fron

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 custom and MacPitts methods depend on separatE.

time consuring, programming for simulation and tiring analysis

of a VLSI chip. in Genesil, simulation and timing analysis

are integrated into the system.

Chapter II describes the Genesil System's stand alone

capabilities for the design of a VLSI syster. Chapter M

briefly describes system pipelining theory, a comparison cf

Genesil library versus custom adders. followed by the design

and perforrance results of a pipelined 16 bit adder buil: cn

the Genesil Silicon Compiler. Chapter IV contains performance

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 custom

3



pipelined 16 bit parallel rultiplier. The Appendix contains a

tutorial for a top-down VLSI chip design for the Genesil

Silicon Corpiler.



II. GZNESIL SILICON COMPILER

A. INTRODUCTION

The Genesil Silicon Conpiler is based on silicon

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 1C expv:t

[Ref. 4.

B. ASIC DESIG!:

Full cos:or design is nortally used by IC ranufacu:ers

proiucinq vast quantities frillicns) of standard off-the-shelf

type chips sish as ricroprccessors. The chip is n:rna.::-

very dense with a fn:: set cf tasks and customized prci caris

fcr prcdw:tion tests sinzc the designer and user are rost

lively nct the sate [Pef. 21. F-l1 custor design is tire

consuring and expensive, which can be attributed tc thr

ccmp'exity of the design parareters for high density chips.

Design parameters, at the full custom level, are a constant

tradeoff involving performance (speed, power, function), diE

size, ease of test generation, and testability IRef. 5.

Gate array design is accomplished by interconnecting the

appropriate rows and columns of transistors with retal layers

defining the circuit frc- apprcpriate netlist libraries. Th-



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 predefined

patterns to form SSI circuits such as NAND and NOR gates

(Ref.41. 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 for. the 1C. The standard cell does not

have pre-defined transistor locations. The ranufacturinc

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

created. This does result, however, in a more dense circu:

than that produced by the gate array rethod.

Siliccn ccrpilation produces a circuit which is very

sirilar tc f-,- custor design by synthesizin- the circuit

with a top-down. hierarchical design methodology ccnsistinc cf

chip sets, individual chips, modules and blocks (Ref. 51

Silicon compilation provides the interface between hich 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 tapeout by producina the IC circuits fror

6



architectural descriptions. The systeir is composed of menus,

commands, and forms used in the following activities

descriptions. The syste uses the UNIX Operating Sys:ez.. A

Genesil System Overview is shown in Figure 2.1 [Ref. 6:p.

2.3).



UNIX

GENESIL
<- Knowledge Base

--Designer---> Design definition <---.-- Function Sets'

Design
Improvement
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Compilers t<
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Tin' 4na Sim-ulation lGeoretric]

Model Model Model

<V Packace

Tiring Functional Tapeout - i
Analysis i Simulation

V

Figure 2.1 Genesil Overview
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1. Methodology

Prior to beginning a Genesil session, the user should

pre-plan all functional and performance specifications. W.th

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 simulation for logic, and timing analysis for

perforrance. The chip is then ready for manufacture

interface. The Genesil rethodology is illustrated in Figure

2.2 (Ref. 6:p. 2.8].

9



d7

EXPLORATORY
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Figure 2.2 Genesil Methodology
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2. Design

Genesil is an object oriented system 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, independent

blocks, data-path blocks, and random logic blocks.

Independent blocks include complex stand alone blocks of loaic

such as ROM's and PLA's. Data-path blocks are designed

specifically for functions that manipulate parallel data.

Random logic blocks contain user specified gate level logic.

Modules are a collection of blocks, other modules

(submodules), and parallel data-path modules [Ref. 7:p. 1.22.

Modules are intermediate objects in the hierarchy.

Modules are a collection of blocks and other nodules

(submodules) [Ref. 7 :p. 1.21.

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



simulation model programs and timing analysis models [Ref.

6 :p. G.4].

After an object is attached from the SELECTOBJECT

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 corpleted

to the user's specifications, the system generates a for.

check which identifies any :ncorrect signal connections which

can be corrected immediately. Figure 2.3 [Ref. 6:p. 5.1 E

illustrates the design deszription hierarchy.

12
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EXECUTIVE MENU

S ELECT-OBJECT Menu DEFINITION MenuI L
--PUP HEADER

-- DOWn' L SPECIFICAT:O;'

USER.

-- ACCOUNT

PATH

L DISPLAY

ATTACH (NEW. EXISTING)

DETACH (MOVETO. DISCARD)

L RENAME

Figure 2.3 Design Description Hierarchy

13



- U I I -| ... .... I I IM M I I ! a i i

V

L-. 3. Netlisting

A net is a connection between two or nore 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 systen net. The Net-netlist

form is used to specify signal names to be combined into a

network which the system creates. Used in this context, a

signal is synonomous with a node, from which a single node is

formed freon all connectors and nets which are electrical y

equivalent. Netlisting can also be accomplished between chips

to forn chipsets. Figure 2.4 shows the netlistinc comnran s

hierarchy [Ref. 6:p. 6.8.

14



DEFINITION Menu

NE r -T"~r OBjECTNETLIS7

Nen~i Fcrr Menu Fcr
I n-forr Corads IIn-forn~ Comrands

CHECPCSPEC CHECK- SPEC
O BJ7E CTN'ETvU--LT NET NETLIST
SPEC FICA T:'2C SPECIFICATICI'
WRITESPEC WRITESPEC
REA _ SPEC READS9PE:
SAVE SAVE

Ficu,,re 2.4 Netlisting Comnd Hierarchy
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4. Floorplanning

Floorplanning consists of the actual placement c~f

objects on a module or chip, the connection of pins to 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 object)

and off chip 'I/O pins and pads) and is required for all

.cduLes and chips. Fusion allows the user to create and

modify routing channel assignments on the floorplan by binding

objects together to forn channels [Ref. 6:p. 7.151. Fusion

may be accomplished automatically and then changed manually

from the command selection form for more efficient routin.

Figure 2.5 [Ref. 6:p. 7.251 depicts the Floorplanning Com.ranz

Hierarchy.
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DEFINITION Menu

PLACEMENT FUSION PINOT

Menu Forn Graphics Menu Form Graphics Chip General Mdule

Menu Fcrr

Chip Package
View View

,I I

Menu Graphics Menu Graphics

Figure 2.5 Floorplanning Command Hierarchy
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5. Corpilina

Corpile is a cormand option that allows the user tz

force an imnediate compilation of the complete set of views or

selected views of the selected object. 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 corpilation

currency. For efficiency, it was found that each block of

objects should be comrped at the corpletion of desin -.n

netlisting. Figure 2.6 rpef. 8:p. A.7) shows the compile 7en.

of comrands.

COMP:LE Menu

SIMMODEL
TAMODEL
LOADMODEL
GATEMODEL
LAYOUT
BUILDALL
CHECK
AUTODEFSPECI

INTERACTIVE
ABORTGOON

Figure 2.6 Compile Menu
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Durin initial design phase, the most significant

corpile comrands include BuildAll, SimModel, and __d_.

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.

6. 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

geometric view of an object and is the physical equivalent cf

that object. The two most significant modes are functional

and switch-level sirulation.

Functional simulation generates a gate-level mDdel

for general purpose simulation and is independent of

technology and layout. It is dependent only on circuit

functionality and input signal changes. To perforr functional

simulation, the block must be defined and netlisted.

Functional simulation is based on a demand-evaluation

alorithm which creates a functional model that simulates only

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

object is floorplanned, resulting in the compilation of a

layout. Fror the layout, switch-level simulation is used tz

19



verify functionality of the actual layout of the chip.

Switch-level simulation uses an event-driven algorithr which

is 5-10 times slower than functional simulation and is best

used during final verification only. The algorith. is 7uch

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

algorithr that requires no test vectors and generates the

following timing specs [Ref. 10:p. 1.1]:

Cbject propagation delays
Paths liniting clock frequency
Duty-cycle constraints
Input setup and hold times
Output delays
internal node setup, hold times, and signal del'y
Path delays between internal nodes.

The user then selects a menu conrand to generate a tirin;

report fcr the desired information listed above. The TA can

be used at any tire during design following Definition

Specification for randon logic objects or blocks, and

following Definition Specification and Floorplannin7 fcr

modules or chips. Figure 2.7 [Ref. 10:p.l.1] shows the Timing

Analysis environment.

2C!
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8. Manufacture :nterface

After a chip is conpletely specified and verified in

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

each foundry change which affects chip size, power, and tirinc

results. Chances occur because chip laycut differs due to the

selected fabline's design rule check, and each fcundry has its

own rodels for devices built on that particular fabline [F~f.

6:p. 11.21
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1I1. ADDER 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 components. They are the combinational logic to

perforr the sub-function. and a latch or flip-flop to save the

output of one stage as input to the next. The concept is

analagcus with a physical pipeline or autorobile assen lyline.

Data flows through the stages of the circuit at a rate which.

is independent cf the length of the pipeline or nurber of

stages. If the overall function is completed in "X" nano-

secondsns,, an? the function is divided into "N" stages. cr

suh-functions. then the output of the original function can

theoretically be increased by "X!N" ns. This results in an

"N" fold increase cf performance [Ref. i13.

There are physical limitations on "N" due to hardware

technology, the function being pipelined, clock-skew, and

critical race. References 11 and 12 address hardware and

function limitations. 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

sanr pulse at exaTtly the sare tire. Critical race refers t.7



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,

usually 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].

LLL

t Logic I Loi

h h h

Clock

Figure 3.1 Two Staces and Pipeline Clock

B. FULL ADDER DESIGN4

1. Introduction

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 proararned, via a menu, from 1 to 16 bits in

24



width. The performance and sizE of a 1 bit library full adder

were compared with the performance and size of a custom full

adder built on the Genesil Syster. Motivation 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.

£OOEA

INt

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

25



in whether the system used a general algorithm for aeder

construction, possibly resulting in wasted size and

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

specifications.

A 1 bit full adder block called lib-fulladd-blk was

constructed, and a VLSI layout is shown in Figure 3.3.

2E
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Figure 3.3 Genesil 1 Bit Full Adder Layout
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The object size, calculated by the system, was 3.56 X 7.4 -2

mils, resulting in a total area of 26.15 square mils.

Timing analysis was performed o the block which

resulted in the Timing Analyser output propagation delays

shown in Table I.

TABLE I
GENESIL FULL ADDER OUTPUT PROPAGATION DELAYS

OUTPUT DELAYS (ns)OUTPUT

MIN MAX

COUT 1.9 4.7

S U1. 6I

3. Custom Full Adder

A typical full adder was constructed from exclusive-

or gates, AND gates, and OR gate as shown in Figure 3.4 [Ref.

14].

28



Fiaure 3.4 Full Adder Looic Circuit
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An object called cusfulladdblk was constructed and

a VLSI layout is shown in Fiqure 3.5.

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.

30
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Timing analysis was performed by the syster tinin

analyzer resulting in output propagation delays presented in

Table II.

TABLE I
CUSTOM FULL ADDER OUTPUT PROPAGATION DELAYS

OUTPUT DELAYS (ns)

OUTPUT

MIN MAX

COUT I 2.5 5.0

I SUM 1.4 4.6

4. Results

The results of a conparison between the syster

library full adder and the custo full adder are sunnarized in

Table i1.
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TABLE III
SIZE AND PERFORMANCE SUMMARY

MAX PROPAGATION TOTAL AREA
DELAY (ns) (SQ MILS)

GENESIL
FULL ADDER 5.2 26.15

CUSTOM
FULL ADDER 5.0 18.34

The data indicate that the custom full adder provides a

0.2ns performance improvement with 7.81 square mils saving in

area.

C. FOUR BIT ADDER DESIGN

1. Introduction

The four bit adder is the building block for hig.

performance pipelined adders. A basic four bit adder is a

ripple carry circuit consisting of four full adders. The

carry out of each adder ripples down as one of the three

inputs to the next adder. Performance size considerations

influence the appropriate design. Designs include pipelininc

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.

32



Block type: ADDEP.
Block index: C
Nare: >ADDERO_
Width: >_ 4

Regime
Connector Width : Timing
A 4 1 Prop(t) [ 3) >A3

2) >A2
11I >Al

1 0] >AO
B 4 1 Prop(t) C 3] >B3

2] >B2
1) >B1

1 0) >BO
OUT 4 1 Prop(t) [ 3) >S3

C 2) >S2_ _
1 12 >Si
1 0 >so

Cir 1 1 Prop(t) [ 02 >Ci__
CcUT 1 1 Prop(t) ( 02 >Co
FFEE2 4 1 Feed thru [ 31 >FALSE

[ 21 >FA!LSE .....
1 I >FALSE

r 02 >FASE.

Figure 3.6 Genesi! 4 Bit Adder Specification Menu

Signal nares were specified for the A and B buses. the 4 bit

su- (CUT' . c-rrY-in (CN' . and carry-out (COUT)

A VLSI laycut of the adder was constructed by using

the systen's it feature and is shown in Ficure 3.7.



Figure 3.7 Genesi.1 Lnycut 14Th_4bit _bl
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The size of the adder, calculated by the syster during laycut,

measured 8.77 X 7.42 rils, resulting ir a total area cf E5.07

square mils.

Tining analysis, provided by the Syster. Tiring

Analyzer, produced the output propagation delays for all

output signals. Data are provided in Table IV.

TABLE IV
GENESIL 4 BIT ADDER OUTPUT PROPAGATION DELAYS

OUTPUT OUTPUT DELAYS (ins'

MIN MAX

Co 1.9 I 9.5

so 1.6

1 3.1 6.3

I S2 2.3 8.0

2I 2. 9.2

Maxi:7u- propagation delay was 9.5 ns. occurring at the carry-

out (Co" output.

3. Custor 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 additional hardware. CLA circuits involve more

hardwarc than ripple carry circuits, but are faster.
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The principle of CLA circuits involves anticipatinc when

and where a carry will be generated. The circuit "looks

ahead" tc see where the carry is needed. References 15 an IE

provide detailed CLA algorithm development and analysis. 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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DEL EDIT MOVE 0: >XORO (XOR)
DEL EDIT MOVE 1: >XOR1 (XOR)
DEL EDIT MOVE 2: >AND2 (AND)
DEL EDIT MOVE 3: >AND3 (AND)
DEL EDIT MOVE 4: >OR4 (OR)
DEL EDIT MOVE 5: >XOR5 (XOR)
DEL EDIT MOVE 6: >XOR6 (XOR)
DEL EDIT MOVE 7: >AND7 (AND)
DEL EDIT MOVE 8: >ANDS (ANn'
DEL EDIT MOVE 9: >AND9 (AND'
DEL EDIT MOVE 10: >AND10 (AND)
DEL EDIT MOVE I: >OR11 (OR)

DEL EDIT MOVE 12: >XORI2__ (XOR)
DEL EDIT MOVE I1: >AND13 (17AND)
DEL EDIT MOVE 14: >AND14 (AND',
2EL EDIT MOVE 15: >AND15 (AND)
DEL EDIT MOVE 16: >AND16 (AND)
DEL EDIT MOVE 17: >OR17 (OR)
DEL EDIT MOVE 1S: >XORI_ (XORP
DEL EDIT MOVE 19: >XOP.._9 (XOR)
DEL EDIT MOVE 20: >AND20 (AND)
DEL EDIT MOVE 21: >AND21 (AN:
DEL EDIT MOVE 22$: >AND22 (AND)
DEL EDIT MOVE 2?: >AND2 _ (ANn)
DEL EDIT MOVE 24: >AND24 (AND)
DEL EDIT MOVE 25: >OR25 (OR)

Figure 3.9 Random Locic Functional Specification Menu
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An object layout of the CLA block called

cuscla4frit_blk was completed. The syster calculated the size

of the object as 44.53 X 2.42 mils, resulting in a total area

of 107.7E square 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

included as Figure 3.10.

