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SUMMARY

This section describes the STAR design systam developed
by NASA which enables any user with a logic diagram to design
a semicustom digital MOS integrated circuit., The system is
comprised of & library of standard logic cells and computer
programs to place, route, and display designs implemented with
cells from the library.

Also described is the development of a radiation<hard
array designed for the STAR system., The design is based on
the CMOS silicon gate technology developed by Sandia National
Laboratories. The design rules used are given as well as the
model parameters developed for the basic array element.

Library cells of the CMOS metal gate and CMOS silicon '

gate technologies were simulated using SPICE, and the results

are rhown and compared.
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CHAPTER 1, INTRODUCTION

This report is presented in twe parts. The first section docu-
ments the existing STAR desiin system developed by NASA. This system
includes a standard cell library and computer programs to place, route,
and display deeigns implemented with logic cells from the library.

The second section describes the development of a radiation~hard
array designed for the STAR system based on the Sandia CMOS silicon
gate process. Logic cells for this technology were also developed.

A chapter is presented on how the dynamic performance data for
the standard cells were obtained.

The Appendix contains the metal gate and silicon gate standard
cell data sheetr, which include the logic function, pin numbers,

node capaciltance, and dynamic datc.

A, OverviEw oF User’s GUIDE SECTION

The intent of this section is to enable a user who has no prior
experience with the STAR design system or integrated circuit fabrica-~
tion to design a semiéustom digital MOS integrated clrcuit from a logic
diagram. Information is supplied on the structure of the array itself,
available logic cells, and the software necessary to complete the
desilgn,

The transistor array concept i3 explained and the cells which
currently comprise the Standard Cell Library are described. Included

is an example cell layout and instructions on how to interpret




the symbols uged to display a STAR layout. A section on creation of
new standard cells 18 also included,

Information on how to use the STAR design system software is

presented. The five STAR programs are explained and an example design

is taken from the logic diagram phase to the STAR sywboiic composite
layout. 1so included are guidelines for file management on the
XEROX SIGMA/7 computer system for the STAR programs.

A brief description of the STAR peripheral circuitry is given.
This is included for manual layout considerations and for determining

the drive capability of the cell.

B, Overview ar RADIATION-HARD ARRAY SECTION

Thie section describes the radiation-hard transistor array, based
on the Sandia CMOS silicon gate technology, that was developed for
NASA's Standard Transistor ARray (STAR) design system.

The advantages of using the Sandia silicon gate process are
discussed, and a brief explanation of the processing steps is given.
The Sandia design rules are presented and their numbering scheme is
explained.

The array design is described and the seven masks necessary to
fabricate it are shown. The design of the basic array element is
detailed and the influence of the design rules on the design are
discussed. The modes parameters pertalning to the array element were

determined.

o ——— s b T I~ L A | R



Silicon gate logilc cells were duplicated from the metal gate
Standard Cell {ibrary. The individual cells were simulated using
~ae elrcuit simulation program, SPICE2, and the results are shown

in Chapter 4.




CHAPTER 2, STAR USER'S GUIDE

A, InTrRopuctioN To THE STAR DesieN SysTem

The Standard Transistor ARray (STAR) design system is a two layer
metal interconnect semicustom approach to the design and fabrication of
digital MOS integrated circuits. The development of STAR has stemmed
from an attempt to incorporate the best features of both custom and
semicustom approaches tn integrated circuits. The true custom circuic
forces the generation of 2 complete set of masks and full range processing
for each design iteration. Characteristics of true custom circuiltrs are
high device density, long design cycle times, the maximum number
of processing steps, and high costs. 1In the semicustom circuit, each
ar- - i~ation forces the generation of a set of interconnect masks only,
4nd limited processing. The basic array is preprocessed and stockpiled
until utilized. Characteristics of single mztal interconnect semicustom
circuits are low device density, short design cycle time, minimum
number of processing steps, and low development cost, The STAR system is
an attempt to optimize these characteristics into an integrated design
system that would yizld high device density, short design cycie times,
and, in addition, provide for changes in device and processing technology.

The STAR consists of a predefined array of transistors superimposed
on a common grid system. To realize a given circuit design vequires
the transistors be interconnectad in the required manner. Since the
arrays have been preprocessed to the point of metallization, each STAR

circuit design is realized by the creation of three custom masks that




define the Elrst layer of metal, the VIAS, and the second layer of
metal.

A standard-cell approach is used to'simplify the specification
of the interconnection on the STAR. Hence, the design procedure
consists of the selection of standard-cells from a cell library, the
placement of these cells on the STAR, and finally the specifications
of the Interconnection routes between the cells. This procedure
can be performed utiiizing either manual cor computer-aided design
techniques. Interconnection data is then input into artwork generation
software to create the three custom masks needed ior the final
processing of the device. The simple grid system provides for adequate
displays on lime printer output without the need for expensive inter-
active graphics.

The STAR is designed to accept a wide range of application methods
that include manual placement and routing, line printer display,
irteractive graphics placement and routing, a2nd automatic placement
and routing. The software to support these techniques has been developed
and is currently being used. Figure 2.1 describes the STAR design
procedure.

As technologies change there is a need for the design aystem to
follow the technologies without the need for a major overhaul of the
software alreédy devaloped. The STAR system provides such flexibilty
since only the array understructure need be redefined and processed
in the new technology. Wire routes, gate locations, and source-

[1]

drain contacts are maintainel at fixed locations.
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B. ARRAY/STANDARD CELL STRUCTURE
AND Des1eN CONSIDERATIONS

This section describes the physical structure of the Standard
Transistor Array and how it is interconnected to implement a logic
function. The concept and format of the Standard Czll Library is
explained, as well as the methed for adding new cells to it. Each
of the cells presently in the Library is explained in detail. A
sectlon is presented on items to consider before choosing the logic
cells used in a design. Also included is a section on interpreting

the symbolic display of a STAR cell.

1. Array Description. The Standard Transistor Array developed

by NASA consists of alternating rows of P and N type devices that have
been designed around a common giii system. The array has been defined
in CMOS--bulk metal gate, CMOS-S0S silicon gate, CCL (Closed Contoured
Loglc)-80S, and CCL-bulk MOS technologies. 1Initial emphasis has been
placed on the CMOS-bulk and CM0S-S0S5 technologles with arvays having
bean processad in these technologies. Figure 2.2 shows the basic
array elements and the grid structure of these two technologies.

The grid used in the array has been initially established at 0.8
mil to accomodate 0.5 mil metal lines and 0.3 mil VIAS. The array
density is 7.68 milz/device in the basic element. The gates of the

devices, source and drain contacts, and interconnecting routes are

. \.-u.L&;Azn__; ; - - - N e
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restricted to the grid system which is organized to provide local and
global wfcing channels to efficiently intercornect the devices. 1In
general, the vertical routing is done in the first level metal and the
heorizontal routing in second level metal. There are three horizontal
routing channels between the P and N devices that are used for local
routing or to create logic cells. Two horizontal global channels
exigt above and below the power buses, for a total of four, to allow
for interconnection to other logic cells. 1In the vertical direction,
2 global channel exists ome grid to the left of each gate. All of

the possible routing channels are illustrated in Figure 2.3.

The devices within the array are sized for lozic loads and are
connected in parallel to create buffers for driving large off-chip
loads. The array iz surrounded by multiple use pad cells that are
convertible into input, output, and power pads by the proper placement
of wiring segments within the pad cell as it 1s routed. More informa=-
tion on the STAR periphery is given later in this chapter.

Three sizes of the array have been created that include a 384
transistor (90x80 mils), a 1728 transistor (162x131 mils), and a 5264
transistor (254x208 mils) version. The three arrays are shown in

Figures 2.4, 2.5, and 2,6 respectively.
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2. STAR Standard Cell Library. A logic cell familiy for the STAR,

called the Standard Cell Library, has been created and put on disc
storage, It consists of the normal building blocks for digital logic
design. However, the library 1s open-erded to allow tk: user to defilne
and design new cells to meet particular requirements in the most
efficient manner possible. Creation of new cells will be discussed

in a later section of this chzpter.

Figure 2.7 1illustrates an example of a typical logic cell
contained in the library. It shows the CMOS-Bulk metal gate array
layout and z two-input NOR STAR cell configuration., Each cell begins
and ends with source connections to their respective power buses and
the cell extends horizontally utilizing the number of transistors
required for the logic., In the example shown, eight transistors (or
four transistor pairs) are required. It can be seen how the channels
are used to make intracell connections.

The software yorking form of the iibrary contains the wiring
segments of the cell in X-Y coordinates along with a segment identifier
for each segment. Also, a reference point is established at the cell's
starting point on the grcund bus, with this point being used as the
placement point for reuse of the cell. This information is utilized by
the STAR automatic routing software to correctly route user specified
logic cell interconmecting nets. The format of the Standard Cell
Library is shown in Figure 2.8 for the two-input NOR cell, which was

pictured in Figure 2.7,

14
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ORIGINAL FAGE {3
OF POOR QUALITY

SEGMENT
LEVEL NO. x Yl X2 Y2 IDENTIFIER
7 0 8.0 5 8.0 POO1
6 0 8.0 0 6.0 £001
6 0 2.0 0 0.0 c112
7 0 0.0 0 0.0 c112
6 2 7.5 2 5.0 PLUS
6 2 7.0 3 7.0 PLUS
6 3 7.0 3 8.0 PLUS
7 3 8.0 3 8.0 PLUS
6 2 3.0 2 0.5 GHND
6 2 1.0 3 1.0 GNND
6 3 2.0 3 0.0 GNND
7 3 0.0 3 0.0 GIND
6 9 2.0 9 0.0 GNND
7 9 0.0 9 0.0 GNND
6 9 8.0 9 6.0 PLUS
7 9 8.0 9 8.0 PLUS
6 5 7.5 5 0.5 PO02
6 8 7.5 8 0.5 POO2
6 3 6.0 3 4.0 P003
7 3 4.0 5 4,0 PO04
g 3 4.0 6 4.0 POO4
7 6 4.0 6 4.0 PO04
6 6 4.0 6 2.0 PO04
6 6 6.0 3 6.0 P333

Figure 2.8, Standard Cell Library Format
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3. STAR Symbolic Display. Because the STAR system was designed

to display on line printer output without the need for expensive
graphics, the output must be symbolic. Furthermore, the symbols used
must be universal to line printers. To more fully interact with the
STAR system, such as verifying design results or creating a new logic
cell, the user must be able to interpret this symbelic output.

Figure 2.9 illustrates the symbolic display of the two-input N"R
cell 1120 shown 1in Figure 2.7. This figure was displayed using the
data from the STAR cell library, as shown in Figure 2.9. Figure 2. 2
shows the symbolic layout with the cell numbexr (the reference point) in
the lower left-hand corner in the vertical direction (Cl12). Pin
numbers and bus connections are also di{splayed. POOl is always the
first connection to the plus supply. Pin numbers greater than 100
denote internal connections (for example, P333). The two inputs are
PO02 and POO3 and the output of the cell is PO04. PLUS and GNND refer
to connections to the plus and ground buses, respectively.

Figure 2.9b depicts the same layout, buﬁ without the pin numbers.
The p and n diffusions are on grid rows 6 and ¥, respectively. Tran=-
sistors are then formed on every third grid column, starting at column
2. The power buses are represented by the rows of equal signs (=).

The I's represent the top layer metal, while sixth layer metal is

shown as a line of dashes (---). Vhere these two metal lines cross

but do not form a connection is given by & plus sign (+). A connection
between the two metal lines or a connection from a metal line to a power

bus (ecalled a VIA) is reprcsented by a #.
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The line segment data for the layout shown in Figure 2.9 was
obtained from the file ghown in Fizure 2.8. The first column indicates
the level of the segment. Level 6 1s horizontal metal (---), level 7
is a VIA (#), and level 8 is the top layer metal (7). The next four
columns represent the X and Y coordinates of the endpoints of the
segment, The next column is the segment identifier. For example,
on the first line, level 7 indicates a VIA and it is located from
coordinates 0,8 to 0,8, which is a connection of POO1l to the plus
gupply.

When a design 1s displayed using the STAR-PRINT program, the
output will resemble Figure 2.%a, except net numbers will alsoc be
included, and the power buses will be represented by dashes (---).
Mets are connections to other cells and usually occupy the glotal

channels. The net identifiers all begin with an N, such as NO1O.

i, Creating a New STAR Cell. If the need arises for a cell

which is not contained in the Standard Cell Library, the user can

easily create it and add it to the library.

After the logic function of the new cell has been detérmined, the
circuit schematic should be drawn 1ike the schematics on the data sheets
and the example shown in Figure 2.10. If an existing cell is similar
to the new cell, it can be used as the format for the layout of the new

cell or modified to form the new cell.
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Figure 2.10. Example Circuit Schematic =
Using the grid coordinates discussed in the preceding sections,
the layout of the cell should next be developed, as i1llustrated in
Figure 2.7, VIAS should be clearly marked so as not to be mistaken
as crossovers. The levels of interconnection ghould also be represented
differently (such as crosshatching).
Each of the line segments should be identified as discussed the
preceding section and shown in Figure 2.il. It should be made certain

that the cell reference point and POOl are clearly identified.
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Figure Z.11. Example Cell Layout
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A tabular listing o the line segments should now be compiled,
including the X and Y starting and stopping coordinates zs partially

shown below.

SEGMENT
NO. LEVEL NO, X1 Y1 X2 Y2 IDENTIFIER
1 7 0 0.0 0 0.0 Ccl12
2 6 0 0.0 0 2.0 cliz
3 6 0 6.0 0 8.0 POO1
4 7 0 8.0 o 8.0 POO1

] . . * L - -
i -

L] . e - L]

Creating this listing requires knowing the line segment's level
and its X and Y coordinates. By couparing Figure 2.8 with Figure 2.9,
the format for representing the line segment by coordinates should
become clear. Only four letters are allowed for the segment identifiers.

When it has been made certain that the list includes each line
segment of the design, the cell is ready to be entered into the Standard
Jell Library. A conputer program has been created to facilitate the
addition of new cells, or the modification and display of existing cells.
The program is named STARCFL2Z and is implemented in the XEROX BASIC
programming language, which is explained in more detail later. ...

To execute this program, the user must first enter the BASIC
subgystem. After gaining access to a time-sharing terminal, the user
musi log-on the SIGMA computer. When the computer returns a prompt (!),
indicating that it is ready for an executive-level command, the uger

typee the word BASIC (followed by a carriage return) as shown below.

1EASIC
VER. D@3

>
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BASIC then responds with the version and a > to indicate that it is
ready to accept input from the user terminal. The user should then

type the following commands.

>LOAD STARCEL2
>WID 132
>SET $=132
>RUN
BASIC will respond with a message similar to the one below.
10:17 MAY 18 STARCEL2 ...
HAVE YOU SET $=132 AND WID 132
CELL-IN CELL-QOUT L LA LD D QUAD LABEL
?
The last line of text are the options available to the user of the

program, which are defined below.

CELL-TM INPUT EXISTING STAR CELL XXXX

CELL-0UT OUTPUT NEW OR EXISTING STAR CELL XXXX

L PROVIDE LISTING OF LINE SEGMENT DATA
LA ADD LINE XX AND DATA

LD DELETE LINE XX

D PROVIDE SYMBOLIC DISPLAY OF STAR CELL
QUAD INCLUDE QUADRANT X IN DISPLAY

LABEL DELETE PIN NUMBERS FROM QUADRANT X

The cells are displayed as shown in Figure 2.9 and because some cells
are wider thén 80 columns, each half is again halved, creating quadrants
(0-3).

The:afore, to creste a new cell or modify an existing one, the
user musi first input an existing STAR cell. An example is shown below.

The linesin italics are printed by the computer.
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?CELL=-IN 1120

? (carriage return twice)

?7QUAD 0

CELL-IN CELL-OUT L LA LD D QUAD LABEL
? (carriage return)

? QuAaD 1

CELL-IN CELL-OUT L LA LD D QUAD LABEL
? (carriage return)

CELL-IN CELL-OUT L LA LD D QUAD LABEL
? LABEL 1

CELL-IN CELL-OUT L LA LD D QUAD LABEL

The above commands input STAR cell 1120 and quadrants 0 and 1 are
all that are needed to display it. The command LABEL 1 removes the
pin numbers from quadrant 1.

The user can now display the cell as shown in Figure 2.9 or
produce a listing of the line segment data similar to Figure 2.8. A

display is produced in the following manner,

D

? (carriage return)

The following cormand will produce a listing of the line segment data.

7L

7 (ecarriage return)
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This listing can be modified as necessary to create the new cell
by using the LA and LD commands. To delete an existing line, all
that is needed is LD and the line number. For example, 7LD 3 will
delete line 3. The following example illustrates how to add a line

of data.
LA 3 6 0 6.0 0 8.¢C POOL

After all necessary line segments have been modified or added,
the new cell is ready to be output. The following command will output

the new cell and display both halves.

?CELL=-0UT XXXX

The new cell is now part of the Standard Cell Library, and the
user can exit BASIC or create another new cell.

To exit from BASIC, the user should depress the EREAK or ESC
key four times and wait for the executive level prompt (!).

At this point, another processor may be invoked that operates
under the Batch Time-Sharing Monitor (BTM) or Control Program -

Five (CP-V) control, or the user may vacate the terminal by typing

(2]
?BYE (or OFF under CP-V) ,

5. DesiggﬁCOnsiderationsi, When determining the STAR logic

cells that will be included in the design, three basic items must

be considered:

1The following material ig based on information found in NASA
Technical Memorandum 78126 '"CMOS Bulk Metal Design Handbook".
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1. Method of cell implementation; either functional logic or
transmisgion gate logic. The guidelines are given in Section 5.c.

2. On=chip and off~-chip loading requirements versus the drive
capahility of each cell.

3. Unused (floating) inputs are 'tied off" correctly.

Before the proposed design is submitted for an initial computer
placement run, critical signal paths should be found and examined.
The delay characteristics as specifled on the data sheet of each cell
are used to locate and evaluate possible race conditions. An example
illustrating ghe use of these characteristics is presented in Figure 2.12
and discussed in the following section.

a. Delay Chg;acteristics. After selecting the standard cells
required to implement the desired logic, analyses can be made of the
critial path delays, race conditicns, and loading conditions. This
begins by calculating the total capacitance associated with each node
of the signal path. The total capacitance 1s defined as the sum of
the input capacitance of all gates connected to this node and the
metalization capacitance loading associated with the intercell wiring
connections. The input capacitance for each cell wmay be obtained
directly from the data sheets contained in the Appendix. However, the
interconnection capacitance can only be determined after the routing
is completed.” In order to develop a first order estimate of propagation
delays to establish feasibility of a logic design, orne can assume an
interconnection capacitance which is proportional to the fan-out.
Doubling the total input capacitance iy suggested to cover the
interconnection capacitance. If the cell is driving an off-chip load,
then this load must also be included. The example in Figure 2.12 aids
in illustrating this procedure.
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ORIGINAL PADT
OF POOR QUALITY

ASSUMED LOV wm ==

A
ASSUMED
—_9 OFF-CHIP
LOAD = 3.5 pF

(a)} LOAD AT NODE B: ABS. (pF) NORM.
INPUT OF CELL NO. 1720 (PIM 2) 0.56 1.00
IMPUT OF CELL NO. 1220 (PIN 3) 0.56 1.00
INTER.CONNECT CAP. (2 x INPUT CAP.) 1.12 2.00
ASSUMED OFF-CHIP LOAD 3.50 6.25
TOTAL 5.74 10.25
(b) LOAD AT NODE C: ABS. (pF) NORM.
IMPUT OF CELL NO. 1730 (PIN 4) 0.56 1.00
INPUT OF CELL NO. 1330 (PIM 2)* 2.42 4,32
INTERCONNECT CAPACITANCE 5.96 10. 64
TOTAL 8.94 15.96

*IF DRIVING A STANDARD LOAD

(c)

v-]

A 24 ns 92 ;s c

F==== 116 ns =i

Figure 2.12. Example Illustrating Delay Calculations
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By referring to the data sheet for the buffer inverter cell
(1310), assuming a five volt supply, and using the normalized load
of 10.25, the calculations shown in Figure 2.13 were arrived at.

The propagation (stage) delay (node A to node B) was estimated to
be 24 ns. Similarly, by referring to the data sheet for the two~
input OR gate (1720), and using the normalized load of 15.96 with a
five volt supply, the calculations in Figure 2.14 were obtained.
Therefore, the propagation delay (node B to node C) was estimated
to be 92 ns.

The overall delay from node A to node C is then the sum of
these two delays, or 116 ns.

b, Off-Chip Loading. An illustration of the off-chip capacitance
is shown in the following tabulation for a2 system using ceramic dual=~

in-line packages.

TYPE of Qff-Chip Load YValue
ééch ceramic in-line package (24) 3.5 pF
Each ceramic in-line package (40 pin) 5.5 pF
Each socket terminal 1.0 pF
All interchip (point to point with no ground plane G.7 to 1.7
wiring) _ pf/in.
Each input/output board pin2 3.0 pF
Each input/output board pin socket 5.0 pF

2This measurement pertaing to an 80 pin, 0.0625 in. thick
commercially available board.
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Figure 2.14. Delays for 1720 witb VDD = 5.
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From the preceding values it is seen that in addition to interchip
wiring capacitance and on=-chip laoding capacitance, an additional
5.5 pF (or 3.5 pF) must be included each time the signal goes on or

off a chip.

a. Transmission Gates and Functional Logic. The CMOS Standard
Cell Library is implemented with circuits designed usiné either a
functional logic (FL) and/or a transmission gate (TG) relay logic
approach. Each method has its unique characterlstics and advantages,
some of which are as follows:

1, Standard Cells Implemented with Functional Logic

2) The cutputs of functional logic cells may not be
tied together (the wired OR).

b) Rach circuit provides, virtually, electrical
isolation bhetween output and input nodes - a noise
immunity approximately equal to 20 to 40 percent
of the supply voltage - varies with logic function
and fan-in,

¢} Each circuit amplifies the input waveform and may
therefore be used to reshape the signal waveform.

d) The inherent nature of functiomal C-MOS logic is to
provide one signal inversion for each stage of circuitry.
Therefore, when a cell implemented with functional logic
supplies the AND fﬁnction, it must contain at least two
levels of circuitry; the invert or MNAMND function requires

one level of circuitry.
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2, Standard Cells Implemented with Transmission Gate Logic

a) The outputs of transmission gate cells may be tied
together provided that no two transmission devices
with outputs connected are placed in the conducting
state at the same time,

b) Transmission gate logic does not provide signal ampli-
€£ication. Therefore, when rcascading several such devices,
a functional logic circuit may be placed between them.
This suggestion 1is based primarily on the need to
maintain sharp waveforms and fast stage delays. It is
not necessary or required to ensure proper operating
levels.

c¢) In contrast to functionsal iogic, transmission gate logic
provides noninversion functionms.

d. Drive Capability The Standard Cell Library can be divided into
four groups of circuits, with members of each group having essentially
the same dynamic and/or static drive capability. This means that cells
in the same group will have approximately the same output rise or £fall

times for the same load.

Group I cells are characterized by those circuits
implemented with tFansmission gate logic. {Cells in
this group have no drive capability of their own.
Each cell may be considered to be a relay circuit
that has a finite conducting resistance and an

infinite "off" resistance.
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. Group 1I cells are characterized by output circuitry
implemented with standard size nonbuffered transistors.
This group comprises the bulk of the standard cell
family. Generally these cells should be used when
their total output load is less than 8 pF. Otherwise

they should be followed with a buffering circuit.

. Group III cells feature output transistors roughly
three times as large (powerful) as those of Group 1I.
These cells should be used when their total output

load 15 less than 25 pF but greater than 8 pF.

. Group 1V presently contains only one cell, This
cell serves as a buffer for 21l loads greater than

25 pF.

As a guide to the user, each cell's drive capability is given in
the cell descriptions, and listed in Table 2.1. I indicates that
the cell is'in Group I, II indicates that the cell is in Group II,
ITII indicates that the cell is in Group III, and IV indicates that
the cell 1is in Group IV.

¢. FLIP-FLOPS The flip~flops which consist of two levels
of logic require two clock transitions to transfer the data from
input to output. The minimum values given for the pulse widths
are for a ten velt supply and a single load. If more loading is
required or a lower voltage supply is used, the pulse width should

be longer. This csn be determined from the data sheets.
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TABLE 2.1.

