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Introduction

This document is a description of a group of programs intended to aid in the documentation and
construction of digital logic systems. The primary goal in the creation of these programs was to
automate a number of system-building tasks which have previously been difficult to do well,
particularly in an environment which has no support staff for design documentation. In addition,
the system provides a de facto documentation standard, since its capabilities are limited and
specialized.  The complete logic design system consists of: Sil, an interactive drawing program
used to produce logic diagrams; Analyze, which creates a file of node interconnection and
component information from the graphic representation created by the designer with Sil; Gobble
or Route, wirclisting programs which merges a number of files generated by Analyze into a
complete wirelist for a circuit board; and an additional program available to operate the scmi-
automatic stitchwelding facility at Palo Alto, given the Gobble or Route wirelist as input.

Making simple illustrations

Although the system described here was built primarily to offer help in design documentation and
design automation, portions of it arc useful for making simple illustrations for documents. The
reader interested only in such facilitics should read about Sil only,

Technology and construction process

The logic design system is specialized for a hardware construction method in which integrated
circuits are assembled on standard cards, which are in turn assembled into a standard backplane.
Both the boards and backplanc are interconnected using Wire-Wrap, Stitchweld, or a similar
intcrconnect scheme. The primary documentation for such a system consists of logic diagrams for
the cards and an indication of the arrangement of the cards in the backplane.

Sccondary documentation, which is derivable from the primary documentation, includes wirclists
for the cards and backpancls, IC loading charts for the cards, and a number of summarics to aid
in debugging, such as pin lists and signal name lists.

Using the design-automation system

Because most hardwarc-construction tasks are joint cfforts, it is important that the suitc of
programs described in this manual arc used in similar ways by all designers on the tecam. A
number of conventions for using the system have been developed over time, and arc offered in
this manual as a help in organizing a large design. Many of the conventions have resulted from
the tremendously difficult problem of managing different versions of drawings, numerous Alto
files produced or required by the system, and the like.



Sil, Analyze, Gobble, Build Reference Mapual

Files you nced and where to find them

This scction summarizes the files you will nced on your Alto in order to run the various systems
described in this manual. All files are on thc MAXCI file system under the SIL directory.

SIL. -- for illustration use only
Sil.Run
Helvetical0.Al
Helvetica7.Al :
Template64.Al  (use to draw circles and diagonal lincs)
Template64.1b5  (use to draw bold circles and diagonal lines)
+changes to your Usercm; see UserCmSlice

SIL -- for use in logic design
Sil.Run
Helvetical0.Al (or HelveticalON.al)
Helvetica7.Al (or Helvetica7B.al)
Gates32.Al1
Sil.l.b5 to Sil.L.b8 "loaded" from Sill.ibrarics.dm
LogicBlock.Sil (this is a prototype title block)

Documentation on current libraries can be found on
ECIL.DataShects.Ears and TTLDataSheets.Ears.

ANALYZE -
Analyze.Run
TtDict. Analyze
EclDict.Analyze  (if you arc using ECL)

GOBBLE/ROUTE
Gobble.Run
or
Route.Run
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SIL

Sil is a SImple IMlustrator designed for (but not limited to) the creation of logic diagrams. It
atlows the wser to create pictures composed of variable width horizontal or vertical lines, and text
strings in one of three uscr-specified fonts. Text fonts may be specified with bold face and/or
italic face, and Sil will modify the screen font to so indicate the face. In addition to the three text
fonts, a special font is available which includes most of the symbols on a standard logic designer’s
drafting template. Sil also allows the creation of display macros, which are composed of a numb- r
of objects that the user prefers to name and manipulate as a single unit. In addition to user-
specified macros, Sil can use symbols from any of five Macro Libraries, which arc used to hold
commonly-used symbols (c.g. logic symbols). Drawings created with Sil may be formatted and
printed on Press printers using the Sil/H to create a press file "Sil.press” and send it to a printer
by invoking Empress.aun.  Sil/P will also crcate the "Silpress” file but will not invoke
Empress.run.

Although Sil is (was) si'mplc, it is certainly appropriate for new users to read this description
completely at least once before using Sil, as many of the commands and features are not obvious.

Starting SIL

The first time you use Sil, or after you have changed font names in user.cm or changed librarics,
you must run Sil/I. This will cause Sil to read your user.cm entrics and build up two scratch files
(Sil.fps and Sil.fonts) for future fast access.

Sil is subsequently started by typing "Sil(CR)" or "Sil filename(CR)" to the Exccutive. After a
few seconds, the screen will be cleared, and a single status line of text will appear at the top. Ifa
filename is specified then Sil will immediatly Input that file.

A typical status line is:

GLMF:  4111b TEFON Space: 12000 Selections; 0 X: 0 Y: 0

Thesc quantities have the following significance:
GLME: 4111b
G: is the current Grid. The cursor and all objects are constrained to lic on points which
are multiples of the grid spacing. The grid may be set to 2**n (n=0-7) by typing *G
(Control-G)n.  The standard grid for design-automation work is 4, ic, t*G2.

L: is the current width for any lines added to the picture. The line width is sct to n by
typing  *Wn (n=1-9). ‘

M: is the current magnification. The magnification is changed using the *tE command.
I': is the current font. Sil has ten fonts (0-9), the first four of which arc text fonts which
may be sct by the user (see "Fouts"). Fonts four through nine arc macro names (sec
"Macros™). For fonts, an optional "b" and/or "i" may be displayed to indicate that text
entrics will be added in bold or italics facc as appropriate.

TFON

The "T", is a flag to indicate that macro cxpansion will go onc level deep only (see
"Macros” under tH and +I).
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The "F" is a flag to indicate what vertical offset is to apply when a carriage return is
typed (see ylock flag under 1Y).

The "0" indicates the state of the storage compacter (an internal Sil function), which when
non-zero indicates that Sil has not yet completed updates from that last edit. You do not
have to wait for onc cdit to be completed beforc initiating the next.

The "N" indacates the default color (Neutral in this case), and is changed by the tF
command.

Space: 12000

Indicates the number of words of space remaining in the storage pool for objects. A line
requires five words for its description, a string requires five words plus onc word for cvery
two characters in the string.

Selections: 0

Indicates how many objects are currently selected. Selected objects are displayed gray
(halftonce) rather than black. There are thiee types of objects in Sil, text strings, vertical
or horizontal lines, and backgrounds. Strings may contain normal characters or macro
names, but an entire string must be in a single font (no ¥ during typcin), and when
complcte becomes a single object.  Most Sil commands which affect the picture change
only the sclected objects.

X0Y:0

These are the coordinates of the cursor at the time of the last depression of the left (or
top) mouse button. X=0, Y=0 corresponds to the upper left corner of the screcn; Y
increases downward, X increases to the right. If any mouse button is kept depressed while
moving the mouse, the frequency of refresh of the status line is increased and the
coordinates of the cursor arc displayed. This is provided to aid in debugging drawings
prepared for Analyze, which reports crrors in terms of screen coordinates.

In addition to these quantities, Sil displays messages and interacts with the user via information
which is placed at the end of the status line when necessary.

Mice, Marks, and Modes

Mice have three buttons, and come in two types. We will refer to depressions of the left or top
(closest to the cord) button as mark, depressions of the middle button as draw, and depressions of
the right or bottom button as select. Actions occur when the button is depressed, as opposed to
when it is released.

There are three special objects whose positions are controlled (usually) by the mouse:

The cursor is a small arrow, and moves as the mousc is moved. When the cursor is used
to point at objects, the tip of the arrow should be positioned over the object.

The mark appears as a short vertical bar. On cvery mark (depression of the left or top
mouse button), the mark is moved so that its upper left corner is coincident with the
cursor.

"The origin is a small horizontal bar. 'The origin provides a reference point when moving
or copying sclccted objects.
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Both the origin and the mark blink approximately twice per sccond.

Sil has three modes: Normal mode, in which lines are added to the picture or objects are selected
for further action, magnified mode, described later, and add fext mode, in which text strings are
added to the picture. In the last mode, the message ADD TEXT is displayed at the end of the
status line.

In normal mode, depressions of the mouse buttons, sor-ctimes in conjunction with depressions of
the control and/or left-hand shift keys, have the following meanings:

mark: Move the mark to the current cursor position.
shift-mark:  Moves the origin to the current position.

control-mark: Moves the mark to the current cursor position, then moves all selected objects so
that their origin is at the mark, selects the objects which were moved, and desclects any previously
sclected objects.  This command is cquivalent to mark-1X (sce bclow). .

control/shift-mark: Same as control-mark cxcept that any attached lines are not stretched. Sce
description of mark-1X below.

draw: Draw a line between the mark and the current cursor position. The line will be horizontal
if the difference between the y-coordinates is less than that of the x-coordinates, otherwise it witl
be vertical. The mark is moved to the end of the new line closest to the cursor, the line becomes
selected, any previously selected objects are deselected, and the origin is moved to the upper left
corner of the new linc.

control-draw: Moves the mark to the current cursor position, then copics all sclected objects such
that their origin is at the mark. It then sclects all copied items, and desclects any previously
selected objects.  This command is equivalent to mark-t1C (sce below).

shift-draw:  Decletes just the item pointed to, not the selected items.

control/shift-draw: Undeletes and sclects the set of objects last deleted with shift-draw or 1D (sec
below).

select: The object at which the cursor is pointing is sclected, any previously sclected objects are
desclected, and the origin is moved to the upper left corner of the sclected object. When objects
overlap, the object with the smallest parameter is sclected. [If there are no objects of any type
under the cursor, nothing is sclected, and the origin is moved to be coincident with the cursor.

control-select:  Samc as select, except that previously selected objects are not desclected.

shift-select:  Sclects all objects which lic fully within the rectangular arca bounded by the current
cursor position and the mark. The origin is moved to the upper left corner of the sclected area,
and all previously sclected objects are desclected.

control/shift-select: Deselects the item pointed to while lcaving the origin at its current location.
Keyboard

In normal mode, Sil is awaiting commands. The initial character of every command is a control
character. If a character is typed which is not a control character or space, ADD TEXT mode is
cntered.  In this mode, character strings in the current font (and face) arc put into the picture at
the mark. Strings are terminated by typing carriage return or ESC, or by depressing any mouse
button. Remember that cach string is a scparate object.
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The following control characters are available during input to facilitate cditing:
BS Backspace onc character
tA Backspace one character
*W  Backspace one word
tQ Backspace the entirc string but don’t leave the mode
1S Convert the last character typed into a control character (i.e. "AtS >A)
DEL  which clears anything typed and rcturns to normal mode without modifying th
picture.
Once a string has been entered, it can be modified via the BS command (sec Commands below).

Commands

Sil commands consist of single control characters, control characters followed by single digits or
characters, or more complex commands which carry on brief interactions with the user via
messages in the status line. Only the first character of multi-character commands uscs the CTRL
key. Subscquent characters, if any, are typed normally. In a couple of instances, special meaning
is attributed if the Control and Shift keys arc held down simultancously when the command key is
typed.  The notation used for this will be tshA (control shift A’). The commands arc:

tA: Display text from an "Alternate text file". The first time 1A is typed, the user is asked to
supply a file name, that file is opened, and the first text line is displayed in place of the status
line. For subscquent occurrences of tA, if the Status line still displays text from the file, then the
next line of the file is displayed, otherwise the current line is redisplayed.
This feature is intended primarily for viewing Analyze error files while in Sil. When
reading a linc of text, Sil looks for possible x,y coordinates, as gencrated by Analyze and,
if found, moves the Mark to that Tocation. The text file is closed when the last line is
read or after two successive tK commands (sece below). A tshA will backup one line.
This will go back only onc line.

t™B: Draws a box. The mark and the origin define the corners of the box. The box is sclected,
previously selected objects are desclected, and the origin is moved to the upper left corner of the
box.

tshB: Draws a rectangular background. The mark and the origin define the corners of the area.

This command is uscful in creating colored drawings. Text and lines drawn over a background
will "work™ correctly for color printers, but will disappear on a black printer (backgrounds may be
disabled during press formatting with the use of "Sil/p 0/b foosil” in the command line).
Backgrounds over backgrounds will print such that the last background created with Sil will
appear over previously created backgrounds.

tC: Copies all selected items and positions them away from the original items by the offsct of
the mark from the origin. The copy is selected, and previously selected items are deselected. The
origin is moved to the mark, so that *C can be done repeatedly.

t: Deletes all sclected items from the picture.  Objects are not immediately lost, but are
marked as deleted “level 1° and no longer displayed. All objects alrcady marked deleted have their
level incremented by 1. When objects exceed level 5 they are discarded and their space reclaimed.

tE: Expands the rectangular arca defined by the two preceding marks so that it fills the screen
(as ncarly as possible). The magnification factor (2-9) is shown in the status line. A sccond 1E
¢xits this mode.

tFn:  Sects the current font, face, or color according to the following table
n=0-9; Font = n.
n=>b/i set font face to bold or italic respectively
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n=0B/1 set font face to not bold or not italic respectively

n=D,R,0,Y.L,.G,T,C,A,V,UM,P,SNW
set color to DarkBrown, Red, Orange, Yellow, Lime, Green, Turquoise, Cyan,
Aqua, Violet, Ultaviolet, Magenta, Pink, Smoke, Neutral (black), or White
respectively.

All new items are created according to these parameters as appropriate.

See Printing below, for more information about the usec of colors.

+Gn:  Sets the current grid to 2*¥*n (n=0-9).

tHe: Expands the macro ¢ and puts its upper left corner at the mark. Macros within the
macro ¢ will not be expanded if the onelevel flag (the first "T" in the status linc) is true. The N
command complements this flag (i.e. makes it false, displaying "F").

41 Input: When +I is done, the message "Input From: " is displayed, and the user is expected
to cnter a filename. If any previous input or output has been done, the previous filename is
displayed. If it is the desired file, a carriage return, ESC, or mouse button depression confirms it.
1f not, simply type the new filename or edit the existing filename with +Q, BS, or DEL (to abort
input).

+J: "Jam" new text font, face, or color into all sclected items. This allows the user to change all
selected items to a new font, face, or color. Font and Face apply only to fonts 0, 1 or 2.

+K: This command ("kill'") clears the screen and reclaims all storage so you may start on a new

drawing without leaving Sil. You will be asked to confirm with a carriage return if you made any
changes since your last Output command. Filenames are remembered for use with subscquent 1
commands if desired and the ’Alternate text file’ may remain open.  Any “Alternate text file’ that
may be open is closed if a tK is exccuted when Sil is already in the initial state (i.c. 2 sucessive
1K commands).

tLe: Defines the macro ¢ (in font 4) to be the collection of currently sclected items (if there are
no selections, or if ¢ is a control character, the command is aborted). The reference point for the
macro is its upper left corner, except that macro definitions are forced to fall on a grid of 4 screen
units.

First, the definition is checked to ensure that none of the objects are the macro ¢ itself. Such a
definition would destroy Sil when an attempt was made to display the macro - the message "Bad
Macro Definition” is output and the command is aborted. If all is well, the message "Confirm
with CR" or "Confirm with CR to Overwrite" is output. If confirmation is given, the macro is
defined, and the original sct of objects is replaced by a (sclected) single character string which is
an instance of the macro. The origin is moved to the upper left corner of this string.

*M (CR): The mark is moved down by an amount determined by the 1Y command.
+N:  Complement the onelevel flag, which controls the depth of macro expansion.

120 Output: A filename is requested as for 11, and the macro definitions and picture are written
on the file. Sil-format files normally have names with extension ".Sil".

+P: Writes a snapshot of the current state on the file "Sil.temp™ (not including deleted items). It
is a good idea to do this occasionally to avoid losing work if Sil or your Alto breaks.

+Q: This command exits Sil. It requircs confirmation if the picture has been changed since it
was last written out.
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tR: This command requests confirmation and then deletes all macro definitions. It is used to
edit macro libraries.

tS: This command ("Show") copies the arca of the picture around the origin into the cursor.

Since the cursor is only 16 screen units square (about .25 inch), only a small part of the object will
be shown. If there are no selected items, or if the arca around the origin is blank, the command
is aborted. The idea of this command is that the origin will be positioned (automatically or
manually) to an interesting arca of a sclected object, v-hich may then be moved or copied with
great accuracy using control-mark or control-draw. Doing anything other than a move or copy
operation resets the cursor to the original arrow. '

*T: Turns on (or off) an array of single point "ticks", which may be used as a positioning aid.
The ticks are on a sixtcen scrcen unit grid.

tU: Undecletes and sclects the sct of objects last deleted with +D or shift-draw, after deselecting
any previously selected objects. This works for up to five levels, at which point there are no more
objects to Undelete.

tVn: View has two distinct modes as follows:

For n= 4-9, the status linc is replaced with a line of text enumecrating the macros currently
defined in that font. Typing any character rcturns to normal mode.

For n= 0-3, b,iB,], or color, all items with match the indicated paramecter are sclected (thus
making it casy to jam a new parameter).

tsh¥n: only has meaning for n= 0-3, b,i,B,I, or color. In this case, items lcft sclected are a
subset of those sclected before the command is issued. As an cxample, 1V0 tshVR will sclect
only those items which arc font 0 and Red.

tWn:  Scts the line width (n=1 to 9).

X Move (translate):  All selected objects arc moved so that the origin is at the mark, then the
positions of the origin and the mark arc interchanged (so that another X puts things back the
way they were).

As a feature, if the sclected objects are thought of as defining a rectangular window, and if they
are moved in X or Y only (not diagonally), the cndpoints of any lines which cross the window
boundary arc moved (by shortening or lengthening the line) so that the endpoints have the same
relation to the selected objects as in the original view. If the line would be shortened to zero or a
negative length, or if it is fully in the window but not selected, it is not modificd. This feature is
handy for moving rows of components in a logic diagram or adjusting the boundaries of a form.
This feature is turned off by tshX or if a S is in force (i.c. if therc is somcthing in the cursor
other than the normal arrow).

tY: This command sets (or clears, if it is set) the plock flag. At the time ylock is set (changed
from "EF" to "T" by the 1Y command), the difference between the Y coordinates of the mark and
the origin is saved as yinc.

When subsequent carriage returns arc typed, the mark is moved down by a distance determined
by the height of the last object put into the picture (if ylock is falsc) or by the distance yinc (if
ylock is truc). ylock is initialized to false, and its status is shown in the status line (it is the sccond
letter of the "I'FON" scction).

+Z:: "This command complements "Hardcopy” mode, crases the screen and re-draws the entire
picture. Sil normally spaces characters in text strings according to the widths of the Alto font.
This makes them casy to read on the Alto screen, but means that the end of the string on your
screen will not accurately indicate where the string will end on the printed page. To correct this,
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hardcopy mode positions each character according to the printing width information found in the
Fonts.Widths file during initialization.

BS: This command (the BackSpace key) allows you to modify an existing text string. You must

have exactly one item selected on the screen that is in fonts 0 through 9. This item will then be
"opened up" the first time you hit the BS key. You then modify the contents of the item by
appending characters, backspacing characters (the BS key with its normal meaning), backspacing
words (W), or by clearing the line (tQ) and starting again. Leaving this mode with the DEL k¢
will return the original string. Besides the obvious advantages for editing the end of the string,
you can use this command to replace an item with a new onc having the same font, face, and
color.

t+ Moves the STATUS display to the x,y location of the last mouse action. This is useful in full
drawings when items in the drawing must be placed over the normal location for the STATUS
display. Note the the initial location can be specified in the Usercm file (sce Fonts below).

Macros

Sil allows an arbitrary collection of objects to be defined as a macro, which is given a single
character name, and thercafter behaves cxactly as if it were a normal character.  Control
characters, space, and DEL are not allowed as macro naines; there may thus be up to 94 macro
names per font. .

Font 4 is reserved for user-defined macros which are associated with a single drawing. The macro
definitions in font 4 are saved with the drawing when an output file is generated with the +O
command.

Fonts five through nine are used for Library Macros, which are symbols which are used over a
number of pictures. Libraries will be constructed for commonly used integrated circuit symbols,
for example. Definitions for library macros are nof saved with the file; instead, when a picture is
read into Sil, any macros it requires from fonts 5-9 are rcad from the five files Sil.IbS - SiL.Ib9 (or
whatever file name is given in user.cm). This also happens the first time a macro name in these
fonts is used in ADD TEXT mode. If you intend to usc these macro libraries, be sure the files
arc on your disk before you attempt a use. {Because uscrs who desire only to make simple
illustrations will not customarily use the libraries, their presence on the disk is not mandatory.)

A sct of standard libraries is relcased with Sil. Sil.lb5 and Sil.Ib6 contain component definitions for
TTL-family circuits; Sil.Ib7 and Sil1b8 contain ECL-family dcfinitions. Thesc libraries change
relatively slowly over time. However, when you save Sil drawings in a permanent way, it is
prudent to save the libraries as well, to guard against incompatible future changes. You do not
need to have all of these libraries on your disk if you do not make any reference to one or more
of them,

Libraries are created in font 4. The only thing special about a library is its filename. When
macro definitions are rcad from a library file, they are changed to the appropriate font. A library
may contain a picture which describes its contents if desired. This portion of the file will be
ignored when the library is used. :

Two caveats about librarics: When one is created, it should not make use of any fonts other than
0-4 (i.c. it should not usc any librarics other that itself). Also, if a library macro has other macros
within it, they should have names which are greater (i.e. have greater ASCII codes) than the
containing macro’s name. If this is not done, things will still work, but library access will be much
slower, since Sil will' have to make multiplc passes over the library file when reading it.