> /cus_cla4l:t_blk is of type genblock/rl with 28 ports
> port 0 : AO to NC = 1
> pcrt 1 1 A1 to NC = 1
> port 2 : P0 to NC = 1
> port 2 1 A2 to NC = 1
> port 4 1 BI to NC = 1
> port E I A3 to NC = 1
> port 6 I B' to NC = I
> port 7 1 P3 to NC = 1
) port S C: C4 to NC = 1
> port 9 C SO to NC = I
> port 2' S! to NC = 1
) port I I S 2 to NC = 1
> port 12 C S3 to NC = 1
> port 12 1 C: to NC = !

Figure 3.10 4 Bit CLA Sinulation

The System Timing Analyser was used for output

propagation delays data for all output signals. The results

are shown in Table V.
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TABLE V
4 BIT CLA OUTPUT PROPAGATION DELAYS

OUTPUT DELAYS (ns)
OUTPUT

MIN MAX

C4 2.8 6.9

sO 1.4 5.1

Si 3.8 7.6

S2 3.8 8.7

S3 3.5 9.0

Maximu propagation delay was 9.0 ns, occurring at the rost

significant bit output (S3).

4. Results

The results of the ccrparison are summarized in Tahle

VI.

TABLE VI
SIZE AND PERFORMANCE SUMMARY

MAX PROPAGATION TOTAL AREA

DELAY (ns) (Sq Mils)

GENESIL 4 BIT ADDER 9.5 65.07

CUSTOM 4 BIT CLA ADDER 9.0 107.76

The data indicate that the custom CLA provides a 0.5 ns

performance improvement, but is 42.69 square mils 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 16 bit Genesi!

library adder with a custom 16 bit adder built on the Genesil

System. Additional pipelined adder designs and perforrance

data are available in Reference 18.

2. Genesil Library 16 Bit Adder

A lirary 16 bit adder called lib_16bitblk was

constructed by using the Randcr Logic Block Specification ren-

shown in Figure 3.11.

Block type: ADDER
Block index: 0
Name: >ADDERO_
Width: >16

Regime
Connector Width Timing
A 16 1 Prop(t) >A[15:0]__
B 16 1 Prop(t) >B[15:01__
OUT 16 1 Prop(t) )S[15:0)___
CIN 1 1 Prop(t) >Ci
COUT 1 1 Prop(t) >Co
FEED 16 1 Feedthru >FALSE*16

Figure 3.11 Genesil 16 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[15:03) buses, and Cin. Output signals

included sur, (s[15:01), 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-l6bit-bik
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The size of the library 16 bit full adder was calculated by

the syster to be 29.56 X 7.42 mils, resulting in a tots. area

of 219.33 square 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 
OUTPUT DELAYS (ns'

MIN MAX

Co 1.9 27.2

S[o3 1.6 5.2

S[103 2.3 19.8

S[113 3.1 21.1

S(12] 2.3 22.8

S[!13] 3.1 24.0
S[43 2.3 25.7

S.15, 3.1 27.0

3.1 6.3

S 2.3 I 8.0I{
${3 .  3.1 9.2

qrl2.3 i 1.0
S_ _ _ __ _ _ _ .1j __1__2.

S:.E 2.3 13.9

3.1 f 15.2

S~2~2.3 16.9

S[91 3.1 18.1

Maxi.u. 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 memory in both the r

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 6.5 ns. This was approximately 3.0 ns

less than the 4 bit library adder which was used in -ach staae

of the adder. The adder logic, therefore, was the dominating

delay factor driving the clock speed. Figure 3.13 shews 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 performance 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 nodule was 21.89 X 339.19 rijs,

resulting in a total area of 7424.87 square mils.
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B[15:81 A[15:81 B[7:41 A[7:41 B[3:0] A(3:01 CIN1 L 4 1 F F 1 1
16 IF 8 Bit F4BiAD

BANK OF D F/F's
Stage 1

16 Bit D F/F 4 Bit ADD t D F/F

Stage 2BANK OF D F/F's
Stage 2

8 Bit D F/F ADD Bit D /F

1 BANK OF 0 F/F's
stace 3 i

4 Bit Addf 12BiDD/F !

Staze 4

1 Bit
D F/F 16 Bit D F/F

Stage 5

COUT SUM [15:01

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 corparison, Figure 3.15 shews the

sa.-e adder Trodules stages placed manually. The size of this

module was 55.41 X 91.42 rils. resulting in a total area of

5066.50 square nils.
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Fiaure 3.15 Mainually Floorplanied
16 Bit Pipelined Adder



Although this design was significantly smaller than the one

floorplanned by the system, routing and fusion of the module

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

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 rils.
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Fiaure 3.16 16 Bit Pirelined 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 syster

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 0 a15:0] to NC*16 = 1111111111111110
> port 7 I a[15:0] to NC*16 = HHHHHHHHHHHHHHHH
> port 9 0 bl(15:41 to NC*I2 = 111111111111
> port 11 I b[15:0) to NC*16 = HHHHHHHHHHHHHHHF
> port 13 0 clo to NC = 1
> port 15 CI phasea to NC = 1
> port 17 CI phase b to NC = 0
> port 20 0 a2[15:8] to NC*8 = 11111111
> port 21 0 a2[3:0] to NC*4 = 1111
> port 23 0 b2[18:8] to NC*8 = 11111111
> port 25 0 c2o to NC = 1
> port 27 0 d013:0] to NC*4 1110
> port 30 0 a3[15:12) to NC*4 = 1111
> port 31 0 a3[3:01 to NC*4 = 1111
> port 33 0 b3[15:121 to NC*4 = 1111
> port 35 0 c3o to NC = 1
> pcrt 37 0 d317:01 to NC*8 = 11111110
> port 39 0 a413:01 to NC*4 = 1111
> pcrt 41 0 c4 to NC = 1
> port 43 0 d4[ll:0) to NC*12 = 111111111110
> port 45 0 carry to NC = 1
> port 47 0 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
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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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OUTPUT DELAYS (ns)
Output Phl(r) Delay Ph2(r) Delay

Min Max Min Max
al[0] 3.5 4.4 3.5 4.4
al[10] 4.3 4.5 ......
al ll] 4.3 4.5 ......
al12] 4.3 4.5 ......
a1113] 4.3 4.5 ......
a1114] 4.3 4.5 ......
a1115] 4.3 4.5 ...
al[l) 3.1 6.3 3.1 6.3
al[21 2.3 8.0 2.3 8.0
alr3l 3.1 9.2
al4 3.8 4.09.
a115] 3.8 4.0 ......
a1f6j 3.8 4.0----
al [6 3.8 4 .0 ......
a![7] 3.8 4.0 ---....

al[8] 4.3 4.5 ---
al[9] 4.3 4.5 ......
blrlC 4.3 4.5 ......
b1l[1 ] 4.3 4.5 ......
bl [122 4.3 4.5 ......
bl[13] 4.3 4.5 ......
b! [14] 4.3 4.5 ......
bl[15] 4.3 4.5 ......
bi[4] 3.8 4.0 ---
b1151 3.8 4.0 ---
b115] 3.0 4.0 ......
b1[6] 3.8 4.0 ---
b1[71 3.8 4.0 ---
bl[8) 4.3 4.5 ......
bl[9j 4.3 4.5 ......
clo 1.9 9.5 1.9 9.5

Figure 3.18 Stage_l Output Delays
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OUTPUT DELAYS (ns)
Output Phl(r) Delay Ph2(r) Delay

Min Max Min Max

a2[0] 1.6 5.2 1.6 5.2
a2 [103 4 .3 4.5 ......
a2[111 4.3 4.5 ......
a2[11 1 4.3 4.5 ......
a2[121 4.3 4.5 ......
a2 [13 1 4 .3 4 .5 ......
a2r14] 4.3 4.5
a2f1 51 4 .3 4 .5 ......
a2[lI 3.1 6.3 3.1 6.3
a212] 2.3 8.0 2.3 8.0
a2133 3.1 9.2 3.1 9.2
a 2 [ 8 ] 4 .3 4 .5 . . .. . .
a2[9] 4.3 4.5 ---
b2[1O 4.3 4.5
b2 11] 4.3 4.5 ......
b 2 [!21 4 .3 4 .5 ......
b2[!3] 4.3 4.5 ---
b2 1141 4 .3 4 .5 ......
b21151 4.3 4.5 ---
b2r8 4.3 4.5 ......
b2 191 4 .3 4 .5 ......
c2c 1.9 9.5 1.9 9.5
dOfOl 3.5 3.7 ......
dOll 3.5 3.7
d0[2] 3.5 3.7 ......
d0[3) 3.5 3.7 ......

Figure 3.19 Stage_2 Output Delays
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OUTPUT DELAYS (ns)
Output Phl(r) Delay Ph2(r) Delay

Min Max Min Max
a3[03 1.6 5.2 1.6 5.2
a3[121 3.8 4.0----
a3[131 3.8 4.0- -- -
a3[143 3.8 4.0--- -
a3(151 3.8 4.0-- -
a3[11 3.1 6.3 3.1 6.3
a3[2] 2.3 8.0 2.3 8.0
a3[3] 3.1 9.2 3.1 9.2
b3[121 3.8 4.0- -- -
b3[13] 3.8 4.0--
b3[14) 3.8 4.0----
b3[1.5' 3.8 4.0- -- -
c3o 1.9 9.5 1.9 9.5
d3[03 3.8 4.0 -- -
d3[11 3.8 4.0- -- -
d3[2) 3.8 4.0----
d3[3] 3.8 4.0- -- -
d3[41 3.8 4.0
d3[5] 3.8 4.0- -- -
d3[61 3.8 4.0
d3t7) 3.8 4.0----

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
a4[13 3.1 6.3 3.1 6.3
a4[2] 2.3 8.0 2.3 8.0
a4[3] 3.1 9.2 3.1 9.2
c4 1.9 9.5 1.9 9.5
d4[01 4.0 4.2 ---

d4(10] 4.0 4.2

d4[111 4.0 4.2

d4t1j 4.0 4.2- -- -

d4[1) 4.0 4.2 --- -

d4[21 4.0 4.2 ......
d4 [31 4.0 4.2 ......
d4(3 4.0 4.2 ......
d4 [51, 4.0 4.2 ......
d4[6] 4.0 4.2 ......
d4 [71 4.0 4.2
d4[8] 4.0 4.2
d4191 4.0 4.2

Figure 3.21 Stage_4 Output Delays
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OUTPUT DELAYS (ns)
Output Phl(r) Delay Ph2(r) Delay

Min Max Min Max
carry 3.3 3.5
surjo] 4.3 4.5 ......
s u r [ 1 0 ] 4 .3 4 .5 .... ..

sum 1ll] 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 [I] 4.3 4 .5 ......
sum [2] 4 .3 4 .5 ......
sum [3] 4 .3 4 .5 ......
sum [4] 4.3 4.5 ......
sum [51 4.3 4 .5 ......
sum[6] 4.3 4.5 ---

su , [7 ] 4 .3 4 .5 .... ..

sur [ 8] 4.3 4 .5 ......
su ,r.[9 1 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 VII. These figures do not include delay associated

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
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E. PERFORMANCE SUMMARY

Table IX is a summary of the size and perforrance results

of the adders designed and constructed in this chapter.

TABLE IX

ADDERS SIZE AND PERFORMANCE SUMMARY

TOTAL AREA MAXIMUM PROPAGATION1
(Sq mils) Delay (ns)

GENESILI FULL ADDER 26.15 5.2

i CUSTOM I
FULL ADDER I 8.34 5.0

GENESIL 6
4 BIT ADDER 65.07 9.4

CUSTOM 4 BIT
CLA ADDER 107.76 9.0

I GENESIL
16 BIT ADDER 219.33 ! 27.2

I CUSTOM 16 BIT i
IPIPELINED ADDER[ 7424.87 9.5

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.
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IV. MULTIPLIER CIRCUITS

A. PNT bOT -r0!

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 -,'ltirliers. which are compared to a custor 4 and 16

bit pirelined multiplier.

The ruItiplication add-and-shift algorithr for two n-bit

binary nut bets are represented by Equation 4.1 [Refs. 11 and

16

n-.

= Z 2ab 4 .
k=O k

b re'presents the n-bit multiplication vector, a
represen-s bits n of the multiplier vector a and p
repzesentE the 2n bit product vector. [Ref. 16:p....

This concept 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 fron the ANDING of the multiplicand (MC) and

multiplier (MP) bits, which are then added to form the final

product.
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X7 X6 X5 X4 X3 X2 X! XC---M ULT"PLICAND
y7 YE Y5 Y4 Y3 Y2 Y% YC-l':LTIPLIE.

A7 AE A5 A4 A3 A2 A! AO-A PART'T'
B7 B6 B5 B4 B3 B2 B1 BC PF.CUCT

C7 C6 C5 C4 C3 C2 Cl CC
D7 D6 D5 D4 D? D2 D DO

E7 FE ES E4 E3 E2 El E0
F7 FE F5 F4 F3 F2 F FC

G7 GC G C c0 G2 C 2C GC-

F7 HE H F4 H- F2 Hl FO

SIS:4S2S2Sl. . C 9SS S7 SE S5 S4 S2 S2 S! SO-FINA
PRODUCT

Fiaure 4.1 Two 8-Bit Intecer Product
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B. 4, 8, AND 16 BIT GENESIL LIBRARY MULTIPLIE

1. Multi__Ler Block Array Core

The Genesil library multiplier block array core :s 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 Fiaure 4.2 [Ref. 13:p. 4.3. The block is designed fcr

unsigned integer multiplication and requires external

circuitry for signed operations. The least sianificant LF'

bits are produced directly from the array, but an external

adder is required to co plete the partial product addition of

the most significant (MS) bit - . The multiplier and

multiplicand widths can be varied from 4 to 32 bits, but the

rultiplier width cannot exceed the multiplicand width.
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Figure 4.2 Iultiplier Block, Array Core and External Adder
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2. 4, 8, and 16 Bit Multiplier Data

Three nodules, containina 4, 8, and 16 bit Genesi!

library multipliers and external adders, were constructed fror

the Specification Menu. Each was simulated for correct loaic

and processed by the Timing Analyser for propagation delay

data. The results are summarized in Table X.

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

IOUTPUT PROPAGATION I
DELAYS (ns)

MIN MAX
4 PIT

MS SUM I 3.2 1c.9
LS-OUT i 3.1 10.3
MS-OUT 5.3 18.8

8 BIT

MS SUM 4.1 24.4
I F L UT 3.2 23.4
MS -CUT 5.9 33.2

16 BIT

MS SUM i 4.6 51.0
LS-OUT 3.2 49.4
MS OUT 6.9 77.0

The MSSUM data are the propagation delays of the array core

only. MSOUT 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 Fiaure 4.2 decreased the propagation delay

driving the .axir, ur clock speed allowable for the circuit to
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that of the MSSUM output propagation delay. The D F/F inputs

were MSSUM, MSCARRIES, and LSOUT. MS_SUM and MSCARRIES

were then clocked into the external adder or next stage 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

insertion. The modules without D flip/flops inserted between

the core and external adder, clock speeds were calculated

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

the external adder and LSOUT.

TABLE XI
THEORETICAL CLOCK SPEED OF

4, 8, AND 16 LIT LIBRARY MULTIPLIER

!CLOCK SPEED (MHZ)

iWITHOUT WITH

F/F D F/F
INSERTEDINSERTED!

-i

4 BIT MULTIPLIER! 39.5 i 57.4 1

8 BIT MULTIPLIER i 22.3 i 32.3

16 BIT MULTIP..E. 11.3 17.3

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.

67



C. 4 BIT PIPELINED MULTIPLIER

1. Introduction,

Thssection presents performance data for a 4 bit

pipelined mul~tiplier usina the Wallace Tree structure. Ficu,.re

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

Figaure 4.3 4X4 Multiply

After the r~r-ial products are forrned, the three right coluans

of -artial -z-uCts are shifted down to forr a pyramid cr

tree, as f-1'h :trated in Figure 4.5 [Ref. 161.

Ficure 4.4 Wallace Tree Partial Products
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Next, 3-input, 2-output full adders are used to compute carry

save addition (CSA) for column reduction.