ORIGINAL PAGE I8
OF POOR QUALITY,

STAR Metal-Gaig CMOS Standard
Cell Library Listing

CELL CELL WIDTH | DRIVE
NO. CELL FUNCTION (GRIDS) | (MILS) | IMPLEMENTATION | GROUP
1120 | 2-INPUT NOR GATE 3 2.4 FL II
1130 | 3-INPUT NOR GATE 4 3.2 FL 11
1140 | 4-INPUT NOR GATE 5 4.0 FL 11
1220 | 2-INPUT NAND GATF 3 2.4 FL 1I
1230 | 3-INPUT NAND GATE 4 3.2 FL II
1240 | 4-INPI'T NAND GATE 5 4.0 FL 11
1300 | INVERTING BUFFER 2 1.6 FL 111
1310 | SINGLE BUFFER

INVERTER 2 1.6 FL III
1330 | 2-INPUT TRANSMISSION

CATE 5 4.0 TG I
1360 | TRIPLZ BUFFER

INVERTER 6 4,8 FL v
1520 | DOUBLE BUFFER

INVERTER 4 3.2 FL 111
1620 | 2-INPUT AND GATE 4 3.2 FL 111
1630 | 3-INPUT AND GATE 5 4.0 FL 111
1640 | 4-INPUT AND GATE 6 4,8 FL III
1720 | 2-INPUT OR GATE 4 3.2 FL III
1730 | 3-INPUT OR GATE 5 4.0 FL 111
1740 | 3-INPUT OR CATE 6 4.8 FL 11l
1820 | D TYPE MASTER/SLAVE 14 11.2 FL. II

FLIP-FLOP
1830 |} D-TYPE FLIP-FLOP 8 6.4 FL 11

(CONTINUED)

32




ORIGINAL PAGE 18
OF PGOR QUALITY

TABLE 2.1, STAR Metal-Gate CMOS Standard
Cell Library Listing (Contiaued)

lcELL CELL WIDTH DRIVE
NO. CELL FUNCTIONR (GRIDS)] (MILS) | IMPLEMENTATION | GROUP
1900 PROGRAMMABLE D-TYPE 12 9.6 FL 11
MASTER/SLAVE FLIP-
FLOP
1810 PROGRAMMABLE D~TYPE 13 10,4 FL 11
MASTER/SLAVE '
FLI?-FLOP WITH RESET
1920 | D-TYPE MASTFR/SLAVE 15 [12.0 FL II
FLIP-FLOP WITH RESET
2310 EXCLUSIVE=OR 5 4.0 FL II
9100 SIDE INPUT PAD 10 8.0 N/A N/A
9110 LEFT OUTPUT PADL 10 8.0 N/A N/A
9120 RICHT CUTPUT PAD 10 8.0 N/A N/A
9200 TOP/BOTTOM INPUT PAD 10 8.0 N/A N/A
0210 TOP/BOTTOM OUTPUT PAD| 10 8.0 N/A /A
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. Floating Inputs. All inputs should be connected eicher to
the output of another gate or to one of the low impedance signal

levels. A floating input can result in Iimproperly functioning gates.

6. STAR Logic Cells. This section describes each of the standard

cells in the present Standard Cell Library. More inclusive data
sheets that describe the function, node capacitance, and performance
of each cell are included in the Appendix. The current CMOS standard
cells are listed in Table 2.1, and the cell descriptions follow. The
table gives the cell number, the cell function, ite width in grids

and mils, and the logic used to implement the cell.

a. TWO~-, THREE-, AND FOUR-INPUT NOR's (1120, 1130, and 1140).

Two-, three-, and four-input NOR'es (1120, 1130, aﬁd 1140) are
group IT functional circuits that provide the logical NOR operation.
The four-input NOR cell has the largest device delay in this group.

It may therefore be advisable to buffer‘the output of this cell before
the total output node capacitance reaches 8 pF.

b. TWO, THREE-, AND FOUR-INPUT NAND's (1220, 1230, and 1240).

Two=, three-, and four-input NAND's (1220, 1230, and 1240}
are Group II functional circuits that provide the logical NAND
operation. The four-input NAND cell has the largest device delay
in this group. It may be advisablc to buffer the output of the

cell before the total output node capacitance yeaches 8§ pF.
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¢. SINGLE IKVERTING BUFFER (1300).

Single inverting buffer (1300) is a Group II cell that
provides the logical signal inversion with a single level of circuits.
It is8 recommended for use with loads of less than 8 pF.

d. BUFFER INVERTER (1310).

Buffer inverter {1310) is a Group III functional circuit
that provides the logical signal inversion and should be used where
buffering is required (for loads greater than 8 pF). Cells 1310
and 1520 are interchangeable and logically identical.

e. SINGLE CLOCK, DUAL TRAMSMISSION GATE - MULTIPLEXER (1330).

This cell furnishes the designer with a 2 to 1 electronic
relay switch. It is mechanized with transmission gate devices and
therefore is a Group T circuit. When the control signal C is low
{or 0), the relay path B-X is conducting. When the control signal
C is high (or 1), the relay path A-X is conducting. Hence, a
nigh control signal connects the "dotted" input terminal to the
output. Because the output node X is always comnected to one and
only one input node, the output is always defimed. Therefore it
iz generally not possible tco tie the output of this cell to the
output of another cell., Although the cell functions as a nonlinear
resistor, when conducting the effective "on'" resistance may be
accurately represented by a fixed 1 to 2 ki resistor,

f. TRIPLE BUFFER IMVERTER (1360).

Triple buffer inverter is a Group IV functional circuit that
provides the logical signal inversion and should be used in those

cases where a large amount of buffering iz required (for loads much
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greater than 25 pF). Cell 1360 is the largest buffering circuit
presently in the library.

g+ DOUBLE BUFFER IMVERTER (1520).

This cell 1z also a group IV functional cirecuit that provides
the logical signal inversion, but it should be used in buffering
intermediate loads that do not greatly exceed 25 pF.

h. TWO~, THREE-, AND FOUR-INPUT AND's (1620, 1630, and 1640).

These provide, with two stages of functional circuitry, the
logical AND operation. Each cell is a member of drive capability
Group III and should therefore be used for loads less than 25 pF.
Cells 1620, 1630, and 1640 are topologically interchangeable with
cells 1220, 1230, and 1240. This permits the interchange of NAND
and AND functions at later stages in the array design.

#. TWO-, THREE-, AND FOUR-INPUT OR's (1720, 1730, aund 1740).

These provide, with two stages of functional circuitry, the
logical OR operation. Each c2ll is a member of drive capability
Group IXII and should éherefore be used for loads less than 25 pF.
Cells 1720, 1730, and 1740 are topologically interchangeable with
cells 1120, 1130, and 1140. This permits the interchange of NOR

and OR functions at later stages in the array design.

4. D-TYPE MASTER/SLAVE FLIP-FLOP (1820).
This cell uses iunctional circuitry to provide two levels
of logic in a master/slave configuracion. When control signal C
makes a transition from low to high, the logical inversion of the
data on the D input line is transferred to the output of the master

portion. At this time, the output (or slave) portion is isolated
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from the input (or master) portion by means of the AND gate whose
output 1z held low by the inversion of the contrel signal.

When control signal C goes from high to low (1 to 0), the
complement of the data stored in the master will then be transferred
to the output of the slave. The slave portion will then hold the
data at the output until the next high to low transition of the
control signal C.

In summary, the information on input line D may be loaded
into the master when the signal on control line C goes high. The
information stored in the master is transferred to the slave, and hence
the output, by bringing the control line low. Therefore, on one
cycle of the control signal (or clock), the data placed on the D input
can be transferred to the output of the flip-flop while undergoing
two logical inversions.

The minimum recommended positive-going clock pulse width to
load the master is 75 ns. The minimum negative cleoek width is
specified to be 50 ns. It is also recommended that the data line be
held constant for at least 50 ns prior to and succeeding all clock
transitions.

k.. D-TYPE FLIP-FLOP (1830).

This cell has been implemented with functional logic and
provides an AND-OR type configuration. While control linme C is high,
the output of the cell remains the same, regardleas of the input
placed ou data line D. However, with the control line low, the output

of the cell will follow the input.
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1. PROGRAMMABLE D-TYPE MASTER/SLAVE FLIP-FLOP (1900).

This cell has been implemented with functional circuitry and
1s identical to cell 1820 except the C control signal terminal on the
slave portion of the flip-flop is accessible, and is not necessarily
the inversion of the control signal C. This allows the slave section
of the flip-flop, and hence the output, to be set to a high state,
independent of the master by holding both control lines low. If
the control signal C to the slave is the logical inversion of the
control signal C to the master portion, the flip-flop will function
as a regular D~type master/slave flip-flop (1820Q).

When control signal C goes from low to high (and C goes
from high to low), the logical inversion of the data on the D input
line is transferred to the output of the master portion. On the
following high to low transition of C (and low te high transition
of C), the complement of the data stored in the master will be trans-
ferred to the output of the slave portion, which will then hold the
data until the next high to low transition of the control signal C
(and low to high transition of C).

Therefore, the information on input line D may be loaded
into the master when C goes high (and C goes low). This information
may then be transferred to the slave, and hence to the output, by
bringing C iow (and C high). So if the control signals are synchro-
nized, one nycls of the control gignals will transfer the data from
the D input to the output of the flip-flop.

The minimum recommended positive-going clock pulse width

required to load the master flip-flop is 75 ns. The minimum negative
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clock width for transferring to the output is 50 ns, The data line
should be held constant for at least 50 ns prior to and -succeeding all
clock transitions.

m-. PROGRAMMABLE D-TYPE MASTER/SLAVE FLIP-FLOP WITH RESET (1910).

Thig cell is identical to cell 1920 except that control line
C on the slave flip-flop 1s accessible., This allows the output of the
1910 to be set to a 1 on a single clock pulse by holding both control
lines low. However, 1f the logical inverasion of contreol line C is
connected to C, the 1910 will function as a 1920,

This cell uses functional logic to provide two levels of
logic in a master/slave configuration. The master portion has a two-
input NOR in the feedback path which, when a 1 is placed on 1tas R
input, resets the output of the 1910 to 0. If the reset line 1s held
low, the flip-flop functions as a regular D flip-flop.

When control signal C wakes a8 low to high transition, (and
control signal C makes a high to low transition), and the reset line
is low, the complement of the data on the D input line 1s transferred
to the output of the master portion. When C next goes low (C goes high
and reset is low) the logical inversion of that signal is then trans-
ferred to output of the slave, and hence the output of the flip-flop.
The slave will then hold the data until the next high to low transition
of control signal € (while T goes trom low to high).

To briefly summarize, assuning the reset line is low and C
and C are complement signals, a low to high transition of C loads the
master :nd then when C goes low, the data is transferred to the output
of the flip-flop. The outputcan beset to 0 by holding Clow and the

reset line R high. The output can be set to a 1 by bringing both control

lines low.
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It is recommended that the minimum positive-going clock
pulse width required to load the master be 75ns. The negative-
golng clock pulse to transfer the data to the output should be at
least 75 ng wide. The data line should be held constant for at
least 50 ns prior to and succeeding all clock transitions. The

reset line should be held high for at least 50 ns to ensure reset.

n. D=TYPE MASTER/SLAVE FLIP-FLOP WITH RESET (1920).

This cell has been implemented with functional logic and
is identical to cell 1820 except that the inverter in the feedback
path of the master portion has been changed to a HNOR circuit with
one input used as a reset line. When C is low and R 1is high the
output of the flip-flop resets to (0. While the reset line is held
low the flio-flop functions normally.

When control signal C goes from low to high and R is held
low, the data at input D is inverted and transferred to the output
of the master. On the next high to low tramsition of C that data is
again iaverted and transferred to the output of the slave portion.
The data is held there until the next high to low-transition of C.

Therefore in summary, a low to high transition of control
signal C loads the master portion of the flip~flop and that data is
transferred to the output of the slave on the follewing high to low
transition of C. The output of the slave can be reset to 0 by
holding C low and the reset line R high.

It is recommended that the minimum positive-going clotk
pulise width to ensure loading of the master be 75 ns. The negative=-

going clock width to transfer the data to the output should be about
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50 ns before and after all clock transitions. To ensure reset, the

reset line should be held high for at least 30 ns.

o. EXCLUSIVE-OR (231Q).

This cell generates the required logical operation by
utilizing a unique interconnection of four transistors. Although the
cell 1s essentizlly a transmission gate arrangement, it is a group III
cell because of its buffered output. It is recommended however that
cell 2310 be further buffered, with a cell from group IV, when the
output load exceeds 15 pF. Analysis has revealed an unequal propa-
gation delay for the two inputs of the cell with input B providing

the smaller propagation delay!S]

p. 9000 SERIES CELLS.

The remaining standard cells are referred to as 9000 series
cells and are used for inputing and outputing electrical signals and
power.

A, 9100 - side input pad with a 1.1 KQ eeries

resistor and input diodes for protection
B. 9110 - Left output pad
C. 9120 - Right output pad

D. 9200 - Top/Bottom input pad with a 1.1 KQ
series resistor and input diodes for protection

E. 9210 - Top/Bottom output pad
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C. STAR SoFTware User’s GuIDE

This section gives an explanation of the STAR design system soft-
ware and how to use it on the XDS SIGMA/5 Computer system located
at NASA, Marshall Space Flight Center, Huntsville, Alabama. Included
are sections on file management for the STAR-system, how to create the
STAR input file, and explanations of each of the STAR programs and how
to execute them. Using this chapter, the user can transform a logic
diagram into data which generates masks necessary for integrated
circuit fabricatom.

These guidelines assume that the user has

1. access to the SIGMA system via a local demand terminal or

a compatible remote terminal over a telephone line,
2. an authorized account and file space,
3. a minimal knowledge of the SIGMA system and/or the appropriate
manuals, although some basic instructions will be given.

Although the commands used in these guidelines are for the SIGMA
system (128K, 32 bit words), they are sufficiently explained so that,
if the softﬁare is installed on another system, similar commands can
be used, A list of the necessary commands and their descriptions is
given in Table .2, The part of the command in brackets is optional.

Disc files have been established in certain accounts to facilitate

tl 2 use of the STAR software on the SIGMA system. These filles contain
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SYSTEM COMMANDS l EXPLANATION

r——
BATCHR filename Enters specified file in the batch
job stream.
B{UILD] filename Calls EDIT and names a file to be
created
BYE Disconnects terminal from system
C[OoPY] filename Displays conteants of filename
| CloPY] filel OVER file2 I Copies contents of f£ilel over
file2
C{OPY] filel IMTO file2 Merges contents of filel into file2
CANCEL jid Cancels previously submitted batch job
DELETE filename Deletes named file from system
DI[SPLAY] Displays current values of various
gystem parameters
E[DIT] filename Calls EDIT processor and names a
file to be edited
JOB jid Displays status of specified batch
Jjobs
L Alphabetically lists all files in
account
L filename Lists attributes of specified file
XEQ filename Executes commands in file
PI_—*'-— — T
EDIT COMMANDS : EXPLANATION
| A
END Terminates execution of EDIT and
returns control to system level
IN Ingerts new line into file
TY Displays contents of file
-

TARLE 2.2. Some SIGMA Commands
ORIGINAL FAGE I8
43 OF POOR QUALITY




the job control language and the required input data for the programs,
and can be copied into the user's account, modified as necessary, and
then executed. Thea use of these files will be explained in the
next section.

An overall system software flowchart is shown in Figure 2.15,
The software is written in FORTRAN and BASIC and was developed using

the SIGMA machine.

1. File Managzement. This section explains how the files

necessary to execute the STAR system are establighed, and how, after
they are created, to manage them. If more information of the SIGMA
system 18 needed, the reader is referred te the XEROX Time-Sharing
Reference Manual and the XEROX Time-Sharing User's Guidega'sl

After logéing on into a2 new or existing account, the uger is ready
to create the files needed to execute the STAR design system. These
files can be created by the user, or a file (MOVE.TROTTER) can be

executed which will create all necessary files. To use this file the

user shouid first type
IC MOVE.TROTTER >

This will copy the file into the user's account. When a prompt (!)

is returned, this file can then be executed by typing

1 XEQ MOVE .

3The ! symbol is the prompt given by the Sigma system and does
not have to he typed by the user., A carriage return is implied after
each command.
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Figure 2.15, STAR Design System Flowchart
and Software Components
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When the computer responds with *** XEQ TERMINATED *#*, 311 of the
files necessary to use the STAR programs have been created in the
user's account. Therefore those files do not have to be created by
the user,

The user is advised to be aware of available file space in order
to preveunt premature termination of programs by a lack of file space.
At the present time, each user is allotted 3064 granules of file
gpace. At any time, to determine the amount of file space (in

granules) available type

IDI .
A shortage of file space should not occur unless the user saves
the output of the STAR programs, becauge crdinarily each new execution
of a STAR program overwrites its old output. Therefore if the asutput

of a program is desired to be saved the user should type

IC oldfile TO newfile

However, the user should be remi.ded that these files should be deleted

when no longer needed to free file space.

2. Creating STAR Input File. This section deals mainly with

the creation of a new input flle and only briefly explains the
relevant terms. The circuit description terms and the STAR-PLACE
control data contained in the files sre explained in more detail in

the STAR-PLACE section under Input Data Format.
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a, Creating Input File From Logic Diagram. Starting with a logic
‘diagram composed of logic cclls found in the logic cell library, the
user should number each of the logic gates, including input and output
pads. Interconnections between logic gates, called nets, should also
be numbered. A list of the presently available cells and their
functions is shown in Table 2.1. If new cells are required, they must
be added to the library, as shown previously.

Next,, the user must prepare a gate to logic cell assigmnment list,
which corresponds the pumber of the gate on the logic diagram to the
STAR logic cell number from the cell library. The user also prepares
a connectivity or net list that consists of the net numbers (from the
logic diagram) and the gate numbers and pin numbers of the gates which
a net connects. The pin numbers are obtained from the Standard Cell
data sheets in the Appendix. An example logic cell diagram is shown
in Fipure 2.16 with each cell, pin, and net numbered.

The importance of having a correctly labeled logic diagram and
net list cannot be over—é@phasized, as the majority of mistakes occur
in this phase. The user should double-check the results before
proceeding.

It should be noted that, because of limited storage available,
certain limits are placed on the input circuits. A maximum of 999
cells, 200 ﬁets, and 98 pads are allowed. Alzo0, gate numbers greater
than 999 are not allowed. The STAR selected for use camnot exceed
30 cell rows by 100 columns.

b. Using Example Input File. The STAR input file is now ready

to be constructed. An example input file for circuit EXAMPLE has been
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vise bl e £ i Sl e h W

20

ORIGINAL PAGE

IS

OF POOR QUALITY

30

\

PIN NUMBER

CELI. TYPE
2 1910—"
NET NUMBER
6 5
70 so-”””””
3 __ 14 CELT, NUMBER
1910
6 5
9200 9210
90 80
3 4 2
-
2 42 1910
9200 T3
100
9210
9290

Figure 2 ,16. Example Logic Diagram
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ORIGINAL PAGE 14
OF POOR QUALITY

c
NAME, EXAMPLE

C

FIND, 50

c

IMPROVE, 5

¢

NEIGHBORHOOD, 1,5

c

STAR SIZE, 8 24

c

GATES TO PATTERNS

11910 2 1910 3 1910 4 1310 5 1620 6 920G 7 9200 8 9200 9 9210
10 9210

c

NETS

10
20
30
40
50
60
70
80
90
100
110

N
£~
[ ]
L]

Lot B3 = b3 O3 ~§ £ Ly On
L Gh WD OY LD N R L RS
BowwonuuepH
PN BB LM WM N

Figure 2.17. Example Input File
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created, as shown in Figure 2.17. This file can be modified for the
user's own, or used merely for reference.

Circuit 'EXAMPLE' has 11 nets: net 10 connects pin 2 of cells
1, 2, 3, and 6, net 20 connects pin 4 of cells 1 and 5 and pin 2 of
cell 4, net 30 connects pin 3 of cells 1 and 4, net 40 connects pin 2
of cells 5 and 7, net 50 comnects pin 3 of cell 5 to pin 2 of cell 8,
net 60 connects pin 5 of cell 1 to pin 4 of cell 2, net 70 connects
pin & of cell 1 to pin 3 of cell 2, net 80 connects pin 5 of cell 2
to pin 4 of cell 3, net 90 connects pin 6 of cell 2 to pin 3 of
cell 3, net 10C connects pin 5 of cell 3 to pin 2 of cell 9, and
net 110 connects pin 6 of cell 3 to pin 2 of cell 10. Cells
1-3 are type 1910, cell 4 is a type 1310, cell 5 is a type 1620,
cells 6-8 are type 9200 (input pads)}, and cells 9 and 10 are type
9210 (output pads). The STAR to be used consists of 8 rows and 24
rolumns., Fiftv folding solutions are to be formed and the best 5
improved. The row and cell neighborhood sizes are 1 and 3,
raspectavely.

To modify the example input file type
'EDIT EXAMPLE

This will call the Edit processor and the computer will respond with
the words EDIT HERE and the editor prompt (*). Now type
*TY

which will cause the file to be displayed {including line numbers
called keys). If the user desires to view only certain lines the
format is

#TY start—end .
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To modify lines in the file type
*IN key

where key 1s a new or existing line number. The editor will echo
that number on the next line and await input. The user should now
insert the desired contents of that line.

In this way, new lines can be created and existing lines can be
changed. The editor will automatically try to insert a succeeding
line if one does not already exist, and then only each new string
need be entered until finished. Another carriage return will get the
uger out of the input mode. By using the TY command, the input file

can be checked for errors. To exit the editor, type
*END .

1f the user would rather create the Ilnput file from scratch, it

can be done by typing
IBUILD filename .

The computer will respond with 1.000 and is ready fcr the first line to
be inserted. When a return is hit the computer responds with 2,000
and 8o on until 2 return is hit without a line of text being entered.
If a typing mistake was made or the user wishes to change a line,
the EDIT processor must be used as shown before. A more detailed
description of the EDITOR can be found in the XEROX Time-Sharing
User's Guide. |
The user should now copy this file to the input file for the

placement program by typing
!C EXAMPLE OVER PLACEIN
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The STAR placement program is now ready to be executed, but first

some guidelines for running programs on the SIGMA eystem will be given!

¢, Program Execution. Some of the STAR programs can be executed
in the Pemand mode from the terminal as well as the Batch mode. If
the Demand mode is used, the user must stay online until program
execution 1is terminated, thus tying up computer resources. Therefore,
unless speed i3 of the essence, the Batch mode should be used whenever

possible. To submit a job via the Batch mode type
IBATCH filename

The STAR programs which are executable from the Batch =mode begin
with "J:", such as J:PLACE.
The system will respond by assigning the job a job identification

(jid) and sending one of the following messages to the terminal:

ID = jid SUBMITTED time-date
WAITING: n to RUN

or
ID = jid SUBMITTED time-date

RUNNING .

The user may check the status of the job by using the JOB command
or may cancel the job using the CANCEL command. The format of the
JOB comman& io

1308 jid .

The system will respond that the job is either completed, rumning,

still waiting to be run, or waiting to be printed out. If the job is

completed or waiting'to be output, the user can view the output file




{using the Copy command) or run the next program.
If it is desired that execution of the program be prematurely

terminated for some reason, the following command can be used.
!CANCEL jid

The user should record the 1d of each job as it is submitted, so
that the wrong job will not be canceled, and the job's status can be

checked.

D. STAR DEsieN SYSTEM SOFTWARE

This section describes the STAR design system software and how
to execute it on the SIGMA computer system. The STAR design system
consists of five computer programs which enable a user te go from a
logic diagram to the mask data necessary for integrated circuit
fabrication. The system includes a STAR-PLACE automatic placement
program, a STAR~COMPILE compiling program, a STAR~-ROUTE automatic
routing program, a STAR-PRINT display program, and the ARTWORK—MANARI
artwork generating software. A flowchart which identifies the
input and output files, diagnositc files, and load modules of the
STAR system is shown in Figure £.18,

a. STAR~PLACE. The STAR-PLACE program is designed to provide
two-dimensional placements of digital logic circuits on the Standard
Transistor Array (STAR).

The program is written in the FORTRAN-IV programming language,
and with the exception of the use of Implied-DO constructs in I/0
statements, it is ANSII standard. This, minimal modification of the
source language should allow use of the program with most FORTRAN-IV

compilers.
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Input to the program consists of a description of circuit cells
and interconnections as explained in the preceding section, and is
called PLACEIN.

The following material on the placement program was largely taken
from NASA Contractor Report 161291 "Standard Transistor Array, CAPSTAR
User's Guide".

( Input Data Format) The input file consists of a seriles of
80-character records, of which only the first 72 are significant.
Positions 73-80 can be used for record numbering or other user
information. Each record consists of format-free numeric or character
items. The end of a numeric itewm is sensed whenever a blank, comma,
or the end of the record is seen. The end of a character item is
indicated by a comma or record end. A record can be continued by
leaving the first four positions of the next record blank. A
record may be continued any number of times.

The input file may consist of STAR-PLACE control records, circuit
definition records, and passed records. The control records either
epeclfy settings for STAR~-PLACE variables or act as headers for
groups of circuit definition records. The passed records are those
which are not recognized as control or definition records and are
included in the STAR-PLACE cutput file for use by later programs.

. (Control Records) Each control record consists of a single
STAR-PLACE control statement beginning in column 1 with pertinent
data following as necessary. A list of the STAR~PLACE control
statements, theilr function, and necessary data is shown below. Where
a..lowved the shortened form of the control statement is shown in

parentheses.
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Function

Data

Passed

DEBUG (DEBU)
Function
Data

Passed

FIND,

Function

Data

Passed

Denotes & comment to be shown in the narrative output.
Comment in columns 572 of the record (no continuaticn
allowed).

No

Turns on STAR-PLACE debugeing cutput,
None.

No

Sets the upper limit on number of folding
solutions to be found (initiaslly 50).

Specifying O causes all possible folding solutious
to be generated.

