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{V. Homework and Project Assighments:

> Homework was assigned only during the first half of the course, before the project activities
began. The homework emphasized material and experiences useful as background for planning and
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during the short, intensive p.oject phase of the course.
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. The Plan



Massachusetts Institute of Technology
Department of Electrical Enginecring and Computer Science

Special Subject in Electrical Engincering and Computer Science:
6.978: Introduction to VLSI Systems (A) (New)

Prercq.: Limited Enrollment; permission of the instructor required.
Year: G(1)
3-3-6

An introduction to the design and implementation of very large scale integrated systems. The
course provides sufficient basic information about integrated devices, circuits, digital subsystems,
and system architecture, to enable the student to span the range of abstractions from the underlying
physics to complete VLSI computer systems. The course presents basic procedures for designing
and implementing digital integrated systems, including a structured design methodology, use of stick
diagramming, use of a scalable set of ratioed design rules, use of a symbolic layout language,
techniques for the estimating delay times, and use of a starling frame of layout artifacts for
organizing multi-project chip sets and conveying them thru implementation. The course also
examines the effects of scaling down the dimensions of devices and systems, as will occur with
future improvements in fabrication technology.

After developing this overall context, the course examines the interdependance of integrated system
architecture, design methodology, and the procedures used for patterning, fabrication, and testing.
Techniques for simplifying, systematizing, and reducing the time involved in integrated system
design and implementation will be discussed.

The subject matter will be reinforced by actual experience in LSl design: students will complete,
through layout, the design of digital subsystem projects containing on the order of several hundred
to perhaps several thousand transistors. NMOS will be used as the technology for course examples
and projects. Selected student projects will be organized into a multi-project chip set to be
implemented by commercial mask and fab firms.

L A Conway

Tuesday and Thursday, 1:30 - 3:00



6.978; Introduction to VLSI Systems

Goals of the Course, Relevant Student Backgrounds, and Prerequisites Required for this Course:

This is an interdisciplinary course and is likely to be taken by students from a wide range of
backgrounds, including CS students primarily interested in computer architecture and system design
methodology, and EE students primarily interested in solid state physics and integrated circuit
design. The goals of the course are:

(i) for CS students and those interested in computer architecture: to take the mystery out of
integrated circuit and system design, explore some of the many CS issues involved in integrated
system architecture and design methodology, and indicate the exciting possibilities ahead for the
expansion of computing power by VLSI systems,

(ii) for EE students and those interested in device physics and integrated circuit design: to get a
feeling for the nature of the chips that will be designed in the future, take some of the mystery out
of the design of complex integrated digital systems, and illustrate the additional opportunities for
optimization at the system level as opposed to the device and circuit layout level.

(iii) for all participants: to outline the many opportunities now present for major advancements in
the state of the art by collaborative efforts involving applied physicists, electrical engineers,
computer architects, and computer scientists.

(iv) to develop and debug a set of basic tools and procedures for enabling the design and
implementation of LSI multi-project chip sets at M.LT.

Ideally, students will have taken the following prerequisite courses, or have the equivalent
background experience: Introductory Network Theory (6.011), Electronic Devices and Circuits
(6.012), Structure and Interpretation of Computer Languages (6.031), Computation Structures
(6.032), Switching Circuits, T.ogic and Digital Design (6.082), Digital Systems Project Laboratory
{6.112). However, those lacking the required prerequisites (including recommended
undergraduates) may take the course with the permission of the instructor.

6.978: Course textbook

Carver Mcad and Lynn Conway, Introduction to VLSI Systems, July 1978; a pre-publication limited
printing of a textbook in preparation; distributed to course participants. This textbook will be
published by Addison-Wesley Publishing Co., Reading, Massachusetts, in the fall of 1979.



6.978: Introduction to VLSI Systems:

Course Outline; [The final outline of the actual course.]

Week #1:

Sept. 12; Lecture #1

Administrative Details,

Course Overview.

MOS as an Abstract technology.
Patterned conducting layers separated by insulating material
Color coding, Switches, Simple logic structures, Some examples.

Homework #1 ( part 1} (Due 19th):
Stick diagram several functions,

Sept 14: Lecture #2
The MOS transistor.
Dimensions, basic function, transit times, current/voltage characteristics.
The basic inverter.
Structure, function, transfer characteristics, logic threshold voltage, intro. to delays.
NAND and NOR logic circuits.

Homework #1 ( part 2) (Due 19th):
Logic gate vs switch-logic designs for selector.

Reading Assignment:

Ch.1: Intro.,, MOS Transistor, Basic Inverter, Inverter Delay, Basic NAND and NOR Logic Circuits.
Ch.2; Intro.

Ch.3. Intro., Notation, Combinational Logic.

Week #12:

Sept.19: Lecture #3

More on delays.

Transit time and inverter pair delay.
Notation.

Two phase clocks,

The shift register.

Shift register arrays.

Relating Different Levels of Abstraction .
Implementing Dynamic Registers.
Implementing a Stack: the basic cell.

Homework #2 (Due 26th):
More stick diagram-level designs (two-dimensional stack, several PLA examples).

Sept.21: Lecture #4

Stack subsystem design, control timing, generation of control signals.

Register to Register Transfer.

Combinational Logic.

The Programmable Logic Array.
Basic concept, Circuit design, and stick diagram of example.

Finite State Machines. .
Basic concept, use of PLA form of, symbolic and encoded transition tables, traffic light controller example.

Reading Assignment:
Ch.3. Two-Phase Clocks, The Shift Register, Relating Different Levels of Abstraction, Implementing Dynamic Registers,

Designing a Subsystem, The Programmable Logic Array, Finite State Mchines.



Week #3:

Sept.26: Lecture #5

Patterning.

The Silicon Gate n-Channel Process.

Design Rules, basis for and detaited description of,

Homework #3 (Due 3rd):
Finite state machine example, from problem statrement o encoded transition table;
layout of compact shift register cell; layout of stack cell.

Sept. 28: Lecture #6

Review the process, discuss some advantges of Silicon-Gate process over earlier ones,
Explanation of sheet resistivity; estimating ratios and resistances from layout geometries.
Layout ideas.

Current limitation in metal lines.

Go thru some layout examples: selector; shift register.

Reading Assignment:
Ch.2. Patterning, Silicon Gate n-Channel Proces, Design Rules, Electrical parameters, Current Limitations in Conductors.
Ch.4, Introduction, .

Week #4:

Oct.3: Lecture #7

Driving Large Capacitive Loads.

Space vs Time.

Super Buffers.

Body effect.

Depletion mode vs enhancement mode pullups.

Homework #4 (Due 12th):
Stick diapram and layout of serial bit string comparator.

Oct.5 Lecture #8

Layout of the PLA.

Detailed description of an OM2 subsystem: the Barrel Shifter.

Description of function andstructure of the serial bil string comparator (to get people started on HW #4).

Reading Assignment:
Ch.1. Driving large capacitive loads, super buffers,
Ch.4. Patterning and fabrication.

Week #5; [Oct.10 is vacation day}

Oct.12: Lecture #9

An overview of implementation.

Hand Layout and Digitization using a Symbolic Layout Language.

The Caltech Intermediate Form, detailed description of, including tutorial on transformations.

Description of the sorter subsystem {to get people started on HW #5).
Homework #5 (Due I7th):
Construct CIF code for the OM register cell pair; the Sorter Problem .

Reading Assignment:
Ch.4. Hand Layout and Digitization Using a Symbolic Layout Languatge, The Caltech Intermediate Form.

Project Assignment #1 (Due 26th} :

[The Lab opens this week (CIFtran now ready)].

Practice editing of text files, listing of text files, plotting of CIF-code layout files on the IIP color plotters;
Keyin and plot CIF code for HW #35; Select course project and write a short project proposal.



Week #6:

Oct.17: Lecture #10

Discuss plan for remainder of course: what will be in the final project assignment schedule to be handed out next week,
planned seminar series, the midterm, some rules of the game for projects.

Description of lab facilities, CIF software for editing/plotting of layouts.

Detailed discussion of the sorter subsystem problem.

Homework #6 (Due 24th):
Construct stick diagram for the Sorter Problem,

Oct.19: Lecture #11

More on course schedule/project schedule, rules of the game, area estimates.
Yield statistics.

Delays in Another Form of Logic Circuitry.

Transit Times and Clock Periods.

Reading Assignment:
Ch.1. Delays in another form of Logic Circuitry, Transit Times and Clock Periods.
Ch,2. Yield Statistics.

