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1.1

Logic Documentation Standard for the

HInstitute'for‘Mathematical Studies in the Soccial Sciencesl
William R. Sanders and John R. Ball

- Btanford University
Stanford, California. O4305

Purpose and Scope

Purpose

At the Institute for Mathematical Studies in the Social
Sciences, the drawing of logic schematics is a combination of
bigital EQuipmént Corporatioﬁ's logic symbology, MIL-STD-806,
ANSC-T32, and a few of our own special rules. We feel that other

‘availsble standards unnecessarily obscure logical information
fiow, which creates an expensive burden on the maintenance per-

sonnel using logic schematics.

In this standard we make little effort to justify our ‘logic

' symboiogy, but father, present the appreopriate way of drawing

logic schematics. Anycone unfamiliar with DEC's logic symbology

may find a forthcoming document, Logical Logic Diagrams, a use-

ful introductory explanation of why this standard is needed,
alonglwith careful reading and study of DEC manuals and circuits

to fry to determine their meaning, Further explanstion of DEC's

symbology will be included@ in the appendices of Logical Logic

Diagrams.

Two different styles of logic symbol representation are used.
Above-ground logic (K and M series) uses distinctive shapes that
basically conform with MIL-STD-806C. Below-ground logic (B, R, S
and W series) uses rectangular shapes similar to ANSC-Y32. -Since

abbve—ground logic will be increasingly utilized in the future,

this standard employs distinctive shapes'throughouto By referring




to the PDP-10 Interface Manual (pp. 1~7) and the PDP-15 Interface
Manual the reader may apply the rules in this standard to sche-

matics of below-ground logic.

Scope

This standard is organized as follows. Section 2 contains a
list of definitions, Section 3 the format used for signal names,
Section I a dictionary of logic symbols, and Section 5 rules for
the assembly of logic symbols into logic diagrams. Section 6 ex-
plaing the meaning of the mechanical information feound in logic
diagrams, and Secticn 7 what should be included in the complete
documentation of a system. Section 8 is an example of a com-
pletely documented system.

' This standard is subject to change in response to suggestions

or crifticisms. Pertinent suggestions and changes will be imple-

mented in later versions.

In this respect, Sectioﬁé 3 and T could be formalized with
semantic organization §imilar to Algol, The whole standard couid
indeed be put on a semantic basis, glven a suitable definition of
parsing a logic diagram; however, it seems appropriate to.delay
the implementation of such an organization until the detalls of

the standard have wider Institute acceptanceoe

Definitions

Above-ground 1ogic: Legic whose two veltage levels are above-

7 “ground reference; normally one voltage level is ground and the

other is plus three voltz. DREC calls this positive logic or a

positive system. However, the term above-ground logic avoilds

confusion with positive logic,

Below-ground logic: Togic whose two voltage levels are

below-ground reference. Normally, one voltage is ground and
the other is minus three volts.

Asserted: A signal is asserted when 1t is in its active state,
that is, when 1t assumes the state associated with its name. For

example, a signgl named BUTTON is azsserted when a button is pushed,
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and a signal named BUTTZON or -BUTTON is asserted when the button
is not pushed. ' '

Denied: A signal is denied when it is not asserted, that is,
when it assumes the state nct associated with its name. In the
above example, when the button is pushed -BUTTON is denied, and
“when the button is not pushed BUTTON is denied.

Polaritx logiclsystems: Systems of drawing logic schematics

in which signels may only be asserted to a particuvlar polarity,

' Positive'logic: A systenm of drewing logic schematics in

Which éignals may only be asserted true high and fglse low.

Negative logic: A system of drawing logic schematics in

which signals may only be asserted true low and false high.

Nonpolar logic systems: Systemsg of drawing logic schematics

in which signals may be asserted to either polarity. Signals may
be asserted true high, true low, false high, or false low. This
standard defines a nonpolar logic drawing system.

E}ggk: Cne of the electrical levels of the logic cilrcuits.

' Black is the level a% which two typlcal signsls wired.together
form the logical 'anding' function. In above-ground logic, black
is +3 volts. TIn below-ground logic black is -% volis. (This def-
inition is arbitrary. Although there are numerous other ways of
defining the black level which would yield congistent logic sche-
matics, this definition maximizes the constructional gimilarity
.of below-ground logic and above-ground logic.)

Nose that it is possible to construct gates which form a
"wired or® when their black outpuls are tied together. However,
this is not the typical gate in either above-ground or below-
ground logic.

. ETA levels (+6 and -6) are a special problem, because bthere
is no typical construction for an EIA gate. Most arbitrarily,
+6 volts EIA is drawn white and -6 volts EIA is drawn black.

Current mode signals should be drawn white when they are

‘agserted while current is flowing. They should be drawm black
when they are asserted with no current flowing. The direction
of current flow should be shown with a large open arrow,

5
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W¥hite: The other electricsl. level of the_logichircuitﬁ.

White is the level at which two typical signals_wirgd tggethgr Torm

“the logical foring' function. In both above-ground and velow-ground

- Logic, white is ground.

Level: A signal is classified as g level if it is asserted a

relatively long time ccmpared with the shortest time periods in the

system. In most of our work, & level is any signal which is assert-

ed- 500 nancseconds or longer.

‘ggggg: A signal is classified as a pulse if it is;assérted a
period of time which is nearly as short as the other short-time
periods in the system. In most of our work, a pulse is any signal
which is asserted less than 500 nanoseconds. _ |

Quiescence: A system 1s in its quiescent state after it has

been given- its most global clear pulse or.pulses., The gquiescent

o level of.an individual signsl can alsoc be defined relative to the

guiescent state of the total system.  The quiescent levgluothhe

. osignal would be the level assumed when the system 1s guiescent.

- Note that a signal may be asserted and quiescent at the same . time,

for example; & signal named IN-QUIESCENT-STATE.

Signal Names

311 Propeged Standards

B.1l41 So that anyone generally familiar with a logic system can

maintain it, ali nontrivial signals are given names. These names

must have an intuitive relationship with elither the logic condi-

- tions that generate the signal or the action that the signal will

cause.

The purpose of az signal nsme is to help the reader follow

The actions of the loglic circuits. Scmetimes it is helpful to

. describe what causes the signal. Other times it is helpful to

describe what the signal will do.
Signals ghould not be given names that only identify the

signal--pin numbers do this--but rather, the signal name should

. be a short degeription . of the salient characteristics of the




signal, Signal names should be sufficiently short sc that the
pertinent parts of the name are obvious, . It is improper to give
a gignal = name which is so long that its_distinctive key words
are logt in a string of verbage, _

5.3.2 Signal names must describe the assertion of the_sigﬁal, For
example, a power supply might heve a signal that is asserted when-
ever its cutput voltages are normal. This signal could be called
POWER-OK. Moreover, the transition between this signal's$ being
denied and being aesserted (called the assertive edge) might generate
8 general reset pulse which would be used to clear all important
flip-flops in the gystem. This pulse could be called POWER-CLEAR.

Clearly, PO and PC would be too brief to describe adequately
the signals previously called POWER-CK and POWER-CLEAR, because
of the ambiguity for the reader who is not thoroughly familiar
with the system. He might well ask whether PC .stands for ‘pro-
gram counter! or maybe 'palpitating clock'.