Upper limit following comma.

No

GATES TO PATTERNS (GATE)

Functicon - Header for cell type list.

Data - Cell type list in following records,

Pagsed - Yes

IMPROVE, (IMPR,)

Function - Specifies number of folding solutions to be

improved (initially 3, max =10).

Data = Number of solutions following comma.

Passed - No




LINEAR ORDER (LINE)

Function - Header for user-entered linear order. Causes

Data
Passed

NAME,
Function
Data

Passed

NEIGHBORHOOD,

Function

Data

Passed

NETS
Function
Pata

Pasged

disabling of STAR-PLACE clustering and linear
ordering steps.,

= Linear order in following records.

- No
- Specifies circuilt title for output listing.
= Circuit title (B characters) after comms,

- Yes

(NEIG,)

- Specifies row and cell neighborhood sizes for
placement improvement step (initially 1,1).

- Row, cell neighborhood sizes following comma.

- No

= Header for circuit net lists.
= Net lists in following records.

Yes

STAR SIZE, (STAR,)

Function

Data

Passed

~ Specifies STAR dimensions.
- STAR size (cell rows, transistor columns) ;
following comma.

- Yes
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Function - Specifies STAR~PLACE steps to be performed
(initially all).
Data - Step names (CLUSTER, LINEUP, WIRECROSS, FOLD)
separated by commas following 'STEP,'.

Pasgsed -~ No

The presently available STAR sizes are shown in Table 2.3.

STAR SIZE
SIZE ROWS COLUMNS TRANSISTORS PADS (MILS)
8,24 8 24 384 16 90x80
16,54 16 54 1728 36 162x131
28,94 28 94 5264 64 254x208

TABLE 2.3. Presently Availlable STAR Sizes

In order to choose the correct STAR size, an estimation of the
transistors needed should be made, and the number of I/0 pads should
be counted. The user can then choose the correct STAR from Table 2.3.

(Circuit Definition Records) The cell type list, net list,
and user-defined linear order are entered as a series of numeric
records following the appropriate header record. The end of a list is
assumed when a non~numeric item or the end of the input file is seen.
The format o£ each of the three liste is shown below.
(1) Cell Type List (Following 'GATES TO PATTERNS')., In this list,
each of the circuit cells and pads is associated with a STAR standard

cell or pad type number. The format of each record in this list is

celll typel cell2 type2 . . .
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For example, if cell number x is type 1000+x, s typical cell type list

record is

11991 2 1992 3 1403 4 1994 .

Sufficient records to specify each cell or pad in the circuit should

ke included.

The 1ist is passed to the output file with certain adjustments,

These adjustments involve re-assignment of pad type numbers based on
the pad position in the final placement. In the input file, input pads
are type 9200 and ocutput pads are type 9210. For pads placed at the
top or bottom of the STAR, the type numbers are unchanged. Fcr input
pads placed at the sides of the STAR, the type number is changed
to 9100. For an output pad placed at the left, the type number is
changed to 9110, For output pads placed at the right, vhe type
number is changed to 9120,

(2) Net List (Following 'NETS'). The connection points (cell
number, pin number) of each net in the circuit are identified in this
list. The format of each record is

net celll pinl cell2 pin2 . . . .

For example, 1f net 5 is connected te pin 1 of cells 6, 7, and 8,
the net list record for net 5 is

5617181 .

For large nets, more than one input file record may be required.
Extension of the net may be accomplished either by use of the
record continuation feature or by repetition of the net number at the

beginning of the next record. Thus, eiiher

561
7181
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or
561
57181
can be used to enter net 5, above, If the second of these net
continuation forms is used, the continuation records must immediately
follow the initial record for the ret.
Information specified in the net .ist is passed to the cutput
file after modification of all continuations to the second form, above.
(3) Linear Order (Following 'LINEAR ORDER'). REach cell and
pad in the network should be included in this 1list if the user-

entered linear order option is selected. The list format is
celll cell? celll celld

Record continuation is allowed, but not required in this 1list. The
linear order is ncot passed to the output file,

4, Plazcemeut Output. The output information provided hy
STAR-PLACE consists of -wo files, regardless of the mode in which the
program was executed. The file called PLACEOUT is in a format
suitable for use by other programs. The file called LPOUT consists
of user (narrative) output.

(a) Output file. The STAR-PLACE output file (PLACEOUT) contains
the circuit .cell type and net lists, the grid coordinate format of
the placement, the locations of all constructed barriers, and any
vrssed data from the input file. The format of this file for the
example application is shown in Figure 2.19. If, after completion
of the STAR design cycle, it is found that the circuit has not been

successfully routed and hand-placement is chosen as a possitle solution,
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CRIGINAL prom &y
OF POOR QUALITY

TITLE E¥AMPLE

STAR SIZE 8 24
GATES TQ PATTERNS
999 9370
1 1910 2 1910 3 1910 4 1310
7 9200 8 9106c 9 9210 10 9210
PLACEM
0999 0
25 1 25 4 64 $99005 0
=41 2 25 999011 64
41 3 25 999011 64
~57 999024 25
57 999024 25
=73 999024 25
73 999024 25
-89 999024 25
=25 6 39
=25 7 84
25 8 96
A3 9 39
=25 10 24
NETS
10 6 2 1 2 2 2
20 5 4 4 2 1 4
30 4 3 1 3
40 7 2 5 2
50 8 2 5 3
60 1 " 2 4
70 1 6 2 3
80 2 5 3 4
90 2 6 3 3
100 3 5 9 2
110 3 6 10 2
WIRES
6 69 24 83 24 BARR
) 24 90 38 90 BARR
6 69 90 83 90 BARR
) 84 90 98 90 BARR
6 22 26 22 40 BARR
6 22 42 22 56 BARR
6 22 74 2 88 BARR
6 101 5§ 101 72 BARR
]

101 74 101 88 BARR

5 1620 6 9200

Figure 2 .19. STAR-PLACE Output File (Placeout)
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this is the file which must be modified. Therefore, it is important
that the format of this file Ee understood.

TITLE, STAR SIZE, and GATES TD PATTERN are data passed from the
input data. The PLACEM der: are the positiens of each cell, pad, and
groups of unused transistors, shown in actual STAR grid coordingtea.
A group of XXX unused transistors is denoted by 999XXX. Starting on
the second row under PLACEM, the first column gives the y coordinate
of the source connection which begins the cell. A minus sign (-) in
front of the number implies that the cell 1s avove the power supply.
The other columns alternate between denoting the cell number and
its beginning X coordinate, respectively.

The data under NEIS was passed from the input data, WIRES contain
data showing the coordinates uf the barriers constructed to pravent
router usage of unused pad positions. For example, the first line
denotes that a barrier is constructed on level 6 from 69,24 to 83,24.

By modifying the data in this file, mainly under PLACEM and wires,
hand-placement can be accomplished, thus perhaps providing successful
routing.

(b) WNarracive Output. The narrative output of STAR-PLACE
which is helpful to the :ser is contained in file LPOUT. Fach
STAR- PLACE step is identified by a header line showing the step
and circuit-names. An explanation and example of the narrative
output provia d by each step 1s shown in the following paragraphs.

(1) Data Entry Step. Each control and passed record in the
input file is echoed on the listing. The cell type definitions
are displayed with cell width information as obtained from thé

STAR cell width library (STARWIDLIB). The c2lls composing each

62




net in the circuit are also shown. At the end of the section, the
result of a cross-check between the various lists is given.

The data er.iry step output for the cell type and net lists
of the example application is shown in Figure i,

(2) Clustering Step. For each cell (cell number <1#4@) or
cluster (cell number >10P@) to be combined, the cell number, width
and number of nets is shown., The statistics for each candidate
for combination and the effect of combination on the total chip
metal are calculated and displayed in tabular format. The combined
cells and resultant cluster are then shown along with the cluster
width and nets absorbed by combination. The information printed

for a typical combination is shown in Figure 2.21.

Following clustering of all cells, a summary of cell combination

is printed as shown in Figure 2.22,

(3) Linear Ordering Step. The generated linear cell order
is shown in 15(I4) format. The output for the. example application
is shown in Figure 2.23.

{4} Wirecross Step. The linear order is displayed vertically
with both forward (FWID) and reverse (RWID) cumnlative cell widths
shown. Each circuit net is shown to the right of the linear order
with conncctions to a cell indicated by '-".

The wifecroas output for the axample circuit is shown in
Figure 2.24.

(5) Placement Step. At the beginning of the placement step,
STAR-PLACE forms the requested number of folding solutions. The

highest rated IMPROVE of these are selected and ratings are shown.
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OF POoOh
C
NAME, EXAMPLE
C
FIND, 50
C
IMPROVE, 35
c
NEIGHBORHOOD,1,.5
C
STAR SIZE 8 24
c
GATES TO PATTERNS
CELL 1
CELL 2
CELL 2
CELL 4
CELL 5
PAD 6
PAD 7
PAD 8
PAL 9
PAD 10
C
NETS
NET LISTS
NET 10 6
NET 20 5
NET 30 4
NET 40 7
NET 50 8
NET 60 1
NET 70 1
NET 80 2
NET 90 2
NET 100 3
NET 110 3 1

END OF INPUT DATA
DATA CROSS-CHECK INITIATED
DATA CROSS-CHECK COMPLETED

Figure 2.20.Data Entry Step Ou

TYPE 1910
TYPE 1910
TYPE 1910
TYPE 1310
TYPE 1620
TYPE 9200
TYPE 9200
TYPE 9200
TYPE 9210
TYPE 9210

O O Wi N RN U P e

tput

WIDTH
WIDTH
WIDTH
WIDTH
WIDTH

13
13
13



ORIGINAL .27 1y
OF POOR QUALITY
CHIP AREA= 45 TOTAL METAL = 54. CHIP DENSITY = 1.2

CELL TO BE CCMBINED = 6 WIDTH = Q # NETS = 2
RUHHHHHH G G BTG OB ARG R E0 0 D RE R R HF BT R I D

DELTA METAL CAND. WIDTH CAND. NETS NETS IF COMB. CANDIDATE
3.6036 13 5 3 3
D3= 1.7 Dl= .0 D2= 1.4 DT= 1.3 NEW METAL = + 4, Al= 0 A2= 13
CELL 1001 REPLACES 6 & 3 WIDIH = 13

NET 10 ABSORBED

Figure 2,21.0Output Shown For Single Cluster
Formation From Cluster File

CELL COMPOSED OF CELLS
1001- 3
1002~
1003~
1004~
1005~
1006~
1007-
1008-
1009-

0
0
3 0

1 5 ¢
6 3 0

7 2 ¢ 1 5 6 3 0
NORMAL CLUSTERING STEP TERMINATTON

[y =
OO OWe g

O MNP O O
FPONONRLWVOO

Figure 2.22.Clustering Step Summary Cutput
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45

RWID
45
43
45
41
39
26
13
13

0
0
0

7 5 4
Figure 2.
CELL

8 =50
7 50
5 ~-50
4 =30
1 -30
2 -80
6 80
3 -80
9

10

LINEAR ORDER

-40
=40

-10
~10
-10
-10

DATA TRANSFER FILE CONSTRUCTED

NORMAL CAPSTAR PART 2A TERMINATION

RUN PART 2B TO CONTINUE

PR
ORIGHL -

ofF POOR

23.Linear Ordering Step Output

NO CONNECTION

=20
=20
-20
-90

920
-20

/— CORNNECTION

-60 ~70
~-60 =70
-100 -110
-100 110

=110

Figure 2.24. Wirecross Output
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Start and end of placement improvement are noted and the rating data

for the highest rated improved placement is shown. The format of this

output is shown in Figure 2.25,

In this output, "QUALITY" is the estimated fraction of all
layouts of the circuit with ratings lower than the placement of
interast. Horizontal and vertical ratings reflect the predicted
fraction of the available channel area whi:h will be used in
placement routing. Pads are not included in the placement at this
step, 80 statistics do not reflect pad placement,

After printing of result placement rating information, a
pictorial representation of the cell layout is shown. This output
for the example circuit is shown In Figure 2.26.

In this output, cell boundaries are shown as "#" and transistor
boundaries as ":". Cell numbers are read vertically and ~ccur to
the left of the dashes. Numbers to the right of the dashes indicate
nets which are incident to the cell. Transistors completely
surrounded by #'s are not used for cell placement.

Following placement depiction, the (row, column) positicns
assigned to circuit pads are showm. The position of each cell,
pad, and group of unused transistors (A group of XXX unused
transistors is denoted by 999XXX) is then shown in actual STAR
grid coordiﬁates. Finally, the set of barriers constructed to
prevent router usage of unused pad positions is shown. This
section of the output, as showm in Figure 2..7, iz the same as

gsome of the data in the file Placeout, as shown in Figure 2.19
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ORIGINAL PAGE i8
OF POOR QUALITY

DATA TRANSFER COMPLETED
51 SOLUTIONS FOUND IN 51 TRIES

5 BEST SELECTED

NUMBER RATING*10%%6  QUALITY#*10%*6
1 784023 923313
36 780422 872544
8 778341 834318
6 775439 769833
5 774765 753064

PLACEMENT IMPROVEMENT INITIATED
PLACEMENT IMPROVEMENT COMPLETED

PLACEMENT NUMBER 36
NET 10 STRAIGHT
NET 20 STRATGHT
NET 30 STRAIGHT
NET 60 STRAIGHT
NET 70 STRAIGHT
NET 80 STRAIGHT
NET 90 STRAIGHT

RATINGS

TOTAL —— 78.68 %
HORIZONTAL -— 7.49 %
VERTICAL —— 5.73 %
STRAIGHT NETS --—- 100.00 7%
QUALITY -— .93656

Figure?2 .25, Folding Summary and Result Rating Cutput
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PAD
PAD
PAD
PAD
PAD 1
PLACEM
25
=41
41
-57
57
-73
73
-89
=25
=25
25
89
-25
BARRIER
BARRIER
BARRIER
BARRIER
BARRIER
BARRIER
BARRIER
BARRIER
BARRIER

6 PLACED AT
7 PLACED AT
8 PLACED AT
9 PLACED AT
0 PLACED AT

1

2

3

999024

999024

999024

999024

599024

6

7

8

9

10
CONSTRUCTED
CONSTRUCTED
CONSTRUCTED
CONTSRUCTED
CONSTRUCTED
CONSTRUCTED
CONSTRUCTED
CONSTRUCTED
CONSTRUCTED

o

25
25
25
25
25
25
25
25
39
84
96
39
24
oN
ON
OoN
oN
ON
ON
ON
oN
oN

QOOoOWwLMmoo

- @ o w =

4
999011
999011

LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL
LEVEL

OUTPUT FILE CONSTRUCTED
NORMAL CAPSTAR TERMINATION

Figure 2.27. Pad Placement, Grid Coordinate Translatiom,

[a- B
WomWUnWwm
oo oo

RO RO OO

a v g
mGiNAL "E’)r‘:‘\d-‘ !
& POOR QUALITY
64 999n05 70 5
64
64
FROM 69 , 24 TO 83
FROM 24 , 90 TO 38
FROM 84 , 90 TO 98
FROM 22 , 26 TO 22
FROM 22 , 42 TO 22
FROM 22, 74 TO 22
FROM 101 , 58 TO 101
FROM 101, 74 TO 101

and Barrier Construction Qutput

70

v W W W ¥ v W w oW

85

24
90
90
90
40
36
88
72
88



5. Program Execution, STAR-PLACE can be executed from either
the Demand mode or the Bat«h mode, For this routine, it may be
advisable to use the Demand mode, because in order to restrict
storage execution requirements and provide operator convenience
the program has been divided into two segments. The first of
these gegments implements the data entry, clustering, and linear
ordering functions of the placement procedure, as shown in
Figures 2.19-2.24, The second segment performs the cell and pad
placement tasks and builds the output database, as shown in
Figures 2.,25-2.27.

If STAR-PLACE is executed In the Demand mode, the output of
first segment can be viewed or copied to ancther file before
running the second segment. TIf STAR-PLACE 1is executed in the
Batch mode only the output of the second segment is available,

The Demand version, called T:PLACE, facilitates all necessary
channel assignments when it is executed. This is done
by typing

IXEQ T:PLACE .

The computer will respond with the message

#%% XEQ TERMINATED*#*% .
The first portion of the program is executed by the command
VIMP1.

which executes a load module, When the computer returns the
mesgage *STOP* § and a prompt (!), the narrative output file

(LPOUT) in its intermediate form can be viewed or copied, or the
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next module can be executed. To execute the second segment type
ILMPZ. .

When execution of this module has terminated all necessary
output files have been constructed.

The Batch version is J:PLACE and is executed by the command
!BATCH J:PLACE

The computer will respond with a job id and the status of the iob,
as explained in a preceding section. All output will be directed
to a line printer and also stored in files.

After execution of the placement program, the user can examine
the final form of the narrative output file (LPOUT), and compare
each step to the examples shown, in order to check for correct
execution.

As a double~check on the STAR size, the user should check
the WIRECROSS step and compare the cumulative cell width (RWID at
top)} to the total availabie width of the STAR used. If the
cumulative cell width is more than 75% of the total vrailable
width, problems may be encountered in routing later. Therefore
the user may wish to run the placement program agaln, using the
next largest STAR size, 1if possible.

If khe placem.nt program fails to run successfully, the user
can copy the diagnostic files PDO, and PLL for possible clues as
to the reason why. The input tile should also be checked for errors.

If the placement program was successful, it's output becomes

the input to the next routine, which 1is called STAR-COMPILE. To
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create the STAR-COMPILE input file use the command

1C PLACEOUT OVER INBUF

b. STAR-COMPILE. The STAR-~-COMPILE program accesses the STAR-
cell library which contains the line segments that describe the device
connections to achieve the cell's logic. The cell library also contains
identifiers assoclated with each line segwent. The identifiers are
used to label inputs, outputs, barriers, and power bus line segments
for line printer display as well as program use, The STAR-COMPTLE
program 1s written in XEROX Basic in order to take advantage of its
unique feature of keyed file access. For this reason, the program
is nnntransportable.

For each cell that has been placed, the STAR-COMPILE program
copies the cell library line segments with identifiers (as shown in
Figure 2.8) onto the array at the positions specified by the placement
program, Using the net lists, the line segments identifiers (that
were copled from the cell library) are changed to the identifiers
that describe all line segments associated with the original uet.
These identifiers will be used later by the STAR-ROUTE program
which will supply line gegments to interconnect all line segments
that have the same identifiers. An exaaple STAR«COMPILE output is
shown in Figure 2,28,

To accomplish its task, the STAR-COMPILE program must have copied
into it, the correct bias for the chosen STAR size. The correct values
have been put into files called BIAS1, BIAS2, and BIAS3. This file
consisgts of a single line that must he inserted into the source

program.
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ORIGINAL PAQE (&
CF POOR QUALITY

The files are shown in Table 2.4 with their corresponding STAR

sizes. Choose the bias file associated with the STAR =zize used

BIAS FILE STAR SIZE
BIAS1 8,24
BIAS2 16,54
BIAS3 28,94

TABLE 2.4 STAR-COMPILE Bias Files

in the placement program and use the following command to put it

into the STAR-COMPILE routine.
!C blasfile INTO S:STARCOMP

It is extremely important that INTC is used in this command as
it merges the BIAS file into the source program, S;STARCOMP,
and does not overwrite it,

(1) Program Execution. The compile routine can be executed
from either the Demand mode or the Batch mode, but again the
Batch mede should be used whenever possible. The Batch command

is

!BATCH J:COMP

To execute STAR-COMPILE from the Demand mode the command

IT:COMP

is all that 1s needed. All output will come back to the screen.
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(2) Compile Output. The narrative output file for the STAR-COMPILE

routine 18 called LPC. Also, diagnostics if any, are printed to a file
called CDO. Both of these flles can be examined. The output used by
subsequent programs is STARAWK. Figure 2.28 {5 an example of the data
in the STARAWK file and 1s the format of the data for the STAR-ROUTE
input and output, STAR-PRINT input, and ARTWORK-MANART input.

From thc¢ program flowchart (Figure2.15) it can be seen that, if
desired, the output of the compile program can be used as the input
to the STAR-PRINT display routine for a symbolic printout of the
compile data. This may be helpful to the user, but it is not a
necessary step,

c. STAR-ROUTE. The output file of the compile routine
(STARAWK) 1s also the input file to'STAR-ROUTE, therefore no copy
cormand is needed,

The STAR-ROUTE program performs the discretionary interconnections
of wiring through the use of net identifiers on available routing
channels of the array. The program will seek the shortest distance
baetween the line segments that have the same identifiers, and generate
line segments to complete tlie net. The generated line segments will
utilize the two levels of metal and VIAS (metal interconnects)
available to cnmpleté the net as specified. The program will avoid
areas of the ﬁrray tnat have been labeled as barriers and will also

perform a2 short check and open check between the completed nets.
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ORIGINAL PAGE 12
OF POOR QUALITY

.J\l/

APERATURE NO,
LEVEL iID
SEGMENT NO. END COMPONENTS

DATA TYPE END LEVEL 1

SCALE FACTOR END LEVEL 2

END LFVEL 3

END LEVEL 4

END LEVEL 5

0. 10000000E+02 LINE SET
1 2008 2048 PO01
1 2008 2064 POO1
2 2032 2000 GNND
4 2032 2016 X1,Y1 GNND
3 2048 2004 x2,yz COORDINATES P007
3 2048 2060 PO07
4 2037 2024 P101
4 2032 2048 P101
5 2072 2004 SEGMENT P102
5 2072 2060 IDENTIFIERS —™ " p102
6 2096 20604 P101
6 2096 2060 P101
7 244 2004 NO10
7 2144 2060 NO10
8 2216 2004 P102
8 2216 2060 P102
9 2264 2004 NO70
9 2264 2060 NO70
10 2288 2004 NO60
10 2288 2060 NO60
Figure 2.28. Example STAR-COMPILE Qutput




Like the STAR=-PLACE routine, STAR-ROUTE is also written in the
FORTRAN-IV programming language,
The route program has a control input file associated with each

of the STAR sizes. These are shown in Table 2.5.

Cg’;'{;m STAR SIZE |
D:CIN1 8,24
D:CIN2 15,564
D:CIN3 28,94

TABLE 2.5 STAR-ROUTE Centrol Files

The usar should choose zhe control file corresponding to the
STAR size used. The following command can then be used to update

the parameter file used by the STAR-ROUTE program.

'C control file OVER D:CIN

If the user has a data set for which it is desired to perform
short discance roﬁting before longer routing, the multipass cavpa-
- "..1ity of the STAR Router should be used., To activaie multipass,
the user must edit the control input file (D:CIN), to add the
necessary information.

It should be noted, however, that this feature is not usually
helpful. If the user desires to use multipass routing, more infor-
mation can be found in the '"STAR Router User's Guide' NASA

[71
Contracter Report 161213.

77



STAR-ROUTE should always be run from the Batch mode, because

of tae required memory size. Therefore, use the command
IBATCH J:ROUTE

to execute the route program.

1) Router Output. During execution, router progress messages
and error messages will be written to f£ile RLP, The run time
messages and progress messages are shown in Table -2.6. If the
Demand mode were used, these messages will_also be returned to the
screen. Program diagnostic messages, if any, and accounting
informaction are:.output to files RDO, RLL. and RLO.

After execution of STAR-ROUTE, the user should copy the file
RLP and either find which I/0 unit the PR2D output file (routed
output) is on or, if routing was unsuccessful, determine why from
the error me:sages. I/0 unit 11 corresponds to file F:11 and
I/0 unit 10 ir file STARAWKRT.

The output of the Route routine will be composed of data
from the STAR-COMPILE program plus line segment data generated to
complete all nets, Thevrefore, the file will resemble the
STARAWK file,. except it will be larger.

d. STAR—PRINT. The STAR-PRINT routines produce a symbolicg
layout of the STAR design. The input to the programs can either
be the output of STAR-COMPILE or the output of STAR-ROUTE. In
elther case, the desired file should be copied over the input file

(S:IN) of STAR-~PRINT by using the command
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The following messages may appear on the run printout. Their

meaning 1s described at right,

Error Messages

ERROR OR END-OF-FILE WHILE
READTNG CONTROL INPUT

MANXIMUM GRID SIZE EXCEEDED
PREMATURE END-OF-FILE HIT ON
PR2D TNPUT

GRID DIMENSIONS EXCEEDED

IN RIDP

CORE LIMITS FXCEEDED WHILE
PROCESSING P.n2D INPUT

NON-ORTHOGONAL CREGMENT FOUND
IN NODr XXXX.

STACK OVERFLOW IN XXX

MAXTMI™ NODE SIZE EXCEEDED

IN XXX

FANOUT FAILURE ON NODE XXXX

ROUTE FAILURE ONM NODE XXXX

Meaning

Bad or missing cards were found
in the control input file.

The product of the X and Y grid
dimensions exceeds 160, 000.

Inpu: file scan did not find the
end of Level 8 in the file.

Coordinates were found in the input
file which exceed the specified
grid dimensions.

The maximum space allocated for
processing input data has been
overflowed. Input file is too large.

Nonorthogonal data has been found,
but the segment will be processed as
a Y-axis segment.

A Fatal overflow of available work
space has occurred

Fatal overflow of node data storage
area.