To reduce these columns of height h. CSA is used to reduce
three dots of column height to two. These two output 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.1 61

This concept is illustrated in Figure 4.5 for a 4X4

multiplication.

i i FIRST LEVEL CSA

7.-7

i . SEZOND LEVEL CSA

LAST LEVEL CSA

Figure 4.5 CSA Reduction 4X4 Multiplication

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 Bit Pipelined Multiplier Design

The 4 bit pipelined nultiplier was designed usin= the

Wallace Tree Structure, with D flip/flops inserted for

pipelining. A block diagran 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 Tree 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.
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16 ANDb

7 BIT /F]DDERS LEVEL ONE (W_1)

BANK OF D F/F's

13 BIT D -F ~4 FULL ADDERf
L SLEVEL TWO (W_2)

I BANK OF D F/F's

17 BIT D F/Fl 12 BIT RIPPLE ADDERI
- I I I LEVEL THREE (W_3)

BANK CF ID F/F's

13 BIT RIPPLE ADDERi 4 BIT D F/F I__ _ _ _ __ _ _ _ I i

P 7 P 6 P 5 P 4 P 3 P 2 P I P 0 LEVEL FOUR (W_4)

Figure 4.6 Custom 4 Bit Pipelined
Multiplier Block Diagram
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The rodule consisted of 4 blocks called W_1, W_2,

W_3, and W_4. The module was attached to a chip,

floorplanned, and simulated to test for correct logic. Fi'ure

4.7 depicts the floorplan.

Figure 4.8 shows the 4 Bit Multiplier Chip with pads,

clock, ground, and power. Timing analysis was performed by

the system Timing Analyser for output propagation delays at

each level. The results are presented in Table XII.

TABLE XII
4 B:T PIPELINED MULTIPLIER OUTPUT PROPAGATION DELAYS

1OUTPUT PROPAGATION DELAYS (ns)BLocF 4
Y IN I MAX I_ _ _ _ _ _ I. _ _ _ _

W 1 3.7 6.8

W_2 3.5 4.7

W 2 4.3 6.6

.W41 3.5 7.6
,_ _ _ _ _ _ _ _ _ _ _

The data indicate that the longest output propagation delay

was 7.6 ns, which occurred in hlock W 4.
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LUU

Figure 4.7 4 Bit Pipelined Multiplier Floorplan
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L 01

LE]

Figure 4.8 4 Bit Pipelined Multiplier Chip
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D. 16 BIT PIPELINED MULTIPLIER

The purpose of the work reported in this section was to

build a strictly high performance 16 bit pipelined multiplier

chip which could be rapidly tested and de-bugged. Two desicns

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 extrenely

difficult tc trace and debug signal errors when the column

height was 16.

The desian used was the pipelined parallel rultiplier.

The primary advantage of this design was found to be the

relative ease of de-bugging, the chip. The primary

disadvantaoe was the additional cost in hardware and chip size

associated with D flip/flop delays used to align and save

intermediate results [Ref. 12:pp. 51-53.

1. 16 Bit Pi2elined Multiplier Desian

The 16 bit pipelined multiplier was desianed usinT a

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 also necessary for

the Wallace Tree structure. Partial product reduction can be
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accomplished by Booth's modified aloorithm and read cny

memories (ROM) [Ref. 191, but neither were pursued in this

design. The partial products were then reduced with ful

adders, aligned, and rippled through the array with D

flip/flops.
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256 AND'S I

PO

16 FA'S
LEVEL 1

P1 P
D F/F BANK

o LEVELS 3 THROUGH LEVELS 8

o ARE DUPLICATIONS OF LEVEL 2

MSB ADDS ALONG BOTTOM: I PO-PI5

F5 BIT ADDER
-- I LEVEL 9

P16-20

D F/F BANY

T P16-20 P0-15
P2.1-25 ,LEVEL 10

-- 5 BIT ADE I P0--25

COUT=P31 {LEVEL 11P26-30

[ D F/F BANK

I PO-31

Figure 4.9 Cus!or. 16 Bit Pipelined Multiplier Block Design
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Eleven levels of blocks were used to construct the

nultiplier. These were then attached to a chip, which also

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

chip was then floorplanned, and the floorplan, with pads. i

shown in Figure 4.10.

The chip was tested for correct logic using the

system simulation feature. Ten to fifteen randon 16 bit

unsigned integers were inserted on the input signals.

Although the tests run were not all inclusive, the results

indicated correct logic for the inputs tested.
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Figure 4.10 16 Bit Pipelined Multiplier Floorrlan
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Timin analysis was performed by the system Tinii-

Anaiyser fcr output propagation delays at each level. The

results are Dresented in Table X11.

TABLE XIII
16 BIT PIPELINED MULTIPLIER OUTPUT PROPAGATION DELAYS

OUTPUT PROPAGATION

DELAYS (ns)
LEVEL

MIN MAX

1 4.7 5.8

2-8 7.2 10.4

9 7.9 8 .1

10 7.9 I 8.1
_ _ _ _ I ._ I 8.1

The data in,!cate that the lonaest delay in the circuit is

10.4 ns. c=.urrina in each level 2 throuch 8.

E. PERFCR! !'=E RESULTS

Table X:V is a summary of the perforrance results of the

multipliers desioned and constructed in this chapter.
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TABLE XIV

MULTIPLIER PERFORMANCE RESULTS

MAX DELAY NO. OFjCLOCK RATE
(ns) STAGES (M Z)

4 BIT GENESIL (WITH LATCH) 10.9 I 1 57.4

8 BIT GENESIL (WITH LATCH) 24.4 1 32.3

16 BIT GENESIL (WITH LATCH) 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 clearly illustrate the performance advantage gained

by using the custor pipelined nultipliers for high perforrance

tas:s.
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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 algorithm to hardware

implementation and verification. Rapid iterative desion

simulation, and timing analysis is possible because the system

requires no user initiated procramming.

The Genesil system user's manuals state that it is

assumed the user has attended the Genesil Silicon Comriler

user school. The manuals are reference manuals, and not

tutorials for new users. The new user, however. can ra~idly

learn the system.

The user should thorcughly pre-plan design and

performance specifications because there is not a plot "screen

dump" 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 order to expedite object compiling during design iteraticns
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and de-bugginc, object sizes (i.e., blocks. modules) should be

as small as practicable. The system 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

and routing tire.

B. RECOMMEN:DATIONS

The fcllowing recommendations should be considered:

1. Research the area of optimum chip test algorithms

prior to foundary tapeout. investigate the full Genesi!

Compiler System Corporaticn's capabilities in the test area.

2. Puro ase a plotter for plot "screen dumps" for rapd

intermediate design schematics.

3. Transfer the system to the VAX 785 for more remory

capability and faster tape storage capabilities.

4. Following system transfer to the VAX 785, establish 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.
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AP END

GENESIL SILICON COMPILER TUTORIAL

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 designina two basic

blocks, followed by a multiplier nodule, and sunrarized with

the design of a chip which uses the two blocks as its core.

Prior to becinnino the initial session, the user sho, ui:

beccne faniliar with the Svster Description Users Manul,. in

particuar. Chanters 2 and 3. The next manual of interest is
the Syste Descrption A1pplcation Connands manua which

ccntains detailed explanaticns of user invoked conz.ands. The

newv user should periodically refer to Appendix A (Genesil

Systen Menu Map' of the Sygter DescriDti on A at i 4cation

Coczands ranual during initial sessions.

1. Design Method

All design and performance specifications should be

pre-planned, including a detailed sketch with all signal

nares. 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 blocks. Modules, the intermediate

o e z4t in the hierarchy, ray be attached to other 7zdu!eS and
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chips. There are no chip size constraints in the Genesi!

syster, althouch this is dicated by the selected foundary.

Large desians can, therefore. be implemented with chipsets.

2. 0peratinq System

Genesil runs under the UNIX operating system. The

user is referred to the UNIX For Genesil Users manual for

detailed UNIX pathnames inforration. The pathname is the full

name of an object in the Genesil system. The user is referred

to page 4.8 in the System Description Users Manual for narinc

conventions details.

B. TUTORBL!Y BLOCK

This section conzains a sten-by-step design cf a block

named tutorblk_ .. The blcck will contain two rando. loaic

cbjects, which are a 4 bit adder (AO) , and 5 bit F/F F

The pre-planned schenatic of th e block, including all sicna

nars is shown in Fi ure A.>

tutorblk_1

Cin c 1A3:O

la[3:0])AO IAO COUT DFF1 DFFI(4:0]

b[3:01 I

Ficure A.! Tutorblk_1
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Since the system is menu driven, it is important to have a

detailed schematic with signal names clearly marked. The sane

signal name 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 usina the MOUSE. The instruction select SOMETHING, means

use the mouse to move the cross-hairs to SOMETHING and press

the execute button (right hand button) on mouse.

1. While in the Executive menu (upper right ccrner of

screen):

F. Following LOGIN and GENESIL entry, select

CONTINUE.

b. Select SELECTOBJECT (Figure A.2). This is

nor -nal F>- - the initial command in order tc attach objects

to the uer tree.

c. Select ATTACH (Figure A.3), followed by NEW

(Figure A.4) since this block is the intital object.

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

object type desired.

e. Next type in tutorblk_l, 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 screen.

SE



i . .... i ! I i

User 'gonsettle/stttlt Eiecutivv

--------------------------- iGonesil Version v7.0---------------------------

START Genesil job 'gentottle/settle/tutorchip on mcrol
Mon Aug 22 21 08 53 1988

Genesil its) System Version v7.0

Copyright Silicon Compiler Systems Corporation 199&

Licensed Material -- Program Property of SCS -- All RIGhts Reserved

This software is protected as an unpublished work and the co phight notice

does not imply publication This software contains confidential traoe

secrets of Silicon Compiler Systems Corporation The reproduction,

transte' or use of this software or the supporting documentation is

governed b 4 a license agreement with SCS, and the software shall Oe used

Sole.4 in accordance with such agreement

RESTRICTED RIGHTS LEGEND

Use, duplication or disclosure by the Gouernment

is subject to restrictions as set forth in

subparagraph (C)(1)(11) of the Rights in
Technical Data and Computer Software clause

at 252 227-7013

CONTI NUE

ExIT _GSEESIL

CANCEL

"NSER' MESSA;ES GRAPHICS OVERLAY RECORD UTILITY

EXIIGENESIL SELECT_OBJECT DEFINITION

PACKAGE-EDIT

.Figure A.2
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... .. .. ...........,.o

User 'gonsettle/settle Executive
---------------- Oenesil Version v7. O----- -------------- --

START Genesil job 'gensettle/settl*/tutor_chip on microl

Mon Aug 22 21:08:53 199S

Genosil (tm) System Version v7.0

Copyright Silicon Compiler Systems Corporation 1988

Licensed Material - Program Property of SCS -- All Rights Reserved

This software is protected as an unpublished work and the co'riamt notice
does not imply publication This software contains confidential trade

secrets of Silicon Compiler Systems Corporation The reprouction
transfer or use of this software or the supporting aocumentatin, is
governed by a license agreement with CSE. and the software 5ha'l be used

soislt in accordance with such agreement

RESTPICTED RIGHTS LEGEND

Use, duplication or disclosure by the Government
is subject to restrictions as set forth in
subparagraph (c)l(l)1i) of tie Rights in

Technicai Data and Computer Software clause

at 252 2Z7-7013

- NTiNUE

IT GENESIL
CANCEL
SELECT OBJECT
ATTACH
NEW

Successful Creation of 'gensettle/settle.'tutorblbl

iNSLPT MESSAGES GRAPHICS O5 ERLAY RECCAL UTIL17'

LAC UP ACCOUNT ATTACH rENAME
CANCE. DOWN PATH DETACH DISPLAY

SIDEWAYS

SELECT OBJECT Option
-SZLECTOBJECT7

Figure A.3
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User. -gonhettle/Settle Exocutsve
-Gretil Version v7. ------------------

START Genesil job 'gensettle/sottlt/tutor chip On microl
Mon Aug 22 21:08:53 1988

Genesil (tn) System Version v7.O

Copyright Bilicon Compiler Bystams Corporation i.

Licensed Material -- Program Property of SCS -- All Rights

This software is protected as an unpublished work and the copyright notice
does not imply publication This boftware contain% confidential trao.
secrets of Silicon Compiler Systems Corporation The reproduction.
transfer or use of this software or the supporting documentation is
qoerned by a license agreement with SCS, and the software shall be used
solely in accc aance with such agreement

RESTRICTED RIGHTS LEGEND

Use. duplication or disclosure by the Gouernment
is subject to restrictions as set forth in
sutparagrapr. Ic)(1,1ii) of the Rights in

Tecr, ncal Data and Computer Software clause

)at 252 227-7013

CONT INJE
EXITGENESIL
CANCEL
SELECT OBJECT

ATTACH
...............................................................................

INSER T MESSAGES GRAPHiCS OVERLAY REC OR, TI-T
................................................................................

CANCEL EXISTING
NEW

Ente- ATTACH Option

:LLELECTJBJECT>ATTACH>-

Figure A.4
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User 0gnettle/settle Esecutive
.g n s ! version v7.0 - - - ---- - - - - --- - -

START Genesil job ~gensettle/settle/tutorchtp on ficrol
Mon Aug 22 21 06 53 1988

Cenesil (t) System Version v7.0

Copyright Silicon Compiler Systis Corporation 19G8

Licensed Material -- Program Property of SCS -- All Rights Rese-ved

This software is protected as an unpublished work end the copyrighc notice
does rot imply publication This software contains confidential trade
secrets of Silicon Compiler Systems Corporation The reproduction.
transfer or use of this software or the supporting documentation i:s
governed by a license agreement with SCS, and the software shall be used
solely in accorcance with such agreement

RESTRICTED RIGHTS LEGEND

Use, duplication or disclosure by the Government
is subject to restrictions as set forth in
Subparag-aph (c)(I)(ii1 of the Rights in

Technical Data and Compute- Software clause
at 252 227-7013

C0 NTINJE
ExIT GENEZIL
CANCEL
SELECT _OBJECT
A-TACn
NEw
................................................................................

INSEPT MESSAGES GRAPHICS OVERLAY RECORD UTILITY
................................................................................

CANCE. BLOCK GENERALMODULE CHIP CmIF_SET
PARALLEL _DP

RANDOM_LOGIC

A-TA New Jiject Type

SELE TOCJECTATTACH>NEW>

Figure A.5
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f. Select BACK, which returns the user tc the rain

Executive menu.

g. Now select SELECTOBJECT, and 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

A.2).