Similarly, THIS—SIGNAL—IS—ASSERTED—IF;AND—ONLY~IF—ALL—POWER-
SUPPLY-VOLTAGES-ARR-WITHIN- FIVE-PERCENT-OF-THEIR-RATED-VALUES is
too long a name for the signal previougiy calied POWER-OK. If s

too long for two reasons. . First, its level of description i too
precise for the reader who sees it clearing a flip—flop; i£ is 3
appropriate that the reader have access to the‘tolerances of.the
power supply voltages, but that information beleongs in a note on
the power supply drawings or in the maintenance manual. éeéond,
the signal name is so long that its meaning is obscure, By the
time the reader Tinishes reading the name, he will have forgotten
bqth the beginning of the name and why he was interested in it in

the firgt place.

2.2 Signal Name Parts

%e2.1 A gighal name is made of parts separated by dashes or spaces.
Dashes (-} are used between parts for most hand-lettered nsmes to
improve legibility. Hither dashes or spaces are used in printed

documents,




o The use of dashes or spaces between parts in signal names is
nondistinckive. That is, POWER-OK and POWER OK refer to the same
wire, Note that a dash that precedss a signsl name is distinctive
for DEC signal names. )
3,2,2 A signal name part may be
' (a) a word,
(b) an abbreviation of a word,
(c) a tag, |
(d) a word and a tag, or
e) an sbbreviation and a tag.
A word is an element which hsas meaning when it stands alone.

An abbreviation is a shortened spelling of a word or group

of words whlch because of its frequent use in the system being
: 'drawn, would be cumbersome %o spell out.

: For example, memory buffer' may be abbreviated MB in com-
puter systems, because of its fregquent use. However, a signal
called DOUBLE-HORIZONTAL-SCALE-FACTOR should not be akbreviated
EXHSF because the ‘abbreviation does not 1mmedlately bring to

‘mind double horlzontal—scale factor to anyone not Familiar with

 the system in which it is being used. GCertainly 2X is a reason-

" able abbreviation for double, as is HOR for horizontal. However,

f’this is about the limit to which abbreviations should be utilized
in this case. Thus, it would be acceptable to name the signal
2X-HOR-SCALE-FACTOR,
| A tag is a letter or a letter and a number which have gpecial
meaning. Tagé'commonly used in our system are listed below.
A tag of (1) is a signal from a flip-flop which is asserted
when the flip-flop is set; that is, it conbaing the information
bit 1. Zogically a tag of (1) means this signal is on or ssserted.

A tag of (0) is a signal from a flip-flop which is asserted

when the flip-flop is cleared; that is, it contains the information

“bit @,

A tag of (C) is a signal which is generated using different

voltage levels and has been converted to this volitage system. For




example,; a below-ground. signal which is converted to above-ground
:levels may be tagged (C). Tag the signal only after it 1s con-
verted. : . |

A tag of (B) is-a buffered version of the signal with the
seme name, When more current drive is needed than may_be gen-
erated from one gate, extra gates may be usged to supply the cur-
rent., The individual outputs of these gates”should have like
‘names. but should be tagged to show the'lack of'electriqal con-
timuity between them. . If more than cne extra gate is needed,
tag them SIGNAL-MAME (Bl) and SIGNAL-NAME (B2). |

Other tags may be defined for particular syétems, but their
meaning must be explicitly explained within the logic system in

which they are used.

%.3 Significance of Signal Name Parts - ,

Particular parts cof names may be given special significance.
Two conventions are in use at the Institute. One is sﬁited t0o
‘Institute-built systems and is explained in 3.3.1,... The'other-is
used by DEC in their PDP-1C documentation. - This convention.is
explained in 3,%.2. _ S 7

3.%.1  The first part of a signal name should identifj_the subsystem
with which the signal is identified.. If the first part is th
given the signal belongs to the most global'subsystem_within the
system. TFor example, a system with a common controller for four
identical units might prefix all signals in the first unit UL,
the second unit UZ, etc., and have no prefix on signal names in
the cammon controller,

When a subsystem can be thought of as having two or more
parts, an abbreviation identifying which part a signal belongs
to should be included immediately éfter the subsystem identifier.
Tack of a part identifier in a system with parts should mean that
the signal is globzl to the subsystem,

. For example, a subsystem with two parts, one dealing with
. dnput and one dealing with output, might have signal nemes which
gtart Ul-IN-,.. Or:‘Ul-OﬁT“aaoe

T




3.%.2 - DEC uses & somewhat different schene Tor naming their signals.

TFirst, instead of mumbering the pages of their logic (BIOCK) sche-

matics, they give each page a name. Then all signals generated on
‘that page are given names which stert with an sbbreviation of the
'page'némee Since the pages are alphabetized, one can easily find
Tthe origin of a 51gnal ' i
DEC does not use dashes between the parts of signal names.
The dash (-) is reserved to mean logical 'nob'., IMSSS uses the
overbar for logicel 'not', Dashes bebtween signal name parts

deflnltely 1mprove the readablllty of hastlly drawn schematics.

3, h Fllp-flop Names
5,4.1- Many flip- flops contain one bit of a blnary numbero The
names of these flip-flops are tagged with (1) or (0), depending
on whether the signal is asserted when the flip- flop containg a
1one blt or a zero bit. '
 When a flip- flop is 1ﬂadequately described as one centaining
la Einary number we call 1% & mode flip-flop. For example, . the
meaning the flip-flop has in the one state and the meaning it has
in the zero state do not exhaust the possible meanings within the
subject context. Thus, a flip-flop named TWO'S-COMPTEMENT might,
" when set, cause the sysiem to use two's complement arithmetic.
 The problem is how to convey what happens when the flip-flop is
cleared. Does the system use one's complement arithmetic or maybe
BeD? . .
 If the signsl neme contains informetion describing both its
gssertion and its denial, the nasme is both cumberscme and con-
fusnlgn InStead a signal of this kind should be named for its
most actlve state--that is, the state which requlres the most
effort to get it into.
h Following our arithmetic example, if a machine  generally
uses one's complement arithmetic and in fact the flip~flop assumes
' the state which mesns one's complement after s power clear pulse,
‘f'then the signal should be named TWO'S-COMPLEMENT. Presumably, it

requires a greater effort to get the system into two's complement

8



- mode, and the name should reflect that effort. In addition,

since it is easier to remember the normal or simplest modes of
8 system, the name shoyld contain the information that is more-
difficult to remember. '

~As an aid to the reader, a description of the quiesdent mode

should be noted where the £lip-Tlop is dvawn.