Fanout from 2 home segment is
completely block. Routing continues
with the next net.

This messag< accompanies the previous
one. If it occurs singly, an unexplained
failure to complete a route has occurred.

The following progress messages will normallv be printed ocut in sequence.

. .PROCESSIHG INPUT DATA

. .BUILDING AUXILIARY INPUT FILE
. .ROUTING PROCESS INITIATED

FINAL AUXILIARY FILE IS ON I/0 UNIT XX.
PR2D OUTPUT FILE IS ON T/0 UNIT XX.

. .ROUTINE COMPLETE

«« BUILDING PR2D OUTPNT FILE

TABLE 2.46. Run Time Messages



!C £ile OVER S:IN

The STAR-PRINT routines consist of programs STARSCROL and
STARDISP, which produce scrolls of line printer paper that are
Joined to form a mosaic of the STAR layout, which is a symbolic
printout of the interconnection data. Like the compile routine,
both of these programs sre written in XEROX Basic. Therefore

t.ey are not readily transportable.

The display produced by STAR-PRINT details the array grid
gtructure, the power bus structure, input/output and power pads,
device gate positions, first metal line segments, VIAS, second
metal line segments, and all net and pin identifiers. Therefore
the basic instructions given previously still apply in reading
the mosaic.

Before executing the STAR-PRINT routines, the width of the
output device should be known in order to set the correct scroll
size. The file which does this is called STARPAR. Several files
have already been set up for commonly used output devices and the

smallest STAR, These are shown in Table 2.7.

PILE DEVICE
N A
STARPAR2 SILENT 700
STARPAR3 80 COLUMN

CRT

TABLE 2.7. STAR:PRINT Scroll S5ize Files
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If one of these files will not satisfy the user's need,
another file can easily be created to better sult the STAR size
chosen and the output device.

The format of the STARPIR file is
x vy width length

where x and y are the grid points of tue upper left corner of the
scroll, width is the width of the scroll determined by the width of
the output device, and length is the length of the scroll determined
by the size of the STAR chosen. The length of the scrolls for the
three STARs are: 100 for the smallest, 165 for the medium, and 260
for the largest.

For the first line of the.file, x and y will both be 16. The
width and length are user determined. Then on the second line, x
is the value of x from the firet line plus the width., The value
of vy will always be 16, and the width and length will remain
constant, On the third line the value of x 1is the sum of the
second x and the width,.snd so on. An example is shown in
Figure 2,29,

16 16 62 260
78 16 62 260
140 16 62 260

202 16 62 260
164 16 62 260

Figure 2.29 STARPAR Example

Thig file can be created using the BUTLD command described
earlierlin tkis chanter, or one of the existing files can be

updated with the EDITOR.
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The desired width file should be copied over the existing

width file with the command
!C file OVER STARPAR .

The STAR-PRINT routine can now be executed by either

1BATCH J:PRINT

for the Batch mode, or

!T:PRINT
for the Demand wode. Once again it is better to use the Batch
mode.

(1) Program Qutput. The output of STAR-PRINT, as described
earlier, is the STAR mosaic and is contained in file STAROUT,.

Figure 2 .30 shows part of & mosaic created by the STAR~PRINT
routine, ¥iles LPRD and SINQ are used for diagnostic ocutput,
if any,

If after reviewing the symbolic output generated by STAR-PRINT,
the user determines that the layout is correct, the mask data can
be generated. If the routed output is not satisfactory, the user
may choose t3

a) make manual net mvdifications in the STAR~COMPILE output and
resubmit to the STAR~ROUTY. program,

b) edit the output of STAR-PLACE an¢ manually rearrange the
placement of the cells, or

€) repeat the entire design cycle beginning with the STAR-

PLACE program, using the linear order optiom.
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Figure 2.30 Example STAR-PRINT Output (Mosaiz)
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The first option requires a good understanding of the STAR-
COMPILE and STAR-ROUTE outputs and is probably the hardest of the
three. The second cholce requires a knowledge of the format of the
STAR-PLACE output file, which 1s described in the section on STAR-
PLACE under Placement OQutput, with an example in Figure 2.19. The
user would also have to know a more logical placement of the cells.
The third method 1s probably the easiest, although it also requires
knowing a more logical cell order, and still may not produce
desirable results.

e. ARTWORK-MANART. The output from the STAR-ROUTE program
is used as the input for the ARTWORK-MANART artwork generation program,
which creates the mask data for the first metal layer mask, the
VIA mask, and the second metal layer mask, These three masks are
used to convert the STAR understructure ir+> the user's circuit.
Information on how to use the ARTWORK~MANARY program can be found

in NASA Contractor Report 150782,

E. PERIPHERY STRUCTURE

The STAR periphery circuitry consist of multiple use pad cells that
can be converted into input, output, and power pads, along with the STAR

power structure. All examples will be in CMOS bulk metal-gate.

1. Pad Cells. The pad cells consist of side input pads, top/bottom

input pads, side output pads, top/bottom output pads, side dummy pads, top/
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bottom output pads, side dummy pads, top/bottom dummy pads, a ground pad,
and a VDD pad. The dummy pads are merely unused input/output pads. The
small STAR has 16 pads, the medium STAR has 35 pads, and the large STAR has
64 pads. Of these pads, two are allocated for use as power pads: VDD and
ground.

On the STAR symbolie display, all of these pads are represented by

a string of symbols for top layer metal (IIITII). These are located around

the outer edges of the array.

a. Input Pads. In the STAR input file, input pads are type 9200.
For input pads placed by the STAR-PLACE program at the top or bottom of the
STAR, the type numbers are unchanged, however, for input pads placed at

the sides of the STAR, the type number is changed to 9100.

Each input pad has protective eircuitry associated with it as
shown in Figure 2.31 to protect the device against burnout resulting
from accumulation of static charge on package terminals. Figure 2.31

1llustrates the schematic of the input pad as well as the actual layout.

b. OQutput Pads. The output pau! are entered in the input file
as type 9210. If they are placed at the top o- bottom of the array, the
type numbers are not changed. For an output pad placed at the left, the
type number is changed to 9110. For output pads placed at the right,
the number is changed to 9120.

An ocutput pad is shown in Figure 2,32 and from the layout it
can be seen how the inpui circuitry is bypassed when the pad is defined

as an output. Metal is used to short out the diffused resistor.

¢. Ground Pad. The leftmost pad on the bottom of the STAR
array is designated as the ground pad, and it does not have a type number,

nor does it have to be assigned in the input file.
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Figure2.31(b). Metal Gate Input Pad Layout
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OF POOR QUALITY
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d. VDD Pad. The rightmost pad on the top of the STAR is
designated as the VDD power pad. It does not have a type number, nor

does 1t need to be assigned in the input file.

2. STAR Power Structure. The STAR 1is surrounded and interlaced

by a power structure consisting of ground and VD

their respective pads. Figure 2.33 1llustrates the STAR power structure

D’ and connected to

as represented by the STAR symbolic output, as explained previouslv.
The pad locations for the small STAR are also shown. Although 18 pad
locations are showvm, only 16 are available for use. The center pads
on the top and bottom of the STAR are used for testing purposes. This

is true for all three STAR sizes,
As 1llustrated in Figure 2.33 i he horisontal parts of the

power structures are top layer metal, while the vertical portions of
the structure consist of bottom layer metal.

All of the pace are implemented in top layer metal except
the I/0 interconnection pads (in the center) which consist of both
layers of metzl.

More detailed plctures of the three arrays are shown in

Figures 2.4-2.6, with the vads belng clearly visible.

F. PAD LOCATIONS

Since the STAR is based on a grid system Tables 2.8-2.10 show the
¥ and ¥ locations of the pads for the three STAR structures as assigned
by the STAR-PLACE program. The STAR grid system, however, begins
at the point 16, 16 to allow the symbolic display of output pads on
the top and 1¢ft side of the array. The pad assignment~ are then
output to the file PLACEOUT, wheue they can be viewed or modified if

necessary. An example PLACEOUT file is shown in Figure 2.19.
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Thé tahles alsc contain the type numbere which are agsigned to
the pads by the STAR-PLACE program according to their location and
function.

The minus sign in front of the y value (~25) of the top pads

indicates that the pad is located above the ground power structure.

1. Modifving Pad Locations, 1If the user is not satisfi:d with

the computer generated placement of the cells and pads, the STAR-PLACE

output file, PLACEOUT, can be modified 2s explained earlier.

If the pad locations are to be changed, the type numbers may also
have to be changed. This can be verified from the tables. The
foliowing example illustrates a modification of the pad locations and
types in the PLACEOUT file.

From Figure 2.34it can be seen that cells 6-8 are input pads with
cells 6 and 7 placed at the top of the STAR and cell 8 placed on the
right side. Cell 9 is an output pad placed at the bottom and cell 10
is an output pad placed at the top of the STAR.

The user woulé rather have all input pads on the top and all
output pads on the bottom, so the locations of cells 8 and 10 must
be changed. fhe type number c¢f cell 8 must also be changed. The
corresponding modifications are shown in Figure 2.35 emphasized by
underlining.

Cell 8 has been changed to a type 9200 at location 24,-23.

Cell 10 has been changed to location 24, 89.
‘The rest of the STAR programs can now be executed to provide

routing.
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TITLE EXAMPLE OF POOR QUALITY
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Figure 2.34. Original PLACEOUT File
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Figure 2.35. Modified PLATEOUT File




ORIGINAL PAGE |
OF POOR QUALl'rg

384 TRANSISTOR STAR

16 PADS

TYPE NUMBER IN PLACEOUT. FILE

LOCATION b:4 y INPUT QUTPUT
" ToP 24 -25 9200 9210
39 =25 9200 9210
69 -25 9200 9210
84 -25 Vop Voo
LEFT SIDE 17 25 9100 9110
17 41 9100 9110
17 57 9100 9110
17 73 9100 9110
BOTTOM 24 89 GND GND
39 89 | 9200 9210
69 89 9200 9210
89 89 9200 9210
RIGHT SIDE 96 25 9100 9120
96 41 9100 9120
95 57 9100 9120
96 73 9100 9120
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TABLE 2.8 PAD LOCATIONS AND TYPES FOR SMALL STAR
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ORIGINAL PAGE (i3
OF POOR QUALITY,

1728 TRANSISTOR STAR

36 PADS

TYPE NUMBER TN PLACEOUT FILE

LOCATTON x y INPUT OUTPUT
TOP 24 -25 9200 9210
39 »25 9200 9210
54 ~25 9200 9210
63 -25 9200 9210
84 =25 9200 9210
114 -25 9200 9210
129 -25 9200 9210
144 -25 9200 9210
159 -25 9200 9210
174 -25 ip Vs
LEFT SIDE 17 25 9100 9110
17 41 9100 9110
17 57 9100 9110
17 73 9100 9110
17 89 91.00 9110
17 105 910" 9110
17 121 9100 9110
17 137 9100 9110

TABLE 2.9. PAD LOCATIONS AND TYPES FOR MEDIUM STAR
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ORIGINAL PAGE (9
OF POOR QUALITY

1728 TRANSISTOR STAR 36 PADS
TYPE NUMBER IN PLACEQUT FILE
LOCATION x y INPUT OUTPUT
BOTTOM 24 153 GND GND
30 153 9200 9210
34 153 9200 9210
69 153 9200 9210
84 153 9200 9210
114 153 9200 9210
129 153 9200 9210
144 153 9200 9210
159 153 9200 9210
174 153 9200 9210
RIGHT SIDE 186 25 9100 9120
186 41 9100 9120
186 57 9100 9120
136 73 9100 9120
186 89 9100 9120
186 105 9100 9120
186 121 9100 9120
186 137 9100 9120

TABLE Z . 8 (Continued). PAD LOCATIONS AND TYPES FOR MEDIUM STAR
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ORIGINAL PACE &5
OF POOR QUALITY

5264 TRANSISTOR STAR 64 PADS
TYPE NUMBER IN PLACEOUT FILE
LOCATION x y INPUT OUTPUT
ToP 24 -25 9200 9210
39 =25 9200 9210
54 ~25 9200 9210
69 -25 9200 9200
84 =25 9200 9210
99 -25 9200 9210
114 =25 9200 9210
129 -25 9200 9210
144 -25 9200 9210
179 =25 9200 9210
189 =25 8200 9210
204 =25 9200 9210
219 ~25 9200 9210
234 -25 9200 9210
249 =25 92n0 9210
264 ~25 9200 9210
279 =25 9200 9210
| 294 -25 Vop VDD

TABLE 2.%0. PAD LOCATIONS AND TYPES FOR LARGE STAR
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CRIGINAL PASE |
OF POOR QUALITY

5264 TRANSISTOR STAR 64 PADS
TYPE NUMBER IN PLACEOUT FILE

LOCATION X y INPUT QUTPUT

BCTTOM
129 249 9200 9210
144 249 9200 9210
174 249 9200 9210
189 249 9200 9210
204 249 9200 9210
21% 249 9200 9210
234 249 9200 9210
249 249 9200 9210
264 249 9200 9210
279 249 9200 9210
294 249 9200 9210

RIGHT 306 25 9100 9120

SIDE

‘ 306 41 9100 9120

306 57 9100 9120
306 73 91Qo 9120
306 89 9100 9120
306 105 9100 9120
306 121 9100 9120
306 137 9100 9120
306 153 9100 9120

TABLE 2.10(Continued).

PAD LOCATIONS AND TYPES FOR LARGE STAR
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URIGINAL PR v

oF POOR QU
5264 TRANSISTOR STAR 64 PADS
TYPE NUMBER IN PLACEGUT FILE

LOCATION X y INPUT OUTPUT
LEFT SIDE 17 25 9100 9110
17 41 9100 9110

17 57 9100 9110

17 73 9100 9110

17 89 9100 9110

17 105 9100 9110

17 121 9100 9110

17 137 9100 9110

17 153 9100 9110

17 169 9100 9110

17 185 9100 9110

17 201 9100 9110

17 217 9100 9110

17 233 9100 9110

BOTTOM 24 249 GND GND
39 249 9200 9210

54 249 9200 9210

69 249 9200 9210

84 249 9200 9210

99 249 9200 9210

114 249 9200 9210

TABLE 2.}0 (Continued). PAD LOCATIONé AND TYPES FOR LARGE STAR
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ORIGINAL PGI 15
OF POOR QUALITY

5264 TRANMSISTOR STAR 64 PADS
TYPE NUMBER IN PLACEOUT FILE
LOCATION X y INPUT OUTPUT
RIGHT
SIDE 306 169 9100 9120
306 185 9100 9120
e 201 9100 9120
306 217 9100 9120
306 2433 9100 9120

TABLE 210 {Continued).

PAD LOCATIONS AND TYPES FOR LARGE S5TAR
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CHAPTER 3. RADIATION-HARD TRANSISTOR ARRAY

A. INTRoDUCTION

A radiatiuvn-hardened transistor array based on the Sandia silicon
gate CMOS process was developed for NASA's Standard Transistor ARray
(STAR) design system. The Sandia procens i3 a p-well bulk CMOS process
with the p-well surrounded by a p+ guardring diffusion. By extending
the polysilicon gate and the thin oxide underneath, into this p+
guardring diffusion, any parasitic n-channel fileld channels are con-
trolled. This guardring also serves to minimize the latch-up tendency
created by the laterzi pnp transistor in a high radiation environment[al.
Standard cells developed by Sandia using this process have

3

demonstrutud a total dose radiation hardness of mid 10~ rads (5i),

a transient upset level of 6x108 rads/sec., and an absence of latch=-up

at 2x109 rad/sec.[gl

This process should therefore provide integrated
circuits that perform reliably in space or other radiation environments.
In addition to providing radiation hardness, the silicon gate
process provides other very distinct advantages. Because polysilicon,

in contrast to aluminum, can withstand high temperature processing
steps, it can be applied and patterned before the source and drain
diffusion steps. The diffusions are then self-aligned to the gate
structure and the ovcrlap of the gate over source and drain regions is

then only the amount of the lateral diffusion. Since much of the high-

+ +
temperature processing occurs prior to the n and p Implant steps, the
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diffusion depths can be miniwmal. Therefore a significant increase in
switching speed {s cbtained due to a substantial decrease in the

parasitic capacitances from gate to drain and source.

Even without a reduction in geometry, the silicon gate process
provides an increase in circuit performance over metal gate. However,
it does lend itself well to scaling. Since the junction depths can
be much more-éhallcw in silicon gate processing, the gate lengths can
be made much shorter without punch through. This would provide an

even greater Increase in switching speeds.

B, ProcEss DESCRIPTION

The flow for the Sandia silicon gate CMOS process is given in
Table 3.1. The basic process, as obtained from Sandia, was modified by
steps 8, 9, and 10, which represent the possible additional steps
required for double-layer metal interconnections. The array will be
preprocessed up to step 7, and custom masks generated for the remaining
stepe to realize a particular circuit design. A brief explanation of
the processing as outlined by Gibbon[gl is gilvern below,

An oxide layer of sbout dOOOR is thermally grown on an n-type
silicon wafer of <100> orientation. Masking and etching define the
p-well which 18 implanted with boron and driven in to 6-7 microns. The
pt guardband, which encircles the p-well, is patterned and cut, and then
diffused to a depth of abcut 2 microns with a diborane source.

All the oxide is thea stripped away and a phosphous implant is
used to raise the field oxide thresholds in the p-channel regions

above the maximum 14 volt operating voltage. A thermal oxide layer is
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ORIGINAL pnr 33 )
OF PCOR ey

SANDIA PROCESS OUTLINE

WITH MODIFICATIONS FOR DOUBLE LAYER METAL. INTERCONNECTTIONS

MASK STEP 1:

MASK STEP 2:

MASK STEP 3:

MASK STEP 4:

MASK STEP 5:

15/9C MIN DRY/STEAM OXIDE,1100°C

P=-WELL PHOTOLITHOGRAPHY
15 MIN DRY OXIDE, 1100°C

P-WELL DIMPLANT, 2x1013/cm?, BORON, 60 KEV
ETCH 4 MIN

8 HR DRIVE, 1200°C, 4 HR 02, 4 HR N2

P+ GUARDBAND PHOTOLITHOGRAPHY
P+ PREDEP, 1050°C, 25 MIN

BORON GLASS CRACK, 900°C, 12 MIN
30 MIN DRY OXIDE, 1000°C

ETCH HYDROPHOBIC

STEAM OXIDE, 850°C, 30 MIN

Voy ADJUST, 2.5x10"/cm2, PHOSPHORUS

15/60 MIN, DRY/STEAM OXIDE, 1000°C
DEPOSIT 5.5 K& oVD OXIDE

GATE OXIDE REGION PHOTOLITHOGRAPHY

90 MIN DRY OXIDATION, 6000A, 750°C

ETCH WAFER BACKS HYDROPHCBIC

900°c, PH3 SOURCE, POLYSILICON DOPING, 60 MIN

POLYSILTICON, PLASMA ETCHED
30 MIN, STEAM OXIDE, 850:C
ALUMIMUM DEPOSITION, 10KA, 200°C SUBSTRATE

N+ IMPLANT MASK PHOTOLITHOGRAPHY
N+ IMPLANT, 5x10%°/cm®, “HOSFHORUS, 150 KEV

N+ TMPLANT, 1x101°/cm?, PUOSPHORUS, 25 KEV
ETCH ALUMINWIM

30 MIN DRY OXIDE, 600°C

Table 3.1. Silicon Gate Process Qutline
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ORIGINAL [ /s (Y
OF POOR QUALITY

MASK STEP 6: P+ IMPLANT PHOTOLITHOGRAPHY

P+ IMPLANT, 1x1015/cm2, BORON, 60 KFV
30 MIN STEAM OXIDE, 850°C n
DEPCSIT FIRST DIELECTRIC LAYER, 6KA, 950°C

MASK STEP 7: CONTACT WINDOW PHOTOLITHOGRAPHY
DEPOSIT 10KR ALUMINUM - 1% SILICOW, 200°C

MASK STEP 8: FIRST METAL PHOTCLITHOGRAPHY o
DEPOSIT SECOND DIELECTRIC LAYER, 6KA, 950°C

MASK STEP 9: VIA WINDOW PHOTOLITHOGRAPHY
DEPOSIT 10KA ALUMINUM - 1% SILICON, 200°C

IMASK STEP 10: SECOND METAL PHOTOLITHOGRAPHY
30 MIN SINTER, 450°C )
P-GLASS CAP DEPOSITION, BKA

E’IASK STEP 1l: PAD OPENING PHOTOLITHOGRATHY

Table 3.1 {Continued), Silicon Gate Process Outline

grown and an oxlde is chemically vapor deposited (CVD) to produce
a total field oxide thickness of 8500 A,

The gate oxide regions are defined and etched and then oxidized
to a thickness of 570 4. Polycrystalline silicon is immediately
deposited, doped in a phosphine furnace and patterned in a plasma
etcher,

Phosphorus is implanted to form the source and drain region of
the n-channel device. The p regions are formed by a boron implant.
The first high-temperature CVD dielectric is then deposited to
activate and diffuse the sources and drains. Contact windows are then

defined and cut and the first layer of interconnect metal deposited.
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The first custom mask patterns this first layer of metal, and
the second high-temperature CVD oxide is deposited, VIA windows ére
defined by the second custom mask and etched. The second laver of
interconnect retal is deposited, and the third custom mask is epplied
to pattern this metal. Following a 450°C sinter, a p-glass rassivation
layer 15 deposited 2nd the final mask is used to create openings t.

the bonding pads.

C. DesienN RuLes

The design rules used for the array design are given in Iable 3.2.
These rules were developed by Sandia in metrie units (microns), and
were ccnverted to English unics (mils) for competibLility with NASA's
maskmaking facility. For convenience, dimensions in both units are
shovn on the table.

Some features of the design rules include a 0.2 mil (5.08 micron)
minimum feature size and a $.075 mil (1.905 micron) minimum alignment
tolerance. |

One of the design rules, 10.10.7, the minimum Vss and Vss bus
width, was violated in the silicon gate array design. The rule requilres
a 0.6 wil metal line width, while the STAR system only provides for 0.5
mil metal. Therefore this rule could not be adhered to without
redesigning the STAR system.