Week #7.

Oct.24: Lecture #12

Handout the Guide to LSI Implementation, discuss contents, suggest readings,
Discuss how class chip set will be implemented.

Describe cell library, particularly the PLA cells and Input/Output pads.

Detailed description of the multiproject chip concept, starting frame, past examples.

Handour Project Assignments #2, #3, and #4:

#2 (Due Nov.9): Detailed project description.

#3 (Due Nov.21): Preliminary layout (a key item for determining chip set space committments).
#4 (Due Dec.12); Final project reports.

Oct.26: Lecture #13
More on implementation.
Interacting with mask and fab firms,
What happens when the wafers come back: electrical characterization, packaging, functions! testing,

The Stored Program Computer, a tutorial on the basics:
Alternative control structures; The stored program computer; Fetch-exccute sequence; Microprogrammed control

Suggested reading:
During the next several weeks, read the first half of Chapter 5, and Chapter 6.

Week #8:

Qct.31: Seminar
Interactive Graphic Aids for Integrared System Design.
Douglas Fairbairn, PARC

Nov.2: Midterm Exam
A two hour examination on the basics covered so far.



Week #9:

Nov.7: Lecture #14
Discuss midtenm examination.
Effects of Scaling Down the Dimensions of MOS Circuits and Systems.
Discuss the Scaling of Transit time, Electrical parameters, Current, Current density, Power density.

Nov.9: Lecture #15

Summarize Scaling so far, introduce idea of switching energy and its scaling, scaling of delays to outside world.
Subthreshold conductance phenomenon, and scaling of.

Discussion of limiting factors.

Project Assignment #2 Due Today.

Week #10:

Nov.14: Lecture #16

Patterning and Fabrication in the Future, ’
Scaling of Patterning and Processing Technology, the Runcut phenomenon, E-beam and x-ray lithorgraphy

The opportunity for remote-entry, fast-turnaround implementation of designs.

Nov.16: Lecture #17

Memory Cells and Subsystems.
Discussion of the relative area, power, delay, and overhead circuitry for a variety of on-chip memory subsystems,
including the shift register, the OM2 register cell, the 6-transistor static RAM, the 3-transistor dynamic RAM, and
the 1-transistor dynamic RAM.

Week #11:

Nov.21: Seminar
VLSI Implementation of Speech Processing Functions
Richard Lyon, PARC

Project Assignment #3 Due Today.

Discussion of project status so far, Beginning to allocate space on the chip set. Update on the rules of the game.

Selected preliminary project design files will be transmitted to PARC this week. for individual project plotting and
checking at PARC, and to test the overall data transmission scheme.

[Nov.23 is vacation day]

Week #12:

Nov.28: Seminar
FElectrical test patterns for electrical characterization and process parameter extraction.
Rick Davies, PARC.

Profect update:
More information about status of space, map of the chip set, library cells, Q and A session to pin down final details,

Nov.30: Description of Selected Projects by Siudents in the class:
Four projects {from among those already selected for inclusion in the chip set) will be selected for presentation to the

class by their designers.

Project update:
Discussion of the final status of projects, distribution of plots arriving from PARC, discussion of various known bugs in

the various soflware packages and how to get around them, contingency plans, getting ready for the upcoming
design cutoff date, how to sign-off on your design file.

Suggested readings:
Selected portions of Chapter 8.



Week #13:

Dec.5: Seminar

Highly Concurrent Systems.

Carver Mead, Caltech

Projects: Today is the design cutoff date; all project design files must be at PARC for merging into the MPC tomorrow.

Dec.7: Seminar
Recursive Machines: A non-von Neumann VLST Architecture,
Wayne Wilner, PARC

Week #14:

Dec.12: Final Meeting of Class
Project Assignment #4 (Final Project Report) Due Today.

Complete Course feedback questionnaire.

Status of the projects: hat of those that got on the chip set.
Multi-project chip set progress report; how the implementation is going.
Planned activities during [AP, after the wafers are returned.

Discussion of further reading references.



6.978: Introduction to VLSI Systems

Student Projects:

Much of this course’s material, while basic, is new and is not yet part of the academic EE/CS
culture. Thus, a strictly lecture oriented course faces tutorial obstacles, as the terminology, artifacts,
and abstractions involved will be completely new to most students. A solution is to orient the
course around hands-on LSI digital design projects. Actual design experience will enable students

to quickly visualize the overall context of the course.

Early in the course, students will define and begin work on LSI projects on the order of useful
digital subsystems based on a single cell design, such as a stack, FIFQ, etc. Alternatively, the
student might design a simple finite state machine contrelling a very simple data structure; the
traffic light controller in the text is the sort of thing I have in mind here, but with a bit more than
just the PLA itself implemented in LSl. By doing these designs top-down, under time pressure,
learning the material as they proceed, with homework each week oriented around the projects to
keep everyone on schedule, the students will master the material. Students having the listed
prerequisites should be able to complete their projects in the available time. Those who have
completed what appear to be workable projects by an early December multi-project chip design
cutofT date will have the added satisfaction of seeing their projects implemented. All students must

complete their projects thru checkplot of full layout by December 12.

In addition to these projects, students having strong software backgrounds might volunteer to also
participate in group projects to provide software support for the editing, plotting, and
implementation of the L.SI design projects. Similarly, students having strong device physics and
integrated circuit backgrounds might volunteer to participate in a group project to provide circuit
simulation support for the LSI design projects. Other volunteers from the class will be sought for

participation in the merging and management of the class project chip set.



6.978: Introduction to VLSI Systems

Required Tools and Procedures for Student Project Implementation:

The completion of digital subsystem projects, through at least layout, will be an essential part of the
course experience for most of the students. Work on these projects will proceed at a rapid pace
from the beginning of the course thru mid-November, at which time sclected completed projects
will be merged for implementation. The remaining project layouts may undergo iteration till the
end of the course.

For all this to really be feasible requires certain software facilities and some sort of graphics plotter.
There must be software, and computing facilities accessible to all students, for the input and editing
of symbolic layout descriptions and their subsequent interpretation to generate CIF files. Ideally
the layout descriptions would be given in a language such as ICL. Alternatively, the descriptions
could be given directly in CIF. There must be a plotter, software for conversion of CIF files to
plotter format, and software to interface/support the plotter. A rather simple subset of CIF2.0,
supporting boxes at right angles and symbol definitions and calls, would be adequate for the above.

I will provide a complete and documented starting frame targeted for several alternative mask and
fab firms. The starting frame will be specified in the simple subset of CIF2.0, and will contain
several alternative alignment marks, mask level codes, fiducial marks if required, scribe lines of
appropriate profiles, line width testers, test transistors, and, possibly, electrical test patterns for sheet
resistivity and line widths. A documented set of input pads with lightning arrcstors and output
pads with drivers, also in the CIF2.0 subset, will be provided for student use. This starting frame,
along with the above facilities, will enable the forming of a multi-project chip set file for
transmission to Xerox PARC via the ARPANET. [ The ARPANET will thus be used by M.LT.
and Xerox PARC, both of which are ARPA contractors, to demonstrate the feasibility of remote
submission of student LSI projects to a fast turnaround implementation facility ] This will be
scheduled for early December. Final plots of the chip set will then be done at PARC from the CIF
file, to verify successful composition and transmission. The CIF to PG conversion will be done at
PARC, and software blowbacks generated for final checking of the PG files. The chip set will be
implemented by silicon valley mask and fab firms. Wafers will be fabricated and shipped back to
M.LT. by about mid-January. During the latter part of the independent activities program, the
wafers will be electrically tested and then diced into chips, and the chips then mounted, wire
bonded, and functionally tested.



Il. The Result:



Xerox Palo Alto Research Center

3333 Coyote Hifl Road
Palo Alto, CA 94304
March 31, 1979

To the students, staff, and faculty
participants in the fall semester *78
VLSI system design course at MLLT.

Dear Friends,

The color photos of the 1978 M.LT. multi-project chip set have arrived! I'm sending one out
to each of you. Enclosed with each photograph is a detailed list of the class projects, and a
map to help you locate specific projects in the photograph.

Quite a few people have had a chance to test their projects. So far, the results are really very
good, especially when considering the limited tools we used and the time pressure all of us
worked under: I have reports that projects 3, 4, and 5 work completely correctly; project 6
has been partially tested, and works correctly so far; the important subsections of project 7
work correctly; project 12 works completely correctly except for a couple of inverted outputs;
project 17 has some wiring bugs, but may be partially testable, and T hear rumors that a bigger
and better version is planned! [I'd appreciate hearing about any additional functional test
results as they become available.