34,2 Al flip-flop signals must carry the (1) or the (0) tag. If

a flip-flop signal is inverted, the tag should be retained and the
(B) tag added. For example, the inversion of FLIP-FIOP (1) is
FLIP-FLOP (1)(B). The (1) does not change, but the color of the
signal is inverted. ' ' '

If the denial of FLIP-FLOP (1)(B) is used it should be called
FLIP-FIOP (0)(B). The (1) or (O) tag refers to the bit content of
the signal. The rest of the name specifies the output pin the |
gignal is derived from. If both sgides of the flip-flop are buf-
fered, they should be given dlstlnctlve tags, for example, FLIP-

* FLOP (1)(Bl) and FLIP-FIOP (0)(B2),

If & flip~flop signal is gated by an enabie—typé signal, l.€0,
when a flip-flep register is enabled onto a bus, the tag should
be retained éveﬁ thoughhﬁhe name changes, For example, when the
contents of a memory buffer are put on a memory bus, the input to
the éate driving bit @ of the memory bus might be called MB¢ (1}
and the output of that gate might be MBUSE (1) |

Logic Symbology

Introduction

" This section contains descriptions of all the common gabes.
Distinctively shaped symbols are used throughout, but each dis-
tinctively shaped symbol can be replaced by a rectangular box

with the logical function the box performs written inside it.

" Box-ghaped symbols are used for below-ground logic. See the PDP-10

Interface Monual for a descrip'tion of the symbols used with the

'boxesa Note that each numbered sectlon descrlbes one Or more wWays

of drawing one physical device.



Tt is assumed that the reader has some familiarity with the
physical devices. JFor extensive truth tables, etc., look to-the

“device manufacturer (71 in particular).

h.2 Signals

k,2.1 Black signéis. A black signal is any signai-aSQeftéd at +3%
' volts. A black signal which is a level is drawn as & straight
line. : o _ B -
: | SIGNAL- NAME
To/FRom

A black signal which is a pulse is drawn as a Stfaight_line with

& solid arrow on the end.

SIGNAL-NAME "'
~TefFRom s
4,2.2 . White sigmals. A white signal is any signal asserted at

ground. A white signal which is a level is drawn as .a Straight

line with an empty circle on the end.

SIGNAL - NAME O
To [ From ; ‘

‘A white signal which is a,pulse is drawn as a straight line with

an empty arrow at the end.

SIGNAL-VAME >
To [FROoM
4.2,3 Signals external to the system. When a signal leaves the

system, its place of departure is shown by an elongated oval. When
a signal entefé the sjstem, its‘place of.entrancé_is showﬁ by a
similar oval. The diréction of the.signal in relation to the oval
_in@icateé Whefher the signal is departing or arriving. As an illus-
tfation,_visualize.the inside oval as representing the outside world
and the area outside the oval as representing the system. A signal
legving the system enters the oval'(pr:the_externalﬂworid) and a

signal arriving leaves the oval.

10
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SIGNAL -WAME 1 J L
9

O FROM O

CABLE
PESC.

SIGNAL-VAME 2. »
7o )

SIGNAL-NAME 1 1is a signal generated in this system and is shown
1eaving it. SIGNAL-NAME 2 is a signa‘l genera‘te‘d'.in ancther system
and 1s shown entering this system. Physically, ihe oval is a cable
connector of some sort.

h,2,b Signals external to a subsystem. When a sySfem contains well-

delineated subsystems, it is convenient to graphically indicate
signals that go between subsystems by a large arrowhead. The nature
of the signal, i.e., whether it is black or white or whether it is
a level or a pulse, is shown by a symbol on the back of the arrow-
head.,

Teaving subsystem

BLACK LEVEL

WHITE LEVEL

BLAtE PoLsE

yivIvLy

WHITE PurLsE

1l




Entering subsystem

BlAack |EVEL

White  LEVEL

BLACK PFPULSE

WHITE PolLSE

v v b

vlvioly

Current mode signals:

BLACK (CURRENT Frows [o r#E RIGHT)

BLACK (CORRENT FLOwS To THE LEFT)

WHITE (CORRENT FLows 70 THE RIGHT)

WHITE (CURRENT FLOWS To THE LEFT)

4,3 Gates
§.3,1 Inverter,

| Q—LAME O

VAmE : VHME

i2

AV AW

Input asserted white
asserts output black

Input asserted black

asserts oubput white




k,3,2 - Buffer.

MAM 5 Input asgserted black
asserts output black
- WAM g Input asserted white
N asserts output white
4.3.3 Two-input gate.

XY ' X and ¥ both asserted
- | black asserts XY whiie

"X or Y or bdth asserted

whife asserts output
black

h,3.4 Other ‘sex' of two-input gate,

Both -X and Y asserted
white asserts XY black

" Either X or Y or both

gsserted black asserts
XY Wh_i_te

13




L,3,5 Two-input exclusive-or gate.

X ' X or Y (but not both X -
* ey and Y) asserted black
asserts output black
4.3.6  Other 'sex' of two-input exdlﬁsive—gg gate.

X

" X-or Y (but not both X

and Y) asserted white

asgerts output white

h.3.7 Poly-input gates. Gates with more than two inputs are drawn
in the same style as the two-inpui gate with the same logical func-

,tionﬁ for example, an eight—inpuﬂ gate could be drawn:

X{

Xz
xs )UO XZO)(B“X‘/"X-;—.
XE o

O

Y

Xz

X3
XY

--x_: +xz X2+ Xef X5~

O 0000

1l




k,3.8 "Wired' gating.

X

= =]~ Both X and Y asserted black

| I XY .
| / gsserts XY black

y L1 |

S ' L X+ Either X or Y or both asserted
R .4 et
i ’ white asserts ¥3Y white
O;Y [—
4.3.9 Logical invert. Just as symbols are available to depict

'wired or' and 'wired and', there is a symbol available to depict

the use of a signal counter to its normal assertion.’

o NAME N NAME

- Example 1.

[ S

Read this construction as: D is asserted whenever C 1s asserted
except when A and B are both asserted.
| Two eguivalent ways of-drawing this are shown in Exampies 2
and 3. : 7 -
Fxample 2.

¢

15




Read this construction as: D is asserted whenever C is asseftéd3
and either A is denied or B 1s denied.

Example 5.

_A__ |
p ) AB : B
S - S—

Read this construction as: D is asserted whenever C is asserted

and AB is denied. _ :

lixample 1. graphically depicts the blocking (inhibiting,
excepting) nature of the construction. If this is what the de-
signer had in mind (or should have had), then it is best to draw
it in this way. Exampie'é graphically_depicts‘a different inten-
tion. The sense that either & or B enables C to get fhrough is
shown, This is the best way to draw it if this most clearly de-
picts the information flow. Example 3 attempts to depict the
blocking nature of the AB signal, but it is not clear how to
interpret AB. Does the 'ﬁot' sign AB imply an inhibiting action
for D or does AB form a meaniﬁgful input to the AND gate which
asserts D7 ' | | |

The logical invert symbecl is also useful for register

lozading.
mB7{c) _ _
- () ‘ ’\ (’) i ») i b
LoRD~PR-ENBL A\ PRT O
" Lompfpﬁ-ﬂugss Jh_j"c
@]

' DR-aLE . ? o
O _ AR,

16




Warning on uge of logical inversion symboi. A coenstruetion

with too many logical inversion symbols is an indication of muddy
thinking by the designer/draftsman; Ir thefe is a logical inver-
sion symbol on both an input and an output of a two-input gate, a
better way of draw‘i”ng the congtruction should be found. For ex-

ample, the leading gate would be better drawn as.an OR gate:

J- ) ) _ |
B }—éra_ ) c(a+B)

L.h Filip-flops
hkh,1 Set-reset flip-flop.