Fonts
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When Sil/l is specified, the file User.cm is read to determine which fonts to use for fonts 0-3,
where to find them on your disk, and where to find your library files on your disk. The file
pointers for Alto fonts and Sil librarics are stored in "Sil.fps", and the font names, faces, and
printing widths are stored on "Sil.fonts". A possible entry in a users User.cm would be:

[SIL]

0: HelveticalO

1:  HelveticaZ

2:  Template64

3:  Gates32

9:  Foo.lb5

Y: 712 (optional) (X: val is also recognised but not very useful)
A:  TtlDict.Analyze (optional)

This is an cxample of a straightworward User.cm specifying fonts etc. suitable fot logic drawings.
A more completcated User.cm might be as follows:

[SIL]

0:  HelveticalOB HelveticalON

1:  Helvetica7B

2:  Helvetica7BI Helvetica7B

3:  Templatc64

5:  Template64.1b5

Y: 712 (optional) (X: val is also recognised but not very useful)
A:  TtiDict.Analyze (optional)

The above contains examples of many different ways of using your uscr.cit to control Sil fonts.
The first name following the font number will be taken as the name of the printing font to use. If
a bold or italic face is specified, then that face is the "default face”, and can be overridden by the
t1° and tJ commands described above. ‘The sccond name (or first if a second is missing), with
".al" appended, is the name of the Alto font to use for display. If a facc is specified for this font,
then Sil will not further indicate this face. That is Sil will not italicize an italics .al font or bold-
face a bold .al font. Numbers 5 through 9 may be used to specify a SIL file for use as a Library
file. A "Y", or "X" entry is used to specify the position of the STATUS line on your display.

To expand on the above cxample, font 0 will print in Helvetical0 with Bold as the normal face,
and will be displayed from HelveticalON.al on the screen. Font 1 will print as Helvetica7 with
bold as the normal, and will be displayed from Helvetica7B.al on the screen, Note that the font
will not be displayed bold on your screcen wheather specified bold or not. Font 2 will be the same
as font 1 except that the default face will be bold and italics. This font will be made italics on the
screen.  Iont 3 will be the special Template font used to draw arcs, circles, and diagonal lines.
‘The other option for font 3 would be Gates32 (if you arc doing logic drawings). Font 5 will be
displayed according to the macros defined in the sil file Template64.1b5. The STATUS LINE will
be displayed on the screen with its upper left hand corner at coordinates Y =712 (this is just
above the title block of standard logic drawings). Finally, the entry A: is ignored by Sil, but is
there for use by the Analyze program (sce below).

If a font O through 3 is unspccificd, it is defaulted to font 0, and Sil will complain bittetly if no
font 0 is specificd. If Sil has any problem rcading the fonts, it calls Swat with an cxplanatory
error message. If a Libracy file § through 9 is unspecified then "SIL.1b5..9" is substituted and
looked up on your disk. No complaint is madce if the Library name is not found.

Three caveats: (1) You should not use a large font for font 0, or the status line will overflow the
right edge of the screen.  Fonts up to about 10 points work well. (2) If you are working on
cxeeptionally large drawings and you run out of SPACE for new items, you can Output your file
and re-enter with "Sil/n(CR)" (n=0,1, or 2). In this case Sil will only rcad in the font definition
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for font n, and use that definition for displaying items in fonts 0,1 and 2. This will recover
approximately 2000 words of storage.

Miscellaneous Information

Sil rebuilds the screen automatically whenever the picture is changed. This takes place
incrementally, and if the picture is complex, it can take a while. The rebuilder is operating if the
number in the "TFON" part of the status line is non-zc ‘0. If you are confused about the state of
the picture, wait for the rebuilder to stop.

Sil correctly windows objects so that things which overlap the screen boundarics arc only partially
displayed. Tt is thus possible to type a string which extends beyond the screen boundary, then
move it back onto the screcn. If, however, an object is moved completely off the screen and then
becomes deselected, it will be destroyed, and the space it occupied reclaimed. If an item is moved
such that any part of it is above or to the left of the screen boundary, that item is immediately lost
and connot be reclaimed with Undelete.
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Printing

Sil/P (alias nPPR.run) is an alternate way of invoking Sil which will cause it to cater a completely
different mode of operation. In this mode, Sil converts Sil format files into one Press format file
called "Sil.Press”. Sil/H may be used to start up Sil, in which case the same "Silpress” file will
be gencrated, but in addition, Empress.run will be invoked to send the press file to the
appropriatc printer for making hardcopy. Sil will use the font related information saved ia
"Sil.fonts" (during Sil/I) for printing. :

Sil/H File.press/F File01 File02... Printer/H n/C

[n the above example, Press formated output will be written in "File.press” which will then be
sent to Host "Printer”, and it will ask for n copies to be printed. If the /7H or /C commands are
omitted Empress will look in your User.cm under [[HardCopy] for your default Host printer, and
will print 1 copy. If the /F switch is not omitted the output will be written on "Sil.Press”. Note
that the /F switch, if used, must come beforc any input files.

A whole slew of additional commands have been implemented for press file creation to control the
color in drawings to be sent to a color printer. In essence, when one specifics a color in the Sil
drawing, you arc only sctting a "pointer” to a table for the printing phase of Sil. This table is
initialized to values which will print the colors which correspond to the name given that color.

Each color has associated with it a Hue, Brightness, and Saturation. There is one table for
text/lines and another for Backgrounds. The default values are the same for both tables according
to the following table.

Color Hue Brightness Saturation Comments
Neutral{black) 000 000 000 3 primary colors

White 000 255 000

Smoke 000 192 000 requires half-tone process
DarkBrown 005 090 255 requires half-tone process
Red 000 255 255 2 Primary colors

Orange 020 255 255 requires half-tone process
Yellow 040 255 255 Primary color

Lime 060 255 255 requires half-tone process
Green 080 255 255 2 Primary colors
Turquise 100 255 255 requires half-tone process
Cyan 120 255 255 Primary color

Aqua 140 _ 255 255 requires half-tone process
Violet 160 255 255 2 Primary colors
Ultaviolet 180 255 255 requires half-tone process
Magcenta 200 255 255 Primary color

Pink . 220 255 128 requires half-tone process

Notice that some colors arc primary colors, some are combinations of primary colors, and others
require half-tone dot screens to be applied by the press printer.  You should keep in mind that
the half-tone process will introduce some degradation of character and line cdge sharpncess.

All of the above paramecters may be changed with the following switches:

C/i following switches will cffect text and lines with color C.
C/b following switches will cffect backgrounds with color C.

N/b sct the Brightness of the appropriate entry to N.
If no color has been specified, then the brightness of ALL backgrounds will be set
to this value. (white will get 255-N)



Sil, Analyze, Gobble, Build Reference Manual 13

N/s set the Saturation of the appropriate entry to N.
If no color has been specified, then the saturation of ALL backgrounds will be sct
to this value. (ncutral & white will get 255-N)

N/h If N is a number then sct the Hue of the appropriate catry to N
(If N is a name then send Sil.press to printing host N)

/i will re-initialize all entries

0/b Disable backgrounds so that the press file may be printed on a black printer

Whenever an entry of this type is encountered, it will effect the printing of all following files.

In order to properly print colored strings and lines over colored backgrounds, it is nccessary to
specify software scan conversion in the press file. This takes a great deal of time for the host
printer to perform , so if you determine that this is not necessary in your case you may invoke Sil
with Sil/PF, where the F (fast) switch inhibits software scan conversion.

Finally there are threc other switches which effect Sil hardcopy.

N/x Shifts the ecntirc drawing N Alto screen units right (left if ncgative).

N/y . Shifts the entirc drawing N Alto screen units down (up if negative).

N.NN/b Scale the entire drawing by the indicated amount.
The number may be less than or gieater than one. 'The point size of the printing
fonts requested will be scaled, and it is left up to the printing scrver to select the
best available printing font to match the point size requested. This works well for
Helvetica, but not at all for Gates or Template fonts.

A word of caution. The last sct of switches were added quickly and are not done carefuly.
In particular, objects are not clipped properly at the page boundary, and the press printer
will "wrap-around” if you move or cxpand something very far off the page.
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ANALYZE

Analyze is a program that transforms logic diagrams produced using Sil into a file which can be
input directly to the Gobble wirclister. In addition, Analyze produces a file in Sil format which
contains the IC pin numbers which were not assigned by the user in the original drawing.
Analyze assigns such pins automatically, and the resulting file may be merged with the original
drawing to obtain a complete drawing, including all IC pin numbers.

Analyze is invoked with:
Analyze(/D) fileO1sil file02.sil file03.sil ...

where fileOLsil file02.sil file03.sil ... arc the names of Sil output files. The program produces two
output files for cach input file: If "filcname.anything’ is the name of the input file, *filename NL’
is a text file that contains a listing of all components and nets in the drawing, and ’filename.PN’ is
a Sil format file which contains the IC pins which were assigned by Analyze (if no new pin
numbers are assigned, the file is deleted before Analyze finishes). Any errors detected during
operation arc recorded on ‘filenamel.cr’, a text listing of error messages; it will be deleted if no
substantive crrors were detected. If the /D switch is used, the program writes (a great deal of)
internal information onto the error file. During operation, Analyze turns off the display, aad docs
not signal the occurrence of errors in any way. After completion, Analyze leaves a brief message
"[n] = worst Error Severity" on the screen. N=0 means no problems were encountered, n=1
thens possible problems (warnings) were encountered, and if n=2 then crrors were found and the
".pn" and ".nl" files arc not valid. Warning and error messages arc left in the ".er” file. Analyze
requires one or more dictionary files, which are text files containing the correspondence between
IC pin numbers and IC pin names for all components in the drawing. These file will be
maintained concurrently with the Sil macro libraries.

Input File Format

The drawings produced by Sil contain four types of objects: The first are macros in fonts 5-9 (sce
below for cxceptions) which arc the graphic description of components; the sccond arc user
defined macros in font 4 (see below for exceptions) which consist of collections of components,
lines, and strings. The remainder of the file contains lines and strings (including single character
font 4-9 strings corresponding to instances of user macros and components) which constitute the
body of the drawing. These objects must conform to a number of syntactic rules, which will be
described in  dctail.

components

Compounents are macro definitions which describe the component function to the user, and the
component pin assignments to Analyze. A reference on the drawing is signified to be a
component if it is a macro in fonts 5-9 or font 4, character codes 0 through S. It is intended that
all common mactos be available in the public library files as font 5-9.

As a mechanism for accomodating unusual or seldom used macros, Analyze will also treat font 4
character codes 0 through 9 as component macros. This will alow you to maintain additional Sil
files containing component macros. When needed, one cssentially copics some macro difinition
from one of these library files, re-defines it under a new character code, and merges in into ones
drawing. The procecdure is as follows: Read the Sil macro file in, deletc the entire picture,
expand the onc macro (with tH) of interest, type tR to delete all macro definitions, sclect the
cxpanded items of the new component, and define them (with t1) to a macro character 0 through
9. Finally read in. the file you arc working on and use the newly defined font 4 macro.

Dictionary File Format
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Analyze looks at one or more “dictionary” files to find the correspondence betwen component
names the the pin assignments.  Analyze first looks in userem to find an entry "A:
someDict.analyze” for the first dictionary file to open. If not found, Analyze will look for
"Dict.analyze". Bach dictionary may "get" another dictionary (as FclDict.analyze gets
TtIDict.analyzc), and Analyze will look down as many dictionaries as nccessary to complete a
drawing. There are currently two standard dictionary files maintained, TtIDict.analyze and
EclDict.analyze. You may get either or both as required. In general, if you have some
component not alrcady in one of thesc dictionarics, you should arrange to get it entered. If yca
wish, however, you make a dictionary of your own (examine the standard dictionaries for the
format) , place its name in user.cm and call the standard dictionaries from within your own. You
may have one dictionary which calls another which is not present on your disk. If all components
arc defined in the existing dictionary(s) then no crror or warning is gencrated.

Lines
Analyze recognizes lines of width 1 as signal paths. Lines of other widths arc ignored.
Names

Analyze recognizes three types of names: signal names, component type names, and component
pinnames. All names must be in font 1 and not italic; strings in fonts 0, 2, and l-italic are
ignored (exception: see title syntax, below). Names must be completely unique (i.c. it is illegal to
have a signal named "IN", since this is a component pin namc).

Component typc names arc recognized as such because of their inclusion in the component
dictionary files (I'tiDict.Analyze & EclDict.Analyze). A component type name may appear either
in the macro definition corresponding to the component (i.c. in a library) or in the body of the
drawing. ‘The former situation will occur when the definition macro corresponds to a single
component type, the latter is used if the macro is used to represent more than onc type of
component.

Component pin names may occur only in component definition macros (i.c. only in macro
libraries and in Dict.Analyzc). These names are associated with connection points in the definition.

Signal names may occur in the body of the drawing, or in macros which are for the purpose of
replicating a common structure (i.c. font 4 macros). Signal names arc always associated with
horizontal lincs, and must be positioned in the drawing such that the center of the string is above
the line and closer to it than 30 screcen units.

Component Definitions

Component definitions arc Sil macros in fonts 5-9 which contain connection point characters at the
top level of their definition. These definitions are taken from the libraries Sil.1b5-Sil.lb9 as
required. Connection points are specified with the font 3 characters Q,R,S, and T. They indicate
the locations at which Analyze cxpects to find interconnccting lines (signal paths). The four
connection point characters correspond o connections made at the left (R), right (T), top (Q), and
bottom (S) of the component symbol. In the font file '"GATES32.AL., the connection point
characters arc small T°s in four orientations, and arc short lines in the printing font. Associated
with cach connection point is an IC pin name string in fontl. If Analyze cannot locate an IC pin
name string ncar a conncction point in the definition, it defaults the name to IN’ for left side
conncction points, to "OUT” for right side points, or indicates an error for top and bottom points.

Note that component ‘definition macros may sot include IC pin numbers. This information is
supplied by Dict.Analyze, which contains the correspondence between pin names and pin
numbers. If it is desired to preassign IC pins to control the placement of interconnects on a card,
the pin numbers must be put in the body of the drawing, rather than in the component definition.
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Any pin numbers which are included must be numbers in the range 1-63, and be in font 1 (or
font 3).

Components correspond either to a subscction of an IC package (c.g. a 2 input gate which
occupies one-fourth of a package), or to an entirc package (e.g. a shift register). A single macro
definition may be used for many IC types which arc drawn identically, or a single IC type may be
drawn with more than one macro. An example of the latter situation is a NAND gate, which may
be shown as an AND gate with inversion at thc output, or as an OR gate with inversion at the
input.

The correspondence between component types, component connection points, and their associated
pin numbers is made by the component dictionary files. Fach component in the drawing must
have associated with it a board location and group number. This descriptor is a font 1 string of
the form <letter number letter >, with number <64, and a <letter <y. The first letter and number
represent the coordinate of the component on the board, the sccond letter represents the
component’s group within the IC package. The group letter may be omitted if the package
containg only a single group, in which case Analyze will default the group to ’a’.

Analyze locates the name string for each conncction point character in a macro definition on the
basis of its proximity to the connection point, .en uses the type name, group letter, and
conncction point name to look up a list of valid pin numbers in the dictionary file(s). If pin
numbers were predefined in the input file, their validity is checked. If some or all pin numbers
arc not assigned in the input file, they arc assigned automatically.

To summarize, the precise graphic content of a component definition macro is unimportant. The
important information contained in a definition macro consists of:

1) The relative coordinates of connection point characters

2) The pin name strings associated with each conncction point

3) Optionally, an IC type name string
User defined wmacros
Macros in font 4 may be used to replicate common structures in a drawing. These macros are
expanded by Analyze when instances are encountered in the body of a drawing. Such macros
may contain lincs, character strings, components, and other macros, nested to any depth.
Drawing body
The main body of the input file contains the information which the user explicitly added to the
drawing using Sil. Lcgal objects for Analyze are a subsct of the possible objects which may be
drawn with Sil. The interpretation of all objects which may be created is as follows:
1) All items: All items (text, lincs, components ctc) that arc assigned the color Majenta are
ignored.  Note: Analyze will remind you (with a count) of Majenta colored items if it finds level 2
errors on a drawing.

2) Lincs: If they have width = 1, they are interpreted as interconnects. If not, they are ignored.

3) Font 0 strings, Font 2 strings, and Font 1 italics face: Thesc are ignored. It is thus possible to
include comments in drawings which will be ignored by Analyze.

4) Font 1 strings (normal and bold face): If they can be interpreted as <letter number letterd,
they are assumed to be a board location/group number. .

If the string can be interpreted as a number, it is assumed to be an IC or edge pin number.



Sil, Analyze, Gobble, Build Reference ﬁManual 17

If the string corresponds to a component type defined in a dictionary file, it is assumed to be a
component type name. If these interpretations fail, the string is assumed to be a signal name.

Recall that all names must be unique. In general, it is best to begin all signal and component
type names with a capital letter. A component type name must be associated with cach
component in a drawing, although if there is more than onc component group at a particular
board location, only one of the groups must have a ty pe name string - the others are inferred.

5) Font 3 strings: If the string consists of the single character P or p, it is intérpreted as an edge
or cable pin, respectively. If it is the single character °n’, it is interpreted as a connection to
ground, and any signal path associated with it will be given the name GND. 1If it is the single
character ’x’, it will be assumed to be a connection to a pscudo-net; the pscudo-net has the signal
name '+, If the string can be interpreted as a number, it is assumed to be an cdge pin, cable
pin, or IC pin number. If it is the character ., it is a blob, which is placed on a connection point
to inform Analyze not to expect to find a line connected to the point. If all of these
interpretations fail, an crror message results.

Pin number strings arc associated with cdge pins, cable pins, or component connection points on
the basis of proximity. For cable and edge pins, the string will be associated with the pin if it is
placed within the rectangular edge/cable pin character. For IC pin numbers, the string must be
positioned relative to the component conncction point as follows:

Left side connection points: above and to the left
Right side: above and to the right

Top: above and to the left

Bottom: below and to the left

When Analyze automatically assigns omitted pin numbers, it outputs them in Sil format to the pin
number file with this oricntation.

6) Font 4 strings: These strings must be cxactly one character long, or an error message results.
‘The macro corresponding to the font 4 character is expanded.

Search Rules

Analyze uses a number of rules to determine if two objects are associated. In general, if a
drawing is prepared using Sil's grid 4 (1G2), all errors detected by Analyze will be legitimate.
Using the default font set and libraries, it should not be necessary to use a grid size other than 4,
except to add single font 3 special characters. This is best done using Sil’s tS feature, and should
be quite precise. '

The search rules are:

1) Two line endpoints which form an "L" must be within 2 screen units to be considered
connccted.

2) Two lines which form a "1™ must be within 3 units to be considered connected. Lines
which cross cach other arc NOT considered connected.

3) Edge and cable pins must touch the horizontal line to which they arc connected.
4) Edge and cable pin numbers must be inside the box which constitutes the pin.

5) When strings arc matched with anything, the coordinates used are those of the center
of the string. :
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6) Signal name strings must be less than 30 screen units above a horizontal line. Signals
are not associated with vertical lines.

7) Type name strings and board coordinate strings must be within a bounding box which
is the height of the associated component, starts at its left edge, and extends to the right
until another component is reached.

8) Lines and blobs associated with conncction points on components must be -within 2
screen units of the connection point.

In practice, these rules mean that things which touch are associated, things which do not are not.
Although Analyze can detect a number of crrors made by the user, sloppiness can causc problems
which Analyze cannot detect. NEATNESS COUNTS!

Parsing the title block

Scveral facilitics in Analyze cncourage you to place ncar the bottom of each drawing a "title
block™ that describes the drawing, A prototype for an acceptable title block can be found in the
file LogicBiock.Sil.  Analyze will look in this arca (y>720) for strings in fonts 0, 2, or 1l-italic that
describes the drawing.

In particular, Analyze finds strings below and to the right of four keywords: File, Rev, Date, and
Page, and associates the strings with the corresponding properties. 1t passes this information along
in the .NL file as an aid in identifying the origin of the file. Gobble will copy this information
into the final wirelist, thus providing you with a reasonably good description of the drawings that
were used to make the wirclist. 1f a string "Reference” or "Documentation” is found anywhere
within the title block arca, then Analyze will generate a nul net list for compatibility and ignore
ALL text and lines on that drawing. This feature allows reference drawings to be included in a
consistently names sct of drawings that Build will maintain for you. The title parsing is also
intended to work with the Build subsystem.

‘The facility is uscful only if you kecp the title information accuratec or use Build to keep it
accurate for you. Build will process the Sil drawings, assigning consccutive page numbers, sctting
the file name to be the name of the file, sctting the date (if the drawing is not marked build), and
setting the rev level of all files.

If a title block can be successfully parsed for a file name, Analyze will use the file name to
generate unique names for un-named nets in the drawing. It docs so by appending the character
'+ and a number to the file name. Thus if the file name mentioned in the title block is
"Or0L.Sil", a net might have the name "Or0LSil+4". This convention will allow you to rclate
centrics in a final wirelist back to appropriate drawings. If there is no title block, or if a file name
cannot be found, Analyze will emit no names for un-named nets, and Gobble will generate names
of the form "XXX", followed by a unique number.