If in the future any of you undertake research or development activities related to integrated
systems, I'd be very interested in staying informed of your work. Also, if you ever travel

through the San Francisco Bay Area, and have some time, plan to stop by and visit at PARC.
Good luck to you all.

Sincerely,

Lynn Conway



M.I.T. 1978 Multi-project Chip Set:

List of projects (see attached map and color copy of photo):
Filed or <Conway>maplist. mermo

1. Sandra Azoury, N. Lynn Bowen, Jorge Rubenstein. Charge flow transistors
(moisture sensors) integrated into digital subsystem for testing,

2. Andy Boughion, J. Dean Brock, Randy Bryant, Clement Leung. Serial data
manipulator subsystem for searching and sorting data base operations.

Jim Cherry: Graphics memory subsystem for mirroring/rotating image data.
. Mike Coln: Switched capacitor, serial quantizing [D/A converter.

Steve Frank: Writeable PLA project, based on the 3-transistor ram cell.

3
4
5
6. Jim Frankel: Data path portion of a bit-slice microprocessor.
7. Nelson Goldikener, Scott Westbrook: Electrical test patterns for chip set.
8. Tak Hirarsuka: Subsystem for data base gperations.

9. Siu Ho Lam: Autocorrelator subsystem.

10. Dave Leviti: Synchronously timed FIFO.

11. Craig Olson: Bus interface for 7-scgment display data.

12. Dave Otten: Bus interfaceable real time clock/calendar.

13. Ernesto Pereq: 4-Bit slice microprogram sequencer.,

14. Gerald Roylance: LRU virtual memory paging subsystem.

15. Dave Shaver. Multi-function smart memaory.

16. Alan Snyder: Associative memory.

17. Guy Steele: LISP microprocessor (LISP expression evaluator and associated
memory manager; operates directly on LISP expressions stored in memory).

18. Richard Stern: Finite impulse response digital filter.
19. Runchan Yang: Armstrong iype bubble sorting memory.
The following projects were completed but not quite in time for inclusion in the project set:

20. Sandra Azoury, N. Lynn Bowen, Jorge Rubenstein: In addition to project 1
above, this team completed a CRT controller project.

21. Martin Fraeman: Programmable interval clock.

22. Bob Baldwin: LCS net nametable project.

23. Moshe Bain: Programmable word generator.

24. Rae McLellan: Chaos net address matcher.

25. Robert Reynolds: Digital Subsystem to be used with project 4.



MLLT. 1978 Multi-project Chip Set:

Chip Set Implementation Sequence:
Filed on <Coenway>impsched memo

Information Management: Xerox PARC;
Masks: Micro Mask; Wafer Fabrication: HP Deer Creek; Packaging: M.LT.

A. Individual project design files, encoded in CIF2.0, were transmitted to Xerox
PARC via the ARPANET during 5 and 6 December 1978.

B. Files were ceaverted from CIF2.0 to ICARUS format, and merged at PARC
into a starting frame using ICARUS, based on a tentative space allocation pasted
up at M.LT. The overall design file was then converted to Mann PG format.

C. Maskmaking began at Micro Mask, Inc. ~12 December, using their electron
beam maskmaking system.

D. Maskmaking at Micro Mask was pipelined during the next several weeks with
wafer fabrication at Hewlett-Packard’s Deer Creek Research Lab,

E. Wafers (total of 41) were fabricated by 8 January 1979.

F. Initial electrical testing and packaging were done in M.L.T.'s Materials Science
Lab. Packaged chips, custom wire-bonded to individual projects, were available
to students for functional testing by 18 January 1979,
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I11. Lecture Notes
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Memorandum
To: IC Group (and others interested)

From: Lynn Conway

SEMINAR ANNOUNCEMENT

Douglas Fairbairn
Member of the Research Staff
Xerox Palo Alteo Research Ctr.

Will be showing a film and giving a seminar on:

Interactive Graphic Aids for Integraked System Design

bt Date/time: Tuesday, October 31, 1978
Room 39-400

1,30 - 3,00 p.m.
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Memorandum
To: The IC Group (and others interested)
From: Lynn Conway

Subject: Seminar Announcement

On Tuesday, November 21, from 1:30-3:00 p.m. in room 39-400,
Richard Lyon, Member of the Research Staff, Xerox PARC will
be giving a seminar titled:

VLSI Implementation of Speech Processing Functions

Abstract:

The cost of implementation of special-purpose signal processing
hardware has been rapidly decreasing in recent years under the
influence of new technologies. Very Large Scale Integration
now enables the design and construction of digital filters and
other signal processing structures at costs low enough to spur
an applications revolution.

At Xerox PARC, speech recognition has been the motivating
application for the development of several new integrated
subsystems for speech processing. The predicted low replication
costs for VLSI systems has had a major impact on the design of
the speech processing algorithms, and on the architecture and
design of the integrated hardware subsystems which implement

the algorithms.

An overview of the Xerox PARC speech recognition project will
be presented. The design of some of the integrated speech
processing subsystems will be described, including the design
of a single chip digital filterbank and its on-chip memory
subsystem.
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To: EE/CS department faculty, staff, and students.

From: Lynn Conway, 36-595, X3079.

As a part of course 6.978, a series of seminars concerning
VLSI computer system architecture will be held on Dec. 5,

Dec. 7, and Dec. 8, as listed below. You are invited to attend.

"Highly Concurrent Systems",
Carver Mead,

Prof. of Cemputér Science, Electrical Engineering, & Applied Physics,

California Institute of Technology.
Tuesday, Dec. 5, 1:30-3:00, Rm 39-400.

"Recursive Machines: A non-von Neumann VLSI Architecture",
Wayne Wilner,

Member of the Research Staff,

Xerox Palo Alto Research Center.

Thursday, Dec. 7, 1:30-3:00, Rm 39-400.

"Project X-Tree". (see attached abstract),

Carlo Sequin,

Assoc. Prof. of Electrical Engineering and Computer Science,
University of California, Berkeley.

Friday, Dec. 8, 3:00~4:30, Rm 39-400.
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FRCJECT X-TREE

C.H.8équin, A.M.Lespzin end D.A.Patterson

Computer Science Livision
"Electriczl Engineering and Computer Sciences
University of California
Eerkeley, California 94720

The guestion how future computing systems can best
exploit the computstional power of forthcoming VLSI com-
ponents is studied. "X-tree" is one nossible answer based
on a modular approach in which the basic building block,
"Y.node" is ‘a single-chip VLSI computer. An unlimited
number of these components are organized into a binary tree,
which is enhanced by additional 1links to provide fault
tolerance and & more uniform message traffic distribution.
This orgenization overcomes the communications bottleneck of
traditional multiprocessor systems, while remezining within
the constraints of the limited pin number of the single-chip
components. :

X-node itself consists of a dynamically microprogramm-
able processor, a two-level memory hierarchy and a communi-
cations switching network, all ulimetely to be integrated on
one or two high-density VLSI MOS chips. The project is at an
early stage of research. The construction of prototypes of
the 1link between nodes and the communications parts of X~
node have been started.

Interconnection topology, addressing scheme, routing
algorithm, message format and tentative ideas on switching
hardware and the architecture of X-node will be discussed.
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IV. Homework and Project Assignments



M.I.T., Department of Electrical Engineering & Computer Science.

6.978. Homework #1. Due: Tuesday, Sept. 19, '78.

1{a). Construct a color-coded stick diagram representing the
design of an integrated MOS structure which implements
the following combinational logic function:

truth table:

A A'B B'C C' ABC | 2

[ T T
s0— 000 s0
sl— 001 sl
S2-— 8 to 1 010 s2
s3— .7 011 s3
s4—| selector 106 sd
85 101 s5
S6- 11¢0 s6
S7— 111 s7

1(b). Draw the transistor circuit diagram corresponding to
your stick diagram solution for 1l(a).

2(a). Construct a stick diagram design for an MOS structure
implementing a 4-input prioritizer function as described

below:
VDD truth table (X=don't care):
|

A — ABCD Ap Bp Cp Dp
A'— - AD
B— 4-input 6000 0 0 0 ¢

L — Bp 0001 0O 0 0 1
C — prioritizer 001X 0 0 1 0
C' — Cp 01XX 0 1 0 ¢
D — 1 XXX 1 0 0o O
D'— Dp

Hint: v22'll probably need the GND{logic 0) input, and
some solutions use the VDD{logic 1} input.