SEr-FLipP~-Flopg
O F

()

FLiP-FLop

.'(c_))

O°LEARR = ELIp-FLOP

17



4.4.2  D-type flip-flop.

o SET-FLIP-FLOP _

, .
.'6
PATA() /_o
z|? 5
FLifP-
L FLop
elodk
Pic
F Og
o

‘ . ' -
OCLERR -FLIPFLop #

SETr-FLiP~FLO
o FLIP-FLO P

-
vAr, !
2
FLiP-
FiLop
CLoci ),
- ¢
1 o os"

. . ; ¢
OCLEAR -FLip-fLop | !

The difference between the two flip-flops above is that the

‘meanings of both the output pins énd the direct set/clear inputs
are reversed. They are the same physical device. The D input is
shown as the coleor it has to be so that the flip-flop will be set

after a clock transition.

h,hi,3 Flip-flop cutputs. In this standard, all four logical cutputs

of a flip-flop are shown when available; however, this convention
Vis net stringently required by the standard. This convention
parallels the use by DEC in below-ground loglc. Three other ac-
ceptable ways of drawing flip-flop outputs are shown below. Note
that the first of these methods merely omits two of the logical

oubputs, and the second omits the black circles.

18




FLIP-
Frop

acceptable,

FLip-
FLop

The convention of showing all four outputs is preferred for new

drawings, bub all methods are encountered in practice and are

Examples 4L, 5 and 6 attempt to clarify the development of the

four-output flip-flcp.

Example 4, Normal set-reset flip-flop.

O

SET-Ftio-Flop

CLEAR~FLIP-[FLOP

o

Example 5,

()

FLip-Ftopg

(o)

Seme flip-flop, but shown with two additional outputs.

TSP ~FLOP
cﬁgsryr P.F.r .

CLEAR-FLIP-FLOP.
G—

19

FLip-FLog gi)

Mo

<

O
PLIP-FLor (o)




Fxample &, If crosscoupling is done internally, it can be drawn

. SET-FLIP-FLOp :
O —
_ / b

FLip-
Feop

@

o @

CLEAR -FLIP-FLor i o
O—

Wb J-K flip-flop.

_ Truth Table
W = White '

B = Black
PR 3 '« Faei
! O J K . Flip-flop [t+ 1]
FLip-
Frof W W Flip-flop [t]
CLock . : :
' _ A : W B O
S ' Wl
K o | :
_ B | Flip-flop [t]
b.ho5 - J-K fiip-flop with extra gating,

)
crt.:ocK — ’ﬁ—c
— 1)




4.4,6 Iatch (shown with only one physical output available).

rara () - ! b
| FLip-
FLop?
CeLbCk
EdpgLE
. o O
PARTA (o) D ! D
FLip-
Ftep
cL ocic.: EdasE
g

4.5 Decoders
(A BCD to 10-line decoder is shown. )

-]

N

O
o BN QoW o
O0000VOLOO0L0O

REG(STER 3¢(1) 2°
REQISTER 2 ()
REGISTER 1 (1)

-

REGISTER 6(1)

2L




4.6 One shots
46,1 One shot.

TRIGRER - A
@,

| 452 ns | _
OUTLUT
- D

OT/?lG'ﬂ'E!e-B
Orfemase -

If all triggers are denied, then one or more ‘are asserted; output

will pulse to ground:for'hSO nanosecconds.

h,6,2 Retriggerable one shot {ghown with both outputs available).
! P
pame O

N
1 Nf

/S s O’O

If at least one input is denied, then both are asserted; output

will be set. Output will clear 15 psec_afterllast—time input
condition ig asserted. ‘ o

h.6.3 Pulse amplifier.

FPH
Ko

bour-for— PULSE

<>

Vhen input condition. is asserted, oubput will generate a 'standard!l

pulse.
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4,7 Medium-scale Integrated Clrcults

MSI)

Frequently, many MSI circults are used in a esimilar way in an

application. The internal logic of every integrated circuit need

not be drawn, .but the internal logic must ‘be clearly defined at

least once on or . near the drawing where it is used. For example,

an 8- bit latch made up of two ch:Lps may be shown.

Llodi

LATCH

CooTPIrl (f)

suTreT 2 (1) -

IAMPUT L (4} ?
EvEL
LT 2 () 1
- ‘ 2
Ewvay
TNPYT 3(0) ey
=
Erze
TAPOT L) 1
4§
Envme

oLTPUT B ()

QT PUT ¢¢r)

at least once and
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ceock gy

LATOH

rmﬁu%&’(f) . { I(;‘J DuF A 7_.-_5"(:) K

TAAOT < 20 _eerpir 6 (g).

zwryr 70) s0y | ovrrer 70

& w P

Il AUT 9(()_ Wi QYT PUT 6_(_{)

wherever 1t is used thereafter,
The expanded version of an MSI circuit must be shown on the
 drawing of use unless its expanded size or importance justifies

a separate drawing.

b8 Largewscéle Integrated Circuits (ISI) _

N When L3I circuits are used, their complex gating structure
reed not be shown., It ie better to show the input and output
signalis entering a large box that contains a block diagram of
ISI's functicn. However, a functicnal block diagram does not
satisTy the total needs of the troubleshooter. When troubles
of a nonroutine nature gceur, the internal gating structure of
the LS chip must be available, Frequently, finding a manufac-.
turer's specification sheet for an LSI chip is a time-consuming

" task; therefore, include a copy of the internal gating structure
_and/or mamufacturer's specifications with the set of logic sche-

matics.

k,9 Tri-state Togic

%.9,1 A tri-state logic output has three states: (a) low impedanca
to ground (white); (b) low impedance to +5 wolts {black);.and
.(c) high impedance tc both ground and +5 velts {disablied). Many
outputs mey be wired together and-as Long as only cne output is
enabled at a time, that cutput can drive to both ground and +5

volts,

2l




bL,9.2 Tri-state outputs are drawn black or white to indicate their
assertive state. ' ' N
k.2.3 An enabllng signal existing in the tri- state loglc enables
the low Ampedance states for a gate s output. Thls 31gnal when
. denied, enables the high 1mpedance state of the gate s output
The enabling signal should be drawn as a black llne w1th an open
BYTOW enterlng the surface w1ndward of the leeward p01nt (see
5.6.1;)
. Example T.

TRE-STATE -INAe T

TTE INpPYT

-0

':~C§m”p”725"’3L1'

ooLTPYIEnBLZ

4.10 Terminating Resistors (drawn as normal resistors)

Example 8. One end grounded.

SIGNAL

<

Iixample 9. One end tied to the supply voltage.

SIGNAL

The black dot at the free end of the resistor shows that it is
tied to the supply voltage.
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Logic Diasgrams

Objective

This section specifies thé.appropriate way Lo brganize a
logic schematic. A logic schematic orgénization minimizes the
work of people who will read the schematic. The.objectivé is
justified in two points: (a) many more people will read the
schematic “han Just the designer and the draftsman, and (b)
regders will be under the pressure of the logic not working,
in which case any confusion beyond the malfufiction itself dra-
matically increases the trogbleshooting time.