The numbers associated with each of the design rules indicate the
layer to layer relationship of the rule. The first of the three numbers
corresponds to the current layer, while the second number determines the
layer to which the rule is related. The third number indicates the

occurance of rules which are related to a common layer.
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RO ALE
QFAGAN A PLQE4J
OF POOR QUALHY'

NASA SANDIA
MASK DESCRIPTION (MILS) (MICRONS)
j——
LAYER 1: P-WELL
1.1.1 MINIMUM WIDTH .2 5
1.1.2 MINIMUM SPACE 1.0 25
LAYER 2: P+ GUARD~BAND
2.2.1 MINIMUM WIDTH .2 5
2.2.2 MINIMUM SPACE 6 15
2.2.3 MIITIMUM WIDTH ARNUND WELL .3 7
2,1.1 INSIDE EDGE OF GUARD BAND
OVERLAP TO OUTSIDE OF P~WELL 0 0
LAYER 3: THICK OXIDE (ALIGNED 70 P+ GUARD-BAND)
3.3.1 MINIMUM THICK OXIDE WIDTH .3 7
3.3.2 MINIMUM THIN OXIDE SPACE .3 8
3.3.3 MINIMUM SPACE (P+ TO P+) ] 12
3.2.1 MINIMUM THIN OXIDE OVERLAP
OF CTARD BAND EDGE .2 5
3.2.2 MINIMUM THICK OXIDE TO
GUARD BAND WHEN USED TO
DEFINE N+ +325 8
3.2.3 MINIMUM THICK OXIDE TO
GUARD BAND WHEN USED TO
DEFINE P+ DRAIN .65 17
3.2.4 SAME AS 3.2.3 EXCEPT
P+ SOURCE 5 13
3.1.1 MINIMUM THICK OXIDE TO
P-WELL WHEN USED TO
DEFINE P+ DRAIN .85 21
3.1.2 SAME AS 3.1.1 EXCEPT
P+ SOURCE .675 17
3.3.13 MINIMUM THIN OXIDE TO
SCRIBE LINE 2.0 50

Table 3.2. NASA Design Rules For Sandia Process
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ORIGINAL PLIE IS
OF POOR QUALITY

NASA SANDIA
HMASK DESCRIPTION (MILS) (MICRONS)
LAYER 4: POLY SILICON (ALIGNED TO THICK OXIDE)
4.4,1 MINIMUM LINE .25 6
4.4.2 MINIMUM SPACE .25 6
4.4.2 MINIMUM PMOS GATE LENGTH .25 5
4,4.3 MINTMUM NMOS GATE LENGTH . 8
4.3.1 MINIMUM POLY TO THICK
OXIDE .075 1
4,2,1 MINIMUM POLY TQ GUAKD BARD
WHEN POLY DEFINES N+ .35 q
4,2.2 SAME AS 4.2.1 EXCEPT POLY
DEFINES P+ DRAIN .7 18
4.2.3 SAME AS 4.2.2 EXCEPT POLY
DEFINES P+ SOURCE .6 14
4.3.2 MINIMUM POLY GATE OVERLAP
OF THICK QXIDE .2 5
4.2.4 MINIMUM POLY OVEREAP OF
GUARD RING .25 6
4.1.1 MINIMUM POLY TO P-WELL WHEN '
POLY DEFINES I+ DRAIN .9 22
4.1.2 SAME AS 4.1.1 EXCEPFT POLY
DEFINES P+ SOURCE .7 18
LAYER 5 N+ IMPLANT (ALIGNED TO THICK OXIDE)
5.5.1 MINIMUM WIDTH .2 5
5.5.2 MINIMUM SPACE .2 6
5.2.1 MINIMUM N+ T7 P4+ GUARD A 10
LAYER 6: P4 IMPLANT (ALIGNED TO THICK OXIDE)
6.6.1 MINIMUM WIDTH .2 5
6.6.2 MINIMUM SPACE 3 12
6.2.1 MINIMUM P+ DRAIN TO
P+ GUARD 75 19
6.2.2 MINIMUM P+ SOURCE TO
P+ GUARD @ VDD .6 15
6.2.3 MINIMUM P+ DRAIN TO
P+ GUARD @ VDD .6 15
6.3.1 MINIMUM P+ TO THICK OXIDE
WHICH DEFINES P+ o2 5
6.1.1 MINIMUM P+ TO P-WELL .9 23
6,1.2 MINIMUM P+ TO P-WELL
@ VDD .75 1¢
6.5.1 MINIMUM P+ OVERLAP OF
N+ FOR SHORTING .05 1

Table 3.2 (Continued).
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ORIGINAL Fads T3
OF POOR QUALITY

NASA SANDIA
| IASK DESCRIPTION (MILS) {MICRONS)
LAYER 7: CONTACT (ALIGNED TO THICK OXIDE)
7.7.1 MINIMUM CONTACT 3 x .3 66
7.3.1 MINIMUM CONTACT INSIDE
THICK OXIDE DIFFUSION .2 11
7.4.1 MINIMUM CONTACT INSIDE
POLY TO EDGE .15 4
7.4.2 MINIMUM CONTACT OUTSIDE
POLY TO EDGE .2
7.5.1 MINIMUM CONTACT INSIDE
N+ DIFFUSION .2 5
7.6.1 MINIMUM CONTACT INSIDE
P4+ DIFFUSION .2 [
7.3.1 MINIMUM CONTACT FROM
OXIDE STEP .2 5
7.7.2 MINIMUM CONTACT FOR SHORT-
ING OVERLAP DIFFUSIONS .3 6
MINIMUM P+ GUARD CONTACT .3 7
LAYER 8: METAL (ALIGNED TO CONTACT)
8.8.1 MINIMUM METAL WIDTH .5 8
B.8.2 MINIMUM METAL SPACE .3 7
8.7.1 MINIMUM METAL CONTACT
OVERLAP .1 1
8.3.1 MINTMUM METAL TO SCRIBE
LINE 2.0 50
LAYER 9: VIA (ALIGNED TO FIRST METAL)
°.9.1 MINIMUM VIA Jx .3 6 x6
9.8.1 MINIMUM VIA INSIDE METAL .1 1

Table 3.2 {(Continued).
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ORIGINAL FIoRE 9
OF POOR QUALITY

NASA SANDIA
MASK DESCRIPTION (MILS)  {MICRONS)
LAYER 10: SECOND METAL (ALIGNED TO VIA)

10.10.1 MINIMUM METAL WIDTH .5 8
10.10.2 MINIMUM METAL SPACE .3 7
10.9.1 MYNIMUM METAL OVERLAP

OF ViA .1 1
10.3.1 MINIMUM BONDING PAD TO

THIN OXIDE 1.5 40
10.10.3 MINIMUM BONDING PAD TO

SECOND METAL 1.5 40
10.8.1 MINIMUM BONDING PAD TO

FIRST METAL 1.5 40
10.10.4 MINIMUM UNBUFFERED

PAD SPACING 8.5 220
10.10.5 MINIMUM BUFFERED PAD

TO PAD SPACING 12.5 320
10.10.6 MINIMUM PAD SIZE 4 x 4
10,10.7 MINIMUM VSS & VSS BUS

WIDTH .6 16
10.3.1 MINIMUM METAL TO
i SCRTBE LINE 2.0 50
i0.11.1 PAD MASK INSIDE METAL PAD .175 4

Table 3.2 (Continued). WNASA Design Rules for Sandia Process

As an example, consider rule 3.2.1; the minimum thin oxide overlap

of guard band edge.

The number indicates that this rule refers to the

thitd mask layer, that it is related to the second layer, and that this

is the first occurance of a rule relating the third mask layer to the

second mask layer.
the p+ guardband around the p-~well.

pertains to the second layer and does not relate to any other layer. It

Another example is rule 2.2.3; the minimum width of

This number denotes that the rule

also indicates that it is the third in a group of rules relating to the

same layer.
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D. ARrRAY DESCRIPTION

The array is composed of alternating rows of P and N type devices,
which are surrounded by multi-use pad cells. The array is designed
around a common grid system, which was set at 0.8 mil, the same grid
initially established by NASA for their metal gate CMOS array. The
basic array element is shown in Figure 3.1, superimposed oa the 0.8
mil grid structure.

By utilizing the established grid, compatibility with the
exlsting software for placement and routing was ensured. Therefore
only the first seven masks necessary to create the array, were
required to be designed. These masks are shown in Figures 3.2-3.8.

The initial array has been designed with 384 transistors; 16 rows with
24 transistors each. The metal interconnect lines remain at 0.5 mil
wide, with 0.3 mil spacing and 0.3 mil VIAS. The metal masks are
generated by the output of the routing program which remains unchanged.

Like the previous STAR arrays, the gates of the dewvices, source
and drain contacts, and interconnection channels are organized with
respect to the grid system to allow efficient local and global routing.
In general, the vertical routing ie done in the first layer of metal,
and the horizontal routing is done in the second layer of metal.

Three horizontal routing channels exist between the P and N devices
that are used for local routing or to create logic cells. There are
two horizontal global channels above and below the power buses to
facilitate connection to other logic cells. 1In the vertical direction,
a global channel exists one grid to the left of each gate. These

possible routing channels are illustrated in Figure 3.9.
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The multiple use pad cells which surround the array can, by
proper placement of wiring segments during routing, be converted into
input, output, or power pads. This array has 16 pads with space for

two zdditional test pads.

1. Basic Array Element. As was 1llustrated in Figure 3.1, the

basic array element consistz of an n~ and p-channel transistor pair.
This element 13 duplicated in the horizontal direction, and mirrored
about the power buses in the vertical direction.

To compensate for the difference in carrier mobilities, the
p~-channel device was designed to be larger than the n-channel device.
Since the electron mobility in an n~chann¢l transistor is over twice
that of the hole mebility in a p~channel transistor, the p-channel
device must have more than twice the area of the n-chamnnel device to
achieve the same ON rasistance at the same operating conditions,

The n-channel device was designed with a gate length (L) of 0.2
mils (5.08 microns), and the p-channel device had an L of 0.25 mils
(6,35 microns)., The electrical effective channel lengths (L) of the

devices were determined by equation 3.1l.

where L = drawn dimension
X, = lateral diffunion (80% of junction depth)
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The junction depth of the n diffusion was given by Sandia as
.6 £ .1 microns, while the p diffusion junction depth was given as
5 = .1 microns., Therefore, the £ of the n-channel was found tc be
0.16 mils (4.12 microns) and the & of the p-channel was determined to
be 0.22 mils (5.55 microns).

The channel width of the NMOS device was determined to be 3.8
mils (96.52 microns), and the PMOS device has a gate width of 5.75
mils (146.05 microns). It was determined that the corners of gates
would not contribute significantly to the width, therefore half of
the width of each corner was subtracted from the overall width of
the gate.

a. Design rule considerations. By referring to Figure 3.1
and Table 3.2, several key design rule considerations can be 1llus-
trated. These rules not only apply to processing specifications, but
must also be adhered to in order to ensure radiation-hardness.

Rule 2.2.3 from Table 3.2, states that the minimum
width of the p* guardband around the p-well be 0.3 mil, and rule 2.1.1
indicates that the p+ guardband must abut the p-well, From Figure 3.1
it can be seen that the guardband does touch the p-well and the
minimum width is 0.3 mil.

Some rules which affected the design of the n-channel
device, besides the minimum gate length, are 4.3.2 and 4.2.4. The
former sets the minimum overlap of the thick oxide by the polysilicon
gate at 0.2 mil. This dimension was exceeded by 0.3 mil, The latter
rule states that the other end of the gate must overlap the guardring
by at least 0.25 mi}l, which it does, The minimum gate lengths, which

were used, are defined by rules 4.4.2 and 4.4.3.
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b. Determination of model parameters. Sandia supplied
most of the necessary SPICE2 model parameters, which were derived from
data extracted from silicon gate test chips. Some of the parameters,
however, such as the drain and source resistances of the array devices
had to be determined,

Because of the meandering structure of the gates of the
devices, the determination of the diffusion region resistances pre~-
sented special problems., The sclution chosen was to treat the tran-
sistors as many smaller traneistors in parallel, while the source and
drain areas were treated as matrices of resistors. The source and
drain regions were gridded into squares and the resistance between

any two points was determined by equation 3.2,
R = p = (3.2)

where p = sheet resistivity of the material
£ = length of square in direction of current flow

w = width of square

Therefore, because £ wusually equalled w, the resistance
was simply the sheet resistivity, or some wultiple or fraction thereof,
This method is illustrated in Figure 3.10.

Computer simulations using SPICE2 were performed to
determine the total current flowing in the paralleled devices. Simu-
lations were then performed on devices of actual size connected as
shown in Figure 3.11. When the current drawn by the actual size
device matched the summed current of the smaller devices, the proper

reslstance was determined.
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The scurce and drain resistances of the NMOS device
were determined to be 25.5 ohms and 22 ohms, respectively. This is
in line with the given n* sheet resistivity of 20 vhms/square.

Since the sheet resistivity of the p~diffusion was much
higher, 116 ohm/square, the source resistance of the PMOS deivcgkwas
correspondingly higher, at 113 ohms. However, because of the "fingers"
of the drain region created by the meandering of the gate, the drain
resistance was found to be very high at 725 ohms.

The junection capacitances were given in farads/cm2 and
had to be multiplied by the areas of the source and drain of the
devices, in order to obtain the actual values. To determine the total
area of diffusisi regions, the perimeter areas of the diffusions also
had to be taken into account. Since the perimeter of the diffusion
approximates one-quarter the circumference of a circle, the total

area could be calculated by multiplying it by the lemgth. This is

illustrated in Equation 3.3.

A c.];

(ZHr)L (30 3)
P 4

where
r = 907 of the junction depth

L = Jlength of diffusion perimeter

For the PMOS device the perimeter areas of the source and
2
drain diffusions were 4.3u2 and B.5u , respectively. The total area
of the source was then 952.3u2, while the total area of the drain was

1008.5p°.
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The perimeter area of the n-channel source was found to
be 5.2u2 and the perimeter drain area was 5 5u2. The total n-channel
source area was 62?.8u2 and the drain area increased to 1118.4u2.

The given junction capacitances were 9.17::10-g F/cm2
for PMOS device and 7..‘|.0x10'"8 Fchz for the NMOS device. The actual
capacitance values obtained for the arrsy devices are shown in Table
4.2 with the rest of the SPICEZ model parameters used. These.

parameters were then used to obtain the dynamic performance data of

loglc cells implemented with the silicon gate array.

2. Periphery. The periphery of the silicon gate array consists
of the multiple use pad cells and the power buses. The silicon gate
pad cells were designed similar to the pad cells of the metal gate
array. Again, this was done to ensure compatibility with the metal
interconnection routes.

The areas of the input protection diodes were increased. These
protect the gate oxide of the array elements against rupture
resulting from an excess electrostatic charge. Increasing the areas
of these diodes enable them to handle more charge before breakdown
occurs, thus providing further protection for the array elements.

This is an important feature since the gate oxide of the silicon gate
devices is thinner than that of the metal gate devices.

Figures 3.12 and 3.13 illustrate a typical input pad and a typical
output pad, respectively. All of the discussion pertaining to the
metal pate pad cells apply to these pad cells as well. The STAR power

structure was unchanged.

123



L PAGE 1
N-SUBSTRATE g,“‘?g:a QUALITY

1

DISTRIBUTED t
P+ DIODE P4
SIGNAL VAV AVAVA W | PAD
1 to 3k
P-WELL DIFFUSED
RESISTOR
P-WELL
Fipure 3.12{(a). S8ilicon Gate Input Pad Schematic
A
Gue DD SIGNAL
[ =i [l DIFFUSED
E’ / RESISTOR
|~
DISTRIBUTED C “
DIODE
PAD

DIODE

Figure 3.12(b). Silicon Gate Input Pad Layout

124




CRIGINAL PAGE 5

OF POOR QUALITY
N-SUBSTRATE

DISTRIBUTED t
B i DIODE P+

SIgAL S EW,V,V\V e eao

SHORTED RESISTOR

1

N+

P=WELL
Figure 3.13(a). Silicon Gate Output Pad Schematic

v

GN{) DD SIGNAL
1l
—-1
——

SHORTING

& ' BAR

DISTRIBUTED
DIODE

PAD

DIODE

125




E. Logic CELLS

The silicon gate library cof logic cells is a duplication «f the
present metal gate Standard Cell Library that was discussed in section
2.B.2. This library contains all of the building blocks necessary
for normal digital logic design, however, new cells can be created and
added. All of the discussion presented in Chapter 2 on the metal gate
cells gpplies to the silicon gate cells as well.

The fact that the silicon gate array was designed around the same
grid system and metal interconnect structure as the metal gate array
allowed exact duplication of the logic cells. Therefore the silicon
gate cells were given the same numbers as theilr counterpart metal gate
cells, and can be displayed in the same manner.

When designing with the silicon gate cells the same considerations
must be taken into account as in section 2.B.5, The only difference is
that the input capacitance of the silicon gate cells 1s higher. This
is of no concern, however, since normalized values are used in the
delay calculations.

The division of the logic cells into four groups according to
drive capability is still valid, but the drive capability, along with

the speed, has increased significantly.

. Group I cells are characterized by those circuits
implemented with transmission gate logic. Cells in
this group have no drive capavility of their own.
Each cell may be considered to be a relay circuit
that has a finite conducting resistance and an

infinite "off" resistance.
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« Group II cells are characterized by cutput circuitry
implemented with standard size aonbuffered transistors.
This group comprices the bulk of the standard cell
family. Generally these cells should be used when
their total output load 18 less than 18 pF. Otherwise

they should be followed with a buffering circuit.

. Group IIl cells feature output transistors roughly
three times as large (powerful) as those of Group II.
Tliese cells should be used when their total output

load 1s less than 56 pF but greater than 18 pF.

. Group IV presently contains only one cell. This
cell serves as a buffer for all loads greater than

56 pF.

The flip=-flops consist of two levels of logic and require two
clock transistions to transfer the data from input to output. However,
the flip-flops implemented in silicon gate technology require a
shorter setup time, and will therefore operate at a higher frequency
than their metal.gate counterparts. The minimum values given for the
pulse widths are for a five volt supply and a single load. The
minimum clock pulse widths for loading have decreased to 25 ns. The
setup time for the dats to be valid has also decreased to 25 ne. This
is true for all the flip-flops.

Table 2.1 lists all of the present cells in the library, their
width, implementation, and drive group. The descriptions of the metal

gate cells in section 2,B,§ still pertain to the silicon gate cells
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if it {5 remembered that the drive capability has increased by a factor
of 2,23, and that the flip-flops can operate faster. Although not
recorded, it was observed that the inverting outputs of the flip-flops
were faster than the noninverting outputs. This may be of concern

when designing with flip-flops.
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CHAPTER 4, STAR-CELL SIMULATION

A. INTRODUCTION

This chapter briefly describes how the dynamic performance
data for the metal gate and silicon gate logic cells were obtained
and the circuit simulation programe used. Tables are included which
list all of the device model parameters used in the simnlation

pPrograms.

B, ProerAaM AND MoDEL CHOICES

The circuylit simulation program SPICEl was used to obtain the
dynamic response of the metal gate cells. An updated version of it,
SPICE2, later became available and was used for simulation of the
silicon gate cells. Both versions have the capabllity to handle
nonlinear transient analysis and the same models were used to ensure
similar results. The physical parameters used for the metal gate
cells wére derived from NASA procees specification dated January 22,
1980. The silicon gate models used were taken for the Sandia version
1 nominal model parameters dwoced June 10, 1980.

The MOSFET model used in SPICE is very similar to the model
proposed by Shichman and HodgesilO! It includes a representation
of the effect of substrate bias on threghold voliage and the channel
length modulation effect.

The SPICE device models, as used, provide an adequate d.c.
representation of MOSFET devires without excessive complexity as

long as the MOSFET devices are not in the short=-channel region of

operation.
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1. Metal Gate.

the metal gate STAR ceils are shown in Table 4.1.

ORIGINAL PAGE 18
OF POOR QUALITY.

The parameters used in the SPICEl program for

PARAMETER NMOS UNITS PMOS

v 1.07 Volts -1.26
TO

¢ .71 Volts - ,58

g 45.3x10"° A/Volts -22.1x1076

¥ 1.61 Voltsh -.43

Ry 10 Q 20

R¢ i0 2 20

CGS .1 pf .1

CGD .1 pE .1
CGB .0 pf .1

Cap .2463 pf . 0681

CBS . 2463 pf .0681

FB= ¢g = Xg .7288 Volts -.6178
Ig 10714 Amps 10-14

Table 4.1 SPICE Model Parameters for Metal Gate STAR
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( NMOS

PARAMETER DESCRIPTION PMOS
Vg Extrapolated Zero-Bias Thresheld -1.622 0.9338
Voltage
Kp Intrinsec Transconductance 1.245E-5 | 4.817E-5
Pacnweter
GAMMA Bulk Threshold Parameter 0.3185 1.388
PHI Surface Potential at 0.5828 0.7351
Strong Inversion
UEXP Critical Field Exponent 0,3061 0.2687
for the Surface Mobility
Degradation Formula
UCRIT Critical Field for 1.39E5 1.89E5
Mobility Degradatien
LAMBDA Channel-Length Modulation
Parameter 0.005 0.01
CBD Zero~Bias Body to Drain 9.24E-14 | 7.95E-13
Juncticn Capacitance
CBS Zero-Bias Body to Source 8.73E-14 | 4.45E-13
Junction Capacitance
PB Bulk Junction Potential 0.9 0.9
RD Drain Ohmic Resistance 113 22.0
TOX Oxide Thickness 5.67E-6 25.5
JS Reverse Current Density of the 1.94E-10 | 5.67E=6
Drain or Source Junction
UTRA Transverse Field Coefficient for 2.0
the Empirical Mobility Degradation
Formula

Table -4.2. SPICE 2 Model Parameters for Silicon Gate STAR

2,

Silicon Gate.

for the silicon gate STAR cells are listed in Table 4.2
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<+ CIRCUIT SIMULATION

1. Description of SPICE. SPICE, the program chosen for use, is

a general purpose simulation program for integrated circuita. It
containg the three basic analysis capabilities which provide the bulk
of information of a circuit's performance: a) non-linear d.c.
analysis, with the provision of "stepping" an input source to obtain
a set of static transfer curves, b) small-signal, sinusoidal steady-
state analysis, and <) nonlinear, time-domain transient analysis.

Built-in models are included for the most common semiconductor
devices: dlodes, bipolar junction transistors (BJT's), junction
field-eftect tramnsistors (JFET's), and metal-oxide-semiconductor
field-effect transistors (MOSFET's). The BJT models are based on the
model of either Gummel-Poon or Ebers-Moll, and the models for the
FET's are derived from the formulations of Shichman and Hodges.

Three MOSFET models ave implemented in SPICE2, The most simple
model was used in order to be compatible with the model in SPICEL,
and thus provide a more valid comparison of the dynamic dataEll"lzl

2. Procedure far Generating Dynamlc Data. Each standard cell

was analyzed with a capacitive load which approximates the gate
capacitance of the load and the stray capacitance of the metal
interconnections., A unit load, or fan-out of 1, 1s defined as 0.56
pf, for the metal gate rells and 1.25 pf for the silicon gate cells.

Therefore additional fan-~outs are just multiples of these values.

132




URIGINAL PAGE 5
OF POOR QUALITY

The input signal to the circuits during the generation of the
dynamic data was the output of an inverter stage which acted as
a buffer against the programmed input pulse, Therefore this buffer
minimizes the effect of the transition time of the input of the
dynamic data. Figure 4.1 illustrates the circult configuration used
to test the logic cells.

From experimental simulations at fan-outs ranging from 1 to 8,
it was found that the transition times and propagation delays were
approximately linear. Therefore only fan-outs of 1 and 8 at supply
voltages of 4,5,6, and 10 volts d.c. were used in all subsequent
simulations. The data obtailned from these simulations is shown in
Table 4.3 for the metal gate cells and in Table 4.4 for the silicon
gate cells.

From plotting this data over the operation voltage range it

was found that a power curve of the form
b
¥y = ax

provided an almost exact fit, where a and b are of the form

Zlny Zlnx 1
a:exl? __t.l__i—..b....._ﬁ...j'.
(Zlnx )(Zlny )
. Z(lnxi)(lnyi) - in 1
Z(lnxi)z - jjlnxi)z
n

and x 1is the value being used for VDD'
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The equations describing the dynamic performance curves shown in
the Appendix are given in Tables 4.5 and 4.6 for the metal and silicon
gate cells, respectively with v substituted for x.