2{b). Explain the principle behind your solution to 2(a),
i.e., the basic idea of how your design works. Could
your design be expanded in some natural way to
implement prioritizers having more inputs? How?



M.I.T., Department of Electrical Engineering & Computer Science
6.978. Homework #l. (continued). Due: Tuesday, Sept.19, '78.
3(a). Design a logic gate implementation of the 8 to 1 selector
function described in l(a). Use NAND and/or NOR logic
gates each having two or more inputs. Use the symbols:
NAND NOR,

3(b). Now construct a color coded stick diagram representing
the design of an integrated MOS structure which implements
your logic gate solution to 3{a), and thus which implements
an 8 to 1 selector.

3(c). Compare your solutions to l1(a) and 3(b). Any comments?
What did you learn from this comparison of these two
different approaches to designing a logic function in MOS?

Reading Assignment: Study the following sections in Mead & Conway:

Chapl: Introduction,

The MOS Transistor,

The Basic Inverter,

Inverter Delay,

Basic NAND and NOR Logic Circuits

Chap2: Introduction

Chap3: Intreoduction,

Notation,

Combinational Logic



MII.Tl'

6.978.

Department of Electrical Engineering & Computer Science.

Homework #2. Due: Tuesday, Sept.26, '78.

5{a).

5(b).

6{(a).

6(b).

Reading

Design, and illustrate in mixed notation (similar to that
in Fig. 5b., Chap. 3, in Mead & Conway) a register array
stage which can shift words up one bit, or pass them
straight thru, or shift them down one bit.

Design and stick diagram a logic block which decodes a
two bit binary number into a four bit unary number.
Use whichever of the two truth tables you prefer.

V?D

ON

O [

2

B"" "'Z’_

HHOKH |~
(=0 ol ol (2]

HorHo | w

e -X-N
O

A B

0 0i1 0
A4 decoder | 3, 01/0 1

l1 0j0 0O

11|00

GND Table (or) Table 2

Draw the transistor circuit diagram corresponding to
your sclution to 5(a).

Generalize the stack cell idea (illustrated in Fig. 10a.,
Chap. 3, in Mead & Conway) to create a cell which can
shift data in 2-dimensions. Sketch your scolution in

mixed notation as in Fig. l0a, using the additional control
signals sHu{active in phase 1) and SHD (active in phase 2).
Show at least two cells in adjacent rows.

Stick diagram an nMOS structure which implements the cells
of your solution to 6(a). This nMOS cell should be have

a form so that it may be repeated both horizontally and
vertically in a regular array of cells ( see for example
the stick diagram in Fig. 10b in .the text ).

Assignment: Study the following sections in Mead & Conway:

Chap3:

Two Phase Clocks, The Shift Register, Relating Different
Levels of Abstraction, Implementing Dynamic¢ Registers,
Designing a Subsystem. .

e e



M.I.T., Department of Electrical Engineering & Computer Science

6.978. Homework #2 (contlnued)

Read & Study: Chap3: The Programmable Logic Array, Finite State Machines.

7. Construct the stick diagram for an nMOS PLA which implements
a one-bit stage of a full adder. Include the phase~l ‘and
phase-2 clocked registers which precede and follow the
PLA logic (0.K. to use logic symbols for the inverters).
Clearly indicate the topology of the carry-in signal path
and the carry-out signal path. The full adder function is:

Ci Ci By Bi 155 i
l ¢ 0 0 0 0
0 0 1 1 0
A I-bit 0 1 0 1 0
Si 0 1 1 0 1
' Biu*full adder 1 0 0 1 0
1 ¢ 1 6 1
l1 1 ¢ c 1
l 1 1 1 1 1

Ci+1
8. Following are a state diagram and symbolic transition

table for a (010l1l) sequence detector (it is assumed,
arbitrarily, that the detector starts in state A).

Construct an encoded transition table and then stick diagram
an nMOS PLA finite state machine which implements the

encoded function. The x/y labels on the arrows indicate the
Input/OQutput values associated with the indicated transitions.

0/0
1/0
o/
Into Inreg in Phase 1 Into Qutreg in Phase 2
— B ~ []
State Input |[Next State | Output Comment
A (start or 0 B 0 imay start 0—-—-
startover) 1 A 0 _ino good, stay at A
B (seen one or 0 B 0 |{stay if zero
more zeroes) 1 c Q0 {~--01, so go to C
C (seen —--01) 0 D 0 |ok, go on to D
1 A 0 fa11 go _back to A
D (seen =—G10) 0 B 0 {fail, go to B
1 e 1 |success,output 1,
x and_uo to¥X<C
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M.I.T., Department of Electrical Engineering & Computer Science

6.978. Homework #3. Due: Tuesday, October 3,'78.

9(a). A wire in our system carries messages in a coded binary
serial form. When things are running right, all strings
of 0's are of even length and all strings of l's are of
odd length in this code. There is a reset wire which
carries a signal which indicates the last bit in a
message. This reset signal also remains on for many
c¢ycles when our system is started, prior to any messages
being sent on the message wire.

We wish to design a finite state machine to hang onto the
message wire which will output a 1 if it sees an error

in a passing message. For example, in the following
message bit sequence (M), with the message ends marked
by a reset bit (R), we find the indicated errors (E):

R: 11100000000000001000001{-- -
M: XX X00100011101100001110(---
E: xxxo00000100010106R000013-- ",
- ~ N
MSG1 MSG2

Construct a state diagram showing the states, state
transitions, and output under various possible input and
state conditions, for a finite state machine specified to
produce the error signal E. Hint: watch out for the
various message terminating situations illustrated by MSG2.

Now construct a symbolic transition table corresponding
to your state diagram. Place some comments next to the
various transitions to help others interpret the table.

9(b). Construct an encoded transition table from your symbolic
table above. Now, stick diagram an nMOS PLA finite state
machine which implements the function specified in your
encoded transition table.

9(c). Which of the above took longer to do, 9(a) or 9(b)?
Which of these parts did you consider most difficult?

Reading Assignment: Read & study:

Chap2: Patterning, The Silicon Gate n-Channel Process, Design Rules.
Chap4: Introduction



page 2

M.I.T., Department of Electrical Engineering & Computer Science.

6.978. Homework #3 {(continued):

10. Figure 8b in chapter 4 of the text shows the layout of
one cell of a shift register. This cell is repeatable
in a regular array with an area per cell (if adjacent
rows are mirrored to sharg VDD and/or GND) of 21 lambda
by 19 lambda = 399 lambda<“ = 3591rgm . ('78 lambda = B,Lm).

For a particular application we need a more compact
layout, and are willing to trade power vs delay over a
wide range as long as we keep Zpu:Zpd = 8:1.

Create a more compact layout which still satifies the
design rules given in the text. 2lot your layout on a
grid of lambda = 1/4 inch. For this problem you may

use lines at 45 degrees if you wish { normally in this
course we will produce layouts using only lines at right
angles). Color your layout so as to clearly differentiate
between the various layers.

What is the area per cell of your shif5 register when
repeated in a regular array (in lambda“®) ?

11. Using only lines at right angles, and using colors to
identify the layers, layout on a lambda = 1/4 inch grid
the stack cell having the topology given in figure 10b
in chapter 3 in the text.

Your layout should be repeatable in a regular array.

Note that the two halves of the cell shown in the text

are the same, but one part is just rotated 180 degrees.

S0, vyou need only show the layout for one half of the
cell, but carefully producing the layout so that it will
properly share VDD and/or GND and abut properly with the
rotated half cell. Use min-sized pulldowns, for low power.

What is the area per (full) cell, in lambdaz, for your
stack layout when repeated in a regular array?

Reading Assignment: Read & study:

Chap2: Electrical Parameters, Current Limitations in Conductors.



page 1

M.I.T., Department of Electrical Engineering & Computer Science.

6.978 Homework #4. Due: Thursday, Oct. 12, '78.

12(a). Figure 1 on page 2 of this assignment sketches the block
diagram of a serial bit string comparator. The function
of this subsystem is as follows: A stream of data bits
is clocked through a Data Register, which might be 64,
128, 256, or more bits in lengtii. Each clock cycle, the
data bits in the register are compared with a previously
loaded pattern of bits in a Key Register. However, only
a subset of the bits are actually compared, namely those
in positions marked by a pattern of bits in a Mask Regis-
ter. The comparison is made in a Comparator, which has
a Match Line running through it. If any of the data bits
in positions marked by the mask bits are different from
the key bits, then the Match Line is "pulled low".
Otherwise it is left high.