Prescan

[f Analyze is invoked by typing Analyze/P fileOLsil fileO2.sil file03.sil ..., it will produce a file
fileOl.ps that contains thce page numbers (the i-th file processed is page i or the page number in
the title block) on which signal names and IC type names appear. The file filcOl.pe contains any
crror indications. This feature is used to provide a quick check on signal names and component
count, without having to assign the IC's to board positions and run Gobble for the entire board.
No nodc list or pin number files are produced, and almost all crror checking features are turned
off (so thc process is quite fast).

Error Messages
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The following list summarizes all the error messages which may produced by Analyze, and a
statement of the rule which was broken to causc the crror if it is nonobvious. In some cases, a
single crror will generate more than onc message, since a number of cross-checks on a drawing’s
validity are done.

In the messages, "*" indicates an x,y screen coordinate which may be used with Sil to find the
source of error in the drawing.

*Font 4 string with length #1
Strings which are instances of macros must be one character long.

*Font 4 macro has no definition
This should never happen, since it is a fatal crror in Sil, but its consequences arc sufficiently
horrible that it is checked.

*Malformed font 3 string
The string cannot be interpreted as a single special character (p, P, n, or x), nor can it be parsed
as a number.

*Multiple definition for symbol
All names must be unique, and one isn’t.

*Can’t find line for pin
*Can’t find number for pin
*Can’t find line for ground

*Ground appears connected to top of line?
The ground symbol must attach to the bottom of a vertical line.

*Can’t find line for pscudonet point
*Can’t find line for signal name

*Component more than 1 character long

*Component has no definition
The macro library for this component doesn’t include it. This is a fatal error for Sil, and should
never happen.

*Can’t assign all ¢/b conpoints to line

*Can’t assign all 1/r conpoints to linecs

One of the connection points on the component pointed to by the * has one or more unuscd
connection points. This message may be suppressed using ‘blobs’, as described carlier.

*Multiple type names possible for component

*Multiple board locations possible for component

The bounding box for type name scarches containg more than onc type name or board location
string.

*Can’t find Dbloc/group for component
The bounding box contains no board location.

*Coalesced overlapping vertical lines

*Coalesced overlappmg horizontal lines

This is a warning. Analyze has found two lines which lic on top of one another in the drawing,
and has merged them into onc line.
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*Line with no associated component or edge pin
All lines must be connected to ecither a component or an edge pin

*Line with no namc has only onc pin

*Unused Epin

*Unused Cpin

*Unused ground

*Unused pseudonet point

*Unused blob

‘These messages arc part of a final check done to ensure that Analyze was able to make use of all
the objects in the drawing. .

*Can’t find or default type name for component
The component at the specified screen position has no type name, nor does any other component
at the samec board location.

*Net has multiple names :
A single linc has more than one name string associated with it. This is an error even if the names
are the same.

*Pin name is not in dictionary

*Preassigned pin is not a valid choice

*Can’t find pin to assign

For these messages, the coordinates point to the ic pin with which Analyze is having trouble.

*Unused pin in scction near this point, named ..,
The dictionary definition of the 1C scction you arc using contains pin definitions that you have
not wired up. ‘This is simply a warning.

*Group shown for this component is not in dictionary
The coordinates point at the component.

*Multiple type names for component at this board location
The component pointed to and another component at the same board location were assigned two
different ic typecnames. This may be an crror in the name, or an crror in the board location.

'The following messages may be gencrated when parsing the title block in the drawing. They are
only warnings:

Unable to find title entry for File
Unable to find title entry for Rev
Unable to find title entry for Date
Unable to find title entry for Page
File name cited in Sil title region does not match true filename

'The following messages are generated as the libraries are read. They should not occur unless the
standard librarics have been modified. The "% indicates the font and character in which the
crror  occurred: :

Component real name conflicts with other symhbol type: %
Strange entry in dictionary header: %

Name in compdef has wrong symbol type: %

Compdef contains overlapping connection points: %
Compdef has more than one type name: %
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Compdef has more pin names than connection points: %
Compdef has no connection points: %

Can’t find name for conpoint in compdef: %

Can’t assign string in compdef: %

The following messages arc generated as the dictionary files are read. Only component definitions
for types used in the drawing are examined. The $ indicates the type name in the messsage.
Analyze does not tell you which dictionary, but the type shuld be sufficient information for you ‘5

figure that out.

Dictionary
Dictionary
Dictionary
Dictionary
Dictionary
Dictionary

has
has
has
has
has
has

groupname #a-y in type $
strange entry in type $
strange pinname in type $
bad pinnumber in type $
nonnumeric pin in type $
pinnumber >63 in type $
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GOBBLE

Gobble is a program that merges a number of node list files (NL) created by Analyze to produce
a wirelist for a single board. It also does automatic terminator assignment for ECL signals, and
routcs cach net to achicve a minimum wire length. Gobble does not do automatic component
placement: this information must be supplied by the designer in the original Sil drawing,.

Gobble is involad by typing:
Gobble/x fileOL.nl file02.n1 file03.nl ...

to the Exccutive. The switch is a single letter (A to Z) that tells Gobble the board type to use for
the wirelist.  Brief descriptions of boards arc given below.

Gobble creates several output files, overwriting any previous contents. If fileOl.nl is the Sirst
filename in the list of .NL files given to Gobble, the wirelist file will be written on file01. WL, the
backpanel pin list will be written on file0L.BP, and errors will be written on fileOl.GE.

While it is running, Gobble complements the cursor cach time it begins processing a new net.
This will start a few tens of scconds after the program is started (after all input files are read), and
will continue until all processing is done. A few morc scconds will elapse as the output files are
written, and Gobble will finish. The amount of time spent processing a net depends on its length,
and may be up to a few tens of scconds for nets that include many nodes.

The routing algorithms used by Gobble can be controlled by optional entries in the command line
appearing just before the first filename:

number/H Specifics amount of work the heuristic router will do
(dcfault=20; 100 is "a lot™)

number/E Specifics the size of the net above which the heuristic router is
used and below which the exhaustive router is used (default=7)

name/M Specifies the metric to use in computing net length

(name="Manhattan" or "BEuclidean"; default is Manhattan)

ECL terminator assignment is normally performed on any net that has one or more outputs from
BECl.-family components, and does not visit any edge or cable pins. In addition, any nct with a
name that ends in the character *I” will not have terminators assigned automatically. These
conventions will require you to draw explicit terminators for any net that cither (1) visits an cdge
pin; (2) visits a cable pin; or (3) has a namec that ends in !.

Gobble recognizes certain reserved net names, usually used for ground and various sorts of power.
The reserved names are listed with the board type, below. '

Reworking a board

When a board has already been constructed, and a rather small set of changes is required, Gobble
is willing to gencerate a file of "adds and deletes™ that will alter the already-constructed board to
agree with the new drawings. or this purpose, invoke Gobble with \ rather than / preceding the
board letter. Gobble will read all the .NI. files and the .W1, file that corresponds precisely to the
present board, and will create two new files: fileO1.AD, a list of adds and decletes to make to the
current board, and fileOL.wINew, a revised complete wirelist.  This wirelist will represent "truth”
only afler the add/delete modifications have been accomplished on the board,

The Gobble re-work option requires rather carcful attention to data-management to avoid carcless
crrors while modifying a board several times. Although the Build subsystem will help with this
chore, it is wise to understand the underlying principles. The most important point is that it is
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essential to keep a WL file that accurately represents the current state of the board, for it is from
this file that Gobble determines what must be changed when updates are required. This WL file
cannot, in general, be reconstructed from the Sil drawings that agree with it, because automatic
terminator assignment may place terminators differently.

GOBBLE board definitions

Information about geometric and clectrical propertice of various boards is "assembled into"
Gobble, and can currently only be modified by modifying the program. The following list cites
boards known to Gobble, and gives a brief description of their properties. All ranges are inclusive.
B. Augat 8136 stitch-weld board.

C. Board spccially designed to fit in Xerox 9200 engine control.

L. D1 main logic board. Board location letters range from a to 1 (cll); numbers range from 1 to
24 for 16-pin dips, 41 to 52 for SIPS, and 60 to 63 for 24-pin packages. Cable and edge pin.
numbers range from 1 to 188. There are five reserved net names, corresponding to various power
supply voltages: GND (0), VCC (+5), VIT (-2), VEE (-5.2), and VDD (+12).

M. DI memory storage board.

X. Wild card board -- allows all board positions (a-y, 01-63), and docs no routing.
Care

The judicious user of Gobble will always be skeptical, and will examine carcfully the output
before stitch-welding.  Special inspection should be applied to add/delete lists.

L'rror Messages

..to come...
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BUILD

Build is a subsystem that helps with the data-management aspects of building boards and keeping
the design-automation data files current. Suppose a board is currently "revision C" (or Rev C),
two drawings arc updated, and it is now time to undertake to get everything (drawings, wirc lists,
and board) updated to the ncw Rev D. Good practice will encourage us to change all the
drawings to show Rev D as the current version; but sheer tedium and crrors will soon let chaos
creep in.  Build should help.

Let us first define a "built drawing" for a certain revision level as the drawing that accurately
represents the particular rev level. Built drawings are distinguished by a series of broad horizontal
lincs at the very bottom of the page: these lines mean that the drawing, as you sce it, was used to
build the board whose revision level is cited in the drawing. Sil will remove these markers
whenever you change the drawing in any way. Thus the veracity of the "Rev x" label in the
drawing is determined by the obvious markers. .

Build is invoked with a command linc that lists a// the files for a particular board. For example,
"Build D/R \GL aabb*.Sil" will build the D revision of the board aabb. Build undertakes several
steps:

L. All Sil files arc "edited" by Build, and changes arc made in the titlc area of cach drawing. The
revision level is updated to xx if the phrase xx/R is present in the command line. The file name
cited in the title arca is changed to match the truc file name. The page number is updated to
match the ordinal position of the filename in the list of files provided to Build. And finally,
unless the .Sil file was alrcady built (i.c., unmodified since last Build), the date is updated. The
file is marked "built,” and the special marker lines are added to it. The first file specified always
has the date updated. The specification on page numbers assigned may be modificd by placing a
num/p switch before some page, where num may be 0,12 etc or .+2, or .0 ctc..

2. Now Analyze is run on all the files that were not marked "built" at the start of step 1 above.
The error messages will, as usual, be collected on one file aabb0l.er, where aabb01.Sil was the first
name passed to BUILD. ‘

3. Any .PN files produccd by Analyze are merged into the corresponding .Sil files unless the
Tentative switch has been sct.  Build will terminate before appending pin numbers if Analyze
reported any scrious errors.

4. Gobble or Route is invoked on all the NL files produced by Analyze. The "board letter”
switch for Gobble is cxtracted from the /Gy switch in the command line (or \Gy for rework).
Any other items in the command line that arc of the form "xxx/Gyy" are passed on to Gobble as
"xxx/yy". If you are using BUIILD for re-work, you must of course have aabb0l.wl on your disk
(this is the current wirelist file, for rev C in our example). In rework mode, you may explicidly
give the name of the .wl file to be reworked by placing oldname.wl/CG in the command file.

5. If re-work has been specified and an old .wl file has not been given explicidly, aabb0l.wl is
copied into aabb0l.wlOld (backup); then aabb0l.wINew is copied into aabbOl.wl (critical step!!),
and finally aabbOl.wINew is decleted. 'The critical step will be crash-protected with a restart
procedure that copics aabb0l.wlOld back into aabb0l.wl so that no harm is done.

6. This step exccutes any number of commands according to the contents of a special file called
BuildBackupTemplate.cm. If no such file exists, then Build will default to dumping all files it
believes are critical to the. build run on both IVY and MAXC. Build cssentially reads in
BuildbackupTemplate.cm expands some special escape sequence as defined below, and passes the
results on to the Alto operating system in Rem.cm for further system cxpansion.

If a "$Z" is found in the template, then the template is cxpanded as follows:
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N: name of the first file given to build with the extension stripped off.
$ZN.ad >> Foo0lad

B: name of the first file given to build with the extension and numbers stripped off.
$ZBCad > Tooad (only if running "change" mode - see below)

A names of the files given to build.
$ZBsil > Foollsil Foo02.sil .

F: same as $ZB plus the string "-Rev-" and revision appended.

$ZF.dm >> Foo-Rev-Aa.dm

In addition, therc arc a number of characters that will modify whether an cxpansion is to take
place attall.

C: Only if running in change mode
G Only if using the Gobble program
R: Only if using the Route program
M:  Only if using the Multiwire option of Route

Build can be invoked "tentatively” by saying Build/T .. In this case, only steps 2 and 4 are
executed. This allows you to look at the .cr, .ge and .ad files before committing to the revisions.
If you are re-working, the new wirclist will of course be on aabb0l.wiNew, i.c., no copying will
have been done.

Build is designed to permit restarting at any time without damage to vital files. Thus, if the Alto
disk fills up during one of the operations, you can delete some old files and retry the Build
command. You specify the step at which Build is started by add the number to the global
switches to build, thus "Build/6 . . ." will start Build up at level 6.

Build uses a rather general mechanism for passing phrases from its command line on to the
subsystems it invokes (Analyze, Gobble, Sil/p, and Ftp). Phrases of the form xxx/qyy will be
passed on as xxx/yy to the subsystem whose initial letter is q. Thus conn/fc is passed to Ftp as
conn/c; maxc/f is passed to Ftp as maxc; 4/ge is passed to Gobble as 4/e. If the xxx phrase is
cmpty, the switch phrase is passed as a global switch. Thus \gy is passed to Gobble as the global
switch \y. So a rea! command to Build that might update a rteal board to rev F is:

Build \gl 6/gc f/r maxc/f conn/fc d]/f password/f dlpa*.sil
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CONVENTIONS FOR USING THE DESIGN AUTOMATION SYSTEM

This section recommends several conventions for using the design-automation system. Although
not cvery design group will want to follow them all, they have aided a number of large projects.
Note that this information is supplemental to a great deal of detailed conventions mentioned
elscwhere in this document (e.g., the rules that must be followed to please Analyze).

Drawing files have the cxtension .Sil, and are given rcasonably short names of the form
xxyydd.Sil, where xx is a code for the project, yy is a code for a specific logic board, and dd is a
two-digit number that indexes the drawings for the board. The two-digit number three is 03 --
this convention assurcs that the Alto Exccutive * feature in filename recognition will always
process drawings in numerical order.  Thus "Sil/P DICB*Sil" will print the drawings
consccutively.

In Sil, do all drawings on a grid of 4 units (t1G2). Macros should be defined so that all
conncection points lic on grid points. Use a "title arca™ at the bottom of cach drawing -- the file
LogicBlock.Sil provides a template.

Component names should be all upper case. For cxample, MC101, N123 or 04 are good
component names.  Note that H04 is a component name and h04 is a board location.

Signal names should be mnemonic, pronounceable and meaningful. Names should begin with a
capital letter, usc upper case to separate words, and should contain no spaces, {, }, <, >, @, or *
characters (some of these confuse the stitch-welding program). Examples of beautiful signal names
are: :

MemoryDataReady BufferEnable CompareError
In order to name individual lines of buses and registers, follow the signal name with .dd, where .

is the period character, and dd is a one or two digit number. Include the leading zcro for buses
wider than 10 bits to make name sorting convenient. Thus:

Video.0 BMux.00
Video.1 BMux.01
Video.2

Video.3 BMux.15

The active low version of a signal is denoted by appending the character ° (single quote) to the
name. Ready inverted is Ready’.

Signals that are driven differentially (often cable and cdge signals) have + as the final character of
the differential positive signal and - as the final character of the differential negative signal. For
cxample, LineSync+ and LineSync- would be received differentially and produce LineSync as
output.

Perhaps the largest single problem in managing a large design project is data management:
keeping all the drawings, wire lists, macros, ctc. together, especially as changes are made. The
Build subsystem, described above, is an attempt to impose some order on the chaos. Even if you
object to the specific actions Build takes, you should enforce some conventions for preventing
disaster. 'The nexus of the problem concerns Gobble re-work: it is essential to have a wirelist that
accurately reflects the current state of your board. As revisions fly thick and fast, it is surprisingly
casy to get confused.
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FILE FORMATS

SIL drawing format
The format of Sil files is considered "private" to the suite of design-automation programs.
Text file conventions R

Most of the files used in the design-automation system are text files, for convenience in fixing
problems, editing, secing what you are doing, and the like. Several conventions apply to all such
files:

Comments are embedded in files by putting semi-colon (;) as the first character in a comment
line; the remainder of the line is ignored. :

Dictionary format

The file Dict.Analyze is a text file which contains definitions for all componcents which may be
used in a drawing. 'The file contains two scctions, a header, which contains the names for all
components in the balance of the file, and a body, which contains the association between groups,
pin names, and pin numbers for cach component. A (small) dictionary might have the form:

MC100=MC10100/16/E
MC136=MCI10136/16/E
@

MC100
a,IN,4,5
a,c,9
a,0UT,2
b,IN,6,7
b,OUT,3
¢,IN,10,11
¢,OUT, 14
d,IN,12,13
d,0UT,15
@

MC136
a,CC,13
a,100,12,
a,D1,11
a,12,6
a,D3,5
a,51,9
a,52,7
a,CI, 10
a,C0,4
2,Q0,14
a,Q1,15
a,Q2,2
4,0Q3,3

@

The first two lines arc the header. The first string is the print name of a component (MC100),
which is the name Analyze expects to find in the drawing. Usually, these names are short versions
of the real name, which is the sccond item. The real name is the manufacturer’s name for the
component, and might be used for automatic preparation of purchase orders, for example. The
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"/16/E" following the rcal name is the number of pins on the IC and the family type. This
information about the IC is required by the Gobble wirelister, so that it can do terminator
assignment (ECL), power assignment, and routing properly. The family types currently supported
by Gobble are (the term "PackPin" is the number of pins in the package, cither 14 or 16):

E: MECL 10K (Gnd on pins 1,16; Vee on pin 8)

N,S,H: Normal, Schottky, and H TTL (Vcc on PackPin; Gnd on PackPin/2)
T: 8-pit: SIP terminators (Vee on pin 1)

P: 16-pin pullup resistor ncewtorks (Vec on pin 16)

M: MOS (Gnd on pin 16; Vcc on pin 9; Vdd on pin 8; Vee on pin 1)

The header is terminated with @.

The balance of the file consists of blocks describing cach component. Each block begins with the
print name of the component, and is terminated with an @. The first field in cach line is the
group id for the information on the balance of the line, the second entry is the pinname, and the
third (and subsequent) entries arc a list of the ic pins which can have the given group id and pin
name. There may be multiple pins with the same group id and pin name if the pins are logically
identical (i.c. if Analyze is allowed to permute them during the pin assignment process). 'I'he
MC100, for example, contains four groups, one fo. cach of the four gates in the package. The
groups arc lettered a-d. The IN signals in cach group may be permuted. The MC136 has only
onc group, group a, and its pins may be assigned in only onc way.

If a chip in a particular family docs not obey exactly the power/ground rules for the family (stated
above), it is possible to include information in the component blocks that describes the power
requirements.  This is accomplished with a linc following the print name that begins with the
word POWER, and cites pin numbers and power names. For example, the following line would
describe an MC100, although it is identical to the normal rules:

POWER GND,1,VEE,8,GND,16
And the following linc would describe an MC210:

POWER GND,1,VEE,8,GND,15,GND,16

The pin numbers should be in ascending order.
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WARNINGS, UNIMPLEMENTED THINGS, ETC.
As of 25 July 1977, the following cautions apply:

1. Gobble makes no use of the special POWER cntrics in the dictionary, and will only perform
with the "standard" powering rules. Gobble really understands very little about power: it is
willing to wirc power to N,S,H, and P components. Others arc assumed to have power already

wired. This is being fixed.

2. By the same token, Gobble will not issue instructions for "cutting" already-wired pins away
from committed power buscs. This too will be fixed.
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SIL’S FONT 3 CHARACTER SET

a: r\ A: | \
b: W B: l )
c ™ c Y\ Small numbers as themselves:
' 1234567890
d: 1~ D U
Larger numbers (5x7) as ’capital numbers:
e \ E \ i.e.’l through’)’, respectively
' 1234567890
f / F /
g ™~ G |\
h L H |/
i o | ) O
i NN~ P (-
k: é ' Q ! top ]
These characters
I: aln Re = ke define connection
points in component

1
m + 5 bottom definitions
n: <& T: - right |
LD W il
@A x|
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= Pieces of 16 pin

packages
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> > y 1
X: z e | 8/09/78

L] 'unconnected’ pin

This figure shows the available characters in "Gates32.al"
These characters are normally read in by SIL. as FONT 3 B (this picture is availablo as <SILXGATES32. press )
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STATUS DISPLAY:

SIL COMMAND SUMMARY

AT THE TOP, YOU ARE SHOWN THE STATUS OF SIL IN THE FOLLOWING FORMAT:
GILMF: 4111 11b TFON Space: 12000 Selections: 0 X: 116 Y: 80

(available as <SIL>SilSummary.press)
(Print on Color printer if you can!)