Therefore, it 18 seen that the dynamic performance data can be
obtained in three ways. The values can be read directly from the
curves, or for more precise values, the equations in Tables 4.5 or
4,6 can be utilized. However, if a VDD of 4,5,6 or 10 volts was usged
the corresponding values can be found directly from Tables 4.3 or

4.4,
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GINAL PAGE W
gglpoon QUALITY

MEASURED MEASURED
TRANSITION DELAYS PRCPAGATION DELAYS
CELL | Von! Tor | Tir | Tor | Tir Tont | Tiew | Tomr | Tim
1120 41.4 30,2 16.6 6.2 42.3 | 15.0 | 15.0 2.8
29.1 20.9 | 11.6 4.8 37.6 | 10.4 8.4 2.2
22.6 16.0 9.4 3.6 26.4 7.8 5.6 2.0
10 10.0 8.4 5.7 1.8 11.3 3.8 4.4 .8
1130 4 | 105.1 46.1 | 24.5 6.4 71.9 | 22.8 | 16.0 2.8
5 71.3 31.8 | 15.4 5.0 49.6 | 14.6 | 11.6 2.0
39.9 26.7 | 12.4 3.6 36.0 | 11.2 8.7 1.8
10 26.0 12.86 4.1 2,2 17.0 5.6 7.9 .1
1140 1l46.1 61.5 | 24.1 6.9 104.7 | 29.8 | 15.9 2.9
98.3 43,0 | 17.6 4.8 69.7 | 20.0 | 10.6 2,0
73.3 33.2 | 12.1 4.1 51.3 | 15.0 8.9 1.5
10 35.9 16.9 6.3 2.4 23.6 7.6 3.4 .B
1220 4 26.1 13.9 | 26.3 | 15.0 23.4 6.4 | 21.4 7.8
18.0 9.8 | 18.3 | 10.8 14.7 4.6 | 11.9 5.7
14.7 7.4 | 13.0 8.4 10.6 3.6 9.9 4.3
10 7.1 4.1 6.9 4.3 4.7 1.8 5.6 2.0
1230 35.1 13.9 | 45.9 | 23.9 26,1 6.9 | 36.0 | 12.6
25.1 9.7 | 33.0 | 16.8 17.7 4.6 | 23.9 8.6
19.6 7.6 | 24.6 | 13.2 12.4 3.6 | 18.1 6.9
10 10.3 3.8 | 13.8 6.6 5.6 2.0 8.7 3.2
1240 4 42.3 14.1 | 72.0 | 32.8 28.9 7.1 | 55.7 | 17.2
30.9 10.0 | 51.4 | 23.2 19.6 4.8 | 37.3 | 12.2
24,7 7.4 { 39.3 | 17.8 14.4 3.6 | 28.6 9.0
10 13.1 4.1 | 19.3 G.4 6.6 2.0 | 13.9 4.3
Table 4.3. Metal Gate Dymamic Performance Data
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MEASURED MEASURED
TRANSITION DELAYS PROPAGATION DELAYS
CELL | Vo | Tor Tir | Tor Ty Torw | Tiem | Tomr | Tim
1300 24.0 | 19.2 | 16.1 | 6.8 16.1 | 9.6 | 14.0 | 4.2
16.5 | 14.2 | 13.2 | 5.5 123 | 7.1 | 9.5 | 3.3
1.1 | 11.0 | 11.9 | 4.4 9.1 | 4.0 5.1 2.6
10 5.1 5.4 | 5.3 | 2.4 6.6 | 2.2 | 3.7 .4
1310 | 4 | 14.0 7.0 | 13.6 | 3.4 13.3 | 3.8 | 11.3 | 2.4
10.6 4.8 | 13.7 | 1.8 9.3 | 2.4 7.9 | 1.6
7.3 3.8 | 7.4 | 2.2 6.7 | 1.8 | 5.0 | 1.4
10 4.9 1.5 | 4.3 ] 1.0 2.3 | 1.0 2.4 .8
1330 | 4 | 48.0 | 27.0 | 28.6 | 14.6 12.0{ 7.8 | 11.6 | 6.2
5 | 31.6 | 17.4 | 20.3 | 12.1 8.2 | 5.6 | 7.6 | 4.8
6 | 23.7 | 14.4 | 14.11 8.2 5.6 | 3.6 | 4.7 3.2
10 | 12.9 7.2 | 10.6 | 3.4 1.7 | 1.8 3.1 1.2
1360 21.0 2.8 | 30,0 | 1.4 19.7 | 1.8 | 15.7 | 1.8
15.7 1.8 | 22.4 ) 13.1 | 1.2 | 8.0 | 1.4
13.3 1.0 | 17.6 8.3 | 1.0l 5.3 1.0
10 7.4 .8 | 10.7 4.9 .1 .6 .6
1520 17.4 3.6 | 22.7 | 1.8 17.4 | 2.2 | 14.7 | 1.8
13.3 2.4 | 16.1 | 1.2 10,9 | 1.6 | 9.7 | 1.4
10.7 1.8 | 13.4 .8 8.7 1 1.8 s5.3| 1.0
10 6.4 8| 7.6 .6 3.7 4| 1.4 .8
1620 18.0 | 13.4 | 12.7 | 6.0 42.9 | 7.1 | 30.4 | 3.6
12.0 } 9.8 | 8.9 | 4.4 27.3 | 5.2 | 20.1 | 2.6
9.7 7.4 | 7.7 1 3.2 21.4 | 3.6 | 15.7 | 1.8
10 5.3 3.8 | 4.71 1.8 9.7 | 1.8 | 6.1 | 1.3

Table 4. 2(Continued).
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ORIGINAL &0
OF POOR QUALITY

i)

MEASURED MEASURED
TRANSITION DELAYS PROPAGATION DELAYS
CELL | Vppt Tor | Tir | Tor | Tar | Tomr | Tow | Tom | Tmmw
1630 23.3 13.6 12.6 6.2 59.3 8.0 33.1 4.1
17.3 9.4 8.9 6.2 39.1 5.4 22.1 2.6
12-9 7-1 707 302 2901 4-1 1606 290
10 7.3 3.8 4.7 1.8 13.6 2.0 7.4 .8
1640 28.9 14.1 12.4 6.4 77.7 8.8 33.0 4.2
19-9 1000 806- 4'8 51-7 6.0 23.1 2-6
16.6 7.6 7.4 3.6 37.9 4.3 17.6 2.0
10 9.1 4.1 5.9 1.5 17.4 2.2 8.4 .8
1720 13.1 13.9 19.3 6.6 30.1 6.9 54.4 5.0
9.0 9.8 13.6 4.8 19.6 4.8 35.6 3.4
6.6 7.6 10.3 3.8 14.4 3.6 27.3 2.4
10 4.3 3.8 6.7 1.8 6.7 1.8 9.7 1.8
1730 25.4 19.0 31.4 | 13.4 4.4 9.2 115.3 9.4
18.3 14.1 25.0 8.1 30.6 7.2 70.0 6.1
12.4 10.6 21.7 6.0 21.4 5.0 57.3 3.8
10 7.1 5.4 11.9 3.0 9.0 2.8 35.6 2.0
1740 26.0 19.6 47.3 | 10.8 45,0 7.0 | 152.7 9.8
19.4 15.0 34.6 8.1 37.1 5.3 | 123.6 7.1
13.4 10.6 27.1 6.8 22.3 4.2 73.6 4.3
10 7.1 5.4 14.9 3.0 10.1 2.8 32.9 3.1
1820 99.1 48.8 69.4 | 14.8 63.7 14.4 57.3 6.7
76.9 21.2 47.7 | 11.8 40.3 9.4 35.3 6.5
58.3 16.4 36.3 | 10.8 32.0 7.0 28.1 4.0
10 19.4 13.2 21.0 4.2 23.4 3.6 13.6 2.0

Table 4.3 {(Continued).
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ORIGINAL FAZE
OF POOR QUALITY

MEASURED MEASURED
TRANSITIUN DELAYS PROPAGATION DELAYS

CELL | ¥pp | Tor [ Tyr Tor | Ttr | Tome | Titw | Tomr | Tim
1830 26.4 | 10.6 1{30.7 {10.2 | 61.3 | 17.8 | 84.0 | 20.6
18.3 | 7.2 l25.4 | 7.1 ] 40.8 | 12.1 | 48.9 | 13.3
15.9 | 5.8 |19.0 ! 5.6 | 30.7 | 10.2 | 36.7 | 10.2
10 8.9 ] 3.0 |12.1 ] 2.6 | 12.0 4.2 1 17.1 | 5.4

1900 | 4 79.6 | 27.2 | 68.6 | 11.8 | 79.1 | 15.2 | s7.0 | o.
65.3 | 17.8 | 51.4 | 10.6 | 39.7 | 10.2 | 30.9 | 5.8
53.3 | 16.4 | 43.7 | 7.4 1 28.6 | .7.6 | 21.9 | 4.4
10 27.9 | 8.6 | 264.6 | 3.4 1 15.4 3.6 | 10.6 | 2.0
1910 141.1 | 33.4 | 83.0 [ 18.2 | 72.4 | 21.8 | 165.0 [ 7.0
76.9 | 21.2 | 47.6 | 10.4 | 33.0 [ 16.4 | 98.2 | 5.4
63.6 | 14.6 | 36.4 | 7.8 | =29.9 7.2 1 73.4 | 3.6
10 31.3 8.0 | 18.9 | 4.4 | 13.7 4.6 | 42,9 ] 1.6
1s70| 4 | 110.1 | 30.6 | 72.0 | 18.2 | s57.7 | 14.4 | 155.0 ] 7.0
5 26.7 | 21.4 | 57.9 | 10.0 | 42.5 | 10.3 | 105.1 ] 5.2
6 58.4 | 16.2 | 45.0 | 8.4 28.6 7.6 74.4 | 3.6
10 29.1 7.8 | 25.3 | 3.8 13.7 4.6 | 43.9| 1.6
2310 40.3 | 30.6 | 28.3 | 13.6 | 32.7 | 14.4| 23.0| 7.0
25.9 | 19.8 | 20.9 | 10,0 { 23.3 | 12.2 | 13.0| 4.2
20.4 | 14.8 | 15.6 | 7.6 | 16.3 6.6 | 10.3| 3.8
10 11.0 8.4 1 9.31 3.8 7.4 3.6 4,7 1 1.8

Table 4.3 (Continued).
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MEASURED
TRANSITION DELAYS

PROPAGATION DELAYS

MEASURED

CELL | Vpn! Tor [ Tir | Tor | Tar Tou!| Tim| Tomn] TimL
1120 | 4 15.7 | 19.3 | 2.6 | 1.4 8.7 9.3 | 3.6 .4
10.7 | 14.3 | 2.0 | 1.0 6.4 6.6 | 1.4 .
9.3 | 11.7 | 1.0 .o 4.9 5.1 .6 4
10 5.4 | 8.6 | 1.0 1.0 1.7 3.3 .9 .1
1130 | 4 45.1 | 28.9 | 3.6 | 1.4 28.7 | 14.3 | 3.6
30.7 | 21.3 | 2.9 | 1.1 18.0 | 10.0 | 1.6
| 23.3 | 17.7 | 2.1 .9 14.3 7.7 .9 .4
10 5.0 | 13.0 | 1.9! .8 7.1 5.9 .6 1
1140 s9.9 | 38.8 1 3.1} 1.9 35.8 | 19.8 | 3.6 .4
42.9 | 27.1 | 1.9 | 2.1 24,9 | 13.1 | 1.7 .3
44.0 | 22.0 1 2.0 | 1.0 8.6 | 16.3 | 1.0 .1
10 20,9 | 17.1 | 2.1 0 .9 9.4 6.6 | 1.0 1
1220 10.4 | 9.6 | 3.7 | 3.3 8.3 4.7 0 3.4 | 1.6
6.9 1 7.1 | 2.4 | 2.6 4.6 3.4 | 1.9
5.7 | 6.3 ] 3.11 1.9 4.4 2.6 | 1.3
10 3.4 | 4.6 1.9 1 2.1 1.3 1.7 .6 4
1230 13.4 ] 9.6 | 5.6 | 5.4 10.1 4.9 | 5.0 2.0
9.9 | 7.1 | 4.4 ] 3.6 6.9 3.1 | 3.7 1.3
7.0 | 6.0 3.9 3.1 5.4 2.6 | 1.4 | 1.6
10 5.7 1 4.3 1 3.7 1 3.3 2.3 1.7 1 .9
1240 17.6 | 9.4 1 8.9 7.1 11.9 4.9 | 6.7 ] 3.3
13.0 | 7.0 7.3 4.7 8.6 3.4 1 5.0 2.0
11.3 | 5.7 | 5.1 1 3.9 5.1 2.9 | 3.6 | 1.4
10 6.6 | 4.4 | 6.7 | 4.3 3.3 1.7 | 2.1 6

Table 4.4. Silicon Gate Dynamic Performance Data
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MEASURED MEASURED
TRANSITION DELAYS PROPAGATION DELAYS
F
CELL Vop{ Tor | Tir | Tor | T1r Torw | Tww | Tom | T
1300 6.9 | 11.1 | 1.3 | 1.7 4.6 | 4.6 | 2.3 .7
4.7 1 7.3 | 3.0 |1.0 3.9 | 31 | 1.6 .4
4.0 | 6.0 | 1.1 .9 1.3 | 2.7 .6 4
10 | 1.4 4.6 1.0 | 1.0 1.4 | 1.8 .7 .3
1310 .1 4.9 | 2.3 .7 1.7 2.3 | 1.6 .4
2.6 | 3.8 | 1.4 .6 1.4 | 1.6 ) .3
6 | 1.8 2.9 .8 5 71 1.3 . .2
10 9| 2.1 .4 4 .3 .7 ) 1
1330 23,00 7.8 149 {1.1 | 12.3 | 3.7 | 2.3 | 1.0
11.9 | 12.1 | 2.4 | 2.6 8.0 | 1.0 | 1.3
10.0 | 10.0 | 2.0 | 2.0 4.0 | 3.0 | 1.0 .
10 | 9.4 3.6 3.1 .9 1.4 1.6 .7 .3
1360 3.4 | 1.6 | 1.9 1 2.3 7 | 1.9
5 3,0 | 1.0 | 1.9 1 1.6 4 .9 .
6 | 3.3 7 | 1.9 1 1.7 3] 1.0 .
10 | 13} 7| .9 .1 .9 a1 | 1.0 .1
1520 | 4 | 4.7 | 2.3 2.9 ) 3.0 | 1.0 | 1.7 .3
3.4 | 1.6 | 1.9 . 1.1 .9 .9 .1
2.9 | 1.1 1.9 1.7 3 | 1.0
10 9] 1.1 .9 . .7 3 | 1.0 .
1620 441 9.6 | 2.7 | 1.3 5.3 | 4.7 | 4.4 .6
2.7 7.3 120 |1.0 509 | 3.1 | 2.4 .6
2.3 | 5.7 111 .9 2.7 | 2.3 .9 .1
10 | 1.7)] 4.3 |11 | .9 4| 1.6 .7 3

Table 4.4 (Continued).
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MEASURED MEASURED

TRANSITION DELAYS PROPAGATION DELAYS
CELL | Vpp| Tor [ Tar | Tor | Tair Touw | Titn | Tomr | Tum
1630 6.8 9.7 2.6 1.4 5.8 4.9 4.4 .6
3.6 | 6.4 | 2.0 1.0 4.4 2.5 2.4 .6
5.6 | 2.4 | 2.1 .9 2.3 2.7 1.4 .6
10| 1.6 {46! 1.1 .9 .3 1.7 .9 1
1640 12.0 | 8.8 | 2.6 | 1.4 7.3 4.7 4.3 .7
4,0 | 7.0 | 2.0 | 1.2 4.7 3.3 2.6 .4
3.1 0591 2.0 1.1 3.1 2.9 1.4 .6
10 1.6 | 4.4 | 1.0 1.0 .3 1.7 .7 .3
1720 4.4 | 8.6 | 4.7 | 1.3 5.3 4.7 | 11.0 1.0
3.5 7.0 4.11 1.1 2.6 3.4 7.3 .8
1.6 | 6.1 { 2.1 1.0 2.4 2.6 4.3 .7
10 1.2 | 4.1 | 1.9 .9 .3 1.7 2.7 .3
1730 | 4 4.6 1 9.6 | 6.1 1.9 6.3 4.7 | 19.3 1.7
5.0 7.0 5.91 1.1 3.7 3.3 2.9 1.1
6 2.0 | 6.0 | 6.1 .9 2.3 2.7 9.1 .9
10 1.7 | 4.3 | 3.3 .7 .3 1.7 4.6 4
1740 5.0 |10.0 | 12.0 | 2.0 8.3 4.7 | 39.1 1.9
5.7 17.3] 8.6 1.4 5.7 3.3 | 24.6 1.4
4.0 | 6.0 | 6.9 1.1 4.4 2.6 | 18.0 1.0
10 2.9 | 4.1 ] 4.4 .6 2.3 1.7 8.4 .6
1820 16.4 [18.6 | 8.9 | 1.1 11.0 9.0 | 10.3 1.7
10.7 |14.3 ] 6.7 | 2.3 7.4 6.6 7.7 1.3
8.1 (11.9 | 6.3 | 1.7 5.9 5.1 7.0 1.0
10 3.3 9.7 | 7.3 .7 2.9 3.1 1.6 4

Table 4.4 (Continued).
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MEASURED MEASURED
TRANSITION DELAYS PROPAGATION DELAYS
CELL | Vpp! Tor | T | Tor | Tir Torn | Tiew | Towt | Tim
1830 | 4 4.6 | 2.4 | 5.4 1.6 6.7 2.3 15.3 4.7
3.3 | 1.7 3.7 1.3 4.3 1.7 9.9 3.1
3-7 1.3 2.9 1.1 2-6 ‘lol‘ 6.6 2.4
10| 2.4 .9 2.3 .7 1.1 .9 2.4 1.6
1900 | &4 | 16.3 | 17.7 | 6.9 3.3 30.0 7.0 6.6 1.4
10.7 | 14.3 3.4 2.6 6.3 6.7 4.6 1.4
9,1 | 11.9 | 4.1 | 1.9 4.9 5.1 3.0 1.0
10 | 4.7 8.3 | 1.7 1.3 1.7 3.3 1.3 .7
1910 | 4 | 17.6 | 17.9 | 6.7 3.3 11.6 9.4 7.1 1.9
10.7 | 14.3 | 4.4 2.6 6.4 6.6 3.6 1.4
6 9.3 { 11.7 | 5.1 1.9 4.9 5,1 3.0 1.0
10| 4.9 | 81| 2.9 1.1 b 3.6 1.4 .6
1926 | 4 | 29.0 { 17.0 | 19.3 1.7 10.6 9.4 4.9 2.1
51 20.3 | 14.7 | 11.4 1.6 6.4 6.6 3.6 1.4
7.1 | 13.9 | 12.1 .9 4.7 5.3 3.0 1.0
10 3.4 9.6 | 11.9 .i 2.7 3.3 1.4 .6
2310 | &4 | 12.7 ! 19.3 | 3.7 3.3 7.4 9.6 2.7 1.3
9.9 | 14.1 | 2.6 2.4 4.0 7.0 2,0 1.0
7.3 | 11.7 | 2.0 2.0 3.9 5.1 1.3 .7
10 3.7 8.3 2.0 1.0 1.7 3.3 .6 4

Table 4.4 (Continued). Silicon Gate Dynamic Performance Data
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ORIGINAL ¥i53%

OF POOR QUALITY

CELL PROPACATION DELAY EQUATIONS

. No. YoLn T1eg " Tony, " TygL ~
1120 386,66 (wv)" 13 | 215,497 §9.26(v)"1-26 20.48(v) "1 38
1130 620.1(w) 3 | 133w | e 7 | 78976
1140 950.29(v) 161 | 219.00w714 | 162.67(w)71+®7 19.04 (v)" 1+
1220 264.79(v) 173 s2.70(w)" 38 | 125.32(v)7138 62.18(v) 1'%
1230 261.80(v) -8 40.26(»)"}* 32 | 208.74(v) 72?3 96.11(v) 1+48
1246 261.19(v)"1+80 63.95(»)" 13 { 426.30(»)"1-%% | 13853007100t
1300 119.49(v)"1+43 90,20(v)"1-8% 92.05(v) 14 | 217.77()72:56
1310 204.41(v)"1-%% 26,7507 4% | nraam 7 11.10(w) 1>
1330 253.97(v)" 216 71.77(v) 162 73.84(v) 142 85.43(v)
1360 145.63(v) 130 | 209.62(v)72 2 | 2596.99(v)"3-? 9.45(v) " 1+2
1520 166.88(v)"1+%6 36.820v) 187 | 504.20(v)"% 62 5.62(v)" 088
1620 373.27¢v)"1+?? 57.06(0) 130 | 3a1.48)” 74 15.05 (v 107
1630 517.41(v)" 3% 61.45(v) 230 | 1306.95(v) 7182 46.22(v)" 173
1640 712.72(v)" 182 67.63(v) 130 | 255.16¢0)"1+%° 48.21(v:" T8
1720 272.93¢v)~2+62 50.56(v) "2 % | 745.68(v)"1 B8 19.79(v) 2%
1730 501.84(v)" 173 s7.060w)" 132 | 993.90(v) 7180 89.51(v)"1+®
1740 458.07 (v)~1-5% 26.18(v)"%-%? | 1781.60(v)" 174 50.99(v) 1%
1820 220.87(v)" 193 | 106.40(v)1 4% 1 as2.56(n7133 52.86(v) 141
1830 720,30 178 1 155740718 1 797,89 "1 %% | 130.83(w) 7143
1900 69i.13(»)" 16 | 12751713 | s8s.20()7177 72.17(v)"1+%8
1910 631.13¢v) 1% | 231.70m7* 75 | 1030.76(n) 71 4 71.16(v) "1+
1920 522.35()" 1% | 15700723 | ausisznie38 68.83(v) 1+63
2310 1385w 2% | 132.55m7138 | 2123270 46.53(v) 142

Table 4.5 {Continued).
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ORIGINAL PAGE 1§’
GF POOR QUALITY

CELL OUTPUT DELAY EQUATIONS
No. Tor ” L Tor = C T 7.
1120 354.61(v)" 13 | 96,747+ 75.44(v) "2+ 14 61,04 (v) 1Y
1130 786,09 92 | 313.95(») 250 | 363087t 31.99(v) 17
1140 1150.20(0 7192 | s16.59(0)7 140 | 182.42¢0)71 Y 30.77¢v)" 12
1220 178. 36 (v) " 1+40 82.86(v) 132 | 189.00(v)"1-4% 96.76(v) -6
1230 215.66(v) 133 94.63(v) 190 | 260.26(v)" 13 | 161.05¢n)7%3?
1240 262.17(v)" %7 86.49¢v) 13 | s1s.06(w)"E 4 | 207,260
1300 266.77¢(0)" 7% | 131.80(w) "1 3? 95,26 (v) 123 34,25¢v) "1+ 13
1310 65.02(v)"1- 18 72.75(v)"1-%8 98.36(v) 1" 36 16.37()" 1%L
1330 164607140 | 178.4s0n ™20 | 112,060 7108 | 155,26 71060
1360 98.58(v) "1+ 12 15.200v) 713 1 135,800 12 7.07(v) 139
1520 76.70(v) "1+ 08 13.600v) 183 | 102000711 7.94(v) 1+18
1620 102.68(v) 1+ 30 89.15(v) 138 51.15(v)" L+ ® 15.93(v) 131
1630 131.29 () "+ % 87.55(vy" 137 50.45(v) "2+ 0% 38,05 (v) "1+ 34
1640 151.97¢v)"1+23 86.89(v) 1+ 34 31,350+ 73 61.62(v) 190
1720 62.33(w)" 1 1? 95,49(v) -4* 85.73(vy 113 47.23(v) 1042
1730 16750001 3% | 127.77007 138 | 138.75¢»)7 1'% | 1130w
1740 186.22(w) 1% | pez.aren 4 | 262.06(w) 7102 78.04(v) "1+ 40
1820 13705500 282 1 204880712 | ags.1n(w 2 | 109,777
1830 124.48(v) "1 13 66.20¢v) 13 | 128.23(v)"1+ %3 78.68(v) 148
1900 1353078 | 16000 | azasew™ | 9ssan ™4
1910 1088.83(w)" 138 | 2552200713 | e3s.06()7H P | 124.26(w) 71048
1920 7912501 %% | 235.50¢0) "1 %8 | 361.460w)71 18 | 158.46¢v) 71 0%
2310 252630018 | 1870707 | 1.9t 93,57(v)" 137
Table 4.5, Metal Gate Dynamic Performance Curve Equations




ORIGINAL PAGE 1
OF POOR QUALIT

CELL OUTPUT DELAY EQUATIONS
No. Tor * Tig ® “or © T
1120 70.13¢v) "1 58.39(v) "% 9.96(v) -+0° L7 0%
1130 208,75 (v "1+ 85.71(v) 084 8.58(v) 0-8° 1.62(v)" 0%
1140 282.88(v) 112 | 112.34(w)70+ 3.77(v) "2+ 3° 7.15(v)"0+ 92
1220 49.05(v)~++18 25.75 (v) 076 8.16(v)~0+63 5.49(y) 046
1230 42.84(v)"0+ % 28.88(y)"0-86 8,98(v)"0"4! 8.36(v) 043
1240 73.24(v) 103 26.14(v) "0+ %0 9.60¢(v) 020 | 10.98(v)~0"46
1300 43.76(v) "1+ % 33.77(vy "2+ %0 4.24(v)~0-61 2.48(v)"0-43
1310 271,51 ¢v) "1 3? 16.49(v) 0 M 29.01(v) 1% 1.58(v)~0-61
1330 59,77(v)"0-#7 48.48(v)"1-04 5.10(v)~0-32 3.75¢v)"0-31
1360 27.75(w)"1+41 4.07(vy ~0-83 7.32(v) 287 0.19(v)"0-28
1520 64.16 (v) 187 5.56(v) 076 15.56(v) " 1-23 0.19¢v)"0-28
1620 14.21 (v) "0+ %6 29.33(v) "0 86 8.95(v) 097 1.88(v)"0- 3
1630 27.81(w) 117 21.92(v)"0:83 9.39¢vy~ 0% 1.78(v) "0+ 32
1640 136. 44 (vy =20 23.43¢v) 074 11.06(v) 193 1.80(v)~0-28
1720° 8.89(v) 07 31.17 (w08 15.49(v) "0+ %2 1,717 %3
1730 23.88() 118 28.52(v) "0+ % 17,9670 | 6.20(v)"0%*
1740 14.43(v)"0-69 36,64 (v) "0+ 49.66(v)" 197 | 11.56(v) 139
1820 179.74(v) "1+ 74 44.18(v) 068 9.33(w)™0 1 | 3n.48(w)71-6%
1830 13.61(v)"0-80 9.34(y)"L-04 16.20¢v) 0 %8 5.55(v) 0+ %0
1900 95.85(v) "1+ 32 53.68(v) 0%’ 02,3003 | 13,05(0 71402
1910 100,03 (v) "++32 57.04(v)"0-86 19.99(,3" 083 | 17.64(v)70-83
1920 792.95(v)~2-42 40.50(v)~0-82 26.76(0)" 03 [260.03(v) 7+ 20
2310 85,74 (vy "L+ 37 61.49(v)~0+89 7.39(n)"0" 61 | 19.70(v)"1- %
Table 4.6. Silicon Gate Dynamic Performance Curve Bgquations
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ORIGINAL PAGE {3
OF POOR QUALITY

CELL PROPAGATION DELAY EQUATIONS '
ne. Toug * - Ty ® Touy, ” T A

1120 114,37¢(v)"1+81 40.15(v)"2+10 13.96(v)"1+33 6.99(v)"1+73
1130 209.54(v) "1+ 48 64.70(v) " 2- 14 15.71(v) "2+ ? 4.89(v)" 161
1140 226,27 (v)"1+48 96.60(v) 1+ 14.98(v) 1% 2.97(v)" 178
1220 125.37() "+’ 19.97 (v) " 1+09 39390 1% | 12,1507
1230 93.49(v)"++81 19.79(v)"1"9? | 358100 (v)"4-48 5.56(v) 078
1240 78.03(v) 1+ 21.89(v)"+12 37.70(v) "+ ¥ 39.63(v)" 1+ 83
1300 25.25(v) 1+ 19.91 ()" 1-11 11.30(v)" ¥ 1.79(v)"0+81
1310 28,09 (v) 198 12.94(v) 1?7 5.30(v)"1+10 3.36(v)"1+33
1330 301.35(v) "2+ 3 5.11(v)" 031 8.55(v) 111 4.43(v)" 111
1360 78.03(vy"1+41 21,88 () 112 37.70¢v)"1-37 39.63(v) "1+ 83
1520 15.51(w) "L 6.45(v) 141 2.30(v)" 042 0.82(v) 0" %?
1620 w16 2% 1 20000071 | 530171 % 1.53cn) 088
1630 811.82(v) 338 17.06(v) "3+ 93 37.01(v)" 187 15.24(v) 2" 08
1640 1355360 > | 19,82y 1 7 60.06(v)"1+ 9 1,927 %79
1720 439,21 (v) 2041 19.9: ()10 | g2.040wy"1+52 6.03(v) 128
1730 805.05(v) ">+ 38 19.58(v) 1'% | 157.88(»)71+33 14.12¢v)"1"33
1740 54,07 (v) "3+ 38 19.65() 208 | 364,22(y)71-83 10.39(v)" 126
1820 77.16(v) "1+ 43 624500375 | 214,790y 27 16.66{v) 1 %0
1830 100.17(v) 198 8.79(v) 190 1 254.84(v)"%03 20.25(v) 1+ 13
1900 981.37(v) 25 24,76(v)"2+87 78.53(w)~1-7° 4.58(v)"0-82
1910 2577.63(v) "3+ 73 3496 (v)~L+0L 62.87(v)"1-8 10.38(v)"1-26
1920 69.56(v)"1-4% 41.19(v) "1 32.88(v) "1+ 3 12.38(v) "1+ 34
2310 54.70(v)"1+31 46,70(v) "> 13 27.54(v) 257 7.77(v)"1:30

Table 4.6 (Continued).