One possible MOS design for the bit string comparator is
suggested by figure 2, which shows a one-bit vertical slice
of a design, in mixed notation.

Stick diagram an MOS structure which implements this
one-bit vertical slice. You might try several alternative
approaches, keeping in mind the future implications

on layout, before you settle on a final stick diagram.

12(b). Construct a layout diagram corresponding to your stick
diagram for 12(a). The one-bit vertical slice should
be repeatable horizontally. Use only lines at right angles.

"There are many ways to simplify the plotting of the layout
of this slice: Note that the two bottom registers are
{almost!) mirror images of each other. So you don't need
to repeat the full plot of both of these. You might do
the important cells on a lambda = 1/4 inch scale, and then
-carefully construct an overall plot on a lambda = 1/8 inch
scale. But, whatever ideas or tricks you use, be sure
that the design rules can be checked, and that the
locations of all objects c¢an be determined from your plots.

Reading Assignment: Read & Study:

Chap 1: Driving Large Capacitive Loads, Super Buffers.

Chap 4: Patterning and Fabrication



M.I.T., Dept. of EE/CS.

6.978 Homework

#4 (cont.)

DATRA ——

DATA REWISTER

h

VDD —

ComPARATOM

T i

KEY

| KEY Rcc',\s-rsw.:.

C L |

MALK —— 3

MASK RESISTER

winE

page

sz

[ “MATLH

MareH

Figure 1. A Serial Bit String Comparator Subsystemn.

(Block Diagram)

gesl @, LD @orD b
—y—
DaTA | [:;u -
MaTeh J.H'.TE-
KEY ﬁ%.——_——
—— )
~
B ——
. | e S
el
MAsK L L {>!: = Dc .

Fiqure 2. A One-Bit Vertical Slice thru One Possible
nMOS Circuit/Logic design of the
Serial Bit-String Comparator.



M.I.T., Department of Electrical Engineering and Computer Science.

6.978. Introduction to VLSI Systems.

This Handout Contains:

1. Homework Assignment #5.
2. Project Assignment #1.
3. Example CIF-code.

4. List of CIF errata in text.
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M.I.T., Department of Electrical Engineering & Computer Science.

6.978. Homework #5. Due: Tuesday, Oct. 17, '78.

' Note:Keep a copy of your solutions to this HW.

13. Construct a CIF-code description of the layout of the two
dual-port register cells pictured in Figure 22a in chapter
5 of the text. However, modify the layout as needed to
eliminate the use of boxes at other than direction (1 0).

14. Sorters of various types provide interesting examples of
"smart memory" subsystems having important applications.
Sorters are often fairly directly mappable into integrated
nMOS structures.

Suppose we wish to design a serial input, serial output
bubble sorter having the block diagram shown below. This
subsystem is loaded with a bitstream of N words of m bits
each. We then wish to sort the words with the largest.
rising to the top. It is then unloaded at the bottom.
with this unloading perhaps overlapped with the loading
of another N words.

The sorter memory array contains a processing element
between each adjacent pair of m bit words. If properly
organized, the loaded sorter can perform a complete bubble
sort in (N)x(m) phase-l/phase~2 cycles. It can thus sort

N words, using a memory space of N words, in time of order N.

During each set of m cycles, adjacent pairs of words are
either recirculated in place or swapped, depending on

which is larger. All these adjacent pair swappings can

take place concurrently. Note that no two words may regquest
swapping with a word in between them, if the decision to
swap is based on the first encountered bit position where

a lower word is = 1, and the word above is = 0.

;,t D

RORTER ) ¢¢“ES

|
i Dour
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6.978. Homework #5. Problem 14 (cont.).

A possible organization for the rows of words and processing
elements is given in the diagram below. Each row is a simple

m bit shift register. Whether the shift registers recirculate
or swap with a neighbor depends on the state of a finite state
machine in between each pair of rows. The state sequencing of
of each finite state machine depends on the data shifted out of
the adjacent word rows, according to the state diagram below.

A RST control signal is provided after every m bits of shifting,
to reset the state machines for the next set of swappings.

'.'Dn?n.

o
RST
D
' ¢|’m ! .
: ' é &,
- o - Sy
1 ' l l i 1 X ¢I / ¥
X ' D ‘5"’34-:
q by wﬂﬁﬁz*_‘ ’_‘_j ‘[
| Dib]
1 i i
o T 5 | oy P,
1)—-' gl 1 S ( —
i p— * ?.
Sy [
™ BN
WerD; > '
[ 1 L D:
D | 1 i—:-l j & ¢
' ﬂ 1 b =0 '
nt J ! = e
Ifi-z 3:"|
N ?i'l _ SU-.,,
LJJORDéﬂ _\_:__,J l
IF R i
il !
- — ! 1
| T :
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6.978. Homework #5. Problem 14 (cont.).

Note that each bit position within each word row is simply
a one bit shift register clocked on phase-~l/phase-2 as
indicated. At the start of recirculation/swapping the most
significant and least significant bits of each word are in
the positions indicated on the previous page.

2 %
= D,c

- == [:>c =

The finite state machines are the same for all row pairs. A
block diagram for FSM; is given below, irdicating its inputs
and outputs. Inputs are the data bits from the (i)th and
(i+1l)st rows, the RST line, the "swap" lines output from the
adjacent state machines, and the clocks. Outputs are the true
and complement values of "swap;". The state diagram for FSM;
is also given below.

(sui+|+5\di_lf D\"!;Fsl' +RST)= \/5-{:}

. LA
l®i+l vt
Gu s 3D, D 4rsT)=0 [
59 4 RSTa1 5 :
FSMm RST

A ned S--aﬁa‘mD

——
¢t j TWO STATES
Y O
)

s Suo:::r',;\%

The Problem: Design an nMOS circuif implementing FSM,. Carry the
design only through to a circuit diagram. Hint: You probably don't
want to use a PLA for this one. lso, be sure to do the right things
on the right clock pha inky¥ythrough the functioning of the

overall subsystem. (( Does it really seem to work

Reading Assignment: Read the fpllowing sections in the text:

Chapter 4: Hand Layout and Digitization Using a Symbolic Layout
Language; The CaJtech Intermediate Form.

eodle dida ¥ hhe The A';*'d:rv(/-‘ wre o-1
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M.I.T., Department of Electrical Engineering & Computer Science
6.978. Project Assignment #1. Due Thursday, Octocber 26, 1978.

The project lab is located in room 36-561. For information on
lab scheduling, call Joy Thompson (Sec'y to Prof. Jonathan Allen)
at 253-7309.

1. Learn and practice: Login; creation, editing, and filing of
text files; listing of text files on the line printer;
plotting of CIF-code layout files on the HP color plotters.

2. Key-in and plot your CIF-code for Homework problem #13.

3. Project Selection: Select and briefly déscribe your proposed
integrated system project.

{(a) Provide a short description of the function of the
system/subsystem.

(b) Construct a block diagram of a possible organization of
the project, identifying the key components, inputs, outputs
and controls.

(¢) Indicate that portion of the system/subsystem that you
plan to complete through layout by late November for peossible
inclusion on the M.I.T. '78 multi-project chip set.

(d) Do you plan to collaborate with others? If yes, please
list their names in your proposal, and indicate the nature
of the collaboration, i.e., on project design, or on design
checking. .

(e) If you would like to collaborate with others, but haven't
yet made arrangements to do so, indicate this in your proposal,
and whether you seek others to participate in design, or
design checking. :
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‘Documentation for Inverters:
InverterPair -- BackwardInverterPair
InverterQuad -- BackwardInverterQuad

July 25, 1978 Status uscd in summer 1978 MPC
Bob Baldwin Address/Phone . PARC SSL
Inverters.Libloc CIF File Inverters.cif

Mead/Conway Scale A=3um

Dimensions and Replication

Futther Info

Function/Use

Included Cells

Loadings

Performance

"Internal delay: output riscs

InverterPair X:41A Y:16A DX:no DY: no
Back...Pair X:37A  Y:16A DX:no DY: no
InverterQuad X:4lX Y:28A DX:no DY: 30A
Back..Quad X:37A Y:28A DX:no  DY:30A

Sce section 7.3 of A Guide to LSI Implementation.