2. The block now needs to be defined:

a. Select DEFINITION (Figure A.2). The next screen

is the initial Definition renu (Figure A.7) as denoted by the

upper right hand corner cf the screen. The upper left hand

corner indicates the object types and pathnares.

b. Select HEADER (Figure A.7). The next screen

..Fiure A.81 is .e Header fr. Select RANDOMLOGIC unfer

Function type. CNFIRM it, then select VTC CP10B under Fat

line.

c. Next ACCEPTFORM (Figure A.8) which will return

the screen tc the Definition menu. Now select SPECIFICATIO!'

which roves the screen to the RANDOM LOGIC Functional

Specification form (Figure A.9).

d. Select NEW (Figure A.9), and a random logic

library pops up on the right side of the screen. Select AnDER

and DFF from the logic library.
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User: 'gonsettle/settle Euscut u~e
--------------------- Gti5i~l Version v7.0------------------ ----------------

START Qenusil job 1gvnsettle/settl*/tutor chip on microl Suo-objecti
Mon Aug 22 21 08 53 19S8 :CHIPlc.X bMULT

Genesil (tm) System Version v7 0 1MC1t'IbITMJLT

Copyjright Silicon Compiler Sysetems Corporation l:TEcS
T
_60TUP

TES7 CmIP
Licensed Material - Program Propertyj of SCS -- All Right:TIMING _MOD

WA..LACEC41P
This softwiare is protected as an Unpublished work and the Cap:WAL.AZE_MO)D
Idoes not imply publication This software contains confident:aai-il
secrets cf Silicon Compiler Systems Corporation The rvproO &dd_.
tr~ansfer o~r use of this software or the supporting documentat~acc_-
governev ty a license agreement with SCS. and the software sha&dOc

Isolely I-) accordance with such agreement :aod-it

RESTRICTED RIGHTS LEGEND dce~u

Use, duplication o- disclosure by the Governmenblki1
is surject to restrictions as set forth in :elk-
subparagraph (c)1)i11 of the Rights in :cusLla4titcolb

Technical Data and Computer Softw~are, clause ;Cus _ +.ilada _ ol
at 252 227-7013 :fastcPppeIoib

John
Jonr cr'&

CONT I ril-'E 1 it-4iit-mult
TXIT _ CECIL :o_
4NCEL :eroc 4itm.ult~ it

SE:.EC- 0 r- Ec :nmlc _ 4t _1l
ATTA. tut _rcd;
NEw :tutc-ilkii

tuto'c Ii I :t~to' ial chip
i SucceissfA Creation of 'gensettle/settie,tutortliki :tuto'iai moo

I NSEP - fPC SA;ES GRAP"I~CS £O/ER..A Y RECORE LJT IL I _

CAN:E

£.E r.4N Path Name [string)

Figures A.6
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General_91ck. 'gonsettle/sottle/tutorblkl Definition
----- ----- Gonesil Version v7 0- --------

Genesil (tm) System Version v7.0

Copyright Silicon Compiler Systems Corporation 1988

Licensed Material -- Program Property of SCS -- All Rights Reserved

This software is protected as an unpublished work and the copyright notice

does not imply publication This software contains confidential trade
secrets of Silicon Compiler Systems Corporation The reproduction.
transfer or use of this software or the supporting documentation is
governed by a license agreement with 9CB. and the software shall to used
sala in accordance with such agreement.

RESTRICTED RIGHTS LEGEND

Use. duplication or disclosure by the Goernmen
is subject to restrictions as set forth in
subparagraph (c)(1)(ii) of the Rights ir

Technical Data and Computer Software clalse

at 252 227-7013

ON T I NJ

EAIT _GE EEE.

SELECT -IlJE:-T
4TTA-.

,E W
BLOCP

tvto-t: _l
S-ceisfv* C'eat o of 'qersett:e/settle'tutc'tlk_1

.)EP:N! :ON

:NEh- I9E£SI,;EE. ERAPHICS OVERLAN RECOR UTILITY

64.>k iEADEr TE,'_SEC_wRITE

1 : :' ON,

rigure A.7
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CtneralBloch 'gonsottl*/.ettie/tutorblkhi Detsvnatio
------------- Genejil Version v7.0- ------- - ---------------------

Object Type BLOCK~
VUnctlon ty~pe

Etternal FCXBLOCK FIFO
Label LPLA LRAM
LROM MULTIPLIER PAD
ParallelDatapath PLA RAM
FfandomLogic ROM

TechnolIogy
Fab line

AMI CT20A GENCN2OA GENCN30A

GEN CP12A GES CP12A IMP CP20A
N'OR _CN2A NSC CN12A NSC CM20A
OPE _CN20JA PICCN20A SSC-CN20A
US2 CN20A TCCN16A TCCP10B
VTC CCIZA vTI-CN2OA

C'-eateo By gensettle Date Mon Aug 22 21 09 5616
Last f'1C.d~L Date Mon Aug 22 21 09 5- ii'Se
stat ;

CMPI-Er T,;C STANDJARD NONE ESTIMAIE

1 NSi;T MESSA*;ES GRA;,niCB FORM ~ O.'E-R AY AEC OR T17

7-EF :jr, .:*EQ:

Figure A.8
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P4"domLogic 'qonsettl*/settI*/tutorblk_1 Random L-ogic Block Editor
-------------------- iei v? ---------- esiVriov70 ------------------------------

RANDOM LOGIC Puncttonal SP*Czflcaton

:;;: r *c: rp-TpTE ~NEW

Figure A,%
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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.ll). Details of all random logic

specification forms are found in the Genesil Silicon Corpiler

Library Vol I, Blocks.

g. Fill in the adder specification forn as shown in

Figure A.12. Select EXPAND for a line-by-line entry forr if

desired and select COMPRESS to return.

h. Select NEXT (Figure A.12), which pulls up a

specification cenu for the DFF. Fill it out as shown in

Fiaure A.13.

i. Now select BACFK tc return to the RANDOM LOGIC

Functional Specification forn (Figure A.10).

j. Select SIGNALS (Figure A.10) and the screen shows

a sianal list of the block. Make the signals correspond to

Figure A.14 by selecting I. 0 and L next to the sianal nares.

This cleans up the circuit because the syster 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.
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RarndomLogic g9ansttle/IottI/tutorblo.) Random Logic Black Editor
--------------- Genesl Version v

7 
0--------------------

RANDOM LOGIC Functional Specification

DEL EDIT MOVE 0 >ADDERO_ (ADDER)
DEL EDIT MOVE 1: >DFPI __ (DFF)

INSEr T MESSAQlES G.RAPHICS. Fflr-.OER RECoFk . uTILV'

A-CEF- -rN3 CH-ECio _FORPm NE,, MCA'EGRO'JF E
FG1,0E SAVE SIJCN4S UELETEGR0UP TEx _SPEC

.: NrC_. TECHi_CHECV, u4SL EDITGkROUF

rigure A.10
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RandomLogc" genoettle/settle/tutorblkj Random Logic Diock Editor
- - O eesl Version v7 0-----------------------------

Random Logic Block Specification

Block type ADDER

Block index C
Name :.ADDERO-
Width. )_4

Regime
Connector Width : Timing
A 4 1 Prop(t) >FALSE*4

B 4 1 Prop(t) >FALBGE4
OUT 4 1 Prop(t) >NC.4
CIN 1 I Prop~t) >FALSE.
COUT I 1 Prop(t) >NC
FEED 4 1 Feedthru >FALSE*4

XN-TE MEi&A;EE GPAPHICS FORM OVEk-A, PECC tTILiT,

SA> NEAxT E x:A N L

rigure A.11
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AandmLegx gntt/*l/t t bl._I RndmLQCReiEto

Random Logic Block Specification

Block type ADDER

Bl0c k inces 0
Name >ADDERO_
W10th >_

Regime
Connector Width Timing
A 4 1Propit) >aC3:02 _____________

DI 4 1 Prop(t) >bE3:O0______________

OUT 4 1 Prop(t) >&013:03____________
crt r1 1 Prap(t) >FALSE_______________

10, I 1 Pr , t) >a0cout _____________

FEED 4 1 F. dthru >FALSE*4_____________

rjE xT EXPANE

Figure A.12
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Random..Logic: 'gonsttle/settle/tutorblk-l Random Logic Block Editor
------- GnslVrinvO---------------------oei Vrinv

Random Logic Block Specification

Block ty~po DF
Block inder I
Name DF
Width. :-5

Reixme
Connector Width :Timing
PHY I I PhaSe X >phasea_&______________
Pk4V I I phase Y >phas..b
IN 5 1 VY(t-2) >a~cout~aCt3 03 ________

OUT 5 1 Siit) >dfflC4:0_____________
LOC I I VY(t-l, >TRUE_____________

jr4E'. MESGA 'E GRA4'kIC= FO RM OVERLAV PEcCOR:

4 PEv CONVERT EXrAND

* .EF I~

Figure A.13
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Laum.ogic 'goe@sstl/ettle/Utrblh R ao Logic Bac Etor
-- ------ -- onesil Version v70------ ---------

SIGONALS

New t2gna1 type INPUT OUTPUT 10 LOCAL

;EL L08L >aL13 02
DEL CM_ >ctz3 0)3_______________________

DEL 108L. 'praseb ______________ ________

Jute ut i
DE_ :;BL la S 0) _______________________

DE_ :J.. 4acouc_ _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _

DE_ :s. :*q;44.4 03 _____________________

G.AZ rot',__ _ OvERLAY REFCl T i-

54>JNUSED EXPAND

E..a s~. a s Lst-ir;2

Figure A.14
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m. Now select ACCEPTFORM, and after the syster

writes the text file and validates the forn, 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 BUILDALL (Figure A.16).

b. At completion of compile, the screen will acain

return to the Executive menu (Figure A.17).

4. The block will now be simulated. Detailed si..at:n

infcrnation can be found in 'he Simulation Users Guide:

a. Select SIMULATION (Ficure A.17

b. Select GFL then SIMULATE on the Si-ulaticn

Environment forr (Fioure A2.E. Notice the syste7 is now in

the Functicna Sinulat r (upper right hand corner cf _cren

c. Select BIND (Figure A.19) to inut sianal values

d. Select MULTIPLESIGS (Figure A.20) since there

are several si cnals to input.

e. Ty-pe in a[o0 etc., and the value (0 or 11 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

system clocks twice.
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Ra~eLgic Igen,.tt I /tott1./tutorblk1 Iuct~
---------- ---------- Getiesil Version v7.0 --------------------- -

6-Li 2. SIGNAL "&0[3 O1,acout"
6-Ll 3. SIGNAL "dffI4 031

1Created signal dffl[4)"
I Cr::ted signal dffIC31"

CI Ceted signal "d#1123V
ICotd signal "dff1lIl
Created signal "dflOJ3

6 Ll o. SIGNAL "TRUE"
BACK'
SIGNALS
OU7P

0
C'SIGNAL 1_L1 0. L

OUTr,- S IGNAL 2_1- 1. L

BACK
ACEP7 C OR'

Tv~t file is it
Tris ctjoct is proociblv in all current to.hmnogiet
*F'-m si allc

SELECT_013JECT
S IOl)wA~ I
CAN:EL
UP
ATTACH
NE w

tut,'rtl._2
S~. ~ Cr e a i o of 9 or t tC1e/s t tt tut or S I k

E AC -
SELE:. _ EJE-T

tutZ' ci kj

,NER MzESEAC5r GA~-mCS LQuE LA v RECORL T

EliT ;-E!4ESIL SE L..7 _OBJECr LIEINITION COM- ILE TQ31-IN
PA:KAC-E EDIT CIMu)-ATION PLO-

TIMINC- TRANSLATE

Figure A,1

103



---------- Q..si aIVersion v7 0 -----------
$_L1 2. SIGNAL -d##U4 03"

Created signal "dufr4r"
Created signal "d#11C32"
Created signal "dffIt23

Creat~ci signal "dff#UO)'
SLI 6, SIGNAL "TRUE"
BAC K
S IGNALS
OUTPIJTEIGNAL SL1 0, L
OUTPUT -zICPNAL *_L1 t; L
CONF IRM
B AC V
AC CE91T _FOR I

Teit 'ike is writter
This otject is producible in all current technologies
Form. is v.alic

IIACi'
SELECT :BJE:T
SIDEW.A yE

AtNCE-
UP
A7TAC.
NE

S L CCv
tutc-t ,-
*S :CIS'... Ceto of 'gesettle/settle/tutorolb_
OWN

SIE-'Z :EI:

IAC

:NSEc ' E S L OE z GRAPHICE OvEPLA ~ E C 0;Z UTI-AT,

,4:E SlOMDEL. TA_MCDFL LANOUI. CHE-.MODEON
CEji 1 - LO)ADMZ)ZCL AiJTO DErSPEC

Fi1gure A.I&l
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R ndL a ici~eetl/et.ttrl Executive
-QnekVersion v7.0------------------------

Idone converting CMOS logic gate
IINFO eadding extra logic for mu: node I
iINFO *adding extra logic for mum node 10
IINFO *adding extra logic for mu: node 13
IINFO *maddinig extra logic for mum node 17
INFO *adding extra logic for mu: node 20
INFO *adding extra logic for mu: node 21
IINF Z *adding extra logic for mux node 30
IINFO *adding extra logic for mu: node 33
INFO *adding extra logic for mum node 40
IINPO *adding extra logic for mum node 43
IINr~D CLOCK~ PAIR

)pIta phase_& phI phastb
*E -total - 0 15. Ecap-0 12.Eimaz.O 03 n.J

*O -0 00 mW
'P - c =1 50 mW 05 5vOdegC#lOMHz:A 17 gxW * 33 mW)
'octs: power dilisipation- 1 50 mW Q5 5'.'OdegCOlOM~z

1Done .. itI. command COMPILE GATE SWJITCH L 'L MODEL ---- in Block /tutorbik-i
Timrec real-151 cpv-7 6s (u-! .%. %-2 4%, (c-7 2s)

oEyec inq command COMPILE LOADMODE------------------- in Block /tutorblkIi

cara:;taco fcr 'Phasea' is 0 0a pf
Capa-itar,-e for 'phase-b Is 0 34 pf
I Peal, A? currenlt to VSS 12844 uA

ri Fraerters 212 transistors. Dissipatio,, 1 5 ffijIIWatt%05V6IM,:
* aaf~tr ( set 124) Modified

Dore with commnd COMPILE LOAD-MODE ------------------- in Block /tvtortio1,
Timei real-47s cpv=23s (u-los. s=7 3sl tc=2?%s
Executing command MAPS' SIMULATOR BLCK' MODEL---------- in Block Ittsorbil,

o~*gmod,?! 4or tyve RL
weneat~ng mode +o- Imnt'gen/gensettle/settle/tutcorblsI type P.,.

EtCne u 1,t h C om"ian MARK' SIMOjL.TOR BLOCK MODEL----------Ir~ rjlot& ,tutolnl.
* i,,ei eL~s c)~x.=llsive 8s, s=4i 4s)i cwsi
Done uith Commiand .ILDAL.

:NE~ MESS'A;ES GrAPHI:S OVERLAY RECORD U
7
1A'-

E~ E.~u SE EC5 DDOJE T DErINT-I1h. COMPILE TOOL'N;!
FACKAG~ED'EIT SIMULATION PLOT

TIMINCO TRANSLA1E

Figure A.17
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Random -LogIc Igensettlo/sottl/ttorbl&-l Functional Simulator
-Qeneeil Verlion vT7.O-----------------

Simulation Environment

ietup File% Comment

Screen LefinlLon Files Comment

Test Vector Files Comment

Ohelp genie/topi:>) - help on genie, try help genie/help
(help sim/,:topic.) - help on simulator
(heip sim/Setup) - help on setup

Some simulato- commands
pti Inst) - print Instance(bloch,module), ShU.S Connections
pr net! - print net, srows connections

'C Countl - cle0k count times
(sb count) - step count times
isnt net) - gets value o; net as binary string
isr ret. - gets 'alur of r, t as he, string
(wmodrives net) - show values of d iverS cn net

sn ane ti r:.lor,ger using binding strengths
see tne help info if you need the old bena.ior

INSEP MEhES:E RA S: FGPk: . OVERLAY RECURZ UTiLA-

EWl>.E", 5 M$.LATE G;7 DISABDECURENCFLATGCL
FL. SGFL

Figure A.18

106



Randm Logic gensettl/settle/tuto blk-l FunCtioai Simulator
-Genesil Version v7.0 ---- --------------------------

INFO CLOCK PAIR
pha pha ea, phb phase b

*E total - 0 15.Ecap-O. 12.E _maz-O 03 nJ
oPdc r 0 00 mW

*Pac - 1 50 mW 05 5vOdegC*OIMHz(1 17 mW * 0 33 mW)
*Total power dissipation- 1.50 mWe 5. SvOdegCelOOMHz
Done w th command COMPILE GATE SWITCH LVL MODEL ---- in BIloc .tutorblil
Times real5s1 Cpu-7 6s (ue5 2s. s2.4s) (cm7.2s)
ElecutIng command COMPILE LOAD_MODEL ---------------- in Bloc& 'to-blkj

Capa. tance for 'phasea' is 0 06 pf.
Capacitance for 'phase b' is 0.34 pf.
I Peak AC current to VSS 12844 uA

O e Paremetp@s 212 transistors, Dissipation 1 5 mIllIWatts$5 vCUM1,
key Par'ametei (set 124) Modified
Done with comiano COMPILE LOADMODEL ----------------- in Block utortlii
TImes realA47s. cpu-23s (uml6, s-7 3%) (c=2s$)
Executing command MARK SIMULATOR BLOCK MODEL -------- in Block 'tutorbt_l

loading model for type R
Gene'ating model for /mrt/gen/gensettle/settle/tutorblh i type AL

Done with command MARK SIM JATOR DLOCP MODEL -------- In SJoc ,tucorilk1
Times real3is cpulls (uab es, $m4 4s) (calOs)

Done with .ommana BUILDALL
SIMOLT47 I ON
GFL

Selecting Functional Model
IMULATE
Cnecking ile currency
Internal Ov.ect Hierarch, Initialized

Comiet: n Za:a Gatne-ina Fhase
Ail ';les are up tt cat@

Done ,itm currenci check
Lliring Szr mcde)
)hihea= phase. vnaseb= phasrt

lNSE7, ME.GCE CGRA~rICE OVERLAr PCCOR- UTILT'

EACY OUEP " HIER.LEVEL ENVIRONMEN' NCWIS41; ENS
EI

t
D CYCLE kUN VECTORS SCRO-L Pi:0 _CREiN

ASSEr- STEc UNBIND FOzmATSCREEr,
PRCCAGATE VERIF,_VALUE

Comman

.SIMJAT ION:

Figure A.19
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Randon.Loglc 'gensettle/settle/tutorblk_1 Functional Simulator
---------------- --- ensil Version v7. 0---- --------------

loacing model for ty~pe RL
Generating model for /mnt/gen/gensettle/settle/tutoblk.l tyjpe RL
Done with command MARK SIMULATOR BLOCK MOEL --- n Block /tutorklk-1

)Times real-31s, cpuills (u=6,6%. s.4 4s) (c=10%)
Done with command BUILDALL.