4 Tﬁe reader's work will be minimized if he can ignore the color
of the signals and the mechanical information present on the draw-
ings, and if he can limit his concentration to the signal names and
the logical camputations that the‘signals undergo.--if he becanes
confused by a particular logic coﬂstrucfion,'tﬂen he'may'refocus
on the color of the signals and the mechanical informsticn.

A reader's work will not be minimized if he must depernd .on
the color of the sigﬁals to know the intended logic function of

the gates.

Direction of Signal Flow

The primary requirements for the direction of signal flow
are smoothness and consistency. The direction of signal flow should
be confined to two quadrants within a set of logic schematics. The

four acceptable quadrant pairs follow.

Signals should flow up and tc the right or flow down and %o
the right. ZFlow to the left is discouraged.

When signal direction inconsistencies must be used, the part
of the signal line which is adjacent to the signal name must be in

the‘consistent'direction, and the part of the signal iine which

travels in an inconsistent direction must be as short as possible.
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-Example 1"is" an acceptable use.of inconsistenti sighal .flow..-

¢ 'Exanipie 1.

C;\.v}k ECT-SET-FLIP-FLo

Frip-Feop —p -Z/VPO [~

L

L CloCle ~FLip - FLO7

(ILJIZEW'~GLE¢£ —;g,[,ﬂ,/é&o,a ' i

" The short downward 1eg of the ﬁIRECTQSET-FZIP~FIOP'eigﬁal is in-
consistent with the normal up or'fe—the—right'direcﬁion5§'hdwever,
'en&_other ﬁay of'drawinguthie'flip—fiep ﬁou;d be cumbersome.,
5.3 Gate Positioning : _ ,l | . S
54541 Gates should be p051tloned 50 that the flow. of 1nformat10n
from input to output is as smcoth and as con51sten$:asnppsslble.
Both physical position on the page and directional sense should
be con51dered. _ | |
5.3.2 When & 51gnal passes through an 1nverter, the 1nverﬁer should
| _be ﬁlaced ad;acent to the gate generatlng the 51gnal. Frequently,
.when an 1nverted szgnal is only used in cne place, 1t.1s drawm
:where_lt is used. This practlce is emphatlcally dlscouraged hecause
almost as'ffequenfly used circuits will be modlf;ed so that the in-
~verted signal 1s used In ancother place. This leads £0 much page
shuffling unless the inverter is drawn by the generating gate.
5.3.3 It is not obvious how to specify the page on vwhich a gate
should be drawn. BSecticns 5.3.3.1-5.3.3%.2 are suggestions and
should only be followed if they are in harmony with other position-

ing rules of this section.
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5.3,3.1 If the output of a gate is used only in one place {or pri-
marily in one place), then it should be drawn on the same page
or on a logically related nearby page. -

= 5 5 2 If the inputs to a gate come from one place (or primarily
from one place) and the output iz used in many places, then the

gate should be drawn on the page where its inputs are generated.

54 Timing Sequences l
The direction of flow of tlmlng events should c01nc1de w1th

the direction of signal flow (see 5.2). -If twa_timing events oc-
cur where one event trlggers the other, the gate gererating the
flrst timing event should be shown before the gate generating the
second timing event., That is, if the reader's eye follows the
established direction of signal flow, he should see the first
timing event gate before he sees the second timing event gate.
If two sequences of timing events are drawn on one page, their
signal llnes should not e¢ross. | _.

E Followlng the convention of signal flow to the rlght and up,
it would be possible tc draw one timing Sequence horizontally and
one timing sequence vertically., This is acceﬁtable unless the
"signals of the two timing sequences'physieally cross. The points

of crossing lead to confusion and so the practice is discouraged.

5.5. Flip-flops
5.5.1  Flip-flops are drawn as rectangular boxes With.tﬁo eides
| '._(longer) and_tﬁo'ends (shorter). The side aﬁd'the end which are
first 'hit' as one travels in the direction of signal flow are
called the windward side anrd the windward'end. The other slde
~and end are called the leeward 81de and the leeward end, as shown

. in Example‘E
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Example 2,

l WA PWARP EAD

Wi PWARD
Stz FetP- LEEWRRD
o S FLlof - st PE

MNAME

LEEWRRD EntD

Example % shows that outputs are always dfawn on the leeward
side., The (1) output is drawn near one end and the (C) output is
drawn near the other. There is no requirement that (L) output must

always be near a particular end.

~

Example 3.

WiMBwWARYE En/ r

| 'o_‘

WAlpwARE

L SPE | FLie- LEEWARD
FLor- S DE
NAME
o

. (>

LEEWARY ENMD

Bxample ¥ shows that: direct-set inputs are drawn on the end
near the (1) output. Dir;ect_—.'c':_l.ear inpute are drawn on the end

near the (0) output.
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Example 4,

o

WINPWAR P Enp

O-AREET S ET-FLp-Feos
SET
b
WA WARD FLip-
MAME
v}

O

When g signai sets a flip-flop, given scme other conditions
{such as & clock being asserted), that input should be shown on
the windward side near the same end as the (1) output.
when a signé.l clears a flip-flop, given some other conditions,

that input should be shown on the windwerd sid..e near the same

S eLr
DRECT ~ LR -FLip—~ FLop |

LEEWARD
SepiE

LEEWAAr BEAND

end as.the (0) output, as shown in Example 5.

Example 5.
I —
SET-0R-T2RGLE T !
FLif-
ELoA -
MNAME
CLR-OA-TORGLE K
o
I
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‘When a signal causes a flip-flop's input conditioris to change
the state of its outputs, that input should be shown in the:middlie
‘of the windward side, as in Example 6.

Example 6..

SET-0R-TO0RGLE T b
Lif-
?’Lof-—

FilP-FLof -eL oei > NMGME

CLR-0R-TOGALE K. o

A J K fllp flop can ve drawn with horlzontal orientation.
The s:Lgnal paths are up and to the r:Lght as in Exampig 7 and. down
and to the right as in Exa.mple 8. ) _
o Example 7. o Examplé 8 '

SET—0£-T0 G GLE

FLIP~FLOP-proe s,

CLR-OE-TOLGGLLE

o o ‘

o B &, i T
\Fewrrop-wome| | Fus-Feol wAmE

k., v x| P

(8] - o2

CLR~R-TObG LE

FLip-FeoP-ceoc i

SET-0R -TOGGLE
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Examples 7 and 8 demonstrate whyzﬁhe signal fiow. of up and to
the right is preferred to down and to the right.' When drawing up

cand to the right, the inputs tend to 'support' the horizontal flip-

flop. If one always draws vertical flip-flops or disagrees with
the 'support' concept, then both constructions are equally accept-
able,

When a set of flip-flops forming a register are drawn together,
they should be oriented end to end with the most significant bit's
being windward. .