Produces the inverted and non-inverted value of a signal that has been routed

though pass transistors (i.c. the first inverter has Z u/Zpd = 8). For InverterPair,
the input comes from the left, and both the true and compiement output are

avialible in red and green on the right. BackwardInverterPair has the input on the
right, and output on the left. ‘

..Quads are pairs of ..Pairs, sharing a ground line between them.

Vertical Vdd, Ground, and clocks in metal 4X wide. Input is on the left (right)
side in red 2\ wide. Both the true arid complement output are avialible in red
and green on the right (left) side. .

None.

Input load: 8A2 gate = .03 pf (fanout of 1)
The complement output drives the sccond inverter, so it
already has a load of 1 fanout

True output time constant: ~(20kQ/2)Cy,.q  ~10ns/pf.

~(Fgp+ D867, falls ~(B(F o + 1+, ).

Complement output time constant:  ~(20k§Q/4)(Cyy, 4 +.03pH  ~5ns/pf.

Intenal delay: oulput riscs ~8(t‘comp+1)r. output falls ~(f‘comp+1)1-
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A Guide to LS Implementation

file: Inverterscif

{ Created by Sif from Inverters.ic );

DS 1; { Name: InverterPair );

{ 27 Itens, )

Layer NPol: Box len 2000 Wid 600 Center 1200,-3000
Layer NPol: Box Len 1200 Wid 900 Coenter 1200450 ;
Layer NDNf: Box [en 12000 Wid 300 Center 1200-2100 ;
Layer NIBS Box Len 11700 Wid 1200 Ceater 64504200 ©
Layer NMet: Box Len 1200 Wiad 1RO Center 1200,-900
Layer NCut; Box Len 60 Wid 600 Center 1200.-600 ;
Layer NCut; Box Len 600 Wid 600 Center 1200-1200 :
Layer NPol: Box Leu 1500 Wid 600 Center 1950,-300 :
Layer NDif: Box Len 3600 Wid 600 Center 3300.-1200 :
Layer N[mf): Box Len 3000 Wid LA00  Center 3300.-1200 ¢
Layer NPol: Box Len 2400 Wid 1800 Center 3300.-1200 :
Layer NPol: Box Len 600 Wid 1200 Center 4200.-2100 ©
Layer NPol: Boux Len 5700 Wid 60 Center 6750,- 3000 :
Layer NMet: Box Len 1200 Wid 4800 Center 5400,-2400 :
Layer NIuf; Box Len 1200 Wid 1200 Center 5400.-1200 ;
Layer NCut; Box Len o0} Wid 60 Center 5400,-1200
Layer NDif: Rox Len 2700 Wid 600 Center 6750.-1200 :
Layer Nimp: Box Len L0 Wid 1800 Center 6900.-1200 ;
Layer NPol: - Box Len 1200 Wid 1800 Center 6900,-1200 :
Layer NPol: Box Len 1200 Wid 600 Center 7500.-300 :
Layer NDif; Box Len 1200 Wid 300 Center 8-400.-2100 :
Layer NPgl: Box Len 1200 Wid 900 Center 8400,-450 3
Layer NMet: Box Len 1200 Wid 13080 Center 8400,-900 ;
Layer NCut; Box Len 600 Wid 600 Center 8400,-600 :
Layer NCut: Box Len 600 Wid 600 Center 8400.-1200 :
Layer NMet: Box Len 1200 Wid 4800 Coenter 11700,-2400 ;
Ib.ager NCut: Box Len 600 Wid 600 Center 11700,-4200 :

DS 2 ( Name: InverterQuad )

(4 Items. ):

Czil 1 Trans 0.0:

Cull 1 Mir Y Trans 0.-8400:

Layer NMet: Box Len 1200 Wid 3600 Center 5400,-6600 ;
L'uer NMet; Box Len 1200 Wid 3000 Center 11700.-6600 ;

.

DS 3:  ( Name: BackwardInverterPair }:
( 27 Rems. )
Layer NPol: Box Len 5700 Wid 600 Center 2850.-3000 : -
Layer NDif: Box Len 1200 Wid 3000 Center 1200, -2100 ;
Layer NPol: Box Len 17200 Wid 900 Center 1200,-450 :
Layer NMet: Box Len 1200 Wid 1800 Center 1200,-900 :
Layer NDiF; Box Len 10500 Wid 1200 Center 5850.-4200 ;
Layer NCut; Len 600 Wid 600 Center 1200.-600 :
Layer NCut; Box Len 600 Wid 600 Center 1200,-1200 :
Layer NI Box Len 2700 Wid 600 Center 2850.-1200 ;
Layer NPol: Box Len 1200 Wid 680 Center 2100.-300 ;
Layer Nimp: Box lLen 1800 Wid 1800 Center 2700.-1200 ;
Layer NPol: Box Len 1200 Wid 1800 Center 2700.-1200 ;
Layer NMet; Box Len 1200 Wid <800 Cuenter 4200.-2400
Layer NDif: Box Len 1200 Wid 1200 Center 4200,-1200 ;
Layer NCut: Box Len 600 Wid 600 Center 4200,-1200 :
Layer NP Hox Len 3600 Wid 600 Center 6300,-1200 ;
Layer NImp: Box Leu 3000 Wid 1800 Center 6300.-1200 :
Layer NPol: Box Len 2400 Wid 1800 Center 6300.-1200 ;
Layer NPol: Box Len 600 Wid 1200 Ceuter 5300,-2100 ;
Layer NPol: Box Len 1500 Wid 60 Center 7650,-300 &
Layer Ni'ol: Box len 200 Wid 600 Center 8400,-3000 ;
Layer NPol: Bozx Len 1200 Wid 900 Center 8400.-450 ©
Layer NIuf: Box Len 1200 Wid 3000 Center 840G.-2100 ;
Layer NMcet; Box bLen 12000 Wid 1800 Cenier B400,-900 ;
Layer NCut: Box Len 600 Wid 680 Center B4HX).-600 ;
Layer NCut: Box ILen 600 Wid 680 Center 8300,-1200 ;
Layer NMet: Box Len 1200 Wid 4800 Center 10500,-2400 ;
1{41!?“ NCut; Box Len 600 Wid 600- Center LOSOR.-4200 -
b/ O

I -
all 3 Trans 0.0;
l IMiIr Y Trans 0-8400;

113
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M.I.T., Department of Electrical Engineering & Computer Science.

6.978. Homework #6. Due: Tuesday, October 24, '78.

15. As we've seen, the FSM's controlling the sorter described
in p;oblem 14 must each have at least three states. one
possible state diagram for FSM; is as follows:

Stig,* Sw  +3,,°D, fD,-_p,-'D,--rRST= i lsu STATES: A : NOT YET SwAPPinG /RESET =

D SwAPPING

¢ ReéMEMIER NAT TO SwWAP

St §i I-q"- rl"l

+T; +RT:0 /Sw

Swi, +30,+3;,,

+3: +RST 2Df§ SW;, #SW FRET =1, 378y B

Swi,, * W, #RIT =0,
THEN ¢ Di, =D, TAY N ®

@~ S pnenr, o1s @

'RST':O/Syu ReTzo/ S0 iy Disy 201, o _To @

5 =\

=

1%
——‘ﬂ_‘r—.__ ‘r ¢2 . ¢|
R
L =

RST e
L; Fi: R r=J=: S‘:):
Sdia ) ———f—my -1 ? | — ]
. i ey Suw;
- sl e gl

Now, one possible MOS circuit implementing this FSM; is:
. SWis
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Starting with the above circuit, and with the subsystem
diagram given in HW #35, page 2, construct a stick diagram

of FSM; and the first/last bit positions of the two adjacent
word registers, including the load control switches.

Reading Assignment: Read & Study:

Chl: Delays in Another Form of Logic Circuitry, Transit Times
And Clock Periods.

Ch2: Yield Statistics.

o|-lol




M.I.T., Department of Electrical Engineering & Computer Science.

6.978. Project Assignment Schedule:

Assignment 1l:

Assignment 2:

Assignment 3:

Assignment 4:

Due Thursday October 26: Proposed Project Selection.

Due Thursday November 9: Detailed Project Description.

In a format of your chosing, provide detailed block
diagrams and circuit/logic diagrams of your project
design. Include a short written description of the
project function, and a detailed description of the
algorithms involved. The idea here is to produce

a description that others could review to help you
uncover problems/errors at the top level before you
get too far into detailed design. If possible,
provide stick diagrams of key cells, and an estimate
of the area your project will require on the chip.