Grid
Linewidth Coordinates of last "click"
Magnification Number of Selected ObJects
Font Space Remaining
Face (if font=0,1 0r 2)
Onelevel flag
Yiock ' The vertical flashing baris the MARK.
Storage Compactor State =* The horizontal flashing bar is the ORIGIN, used to define reference
Color points when moving and copying things.
THE MOUSE: MOUSE BUTTONS PLUS SHIFT AND/OR CONTROL KEYS:
[ Mark Shift Mark: Move the origin (horizontal flashing bar) to here.
OR: :gﬁe"‘v;, Control Mark: Move selected object to here (same as mark, control-X).
Cont/Shift Mark: Same as Control Mark except attached lines are not pulled.
gf;v’; ] Control Draw: Copy selected object here (same as mark, control-C).
Select Control Select: Select this object, but don’t deselect previous one.
BASIC MOUSE BUTTONS: Shift Select: Select everything in the area between here and the last mark.
Mark: Remember this point, but take‘ ho action. Cont/Shift Sel: Deselects the object pointed to.
Draw:  Draw aline from here to the last mark. Shift Draw: Delete justthe object pointed to.
Select: Select the object pointed to (shown halftone). Cont/Shift Draw: Undelete (same as control-1)).

When you select something, the orlgn goes at its upper left corner (upper left corner of the area If you use shift-select).
You can also ;- a1t the origin where you want it, using shift-mark.

COMMANDS (Control Characters): COLOR
tA: Display text from an 'Alternate text file’ one line at atime (text appears in place of STATUS). . The three commands to use are:
tB: Draw abox. The origin and the mark define the corners. (with shift down, draws a background) +J: to Jam a new color
*C: Copy. Everything selected is copied so that the origin is at the cursor. {F: to select a new color .
tD:  Delete all selected items. tV: toselect all items of a color
~ tE: Magnity display. The last two marks define the corners of the area to be magnified.
’ tFn: Change to new Font, Face, or Color. The available default colors are:
tGn: SetGridto2**n D for DarkBrown E
tHe: Expand the (font 4) macro ¢ at the mark. R for Red s;“‘
tl:  Input afile (nameIs requested). Edit with BS, 1Q, confirm with CR. O for Orange
tdn: Jam anew text Font, Face, or Color Into selected item. (n=0-2, b/i, or color) Y for Yellow
tK: Reinitialize SIL (requires confirmation if picture changed). L. far Lime
tle: Define the group of selected objects to be the (font 4) macro ¢. G for Green
tN: Complement the onelevel flag. Tfor Turquoise
tQ:  Output to a file (name Is requested). C for Cyan
tP:  Write the current picture ("putit”) on the file SIL.TEMP. A for Aqua
t0:  Quit (requires confirmation if picture changed). V for Violet
tR: Delete all font 4 macro definitions (as well as any uses of them in the plcture). U for UltraViolet
+S: Show. Copythe area around the origin into the cursor. Allows precise copying or moving. M for Magenta
tT:  Turn "ticks” on and off. P for Pink
tlJ:  Undelete the last group of things deleted with control-D or *Shift Draw’ (up to 5 levels). S for Smoke
tVn: View all items of a given text Font_, Face, or Color, or macro definitions of fonts 4-9. N for Neutral
tWn: Set the width of lines to n (0-9). W for White
tX:  Xlate (imove) all selected objects so that the origin is at the mark.
tY: if Ylock is false, make it true and set YINC to the distance (in y) between the origin SR
and the mark. Subsequent CR’s will move the mark down by this amount. Used for precise leading. - N
tZ: Hardcopy mode switch on/off. In’Hardcopy’ mode, text characters are spaced according to printing widths. v W
BS: Editthe 1 selected string. You are restricted to BS, tW, 1Q, and append to the END of the st ring (see Add Text). - J
t~: Moves the STATUS DISPLAY to the screen location of the last mouse button action. 4
Add Text: (non-control characters)
If you start typing, text goes into the picture at the mark. You may edit with BS (backspace character),
tW (backspace word), and 1Q (backspace line). Terminate with ESC, CR, or by pushing any mouse button (DEL to abort).
" Fonts: Printing-fonl Alto-font (standard for logic design) To print:
Font 0: Helvetica10B HelveticalON SiI/P file1 file2 ... Makes Sil.press
Font1: Helvetica7B Helvetica7B Sil/H file1 file2 . .. Makes Sil.press and invokes Empress.run for printing
Font2: Helvetica7Bl Helvetica7B Sil/H file1 .. Host/H 4/C sends sil.press to printer host to make 4 coples
Font3: Gates32 (for logic) or Template64 (for diagrams) SiI/H Ou.t.press/F file1 .. Makes Out.press from files et‘c.
Sil/1 Initialize sil. Must be used when fonts and library files are changed.
Font 4 Is user-defined macros (saved with picture on file)
Other commands are available for controlling color content of press files
Font 5-9: Library macros for logic design

Last updated July 11, 1979
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Subject  Sil file definition Organization CSL

Filed on: [MAXCKSiDSilFileDescription.press

This is a description of the SII. file structurc. The definition of the Sil file format was made
solely for the convenience of the Sil program, and is simply a copy of the internal data structure
that Sil maintains in memory during opecration.

The first word in the file is a check code, that can be used to sec that the file is actually a Sil
format file. This word has two possible values, octal 34562 and 34563. The sccond value has
been adopted as part of the design automation process to indicate the a Sil schematic file has been
"build” into a wirc-list file via the Build process. :

Following this word arc a sccession of "item blocks" that describe the contents of the Sil drawing.
An Ttem block has the following form:
word 0:  macro-code

If this word equals a character code, then this item is to be added to the list of
items for the macro Font 4 character. All items which are part of macro
definitions will appcar first in the file.

If this code is -1, then this is a normal item (string, line etc) and is to be
displayed once as indicated by the [following words.
word 1:  statc and X-min

bits 0,,3 arc uscd internally to indicate the current state of an item - normal,
sclected, or deleted.

bits 4,,15 are the minimum X coordinate bit position of the bounding box that the
item occupics.

word 2:  Y-min
bits 0,,15 arc the minimum Y coordinate bit position of the bounding box that the
ittm occupies.

word 3:  color and X-max

bits 0,,3 arc used to indicate the color associated with this item according to the
following table:

00: Necutral 08: Brown

~ 0l: Red 09: Orange
02: Yellow 10: Lime
03: Green 11: Turquise
04: Cyan 12: Aqua
05: Violet 13: UlwraViolet
06: Magenta 14: Pink

© Xerox Corporation 1980
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07: White 15: Smoke’

bits 4,,15 are the maximum X coordinate bit position of the bounding box that
the item occupies.
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word 4:  font, face, and Y-max

bits 0,,3 arc used to indicate the "font" associated with this item. Font values are
interpreted according to the following table:

00: Font 0

01: Font 0 with "boldness" opposite to default value in usercm
02: Font 1

03: Font 1 with "boldness" opposite to default value in user.cm
04: Font 2

05: Font 2 with "boldness" opposite to default value in wuser.cm
06: Font 3

07: Font 3 with "boldness" opposite to default value in user.cm
08: Font 4 macro .

09: Font 5 macro

10: Font 6 macro

11: Tont 7 macro

12: Font 8 macro

13: Font 9 macro
14: A line with lingth and width indicated by preceeding coordinates
15: A background with area indicated by precceding coordinates

bit 4 is used to indicate the "italics" opposite to default value in user.cm. This bit
only has significance if the font valuc is 0 through 7.

bits 5,,15 are the maximum Y coordinate bit position of the bounding uox that
the item occupies.

word 5 etc: optional string

If the preceeding word indicated an item of fonts 0 through 13, then additional
words are required to define the characters in the item string. This is done with a
BCPL. string dcfinition, that is, the left byte of word 5 is the number of characters
in the string, the right byte is the first character. Additional words are appended
as needed to contain the specified number of character bytes.

All coordinate value are expressed in "Alto Screen” units and are refernece to the upper
left hand corner of the screen.  When making a press file, Sil scales all coordinate values
by 17780/500.

Notice that descriptions of library fonts 5 through 9 characters are not defined within this
Sil file. A table is filled in by Sil during input, and later the library files indicated in
user.em are opened, and the front of the file is scanned for items defining the required
character codes for cach of the library fonts characters.

Fditorial comment

Notice that in the preceeding definition, there are several instances of references to the contents of
the user.cm to get font family name, default faces, and library file names. 'lhis mecans that a
signifacant part of a Sil picture is not defined by the Sil file at all. Users of Sil may come back to
an old file that they carcfully saved away only to find that they really "lost” part of the drawing
because they change some of the parameters in their usercm file for new applications.

This has even more impact for people interested in processing Sil files by other programs, sincc
they must either work around the parameters in uscrem, or deal with user.cm
When one runs Sil/I, Sil reads uscr.em for font information, and file pointers, -and saves this information in
two files called Sil.fonts, and Sil.fps (file pointers). The proceedures for reading these two scratch files could
easily be lifted from the Sil sources [MAXCKSIL>SilSources.dn.

Programs should in fact only use usercm to fill in default values when first needed. All
information should be explicidly saved as part of the output file, so that no future referencces
should be dependant of the contents of user.cm
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RoOUTE is a Bepl program that is part of the Parc/SDD/EOD electronic design automation
system. Its function is to combine the net lists describing a number of logic drawings that
together describe an entire logic board, and to generate a set of wiring orders sufficient to
produce the board automatically.

It has becn said that a university is an otherwise unrelated set of colleges sharing a common
heating system. So it is with ROUTE. ROUTE is the current repository for a fairly large
collection of unrclated functions sharing a common net list input format and wire list
output format. These functions arc such diverse things as automatic terminator assignment,
wirc length minimization, and wiring order dctermination.

ROUTE is further complicated by the nccessity to carry out revisions incrementally. This
means, among other things, that nets must be recognized as "the same" even if net names
change, and that terminator assignment must change as little as possible.

0. Normal Operation

ROUTE is normally invoked from the Alto Executive with a command line like this:

Route[/switches] board/B [metric/M] [exhaustive/E] [heuristic/H]
[boardlocation/1] filel file2 file3 ...

ROUTE normally rcads a sct of .nl-format files produced by the ANALYZE program and
produces scveral output files, If the first .nl file in the input list (file/) had the name
AARGIH.nl, then the following output files would be produced

* AARGH.w], a file containing wiring orders for the stitchwelding program FAB to
fabricate the board from scratch,

* AARGH.re, a file containing ecrror messages,

* AARGH.bp, a file describing the external (backpanel, usually) connections of the
board, and

* AARGH-x.nl, a file for each cach cxternal connector type x describing the
connections through that connector. These files arc intended to be used as input for
automatic backpancl routing.

If correction (revision) is specified, in addition Rourr: will read AARGH wl and will
produce two other output files:

* AARGH.wlnew, instecad of AARGH.wl. That’s so that if something gocs awry, the

original AARGH.wl is unchanged and the correction can be re-run. The othm
output file is

© Xerox Corporation 1980
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* AARGH.ad, a file containing FAB wiring orders to implement the revision on the
pre-existing  board.

The following switches have the indicated effect:

c: This specifies that correction is to be done.

b: This causes two .wl-format files to be produced, one containing all pins that are
initially floating, and one containing all pins trace-wired to a power plane. This is
useful for automated incoming board inspection.

m: This requests Multiwire-format wiring output, suitable for

sending to Photocircuits, Inc.

h: This causes a list of hole positions to be produced in Multiwire-format.
Photocircuits needs to know where not  to put the wires, too.

t: This causes a check list of tracc-wired pins to be produced (not normally uscful
except for Board debugging (sce below)).

The file board contains a concatenation of .BR files that collectively definc all the Board
routines (sec below). The paramcters exhaustive and heuristic together control the wire-
routing part of ROUTE; their normal settings arc 7 and 20. Better routings of long nets can
be gotten at the cxpense of longer running times by increasing heuristic. The metric is
cither Manhattan (rectilincar) or Euclidean (as the crow flics); the default is Manhattan,

which is faster. The boardlocation is a string that will be substituted for the connector
name x in the AARGH-x.nl file mentioned above.

1. File Formats.

Ll NL formal
An .nl-format filc is an ASCII text file that looks like this:

<comment line>
<IC line>

IC line>

@

<net line>

<uet line>
The <comment line> is ASCII text preceded by a ";" and terminated by a carriage return.
ANALYZE gencerates the comment from a picce of "boiler plate” in the drawing. The
standard boiler plate template is known as logicBlock.sil.

The <IC line> has the following format:

<IC position>: <Short IC name>(Klong IC name>/<npins>/<IC family>); <uscd
group string>

For cxample,
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h24: S04 (SN74504/14/S) ; badfe

The <IC position> is a string in one of two forms: cither a lower-case letter followed by a
decimal number, or a string preceded by "#". In the former case, the name is normalized
by suppressing leading 0’s and then forcing the decimal number to be two digits long or
longer. Thus a004 and a4 would both be normalized to a04, and c04000 would be
normalized to ¢4000. Interpretation of this normalized 1C position string is strictly up fo
the board routizes, but some guidelines have developed among board designers:

* It is pretty clear what ought to happen when the board socket and the IC are
congruent. It is less clcar what ought to happen when a Sip is plugged into a Dip
socket, or an 8-pin Dip is plugged into a 16-pin socket, ctc. Usually, something like
a4l means that pin 1 of the IC is supposed to go into pin 1 of the board’s socket
adl, and the rest of the pins of the IC plug into other pins of the board in an
obvious manner defined by the board routines. ‘

* For some boards, a4l mcans that the IC is to be inserted in some board-standard
part of adl. For example, D0 boards are covered with 20-pin sockets whose pin 10’s
are tracc-wired to GND. The DO board routines interpret the number adl on a 14-
pin TTL IC as meaning that pin 1 of the IC goes in pin 4 of the socket, so that pin
7 of the IC goes in pin 10 of the socket, the GND pin.

* Most boards have adopted an offsct convention. In this convention, #3a41 means
that pin 1 of the IC is to be offset 0.3 in the dircction of increasing socket pin
numbers from pin 1 of the socket. For the DO board above, a4l and #3a41 would
specify the same position for a 14-pin TTL [C. If you wanted to put an 8-pin Sip
in pins 12-19 of a 20-pin 300-mil-wide Dip socket, you would say # («3adl,
signifying a "sideways" shift of 300 mils and a "vertical” shift of 100 mils.

* More positioning conventions will likcly evolve. The idea is for any reasonable
positioning to be possible, and for common ones to be casily specified, preferably
to happen by default.

The <IC family> is a string from which ROUTE infers a number of characteristics of the
IC, such as

a) to what pins (if any) automatic terminator assignment applies,
b) what fixed voltages are applied to what pins,
¢) how to compute the co-ordinates of pin i given the co-ordinates of pin 1.

The <pet line> has the following format:
<net named>: <pind, <pind, .., <pin>
For cxample,
Sin.15: j26.130, Fl146
stor08.sil+8: 22.2i, k25.120, j23.11i
WEo: g22.3i
A <nct name> is an alphanumcric string beginning with an alphabetic character and
optionally ending with the character "!". Two nct names differing only in the final "I" are

considered to be the same for matching purposes, and the "I" affects only automatic
terminator assignment.
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In general, a <pin> may be one of the following:

<Connector string><{decimal number><i/o/p/nothing>
<IC position string>.<decimal number><i/o/p/nothing>

A connector string is something like E or C. It may not end with a period or digit. An IC
position string is something like adl. It can contain periods but may not cnd with one.
Interpretation of the connector strings and IC position: strings rests with Board routines to
be described later. The final letter i or 0 or p indicates whether ANALYZE believes that the
pin is an input pin, an output pin, or a power pin. These beliefs form the basis of some of
ROUTE’'s warning messages.

1.2 wl format.

An .wl-format file is an Ascll text file that looks like this:

<board type line>
{comment lin¢>

Zgzommcnt line>
IC line>

<IC line>
@
<basic wiring command>
<basic wiring command>
The <board type line> consists of a string followed by a carriage rcturn. The string

uniquely encodes the board type. The <comment line>’s are just the comment lines
collected from the various .nl files. An <IC line> now has the following form:

<IC position>: (Klong IC name>/<npins>/<IC family>); <pin number>,...<pin
numbetr>

where the <pin number>’s are pins unused by any of the input .nl files. For example,
i26: S04 (SN74504/14/S); 8,13,14,15,16

A <basic wiring command> looks like onc of the following:
CCR>CALIBRATE: <<dccimal command number>>; <operator instructions>XCR>
<four blanks><pin> <co-ordinate> ... <CR>
<four blanks><pin> <co-ordinatc> .. <CR>

or
<CR>DISCONNECT: <<dccimal command number>><CR>

<four blanks><pin> <co-ordinatc> .. <CR>
<four blanks><pin> <co-ordinate> .. <CR>



ROUTE Program Iogic Manual

or

<{CR><nct name>: <<decimal command number>> (<dccimal wire length>)<CR>
<four blanks><pin> <co-ordinate> ... <CR> '
{four blanks><pin> <co-ordinate> ... <CR>

A <co-ordinate> is a string of the form:
{<decimal number>,<decimal numberd}

where the two decimal numbers are interpreted as distances in the x and y axes, measured
in units of .025 inch, from the "origin” of the board (an arbitrary fixed position).

For cxample,

Sout.00: <8> (7)
b01.05i {052,007} C176 {052, 000}

CALIBRATE is a command that causes FAB to solicit operator assistance in attaching the
board to the x-y table, attaching a working tool, and locating four calibrating points on the
board, which must form the corners of a rectangle. After that FAB can find cvery point by
itsclf until the board is removed from the table.

DISCONNECT is a command to operate a milling tool to isolatc a stitchweld pin from the
trace-wired net to which it was originally connected during board manufacture. This -
facilitates installing TTL IC’s in sockets intended for ECL IC’s, for example.

<{nct name> is an implicit command to wire up the named net in the same order as the pins
arc mentioned.

1.3 .ad jformat.

An .ad-format filc is almost a superset of a .wl-format file. There are two differences.
First, an .ad-format file does not have the <board type line>. Sccond, the .ad-format file
allows scveral additional wiring commands:

CRO>UNPLUG: <<dccimal command number>><CR>
{four blanks><pin> <co-ordinate> ... <CR>
four blanks><pin> <co-ordinate> ... <CR>

or
SCRODISCARD: <<decimal command number>><CR>
four blanks><pin> <co-ordinate> ... <CR>
{four blanks><pin> <co-ordinatc> ... <CR>

or

<CR>RECONNECT: <<dccimal command number>><CR>
<four blanks><pin> <co-ordinate> .. <CR>
<four blanks><pin> <co-ordinate> .. <CR>
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or

<CR>DELETE: <<decimal command numberd>; <net name>{CR>
{four blanks><pin> <co-ordinatc> .. <CR>
four blanks><pin> <co-ordinate> ... <CR>

UNPLUG and DISCARD are commands designed to give the stitchwelding machine
unrestricted access to stitchweld pins on which it will need to work. The difference is that
DISCARD means that the IC should not be replaced after the update, while UNPLUG
means that the IC will be re-plugged afterwards. UNPLUG is actually a list of positions
that will be re-plugged after the change, so it may contain board positions that originally
were cmpty. Sorry for the confusion.

RECONNECT is a command to restore the connection from trace to pin that was carlier
destroyed by a DISCONNECT command. ‘This would normally be done by soldering. The
Board routines specify under what conditions the operator can be asked to do this.

DELETE is a command to remove a nct that was wired onto the board in an cailier
revision.

1.4 Multiwire Net format

1.5 Multiwire Hole format

2. MetaProgram.

First, let us imagine that ROUTL is being invoked to do its simplest task: collect together
several .nl files and produce a .wl file, a .bp file, some -x.nl files, and a .re file. Processing
proceeds as follows:

1. The command line is processed to extract parameters. These include:

a. the names of the .nl files,

b. the names of the .wl, .bp, and .re files,

c. the name of a .br-format file (or concatenation of .br-format files)
containing compiled Bcpl Board routines,

d. whether or not re-work is desired (/R), and

e. parameters to control wire length minimization.

2. Read in cach .nl file. For cach <nct name>, accumulate a list of all <pin>’s
contained in that net.

3. Sce whether any of the pin assignments in (2) above conflict with so-called
trace-wired nets; that is, board-defined nets that are wired by PC-board traces. If
s0, and if this is permissible for the board type, disconnect the offending pins from
their trace-wired nets.

4. All pins connccted to trace-wired nets arc partitioned into clusters according to
the closest pins that are still trace-wired. These clusters are then reassigned to new
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nets with names like VCC1, VDD35, ectc.

5. All nets are routed if this has been requested. For cach net this involves a
permutation of the net order so as to minimize the total wire length. Additional
termination pins may be added to ncts in this step.

6. The nects are then sorted into an order intended to optimize the wiring proceés.
For stitchwelding this is currently belicved o be:

a) nets with very short arcs first, so other wircs will not interfere with them,

b) if two nets have shortest arcs of the same length, wire the shorter nct
first.

7. All the output files are created from the data structures built up in steps 1-6.

2.1 Automatic terminator assignment.

The ECL logic family does not work properly unless cach net contains at least one
terminating resistor. Assignment of terminating resistors to nets by hand is a tiresome task,

and it is rcasonable that the DA system should do it. Particularly for long wires, the driver
should be on onc end of a wire and a terminating resistor be on the other, or clse the driver
should be in the middle and terminators on both ends. ROUTE is the only program with
cnough information about board position and wire routing to be able to do rational
terminator assignment,

First, let us cxpand on step 5 above to explain how termination comes about:

5a. A permutation of the net is chosen to minimize the wire length, subject to the
following constraints;

i) the first edge (or cable) pin is constrained to lic at the end of the
permutation, or

ii) if there is any ECL output pin in the net, and if exactly onc pin in the
nct is marked as an output pin, and if the nect contains no cdge or cable
pins, then if the resulting net would be no longer than 1.2 times the length
of the constrained net, the output pin is constrained to lie at the cnd of the
permutation.