SIMVLAT ION
GFL

)Selecting Functional Model

1Checking fale currency
lnte-r.al Object Hierarchy~ Initiallzed,...
Comrletxng Data Gathering Phase
All '.jes &,r up to date
r~ont with currencyd check
L.1I'ng SIM. MOOV

D'.astas phase a phaseb- phasteb

MJLTIP.ES S

0

C.

CC]2

0 - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - -

I5~ mESSAGES GRAPHICS OVEPLAI RECORD UTILIT'

B4Cc. MULTIPLESICS CHOOSSICS
MOVE DOWN
MOVEUP

J, A,31 Figure A.20
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*andomLo€gic 'gensettletsettle/tutorbklk_I Functional Simulator
-- n-sil Version v

7
.0- -

Done with command MARK SIMULATOR BLOCK MODEL i------- In Block /cutorblkl
Times real-31%, cpu-its (u-6 Bso 9-4 4s) ic-10s)
one with command BUILD-ALL

SIMULATION
QF.

) Selecting Functional Model
SIMULATE

Checking file currency
Internal Oojact Hierarchy Initialized..
Completing Data Gathering Phase ....
4li file% are up to date
Done with currency check
Linking slim model

phasea. phasea phaeb- phasob

ML'IFLESIGS
a:1

C.

C11

I

'CLE

................................................................................

iNS1E
P
h ME SS4ES GPAFPILS OVERLAY RECOFC UTI1i7,

0(- N, HIEFLEVrL ENVIROJNMENT NEwSZRECNS
r. 1 C1ZL E RUN_ ECTORS SCROLL FICsSCREEN
AZ-. T UNBIND FOtiATSCPEEN

PPj ATE VERi yVALUE
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h. Type in pi and depress RETURN (Figure A.21).

i. Now the screen should look like Figure A.22.

which has sinulated 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 Timina Analysis Users Guide contains detailed information

concernina timina data and commands:

a. Select TIMING (Figure A.17).

t. The system should be in the Timing Analyser

function as shown in Figure A.23.

Select CLOCKS, and all object clock in c --

is as shown in Figure A.24.

d. Select BACK ( Ficure A.24).

e. Select PATH_DELAY (Fiaure A.23). The screen n-t.v

shows a list of all user aenerated nodes or sianals (Figure

A.25). B-' selecting source and destination signals from the

list, the system 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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---- -Qenesil Version v7 0---------------------------

I locoing model for tupe0 RL
G renerating model for /mnt/gen/gensettlu/settle/tutarblkI ty~pe RL

Done with command MARAMSIMULATOR BLOCK~ MODEL ---------in Block tutorbikil
Times realwls. cpumlls (u=6 9s. s=4 3s) (cl10s)
Done with currencyj check
Link ing sim model

Iphasea- Phase-a phaseor phasa~b

Sr,
aI

C3z)

C

v(2)

Ztutttlb~i is of type gartiocn 'ri with 10 port.
c-t " CI ass a to NC' =
r.--T I 'I pl-asv 0 tc N: = C
tor

t  
C d4ilta 0) t, . I- C. 11

2 1 *1 to N'C- . = I C

cs-t 0 : : tc NC.C4 = :Oi1

',E 15& 14HC OVERLAY RE'ORD UTIL.IT\

S>0 'ER , -JEF-_ LU/FL ENQI1RONMENT NEwS.REENS

C , -, E PofyvECTORS SRL -IC 6-Et
£CEr jN5 1N41 FORqMATSCRFEN
P OrA;AIC_ VErFvrVALJE

- orIt an

Figure A.22
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Rando_Logic 'gonsettle/ettle/tuto b k] Timing AnalVzer
- --Ge nosi I Version v7.0-

TIMING ANALYSIS REPORT
Otject Type BLOCK Function Type RandomLogic
Technology CI Fab Line: VTCCPlO0

Setup FileS

md9e filename comment include
0 ____ __1

Process Corner
GUARANTEED TYPICAL

Opvrating Conditions
Jortion tomipeature --- Supply voltage ---

Curertt Clock Definition
Phase 1 --- Phase 2 ---

INS; MESSA ES GRAPHICS FQRM OVERLAY RECORD UTIh2'Y

BL* CLEAP_EETQtU CLOCMS CUTPL.TDELAY DI&A&LECUFREN,'
REACEETUPt SEui-_OL[ PATH-DELAY VIOLATIUNS

NODESETUF NODEDELAY

IT".! I Figure A.23
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Rondom-Logic 1gensettlesett~l*/tutorb lh_ Timing Analyter
G-nesl Version v7 0 ------------------------------

CLOCK REPORT MODE

Fabline VTCCPIOB Corner TYPICAL
Junctien Temperature 75 degree C Voltage 5 00v
Phase I pnase a Phase 2 phase-b
Included setup files oe*ault setup file

CLOCK TIMES (minimum)
Phase I High ns Phase 2 High 10 9 n"

Cycle (from Phi) 10 q ns Cycle (from Pt2, 21 ri

Mi imum Cycle Time 21 5 ns Symmetric Cycle Time ; -

CLOC. WORST CASE PATHS

Minimum Phase 2 hotr time is 10 9 ns set by

Noce Cumulative Delay Transition
irternal 10 q rise
a0cot 9 fall
oECO 0 fall

Minimun. cycle tih'm (4rom Ptl t 0 q rt set bD

Noce Cun'm.latj .e I'Ple Transition
(internal) to C rise

9Otcut 9 5 til)
aC 0 0all

Minimum cycle tiae (ero. Pr: is '1 5 ni set iy

e C; ck de;a .2rs 11 0-!-- 7) ch:le _ ha- n disablec
No.f Cumuatis' Del., Transitior,

................................................................................

INSER' MESSA,;ES GRA.PHICE Fr9m r''EF-Ay RECDP , UTILI>)
.................................................................................

BA2i PHASE-IHIG- CYCLEPHI DuM- ,_AT'n THRECO0.

CC.E-PH DAMr _LATCH

rigure A.214
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Random Logic 'gensett le/settle/tutorblkj1 Ting Analyer
Geni Version v7. O- ---------------- -------

PATH DELAY MODE NODE NAME
----------- --------- --- a---------t---- O1)0
Fabling VTCCPlOB Corner TYPICAL :&O[1

Junction Temperature:75 degree C Voltage 5,00v :00[2)
Phase 2, phase a Phase 2. phaseb 1a0033
Included setup files default setup file :a4cout

PATH DELAY (ns) !4[1;
Source Destination Phi Delay Ph2 Delay a[;3

Min Max Min Ma: l at?

;ofi'UI 2

phase_&

l':5E7 MES ES APHICE FOjR OVERLAY RECOR: UTILITY

BA-v PAT,_DELET[_TD.;GL[

En-.r -String]
:,',.; FATDELAY>

Figure A.25

114



RandoeLogic" 'gensettle/settle/tutorblkhl Timing Analyzer
----------- enesil Ver san v7.0- ---------------

PATH DELAY MODE NODENAtE
-- IaOC03

,abline VTC _CPIO9 Corner TYPICAL :00111
Junction Teeperature75 degree C Voltage 5 OOv :aOC23
Phase phaseda Phase 2 phase b :aO13)
Zncluded setup files default setup file !aOccut

PATH DELAY (ns) !act)
Source Destination Phi Delay Ph2 Delay ia[23

Min Mal m~in Mal ta[3'
a __ _ aOEOE3 3.8 4 2 3 d 4 2 PA:;VCO,
arll aOt)_ 30 5 0 3 9 5 0 PA;it)[

: - a0[23 3 a 5 1 3 a 5 1 PA;D[
aC 2 ____.1J_____ 3 9 5 1 7j 9 5 1 PAif[.7

:Phase-*

1%zE"P MELSAGES 09APHICE FOR~M O.A-& RECCIRZ, LT T

I',A> PATH-DELETETOCOLE

Figure A.26
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6. Nzw to exit Genesil:

a. Select EXITGENESIL (Figure A.15).

b. Select CONFIRM.

c. 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.

C. TUTORBLK_2 BLOCK

This section is a user exercise to build a block named

tutorblk_2 by following the steps illustrated in section B.

This block is necessary for the completion of the chip in

section E.

The b.:z: will contain six randon logic objects.

consisting cf 5 inverters (iO-i4) and a 5 bit D F/F (DFFS).

The ;re- !-y~ scheratic of the block, includinz all

necessar- szn nanes is shown in Figure A-27.
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tutorblk. 2

DFFI [0) i0 ,
DFFI [1] il

DFFI [2] ---- i2
i2DFF5 DFF5 [4: 0]

DFF1[3) i3

DFFI [4] i4 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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RandemLogic 'gosettle/settl/tutIrblk2 Random Logic Bliocs Editor
------- - ---- ------ nszil Verulion v7,0 0------------------

RANDOM LOGIC Functional Specification:

DEL EDIT MOVE 0* >INVERTO_ (INVERT)
DEL EDIT MOVE I- >INVERTI_ (INVERT)
DEL EDIT MOVE 2 >INVERT2_ (INVERT)
DEL EDIT MOVE 3 >INVERT3_ (INVERT)
DEL EDIT MOVE 4, >INVERT4_ (INVERT)
DEL EDIT MOVE 5, >DFF5_ _ (DFF)

INSERT MESSA.ES GRAPHICS F04M' OVERLA'v RECORD UTILITY

A:CEC7 FO0RM CH-ECKFORM NEWJ MOVE_GROUP vIEw
PSC1L;E SAVE SIGNALS DELETE-_GROUP TEXT _SPEC

CATWEL TECH-C3HECK UNUSED EDIT-GROUP

Figur'e A.28
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Randow..Logzc 1gmnsettle/settle/tutorkik2 Random Logic Bliock Editor
---------------------- Gomnesil Version v7.0--------------------------------

Random Logic Block SPecification

Block tydpe INVERT

Block index 0
Name -INVERTO_
Drive Strengtt, >1

Reg ime
Connector Width :Timing
IN I I Prop(t) >d##1C02 ______________

OkUT I Prop(t) >1_________________

NSE07 MESSA-GES GRAPHICS FORM OVER-.AY RECORD UTILITY

lcoNExT E YPAND

Figure A.29
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R ndom.ogic. _ g.nsettle/ ttl*/tutorblk_2 Random Logic flock Ed&tor
-----------Qsn:en 1 Venrion vT,0----

Random Logic Block 6p cifacation

Block type DFF
SBloc index. 5
Name >DF__
t'idt, >_5

Regime
Connettor Width I Timing
PHX I ph&:. X >phaea__
PHY 1 1 Phase v >phase-b
IN 5 1 vy(t-l) >14,13,12,1l,10
OUT 5 1 Sy(t) >df#5C4:03
LOAD I I Vy(t-1) >TRUE

INSERT MESSAGES CRAPHICE FORM OVERLAY RECORD UTILITY

BC PREV CONVERT EXPAND

:OErIN:TION: Fi up. A.30
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RaniomLogic 'gensottle/settle/tutorb1&..2 Random Logic Block Editor
---------- efx~i 7.-------------------- 0nslvrinY.

Random Logic Blott Specificatioun

Block type DF
Block index 5
Nam# -.-DFF 5_
Width ;5

Re g ime
Connector width :Timing
PHi 1 1 Phage X 02 -. Phas*ma_____
PHY I I Phase Y z03 >Phaseeb______
IN 5 1 ViY(t-l) E 43 >x4________

1 32 >0_______
E 23 >&2________
E 1) >xI _ _ _ _ _ _

C 0 .,to_______
OUT 5 1 sy(t; C 42 .dff5C4] ____

C 3] >dff5C32 _____

r 22 ,df;5rl3______

1 02 :dffCO2______

LOAL I I vypt-2) 1 03 7'TRUE______

INSEFF tES A;E GRAPHICS FCOri OVERLAY RECORD, UTILITY

F4:i REV CON%'ERT COMPRESS

ZEF 1,41I ON!
Figure A.31
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RandomLcgic '1gvnsvttle/settI*/tutorblk_2 Random Logic Block Editor
---- - -- -- --- --- -----Cenesil Ver~sion v70--- -- --- - 0-- ---- - -

SIONALS

Now signal type INPUT OUTPUT 10 LOCAL

Inputs
DEL I108L .>dffIC4] ____________________

DEL IOBL >dff1133 ____________________

DEL ICBL >dffIC23 ____________________

DEL IOBL -d;#I13 _____________________

DCL ZOBL :-#zro a _____________1_______0___

DEL IDBL >phase_ ______________________

DEL 108L >Phasteb

OLutpvts
DEL 1D9L ,dff5(43 ______________________

DEL 10DOL ____________________ ___

DEL IOL dff5,2) _______________________

DEL 103L >,df#5(1J _____________________

DEL IO8L >aff~2________________________

LOC41S

DEL I0. :'o_________________________
DEL IDBL :'l___________11____________

DEL IOL :,I! _________________________

DEL IDOL %- I _______________________

DEL IGBL 4_______________________ ___

1NEvEi; MESSA.-ES GRAP-nICE FCJPM 'JERLAY RECORD UTILITIY

ZIAC 0 p'JjUSCI. -O F E

DEP. wI - I ON: S 1,;JAL..E

Figure A.32
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D. MULT_MOD MODULE

This section illustrates the design of a 4 bit multiplier

module. The detailed schematic is shown in Figure A.33.

MULTMOD

a [3:01

b[3:0] LIBRARYMULT

MSCARRIES[2:0J MS_SUMt2:0]1 I LS_OUT [ :0o
i ADDER 3BT i

S$7 $6 S5 S4
SI I

DFF_8 BIT

r7 P 6 P 5 P 4 P 3 P 2 P P C

Figure A.33 MultMod Module

Librarymult is a Genesil system library parallel multiplier

block. The external adder is necessary to complete the

multiplication. Detailed information concerning the

multiplier block is contained in the Genesil Silicon Compiler

Library Volume I, Blocks.