Due Tuesday November 21: Preliminary Layout.

Update your Assignment 2 description to include

any changes made during detailed design and layout.
Append copies of your stick diagram design notes
and copies of checkplots of your project cells.
Append any written comments which might be helpful
in clarifying your overall layout. You should have
completed at least a preliminary version of your
entire project layout by this date.

Due Thursday December 7: Final Project Report.

In a format of your chosing, drawing on all the
preceding materials and your final design results,
describe your project at the various levels from
subsystem overview down to final layout.

Note: Projects will be selected during the period 21 to 28 Nov.,

for inclusion in the M.I.T. multi-project chip set.

Final design files will be merged into the chip file on 5 Dec.
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M.I.T. Department of Electrical Engineering & Computer Science

6.978. Midterm Exam. November 2, 1978.

Problem 1. (25%) (use elect.parameters tabulated on p.1l5, Chap.2)

(a) You are designing a control driver which must drive a 0.8 pf
capacitive load. Minimum delay is essential in this case, and
you are not concerned with area. The control signal originates

from a minimum=-size inverter. N? .
r ‘ A -
___{::xy-——{:>x>~-—-— E::: . % ol
—1_ = 0.
{(min-5126) T L P

How many stages of inverters (or super-buffer sections) would you
use, and what would be the ratio of their successive sizes?

(b). How wide (in microns} should the VDD and GND wires be which
supply power to the OM-2 Register Array Subsystem pictured in the
frontispiece in the text? The detailed layout of each pair of
cells is shown in Fig. 22a, Chap. 5. Assume that metal wires are
1 micron in height, and use a maximum current density of 1 ma per
micron2. Clearly indicate your assumptions and each step in your
calculation.

Problem 2. (25%)

Using a mixed notation as in Fig.l3c, Chap.3, give a stick diagram
for a NOR-NOR type nMOS PLA (including its input/output registers)
which implements the following functions. Use a minimum number of
product terms.

X=(A+B)(E+B+C) (B +70 "AND plant |OR plane
Y= (A+C){E+B+0C)
¢ — “inREG “au?nta"‘-(—gs
N
A B < XY
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6.978. Midterm Exam {cont.)

Problem 3. (25%)

(a) Assume that all lines in Fig. 4b, Chap. 5, are of minimum
width. What is the design rule violated in this figure?

{b) What, is the major error in the design in Fig. 17, Chap. 4.

(c) You've become tired of the tedious job of digitizing
layouts directly into CIF code. So, you've decided to define

a Symbolic Layout Language, and construct a translater to CIF
code. What are three capabilities, beyord or in place of those
of CIF, that you would include in your language to simplify the
task of describing layouts?

Problem 4. (25%)

Design and give a circuit diagram for an MOS circuit implementing
a Toggle Flip-Flop (TFF). The TFF changes state (after a full

& -P. clock cycle) if its input T is high during @, . If T is low
during ¢, , the TFF remains in the same state. The block diagram
and state diagram for the TFF are as follows:

A & T/Q: "I' o/
1 /R ¥

T—> TFF —>Q W . \/o

o/

Briefly but carefully describe the functioning of your circuit
(to help the grader believe that it really works!}.
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6.978: Introduction to VLSI Systems:

Background Questionnaire: The following questions are not meant to establish requirements, but are
an information gathering tool to help in course and course project planning.

Name: Course: Year:

Local Address/phones:

Major Technical Interests:

MIT. Courses taken: 6011 __ 6012 ___ 6031 __ 6032 ___ 6082 __ 6112

Other equivalent or relevant courses taken:

Could you sketch the block diagram of a stored program computer?

Have you ever designed a major digital subsystem such as a CPU, an 1/0 controller, etc?

Could you sketch the block diagram of an assembler?

Have you ever designed and implementad a major software subsystem such as an assembler or compiler?

Describe your most ambitious software or hardware project?

What programming languages do you know?

Had any experience with graphic design languages?  As a user of computer aided design systems?
Have you any experience in the design of high-level languages? _ Of data structures?

Have you ever interfaced and programmed microprocessors?

Had any experience in micro-programmiing? For emulation? For 1/0 controi?

Could you draw the logic diagram of a 4-bit, 16-instruction ALU to the gate level?

Could you design, and implement in TTL, a finite state machine controller such as a traffic light controller?
Could you draw the current vs voltage characteristics of an MOS transistor?

Ever laid out an integrated circuit? In what technologies?

If yes, what was your most complex cireuit?

And. if yes. did you make use of a circuit simulation program? Which one?

Couild you describe the wafer fabrication sequence for an MOS-IC?

What do you hope to learn from this course?




6.978. Scheduling Questionnaire: (return on Thurs., Sept.28)

Your completion of the following questionnaire will help
in planning the scheduling of lab sessions and possible
seminars.

Place 1l's in those boxes indicating times you would prefer
to attend lab sessions or seminars. Place at least six
1's in the table.

Place 0's in those boxes indicating times during which you

could not attend, or it would be difficult for you to attend
lab sessions or seminars.

Name:

MON | TUE WED THU FRI

PM | 1-2 0 0

3-4

4-5

5-6

6-7

8~9

9-10
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WH CIFTran Users' Manual 10/23/78

CIF is a textual language for describing graphie items
{mask features) cf dinterest t¢ LSI circuit and svstem
designers. The defining document fo= CIF is a saction entitled
"The Caltech Intermediate Ferm for LSI Layout Deseription® in
the text "Introduction to VLSI Systems" by Mead and Conway (to
be published by Addison-YWesley).

This CIFTran Users' Manual documents the wuse of a
particular implementation of a translator for that language.
This this translator reads and interprets files of CIF ccde,
and generates several forms of cutput.

Independent of the type(s) eof output selected, a
translaticn pass always reads and completely interprets the CIF
file in the same way, and generates syntax error diagnostic
reportis.

Currently implemented forms ¢f output included ceommands to
drive a HP 7221A fcur color graphics pleotter, graphic commands
for a Tektronles DVST graphics terminal, and an alphanumeric
representation of '"pen type" commands such as move, draw, and
select layer.

Language Exceptions Frem Standard

e e A AP D wet b e el e w we She W P SR N AD  EE me e W

The CIF language supperted hy this translator is that of
the "standard” (as amended in a note dated 2-0ct-78 by Lyon)
with the folloewing exceptions. All transformations and the
nesting of symbol calls (instantiations) are supported, The
"pr, "R", "W", and "DD" commands are currently unsupported.
Unimplemented CIF commands will Dbe reported either as
unimplemented or as "unknown commands".

The following text string is an example of a  complete
acceptable CIF file,

(EX1.CIF Example of CIF code );
{ Symbol definitions };

( A single box, conceived of with a lambda of 3 );
Define Symbol 1 Scale 3/1%;

Layer NDif;

Box Length 4 Width 2 Center 2,1;

r

DF;

(

A cell consisting of two calls ¢n the single bex.
( This is a nested comment )

)3 :
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(€4}

s 2 4 1,

Call 1 Rotate to 0,1 Translate to 10,0;
Call 5 Translate to 0,-2;

DF;

(Main program);
Call 2;
Layer NPoly; Box L 30 W 10 40,40 Dir 1,1;

The CIF translater is started by executing the preogranm
currently nmnamed M“CIFTRH", Upon initiation, the program will
read in variocus options and parameters frem & file named
"CIFTRM.FAR™. Such 2 file must exist somewhere in the current
search path. It is suggested that each user make a copy in his
own directory, since each application will entail different
parameter values. (The designation [name] of the file tc be
copied 1is <KLSI.UTILITIES>CIFTRN.PAR.) Parameters are set by
using a text editor to edit this file. The format of tha file
consists of a header and trailer which should not be modified,

ard a listing of option situations expressed in the following
form:

<option name> = <option value>

The variocus c¢pticn names, their function, and acceptable values
are as follows:

ISPLTC - Is Pletter Cutput desired cn this pass. Acceptable
values are T (true or vyes) or F (false or neo). If
plotter output is requested, a particular plotter must
first be allocated/assigned/connected. The policy and
procedure for doing this will be selected by the teaching
assistant on duty. (A "lccal logical name" of "HP:" must
be defined to be one of the plotter connections before
running CIFTRN.)

ISALFO - 1Is Alphanumeric Output desired on this pass,
acceptable values are T of F, If alphanumeric gutput is
desired, a destination designator will be solicited by
CIFTRN., The default is TTY:

ISTEKO - Is Tektronics DVST graphics terminal output requested
(T or F).