5b. If no instance of the nct name ended in the character "!" (signifying that
termination is to be ignored) and there is an ECL output pin in the nct, and there
are no terminating resistors explicitly included in the net, then either one or two
terminating resistors will be assigned to the net. Two resistors will be assigned if the
nct is longer than 4 inches, or if the net contains more than one output pin, or if
any output pin is not at the end of the net. Onc resistor will be assigned otherwise.

5c. If any terminating resistors are to be assigned, they are assigned cither at the
ends of the nets or between the next-to-end and end pins in the nct so as to
minimize the increase in wire length (except if an unterminated stub longer than 3
inches would result). Terminators are chosen as close as possible to the end pins. If
only onc terminator is assigned, it is assigned on the opposite end of the net from
the output or edge pin.
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2.2 Correction.

Another practical consideration is correction (revision). It should be possible to correct a

set of drawings and have the size of the resulting wiring change relate to the size of the
change in the drawings. This is done by reading the previous .wl file and only changing the
wiring of a net if it differs between the old .wl file and the new onc. Unfortunatcly, one of

the lcast significant physical features of a nct is its name, so ROUTE must be able to
recognize identical nets as identical even if their names change. If re-work is requested, a
new step 4.5 is inserted after the nets are completely specified but before they are routed:

4.5 For cach net in the old .wl file, determine what new nct it is the same as, except
for terminating resistors. If it is not the same as any new net, then mark it for
deletion in the .ad file. If it is the same as some new net, and if the termination for
the old net makes sense for the new net, and if the new net has no cxplicit
termination of its own, then route and terminate the new net exactly as the old one
was, and mark it as routed and terminated so that it will not be worked on in step 5
nor output to the .ad file,

3. Internal Data Structures.

3.1 Names and Namees.

‘The basic organizing concept in ROUTE is the "name". Nets have names, IC types have
namcs, board positions have names, ctc. ROUTE maintains a single name data structure, and

attached to cach name is a list of named objects with that name. The name data structure is

a hash table where cach bucket is a pointer to a list of name blocks that all hash to that

bucket. A name block looks like this:

structure name:
[ next word // next name block in bucket list, or nil
mark word // =-1. Namce list is circular and ends here.
nameString @string

The name block is immediately followed by a namce block, several types of which are
described  below.

3.1.1 Nets.
One namec is a net. A net block looks like this:

sturcturc net:
[ next word // to next namee with this name
flags bit 4
unused bit 8
type bit4 // =net
pinlist word . // pointer to first pin of pin list
shortestarc word = netnum word = minSperge word
nctlength word
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3.1.2 IC instances.

Another namee is an IC instance. The name denotes the board position. An icinst block
looks like this:

sturcture icinst:
[ next word // to next namec with this name
type word // =icinst
ictype word // pointer to ictype block for this IC
pinattribute  word
pintLnpins // each one links to the next pin in
// the pin list of its net, or nil

Note that one can chain one’s way into an icinst block at some undetermined index in its
pin vector, and then get properly aligned with the icinst block by scanning backward until
detecting type=icinst, which is an illegal value for pin, pinattribute, and ictype words.

3.1.3 IC 1ypes.
Another namee is the IC type. An ictype block looks like this:

sturcture ictype: :
[ next word // to next namee with this name
npins bit 12 // same as npins in iciust
type bit4 // =ictype
icclass word // pointer to IC class containing this type
outpinstl,nping bit 1~ // one bit per pin, truc if pin
// ever used in any IC instance as output
]

3.1.4 IC classes.
The final namce is the IC class. An icclass block looks like this:

structure icclass:

[ next word // to next namce with this name

isTraceWired bit 1 // nceds termination?

isConnector bit 1 // is this a terminator IC?

printUsedList bit 1

unused bit 9

type bit4  // =icclass

PinOffset word
/7 PinOffsct(npins, pinNo, lv XOffset, v YOffset) is
// a routine that computes the X- and Y- offsets
// of the given pin from pin 1, in 25-mil units.
// For a standard 14-pin DIP, pin 1 would result in
/7 {0,0}, pin 2 would rcsult in {4,0}, and pin 14 would
// tesult in {12,0}.

PinAttributes word
// PinAttributes(icinst, pinNo) = attributes, such as
// isEcl or isTerminator

ImplicitICNets word
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// ImplicitICNets(npins, icInstNameString) is

// a routine that writes

// nets for such things as IC power and ground onto

// a file called "implicit.nl"
npins word
// ¥ pins, overridden by ictype block )
and other fairly esoteric stuff for terminators and trace-wired nets

3.2 Boards.

A board is a set of Bepl subroutines dynamically loaded into ROUTE. It is represented as
one or more concatcnated .BR files. These subroutines are:

FindIndexI'romCoord(xPos, yPos, picclass, pPinNo) = index

'This routine finds an integer from | to maxPins that uniquely represents the
board pin at co-ordinates xPos, yPos. Tt returns 0 if there is no board pin at
co-ordinate xPos, yPos. If xPos = yPos = -1, then it returns maxPins+ 1. In
addition, if the board pin is initially connccted to some trace-wired net,
@picclass is set to the icclass describing that trace-wired net and @pPinNo

is set to the number of the pin within the trace-wired net.

DcclareInitialNets(TWBuild, TermBuild, ConnBuild)

This routine declares all the tracc-wired nets, terminator sets, and
connectors that the board has.

ZeroTablePoint(point) = string

If point=0 then the string name of the board is returned. If point is from 1
to 4 the string namc of the proper calibration point is rcturned. The
calibration points should form a rectangle on the board.

LevelTransform(level, x, y, px, py, pName, pPull, pWire) = cxists

A given pin is described by different co-ordinates according to whether a

board is positioned wiring-side up or component-side up. For cach value of
level, this subroutine implements a transformation from internal co-

ordinates X,y to printing co-ordinates @px,@py. @pName is set to a string
giving the name of this level. @pPull is sct according to whether
components can be removed at this level. @pWire is set according to
whether wiring can be done at this level.

FindCoordlromString(s, px, py, vopl, hopl) = {absolute, relative, illcgal}

This routine takes the string name of a board location and computes the
internal co-ordinates x,y of that position. It then adds vopl and hopl as the
offsets vertically (the long way) and horizontally (the short way) of some
desired pin assuming that pin 1 is installed at x,y. The result is placed in
@px,@py. The result is absolute if the pin is legal, and illegal otherwise.

BoardPinCoord(s, icinst, pinNo, px, py) = {true, falsc}
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This routine is normally defined by ROUTE itself (using the board’s
FindCoordFromString), but the board module can override ROUTE’s
definition. This routine takes the string name of a board location, a pointer

to an IC instance, and a pin number, and computes the internal co-ordinates
x,y of that pin. The result is true if the pin position is legal, and false
otherwise. This routine would be defined instead of FindCoordFromString

if you want to do screwball ball things like put TTL IC’s upside-down in
Ecl-wired sockets.
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Crystal Oscillator B © 1 "12
w 13 . MC119
- See page 6-42 12@ S o7 15
of Motorola 9, c8c 14 14%@_
R c8b R 13
Semiconductor Connect only one ¢ pin on Tpd=3.8
Library Volumn 4] TPd=3.8  hitsiice, blob the other ¢ pin |
XERQX | Project File Designer Rev §Date Page
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F10000 Q(8)
FOO 11] a2b |14 4 bit Shift Register
- 1 FOQ
11 14 MRIPE’ .C_ICC_MIODE
107100 H(1)~15 10| a2¢ |15 :i Z( i 'X reseI! -l.alllo:lputslow Tpd=5.5
“1D1 Htf t_parallel loa .
b2 at HZ"§ F00 L |t 1L parallel load Tw’ = 3.8(clock pulse width)
(G Y RPN o Erm zm s 7 Ts =1.7 (data setup)
L. I e
g- DS FOO 6 00 L X W Xlhoid Th =1.1 (data hOId)
|PE’ 5108 a2t L ¥ X Hlihold Tse = 6.0 (PE’ setup)
CC CCMR 7] aze |3 °dpe 2%
7 i CC CC_MR . .
13 412" FOOo 137 at1a? (all times eStlmateS)
F10016 . d . LC)
J B dper  COT
F16 Q(8) Q(8) 4 bit Binary Counter b3b pg MRCE? ?;3:5
. 11 b2b [14 9| b2d |2 1312 6
14 F16 F16 CE[PE’ |MRICP_RUNCTION
R %%_14 L L _L| 7 parallelload Tpd=5.5 :
19401 wik® 10] b2e |15 7] b2e |3 H{Li-tiporalel load Tw =3.5(clock pulse width)
7]P2  H2Pg F16 F16 H_Fi 1 _ri|hold Ts =2.2 (data setup)
D3~ H3 X _X_ U | nastdrs open, slaves hold Th =1.1(data hold)
5| F16 M(8) X X _H_X|resef , ,
1PE’ p1a 5 |F16 b2f | Tse = 2.8(PE’ and CE’ setup)
C MRCE/ | PE cor
1312 6" ¢ _MR CE’
1312 6
A(8)
. obsolete: :
MC130 Dual Latch g%d MC130
9'
~ b ¢ c N(8 b kB dFR G+ 1 | FUNGCTION :
w 12, 5, c?(d) L X | X 1 Qlfoliows D Tpd =4.1
7[5 ], 10] s J.57[ s mciso| ML XX L Qifollows D Ts =2.8 est
D gl 1o ° al. 5 '4p Q_Z ce H XY L Qh _hold _
6l c1a c1b 26 i X X _ W LI Qb hpid Th =1.7 est
i 1 6 9 X _H XN HI L H sdt
° L3 1€ b2 e o3 X X TH HIL Hsdt
“CCr- X H X L1#H H rgset
R_fmciso |_R R_[mc130 A B
4 13 4 X ¢ N H|H lindeterminate
SE231 (Selective MC231) A(8)
obsolete:
MC131 5 ¢ Dual D type Master-Slave Flip-fl d3d
ua aster-sSlave =110,
MC231 s ve p-tiop ool RUGEY
~ 2 X X X H H indeterminate 9
b gl
b c d2c DECk 9 R’ Qn+ 1 | FUNGTION :
' X b I LIL On hpld
5 L N N A W AT MC131 MC231 SE231
oS al2 °4p S ol1s LR | metst [T 4 I T mdmon
D° ql R - - -
6 d1? d1bQ P | H ¥_rd LI _H|mdmod Tpd =5.0 Tpd =3.7 Tpd =2.5
- “ H {t+ U L1L Hlmdmon = = =
3 e 14 __N(8) X WX AL H sdt Ts . S -1 S .
*ecy Twcisd rCT azd X A T TH L rdset Th =1.7 Th =0.8 Th =0.8
T gy | MC131 X K _X Hi H linqetedminate (" . R )
4 13 CcC X _H X _H| H Tindetelminate all times estimates
gl
A(8)
MC135 Dual J-K Master Slave Flip-Flop obsolete: =
cc | mci3s
9
5, 4 12, D 5, 9 N(8) RS Truth Table Clocked JK Truth Table
e2d
R K i
“rtale rSalisr%ole  mcios i T o R Tpd =4.6
. : ela
Y"’-gg‘ e1b e2¢ o h ’Z : i’ -L: 2 Trs =5.4R, S to Q)
3 14 3 i Ts =2.8 est
6~K’ Q- 11_K, Q 6-K’ Q'+ H _|H ihdet H H @n .
R_1MC135 R R_| MC135 Th =1.7 est
4 13 4 clock = 1 on CC
XERQOX § Project File Designer Rev } Date Page
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Inputs asumed tovary In

E MC136 Q(s) Hexade;:imal Counter
-

u
s 42 13 6] azc |2 swsp’ BOBIB2B3  CI' G HOHI H2 H3 co’ sequence from top to bottom
‘ 5 COy MC136| MC136 LtL tH VH L JL Tx e JTHHTIL TL TL TLoad
o180 HOE TR Y 70 10" "4 4 T T T I T P
481 wiE. 11| a2d |15 LB IX X Ix Ix e I e IHTH L TH Tpd=11.5
11482 at oo ] wetasl o 2% B I I e I I e A HTH TR L Up P
483 H3f . MC136 LA X Cx X Ta e T la T e [H Tsd = 3.9(data setup)
g | MC136 0(8) L IH X IX X IX {H {ee JHIH TH [H [H |Hold Tss =8.3(select setup)
7507 H o X X x| x I x {o o THTHTH " (©r )
15p g |MC136 |, CIL L L [HAH X [ L T 1H T TL [Toaa Tsc=4.1(Cl’ setup
c o Fsu  cof H L X X [ x X1t ol I T TH L TH The = 3.4 (CI’ 1d)
re—7 4sp’ H L X X X X L 1 L L 1L TH 1H | Count
1310 , C_a2f CI’ H L IX XX XL o L VT 1T L [L | Down ( Lo .
137 10" H L IX IxTx I x 1L [+ 1H T tHTE TH all time s estimates)
MC141 Q(8) 4 bit Shift Register
i
v
— S 120 b2b L1444 pae |1
120 o4 MC141 Mc141| SR’ SL’ _MODE Qifn + 1) Tpd=4.2
11 | 15 L_{_phrallel load Difn) -
oDl Qlra” 94 B2d L2 o) voo |3 [L_H_shift right Qi-1(n) Tsd = 2.8(data setup)
6|2 Q2ry MC141 H_IL_shift loft Qit1(n Tss = 5.5(select setup)
D3 py Q3 MC141 H_H_Hold Gitn)
an e F(8) Thd = 1.7{data hold)
10137 71ee, 8 Ths = 1.1 (select hold)
C DLDR 10] 2f b2t ALL OUTPUTS EXIST AFTER CLOCK
| S P | C DL DR C|00k = Tt on C H H
4" 513 ¢ bL D (all times estimates)
7 a4 13
MC160 12-bit Parity Generator/Checker
f
1>+ mcieo
13 ] Sum of high inputs = Output Tpd =8.3 est
_- 127
w 11
10] 9 Even Low
]  ooo odd High
g’— cl
4]
3
h
obsolete:
MC161 . Binary 1 Of 8 decoder - low true outputs MC“&B, [
8(8) . , GO’ 01’ 02’ 03" Od’ A5’ 6" 7’ 14|92 g3
E’ E’_S§1 §2 S4 GO’ @1’ A2’ Q3’ A4’ A5’ A6’ QT 184 gofd
MC161} o L LL JL L L L \H |H |H |{H |4 |H |H 9 Q37~3
a1 Qok2 T H L L I H LR [HTHTH IR H 1s2 a3
14 a1’k CILE [HAL [AAH L THIH [HIHTH Tpd = 6.6 est, Q5|12
54 a2y CIL T L TR AH L A TH e Th 151 gef
9| Q3’14 C VL L e A TR VHTH T 1L TH TH TH a1
s2 Qa'ky3 C L H L A [ H T TH A AT THTH e
7] Q5’3 I E I E A H [H T o Ta T VA TA TL TH b
St ety . HIATH H | H (iR TETL 15 2
a7t HAX X X X Ao (AR TH A THTH
E___E X AH (X {x \Xx (o [0 THTa T laTa
15" 2"
. Bi 10f8d iah obsolete: g
MC162 inary 1 Of 8 decoder - high true outputs MC162 | o
9(8) e2 905
. E’ E’_S1 82 54 Q0 01 G2 Q3 Q4 Q5 Q6 Q7 14 | Qify
MC18216 TR A N T I 7 R T OV O T T S4 g2y
N U T I I OO O O I O T O T T 9| Q3.
is4 o TR VO T O O I I T O T A 52 aap)
o Qsl3 A I I I O O T T R O O D Tpd=6.4 7], Q50
\ 152 qal18 T N A OO OO I O O I I O T ) Q6f4 0
A 4 7 Qsh-12 Lt JHIL Iw e L et Je [H L |t a7l
151 Qe L L L HTATC AL [t 1T T [H L E'_E
a7l10 L {r |HIH |H 1L L 0L | L |L|H 2" 15"
BB H X X X Ix T e e 1Tt L Tt
P b I P O O I I O T T A A
XERQX { Project File Designer Rev {Date Page
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MC163