Exemple 9 shows this style in a memory buffer. -

Examp;e 9.
o / D ! o /
MEBEO MB | MEB =
..’F-' D g e X e
LoAr~REG ISTER
MBUS O (1) MBOS L (1) MmBYS 2. C)
5.5.2 The flip~-flops in registers should be given common names with

5.6

numerical demarcations., The most significant bit is numbered ¢;
the next, 1. The least significant bit of an N~blt register is
numbered N-1. Thus the weighting of a flip-flop in a register is

E(N'i). where 1 dis the flip-flop's demarcation number. Thege

. numbers are normally base 10, but may be written in any other base

if the situation warrante it.
. Note that in Example O MBf is weighted 2° = b, MBL is weighted
ol = 2, and MB2 is weighted 20 = 1,

OQutput Setting of Flip-flop

Mogt fiip-flops realized from above-ground logic should not
have their outputes grounded by another gate in order to set them.
However, most below-ground flip-{lops may be set or cleared from

their outputs.
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QLR~-FLip-F o P

, ' 5 o
- 0 /
N— SEeT o :
] FLip-Flop -pAmE
FLe- | T S R j
Ftop- : e
MAME
- L LoRP-FLip-Frod
b - _
° DATH
OZIRECT —CL R | .

5.7 Gates
The signal flow principles develbped in 5.5 are applicable to
gates with slight modifiication. ©Since gates are not rectangular
in shape, they only have a windward side and a leeward point. |
Examplé 10,

WINPWARD S

O STATE-#
o STATE-B S 7ddo - SOoME ~STHTE
srﬂm -c - | '
o= LEBWARP
PO AT

c:‘ST#ﬂ15=I"‘

Inputs must. enter the Windward_side”and outputs must leave
the leeward point., Straps are connections between logic symbols
that do not carry conventional logic signal levels.. Stré.ps are
shown entering and leavmg the lOglC symbol on either surface to

.the windward of the leeward p01nt. They must not be shown on the

windward side.
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5.9

6.2

Bxample 11, Expander connection.

STRTE -A
C)mv !

SOME ~STATE

STATE -
O——5==2-

STATE - C
O

-~ STATE -
C>‘ ‘ P

Other Logic Functions
One shots, pulse amps, and complex-logic gates are drawn as
rectangular boxes. These logic functions follow the conventions

developed for flip-flops.

Marginal Notes

Marginal notes can greatly improve fhe readability of logic
diagrame. They are particularly needed for complex constructions
and are imperative if the system does not have complete documerntsa~

tion (Section 7).

Mechanical Information

Objective

So that troubleshooting of a hardware system may be simpli-
fied, a good deal of mechanical information muét be included in
a logic schematic. Thig information should indicate the location

of the physical device represented by a logic symbol, a description

~ of the physical device, the pin number of the signsls entering and
leaving the logic symbols, and destination of sigpals and point of

origination.

Device Identification

The type of device should be shown within each logic symbol.

Bl




DEC device number:

miii ———-

:

ETA device number:

SMTY00 1> —0

6. 5 Phy51cal Locatlon
' The physical locatlon of the device should be shown within

each logic . symbol.

The form of the-physical location designation is nxm;

wheré
n = cabinet or box number,
X = row letter,
m = slot or socket number.

) CABINET 2

Row A /
row B .

Row L StoT 0O
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6.k

| A mother board is a large card that fitsrihfo one or more
slots in a panel and is capable of holding sockets for integrated
circuits. The individual socket on a mother board is designated
by a pair -of numbers in brackets (h;v),lwhere h is the horizontal
Cobrdinate and v 1is the vertiéél.coérdina£é bf the socket on the
card., o CoE ,

When fully integrated systems are built uéing different style
cabinets and cards, a suitable physical location designaticn should
be defined. Presently, in our DEC-oriented world, a cabinet is six
feet tall by 19 inches wide. - A caﬁiﬁét éah-éésily hold 11 panels
and s power control unit. Fach panel has twq_horizontal rows of
slots to hold modules, There are two types bf'panels:‘ one with
18 pins per slot and one with %6 piﬁs per slot. The.ﬁins_are
lettered ABCDEFHJKIMNPRSTUV when there are 18 piﬁs per sibt; When
there are 36 pins per sldt, the suffix 1 or 2 is added to the pin
letter. - As one faces the wire pins, 1 is on the left, 2 is on the
right. The signals on a module madé for 18 pin slots will appear
on the 2 side of the 36 pin sl.ot.._ , ,

A suitable.descriﬁtioﬁ of the aéfual mechanical configuration

must be included in the drawing set.

Pin Numbers

The numbers or letters. designating ail .pins of a device Shéll

~be shown.

"DEC pin numbers:

>z M

2L10
' Fz O
- EZ]
BIA pin numbers:

7| AN TS00
ZLio =2 CD

2
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6.5

TO~FROM DeSignations"_

- TO-FRCM de51gnat10ns are requlred near all 51gnals. A signal
connected by a solid line to an 1nput needs no further TCVFROM
de81gnat10n.

When a 31gnal is generated, the reader should be informed of

every page on which it is used and every pin to whlch it is connected.

PAGE NUMBER - PIN NUMBER

Iack of a page number in a TO dééignation indicates the pin
number may be found on that page. - -

Page numbers should begin with a short abbreviation of the
system name for graphical clarity. Explicit set notation may be

used to abbreviate TO designations. For example; a signal which

- goes to Pin M2 of slots 2110, 2LL1, and 2L12 may have a TO d051g—
'Q:natlon of Page # -~ 2L(10-12) M2.

T z"_"”) Fa. P75 -2} (:d-zz) mz ‘ e

: ;A'signalfconnected by a solid line to the generating signal

“. pin needs no further FROM designation. When s signal is used, the

pége number where the signal is generated should be shown. If the
signal is generated on the csame page, no FROM designation is re-

quired. Optionally, the generating pln number may be included

after the page number in a. FROM de51gnat10n.

SIGMNARL ~NAME S S ‘
Péd —ZLI7FZ _ &@% .
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| If generating pin nmumbers are shown, they are required on all
_:anut signals not connected by solid l:mes._ The TO designationé :
-on a FLIP-FLOP should be near the outs:Lde pin to Whlch the wire is
‘ connected.

ample., A flip-flop and the gates where its o_ulﬁ_pti‘té. are used.

2Ltop}
2ZLiaH) S o
‘ o : : ELIP-FLOP (1)
IOFZ ' ' Ty | Mt
- THe - B T e—— - I 7 ) - Y
FLp- - ‘ : ' -
Ftor . A
m2of - - FLip-FLog(e)
| 2ts pF=2 N i
z2iLloPpa
2it0 Ha

Complete Documentation of a System

A system is difficult to maintain w:.thout complete documenta—
tion. Complete documentation must contain:
1. An Operator's Manual,
2. A Programmer's Manual,
3. A Maintenance Manua_l;,
4., Hardwere sdhematicé,.

5. A wire list.

38



7,1

702

7.3

Cperator s Manual

The'purposé of an éperatorfs ﬁanual is.ﬁo\detail:the adjust~
ments to switches or diaié on the.syétem.: iﬁ éh6uld:include:

(a) A picture of the system, | : -. _. -

(b) An explanatiorn of what each switch does,

(c) A description of any indicators helpful 1n.de£ermining
the proper positioning of the switches, S

" (d) A set of "how to" instructions for all cdmmon switch-

chenging situations which should at least include power up, power

deown, and enabllng or dlsabllng system or subsystem operatlonso

Programmer s Manusl _ ,

The purpose of a programmer's manual is to aid a person
knowledgeable in programmiﬁg, put unknoﬁledgéable in hardware,
ﬁo Writerprograms for the system, This mémual should include:

'(a)_An explanation of the'bperation 6f the system,

(b) A21 instructions executed by the system,

{(c) The format of communication with other systems.