ISTRAC - Is trace output requested. Tracing will cause the
entry to each symbol instantiation and the beginning cf
each box command to be listed. Such a mode is sometimes
useful for debugging. Trace output goes to the same
destination as does alphanumeric output, and the
destination designator i3 specified as documented above
under ISALFO.
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A CIF file specifies the layout cf objects in a Cartesian
coordinate system of essentially unlimited size, with the unit
of measure being taken as a centimicron. Some finite region of
this 1layout space must be selected for mapping onte display
dzvices, znd this region is called the "windcw". The window
position 2nd size is set with the feollowing parameters:

WINXL, - Window X of left edge, units of centimicroms.
WINYB -~ Window Y of bottom edge, units of centimicrons.

WINDX - Delta X (width) of window. The height of the window is

determined by the aspect ratio of the display device, a
value of 0,7 being fairly typiecal.

All files wused with the CIFTran system should be
"unsequenced", i,e.,, line numbers should not be included in the
files. The default for the "standard” editor EDIT 1is to
include 1line numbers unless told otherwise by either the "EUP
ccmmand or the initial value ccmmand EDIT/UNSEQUENCE in a file
called SWITCH.INI. Most of the other editors con the system do
net  include line numbers and 50 they should werk
satisfactorily.

Since the plotters are fairly slow devices it is suggested
that plotter output rot be requested until syntax errors have
been remcved. Error diagnostics are reported even if no output
forms are requested, and so a pass should be made cver CIF
files with no output requested to scan for syntax errers.
Sometimes the alphanumeric cutput generated by either or both

the ISTRAC and the ISALFO switches is helpful in localizing
errors.

Fellowing syntax  errcr reports is a display of the
Pourrent line™. Since 1line ends are not syntactically
significant (except as token delimiters) the current lire often
appears to bpe the 1line following the ¢ffending line. For
example, in the CIF ccde segment

(This is a comment)
B 123 4

an error will be reported for the second 1line since at the
beginning of the second lire a ';' is needed to terminate the
comstent command.

Acknowledgment

- — W -

Thanks go to Glen Miranker for writing the software which
converts graphics commands into commands for the HP plotters.



A Quick Guide to CIFTI1

The program CIFT1l is an enhanced version of CIFTRN, It has
three additional features:

1, True windowing ~ with clipping

2. Selective plotting of layers

3. Plotting sorted by layer or color.
To use CIFTil add the line

ADDPAR = 1

to your file CIFTRN.PAR
between the lines WINDX = ... and the closing §

That is:
becomes
WINDX = ... WINDX = ....
ADDPAR = T
$ $

1. WIKDOWING

With CIFT1l the origin (WINYB, WINXL) may be set to any point, and
the window width (WINDX) may be set to any value. All features of vour
CIF file that fall in the rectangle defined by these three parameters will
be plotted - filling the plotter platen.

2. When CIFT1! is run it will prompt you for additional parameters.
Appropriate responses are:

{see over)



-2~

RED. - only red features will be plotted
BLUE. - " blue "

BLACK. - " black "

GREEN. -~ " green "

NIML. - "  implant boxes will be plotted
NMET. - "  metal "

NPOL. - " poly "

NDIF. - " diffusion "

NCUT. - "  contact cuts will be plotted
NGLS. - "  overglass cuts will be plotted

" ALLSIL. - all layers, sorted by color, will be plotted

. When the layer (color) you specify has been plotted, you will
again be prompted for additional parameters. If you are done type
<CTRL-C>. If not, enter the next layer you want plotted.

Attached are two sample runs, Both plots of an output pad.
The first run plotted only the poly and diffusion layers. The second
run plotted all layers - sorted by color.

s
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CIFTRM 1.1

Ernter oIF sources designator: OUTFUTRALDEM. CIF
Enter additional poraneters gource designator,
Unit=21 DSK: LAYERS/ACCESS=SERIM/HMODE=OGBOLT

EFytar new file specs. End with an $(ALT)
kS I

$TISFPAR .
WINXL= —-4000. 000 r WINYB= -3000. 000 s WINDM= SO000 00
ISTRAC=E, ISALFO=F, ISPLTO=T, ISTERO=F. ATDEAR=T, ISLSEL=Y.
PLTLAY=F, T, S%F. % '
Cverall bounding rectangle is:
EMin= RIO0 . ¥Maw=  ZH?00., YMin= 2100, YMawx= 24400
WATTING FOR PLOTTER T0O FINTGH
Fass completa
Fyter additional parameters sowvos designator.
Unit=21 VSK: LAYERS/ACCESS=8EQIN/MOADE=ASTI]

Ertayr new file speces. End with an $(ALT)
WML

&

FNGEEAR
WInNXL=  -4000. C00 » WINYER= <2000, 000 ; WINDIX=: TOO0G, Q0
ISTRAC=F, I5ab FQ=F, ISPLTO=T, ISTEKO=F, ALDFARS=T, ISLSFEL=T:
[*LTLAY=T, A%, <4

Overall bounding rectonois -

“Min= A0D0 ., ¥Maw=  JFR700 ., YHin= 00, YHaw= 25FM0
HaITING FOR PLLOTTER TO FINIGH

Hass complotas,

Enter additional parapgtrs sourcs des:

Unit=21 LGH: .F-‘:YE: RS GO SG=SERIN/MODE=

Lgvmtar,
=&G01T
Foter new File epecs. Bod with an ${(ALT)
wAE '

AETETLL
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M.I.T., Department of Electrical Engineering & Computer Science.

6.978. Questionnaire Regarding Project Testing:

Name:

Did your project get on the M.I.T. multi-project chip set?

If yes, are you interested in participating in project testing
during IAP, assuming the wafers are fabricated in time?

Or are you planning to do your project testing on your own?

If you are interested in participating in project testing at M.I.T.
during IAP, where can you be reached during January:

Address (es) :

Phones:

If you are interested in receiving additional artifacts of the
M.I.T. project set as they become available (project plots, both
Versatec and solid color, unmounted chips, etc.), give your
address for the period Feb. - May '79:
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** COURSE SIX SUBJECT EVALUATION FALL 1978 »»

Instructions: Flease answer questlons with Subject Number:
whole numbers between 1 and 5. If a question

is not applicable, answer with a zero. These Rec. Instructor:
questionnalires will be reviewed by the faculty,

and the results will be published next term. TJAu:

1) What is your overall rating of this subject? 1)

(5= outstanding, ... , 1 = poor)

How much did you learn from each of the following?
(5 = a great deal, ... , 1 = very little, 0 = not applicable)

2) Lectures 2)
3) Recitations 3)
4) Tutorials L)
5) Text books 5}
6) Class notes 6)
7) Problem Sets and Homework Assignments 7)
8) laboratory 8)
9) Tests and Quizzes 9)

How would you rate the overall effecilveness of these faculty members?
(5 = outstanding, ... , 1 = poor)

10) Lecturer 10)
11) Recitation Instructor 11)
12) Teaching Assistant 12)

13) How easy was it to get help from the appropriate faculty members? 13)
(5 = very easy, ... » 1 = very difficult, 0 = not applicable)

14} In general, how hard was the course material for you? i4)
(5 = very hard, ... , 1 = very easy)

15) How was the overall pace of the course? 15)

(5 = too fast, ... , 1 = too slow)
In general, homework assighments were:

16) (5 = too long, ... , 1 = too short) 16)
17) (5 = too many, ... , 1 = too few) 17)
18) (5 = too hard, ... , 1 = too easy) 18)

In general, tests and quizzes were:
19) (5 = too long, ... , 1 = too short) 19)
20) (5 = too hard, ... , 1 = too easy) 20)

i
]

In general, laboratory assighments wWere:
21) {5 = too long, ... , 1 = too short, 0 = not applicable) 21)
22) (5 = too hard, ... , 1 = too easy, 0 = not applicable) 22)

PLEASE TURN OVER
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laboratory facilities were:
23) (5 = excellent, ... , 1 = deplorable) 23)
2L) On the average, how many total hours (both inside and outside the

classroom) per week do you spend on this subject? (Round to the

nearest hour, please.) 24)

Blank guestions:; Flease complete this section only if your inmstructor provides you
with specific questions to be answered.
25)

26)
27)
28)

Comments: FPlease use the space below to make additional comments about the course.
You may wish to elaborate on your answers to the questions above. FLEASE remember - -
that your individual comments are a vital part of the Subject Evaluation process.