147

Silicon Gate Dynamic Performznce
Curve Equations




APPENDIX

A, INTRODUCTION

This appendix contains the data sheets of the metal gate cells
that currently comprise the STAR Standard Cell Library, and also
includes the danra sheets of the silicon gate cells. The information
that is given on the data sheets.is described along with an

explanation of how to interpret the dynamic performance curves.

B. Data SHEETS

Data Sheets are given for each of the cells listed in Table 2.1.

Each data sheet contains the following information:

. Cell family technology .

Descriptive name of the cell indicating its function.

. Cell identification or pattern number. This number
identifies the cell in the input data to the automatic
placement and routing program.

. Number of devices comprising each cell and the number
of pins each cell has.

. Width of the cell in grids (1 grid = 0.8 mils).

. Logic symbol, including pin numbers by which the net list
is generated, plus the Boolean equation describing the cell
function.

« Cell truth table.
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. Circuit schematic of the logic configura_.on as 1t relates
to the actual STAR cell, including the labeling of each
input and output node.

. Dynamic performance data as functions of supply voltage.‘
Legends on how to interpret the dynamic data including
equations for use with the data from the curves to obtain
the overall results.

. Capacitance at each input connection in both absolute units

and values normalized about (.56 pF or 1.25 pF.

Dynamic performance data for the logic cells are given in the
form of curves showing transition .ines and propazation delays as
functions of supply voltage. These :urves were generatad from the
data shown in Tables 5.2-5.3. The equations for the ecurves are given in
Tables 5.4-5.5. The transition time is measured over the 10 io 90 nercent
rise and fall times. The transition graph is comprised of four curves.
The curve labeled TOR is the rise time 1f the device were driving no
load. The curve labeled TIR is the additional rise time if the device

were driving a single load to obtain the total rise time, add

the time obtained from the TOR curve at the desired voltage to the

time obtained from the TIR curve at the same voltage, multiplied by the
degired fan-out (F/0)}. The fan-out is the normalized load that the
cell under consideration is driving. The same procedure holds for the
fall-time curves (TOF and TlF)'

Because of space limitations only one of the rise curves and one

of the fall curves on each graph could be labeled. 1If two curves over-

lap, both labels are given in the order of the position of the curves.
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For example, to determine the rise and fall times of a metal
gate two-input NOR cell (1120) driving a total load of 4.30 pF for a

normalized load of 7.68, at V. = 10v, the following values would be

DD
cbtained from the graph for the 1120.

TOR = 10 ns TOF s 6 na

T1R = 8 ns TlF = 2 ns
These values would be used in the following equations to obtain the

overall results.

Tp = TOR + TlR(F/o) Tp = TOF + TlF(FIO)
= 10 + (B)(7.68) =6 + (2)(7.68)
= 71.4 ns = 21.4 ns

The propagation delays were measured at the 50 percent signal
swing level for positive and negative going input signals. The
previous explanation is valid for these curves, where TOLH is the
low to high propagation delay for no load and TOHL is the high to
low propagation delay for no laod. TlLH and TlHL are the additional
delays for a single load.

On the reverse side of the metal gate data sheets are the STAR
symbolic displays of each of the cells that can be displayed. These
same symbolic displays, however, also apply to the silicon gate cells.
The cells appear as they are displayed by the STARLIBLIS program
wvithout the tabular listing of the segment data. Presently, the pads

cannot be displayed.
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ORIGINAL PAGE i3
OF POOR QUALITY

2-INPUT HOR GATE

STAR STANDARD
GELL KO. 120

*

6 DEVICES
3 PINS CELL WIDTH = 3 GRIDS HETAL GATE CMOS.
LOGIC SYFBOL TRUTH TABLE
A ] X
B 3 Q0 ] )
3 x 0 1 0
A : 1 a o
_ ] 1 ¢
E=A+B
SCHEMATIC
V+
e[~ 1e[T1e 1P
B T 7 B
A
X
Y] S Y] I Y Y
‘ ' L
=
OYNARIC DATA
RISE & FALL PROP. DELAY
43 v T i
-m[ l\‘. \ on 49 ‘.| : \_Tam
- i \ 3t : Pt |
¢ 3z v o 3zi | i} .
< \ \\ (U 3 | \t‘\ .
SR S U SN Y
T oash N N Cals T ousp Vo ~
a T AN o a N R R
4 = e S
N I B T B IR I TR T s e 12
VoDtvaleg)d YRGtvalrg
RELATIVE TO GUTPUT YOLTAGE .
TRANSITION TIME CAPACITANCE ‘ FROPAGATION DELAY
=== f1st Pin No, ABSOLWTE (PF) NORMALIZED | -——- how Yo HIGH
Faut - e HIGH TO LOW
— 2 0.56 1.00
K] 0.86 1.00 Tea ® Youg * Typu(F/0)

Ty ® Top * T1a(F/0)
Ty = Top + Tyg(F/O)

Tar = Toup * Taa (F/0)
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3-INPUT NHOR GATE

STAR STAKDAKD
CELL MO. ux

*

8 DEVICES
4 PINS CELL WIDTH = 4 3RIDS FETAL GATE CMOS-
LOGIC SYHBOL TRUTH TABLE
A ) [ X
0 a o 1
4 0 0 1 0
- ; R S S
8 O——;—- x L 0 0 0
A ‘ ) 0 1 ¢
i 1 0 0
— e 1 1 1 0
EcAh+8+C
SCHEMATIC
y*
p p p P
T T T T 8
% C
A
1 L L L
v TIn MLl TN
>
DYNANIC DATA
RISE & FALL PROP. DELAY
Loy ll.l h'. rar \
a9 \t\ on A } “ \ wTous
-~ | ' - N 5
v rat) Voo Y \ ! A
: 4 K \‘\ g ; \\. AN
é g t \\ z 345 \ .
2 36] \\ “‘\\ \‘\ é 24 '\\\\\‘ \"‘.._
2 a N ) B e 24 == -
[~ ~5-—= L TS— T
s 27 4 6 e 19 12 T 3 % a1 i:
VODivoltg) UYDD<(wvolera
RELATIVE 10 QUTPUT VOLTAGE
TRANSITION TIME CAPACITANCE PROPAGATION DELAY
=== RisE Pin No. ABSOLYTE (PF) NORMALIZED f---- huu To HIGH
— FaLL 2 0.56 1.00 — Hick 70 Low
Ty ® Tog + T1a(F/0) 3 0.56 1.06 T = Toun * T“-E::Zm
' Tar “ TouL ¢ T 70}
Ty = Top + Typ(F/0) 4 0.56 1.00 AL oML * Timg
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< 4-INPUT HOR-GATE

10 DEVICES

STAR STANDARD
CELL NO. 140

*

5 PINS CELL WIDTH = S GRIDS FIETAL GATE CMOS -
LOGIC SyrBOL TRUYH VABLE
‘ A ) c D X
. 0 0 0 o 1
D
[ 1 & x
: f All ochar inpue coabinations 4]
s
SCHEMATIC
V+
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T~ T - T
T B
A C
X T T "
W LN VLN
-~
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- : 056 1% Trg @ Tors + TypulF/0)
Ty @ Toz * T12(F/0) g ggg }:gg . ra ™ Tovn ms(mn
8 . T -7 L T
Ty = Top + Typ(F/D) AL oML T s
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2-INPUT HAND GATE

STAR STAMDARD
GELL NO. 1220

*

6 DEVICES
3 _PINS CELL WIDTH = 3 _GRIDS HETAL GATE CHOS
LOGIC SYHBOL TRUTH TABLE
A ) X
[+] 0 1
A o-—-!- R 0 1 1
: O 3 x 1 0 L
' 1 1 o
Y Ty
SCHEMATIC
v+
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e 1 B
X
| A
L L L
Y Y] I S Y] S
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10 ! 249 \ \.- Toun
: s RN
E 24 E 14 1 \ \'.‘\
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Tay = Tom * Tygy(F/70)
Ty = Top *+ Ty (F/D) AL TORL T Tagk
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ORIGINAL PAGE ®
OF POOR QUALITY

' STAR STANDARD :
3-INPUT NAND GATE -
GELL NO. 1230
8 DEVICES
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OF POCR QUALITY

TRIPLE BUFFER INVERTER

STAR STANDARD
GELL NO. 130

*

VOO<voltrs)

12 DEVICES
|2 PINs CELL WIDTH = & GRIDS METAL GATE CMOS
LOGIC SYFBOL JRUTH TABLE
| A X
D ] 1
2 D 3 1 ¢
LR p—0 X
' l>° X
SCHEMATIC
. . Nod
frrel [ermiel [rpoe
—— =-T- —— = -T
A
. !
A (L b (. L _
LA LN Teelow
) [
=
DYNANIC DATA
RISE & FALL PROP, DELAY
590
i .
304 "\\{“
U ) v b -
: =4 if ‘- \‘\ :
3 [ 1:4 Y
E 1914 -.:\\\ E
a 6 AN - o
b g )
N S e R Y a 2 4 5 3 10 12

Yoh(wolte)

RELATIVE TO QUTPUT VOLTAGE

Ta ® Tog * TL‘(F/U)

Ty @ Top + Ty (F/0)

TRANSITION TIME CAPACITANCE PROPAGATION BELAY
wwe RIsE Pra No. AnsoLyte PF) NomMaLlizep | ---- hew 10 HicH
~ Faut 2 s $.00 TG To Sow

Tea = Topg * Ty (F/0)

Tar ™ Ty, * Tema(F/0)
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ORIGINAL PAGE &
OF POOR QUALITY.

" DOUBLE BUFFER INVERTER

STAR STANDARD
CELL 0.0

VOD<¢velta)

s
8 2 4 5 9 e 2

8 DEVICES
2 PIHS CELL WIDTH = 4 GRIDS METAL GATE CMOS
LOGIC SYFBOL TRUTH TABLE
. A x
| 0 1
1 0
AO'_Z"' |—L°x
Ee i
SCHEMATIC
vt
el [erTIe
T X
A T T L
NN NLLIN
e
DYNAMIC DATA
RISE & FALL PROP. DELAY
NERAY T
2 [ v 4 ¥
. ot \\\ﬂf . 1 | "'_‘.oul
g S SR
[ ] '-"‘
E 12 \\\ s o x W
3 8¢ ~ — 5 2 '\ . \. -~
LI 8 P T -
0<r ) ~ G’ "--..._... e

vOD<volts

RELATIVE TO OUTPUT VOLTAGE

TRANSITION TIME
=== Risg

eam FALL
Ty = Tog * T1g(F/Q)
Ty @ Top *+ T1p(F/0)

CAPACITANCE
Pin No, AssoLuTE {PF) NORMALIZED
2 2.24% 4.00

PROPAGATION DELAY

on 10 HigH
iGH TO Low

Tea ™ Tora * Tya(F/0)
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ORIGINAL PAGT 18
OF POOR QUALITY

‘ 2-INPUT AND GATE

STAR STAHDARD
GELL HO. 1e0

*

8 DEVICES
3 PINS CELL. WIDTH = & GRIDS FETAL GATE CMOS
LOGIC SYMBOL® TRUTH TABLE
A B X
0 0 0
‘0—-2;' . 9 % 0
. ) X i o o
' 1 1 1
Zea B
SCHEMATIC
V*
PT 1P Pl f1P
B [ - X
S R N B
N[ INC_ L Tl {LTNT
-
DYNAMIC DATA
RISE & FALL PROP, DELAY
13y 'I l‘\l \. ‘ \ \
1 V [}
|5J Y ‘Tor [ o Tout
:J ". \f\ k] :, ir \\ '.\
% g “ A : b33
E a - \ ‘\\"\‘ - 3 [ \ l'
P ] 9 !J.r\ \\" o E ]
g 3] *..__::‘ s 91'\ . x":‘*-_.
- \:: o -._—.::":-h-..__
—— . S
97 2. 4 5 B 18 t2 2 3 1o ot

VDODivolts)

voDdvel ¢s)

RELATIVE T0 QUTPUT VOLTAGE

TRANSITION TIME _ CAPACI TANCE j PR{}PAuATI(JN DELAY
~-= Risg Pix No, FnsotuTE (PF) NORMALIZED §---- Low TO H
— P 2 0,56 1.00 fo 1o L
Ty = Torg * Tu.a(F/m
Ty = Tog * T1a(F/O) 3 0.36 1.00
at .
Ty = Top + Top (F/0) Ter = Topg ‘:m.(F/m
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ORIGINAL PAGE 18
OF POOR QUALITY

STAR STANDARD

- IKPUT AND GATE
. GELL NO. 1630 .
10 GEVICES
4 PINS CELL YIDTH = % GRIDS METAL GATE CMOS
LOGIC SYMBOL* TRUTH TABLE
A B [+ X
] 0 ] ]
Q 0 1 ]
0 1 0 [+
] 1 1 0
1 0 [+] o
i a 1 Q
1 1 [} 0
1 1 1 1
SCHEMAT IC
v+
terrael  lerriemmael
A T T i . [
. -
B
¥ 4
4 - L L1 L
]m- TNT_TINT L INTU TN
) -
DYNAMIC DATA
RISE & FALL PROP. DELA¥
B B
20 "I*-,‘. "TOR %49 { I‘-, “.Tom
L \ \". \ lll ] Y
154 : *.“ . 7)) i Y
\ \(‘ , \.'
2t A - I
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L
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o
5
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s
]
]

VOD<voits)

BELAYtngec
o i
< -
e e ol e e e

e

-

-
’
s

E) + 5 2 19 12
VOD(valtg

RELATIVE TO QUYPUT VOLTAGE

TRANSITION TIME CAPACITANCE ' PROPAGATION DELAY
--- Mise Pin No. ABsoLUTE (PF) NomMALIZED {---- |oW To HigH
— Far . 2 0.36 1.00 —— i#iiGH To Low
3 0.56 1.00 Teg = Towy * Tyg(F/0)
Tg © Toa + Tpa(F/0) . o 56 Lo La — tous © iy

T @ Top + Typ(F/0)

Tay ® Tone 7 Tran(F/D)
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ORIGINAL FAGE B
OF POOR QUALITY

SYAR STARDARD

G- INPUT AND GATE

CELL NO, 150

*

12 DEVICES
5 PIHS CELL WIDTH = B GRIDS METAL GATE CHMOS
LOGIC SYMBOL TRUTH TABLE
A B £ "~ 0 X
AQ 2 1 1 1 1 1
B o——: -] x
: o-_g'- All other toput combinatfons a
EeA*B-~C* D
SCHEMATIC ,
Ierriel el [pomoel
c e - —l—_ —
i D
A
8 ﬂ X
TN In N N INLLLINT
-
DYNARIC DATA
RISE & FALL PROP. DELAY
sar | I\‘ ! fae
] t . 1 Y
o L e Al
v, \ Vo " - \ i
3 .‘\ ' e Ter oL
< ' : ooy
LT % . L S (A
42 \:{ s E 25 \‘ '
3 3 7,0 '-«..__‘_::“-_""-___- g P .‘\‘ e ""\...___‘.
5 1w~ "--:_":.--_._‘__. L3 11ﬂ\ - ""*-‘_‘___ had
o ] e
] 2 4 ] 3 16 t2 Q 2 4 ] 3 io i2
UhO(valte) VEDfvoltzy
- RELATIVE TO OUTPUT VOLTAGE
TRANSITION TINE CAPACITANCE PROPAGATION BELAY
«=s RISE Pix No. ABso.ute {PF) NormaLIZED |---- huw 0 HiIgH
anm FALL 2 0.58" Lo —— Hicn 1O LaW
3 0.36 1.20 Tiw @ Tarw * Ty uq{F/0)
Yy = Tog * Tya(F/O) : 0.6 L.oo e
o ) Tage ® Tom, * 7
Ty # Tgp + Typ(F/D) BL " Tom. T fauL

177




IPLE 1P P

[p P

ipP
71

I11
IL

oIt

I

N

1L

I

I

¢ 16iL

i
1

i

61

U

In
L

"t Tuin
11

I

1413

t

i 1"

i

s

S16 [7

3
I #—— -*_-'-"'-?i-—-i'-'ii-'--*-- i

IS

1417

1

4

G

T
L

IP F IP ¥+ IPIP GIP

Ig P

c

3

A

e}

1

1°

TaLe Ik

3

‘[-'\

1
[0 B

1

I

2l

N

1

e
+

16

I~

ic
11

I
I171C

L]

ol

InDI6

7

T4 3 15

13

H 1]
n<an

1) 1]

H -1

1 1]

[ W1

H 1]

(1O AT

" 1]

it 2>

" 1]

[ L] |

1] h
"o i

] H
W&~

1 1]

H a3

" ]
Hourn

H 1]
HTH

1l H
™ n

1] ]

i ™

H] n

I == n

" "

i =

1] 1
nr

" "
EEN e
1] it

[N aa i I ]
n 1

H -2 H

1 n
B U A e
] ]
[T VI
' ]
Hon

] H

H W™N S e
] H

1 ow=t o
1 1]

(1 1 |

i il

W H

1] 1

15 O 1) -
(1] Hi
9o~

i 1]
WD =
It 1"
oW v
1] "
It~ n

1) H
ihm i

il n
HOY e
" 1]
"ot it

n i,
a2 e e
[ =] [o4]

1
1
1

ILy

T

1

o

I
1
I
I

1

61

1

I

e A m e et s be e e m b

I
T

I 1 i I I

I

1
I
1

Ll

21

i

I

1f

H
#

23

1 2345¢€7T%9 41

'
N

e Ttec9

3 4 ¢

2

5 ET7T8H 9 vl




2-INPUT QR GATE

-STAR STANDARD
GELL NO. V2

UDOcv: 1tg>

RELATIVE T0 QUTPUT VOLTAGE

§ DEVICES
3 PINS CELL WIDTH = 4§ GRIDS METAL GATE CHMOS -
LOGIC SYMBOL TRUTH TARLE
A a X
Q <] 0
A
& — X [« 1 i
] 3 1 Q 1
1 1 I
T o A+B
SCHEMATIC
V+
Pl P [ IPI | P
- -y T
B L A
A !
A L L L
NN N be[
L
DYNAMIC DATA
RISE 2 FALL PROP. DELAY
14 ) : 1 1
29 %) 'i' L ..‘:.rﬂlﬂ.
g 16 [ : ETY) .\ E "., .\'-.‘
z q p y v\
> 12 s 10 I| | NN,
b L z sad | I"-. N .
E ? [ § = I ‘\ Tau REE
., e
* : ie ; s .- :-':::
a2 4 & 8 ;eA_TE o3 R

VDOLvol -5

Te @ Top + T1p(F/D

PROPAGATION DELAY

TRANSITION TIME I CAPACITANCE
~ee RISE P14 No. AssoLute (Pr) NORMALIZED
- Fat H 0.36 1.00
Tg = Tog + Ty (F/D) 3 0.56 .00 °

——-- how 10 HiGH
15H TO Low

Tea © Topg * T1eafF/0)

Tar = Top * Tyuu(F/0)
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ORIGINA

L PAZE 18

OF POOR QUAL\T"!'

3-1NPUT OR GATE

STAR STANDARD
CELL HO. 170

*

10 DEVICES
4 PINS CELL WIDTH = S GRIDS HETAL GATE CMOS
LOGIC SYRBOL JRUTH TABLE
A B £ x
0 o o 0
0 0 1 t
0 1 1} 1
¢ 1 1 1
o 0 0 1
0 0 1 1
1 1 ¢ 1
X=A+D+C 1 i 1 1
SCHEMATIC
\/+
AR AR 1P T T1RL
8 ["- T AT
]
A—r7 _[_
o O e I L. L X
INCOIN] [RELINDITN]
1?
DYRAMIC DATA
RISE 2 FALL PROP. DELAY *
t "g!"', "‘{m e B Towe
- Ly y - TR .
Y R T
¢ 3 y \:t S < 'o+ i‘ N
M NN e MY E K
T vl dee T T W, . -
R - RN —— Y. W . ™
N R N
T ﬂ.:'_‘_ == 29 Tm“\‘ . - —
. . r . ——— .. T .
% A4 86 B 10 12 TR TS s 112

Vo0two Ltz

RELATIVE 70 QUTPUT VOLTAGE

YODtcwvalegh

TRANSITICON TIME

CAPACITANCE

PROPAGATION DELAY

=== fISE Pin No. ApsoLuTe (PF) NommALIZED | -~~~= Low 1o HiGH
FaLL . 2 0.56 1.00 _ .. HigH 10 Low
3 0.56 1.00 Teg @ Towy ¥ TLLE(F/O)
TR = 1‘“ + ‘I’n(FID) 0.36 1.00

4

Tg @ Top + Ty (F/0)

Tar ° Tone * Taue(F/0)
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ORIGINAL
OF POOR

PART 19

Qu ALITY

- INPUT OR GATE

STAR STAHDARD
CELL NO. 1740

12 DEVICES
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=== RISE Pix No. ApsoLute (P} NORMALIZED |---- how T0 Hian
— FaL ! 1.25 1.00 —— Hien 1o Low
Ty ° + {F/0)
Ty = Tog + TyelF/0) ts ” Tous THH(F
= +7 /0)
Ty © Top + Typ(F/0) Tar = Touz ™ Tas
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ORIGINAL PAGE T/
OF POCR QUALITY

' .
SINGLE RUFFER IRVERTER

4 DEVICES

STAR STAHDARD
CELL ND. s

*

Tl < Ton + 71;(F/0)
Ty = Tor + Ty (F/0)

2.00

2 _PIls CELL WIDTH = 2 GRIDS SILICON GATE CrMOS
LOGIC SYHBOL TRUTH TABLE
0 1
A 2 3 X 1 0
L §
SCHEMATIC
vt
. LR[TIP|
== —
A [~
X
A L
: TN_'E_UN
i I
DYNAHIC DATA
RISE & FALL PROP, DELAY
= b sp oY
by 4
. ‘5[ i'\“\\’m = ; 'i':,] '-..',‘ Yo
: 4’. \ \\ : 4r H ’I‘\
: 71 AR < -} BTN
DR N S IR
e T T BN
< . *. \‘s s - - = 14 '-,' T "'--,,_\ .. -
H \\.‘ e L ,IEL '---..._“ \-:::‘."*-q,,:‘_'“'_:___:;:;_:
R e B e S S b S S S st S
vobCvels) YO0 {waltg
RELATIVE T0 GUTPUT VOLTAGE '
TRANSITION TIME CAPACITANCE PROPAGATION DELAY
=== Risg Pry No, ApsoLuTe (PF) NORMALIZED |---- how T0 Htgn
— Fau, . 250 — Hien 1o Low

Ton = Torg * T1a(F/O)

Tuy ® Tom * Ty (FAQ)

»
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ORIGINAL PAGE g
OF POOR QUALITY

2-[RPUT TRANSMISSION: GATE

STAR STANDARD
CELL HO. 133

) =

10 DEVICES
3 PINS CELL MIDTH = 5 GRIDS SILICON GATE CMOS
LOGIC SYFBOL TRUTH TABLE
A B C X
; 0
ot R
3 X 0 1 1 0
b 1 0 ¢ 0
4 1l 0 1 1
< 1 1 o0 1
Xeaceln 1 1 1 1
SCHEMATIC
A X B
— . YL
llipulEingliyminwil
— JL T T £
ol Ll Lo
N INCLEINDG IND L TN
=
DYNANIC DATA
RISE 8 FALL PROP, DE!AY
24 ' 12p 1 '
\‘ ‘.\ I |
2y i 1 v '
w .1 VoA T, " 1 v Ve
Fis oo ¢ ] g 'a |
S iz} N s '3’\1 T N
" ™. e [+118 \
. 3 s -.\\ ‘-..,___.-_ z . 't\\‘ ..
& R, ."‘--.____ ) & L T e L
ST I i T
i TR B S aaer ey T T T e e
VDD voltrs) Yhhuvotlr v
7 RELATIVE TO OUTPUT VOLTAGE .
TRANSITION TIME CAPACTTANCE PROPAGATION DELAY
==« RisE Pty No. Assorute (Pr) NommaLizeEp [---- how 10 HIGH
— FALL 2 4,15 + PfO 3.32 + P —— HIGH TO Low
i X Tiw © Tory ¥ TypulF/0)
o o ¢ 10 e L i
T =
Tp = Top + T3y (F/D) oL lom T m
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WE 15
ORIGINAL PF

TRIL LE BUFFER INVERTER

12 DEVICES

STAR STARDARD
GELL HO, 1360

>*

2PINS  CELL WIDM = 6 GRIDS SILICON GATF 05
LOGIC SYFBOL’ TRUTH TABLE
. Do A X
0 1
A o—-f-v—Do—m’——o & 1 0
i> ° . xed
SCHEMATIC
i — \‘,t+
Errel lermae] rﬂ%
x l
1oL L L
Y NN FL_]?T]'
=
DYNAMIC DATA
RISE & FALL PROP., DELAY
< [ 1 1‘ ‘i L .I:!l x“ |
st ! SO S
v L1 lu, \k ‘\ Ton " ! \\ x\\ " Tou
. \ Qv ' 3 NN
5 3\ " N Do WA
E 2 \\ ~ '\*. T 4 T \1';'. ~ " .
@ S m e T e
o ‘-.‘_.u S S w . .~ . .‘_:?:'_:__w -
‘1 pt S ° 1 “'-»...___:;f
kB JR SR i e Oy Ty e T 1k
voD<Cvnleg: yDD<{volts
RELATIVE TO OUTPUT VOLTAGE '
TRANSITION TIME CAPACITANCE PRUPAuATlUN DELAY
=== R1ag Pin No, Ansm.u_re {PF) NormaLizZED [---- LOW TO H
- FaL P 7.50 6.00 fon T0 L
+ 1y, F/
Ty ®© Tog *+ Tyu(F/0) 1"“ Toua * Taau(F/0)
o {
Tp = Top *+ Typ(F/0) Tau < Tom. * Tam (F/0)
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ORIGINAL PAGE ig
OF PCOR QUALITY

2-INPUT AND GATE -

GTAR STAHDARD

CELL HO. 620 *
DEVICES
3 PINS _CELL HIDTH = _ & GRIDS SILICON GATE %08
LOGIC SYMBOL TRUTH TAB.E
A B X
0 0 0
0 1 0
1 0 0
Xea- b1 1
SCHEMATIC
Vf
prT2el  lerriel
B T X
A— | —_—
L L AL
| i)
' -
DYNAMIC DATA
RISE & FALL PROP. DELAY
brp it 3 o
o [ lli‘ \\ i s \T l" r
- ) S, " Yy
S5 .. SOy A5
= ., NN I ’S s \ W
u: 1w e '*-.‘ e W e ., R —
o 2{\.'. \"‘h-...‘_::_'--_ I e 13 "1-'.[2_\ M -
TS 10 NEY 0 2 4 TT--l—GH—.l-'.?