Error Detection/Correction Circult

n
o [MC18alrs
2480 POA = B1,B2, B4, B7 Tpd=7.5 est
6'3; poBl2 POB = BO, B3, B5, B6
10 14 P1 = B1 B3 B5, B7
127183 pqf P o
3 1ea s P2 = B2, B3, B6, B7
510° P2 P3 = B4, B5, B6, B7
1
187 pal3
a (, denotes EXOR)
MC164 MU164
@(8) 8 line Multiplexer
6 | 6]
5|RO 5|0 : E’_S1 S2 84 Z
47|P1 47D L JiL IL JL [po
37b2 3|b2 L [H Di
b3 15 1p3 15 T :
1pe oz oaIbs zt L_[L [H |L D2 Tpdd = 4.8 (data)
12 ] 12] b2 L {H H L b3 o )
137108 by 13708 Midas L[ i {aDa Tpds = 6.5 (select
14 14 . L [H L [H D5 =
157 . *Jo7 multiplexer {5105 Tpde = 3.1 (enable)
10 | MC16 10 MUT64 GNLY LA [H A o7
97|34 97154 HIX X [x L .
7752 7182 (all estimates)
151 g 1s1 @
2’ 2’
MC165 8 input Priority Encoder with latch
k
DO__ D1 D2 D3 D4 D5 D6 D7 ANY HO Hi H2 :
MC165 HIX X IX IX [ X [ X IXTH L ILTL
S0 yhis L H X XX X X TH T TLTH Tpdd = 16.5 (data)
157D1 Lo e DO TR a T Tpdc = 5.3 (clock)
1071p2 15 LI L T H X X IX I oL TaTH o
137p3 4 O CTL L L H X I X o TE 1L TL Ts =5.1
1202 2 L L L L L TH I X T a T TH Th =0.0
9{ps H1 LT L L LI H X THIHTHTL
4{pe 3 Lt e e o T A R TR TH .
64p7  H2f T A T A TN YA U O O T A (all estimates)
C L
L Outputs held when C is high
MC171 Dual Binary to 1-of-4 Decoder - low true outputs
J
MC171QO 13 E'_EQ’ER’ S1_S2 Q0’ Q1’Q2’ 3’ RO’ Ri’ B2’ RY’
14 PR CIL JL (LT JL IR [HIRTC T TH TH
1EQ’  Gatit L Ll AL TR A THTEI L T e Tpd=6.4
Q310 LIl (LI L JHAHH L [ THTHETL TH
LIt T A HIAIHIHIL [HIHTHETL
d1 pol® C L AL L (L (A HTHTHETH TH
2 R115 LAIHIL L L (HIH T THIC TH TH TH
olErR  pafd HIX XX IXAH [HIH {HTHE 1A THTH
152 43
7 R3
181 g
15"
MC172 ,
i Dual Binary to 1-Of-4 Decoder - high true outputs
MC172 |45
14 81 [12 E'’_EQ ER S1_S2 Q0 Q1 Q2 Q3 RO _RI R2 R3
Ea  Gal L IHIH L L THIL TC T A TL TL JL
Q310 L IH AT L L [HIL LI TH L TL .
o1 L |HIA L [HJLIL {H LI 1L TH]L Tpd=6.4
ro 16 A I T T O T O I O T
’ AL TR I 7 IO A I T O T T T A
1R Rals 0 T T I A I O O I O T
7152 RaP? THIX IX IX XL L L It 1T 1T T It
181 @
15
Project File Designer Rev { Date Page
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) c(8) d(8)
MC173 Quad 2-input Multiplexer/Latch obsolete: 1o
2 u(s) oD af' JdsB
MC173 MC173 MC173 i 12 fmcirs
5 1 12 15 :
e100 ol g0 af' iZ{p  af
3780 44 - B a2b - B a2d SB C_ Qin+1) Tpdd = 5.3 (data)
s LA H L 1 Bitn) Tpde = 6.8 (clock)
12781 a| Mc173], o1 mMC173],, L_[L [ Dim) pdc =06.0\cloc
137] gg_ az2l'® 4] g ) At 417 g ) Qr X |H | Qitn) Tpds = 6.7 (select)
19003 14 = e Thd = 2.8 (hold data)
n CER 9 7(8) Ths = 1.7 (hold select)
s8_C 7138
T T - az2f
MC173
MC1 74 b lete: °
m Dual 4 to 1 Multiplexer ovsolete 3o e(8) (8)
3 lxoMC174 5] 9|
X0 X1 2 s2 b3d
o4x1 oxf? 4 [mMci7a v(e) olx2 O 718s e | mci7a
e x2 e ) X3 b3b T
4x3 21X oxl2 E’ S1_S2 OX OY 14
131y 61 %3 ban [ T%elve
};- Y1 oy | 15 v(8) o TH 1T T Z] Tpdd = 4.8(data)
10: zg ) 13 MC174 = :—1 g j((g §§ Tpde = 3.2(enabl‘e)
o 111 %9 15 o mci7a] W(B) - Tpds = 6.4(select)
Ss2 12] %, Oxk 7182 4ag
4s1 10 451
SN - X3 b2e e
14 14 ’
MC176 Hex D Master-Slave Flip-Flop obsolete: d €
Q(8) Q(8) Heaf®  |con
( 5  c2b [2 10| c2e |13 _ . 9‘,: MC176
- s Mcnc?o . MC176 MC176 E(8) g2 8;2};‘ Y Tpd =5.0
‘.f,‘: g(‘I) Q1 "-2 61 c2e 13 1) c2t 114 e TR Ts.=2.8 est
.1“1): gﬁ gg :}3 MC176 MC176 ¢ con Th =1.7 est
127D @4k ¢ 7] c2d |4 12| c2g |15 9
b5 Qs MC176 MC176
C cl
9[
MC195 Hex Inverter/Buffer Tpd =4.2 est
wciog w(8) MCT95| x(8)
B @ 9. ]nvgr?’ May be omitted °. Bu(fjfilr
E» jD j) u(s) u(a) u(8) vis) w8 v(®)
5 -2 7 o-4 5 2 7 4 11 14
¢, S s B
d1b n.15 alternate vie
! 1(8) 1(8) v(8) v(8) v(8)
C195 6 1013 Olb 5 63 10@13 12_ 15
MC197 Hex AND gate
MC197 | 2(8)
Q 8 8 % | Enabte
5 y(8)2 7 y(8)4 11 y(8)14 Tpdd =4.2 (data) est
Tpde =5.3 (enable) est
-y 8 8 8
y(8) y(8) y(8)
63 1013 1215
MC197
XERQX § Project File Designer Rev [ Date Page
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MC140 MCM140
MC142 MCM142 64 Bit Random Access Memory
oy’ 13 15 13]a2p {15 Tace = 14(E’ access) Tsd=0 (setup times)
,]er oor MC140 Taad = 11(Ai access, MCM142) Tse=3.5
37 A0 2 v(g) Taad=17(Aiaccess,MCM140,148) 1g53=5.5
S1n2 a1 a1 G140 Tw’ =11 (write pulse width)
10143 71A2 Te’ =15 (enable pulse width) Thd=3.5 (hold times)
9: ﬁg 10: 22 a2c The =0
MCM142 9]as (MCM140 drives 90 ohm loads) Tha=3.5
SreraT T (all times estimaies)
F145A F10145A 16x4RegisterFil;,:_1 0145: obsolete: a(8) 52 ES(DB) 190_ AO
MC145  MCM145 a(8) Tace = 6.6E’ access) MCM145 773 b3t.
- - . 6]
10 r 5f b2b |2 Taad =9.9Ai access) Tsd =5.0 Thd =-1.0 |*®
9740 F145A Tw’ = 4.4(write pulse width) Tse =5.0 The =0.5 LCEWE
182 o 4 b2e |4 Z(8) Te’ =4.4 (enable pulse width) 15, -39 Tha =1.0 - °
13 F145A 10 | F145A Twr. =6.6 (ce,we output recover)
5 50143812 9749 MCM145: Tsd, Tse relative to end-of-WE’
’?-— b2 a2 :15 " F?i:,\ -1° Zsj 72 b Tace = 10(E’ access) Tsd =0 Thd =5.0
2 ps  q3b't ST/ cE We Taad = 15(Ai access) Tse =5.0 The =5.0 allest
CE_WE'| 12 b2e |14 3773 Tw’ =11 (write pulse width) Tsa =5.0 Tha =5.0
813 F145A Te’ =11 (enable pulse width) Twr =11.0
MC147
MCM147 0(8) 128 x 1 bit Random Access Memory
S i1 c2b |15
1] mCMMD?o—"S MC147 Tace = B.SE’.access) Tsd =1.0 (setup times)
- 4l . 0(8) Taad = 14(Ai access) Tse =1.0
311 3189 we1az Tw’ = 8.8(write pulse width) Tsa = 4.0
5] 23 ¢l 2 A2 Te’ =11 (enable pulse width) .
- na 6]ps c2c Thd =1.0  (hold times)
1048 s ALL UNUSED INPUTS MUST BE The = 1.0
=] ’ -1A6 =
YT wE _E T”:[,) TO VEE Tha =3.0 (31| times estimates)
121413 12714 13
MC149 MCM149
MC150 MCM150 256 x 4 bit Programmable ROM
#*
4 |Mcmis9 | }
2 1A% qof'® MCM149 MCM150
oda2 Q1k14
107143 a1 12 Tace=13 Tace=10.5
6]fs  azf” Taad = 32 Taad = 30
e L A
1 e (all times estimates)
13"
F415A 1(8) 15
F10415A ) FA15A -1 DI 3 1024 x 1 bit Random Access Memory
Q@) 3] 240
4140 221 et Tace = 10(E’ access) Tsd =5 (setup times)
15 e2p |1 572 5 A2 Taad = 35(Ai ) * Tse =5
415 6173 e2ef Sqna , aad = 35(Ai access se =
97,_ AB 7] ﬁg DO Tw’ =25 (write pulse width) Tsa =8
- 10748 Sdne Te’ =35 (enable pulse width)
114a8 1] 0% * a 25ns Taad, 20 ns. Tw’ part Is available Thd =5 (hold times)
4 Ao 12 pg F415A The =5
CE’ WE CE’ WE' (all times estimates) Tha =2
1413 14 13
XERQX | Project File Designer Rev Date Page
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MC179 Look Ahead Carry Block
| o Tpd = 6 est
11 |MC179
51SN out I Pg = PO+P14+P2+P3
1371GI0
ofplo e Gg = (G3 +P2+P1+P0)G2 +P1+P0)G1 +P0)GO
2101 , CMD = (CIN + P3 + P2)(G3 + P2)G2
0oz G9F COUT= (CIN+PO+P1+P2+P3)(G3+P2+P1+P0)G2+P1+P0O)G1+P0)GO
alP2 polis
14—G|3 -
1PI3 44
g(8) h(8)
obsolete:
00 yife 221cin
9]k b3b 231 m 4
4 bit ALU/Function Generator MC181 13 Fo G9 8
}?" F C(fl%:s
. LOGIC FUNCTIONS ARITHMETIC FUNCTIONS 147 F2
MC181 Mis HIGH Mis LOW HE3 b3t
CiINis LOW
p FO__F1_F2 F3 H H
LIC (L L B DPLUSO
10 A T TR Y= D PLUS (D AND E7]
9o Ho L6 LIl [H L [D+E D PLUS (D AND E)
167E0 1L {H A ar D TIMES 2
11-[p1 ni L7 L IH 1L |L | D ANDE D+ EJPLUS O
18 fE1 LIH L [H | FE (D + EJPLUS (D AND E?)
19 1D2 o |3 L TH [H L |TDXNORE DPLUSE
He2 MC181 L |H|[H|[H| D+FE DPLUS (D + EJ
21 104 e H I L L L [_D'ANDE D+ EJPLUSO
20 405 H T [ [H | DXORE D MINUS E MINUS 1
CR I P H L [H T [E (O + EJPLUS (D ANDE)
bols HIL IH{H | D+E DPLUS(D + E)
22 lein g |5 HIH L |L allo MINUS 1 (2s complement)
o COoUT HIHTL [H T DANDE (DAND E’) MINUS 1
- M FO F1 F2 F3 H W TH TL [ DANDE (D AND E) MINUS 1
2313 15 17 14 H |H [H{H | D D MINUS 1
2(8) Tpd = 10.8 (max, all functions and carries)
H
10| MC181] ¢
4D H I
odE
b2b
~| mcis1
16 7
1171 [[:? HI 3(8)
—_b2e MC181
MC181 gg” CIN
18], 3 31M gglt
. - g
19 4Fo 8
—HE 15 Pg |-
bad 17]E1 couy
4 F2
o1 | MCIBT], 141 k3 bt
4p H |-
20
-HE
bh2e
SG10139
5 32 x 8 Programmable ROM
SG139 |,
QO}-,
14 | 1 2 Tace=17.5
145 Qg
1310, Q2r, Taad =25 est
12 Q3}
A2 5
11 Qaf
A3 6
10 Q5
a4 7
Q6 9
Q7f
CE’
15"
XERQX { Project File Designer Rev 1§ Date Page
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(8)

MC180 5|5 a2b H 15 Dual 1 bit Adder/Subtractor
R L
- Cin  Cout
M .
5 |MC180 | 45 £180 1(8) MO M1 H )
efoo HoFo” i [ aze 14 H_I'H T D PLUS EPLUS CARRY Tpd = 5.8 (all functions)
a{E0 HO'MS 1012 H |y H | L | DMINUSE MINUS CARRY
“{co Ko 127E H i3 L _|H | EMINUSD MINUS CARRY
Y 14 4Cin  Cout |- L _|L | oMINUSD MINUS E MINUS GARRY
10121 H1 |y MC180
127E1 HTUPy3
qc1 K1 f azd | G(8)
MO M1 MC180
7 ! Is) ' MO M1
7 9
MC182 MC182 2(8) 2 bit ALU/Function Generator
q 12 5 5 114
11 . . . .
4 E Logic Function Arithmetic Function
12 | MC182 b2b Mis HIGH Mis LOW
11429 o)1 2(8)
4 E0 5| Mmcis2] FO _F1 H H Tpd=10.5 est
s b1 4 e1D HE L | L _[DXNORE D PLUS E PLUS GARRY
a1p1 3 1€ Lac L_|H |DXORE D’PLUSE PLUS CARRY
|E1 Gkl H L | DANDE DPLUSE PLUS CARRY.
Pg |- vcisz | 4(8) [H. |H |DORE D TIMES 2
4
Sdom cout®  MS{on |,
M _FQ_F1 9] go Qg -?;5
7 910 10 F1i Pg "o
COUY¥
MC166
q(8) . 5 bit magnitude comparator
MC 166
101X0 xoy |2
127 YO E_X_ Y X<y X>Y
1171 ﬂ Z’ X l; i L Tpdd=9.0 est
13 x2 L l8 L X5V L A Tpde=3.8 est
s Y2 L X<y H L
- x3
7
57 Y3 (]
a1 x4
Y4 L
15
MC158 u(8) MC159 Quad 2-to-1 multiplexers
8(8)1 MC158] , c(8) 10 [ MCT59] |, 6(8) E'_Di Bl SB_OI or
MC158 11710 QfF 11710 Q' H [ xIx]|x L
5 - B d3b MC159 -1 B dab L |LIX|L] L H
6]o0 ool 5400 ; L IH{X[L[ H L .
3159 » 12| MC188] o elps aot' L [TMCTs9] . L Ix{T[H[ L 7 |MC158 MC159
aln.  aqifF 4D al 3 40 a'} L I X{H[H| H L |Tpdd=3.6 Tpdd=3
12757 15 4B d3c alpl arf? 134B aac e oo
13155 a2t 12]50 15 159 158 | 159 |TPds=5.0 Tpds=5.0
10 A MC158 13 Q2’ MC159 on/ only | only Tpde =5.
114D3 14 3 2 -1B2 3 ? 2 1Y
igs @3 410  QF 191p3 14 412 QF )
o 41 B d3d 1153 Q3 4B d4d 5(8) ail times est
T , d2
9 MC158 SB_E MC159 9|
9 Sio o}t T Stp T orp! 738
158 aar |%48 d3e 518 d4e & daf
H(8) | mciss MC159
MC170
3 D(8) 9 bit parity circuit with
4 MC170 .
7 2 carry inputs
4] vine , TpdA =6.6
ol e af? SUMOFPINS3-12 __ PIN2 FIN15 TpdB=9.9
S EVEN L Tpdcarry =3.3
1%— g |18 oDD H ~ 3 P y
17 SUM OF ALL INPUTS
127 EVEN 7 L
1o a oDD 2 L. .
haarre : all times est
XERQX | Project File ADeeigner Rev }Date Page
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MC1660
Dual 4 input OR/NOR gate

MC1662
Quad 2 input NOR gate

T

\&/
&

4

MC1664
Quad 2 Inbut OR gate

4
5
7. U 7 D
6\ o 6.9 0-2 6
5 5
4 2 42 3 7
0
1

D
2
.3

\&/

O

-

)

-

2
5
6 T
3
7
10
14
11 :

N7ANS
54

13 u 13 6 1 10 11
12) Nt 12 g o5 14 14 14
" 15 110 14 1 11 10_g o
MC1660 O MC1660 D E c \
i 12 ; 12 12 13 .
515 15 15 15
13 13 4 13 12_,
MC 1662 MC1662 MC1664 MC1664
Tpd=1.9 Tpd=1.9 Tpd=1.9
MC1672 MC1674 MC1688 MC1692
Triple 2 input EXOR gate Triple 2 inpuEXNOR gate Dual 4/5 input OR/NOR gate Quad Line Receiver
4 X
) FLATPAK ONLY > 2
5 # a—i(8) 5 | b5a
. , NN, - g
3 3 7 Z
i _Ol;ﬁ .
v 13 # 13 !(8) >
14 o 14 i
6 6 10~ Z
14
. 11 o
11 # 1 i(8)
7>>b1c 15 739015 13_~_Z
) _Aaciors ucrers FLATPAK ONLY 1‘15
MC1692
Tpd=2.8 Tpd=2.8 Tpd=1.2 est Tpd=1.9
MC1666 MC1668 MC1670 MC1690
Dual Clocked R-S Flip-Flop Dual Clocked Latch Master-Slave D type Flip-Fiop very FastD type Flip-Flop

(Q follows D when C is HIGH)

5, j(8) 5, ©
® o2 1o of2 b k(8)
. 7| ¢2a 11 s 11
)
~C Q’-3 -1C Q,_3 -1D Q_Z 1971 g; 0_2
LR |mcC1ee8 MC1668 7
T T c ¢3 c4
4 4 9 La et )
i {ecTuc 1670 12 *Tuciee0
12, i8) 12, ¢ al
S oL15 dp 8 glL1s
RS R o|c2b
- ¢ RQ,_M 1 o™ Tpd=2.9 Tpd=2.3 est
137 13" Tsetup =0.5 est Tsetup =0.5 est
Tpd =2.8 Tpd =2.8 Thold = 0.5 est Thold =0.5 est
XERQX {Project File Designer Rev | Date Page
SDD Datasheet MECL Il DATASHEET MC-10.sil K. Pier B | 9/10/76 10 end




MC175 Quint Latch
( (8) Q (8)
10| MC175 |44 10 mMc175[ 14 o]mci7s| 3 2-CC.CC Mi O+ 1) Tpdd = 3.6 (data)
12710 Qo 45 ao01b a0le I A ] Tpde = 4.4 (ClOCk)
1Dl aip X_{H X [t |am Tpdr = 4.2 (reset)
9] [3 12| mc175[ 15 5)mc175] 4 o T I T 1) - ( )
5|03 Q3ry a01c a0 11 S T A Ts = 3.7 (setup
ba Q4 3 IO T I Th = 2.2 (hold)
a01 13 mc175| 2 MC175 ) (8)
CC CCMR 201d cc cc_MR| aotg
6 711 6 7 11"
F470 4K x 1 random access memory F4a14 256 x 1 random access memory
= A access = A access
$ (8) Q (8) Taad = 35 ~ (8) Q (g  Taad =10 |
Tace = 15 CEaccess Tace = 6 CE access
2] /»:870 17 Fazo |1 Tw’ = 25  writepulse ;_ AO 13fFa14 | 15 Tw’ = 7 write pulse
3l a1 BO1b Tsd 5 setupdata 3:A1 bO2b Tsd = 1 setup data -
a2 Thd = 5 holddata a|h2 Thd = 2 hold data
el nd Tsa = 10 setupaddr ro{aa Fa14 Tsa = 1 setup addr
£ns Tha = 5 holdaddr 11]h5 Tha = 2 hold addr
10] 2% vo1e Tsce = 5 setupCE 2{A7 bo2e Tsce = 1 setup CE
13ae Thce = 5 holdCE 1 . Thce = 2 hold CE
18] 79 Twd = 15 writedisable “lesr Twd = 8 write disable
141 A11 TWr = 20 writerecover "c82 ’ Twr =10 write recover
GE’_WE' Tcer = 15 CErecover WE Tcer = 6 CE recover
16" 15" 14
QIT package 100K series 4 bit ALU
MBO71 256 x 4 random access memory + platform F181K 0.4 wide DIP package
% (8) Q (8) Taad = 10.0 Aaccess 2 (8) ]
Tabs = 4.5 BSaccess & (8) sp|Fi8iK |, Tdh =65 Dto
£ao 19/ MBO71| 23  Tw’ = 8.0 writepulse 1512 H Teh =6.5 EtoH
RS I c01b s = 2.0 setupdata 19| F181K £02b Tfth = 6.5 FtoH
10142 cott 197 CIN Tcinh = CINto H
Has no7. Thd = 2.0 holddata 21 OF @ L10 ,5[Fi8iK |, Teinh = 4.7
1 iaa 18] MBO71| 22 dro S Tre 28p Ty Tcio = 3.6 CiNtoCO
1210 cO1c Tsa = 2.0 setupaddr 201 gy P g 14]g cio = 5. v
1 a6 Tha = 2.0 holdaddr ier2 ©© £02¢ Tdpg =4.1 DtPG
Pmpors | 17 mMBozL21 Lo T ST etup Bs - F3 o2t La[Fi8TK ], Tepg =4.1 Etora
{Bs0’ co1d Thbs = 2.0 holdBS 131 M Tfpg = 4.1 FtoPaG
4103, 16/ MBO71] 20 Twd = 5.0 writedisable £02d Tdco =5.4 DtoCO
esa’, cOle r = write recover Fisik |, Teco =5.4 EtCO
WE w 9 o~ up? - Fto CO
Py Tbsr = 4.5 BSrecover 12] ¢ Tfco =5.4
c02e Toeh = 2.1 OEto H
N~
XERQX | Project File Designer Rev  fDate Page
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N00,LS00,H00,[s00]

NO1,LS01

NO2,LS02,

NO3,L503,503

N04,LS04,H04, [S04]

I1\F 2 B 2 ( 29 ) 3 c 3.0 D 1. 29 ) 1 2
- 1 1 1 1 3 3 .
) ata 3 1;93 3 ala 3-_0 bo 2 .b 2 a7a 1»0 a8a
. 3 3 ’ 4
- 4] 5 5 | 5_ 6 6.4 4 5 ->
6 8 4 a 4 4 6 6 ,
5 |ate 4 a2b 6|23P 6_0 ,5 5 .a 5|a7P 44 a8h 5_> 55
of" 10
. 8 8 9 9 9 10
8 8 - 8.0 O . 9 4 8
10 |ate gjﬁ} o |22 10 9-0 10 810 . .b 1o Tere o8 o Jose 8 9_>_
L »
12 1113 11 111 11 3 12 12 12 | 13 1"y, 10
13 [a1d Py Jacd e 1312_0 13l b. 13 “aea }13 o |a78 1112.0 agg N1 - soa
LS00 S00 LS04 LS04 1502 502 lsos 503 f13], 1312
Tpd =20,20,10,5.8 |Tpd = 45,32 tpd = 22.20
1EH T p 1206.3 Tpd =45,32,7.5 _ Tpd 22.90.105.8
NO5,LS05,H05,505 NO6 o NO7 N08,LS08, [s0g] N09,LS09
E , '-Ob2a 21 1 12 Josal>-2 2 F‘H\_ 1 l < >
- b1a 1 2 h O
b1a -1 h3a b6 3 O 3
NO7 4 {v6a 2, 1N
3 dban? 3_d 4 3| a ",/ b8a
3] oot 3 4 b5b 2 |
f/ 4b3b 5. 4
5 e 5 6 beb |8 b7b Jo-° | 4]
-Ob2c ~Ob4c 5 |h5eTS-8 4] 5.
51b1ep0-6 5] pacho-8 5 {bab
~ 10 9 7
% do2d>-8 S-goad>® | ol >N 8 bee |2 b7e o8 | & )
9_ bid 8 9_%8 9 | 10_0 10 | b8c
11.d 10 T goae>-10 I 14 10 13 12 12 =<
LREP 10 11 10 ese 7 1 1]
ele 4b3e béd b7d b8d
505 ~ 12 13_0 13 |
s g2 I>-12 13-ghat T2 | 13] SN 12 Lsos <—"1508 |
- '% L~"505 313012 LAos ‘
Tad =558 39 15 7 & NO6 Tpd=23 Tpd =30 Tpd=27,208.5 Tpd=32,35
N10,LS10,H10,[s1g{N11,L511,H11,[s11|{N20,LS20,H20, N25 N27,LS27
Q R S
2] 1 1] 13_3 ' ; ;- 13
'3 b10aj-"2 2Op11a) "2 1cta }'1% 2.0 po-12 6 3 a ® aJcea }o} ] c7a 1213
1. . -9 4_Jdcda 6 5 5. )
5.4 3