1. The user should proceed as in the previous sections

up through ATTACH NEW (Figure A.5):

a. Now select GENERALMODULE (Figure A.5).
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b. Go BACK, name the nodule MultMod, by typing it

in next tc the prompt, and attach it to the tree as in the

previous sections.

c. Select DEFINITION from the Executive menu.

d. Select HEADER (Figure A.34), then VTCCP1OB for

Fab line, and ACCEPTFORM.

e. Now select SPECIFICATION to pull up the Module

specification menu. No objects are on the menu yet.

f. Select ATTACHNEW, then RANDOMLOGIC. The user

will now be prcrpted for a name. Name the first random logic

object adder_3bit.

c. Re'e=it for dff_Sbit.

h. Not select ATTACHNEW. then select BLOCK. and

nare 4t h r... rult when prompted. When conplete. the screen

shoud Ic c l- .e Ficure A.35.

-. Each sub_ohect (adder_3bit. dff_2bit. and

!ibrary_nuli' nust now be defined.

Startina with adder_3bit, select DEFIE (Ficure

A.35). Th=n select HEADER and specify RANDOMLOGIC for obiect

type on the Header fcrm. Fab line can be specified, but will

be autoratically taken care of at the module level. Select

ACCEPTFORM.

k. Next select SPECIFICATION which pulls up a RANDOM

LOGIC Functional Specification Menu. Select NEW, then ADDER

fror the renu provided.
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Module gensettle/settle/t torial mod Deft ito
-nIi Version v7.O--------------

Module Type GENERAL

Technology CMOS-i
Feb line

AMI_CT20A QENCN20A GENCN3OA
GENCPI2A GESCP12A IMP CP2OA
NCR-CN20A NSCCNI2A NSCCN2OA
ORB CN20OA RICCN2OA SSCCN2OA

US2CN20A VTCCNI&A VTCCPI0f
VTC-CP12A VTICN2OA

Created By gensettle Date Mon Aug 22 15 40 26 1,?G
Last Modified Date: Mon Aug 22 17 35 45 1988
Stetus
Placed Yes Routed No

Compile parameters
COMPILER TYPE STANDARD NONE ESTIMATE
Power Adjustor >1 00 (multiplier
Flatten (OFFQN) Estimate (OFF.POWERCLOCK. DUS.ALL)

Notes
Thlslsgeeieroalmd.le_wlchzwll_be_constructed_topdown The_Mod

:will-contcan_e_llbrary_4_tmultiplle,_3_btripple edoer,_end

INSEPT MESSAGES GRAPHICS FORM OVERLAY RECORD UTILITY

A:CEPI FORM
CANCEL

DEF!NITION>kEADER5

Figure A.34
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Module 'gensett 1./set tle/tutoi al_,mod liv+1nit iorn
--------------- Geneim l Verixon v7 0--------------------------------
Sub-Objects Name Type

______bi _ RansomLoqic _____DEFINE DETACH
>d~ff-bit___-_ RanuamLogic _____DEFINE DETACH
)librarymukt_ MULTIPLIER_____ DEFINE DETACH

ATTACHNEW ATTACHEXISTINC

INEET MESSA;ES GAAPHICS FORM OVERLA ROL UTILITY

ACCFPT FOR HEADEP ATTACH NC'TNiTLIST
CslJEPT _NETL I;~

Figur'e A.35
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1. Go BACK to the Specification menu and it should

look like Figure A.36.

m. Now select EDIT, and fill out the Randor Loaic

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 dffBbit. 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

remenber to select rultipler' cn the Header forn.

p. Fill out the MULTIPLIER SPECIFICATION menu as

shown in Fioure A.41.

q. Select ACCEPTFORM (Figure A.41). then BACY tc

the Module Specificaticn Form (Figure A.35).

2. The rndule must now be netlisted:

a. Select OBJECTNETZIST (Figure A.35).

b. Type in adder_3bit (Fiaure A.42) next to Object

Nare. Another way to do this is to mouse Object Name, depress

Return, and a list cf sub-Objects is pulled up on the riaht

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 sane as in c above.
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RondomLogic. <nsettle/,ttle/tutorialmaod/adde?.3ba: Random Logic Block Editor
------------------ - ---------- Qenesil Version v7.0 -- - - - - - - - - - - - -

RANDOM LOGIC Functional Specification

DEL EDIT MOVE 0 >ADDERO_ (ADDER)

'NSEPT MESSAGES GRAFMICS FORM OVERLAY RECORD UTILITv

AZCE=T ODRM CHECKFORM NEW DELETE GROUP %,IEw

P!GE31J4ULE SAVE SIGNALS EDIT-GROUP TExT-SPEC

CAN:E TECH_CHECP. UNUSED

:DEr'IN:TIDN.,DEvINE>
Figure A.36.
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RandomLoglc: <nsettle/settlle/tutorlalmod/addvr3bt Random Logic Block Editor
---------- -enesil Version vT.O

Random Logic Block Specification

Block type ADDER

Block index 0
Name )ADDERO_
Width >_3

Regime

Convhectcr Width : Timing
A 3 1 Prop(t) >MSSUMt20_
E 3 1 Prop(t) >MS_CARRIESC2:O]
OUT 3 1 Prop(t) >sb,S5,s4
CIN 1 I Prop(t) >FALSE
COOT I I Prop(t) >07
FEED 3 1 Feedthru )FALSE-3

INSERT MESSAGES GRAPHICS FORM OVERLAY RECORD UTILITV

EACV EXPAND

.,EF'-.'IjON: DErINE-

Figure A.37
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RandomLogic nsettle/settle/tutoral mod/adder_3bit Random Logic Block Editor
---- Genesil Version v7 0------

Random Logic Block Specification

dlock type ADDER
Block indes 0
Name ,ADDERO_
Width _3

Rog ime
Connecto Width : Timing
A 3 1 Prop(t) [ 23 >MSSUM1C2

C 12 >MS SPM C I I____
E 03 >MSSUM]0_

6 3 1 Proptt) 1 22 >MS_CARRIES[2]_
C 13 >MSCARRIESCI]_
E 03 >MS CARRIES[O]

OUT I Prop(t) C 23 5 s _

1 1) >s5
1 0 >s4

CIN I I Proplt) C 0 >FALSE

1~_ I prop2t) C 03 >iT________
FEEZ I Feedthru 1 23 :-FALSE

E 12 *FALSE
1 0) >FALSE

IrNE F MerzAE G;4PHjC FORM OVERLAY RECORD UTILIT,

BACV COMPRESS

:-DEr P;:-1riOI. DE; I NE:

Figure A.38
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Randee...L0gic <gnete/ t9tuoilmo/#-bst Ranom Logic Block Editor

------------------ Cenesil Version v7 O ------- - ---

RANDOM LOGIC Functional Specification

DEL EDIT MOVE 0 >DPFO____ FF

INSE97 MESSAG~ES GRAPH;cS FOPM OVERLAY RECORD k.ILITY

A* *-Er- _FOrm CHEC.-FORM NEW OELETE-CR0UP VIEW

_.)4"L SAV'E SIGNA..S EDIT-GkOVP TET-SPEC

C APJ E TEC--_CHE0i, UNUS~ED

DEFINIdTION: DE;IZNE;
rigure A.31
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adm-LogIc -gytl/~t.ttraM :_d~Sblt R~AnCOM LOQC EiOCk Editor
------------------ sio v.--- ------- oelVqiav70 ------------------------------

Random Logic Block Speciication

Sloch tyjpe DFr
Bloc incei
Name ODPF0
Wi dth :_

Reg ime
Coecto' Wl.,th iTiming
PHX I Phase X .;ph as@a _______________

PTI L Phase Y )phaseb ______________

IN 8 I Vlt-1) .:s,s6,s5..4LS-OuT(3 0) ____

OL" r I Sy t ) ',P7, P6. P5. P4, P3. P2, Pi PC)
LOAC I vt-l) >TRUE____________

!NS7-.7 '1ESZ;4SE= GPA- 4ICS FQ;M OVERLAY PECCjRE, UTILITY

B" CONV'EP7 EXPAND

Figure A.40
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MULTIPLIER <gensettle/settlo/tutorial ead/I ibrsa,_mult MULTIPLIER Block Editor

MULTIPLIER SPECIFICATION

MC Width >4 ____

MP Width >4
In~put Latch NO YES
Output Latch NO YES

Width Tziing

Mu itip 1i *1

MPFIN <4. & pir ),a 3:O ______________

Multi p1 cane
MC IN <4>- & or >b13 0____________

LS DU7 ::4 ar p'LSOJT3 0) 3 ________

(7 21 1, ri >STICKY ______________

zEcq, Scala' o or~ >ZERO______________

ME[

-=--SU - 3. o C >MCSUt L2 03__________
~~iE ~AR ~ ~ o o '-> MZ_CARRIES[2 0; ______

INSEF7 MESSAGEE GRAPHICS FORM OVERLAY REC0O UTILITY

oCCEP1-PCP'i CHEC..-FORM TEXTSPEC VIEW
F IGEDiNCE SAV~E
CAN:r.

E~t.'- Command

Figure A.'41
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Modvule- genttle/se vi /tutor iamod Ie i o
---~nulVersion v7.0O --------------------------

Object NAm*. >addui..3bt___ FIRST PREV NEXT LAST
'Itsplay NONE CHECK_RESULTS LENGTH SIGTYPIE PRIORITY
6ort byl NET-NAME CONNECTOANAME ATTRIBUTE INTERNAL-EXTERNAL

DEFAULT/USER/BOTH Nam& Not Name I--E Attribute
MS_CARRIESC(2 03 >MSCARRIESE2:02_____ I E NA EDIT
MSSUMC2 02 >MSSUME2:0_______ I E NA EDIT

S4______>s4____ I E NA EDIT
s5 >%5____________ I Et NA EDIT

_____________ I,6 E NA Er-I T
S7 ,s7____________ I E NA EDIT

INSER- MESSA6ES GAPH17S FORM OVERLAY RECORD UTILITY

ACCEPT-rORf9 CH~EC.'--S NET-NETLISr SPECIFICATION WRITE E;PEC
F I rE CNHOcLE vIEw_[bACNEIL 1ST REAO-S -.:C
CANCEL. 6AVE

>-DEFINITI0N>lOIl-ECTNETLIST'

Figur'e A.'42
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Mlodule. 1gensett 1./sett 1./tutorial-mod Definhitionl

----------------------- Geneil Verion Y7.0------------------------------
Object Name >dffSbitt____ FIRST PREY NEXT LAST

11splay NONE CHECKRESULTS LENGTH4 SIG-TYPE PRIORITY

4ort by~ NETNAME CONNECTOR NA1E ATTRIBUTE INTERNAL_5XTERNAL

DEFAULT/USER/BOTH Name Not Name I-E Attihbute

LSOUT(3 03 >LS.0UT[3O)________ I E NA EDIT

PO >PO____________ I E NO_.READ EDIT

Pi >P1 ___________ I E NO-P.EAD EDIT

P >P2____________ I E NO-READ~ EDIT
P3 >P3____________ I E NOREAD EDIT

P4______>P4_____ I E NO - EAD EDIT
P5 >P5_____________ 1 E NO-REAL' EVIT

F7>P7ae __________ I E NODRIED EDIT

S4 >*4 ______________ E NA EDIT

S5>S5 1 E NA EDIT

Sz>S6 I E NA ECIT

______________ I,% E NA EDIT

:NITE;T MESSAGES GRAPHICS FPjPm OvERLAN RECOPZ UTILITv

A:CEW' -FORM CHECKSFEC NEINETLIST SPEC IFICAT ION WRITFSPEC
PGLH2E VIEwDRC _NETLIST READ-S'"Et

CANH'F SAv)E

DE~ir4 I[ ON:, OJECT-NETL IS T>
Figure A.43
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e. Select Object Namre, and type in library nult

(Figure A.441. Do the same as in c above.

f. Now select SPECIFICATION (Figure A.44) to' che:.

the netlist. The system will state if valid or advise of

errors which are listed by using VIEWDRCNETLIST.

3. The module must now be floorplanned. Simulation and

timing analysis cannot be performed on a module prior to

netlisting and floorplanning.

a. After netlist validation, the screen should show

a module Definition menu. If not, go BACK or ACCEPTFOPY to

return to' the Definition menu. Select FLOORPLAN.

D. b. Ficure A.45 should now be on the screen. select

PLA-EME!'T (Ficure A.45).

C. N~ext select each unplaced block (Figure A.46)

until all arr- raced. Blocks ray be moved by hookirg the

object wit'- th.e MOUSE. The rest of the commands are exnlained

in detail 4-n Clapter 6 of the sten Description Aplicalions

Corrandsn'l

d. N~ext go BACK (Figure A.46) to Figure A.45.

E. Select PINOUT (Figure A.45).

f. Now select AUTOPINOUT (Figure A.47).

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

h. Select FUSION (Figure A.45).

Select AUTOFUSE (Figure A.48).

j. Now go BACK (Figure A.48) to A.45.
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Mad ua lq gn sott le/settI / t utoria mpod Din a : &o
--- ----------- Oeej Version v 7 0------- -----------------------

Object Name >Iibraymult_ FIRST PREv NEXT LAST
lisplayj NONE CHECK RESULTS LENGTH BIOTYPE PRIORITY
.ialt byj NET_!NAE CONNECTORNAME ATTRIBUTE INTERNAL_EXTERNAL

DEFAULT/USER/BOTH Name Not Nam# I-E Attribute
LSUT(3;03 >LSOUTC3.O2_______ I E NA EDIT
IICINC3 03 >b[23 02 I E NO-DRIVER EDIT
PPINC3. 03 >aE3 02 _________ 1 E NODRIVER EDIT
MSCARRIESE2 03 >MSCARRIESE2:0) _____ I E NA ED 1
MS SUM1~2 03 >PS_SUPE203_______ I E NA EDIT
STYCI4YC1 03 >STICK'Y1:)_______ I E NOREAD EDIT
ZERO) >ZERO______I_____ E NO-READ EDIT

INSERT MESSA.;ES QRAPH-ICS FORM O.'ERLAY RECORD UT1LITv

ACCEr-' - upm CHE.^Y-SrEC NETNETLIST SPECIFICATION WPITEIFSEC
P IGE)jHO E VIEW-DRC-NETLIST READSFEC
C ANC E- SAVE

.-DEFINI' ION:-OBjECcTNETLIST:.
Figure A.44
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Module. 'qgenettl&/settl&/t-utorial_.mod Ficarplan
-- ----------------------- Genesil Version v7.0-- ----------------------------

CANCEL
ONr IRM

JACK
s_NULL, *_L1 1, DEFINE 'DEFINE"
SPECIFICATION
) Specifxcation is read
BLOCK *_Ll 0, EDIT
EXPAND
BACK
CANCEL
CONI R ?-I
B AC io
SN.JLL. $Ll 2, DEFINE "DEFINE"
SPE:IFICATIOrN
CAIA:EL
CONF 1PM

OBJECT NETLIST
) netlIst version 1 0
NEXTNAME NExT

)dff BD3Z
NEXT NAME NE-T

CANCEL
CONCI;l-

DEPINITION
CLOOPPL4N

ChecLir,g 4ile currency
Inte-na] Otject Hierarchy Inrtializea
Completing Date Gathering Phase

All input flle$ are up to date
I xaz= totalplpbk-3

Read spec Is done

INSERT MESSAGES GRAPHICS OVERLAY PECDFO UTILITN

DOJC PLACEMENT
CAN :E- FINCj

FUS ION

Command
>DEr IN!TION:,FLOOPLAN'.