TF a.general-purposé computer exiéts“that hes direct I/0
control eover the system being documented, thern that cqntrol_should
ﬁe described in térms of how.the bits in the general-purpose cam-

puter's_instructions affect the system being documented, If there

is character interaction between this system and other systems,

the format of those characters and their meaning should be
described,.
(a) Sufficient timing 1nformat10n for accurate and efficient

programming.

‘Maintenance Manual

The purpose of a maintenance manual is to brovide a perscn
knowledgeable in herdware with a description of the circuits. It
should include:

a) An explanatlon of the function of the system,

_(b ) A system block dlagram showing how information moves

~ through the blocks,
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T.h

(¢) The movement of pulses and transfer’ of 1nformat10n 1nto
and out of registers as the system normslly operates,” ' ' |
.- (a) Unusual loglc constructlons, ‘ ' '

(¢) An alphabeticel signal name dlrectory,-
(f) Special debugging configuration or test procedures,

(g) A reference to any test programs that ex15t for the system.

Hardware Schematlcs

The purpose of hardware schematlcs 1s to prov1de & person

_“knowledgeable in. hardware wlth a descrlptlon of the c1rcu1t de51gn.

It should include:

(a) Block dlagrams of the system and subsystems,
(b) Flow diagrams to the system, '
(c) Iogic diagrams (the single most 1mportant part ‘of the

doeumentatlon of a system). They must conform to the standards

“described in Sectlons 1 through 6 of this standard and must in-

elude & representatlon of every w1re, gate, SWltCh llght and
cable in the system.

(d) Ccable dlagrams.' Most frequently, the individual wires

'of a system cable are described on different pages of the logic

'"“dlagrams. For thls reason, a1l system cables are descrlbed as

B unlts here.

7:5

(e) Phy51cal dlagrams of the system's conflguratlon.' A

:‘descrlptlon of ‘the lamp/sw1tch panels, and a deserlptlon of" the

meaning of phy81cal location designgtors.,
(f) Utilized module locations (UML). A physical drawing

"of all module/chip sockets. Fach socket used should have the

page numbers of the logic dlagrams where the gates are drawn.

The nsmes of the signals generated by the gates are useful in-

 formation to include in-a UML.

wire List
The purpose of a wire list is to facilitate the construction or

modification of the system and to make up for inaccurate or incomplete

‘documentation for a system. There are many equally useful styles of

wire lists; however, signal names should appear.on ‘the wdreﬁlist to

facilitate its iInterpretation.
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8. Example of a Completely Documented System

8.1 Introduction 7
' The PULSER described in this section has never been built

but was designed to demonstrate the principles of”this standard.

8.2 Operator's Manual: PULSER. .

8.2.1 System picture,.
PULSE R,
‘ PoLsSE
® ® ® © & | Frenr
o t 2. = BY7 VIiEW
Ergl
G & 0 & o
PiYIpE BY A @D (2{_
PowER  9FF

_ _ BACis
O ©, Ol
ExTERNAL Every EVERY
TRIGGER PULSE M vk
PocsE

The PULSER is a small grey box with switches and red lights on the
front and three BNC connectors on the back. It is uéed to generate

. 1 wsec pulses. Bach time the pulse switch is moved up or the ex-

- ternal trigger is asserted, a 1 psec pulse is gererated at the BNC
connector labeled EVERY-PULSE. Every Nth time the pulse switch is

moved up or the external trigger is asserted, a 1 psec pulse is
also generated at the ENC connector labeled Nth-PUISE. Both pulses

are asserted black, that is, asserted to +3 volts.
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§.2.2 Switch explanation,

POWER (ON/CFF): The POWER switch, when up, turns on the
power to the system. The POWER switch, when down, keeps the syéﬁem

power off. . N

| PUISE: The PULSE swibch, as it is moved up, senerates the
1 usec pulses., There is no action as it is moved down, It must
be down for EXTERNAL TRIGGER to work. :

DIVIDE BY N (4 switches): The switches should be set to the
binary number which is-one less than N. An Nth-PULSE will be gen-
erated every N times that EVERY-PULSE is generated. The switch
éetting'is taken to mean the number of successive EVERY-PULSES
‘which will not generate an Nth-PULSE. Thus, if the switches are
set to1000O (N = OOOi), an Nth-PULSE will be generated every time
EVERY-PULSE is. If the switches are set to 0001 (N = 0010), an
Nth-PUISE will be generated every other time FVERY-PUISE is. If
the switches are set to 1111 (N = 10000), an Nth-PULSE will be
generated. every 16 times EVERY—PUISE is. DNote that for all switches,
1 is up ard O is down. Bit Q is the most significant bit. Bit 3

is the least significant bit.,

8.2.% Indicator explanation.

POWER: The POWER light is lit when power is applied to the
tnit. _

COUNTFR (four lights): The four {OUNTER lights reflect the
state of the divide by N counter. When this counter goes from
0000 to (W~1), the Nth-PUISE is generated.

8.2.4 Qperation instructions.

POWER ON: To turn the power on, move the POWER switch to
the "up' position. If the POWER light does not go on, check the
batteries, 7 ,
o POWER OFF: To turn the power off, move the POWER switch to
the 'down' position.

DIVIDE BY H: Set the switches tc N-1 where N is the divide-by
number. See Section 8.2.2 for a detailed explanation of the

gwitches.

ho




Table of switch gettings. and dividefby_frequendies;_

Switches Divide by
Q0C0o 1

. Q0oL o a
0010 3
0011 S
0100 5
Q1oL 6
0110 T
COL1L 8
1000 g
1001 - 10
101¢C 11
1011 12
1100 13
1101 - 14
1310 15

- 1111 16 -

8.3 Programmer's Manual: PULSER
(We cen gssume that the PULSER will be associgted with a particular
computer which is capable of genersting a trigger signal by executing
the ingtruction CONO PLS,BITS. The format of this instruction is
unimportant and will vary from. computer to-computer,)

8.3.1 ~ The PULSER box msy be connected to the computer so the computer
can perform. the action equivalent to the PULSE button (see Cperator's
Menual). C

8.3.2 By connecting the compubter's trigger cable to the PULSER's
external trigger_connecﬁor whenever the computer executes a CONC
PIS,BITS instruction, the PULSER will act as if someone has placed
the PULSE switch in the ‘'up’' pogition. Note that the PULSE switch
must be in- its 'down' position for the external trigger slignals %o
works
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8.3.3 Timing. The PULSER should not be. triggered at a frequency
exceeding 500 KHz (T = 2 psec). '

8.4 Maintenance Manual: PULSER

8.4.1 System intention--PULSER, See the PULSER Operator's Manual
for a description of the operaticn of the PULSER.
8.k.2 PULSER block diagram. '

The PULSER block diagram is drewn on page 1 of the hardware
schematics. '

The PULSE-SWITCH and the EXTERNAL-TRIGGER are 'ored' together
to trigger the COUNT delay., If the PULSE-SWITCH is left up, it will
assert the 'or' gate, thus blocking EXTERNAL-TRIGGER signals from
triggering the COUNT delay.