- -
OONW N

g*}a i N . 6 a9 6 9 9 9 3 6
3" b10b) 5-0b11b 47 cib 3 lbo 8 15 10 10" bo B
7 9 LS11 9 c3b 1279 8 127 esb 2 12 9cen }8
- 13 137 s 1379 ¢ S
10 9 s20 13 25 N25 11
_ {520
1;:b10G 8 10‘_‘%9 :‘1) DB 10.0) i i 15@)8 1(1)
ts10 "9 s11 Ls27 (o7
Tpd=22,20,10,5.8 Tpd=27,24,12,8.5 §Tpd=22,20,10,5.8 Tpd =22 Tpd=15,20
N28,.528,N128 |N30,LS30,H30,[S30]] N32,L532,[s32] N37,.837, [s37] | N38,Ls3s8,
1 U 1 \{ 1 A 2 B 1 ( )
12 O o O .
jd?)o- j:dSa i— i T 23 ) 9- L lesa b 31 ,|asalp®
6 C - ~0) -1 -0
5 Ls37 537 538 1537
4 Bo 8 4 s o Y .5 4]
5}%4 51@4 > LS30 5 5.4 | 5930 ° a_g|*® ¢ 5|95P °
. 1
5 9 9
9 9 : o o 9 10 9]
@10 dasc }10 11 % 10 S p-5 azc p-28 dac }°
8 a " 10 95 10| 94
8
N 4
-, 12 3’ 12 43 120 L 13_3 12
11%(‘ R ESD i R [ 136 > [1a 004 - 12.9)"" ) 13'} 12'0
Ls28 -~ Ls32 532
Tpd=15,24 Tpd=22,20,10,7.9¢ Tpd=22,228 Tpd=22,247.5 Tpd=22,3211.2
XERQOX | Project File Designer Rev | Date Page
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N40,LS40,H40, N50,H501 N51,H51, [$51] LS51 .3 N53,H53 N60,H60
N‘31 40 2 3, 1 IE
5 N o S I S SR
6 2 6 -la 2 11
g ¢ D- ® D)- e DO- . } 3 12
] 5N5§3a 4’I ada 5)p aba Z'DI__ 13 bla
8
‘.(3 1350 13, 18 —\Ls51 5, ;D} 5 10
1o ato o 16 ’ 8 asb { a 118 ¢ XX 6 9
9 9 9 1]a 1273 4ic /) 11112 8
- 1.540 '0 §40 10~ D} i D‘ 9, a6 b1b
§140 drives 50 ohm lines 9 DJ' 10-)! ash N
Tpd=22,24,12,7.5 = 851 104/ No3
_a Tpd..30,15 Tpd=22,116.3 Tpd = 20 Tpd =30,15
$140 Tpd =6.5
13, [se4] |N73,L878,H73 |Nse,Lses, [seel| (5133l N74,.S74,H74,
1 14 0 ! 3 1 41 19, 1
12 1 T o2 2 12] 210 8qls 24p ¥ qle
2 X e 4 Z :3' w baa bab
5| 1 sl of® 6 157 e e T4e |8
b _D}BI Rt p3a 5 61 R%s7a | »°
—— P 7 ] T T
s\ [Z 72 7 ° 10;90 ! 13 K(6)
578 19 aql® b5e L8 117 _
S64 5| Ls73 10 5/ Tpd=8 2lp  q -2 121y _g
0.5 c 4 béc Qf- bée Q-
10| ol8 12 3] . i
9. {d 1K 11 21 5133 15'>b‘>D'
Tpd=6.3 6 %P 13 586 4lq 10, 574 | 2(6) 7.2
Tpd = 40,30,27 Tpd=30,1711.5 T c i I c i Tpd=17
S112 N125,N425 NS e Tpd = 40,40,30,15 N109,L8109
s S74:T(5¢3)=10T(5«4)=9 N p(6)
4 = 10, = m(6) m(6) ql-1® {T(5«1)=15 DataSetup=4 g ey 5
3% 1[5 2 8 d3a ' 4lceaa
DS RPN 14° ok w 2 ce
i'@ﬁ 616? 13 Cﬂ? N425 1 B Q’—4 87109 3] K Q’"‘7
1o 1c 1_EN 10_EN L .t n109
ol 6 1,.-7 ~ ~ T
21k g2 5112 2K 2 5 6 12 “ Tpd=40] ni23 1»3 93 111,
18 14 4 EN 13 _EN O 6& « 2] P10 o] 4 MNRL
a® 5 6 13 1 24¢ an
T(5/6«1/4/15) =8 « 10 : c 134 O
~ T(3(—2) = 18 9 d3bQ,m12 4 EN’ 12 EN? R’
DataSetup = 4 T(3«1)=25 E oL T(3e1)=12 T(6<—4)=28
- T(3<2)=16.5 T(7<5) = 35
S241 — 75 -
|Ls240, s240] [S241] P, [n75188] [N75189]
5260
6) (6 8(6) 6(8) 1 et Line Driver Line Receivers
2_ 18 ‘|7_( 2 B 18 17 3 2 @ 2(6) E
e Here 15 5 N 3 2 3 "'(6)
3 O - d6a ( ) “4d7a 1
4 15 13 $260 o Z(6 . .
y 4] 16 15 TIN5 B -asd o) A 2 KC
8 & d7b }. 6
> 13 o0’ 1g 6 {4)som~o-5 5 al,
< 6'§14 PHerg> i 12 11 9 5K
c5d 1] ¢sh 9 Alternative 19% i d7c -8 I
: ative: 10 10
5240 - 8 12 11 of 13 6 7 1
5(6) de7d He7n 2 # Jaec
esi | c5) _ 3.0ldza }° 12 ] 9RC
EN’ EN’ 12 144 g6 >o-13 d7da p-1
7 o 5(6) 7(6) 1 5260 13 n7s188] 13 dsd>o-!
. ’ternatlvefor(dl)&(h,]) 23.41 c7] Volt-hookup A (6) 12 RC | N75189
% n = = 14 K
1 19 >(6) 1 d7e
) - 1__ -nI
i’f Si’ié‘i-z T i"ﬂﬂé:‘?izl?s Eeal |
Tod f18<—1 =3 7 P = " Tpd=6.8 —"““‘"'[E:]
) File Designer Rev §Date Page
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N85, 4 Bits Comparator
Tpd N85 585
15 S85 a XY 1> = 1< OV X=¥ XY
1 :((8 oY XY X | x ixn | | X, Y Xov 30 18
o adx1 ,_Je XY X | x [x L i TH X,Y X<y 30 18
Y 20 s A T I 2 X,¥X=Y 35 20
loqv2 XYr X=Y_[H |t It 1A 1Tt JL < XOY 17 9.5
9: ég at For other states, see catalog X>Y 17 9.5
> = < = X=Y20 12
T T T
4°3 2 X0/YO0 is the MostSignificant bif < XY 17 9.5
X3/Y3 is the LeastSignificant bit = XY 17 9.5
LS138, [31 38| Binary 1 of 8 Decoder
5738 b £’ E_E’ 84 S2 S1 Q0 Q1’02 Q3’ 04’ G5’ Q6° Q7’ Tpd 15138 $138
132" Qo158 L VA L T JC T L [HIAJH IHIHTH A
2l ais P pe T e stoout 41 13.2
154 e -
) aaf12 T H T T {H IH{H A d L [HHHH Enable 38 12
152 Qa1 L VR 1L TH L 1L [HIHIH{H L [HTHTH
1 Q510 L AL VAL [H | H [HIHIH{H L THTH
151 gerl® LIA L THIA L [AlH [AIHIaIHIL TH
Q7’~7 LIH L JHIIH |HIHHIH]THHTHTHIL QO is the MostSignificant bit
EEE H X X IX XX IH H A TH HTH A TH Q7’is the LeastSignificant bit
1T XX JH IX XX (HIH [H|HTHTH T TH
465 XL IXIXIXIx [H[F AT A a1 ThH
Dual Binary 1 of 4 decoder
L5139,[5139] alEihary
=3 82 S1 E O 17 2! 3 Tpd LS139 S$139
3 AQ’ ,..g (¢ 9(6) 9(6) —-i( i( {, z’ ;L: ﬁ Z
SAS2 AT’ ) 1T T i S to Out 38 13.2
2] a2 |6 5139 4 12 L H[L TH H
R I 3| 24b QOF¢ L.ladc  qoti? H L e [ TH L [A Enable 32 11
12 452 i’k 17782 Pk HI HIL [H |H {HTL
13 BO' 3 -1s1 Q2’k -181 02’
1477882 B1’ m10 B’ Q3 g Q3 Each Section
“1BS1 B2’ "o T T
. B3'oiag 1 15 AO0’/BO’ is the MostSignificant bit
- EA’_ER’ : A3’/B3’is the LeastSignificant bit
115"
& Line Priority Encode
I:N148 ine Priority Encoder
N148 14 Tp(i DioH = 21
4o OS5 g EI’ = Enable In (cascade) Tpd Dto EO = 27.5
31py EO'F y
flq" D2 ol EO’ = EnableiOut , Tpd Dto GS = 33
1302 H '7 GS = Group Select (EOVEI’) TpdEltoH/GS = 17
12 1oe, HAE DO’ is higest priority with 000 on TpdEItOEQ = 33
137ps
107 g;‘»j Hol-g outputs when asserted
] di
El’ DO’ is the MostSignificant bit HO is the idostSignificant bit
5' D7’ is the LeastSignificant bit H2 is the l.eastSignificant bit
N143 4-bits Count/Latch/LED Drivers N150 1 0f 16 multiplexor
u(6) s 7o e
2
5], N3 MO 22 n $8,54,52,51 = 0000 selects 10
) 513 $8,54,52,51 = 0001 selects 11
1 CLK 4414 $8,54,52,51 =0010 selects 12
aL15 al,s N150 ’
3] eLr b"}g 2418 58,54,52,5S1=0100 selects 14
¢t 1117 5$8,54,52,51 = 1000 selects 18
230 pcEr apd 2318 w10
' ok 22419 58,54,52,51=1111 selects 115
1 scer k19 21 110
4 9'Fg 20 11
- RBI’ dp’f 194 112 et Tpd Se'ect tO Out 35
1 184113 tpd input to out 20
st 1 | 174114
- aal1? 16 115 Tpd Enable to out 30
7 18
4 opi aBf o e
QCl,4 $1.52 54 $8 10 is the MostSignificant bit
abl 15'14'13'11' 115 is the LeastSignificant bit
XERQX | Project File Designer Rev | Date Page
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N151,L5151, S151
1 of 8 Multiplexor

$251

N251,L5251, [§E§"T|

$4,52,51 =000 selects DO
54,52,51 =001 selects D1
54,52,51 =010 selects D2
$4,52,S1 =100 selects D4
54,52,51 =111 selects D7

251 has Tri State OQutputs

151
Tpd Sto Y = 38,50, 20
Tpd StoW’=30,39, 16.5
TpdDtoY=27,32, 13.5
Tpd Dto W’ =14,21,8
TpdEto Y =33,42, 20
Tpd Eto W’ = 23,31, 14.5

DO is the MostSignificant bit, D7 is the LeastSignificant bit

251
45,45,21.5
33,33,17
28,28, 13.5
15,15, 8
40,40, 23
40,40, 23

N153,L.S153, LS253(AM74L5253),

S$153 ,

| 5253(AM745253) |

Dual 1 of 4 multiplexors

P 9 [ ]®  s52,51=00selects X0(Y0)
ry ;(; OXf 5] §‘1) . $2,51 =01 selects X1(Y 1) Tpd S to O = 34,38,30, 20,20
31ixa g, x2 OXr $2,S1 =10 selects X2(Y2) Tpd Datato O0=23,26,15, 10,10.5
10{y0 5253 - X3 b2b $2,51 =11 selects X3(Y3) TpdEto 0=30,32,25, 16.5,23
1371 oyko F(6)  G(6)
137Y2 100 xo
Hvs 1] 15 o 2
2f, b afxe O 14]S2 baq|-
14_81 - X3 b2¢ Eﬂ Ey,
1E.X’ 1:3” 115 X0/Y0 iis the MostSignificant bit, X3/Y3 is the LeastSignificant bit
N155,LS1 55 Dual 2-to 4 decoders
h
LS155Q0, | 7 - ] 3 e
; arle S$2,51 =00 selects QO’(R0O?) Tpd S to Q(R) = 32,30
o 109 o2 f5 $2,51 = 01 selects Q1’(R1’) Tpd DQ’ to Q = 30,27
v/ o T §2,51 =10 selects Q2’(R2’)  Tpd DRto R=32,30
15 er RO [ 52,51 = 11 selects Q3’(R3’) TpdEtoQ(R)=27,30
DR "o
13182 a1
-1 581 R3’ | 12
2E.Q1,4E.R’ QO’/R0’ is the MostSignificant bit, @3’/R3’ is the LeastSignificant bit
N157,L8157, S157  [5257
Quad 2 to 1 multiplexors (non inverting ouilputs)
i B(6) B(6)
$257 2 | |4 11 ] .9 Tpd SBtoQ=27,27, 16.5,16.5
2 | D Q D Q - y 3 )
ro 00" B gp | {8 g SB=0selects D TPdE’to Q=21,21, 14,23
s21 il SB=1selects B Tpd D/Bto Q=14,14,8.5,8.5
117 5 7 14 12
10122 a2l® e]n 9 a8l oF
147 D2 a1 12 d2e d2e
13 aak
B3
SB E’ 1;~ SB d2f |(6) DO/B0/QO is the MostSignificant bit, D3/B3/Q3 is the LeastSignificant bit
~ ¥ T = E’
115 S257
LS158, S158 $258] Quad 2 to 1 multiplexors (Inverting outputs)
i c(s6) c(s)
$258 2] a1 K
o I SR 23 100 de Tpd SBto Q' =24, 13.2
SIo1 .07 . . SB =0 selects D TpdE’to Q’ =18, 13.2
h 5 7 14 12 SB =1 selects B TpdDtoQ’=12, 7
o 107102 o2} 2  Q@F 45D QF :
o 14782 1B e2c 1B e2e .
1303 g |12
183 o4 Jspe2t |1(6) ’
SB_E’ 151 g DO/B0/Q0O’ Is the MostSignificant bit, D3/B3/Q3’ is the LeastSignificant bit
P 5258
XERQX § Project File Designer Rev jDate Page
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N160-N163,L5160-LS163, 3162- Four bit counters LS166,N166  8bits P/Sshifter
k .5 160/161 are decade counters 2] 7
6 cofi? 160/162 has direct clear 3] g Ls166
2: no :?:g 161/163 are binary counters jﬁ,; ¢
;3] g';’ 33:14 162/163 has synchronous clear 1‘13_ E
N EP is parralell enable (doesn’t affect CO) 1215 anf'3
10EP a1 ET is ripple carry enable (affects CO) 140y
-[g,»cxm’ min clock pulse width = 25,25, 11 1] aea
1 29" min clear pulse width =20,20,11 _ 151 5
y(6) setup load = 25,20,16 hoid load = 0,0,0 CKCL’CE]
o stes | setup EP = 20,20,14 hold EP = 0,05 796
107EP  COf Tpd clockto @ =23,27, 17 (count)
J N Tpd clock to @ =29,29, 17 (load)
T2 g Tpd clock to CO = 35,35, 28
6 " s 12 Tpd ETto CO=16,23,17
1 a2 | 1 22¢ ° Tpd CL’ to Q=38,28, ? (direct clear only)
. setup CL’=20,20,16 hold CL’=0,0,0
A(6) A(6) setup data=20,205 hold data = 0,04
4 aza [13 34 ape |14 BO/HO is the MostSignificant bit
B3/H3 is the LeastSignificant bit
N1 64,LS1 64 8 bit parallel-out serial shift register LS169 4-bits Up/Down Binary Counters
1 [oi ke | DA and DB must both be high d(6) TpdCKtoH’s=17
2108 Hikd for a 1 to get shifted in up  re}!® Tpd CK to RC’ = 30
Hare (they are Anded together) o4Bo  Ho - Tpd UD to RC’ = 24
LS164 Hal-10 Asynchronous clear alptd  halis Tpd ET’ to RC’ = 27
b :g:m width of clock or clear min = 20 31gs  nal14 min clock pulse =12
H7l-13 Tpd 37,32 hold=5,5 10 _ S169 setup data=5 setup load =7
ok L tpd clear = 42,36 : A setup EP’/ET’ 6 setup UD =22
8 9 Data setup=15,15 GK_LD BO/HO is the MostSignificant bit
29 _B3/M3 is the LeastSignificant bit
N170,LS170,LS670 A(B) 4 by 4 Register Files
) 15 qop L1020 4oy 17 Tpd RO/R1to 0 =40,40,45
13: ¥ a1 " RO and R1 select read address ipg \F}VEE? %2_3;05’?;%3550"50
147WO 1] dse 12 3] 4oe |6 Wo and W1 select write address P 0U=49,49,
15| L8170 |0 . RE’ is output enable Tpd Dto Q=45,45,45 4
l:3(1) 8(1) :g f_l- ROLS17O J(6) WE’ is write enable Data Setupr. 10 hold=15
afp2 o2 13 R gz min width of write pulse = 25
-23;, \A;JES,- 147] w? 170s have OC outputs
1t a2l RE'_WE L5670 has tristate outputs RO/WO is the MostSignificant bit
11 12" R1/W1 is the LeastSignificant bit
N174,L.S174,|8174 HexDRegf\'(eé; :
] ;;7’;02" afean |2 1], |io _ Tpd CK to Q =30,30, 19
4157 a1 o Clear is asynchronous Tpd CL’ to Q = 35,35, 25
11]02 qafto 4] . |5 13 o 2 ge) _ )
131p4 qall12 . clock pulse width min =20,20,9 Data setup = 20,20,6
.1ps as 15 » Li;}j{‘ clear pulse width min = 20,20,14 Data hold=5,54
Q(EK 1C.L el 64 eod |7 14 e2g |0 QQK 1C,L’ clear inactive to clock min = 25,25,
N175,LS175, Quad D registers with Q and Q’ outputs
. [ 15775 2 - K(6)
1°0 aol2  alp™® o2 12],2 4 Lo Clear is asynchronous Tpd CK to Q = 30,30, 19
o1 a1}l P o Tpd CL’to Q = 35,35, 25
V 12 | D2 g; ::(1) E(6) . .
13] s 85’:15 5 szc ol7 13 sze o L15 Sf127f‘5 clock pulse width min=20,20,9 Data setup =20,20,6
az14 al® aoF'? lck cv| clear pulse width min=20,20,14 Data hold =5,54
cK Ly 1 o 17
9’ 1
XEROQX § Project File Designer Rev }Date Page
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N180 9 bit ODD/EVEN parity generator/checker
12_ p
1
1] Tpd IN to EVN = 68
'8' - (OVI grounded)
8] EVN - . TpdINtoEVN =48
- .3: oDDr- EVI and OVI are cascading inputs (EVI grounded)
1 N1so Tpd IN to ODD = 48 (OVI gnded)
Hew Tpd IN to ODD = 68 (EVI gnded)
4 oDI at
EVi/OVIto EVN/ODD =20
N181,LS181, IS181| Arithmetic Loglc Unit Tpd CINto COUT=19,27, 12
19 ] o D(6) D(6) : Tpd D/E to COUT(Sum) = 43,38, 21
1871 D¢ HO - . i3 20 N YT Tpd D/E to COUT(Diff) = 50,41, 26.5
2o1o1 mitt a]p WP e wp'® gqen L) tpaciNtoH=19,26, 14
23150 10 b2b b2d ro 89 ris Tpd D/E to Pg/Gg(Sum) = 19,30,14
22 Je2 Rz 5] Coﬁn_}g Tpd D/E to Pg/Gg(Diff) = 25,33, 17
1103 Hetf  2ldo mp" 2p wi® 6]F2 A=t Tpd D/E to H (Sum) =42,32, 19
e 17 1E b2c 1E b2e Tpd D/E to H (Diff) = 48,32, 25
S Tpd D/E to H (Logic) = 48,38, 25
7dein A=Hg DO/EQ/HO is the MostSignificant bit Tpd D/Eto "A=B" =50,6235
coul D3/E3/H3 is the LeastSignificant bit
h./l F? F,1 F.2 F? FO to F3 are function controls (83 to S0 in Ti Data Book)
8 3 4 5 6
N182, IS 1 8:2' Lookahead carry generator
'3 818202 9 T
o Glo cyk1 GIO’/PIO’ is the MostSignificant bit TpdG/PtoC=22,8
14P10’ 12 Gl3’/PI13’ is the LeastSignificant bit Tpd G/PtoPg=22,11
157] g”j CXfF CZ is the MostSignificant bit Tpd G/Pto Gg=22, 11.5
;_ ng’ Gg’L10 CX s the LeastSignificant bit Tpd CINto CZ =2, 11.5
qPi2’ .
Has el
- +{pts’
- o
N188,N288,5188,5288
? 32 by 8 PROM
5288 | g
Qo}-
14 Qi - Address Access = 50,50,30,30
151ar 3ifs 188 is OC outputs Enable Access = 50,50
1171A2  qal 4 288 is Tri-state
107]A3 qs}-3
174 qsf?
a1 Q7!
cs’
15"
N 90,N191,L81 90,L5191 Synchronous Up/Down Counters with Mode Control Tpd CKtoH=236
s =
ngmc,_;s 190s are dgcade counters Tpd LD to Q=50
13” Bo  Hofl 191s are binary counters Tpd BtoH =50
181 HiE, UD =0 for up count, 1 for down count Tpd CKto MM = 52
15155 holS, Change CE only when CK is high Tpd CK to RC = 24
5 MM LD is asynchronous RC is ripple carry Tpd UD to RC = 45
14140 o MM is max/min output (no carry in) Tpd UD to MM = 33
CE'_LD’ Min width CK = 25, min width LD = 35 BO/HO is the MostSignificant bit
FEETH Data setup = 25, Data hold =0 B3/H3 is the LeastSignificant bit
. N1 927N 1 93’1«81 92;'-3 193 Synchronous Up/Down Counters with Dual clock
9 é.gmm}%:;z t 192s are decade counters Tpd CK toH = 47
1C1>_ 81 HA ~g 193s are binary count-ers ) Tpd LD to H = 40
. 15782 Hg~3 Hold one clock input high when pulsing other clock Tpd CLtoH=35
- 1% gofts LD is asynchronous Clearis asynchronous Tpd CU to CO = 26
2-cu } BO is fed forward fromCD  CO s fed forward from CU Tpd CD to BO = 24
e " Min width CK,LD or CL = 20, data setup = 20, hold = 0
GL LD BO/HO is the MostSignificant bit
14 11 B3/H3 is the LeastSiqgnificant bit
XERQX ] Project File Designer Rev §Date Page
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N1 94,L5194, [S194