VDDCvaltg)

yoDsvnltsd

RELATIVE T0 OUTPUT VOLTAGE

TRANSITION TIME
~== RIsg

— FaLL

Ty © Tog * Tya(F/0)

Ty = Top + Ty (F/D)

Pin No.

APAG [ TANC

Assorure (PF) NorMALIZED
1.38 1.00
1.28% 1.00 .

T:.H

PROPAGATION DELAY

aw 1o H su
1GH TO

® Touu * rm(m)

Tay = Tom * Ty (F/0)
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ORIGINAL PACE 18
GF POOR QUALITY

3-1HPUT AND GATE

STAR STAHDARD
CELL HO. 1620

%

VDDivoles

RELATIVE TO OUTPUT VOLTAGE

10 DEVICES
4 PINS _ CELL WIDTH=_5 GRIDS SILICOY GATE CHOS
LOGIC SYFBOL TRUTH TABLE
A B C X
. . [V 0 0
Ao—]L ( 0 0 1 ¢
8 Do i O 0 % 0 g
&
XeA' K C % 1 6 0
1 1 1 1
SCHEMATIC
. V*'
I P[T 1P PL T 1PL[T 1P
A T 1 I T ng
| -
8
c X
1T 1 1| oL
[NL_INT__InC L INTILTN
e I8
) DYNAMIC DATA
RISE & FALL ' PROP. DELAY
H :’ “. ® l““}'. I'n
19 l £ - Y
. [ ' i . | '\ ‘1.‘
Yo \‘ AT vy, *\ Y, | o
S SR ¢ \\.‘1\\
) O Al SO L S N
9. + L \-?“-H_:T}h*_:
e 2 4 & 8 10 12 S T T B S Y

vobcvolrg

TRANSITION TINE CAPACTTANCE PROPAGATION DELAY
--- Rtse ' P No. Assorute (pF) NomrMALIZED {---- hpw 70 H{au
. FALL 2 1,25 1.60 — Hies 1o Low
3 1.25 1.00 Tey © Tows + Tyew(F/0)
Ty = Tog * 71, (F/0) 4 1.2 o0 v uu(FIU)
= .+
Ty = Top + T, (F/0) Tos = Tom ¥ T
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ORIGINAL PAGE g
OF POOR QuALITY

4-INPUT AND GATE

STAR STANDARD
CELL NO. 160

*

12 PEVICES
5 pIus CELL HIatH = 6 GRIDS SILICOR GATE C(r0S
LOGIC SYIBIL TRUTH TABLE
A B C D
» Ol 1111 1
LI, —1 6 %
€ Qi
0 Qe ALL OTHER [NPUT CUMBINTAIONS 0
e A*BeC D
SCHEMATIC
. v*
lrrrel lermael Ierfroe
C T T Tid! T
D
A
B X
L L L 1| O L
N I InT INC L TN TN
=
DYNANIC DATA
RISE & FALL FROP. DELAY
5 ) it :
H !'| : .'I l g Iﬂ lz
J ’Z \ \"-'-{m 5 ": I\..I‘-lr .'|. ToLu
M R e I A
E ] \IOF 5 ‘.‘"'\ E st ‘\-‘\ '
P \ O Tl z \
a N AN A o 2 1 \ R
., " W L . e
] ) 9 ’ - == ___Tl
¢ 2 4 ¢ 8 10 12 8 2 4 5 % 10 12

VDD(volts)

RELATIVE TO DHTPUT VOLTAGE

UdDCvel g

PROPAGATION DELAY

- TRANSITION TIME —CAPACTTANCE
-== Rise Pix No. ABSOLUTE (PF) NommALIZED
— FALL 2 1.28 1.00
3 1.25 1.00 .
Tg = Ton + TIE(F/O) 4 1.25 ' i-nb
Tg ® Top + Typ(F/0) 5 1.23 1.90

———— how 10 HiGH
—— fIGH To Low

Tip = Towr * Tipa(F/D)

Ty = Tomz * Tya(F/0)
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ORIGINAL PAGE 19
OF POOR QUALITY

2-18PUT OR GATE

STAR STARDARD
GELL NO. 1720

8 DEVICES
3 PINS CEL WIDTH = 4 GRIDS SILICOM GATE C0S
LOGIC SYrBOL- TRUTH TABLE_
A B X
0 0 0
g 1 1
1 0 1
2 oaes 1 1 1
SCHEMATIC
V+
1P 1rCT1eCqT1RL
8 T X
A |
1 | L I L
NC | Tl TN TN
i
! DYNANIC DATA
RISE & FALL PROP. DELAY
tze  bi° PR
bt L
e .l']- \'\ ™ l v '"'-.
" i T L P . 1 5 T
i 2 \';Q \,\ Iln 2 al ll \ | x.\ OHL
‘.: 5 ‘3\ \"-,\_ S L] ".'. \‘\ ) \
E S e & LA N
1 W T Wi 2 ", e T
S —— RS & T
ot!)'?.T T4 1e 14 R RS S S S 0 te

VypD(valeg?

RELATIVE T0 QUTPUT VOLTAGE

VODvvolesD

TRANSITION TIME

CAPACITANCE

PROPAGATION DELAY

=== RisE
- FALL

Pin No. Assorute (PF) NorMALIZED |---- Low To H GH
. - HIGH TO
2 1.25 1.00
3 1,29 1.00 Ten @ Tows * Tuu(F/U)

Tgy = Tom * Tius(F/0)

Te = Top * Typ(F/D)
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ORIGINAL PAGE (8
OF POOR QUALITY

3-INPUT QR GATE

STAR STAHDARD
GELL HO. 1720

*

10 DEVICES
4 PpINS CELL HIDTH = 5 GRIDS SILICON GATE CMOS
LOGIC SYMBOL- Th TABLE
A B _C X
X>A+84C
SCHEMAT {C
| PC P 1P 180 TIR
B _ c
e H—
111 L | o=
TNCLTN TN LINT] T
K
DYNARIC DATA
RISE & FALL PROP. DELAY
12[' '\\ :r t I
o v ‘t\_ Y T o RN Tow
b 2l SN T b "
2 } ﬁ VN “ AR v
; 5 \ '\‘ "\__h"t -~ . . ; 2 \'\\" 'u‘ ' N
E 4 T . . \--5:__--_:._..__“-z E 2 .\\\ ‘{'om w_._x-"'
° ) S & 4 \\ s R
2 \\\‘\_~_____ﬁ_;::L:; ."“~;:EE;;;1~-— .
TR TS e a2 T T 19 12

Vyoo<veles)

RELATIVE_T0_OUTPUT VOLTAGE

VhD v valray

TRANSITION TIHE CAPAC [ TANCE PROPASATION DELAY
--- Rise Pin No. AssoLute (pr) NormaLizen | ---- Low ¥o HIicH
— Fant T2 1.29+ 1.00 —_ Hieh 1o Low
' 3 1.28 1.00 Tow = Tare + TyowlF/0)
Tg. = Toa * Tl.ntwm N 1.2 1.00 LH OLH u.u(F/m
' Tar = Topr + 7
Ty = Top * 73 (F/0) gL = Yo ¥ Tim




GRIGINAL PAGE 1@
OF POOR QUALITY,

4-INPUT OR GATE

~ STAR STAHDARD
CELL NO. 140

vbbcveoltg)

12 DEVICES
S_PINS CELL WIDTH = 6 GRIDS SILICON GATE CHOS
LOGIC SYFBOL - TRUTH TABLE
A ] C D X
A 0o ¢ 0 9 0
3 X
g ALL OTHER INPUT COMBINATIONS 1
K = A+B+C+D
SCHEMATIC
\/+
P17 er1er1prfTIR]
: sln=ly
A
a8
N I B SR I A S e R A X
INCLIN] TNCAON] INOHIN]
' DYNANIC DATA
RISE & FALL PROP, DELAY
11 [ 'I- ".‘\_\ +3 I'I \
13 K \ \ 49[1 | \%
:J [ 5 T " or :J i If ! L
© 2t i o \\& @ b Ia
gl \“_ N ? 2441 i
- L ~ \-..,_ - -~ h 1
3 et T TR 3 o-usp o
g 3+ \\ “““““ g . \ "'—., "‘-,-‘..-‘---.-
9 e a¥ \N;:L:::L::=:=‘?Eﬁa¥;
9 2 4 5 8 10 12 9 & 4 8 g 19 12

RELATIVE TO QUTPUT VOLTAGE

voSivelrm)

TRANSITION TIHE CAPAC [TANCE PROPAGATION DELAY
ws= RisE Pin No, ApsoLute (PF) NORMALIZED }---- LoW To HigH
- FaLL 2 123 ° 1.00 — HieH 1o Low
3 1.25 1.00 Teu 5T +T (F/0)
Tz = Tog *+ T1x(F/O) 4 1.33 1.00 reo o n'ﬂ(
, -00 - .
T? = Tov + TIF(FIO) 5 .3 .00 TE!" TOH.T. Tlﬁl‘ FIO)
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ORIGINAL PAGE I3
OF POOR QUALITY

D TYPE FASTER/SLVAE FLIP-FLOP

STAR STANDARD

CELL NO. 1820

28 DEVICES
4 PINS __ CELL W(DTH = 14 GRIDS SILICOK GATE CrOS
LOGIC SYMBOL- TRUTH TABLE
{ D Uy
- 1 1
- 0 0
I 1 ﬂ"_l
4 0 641
SCHEMATIC
ol lererrrr—el lerrael leciecpier el [ecyel
—— —_— —— —— g t "|r- -'r'- r—' — J —r- -T g
T
§ 1= . t]
L 7 L L L 1 R I s . L L n
R O e By o e € ey 4 =
. DYNAMIC DATA
RISE & FALL PROP. DELAY
avp b ST T WA
'.m[ \ *aTon vol [ Tiud 1\
s ‘g [ l\ \' ; %\.\
. v - ¥ T W3
2 el \T“ AR I G e Y
b \ ~—— = \ s
- Br\‘\'%— S - z £Y I \ Vi
w \ e w ., .. My
e s . - o 2 * -, i ';-.:.-'
e -~ | R _:
T I T s T 3 te 12 NTTETTIS 3 10 1z
Y0D{vol ) ybpDivolegd
RELATIVE TO GUTPUT VOLTAGE
TRANSITION TIME CAPACTTANCE PROPAGATION DELAY
=== RISE Pin No. ApsoLuTe (Pe) NoRMALIZED f---- huw 10 HigH
e Fart : 2 Lo 1.00 ——_ Hien 1o Low
. o Toy = Toen * Tapulf/D)
Ty @ Tog * Tpa(F/O) ? 250 20 Lo TR T ‘
Tyy = Tour * Ty (F/0)
Te = Top * TiglF/0) Py oBL T TinL
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ORIGINAL PAGE g
F POOR QuALITY

D-TYPE FLIP-FLOP

16 DEVICES
4 PINS

CELL WIDTH = 8 GRIDS

STAR STARDARD
GELL 0. 1830

SILICOR GATE CMOS

LOGIC SYFBOL TRUTH TABLE
il f Oy
D
c -—lDr—j ¢ 1 Oy-1
, 1 0 1
0 0 0
AsDE +Q,C
SCHEMATIC
\Var
lermael ler—rerraer—el Termel
o ol N e T T T T T T 3
' @
L HEN N O S R s e
NLTN NL_INCLIND _InT . Tl T
<+
' DYNANIC DATA
RISE & FALL PROP. DELAY
:-L {'_' :\\\ L ‘l 5 ' '.l:
) 5 & PR . S SRR T
- SR P! S Y
2 3 } \:IE \‘:\'\- ? *t \\ x‘x -
-5 2<: 11? .\‘.‘\\' \ ; e -‘__‘ “. \' \
N B R T i
: Fraaa. R e
%3 5 B 19 12 A J SR S S v R
YhD{volta> YoDrvolrg
RELATIVE TO OUTPUT VOLTAGE
TRANSITION TIME CAPACTTANCE PROPAGATION DELAY
--= RisE Pru No, ApsoLute (pF) NomMaLlZED [---- haw 10 HjoH
 Faw \ . Lo __ Hien 1o Law
g ® Tog + Ty (F/0) 3 2,90 2.00 . Tea = Torn * Tuafi :z:
Tup = Toey + T
= Top + Typ(F/0) AL om. T
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ORIGINAL PAGCE IS
OF POOR QUALITY

PRNGRAFPABLE D-TYPE MASTER/SLAVE

STAR STANDARG
CELL NO. 1900

voD{voltay

RELATIVE TO OUTPUT VOLTAGE

20 DEVICES
S PINS CELL WIDTH » 12 GRIDS SILICON GATE C1MOS
LBGIC SYMBOL TRUTH TABLE
C ] [
8 8 L 1 1
= 0 0
o 1 Be1
~ - 0 0,-1
SCHEMATIC
Wt
lerrael lermaerraecel [eriermaer—ael fermael
SEAg = = | s o A = = L
Q
c — - g
S I 3
RE J_ — = .L . L pu 4 e :
L8 ey ey B ol il e
. F
DYNAMIC, DATA
RISE & FALL ' PROP, DELAY
DI ey
T l‘ \ N Tie sot ) Tom
4 x s P R | I' 1
q 12 10? \‘ . @ w [ '
it |
; 3 ~ "s__ . 13 AR 4
iy . - k8
T oosb NN ~ T oz A
w \\\ “.~*-. a S ‘\
= 31 % 6 | \\T&E__-_;f::-::-:. e == -
Ty 112 ? T4 5 % 1e L

VOD(valrs?

TRANSITION TINE

CAPACTTANCE

PROPAuATlON DELAY

=== RiSE Py No. AssoLute (PF) Nommarizep |---- Low To H
— FauL 2 1.25 1.00 1GH ro

3 2.50 2.00 Tww ® Tows + Typa(F/0)
Tg ™ Tom + TLS(FIU) 8 2.50 2.00 Ly OLE 1L

Ty = Top *+ Typ(F/Q)

Tar = Tom + Taa(F/D)
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ORIGINAL PAGE (S
OF POOR QUALITY

PROGRAMABLE D-TYPE MASTER/SLAVE
FLIP-FLOP WITH RESET .

STAR STANDARD
CELL NO. 120

26 DEVICES .
[ PINS _C_LU-._H"JT" = 13 GAIDS SILICON GATE Cros
W0GIC SYFBOL TRUTH _TABLE
3 _C D R by
[4 e T é §
a8
D:ﬂ o QQ‘I
[ P | 0 QN'l
1 o . Q"
0 * 1 0
.1 1
SCHEMATIC
vr
Lomer—el lecrermer el Lerrermer—ael Tergael
R Tl T T T T T 1 - 'l-r- 1 T - ~r— o
¢ — =1 [
-] - l | -
L L. - _L A I 1 L = == _-L = .
PO WL INCIRC ] W IWCLWT T Tl
.
DYNAMEC DATA
RISE & FALL 4 PROP. DELAY
. ! ¥ iy ¥
A el
s \'- LT (LY 1y Yo
o N 3 b
e i LS N & 3[ 1 L
d L1 \\Tor A . A \ v,
o TDOAND STl S SRV
S s A\ e z 1 hm R
= -~ o ~ - -
3- qI.I\‘.‘.W‘"""'-—----....._,..‘,., 2» ~“*_-;;£::::f::
T TR T I TTETTTTETTTE TS e

voD(voles)

RELATIVE TC OUTPUT VOLTAGE

YDD¢volrs)

TRANSITION TIME

=== flise
o FaLt

Tg = Tog * T1p(F/0)
Tp = Tog + 115 (F/0)

nas—

PROPAGATION BELAY

CAPAC!TANCE
Pin No. ApsoLyte (PrF) NormaLizZED
2 1.25 1.400
3 2.50 2.00
4 2.0 2.00
-7 1.25 . 1.00

——— how To HicH
—. Hieu 10 Low

Ter = Tog * Tua(F/0)
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ORIGINAL pagy
e LQE S
OF POOR QuUALITY

D-TYPE MASTER/SLAVE STAR STAHDARD

FLIP-FLOP WITH RESEY GELL NO. 1920 _ *
39 DEVICES
5 PINS CELL WIDTH = 15 GRIDS - SILICON GATE CMOS
LOGIC SYIBOL . TRITH TABLE
C ) R Uu
T 54
= 1§ &,
I 1 0 0,1
1 . - aﬂ
0 [}
= TR 0

SCHEMATIC

el LerarcTier el Jerril eraecrier el [eryael
‘ - T . T T l\lT T T ¥ T iT T i
A ——1 -
| in
’ 1 ' L j L
L A 1 B e L _] i . A _
fu‘E.IJ'ﬁ]’ '['n’l'__]’FE_..In‘E__TJr IN—L.L.T n'[' ]FT___'J":TLJ i i[" T:‘ILJ!T
DYNAMIC DATA
RISE & FALL PROP. DELAY
‘ 1z b,
k E 3 t 1 'E\
E ‘; ’5_ ‘\t \i' \““'o\.‘
2 E 4 \'\ R
8 S e N it
e
' 3 T 4 5 & 19 2
yiD<{volte) . , YpbBryvolrxs
RELATIVE T0_24iPuT VULTAGE '
TRANSITION TIME CAPACTTANCE PROPAGATION DELAY
«=a RISE . Py No. AssoLuTe (PF) NommaLizep [---=- Low To HigH
— Favi 2 .29 1.00 —— fi1cH TO Low
‘ 2, T4 Tig @ Town + Typ(F/)
Ty = Tog * Tyx(F/D) ST s 1o ® To * Taig

Ty = + Ty (F/D)
Ty = Top + T1p(F/O) o = Tom  Tiow
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ORIGINAL bl i3
OF POOR QUALITY

: ' - STAR STANDARD

EXCLLSIVE-OR ' CELL MO.20 *
10 DEVICES '
3 PINS CELL W[DTH = 5 _GRIDS
L061¢ SYMBOL o TRUTH TABLE
A 8 X
A Ot ’ . 0 ] 0
. . 0 6 1 1
1 b 1
e A@B .' 1 1 ]
SCHEMATIC

Teryecriec el lerel
"'!"'T T T | 57

A 1L T1 O il
MBANEENEE ]_N'T JN]

g
: DYNARIC DATA
RISE & FALL PROP. DELAY
2 1 ‘ 1ze V0
v b
. 13 \ "‘ TIE . 19 { !‘1 t.:‘\ Tiun
3 o) \ goap bl
a | \ \.._ P-4 \ v N
;‘ 12 \?1? v . E 8 \'. \‘:. v
'S 3*\.\ \\ \“n 3 ‘¥ \\ \ \ . ‘w‘_
N A ~~o R S N
4 F — -; 24 TmL -\‘--..::q::::_":. -
9 ~— 0 b e
8 2 4 & 3 10 12 T Y
viD<voles> UDOrwalted
RELATIVE T0 OUTPUT VOETAGE
TRANSITION TINE ' CAPACTTANCE FRGPAGATION DELAY
- === Rise Pin No, ABsoLuTeE {pF) NorRmALIZED f---- LOoW TO H
— Farr ’ 2 1.25 1.08 16H ro
To ™ T00 + Yoo (F/0) 3 .50 2.00 Tue © Tows * T'u.a(F/ 0
R oR iR .
Ty " Y ‘T (F/n) fEL = TOIB * ‘rLHL(FID’
y " Top ¥ Tyyp
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RS =R S WA Mt A

ORIGINAL PAGE |
OF POOR QUALITY

SIDE IKPUT PAD

STAR STANDARD
CELL HO.9® *

¢ DEVICES
1 PIH CELL WIDTH = JO GRIDS SILICON GATE CH0S
LOGIC SYFBOL TRUTH TARLE
p 2o /A
SCHEMATIC
ﬂ’
PAD ‘/W "J\
1.1X
. DYNANIC DATA
RISE 8 FALL PROP. DELAY
A H/A

RELATIVE TO OUTPUT VOLTAGE

TRANSITION TIME CAPACTTANCE
-—= Rise Pin No. ApsoLure (P¢) NoORMALIZED
- FaLy 2 1.50 2.00

Ty @ Tog * Tu(F/Q)

Tp = Top + Typ(F/D)

PROPAGATION DELAY
AN
Tug = Toua * Taa(®/0)

Tor * Tom * Tawft.
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ORiGiAL PRSE 13

STAR STANDARD
LEFT QUTRUT D GELL NO. o0 | *
0 DEVICES v
1 PN CELL WIOTH.= 10 GRIDS SILICOM GATE CMOS
LOGIC SYPBOL TRUTH TABLE
? /A
SCHEMAT iC
* PAD rf——'g‘.'.
DYNAMIC DATA
RISE & FALL PROP. DELAY
H/4 fi/A
RELATIVE TO OUTPUT VO' TAGE
TRANSITION TIHE CAPACITANCE _ PROPAGATIQN DELAY
== RISE P1n No, AssaLute (PF) NommaLizep [---- Low To H{g"
o Facr —— Risu 1o Low
. 2 2.20 . 3.79 = + (
Yo ® Tou * Tra(FAD) o] T " Toun * Taaa (PO
] +
Ty © Top ¢ Top(F/O) Tor ® Toar * Tau(F/0)
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OF POOR QUALIW
RIGHT UTPUT PAD STAR STANDARD
GELL N0, %120 *
0 DEVICES ‘
1 _PIN CELL WIDTH = 10 GRIDS SILICON SATE CKOS
LOGIC SYHBOL TRUTH_TABLE
Y R N Ty N/A
SCHEMATIC
pap  pe————miey
. DYNAMIC DATA
RISE & FALL PROP, DELAY
N/A N/A

RELATIVE TO QUTPUT VOLTAGE

AT v

TRANSITION TIME.
-~ RISE
— Fan

P1u flo,
e
Ty = Top *+ T1a(F/0)

FAPACITANCE PROPAGATION DELAY
#8soLuTE (PF) NormaLizep |---- Low To M
—. HicH 10 on

2.10 1.75

Tea = Tows +.Taa(F/0)

Ty = Top + T1ghF/0)
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ORIGINAL PACE 13
OF POOR QUALITY

W?IBUTTDH INPUT PAD

STAR STANDARD

GELL NO. o200

0 DEVICES
1 PIN CELL WIDTH = _10 GRIDS SILICOH GATE CHOS
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