The leading edge of the COUNT delay clocks the counter. The
trailing edge (after 1 wsec) triggers the 1 psec PULSE.

The COUNTER is a #-bit binary up counter. When it contains
all ones, CARRY is agserted. When CARRY is asserted, the one's
complemeﬂt of I DIVIDE-RY~N switches are loaded into the COUNTER
on the next COUNT pulse. When CARRY ig denied, the COUNTER is
incremental by one on the next COUNT PULSE.

Every 1 psec PULSE goes through a driver and generates EVERY-
PULSE.  .When CARRY is asserted; the 1 pysec PULSE goes through'
another driver and generates Nth-PULSE. '

8,4.3 = - Divide-by-16 COUNTER. .
The COUNTER is a 4-bit blnary up counter, The one's comple-
-ment of:the DIVIDE-BY-N switches are loaded into the COUNTER.  The
" switches contain N-1l. Then the COUNTER is repeatedly incremented
until it reaches 1111. At this count, CARRY is asserted, The
- next COUNT signal will reload the one's complement of the DIVIDE- -
 BY-N switches, '
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Table of COUNTER states:

=

Switches -  COUNTER
0000 . 1111
0001 - 1110
oo0 ' 1101
0011 1100
0100 1011
o101 1010
0110 1001,
0111 1000
1000 ol
1001 0Ll
1010 - 0101

1011 0100

1100 ool

1101 - o000

1110 0001 T

1111 o000

O M 1 Oy W1 & W

=
(e

HiH 2R E P
(2R o O DI S

8.4.4 PULSER signal name directory.

Name o L Generated. on ;
CLAMP +3 SRR T |
COUNT - p5 |
COUNTER (¢-3) o - PL
COUNTER- CARRY | - Ph
DIVIDE-BY-N (§-3) : f Pk
EVERY-PULSE } | P
EXTERNAL-TRIGGER | P3
EXTERNAL-TRIGGER-ENABLE P3
Nth~PULSE P53
PULSE P3
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ot

EVERY-PULSE

PULSE
SWITCH
— uORn _J . | DRIVER
COUNT PULSE
EXTERNAL TRAILING EDGE
TRIGGER | TRIGGER
COUNT 5 =16 COUNTER
CLOCK . ' CARRY AND DRIVER

CARRY LOAD
ENABLE

4 BIT LOAD iNPUTS

| 4 swiTcHES

DIVIDE BY N .

" Block Diagram

N puLsSE

IZOTHBWSYDG SaBMDIBY  §°Q

YHESTAL




PULSE |.
SWITCH | EXTERNAL
GOING _ | TRIGGER
UP :

*

COUNT CARRY. : INCREMENT COUNTER
CARRY: COUNTER=—DIVIDE
© BY N SWITCHES
'l,/.Ts-;c
N . I
CATRY

EVERY — PULSE /" N™ puLSE
ol sec _ |t sec -

STOP
WAIT FOR NEXT TRIGGER

Flow Diagram
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8

¢ OR9 D '
100 pf < 22K ;o PULSE (1)
— . A2-5
A3_I! 214’5 : o . -
COUNT {0) 6; sec7 . .
Y = 4 l '} SN7400

12
£ a2 PULSE s UNTER CARRY | Al

: 0 .
_J:T—g SN74123 ‘Ic 2 P4-B3-i5 2L

= CLAMP +3
P4-R4

' R
EXTERNAL % IK

TRIGGER 2

o L RI0
c2 22K
IOng ‘
PULSE ¢ _91—_“
_j:f(*~?> B __ P4-B3-2
T A TN 14 5 13
— (131 SN7400 |
EXT, TRIGGER \ £ . )
ENABLE N s )
-4,/' SNT74123°C | 4
' A2-10

Control and Timing

- : 30
 CLAMP +3 g\:f?

P2- R4

Y .




6

P5-Bl-5 P5-BI-9 P5-Bl-ll  P5-BI-I3 Ri2

. e e'? @3 g4
CLAMP+3 - 7 S . -
T gg$ , Pt 1{1) 2(1) 3(1) NTa0S>C B3-3 ,
ST auaamnus Rt COUNTER + 16 -
CLEAR . COUNTER-CARRY
COUNT (1) lep - SN 7416| 15 P3-Al-2
PI-A2-13 - i I B3
COUNTER C!-'tRRY(J pE
Bi- 4 9
e e -
il , K
R4 g | I's COMPLEMENT SWITCHES
IK o>
? CLAMP+3
B3-1,7,10

o P3-AR-30

— DIVIDE BY N

Counter




05

RI13
470

COUNTER ¢ (0)

P4-B3-|| 5| B

COUNTER 1 (0)

P4-B3-12

COUNTER 2 (O)

P4-B3-13

COUNTER 31(0)

P4—B:’>-_I4 -

I's COMPLEMENT OF COUNTER

DI
IN645

Y

+5VOLTS

oo

— 1.5V
1.5v
I.5V
15V

" D ItCEL

.n—4|—||-+H'

Lamps and Power

RI7 .

470

I PIN 14 OF Al, A3, BI
' PIN 16 OF A2,B3
! Rl THRU Ri6

oo

POWER
D2

PIN 7 OF Al,A3, B
PIN 8 OF A2, B3
A2-3,9




PULSER

(:) K:) (:) (:) PULSE .
TG {G‘

DIVIDE BY N |

POWER OFF
U BACK
O 00 |®
EXTERNAL EVERY EVERY . .
TRIGGER PULSE
PULSE
Physical -
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SN74OCl
COUNT PULSE
D) TmGGERl

NTH PULSE
PULSE | SWITCH

SWITCH -

RIE RIS Ri4
la70l [470] [a70]

SN7404

LAMP | LAMP | LAMP
D P5 P5 P5

COUNTY LAMP
CARRY|" “pg
_Pq ' !

R1 Ri2 RI3

NOTES ;

RIO c2

SN74123
P3
D § 0
N
y | #
[ooe]  [22K]
Cl R9

Ikl

[MK1Rr2
OGK]R3
(K] R4
[1K] RS
[TK ] R6

Dt IS MOUNTED ON BATTERY . CASE
RI7 1S MOUNTED ON SWITCH SI

D2-D6 AND SI-S5 ARE MOUNTED OM FRONT PLATE

UML

5¢2

| IK| R7

LiK | R8

SN7440
PULSE

N™ pULSE

D

SN74l61
COUNTER
P4




8.6 Wire List: PULSER
No wire list has been compiled for the PULSER,
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Footnotes

1. Work in this standard was supported by National Science
Foundation Grant NSFGJI~443X and U. S, Office of Education Grant
OEG-0-TO-4T797(60T).

2, We have had lengthy discussions about logic diagrams with
almost everyone at the Institute who is concerned with hardware.
Their ideas have Tormed the basis of this standard. In particular,
David R. Levine has provided invaluable assistance in the formulatien

of the ideas in this standard.
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