Fi3gure A.4
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Module 'gonsottloisett1S/ttoial..mo~ d 10rp l
------------- --- -- m.1 Version v --- - . - -

Degree c4 Freedom : MOVE( ON/OFF )ROTATE( ON/OFF I Unplacod~block

.)ISPLAY VECTOR( ON/OFF ) NODE Eeg@_OansttV( ON/OFE#f$_bat

NEE; T mESSAcES GRAPHICS OvERLAY RECORZ UTILITY

Oc. ESTPLACE CENTERFT

PLS~r'--L: L!E7_BES1 PAN IDENTIF'v

T~i ~'. CHECM _SPEC 9CALE
AUTOPLACEMENT zoom

luN. 00t FC PLAEN7,

Figure A.'46
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Module Igensett le/settle /tutorialm~od Floorp jan
------------------- OwGntsil Version, v

7 
0----------------- ------

M0436 ADD-CONNECTOR MOVE-CONNECTOR REMOVECONNECTOR
Zdgo NORTH SOUTH FAST WEST

NORTH-CONNECTOR EAST_CONNECTOR SOUTHCOP*IECTOR WESTCONNECTOR
__________STICKV(C03___ LS O(TO___ &C2]____

STICK'VE13___ LSOUTE13 ___ &[33 _____

ZERO_____ LS-OUTE23___ b(23_____
___________LSOUTC33___ btO33_____

MS-CARRIESE03-_:________
MS -CARA IESC 12 _

MS-CARR E 2)_
MS-8UmEOI ___

MS-SUII 3___
MS-SUM[21___

P2

P4 _______

P5
P6 _______
P7 _______

phaseb______
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Hodule 'gmns t tl.,sttl s/tutorI I Florp k
---- -- -- ------- ConsulI Version v7. ------- -

IwSEF& MEESA:EE &CA 7:5 QM OVERLAY RECORD UILI~TY

II4c pl ^.Ic)rsc CENTER ' ~
PESE rcswo, SrIJSC PAN CFIECr-SPEC
TEr -SPEC LCC C,,T r~oSE SCALE

NE', -,u& MOPr

Erte- isiert rUSE:Pnt:
~ErLNlOdf& P-'O LN

Figure A.48

141



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. TUTORCHIP 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.

DATAVD
IN tutorblk_2

tutorblk 1 lF i0

A013:0]0 P1 11 i

a[3:0] AO COUTb [3 :0] 2] i2 D F

[] i3

- i4
CLK a L1

DDF5 [4:0]

DATA
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.

c. Select DEFINITION and HEADER. On the Chip Header

form (Figure A.51) select Fab line VTCCP1OA and leave the

Package Type as NOPACKAGE.

d. Select ACCEPTFORM (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 ATTACHNEW (Figure A.52) and BLOCK

(Figure A.53). Name the object datain when prompted.

a Just like the -';"' eah s-c,, -t cn

must be defined by using the appropriate Header ar,

Specification forms.

h. Select DEFINE next to datain 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 ACCEPTFORM.

j. Next select SPECIFICATION and the screen should

show a PAD Functional Specification menu (Figure A.55).
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User: gensettle/eettle Executive
----------- -Genesl Version v -- ------------

START Genasil job 'gensettlt/sattle/tutorchip on micol
Mon Aug 22 22 02.41 1988

SGnesil (tm) System Version v7 0

Copyright Silicon Compiler Systems Corporation 1988

License Material -- Ptogram Property of SCS -- All Rights Reserved

This software is protected as an unpublished work and the copyright notice
does not imply publication This software contains confidential trade
secrets of Silicon Compiler Sy stems Corporation The reproduction.
transfer or use of this software or the supporting documentation is
governed by a license agreement with SCS. and the software shall be used
soleiy in accordance with SuCh agreement

RESTRICTED RIGHTS LEGEND

Use. duplication or disclosure by tre Government
is SuDject tc restrictions as set forth in

subp&aragrapn (C (1),23i of the Rights in
Technical Data and Computer Software clause

at 252 227-7013

CONTINUE
SELECT_OBJECT
ATTACH
NEW

INSERT MESSAGES GRAPHICS DVERLAY RECORD UTILITN

CANCEL BLOCK GEJERALMODULE CHIP CHIFSET
PARALLEL_D'
RANDOM LOGIC

ATTACH New Object type
:,SELECT_O6JECTATTACH,NEWJ Figure A.50
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C 3ip qqns ttIle.ttl/tu c v 90. in i o

-------- .on 7C---- .0------------------------------
Object Tyjpe CHIP

Tv; h n~ o qy -- - - - - - - - -- - - - - - - - -- - - - - - - - -- - - - - - - - -
Fab line

AMICT2A GENCN2OA GEN-CN30A
GENCP12A GES-CP12A IMPCP20A
NCRCN20A NSC _CN12A NSCCN2OJA
OR! _CN2OA RICCN20A SSC-CN20A
US2_CN2OA VTCCNI6A V.TCCPIOB
VTC-CP12A VTICN20A

Package Ty~pe
CLLCC1004 CLLCC1249 CLLCC1320
CLLCC!32g CLLCC&Ba CLL.C~.odB
CLLCCb0dC CLLCC84o CLLCCe4dB
CLLCC64dC CRGAlO0ue CPCA106e
CP,;A1.C0v CPGA132C CPL.A1444

CA14;4CPGA18O+ CPCAIGUQ
CPGA224xl CDGA.24f2CPA6
CPGAS4c CPGA84C CPGAG4v

SEF CU40c CSB4Z a
CSD4--) CSEb4c hI _ . o

PLLVC44c F-ccobe P.ThC,84e
FPG-iOCr PrGA120e PP%;Az4q4
NO-_ AC. .GE

fsatvc B4gensett!# r, a o u 2 43 zl
ast Modflec Dte MonAug ;22 04 23;.3

Status

Notes

I NS -_ rT CA AZ " NI C C OR r C0','RAL A ~ RECOPRD UTIL17,

A:-C Er*- _r P m
,AN:EL

-0F1ITl10N: EA:ERI Figure A.5.1

145



-----GnslVersion v7. 0----------------------

Sub-Objects Name Type

ATTACHNEW ATTACN3jX JSTZNG

INSEF' MESSAGES QRAPHIC6 rORM OvER A Y RECOFZZ UTIL IT

A CCCC'JOR HEADER ATTACH NET_NETLIS7
OBJECT _NETLIST

Figure A.52
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Coxp ansiit tld/ett1 /tto chip Definixtion

Svb-Otjects Name Tyjpe

ATTACHNEW ATTACW_EXISTING

lNSECrT MESSAGES GRAPHICS FORM OVERi-AV RECORL UITILIT'-

CANCE- .Col GENERAL _MCDULE
PARA..LEL _PATH
RANDOM-LOG IC

:CEF1,1.I'ION ATTACH:ATTACHNEW:

Figure A.53
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Gvneal_ Block 'gensettle/settle/tutot chip/datain Definition
----- Genesil Version v7.0--------

Object Type BLOCK
Function type

External FCX_BLOCK FIFO
Label LPLA LRAM
LROM MULTIPLIER PAD
Parallel_Datapath PLA RAM
RandomLogiC ROM

Technology CMOS-1
Fab line VTCCPIOB

Created 6i, gensettle Date: Mon Aug 22 22 06 2t io=
Last Modizied Date. Mon Aug 22 22 06 35

Status

Compile parame ters
COMPI.E; TYPE STANDARD NONE ESTiMATE
Power AOjuster -1 00_ (multiplier)

Notes

;NSEP" M;AS;ES GP4mH-CS ;ORm0 OVERLAY RECORZ LTILI-'

CAN-E-

Pgure A.S4

148



PAD lg*nsttle/settle/tutorchip/datain Pad ilact Editor
-- ----------- - Genesil Version vT.O.- - - - - - - -- - - - - - -

PAD Functional Specification.

Pao Type DATA VSS VDD CLOCK

TEST STROBE CLKPROCIN ANALOG

Data Flow IN OUT I
Protection FAB DEFAULT N PROTECTION NP PROTECTION
Input Processing SIMPLE PARITY SHIFT SYNCHRONIZER
Input Driver NO-CLOCK DIRECT TRISTATE PRECHARGED
Inverting Driver YES NO
Crange pitch YES NO

Bonding Pads
Data :DATA (DATA)

Connectors
Phase P :phaseb _ _ PHASE_B)
Data In :a&[3 03,1(3 01 (DIN)

--------------------------------------------------------------------------------

I'EiP' MEESAGEE G;APHICS FOOM OVERLAY PEC Or' uTIL1
7

1

Ac'cFr TOP- CHEC~P~m VI EW
FIGFiJ-'J..E SAV.E TE),? SPEC
CAN:E- TECmCHEC

DEF IN: I ON. DEF INE;
Figure A.SS
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Select IN for Data Flow. All other specifications are

defau'.ts except width, Phase B, and Data In. Fill these to

match Figure A.55.

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 Specification 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 renaining PADS (clock, vss, vdd.

and dataout), using steps f through j except for the

followi-, PAD Functional Specification forn changes:

(1) Clock PAD: Select CLOCK for Pad type. A1

other specifications are defaults except PHASEA and PHASEB.

type in phase-a, and phaseb in accordance with Figure A.57.

ACCEPTFORM (Ficure A.57) and continue to the next PAn.

(2) VSS PAD: Select VSS for Pad Type. All

other inputs are left to defaults. ACCEPTFORM (Figure A-52)

and continue to the next PAD. The Chip Specification forn

should now look like Fiaure A.59. The order is not 4".portant.

(3) Vdd PAD: Select vdd for PAD type. All

other inputs are left to defaults. ACCEPTFORM (Figure A.60)

and continue to the next PAD.

(4) dataout 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.

ACCEPTFORM and go BACK to the Chip Specification forn.
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Chip 1gensvttlv/settl*/tiutorch p D041nition
--------- ---- Qeej eso 7O----------------

Sub-Ob~jects -Name -Ty~pe - - - -G n s lV r in v . - - - - - - - - - - - - - -

>dat&_&n___-_ PAD_________ DEFINE DETACH
>clock~ ______ PAD________ DEFINE DETACH

_________ PAD________ DEFINE DETACH
>tutorblkhi _ Random_..og ic _____DEFINE DETACH
>tutorbik-2__-_ RandomLogic _____DEFINE DETACH

_________ PAD_________ DEFINE DETACH
-.datf ovt_ PAD_________ DEFINE DETACH

ATTACH .NELW ATTACHEkISTJNa

i' r FS i ~ &; -- GA 4 :C G FOP Ojk 4,F rCO Lc.. UT IL17

A,-~ 'A' 7AD[i: ATTC 1 11L IET

Figure A.56
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PAD. gognuottlo/settle/tutorchiptclock Pao Block Editor
--------------- -G Genesil Version v7 O---- ---------------

PAD Functional Specification

Pad Type DATA VSS VDD CLOCK
TEST STROBE CLKPROCIN ANALOG

Protection FABDEFAULT N PROTECTION NP PROTECTION

Layout PAD LIMITED NDNPAD_LIMITED
CIO Input SINGLE DOUBLE
Cikpower RING POWERPAD LOCALISOLATED
Div'xde DIVIDE_2 NODIVIDE CLKPROC
Loading l5OPF IOOPF

Bonding Pads
CloCk >DATA (DATA)
Vss >VSS (VSS)
VdC >VDD (VDD)

Connectors
Phase A >PhaIea ,_ (PHASEA)
Phase E >phase b (PHASE_B)

INSEFT MESSAGES GRAPHICS FORm OVERLAY RECORD UTILITY

-CEC - CHECkFOR VIEW

CICEOJHLE SAVE TExTSPEC
CANIZEL TECHCHECI

).DEr N:TION,.DEFINE.,
Figure A.57
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PAD gognsttle/settls/tutorchip/vss Pad Block Editor
-Gnesil Version v7.O----------------------------

PAD Functional Specification:

Pad Type DATA VSS VDD CLOCK
TEST STROBE CLKPROCIN ANALOG

Stys CORE RING COPBINED CLKPOWERISOLATED
Bonding SINGLE DOUBLE
Inductance DEFAULT Ce4ANGE
Chang, pitch YES NO
Wictn >_

Bonding Pads:
Vs$ >VSE (VSS)

Conn*ctcors

INBEP MESSAGEC GRAPHICS FOPM OVERLAY RECORD UTILITN

PIGEON.JLE SAvE TEx',_SEC

Figure A.58
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Chipi -nsett1./ ,ettle/%utor.chip Defianiti on
------------------- -- Qentsil Versionl v

7
.0 0-------------------------------

Sub-Objocts Name Tyjpe
date-in ____ PAD________ DEFINE DETACH
CdOn ______ PAD________ DEFINE DETACH

________ PAD________ DEFINE DETACH

ATTACH-NEW ATTACMEX ST INC

INEEAT MESSAGES GRAPHICS FOR~M C~vER..AY RECOPI UTILI'

CANCE. CIEFAQL.T_7fC..CJR ENT NA*F

EtrNe-. Na .e j4 Cwtated Dbje~jt Epath3

Figure A.59
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PAD- genoottle/$wttle/tutochip/vdd Paa BIock Edito
--- ------- - Geneixl Version v7 0-------------------------

PAD Functional Specification

?ad Type DATA VSS VDD CLOCK
TEST STROBE CLKPROCIN ANALOG

Style, CORE RING COMBINED CLKPOhERjSOLATED
Bonding SINGLE DOUBLE
Inductance DEFAULT CHANOE
Change p0tch YES NO
Width >0

Bonding Pads
Vdd >VDD (VDD)

Connectors

INSEzT MESSAGES GAPHICS FORM OVERLAY RECOPD UTILIT

ACCEPT JORM CHCCK FQRp vl[W
FjGEO'JH0LE SAVE TExT_-SPE
CAN"E, TErH4CHECo'

DEFjNjTION,DE;INE

Figure A.60
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PAD ;ensettle/$ettle/tuto chip/data_ out Pao S ock Eaitoa
-------- lene"I Version v7 0------------------------------

PAD Functional Spaci ica tion

.-a0 Type DATA VSS VDD CLOCK
TEST STROBE CLKPROCIN ANALOG

Data Flow IN OUT ID
Output Latch STATIC CLOCKED TRANSPARENT
Dr':s Speeo DRVSPEED3 DRVSPEED2 DRVSPEEDI DRVSPEEDO tslowe:,
Inverting Diver YES NO
Drive Type FABLINE TTL CMOS
Change pitch YES NO
Width , 5

Bonding Pads
Data ,DATA (DATA)

Connectors
Phase A >phase a (PHASEA)
Phase D .-phase _ _ (PHASEB)
Data Ot .d#4514 03 (DOUT)

Disable >DISABLE (DISABLE)

INSEA- MESAGES GkAPHICS FORM OVELAi PECOR: 'T11LIT,

ACCFE' Q;7R CHECF0ORM V-W
PIGE-'3,_E SAVE TE,' SPEC
CAN:_- TECPCHECr.

DEF 1 N CN !E'INE:
Figure A.61
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M. From the Chip Specification form, select

ATTACHEXISTING. The user will now be prompted for the path

to the existing object. Type in "gensettle/settle/tutorblkl

and depress RETURN (use your own name and path unless you are

in Settle's account). Now select DEFAULTTOCURRENTNAME.