4 _bit Bidirectional shift register

, - Tpd CKtoH=26,47, 18.5
¢ri 48 S2 S1/| operation Tpd CL’ to H = 30,54, 20.5
2 FETtH 8 H H joad Data setup = 20,206
3Pz H2[s L H Bhift right (H1 gets HO) Mode setup = 30,3012
200 519’;3 H L bhiftleft (HO gets H1) All holds = 0,04
10] g% L L Do nothing min width Clock = 20,209 -
ok leu Clear is asynchronous min width Clear = 20,20,14
T T DO/HO is the MostSignificant bit min Clear Inactive =20,20,10
11 1 D3/H3 is the LeastSignificant bit
§225 16 by 5 FIFO Memory
g(8)
4l 8225 |1 A(6) A(6) A(6)
5700 QO 4 4| s225]15 o] 13 8 11
oo1 Qili3 : p2d T 4 b2t |
7'3% g§'12 b2b - s taloa-for limi '
8.1pa aal-1? 5 14 7 12 u(s) ee catalog for timing
b1 b2c b2e
ja]CKl CKG3 S R BT
4CLR’  OR} HCLRry -
%loe  IR}? 9ok’ P29 |r}-2
CKA CKB CKACKB
119" 119
Octal D-Flip-Flop
l L15273I
B ) A(6) A(8) A(6)
e 3] |2 8] 9 17 | 16
z" DOL327Q30 _g c2b c2e c2h Tpd CKto Q= 30
771p1 Qs A Tpd CLl’to Q= 30
8’ gg 8% K] 4 c2c F5 13 car F12 181 o L1
13 12
147|P4 Qryg
4ps  asf
1edbs  askiS "4 caa }® 14 cag 1S e E(6)
1°7 1 Q7F CK CL’
CK_CL’ TN
11 1
LS381, $381 4 bits Arithmetic Logic Unit
\
171505381, 112 D(6) D(8) ’
19]E° 117 121 o o pghl
18~D1 HiF 167 D H 27 D H 7 Gy’
E o HE d2b 4 E d2d c1s0 sssi
b2 w2 s
5155 8 49 11 3 8 122
- H3[ 1 ae ] k
ZE“ES a1 Pg’-!4 18] I[E)d2c” 4 I[E)d2e A
icin  agf'®
S0 5182
7] 6[ 5!
N283,0.5283, | 5283 Four Bit adder
.5283 col-? D(6) D(6) -
2100 10 " o 1 Tpd D/Eto H=24,24, 20
S S U I s LI N(6) Tpd Cl to H =21,24, 20
e, T 22b e2d 1 gf o2t Lo Tpd Clto CO=16,17, 12.5
5 p2° 1 s28% Tpd D/Eto CO=16,17,13.5
g2 W2 14 PIREIEE PO
o3 4 1512 "I oel g - DO/EO/HO is the MostSignificant bit
4E3 H3 e2¢ 15 _e2e D3/E3/H3 is the LeastSignificant bit
Cl Clis the Carry Input
7! COis the Carry Output
N 2983LS 298 Quad 2 input multiplexor/register
| Ls208 |2 B(6) B(6) . Tpd CK’toQ = 32
6120  qof'? SB =0 selects Dinputs i, width CK’ = 20
9109 o at'? o a' SB =1 selects B inputs
41 (13 6] 1] =1s 3 P Data Set-up=15
Slgr ot B _t2p B 124 | 1%4sB 12t | R(B)
4] D2 14 11‘CK' . Data Hold =5
1] B2 Q21 L8298 Clock on negatlve SB Setup =25
2— b3 |15 2- D af'? 3- D ap'® transition
B3 11 @3 18 joc 1B 196 SBHold=0
SB_CK’ DO/BO0/QO si the MostSignificant bit
10 11 D3/B3/Q3 is the LeastSignificant bit
XERQX { Project File Designer Rev [ Date Page
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[S374]  (e) Octal D-type Tri-state FlipFlop with Enable For S373 use \(6) instead of {(6)
8374 S374 A(6) A(G) A1(6) and use /(6) instead of T(6)
R0 Qo 3 azp |2 81 aze [9 174 app |16 at pin 11 is EN instead of CK
7] 6
P2 Q2p I CK| D|Qn -
afp3 a3ty al oo 15 13 Lo L1z 18], |te C:‘C " QH 193 gg,tf %— 1290
-y 131D4 Q4= T p o=
14 15
b 1710e Brie - L |+ |L|[L | minwidthclock=9.5
8o7 . a7}'® T aza }& M4 azg |18 S3r4 | Tee) L | L | X|Qgql setupdata=6
cK_oc’ ckoc] S374 H | X | x|off | holddata=3
117 1 11" 1
[SS?BH x(8) 675378 by MMI Octal D-type Tri-state FlipFlop with Enable and Inverted Outputs
a| s878 |, X(e) X(e) ,, )1(6(6)
400" aof 3 2 8] o 4o o} ; ;
4o1  arf3 D 4% D ot adh OC’ ] CKIDI QAN | TpdCKtoQ= 19
o2 a2} : "~
i3ps  awty, 4 5 13 12 18lp qf1° Lopm | Hy L Tpd OC'to Q= 20
147|104 Q4'F o 1P, 9 1D " adi L | L] H min width clock =9.5
17108 0546 e = L | L |Xx|Qdd setupdataz6
1878 QBfyg 55757 T(6) old| setup A=
{o7 a7t Io ofs 14fp olis o H | X | x| off | holddata=3
CK_0¢C’ a4d ady CK 0C’
111" 11 1"
ﬁﬁg 5809.] Quad Two input High Speed Register
e _
25509 | S(6) B
200”7 12 B(6) (6) Tpd CKto Q= 19
6lp b1 |, Y D a 12 D a 0 preers IO min clock width =9
prQr b2h b2d o] on mie setdata=7  hold data=4
1205 azf'° 25509 set SB= 12 hold SB =4
13103 galts oo o I3{o  af'® SB =0 for D inputs
1°° 18 b2c 18 b2e not compatible with 298
SB_CK
1 T 9 ¥
1 4 bits four-ways Shifter Quad Regist ith both totem pole
AMEOSTQ (8)  with Tstato cutmats AM25S18 - QuadFiegitor with both totom
- 25510 25518
s vopl!s 5100 vol13
242 vapls 2ot y1po
Jio val!t TpditoY =12 o2 vers
6! Tpd StoY =20 ; Qof
12 et H4oer  Qif
7] Tpd OE to Y = 21 airs
$1.80 OF’ 9ck 91 oal?
90 13" ,
F9401 CRC Generator/Checker | S280l 9 bit Even/Odd parity MCT6 Dual Opto-Isolator (2 8 pins packages)
% ( 6) generator/checker @ (6)
- 1
1]y 2407 12 2| s280 [V 110y McTE_ | 16
4 21k Cifia
ek gq 8 31K2 Caf14 .

10 9 evnk®  TpdIN to 41a2 E2 _13 Ouput is isolated from
47| GWE 19 opo>  EVN/OD = 23 a1as E3[4 Input and Power supply
2| MR 13 127 71K C3I"0

17 B’ 137] 8]%4 o2 C4lg
S0 S1 .82 e 124 wd Made by Monsanto
35 g
F93422 h(6) Fairchild 256 by 4 RAM T I i2147 I 1024 by 1 RAM
4]0 A(6) TpdCE’toQ= 30 11 a0
3ai o 10 v(g) TpdAtoQs= 45 21 a1 <(6)
1183 [ min write pulse =30} 4]}2 92

211na o349 setup address =10 ol a4
6fre 1] g 12 21n2 setup data=5 17108 ol
AT ga422 21713 setup CE= 9 121a7

S Qol10 13 1oq L4 Has F93422 | hold address =5 14]72%
st M aipl2 7]hS hold data =5 151 a10
11%: ba = ::6 is 16 cerceawe'oe’| hold CE=5 1] A T | AM91354
CE1'CE2WE'OE’ 1 f2e 1917 20 18 write recovery=40 | 2w o replace
1917 2018 ! 168
XERQOX § Project File Designer Rev | Date Page
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i2115,i2125,F93415A, F93425A 1K by 1 RAM intel,fairchild
45 | 12115 3
2" DI Address Access =70,45
3" ﬁ? 2115 and 93415 are OC output Chip Select =40,30
47 . i =
L a2 2125 and 93425 are tristate outputs Chip Select recovery = 40,30
w | 22 bol? Write pulse min = 35,50
18.‘ A5 Data Setup=5,5 Hold=5,5
11~ﬁ<73 al Address setup =15,5 Hold = 5,5
127
4 A8 . . .
13 A9 See data sheets for more information on write cycles
CS’ WE’ '
114"
[iz101a] [s189] 16by 4 RAM ‘
13 4 X(e) X(6) - :
19181 12], ol 4fp  ofs Address Access = 35
a2 oy b2b b2e ( Chip Select=17
12 Ah101a 11 10]p  ole 13 A?“_J“\ Y(6) Sense Amp Recovery =35
107 3(1) g?: o boe }g“/ﬂ Write pulse min =25
S1po Q2’ 7 17172 pot Address setup/hoid=0
41ps  axl5 6lp o7 A3
CcS’ WE’ b2d CS’ WE’ . .
> 3 27 3 Data stable prior tol to hiransistion on WRITE = 25
i3601, 3621, I FO3427 I 256 by 4 PROM I 3299' ) 8-bits Universal Shift/Storage Register
* o6
51007%%7 1, s200 aqo|® See Tl Databook Page 7-437
6 | Qof- 11 7 .
7] 2; 1 5150 gg?_—w Tpd CKto DQ = 23
‘3‘- a3 Qir Address Access = 5040 sl » Daz—?4 Tpd CLtoDQ = 24
2 gap° ‘Enable Access = 25,25 19)cn  DO3pg Tpd G’stoDQ = 20
17 A5 cl 1 SR DQ4t- . .
A6 9 8L pask19 min width clock = 12
15 147 Q3fr ) 4
L Sdeu DQGH s setup data = 8
cS’ CS’ AOQ is the MostSignificant bit 12 DQ7f _
V 14- 131 A7 is the LeastSignificant bit -lCK 07_17 hold data = 5
QO is the MostSignificant bit G1’G2’ QO is the MostSignificant bit
Q3 is the LeastSignificant bit PRE Q7 is the LeastSignificant bit
MK4096 I IM
4K by 1 RAM MK16-2,MK16-3 MK4116-2, MK4116-3
5 5
4 a0 - Ao 5 ! 16K x 1 RAM
714 8 7] g ) P(6) 4 A0 : X 5 Q(s)
Y INEY ) e2c 74 a1 71 A0
4 A2 - A2 6] A£(6) - A1
21 a3 pout'4 121 A3 127 A2 14 51 A2
11 197 MK 4096 4 A3 pouTh o 127 edc
10 A% 107 A4 1] aa 2] eab |14 143
{as A - A5 107] e3 ] 4 aq
| mKkaoos (6) 3] cs? 18] 70 MK16:-2 194 A5
4 pin 2| e20 |14 MK4116.2 - A6
RAS’CAS’WE'CS’ MK 4096 RAS.CAS WE 21piN w(6) RAS’ CAS’' WE’
415" 313’ 4 s RAS GRS YE ” PARTAEFY
. MK 16-2
See Data Sheet for timing specs 4157 3 8{yp
?I- vC For Power Connection
VE edad | NotNeeded on S-board
See Data Sheet for timing specs
|i2708 | 1K by 8 EPROM lizz16] li2758] 2Kx8 EPROM (27 16), 1Kx8 EPROM (2758)
v(6) n(6)
-. 19 2716
gg_ Ao 12708 257 A0
aA1 9
1Al qol? 23] Qol
oAz a1 gi[10 1_% Q1O
. 11 = 2 2t
by Q2f13 T(Q<A) =450 5{na R T(Q<A) = 450
125 [14 4] Q4fy5
o{ne P RE See Data Sheet 5] A8 asf3 See Data Sheet
A7 Q6 | 16 6 A8 Q6 (17
,, a7 A8 a7 k7 ;- A9 arr
L dag .
19 4 .
Jvb Note pin numbers are not A;gp cs PO Note pin numbers are not
VE_CS’PD’ all same as in catalogue 5T 0T8T all same as in catalogue
21 20 18
XEROQX ¢t Project File Designer Rev {Date Page
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I-HM7603 I Harris 32Xé PROM
L ?
HMW7603]
102 Q2 Tpd A’s to Q = 40
117]A0 Q23 Tpd CS’to Q=30
o 12 a3}
W aA2 qaf3
147|A3 g5t
184 Qel?
Q7 K A0 is the MostSignificant bit . QO Is the MostSignificant bit
CS’ A4 is the LeastSignificant bit Q7 is the LeastSignificant bit
15"
Quad register with Tristate outputs
8T10 Tpd CKtoQ= 28
10 $ IDO and ID1 are NORed together Tod OD 33
ofp1  qof® ODO and OD1 are NORed together pdOD to Q =
};-IDO 01‘2 (6) : Tpd Cl.to Q= 24
13701 Q23 gy 6 13 b2d |4 10] BT10 Data setup =6
3oz aaf b2b - - o700 0(6) Data hold =6
113 b1 8T10 8T10 17]1D1 b2t atahold =
4{ono 4 opbo min clock width=14
2 8T10 2
-~ OD1 12| b2¢ |5 14] b2e |3 < o0D1 . .
oK CL 7 - y B CK CL min clear width=17
T Y 8710 grio 77 157 DO/QO0 is the MostSignificant bit
v .15 D3/Q3 is the LeastSignificant bit
i3625, [F93453 1K by 4 PROM I FPLAT I o(e) 20 pins PlatForm
: zero
5|, Fe3459 i(6) s [FeLAT 20
S4at c1 14 ' 27{P1 P20[7g
7 A2 Qo ’ 37| P2 P191"1g
a|r2 i3 Tpd A’stoQ= 50 3{p3  p1sfi®
3 A4 Q1 ‘Tpd CS, to O =30 571 P4 P17 "6
21a5 12 6 P5  Pl16[yg . .
1 Qzf 1re  Pi5} in # 10 is grounded
AB 7 14
1707 11 alP7 Pl
16 Qsf 1prs P13} . :
-|A8 9] 12 pin # 20 is VCC (+ 5v)
15080 10P9  Pl12p4y
A9 is the LeastSignificant bit 1p10 PU1F
C,S C.S Q3 is the LeastSignificant bit c3
10 8
LS259 8-bits Addressable Latches S4 S22 S1 Latch
o k(@) . .| Addressed | Other L L L| ao
13 | o a0 "15; CL EN OutPut OutPut L L H Q1 T(Qe«CL) =27
3 521 g;"s L L D L L H L Q2 T(Q«D) =32
112_ g2 03 ..; L H L L L H H Q3 T(Q«S’s) =38
- 81 83"10 H L D Quia H L L Q4 T(Q«EN’) =35
14, 11 =
12-en asfl] H H Qg1a Qoid H L H QE? Tsetup 15
Al QO is the MostSignificant bit HOHOL Q6
is the MostSignifican ! —
Q7 is the LeastSignificant bit H H H Q7
DipCable] Dip for 16 lines Cable l SPLAT 16 pins PlatForm
, [pwcanie i\(ea) L(8) Note it is staffed in the middle
ofP1 Pieko 2 4 py pigk19 of a 20 pins position on S-board
4P2 P15} 3 18 B
3] 14}-14 7 P2 P15 so to avoid GND and VCC
a10a pis13 d4p3 o Piafl?
51p5 piafkl2 Note Pin # 8 is grounded g— P4 P13 —:g Added the following subgroups in your
Sps p11}-1? < P5 P12 drawings if you do not want the
71p7  piof10 7dpe P11 —?4 trace-wire of GND & VCC to be CUT:
Sps_Pol 507 Pioris. 1) 1(6)
o1 spLaf GND IOEEb:l vCcC 20-
N75107 Dual Line Receivers N75110 Dual Line Drivers
2 Differential Strobe
j> q(6) Inputs o s ouTPUT LogicInputs | Strobe | | ¢
1
5| f1a ha Vge 25my. L/H | L/H H IN__2 Crf ‘
He t/H L/H | L |L/HIHE H
‘ 6 L/H | L H
1 4s__/N75107
. PN ° v<abs(2smv) | L |L/H| H Lo o/ inl L || H
‘71'2 |16 )0 L';'H :’ U"’:i’mw" Lt/ | Ml H Ll H
6]e Vie-25mv L |L/H H L L HI H jLlH
H H L V-supply H_ H H{ H Hl L
V-supply -Pwr11 :
XERQO X | Project File Designer Rev |} Date Page
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MCS56502 MCS6532 ADC-MC8BC  a/p.p/a converter
. o) Xe) $(6)
4 NMI" msb A151 201vect rQp28 15 [ 16
HIRQ A4} 1 -1 REFi REFot-
40 y 23 -1 GND1
- RESET A13 e 38
. 8 A2 50 3771 Cs 15 ADC-MCS8BC
-p’®so A1 dcs'  msb PAT) 8
19 36 s 14 - VCC1
A10f -1 RS PAG 1
2 18 13 4 GND1
RoY A0S 7 34 mreserr  PASFy; 3 a4
AOB 16 39 PA4 41 47 RESET’
8 AO7 15 -1 CK2 PA3 10 27 CLK’
- VCC1 AO6 40 PA2} < CTRSEL
1 14 -1 AO6 msb 9
21| GNDT AOS1y3 21n05 PAllg 13107 msb
- GND2 AQ4 ED 3 ] AO4 Isb PAQ} 12 D6 14
AQ3} 4 11 ANALOGH
SL11 4 A03 -1 D5
AO2[ 4 51a02  msp pB7}18 194pa
AOQ1}- <3 17 9
1sb AOO}® 77401 PBOI g 703
at -1 AOO Ish PB5 19 67 D2
34 PB4} - D1
R/W [~ 351 R/w pra-21 51pbo 1sb
Ll2e PB2}
msb D7 27 26 | D7 msh - PR1 | 23
DEog 271pe  isb pBOL2Y
MCS6502 D& o9 28 | D5 K11xxA Crystal Oscillator
055 o1
3 oK1 D2 -g; 317 [D)g MCS6532 + (6) . available parts
R o i
D1 32 ;. a5
isb pof>3 33 D0 1on RFout}8  KT1100A K1144A
S
syNgH i K1100A K1114A K1145A
87 Jckal cK20-39 K1115A
K1116A
LS245 Octal Bus Transcelvers 1LS352 Dual 4x1 Multiplexers with LS393 Dual 4-bits Binary Counters
. Inverted Outputs
;(6) ;(6) (5) "(5)
2_——-{ 18 6 14 6 2
- 51 X0 7 £S5393 6
L>a%a Ba Sx1 oxt aolf
39%2 o1fs
3 --[>— 17 7 -—> 13 %3 b2a " 14
R F - F 10| Ls3s2 azf
- [] b [] f 11149 0 ipa aaf
L. 12 oY’
137] Y2 CL
4 — z]m 8 ?_——]12 Hva 2
[FSase [>a;3|g Gs2”" "(5)
181
. ™ EX’  EY’
ELFI 15 9, /2:111 b qol®
| ~>agd (] h h2b qqf?
. 02_10
1 2(6) 13 D3’ Q3 11
R/W?’ L8245 CL
[:Er“:] a3l 72"
19
ANMi2615 Differential Recelvers srise Serial Resistor CA31 40, CA3160 Voltage Comparator
{(6) {(6) 3(6) 5()
6| Am2615 10 erte |18 , 1) #(6)
-l + Term L1 - +Term |15 - CA3160 7
S ca O, L ern OF 6 8lge 47 *Pwr
7] -Ref PU |2 9] -Ref pU | 14 fromc¢ toi 3_ > 1] Con\CZb --Pwr
3] | 4 13 12 for pin-pairs from S c2¢
E Respj E Resp) 2-15 to 8-9 OffS
N75115
N75114 {(6) LM339 - Quad Voltage Comparator
(5 N75115 () (6)
7] (5)a e +Term L a_ } 8_ ¥
6 . 4 + d3a 2 14
5: dla |N7 1‘?2 g- -Ref PU .__i 5_ 9— #(6)
- E Respl 3
-1 +Pw
6. 10_ 127} _Pwréze
1rTerm )15 ; 1 . &. 13 LM339
- d3b - -
9l * 14
137 -Ref PU 12
- E Resp}-
XERQOX §Project | File . Designer Rev | Date Page
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LS244

Octal Buffer/
Drive-receivers

G
2| 1817

6], 1oo14 13
[(e)

8 12 11

1_EN’ 19

~

ate 3

fon
it}

i2114,i2148
1Kx4 Ram
540 12148 1(e)
6
71ry aof4
4aa 13
Haa Q1
o
17
16:2; Q311
15
A9 b1
WE’ CS’
Ior 81
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