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:

F. Select OPIECT _'TTS (Figure A.56) and st -

e. '- -bject'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 ACCEPTFORM (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 1gevsettIe/$ettle/tutorchip Do# n iton
------------ Qe e~i Version v7. -- - - - - - - - - - - - -

Object Name 5data in FIRST PREV NEXT LAST
litploa NONE CHECK RESULTS LENGTH BIGTYPE PRIORITY
sort by NET-NAME CONNECTOR-NAME ATTRIBUTE INTERNALEXTERNAL

DEFAULT/USER/BOTH Name Net Name I-E Attribute
DATAC703 >DATAIN PADSE7:0_ I E NA EDIT
DIN[' 03 >a3 0.bE3:0) I E NA EDIT
PHASEG >phaseb I E NA EDIT

---------------------------------------------------------------------------------------------------
!NSEPT MESiAGES GRAPHICS FORM OVERLAY RECCOF uT]_IT,
----------------------------------------- ---------------------------------- ------------------- ----- --- ------- -- -

A::t C HEC- _ SPEC NEI NETLIST SPECIFICATION WP!IEGPEC
, E VIEW DRCNETLIST READ_SPEC

CNE... .A.'E

---------------------------------------------------------------------------------------------------

•: D~Z': ION: CBJECT_NETLIST'.

rigure A.62
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Chip lqensett le/sfttI@/tutorch p 04 ,Iioan
- -- -- -- -- -- -- ---- ---- Gentsil Version v7.0 o--- -- -- -- -- -- -- -----------

Object Name >vee_______ FIRST PREY NEXT LAST
'.play NONE CHECK RESULTS LENGTH SICTYPE PRIORITY
.ort byd NETNAME CONNECTOR NAME ATTRIBUTE INTERNALEXTERNAL

DEFAUJ. /oSER/BOTH Nome Not Nome I--E Attribute

NS- MESA~.ES (,R .iICS FDi~m OVJERLAY RECDR' UIIAT,

AC-Er< -tuLiPi CHEC'-GEC NETNETLIST GPECW1'CATIJN wRI k__GVEc

E SAVEf

Erte- cit. ngl

Figure A.63
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I]

p

Chip gentt 1/tSet :I/tuto'chip Definition
--- gnesi Version v7. 0- --

Object Name ,tutorblk _ FIRST PREV NEXT LAST
5splay NONE CHECKRESULTS LENGTH SIGCTYPE PRIORITY
Sort by NET-NAME CONNECTOR_NAME ATTRIBUTE INTERNAL.EXTERNAL

DEFAVLT/USEP/BOTH Name Not Name I-E Attrioute

at3 0) >at3:0] I E NA EDIT

bri OJ >b[3 03 1 E NA EDIT

dI44 0) )dfIC4 0O I E NA EDIT
phase-a >phaIsa I E NA EDIT
phaseD >phaset I E NA EDIT

I'=r
t - 

P-CEi- Ez G;APHICS FORM OVERLAY RECORD UTILITi

ACE- --- C CCE- SEC NET NETLIST SPECIFICATION w;. i..;CC

P I F:)P -LE ', 7EW DRCNET IST PEALSiZ
CA!4C CL SA vf

:DE2N: IO' JE C TNETLIST>

Figure A.64
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Chip: pe,,eettl@/setvl9/tuta?..chip Dfnto
--- - -- ------------- Goe ajl Ver s i n v7.O-- -
Object Name >tejtorbl% 2 FIRST PREY NEXT LAST
lioplay NONE CHECK-RESULTS LENOTH 61I-TYPE PRIORITY
.iort by~ NET-NAME CONNECTOR-NAME ATTRIBUTE INTERNALEXTERNAL

DEFAULT/USER/BOTH Name Not Name I-E Attribute
dff1C4 03 >dfft[4:02 _________ I E NA EDIT
dff5t4 03 >df#5[4.O)________ I E NA EDIT
Phac, _a >phasoa ___________I E NA EDIT
pras*_b >phae.b ____________I E NA EDIT

ZUSEA' MESSA.;ES GAAPICS rORM OVERLAY RECORD UTILITN

A r FoRm CHECk _SPEC NET_NCTLIST SPECIrICATION bJRITE-SPEC
IGEOpj"LE VIEWDRC _NETLIST READ_SPEC

ZAlNlE, SAVE

:DEr:.IlTION.,OBJECT _NETLIST.-

Figure A.65
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Chip goienettl e/settle/tutorch p D. init
-------------- :Cenesil Version 7*77-7. -------

Object Name >vdd FIRST PREV NEXT LAST
nisplea NONE CHECK-RESULTS LENOTH SIG_TYPE PRIORITY
4ort by NET-NAME CONNECTOR.NAME ATTRIBUTE INTERNALEXTERNAL

DEFAULT/USER/BOTH Name Not Name I-E Attribute

---------------------------------------------------------------------------------

INSERT MEE&4;EE £RAP-m:c rRm VE;ULAY RECORD UTILITN
................................................................................
ACCEP7 FORM C.EC- SPEC NET NETLIST SPECIFICATION WRU t SPEC
PIGEONHOLE IEWDRCNET-.:c7 PEA SPEC
CANEL SAVE

DEFI.IT:ICN: OLJEC_NETLIST>.

Figure A.66
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Chip gensettle/s*ttle/tutorchip Deianition
............................ Geneeil Version v7 0 ------
Object Name >data-out FIRST PREV NEXT LAST

Display NONE CHECK RESULTS LENGTH SICTYPE PRIORITY

Sort by NET_NAME CONNECTOR NME ATTRIBUTE INTERNALEXTERNAL

DEFAULT/USER/BOTH Name Not Name I-E Attribute
DATA[4 0 >DATAOUTE4:0] I E NA EDIT

DISABLE >FALSE I E NA EDIT

DOUTC4 03 >dff([
4 

02 I E NA EDIT
PHASE A phasaa I E NA EDIT

PHASEE >phateb I E NA EDIT

INSEPT MEEA6EE GRAPHICS FORM OVERLAY RECORD UTILIT'
.................................................................................

ACEF -rOR' C-E C SPEC NET NETLIST SPECIFICATION wRITE SPEC
A!E Di---LE .lEw_DRC-NETLIST READ_SPEC

'414CSAv.E

Lt-,I1: I Cr. OLEC 7NETLI ST;

Figure A.67
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Chip ogns t tle/settle/tut r~chip Doi &nit ion
---------------- sm Vrsjo,, v7 0 --------------------

This object is producible in all current tociinoilogive
*Farm is valid

-AC K
OBJECT-NETLIST
I _NULL, OBJ_NAME
* datdin
$ -LI 0. NET-NAME "DATAIN-PADSE7 02"
*-NULL; OBJ-NAME "data-in"

crloc k
._L1 0. NET-N~AME "CLs PAD"
$-NULL. C~jNAME "clock"

SNULL. OB~sNAME ""is"
'tutarb~k I
* -NULL. OB,) NAME "tutorblk 1"
'tutorbik
*_NULL. 00..)NAME "tutorbik_2"
I vdd
$_NULL. OBJNAME"v'

data-out
DATAOUTPADS[4 0)
*_NU.LL. OB-'jNAr E

cat a Out
S _LI 0. NET_NAME "DATAOUTt4 0)"
%-L1 1. NET _NarE "FALSE"
I -NULL; OLI 2. NETNAME 'dff5r4 0)'
'ANCEL
'EC '_SPEC

LDRCHEK~
No loor, is detected
netlist is vailid

SPECIFICATION
Netlist is stored
Key Para'reters (set 220) Modified

ACCEPT FORm

INSERT MESSACES GRAPHICS OVERLAV RECCIRT) UTILITI

EACO. HEADER NETNEILIST rLOORPLAN TE.- _SOEC _READ
SFECIFICATIO,1 CiOJECT 7NETLIST CURRENCY _OrF TE'' _SrEC-_sFdITF

Figure A.68
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Chip. lgonsettlu/suttla/tator.ch aP Flaorp lan
-------------------- anon!l Version v

7 
0 ----- -----------

Dogee of Freedom : MOVEt ON/OFF ) RDTATE( ON/OFF )!Unplacod tiara

JISPLAY VECTOR( ON/OFF ) :MODE EdgopeneityC ON/OF:tutortlt_2

I rSEF'T MESS-AG;ES CRAP'1CE -:)YER AY RECORL- U71LIT-

L~pBEST P.ACE CENTER l
PESE' 

0
zACE LIE BEST 'PAN iETC

T~r55 ~ CHECK SPEC GCALE
AUTO -P CEMENT 0

E-te o±tck to PLACE(w,r)
)Er7:1.17 ION"-rLOORP. AN>

Figure A.69

165



Chip 'gonsett 1./settl*/tutor.chip Flaarplan
------------------ Gnesil Vorsian v.O-----

INSER- MESSAGES GRAPHI1CS OVERLAY RECORD UTILITY

DONE PLACEMENT
CANEL- PINOU7

;'QSION

Comm.anc
*. ~ FIN; TION: LOOPPLAN*,

Figure A.70
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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 AUTOFUSE. 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 NEWPLOT (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

(Figure A.75).

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

layout similar to Figure A.76.
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Chip. 1gensettle/settle/tutor.chip Eiecutive
-Gnesil Version v7. 0--- -----------

Capacitance for. 'phase _a' is 0 11 pf.
Capacitance for "phaseb" as 0.12 pf.
I Peak AC current to VSS: 35763 uA
Key Parameters. 250 transistors, Dissipation: 17.4 milliWatts05vkinz
Ke Parameters (set 124) Modified
Done with command COMPILE'LOADMODEL --------------in Block- ..dataout
Time% realA4Os, cpu-19s (uv1

2
%, e96 Be) (cm19s)

Eiecuting command COMPILE LAYOUT ------------------- in Chip utvtor_chip

Fabline VTCCPIOB Technology! CMOS-I

Package not found
rqfreq02-U-I Clock net phase a given to have a maximum #requenc4 v iQ 00 Mn

rqfreq02-U-I Clock net phaseb given to have a masmum frequenc, ot 1O 00 Mh
Iz

ROUTER maximum ir-drop voltages .my) found VSS 24 VCC 35
ROUTER maximum ir-drop voltages (mv) found VSS 24 VCC 35

Package not found
Chip size in um 1265 1 2221. in mils 89 2 x 87 4
Key Parameter* tset 121) Modified
Key Parameters (set 123) Modified

Done with command COMPILE LAYOUT -------------------- in Chi
p  /tutormcip

Times real=i66s, cpullis (u=5
7

s. i=2is) fcall
9
s)

HPPLOTTER

DSIZEPAPER
tutOr

PLOT STA
T
ISTIS 3034 vectors. 12651 rectangles. 5272 line rectaniles. 14324

skiccec rectangles

PLOT L-
HP755CA

) Plot is queued

BACK

INSE;T MESSAGES ORAPHICS O'ERLAv RECORD UTILITy
................................................................................

EXI _GEN4EIL SELEV- OBJECT DEFINITION COMPILE TOOLING
PACKAGE_EDIT SIMULATION PLOT

TIMIN, TRANj_..TE

Figure A.71
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Chip 'gensettle/settle/tutor chip Plot
-------- ------ enesil Version v7. 0----------------------

Capacitance for: 'phase_' is 0 11 pf.

Capacitance for: 'phasob' is 0 12 pf.
I Peak AC current to VSS: 

3 5
76

3 
uA

key Parameters: 250 transistors, Dissipation: 17.4 aIliiatts*SVelOMnz.
Key Parameters (set 124) Modified
Done with command COMPILE:LOAD MODEL ------- in BAoct: /data out
Times roal=40s; cpu=19s (u.12s. s*6 13S) (clqs)

Exec.ting command COMPILE:LAYOUT ------------------- in Chip /tutorchip

Faol:ne VTCCPIOB Technology: CMOS-I
Pacoag. not found
rqfreqO2-U-1 Clock net phases given to have a maximum frequency of 10,00 Mh
z

rqfreqO2-U-I Clock net phaseob given to have a maximum frequency of 10.00 Mn

ROUIER maximum ir-drop voltages (my) found'VSS 24 VCC 35
ROUTER maximum ar-drop voltages (my) foundVSS 24 VCC 35

Packa;e not fOund

Chi; size in um 2265 x 2221, in mils 89 2 z 97 4
Ke 4 Parameters tset 121) Modified
Key ararmeters (set 123) Modified

Done .ith command COMPILE LAYOUT ------------------- in Chip /tutorchip
*Tmes real=18css cpu-119s (u-97s, s-2Is) 1C-119$)

HrPLOTER

E_E1ZE PAPER

tutor
rC

PC)T STATISTICS 3034 Vectors. 12c51 rectangles, 5872 line rectangles. 14324
s si coeo rectangles

F 07_FILE

HrC75- A
tuto' I

* Plct is queuea
L AC 0,

INSEP MESSAGES GRAPMICS OVERLAY RECORD UTILITY
...................................................................................

BAr NEW PLOT
PLOT-FILE

"LC.r: Figure A.72
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Chip gensettle/ *tle/tutor chip Plot

--.- esil Version v7. -

Capacitance for: 'phaseb' is 0.12 pf.
I: Peak AC current to VSS: 35763 uA
Key Parameters 250 transistors, Dissipation: 17.4 milliWattse5VQl0Mnz.
Key Parameters iset 124) Modified

Done with command COMPILE:LOADMODEL- in Block: idata-out
Times. real-40s cpu-l9s (u-12s, se6.9s) (c19s)
Executing command COMPILE:LAYOUT ----------- in Chip: /tutorchip

Fabline VTCCPIOB Technology: CMOS-I
Package not found

rqfreq02-U-I Clock net phase a given to have a maximum frequency of 10 00 Mn
z
rqfreqO2-U-I Clock net phaseb given to have a maximum frequency of 10 00 Mh

ma

ROUTER maximum ir-drop voltages (my) found. VSS 24 VCC 35

Package not found.
Chip size ir um 2265 x 2221. in mils 89 2 x 87 4
key Parameters "set 121) Modified
Key Parameters (set 123) Modified

Done with commnd COMPILE LAYOUT - ------------------- in Chip /tutorchip
Times 'ea 69s, cpu-i

9
s (u-

9 7
s. s-21s) tc-119s)

HP PLOTTER
B_EIZEFAPER
tutor
GO

PLOT STATISTICS 3034 vectors, 12o51 rectangles, 5872 line rectangles. 14324

skipped rectangles
PflTF ILE

MY 7540k
tutori
Plot It queueo

EACK
FLOT
NEW_PT

:NSERT MESSA2ES GRAPHIC5 OVERLAY RECORD: UTILIT)

BC LAYOUT BONDINGDIAGRAM DISARLE_CURRENCY
ROUTE
FLOORPLAN
PAPER-DO"LS

:FLO :NE.. PLOT: Figure A.73
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Ch ip geneettle/ettl 9/tutor cI p Plot
-enesil Version v7 0 - ----

I Tzmes real-40ei cpuI19s (u-12s, s-6 B) (c-19s)
Executing command COMPILE:LAYOUT -------------------- I Chip /tutor chip

Fabline VTC-CP1OB Technology. CMOS-1
Package not found,

rqfreq02-U-I Clock net phasea given to have a mauimum *requency of 10.00 Mh
Z

rqfroq02-u-Z Clock net phase b given to have a maximum frequenc of 10 00 Mh
z
ROUTER ximum ir-drop voltage% (mv) found:VSS 24 VCC 35
POUT.R maximum ir-drop voltages (mv) found:VSS 24 VCC 35

Pacpage not fcund
Chip size in ue 25 x 2;21. in mile: 19.2 9 87 4
Ke4 Parameters tsvt 121) MOdified
Pe. Parameters iset 123) Modified
Done with command COMPILE LAYOUT -------------------- in Chip /t.wtorchip
T e s real=186s. cpu=119s iu=

9
7,s, 1=21s, (c=119s)

HP_P.CTTER

P _51E _PAPER

PLCT 5TATISTIZS 3,334 vectors, 12651 rectangles, 5972 line rectangles. 14324
.i:peo reciangles

PR07T_ 'LE
HP'75E-' A

NE w2t I

LZ 4
PL T

C'e2, :ng *i *e crrency

- om it. tir g La: 0  Gatr.ering Fhase
' ;:i e a e p tc Cate

.................................................................................

:!j MECEE GPAPHICE OVERLAY rECCAD UTILITY"

t K WOPTA730N
HFPLGTTE&

C-. NEw P C-- LAeOL-T7
Figure A.74
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Chip 'gensettle/settle/tutorchip Plot
-------- --- enpsil Version v7.0 --------- --

Scale Factor 51 42 Rotate OFF
Number of pages (a byy ): I by 1

Object Size (mils) 99 20 87 44
Window Size tmil$). 89.20 x 87 44

Object Limits (Milt) (-44 60,-43 72) (44. b0,43 72)
Window Limits (Milt) (-44 60.-43.72) (44,60.43 72)

DeiYce ro-ord System Size 10000 v 5840
Viewpo't Co-ord System Size. 10000 1 5840

Device Co-o'c System Limits (0.0) (10000,5840)
Viewpc t Co-ord System Limits (0,0) (10000,5140)

INSERT MES-ASES GRAFHICS FO m OVERLAY RECORE. UTILITY

CANCE. WINLO.J SPLIT SE-EC7T LAYERS
RESET VIEw

0
ORT OPTIMIZEa OFO

ROTA'TE

:-P.T:"NE w L0T. A-OUT:.wOR.STATION-

Figure A.72
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Figure A.76
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