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1 Introduction

The International Electrotechnical Commission (IEC) has been developing a very powerful symbolic
language that can show the relationship of each input of a digital logic circuit to each output without showing
explicitly the internal logic. At the heart of the system is dependency notation, which will be explained in
Section 4.

The system was introduced in the USA in a rudimentary form in IEEE/ANSI Standard Y32.14-1973. Lacking
at that time a complete development of dependency notation, it offered little more than a substitution of
rectangular shapes for the familiar distinctive shapes for representing the basic functions of AND, OR,
negation, etc. This is no longer the case.

Internationally, Working Group 2 of IEC Technical Committee TC-3 has prepared a new document
(Publication 617-12) that consolidates the original work started in the mid 1960s and published in 1972
(Publication 117-15) and the amendments and supplements that have followed. Similarly for the USA, IEEE
Committee SCC 11.9 has revised the publication IEEE Std 91/ANSI Y32.14. Now numbered simply IEEE Std
91-1984, the IEEE standard contains all of the IEC work that has been approved, and also a small amount
of material still under international consideration. Texas Instruments is participating in the work of both
organizations and this document introduces new logic symbols in accordance with the new standards. When
changes are made as the standards develop, future editions will take those changes into account.

The following explanation of the new symbolic language is necessarily brief and greatly condensed from what
the standards publications will contain. This is not intended to be sufficient for those people who will be
developing symbols for new devices. It is primarily intended to make possible the understanding of the
symbols used in various data books, and the comparison of the symbols with logic diagrams, functional block
diagrams, and/or function tables will further help that understanding.



2 Symbol Composition

A symbol comprises an outline or a combination of outlines together with one or more qualifying symbols.
The shape of the symbols is not significant. As shown in Figure 1, general qualifying symbols are used to tell
exactly what logical operation is performed by the elements. Table 1 shows general qualifying symbols
defined in the new standards. Input lines are placed on the left and output lines are placed on the right. When
an exception is made to that convention, the direction of signal flow is indicated by an arrow, as shown in
Figure 1.

.....

* * *

Input Output
Lines Lines

* Possible positions for qualifying symbols relating to inputs and outputs
Figure 1. Symbol Composition

All outputs of a single, unsubdivided element always have identical internal logic states determined by the
function of the element, except when otherwise indicated by an associated qualifying symbol or label inside
the element.

The outlines of elements may be abutted or embedded, in which case the following conventions apply. There
is no logic connection between the elements when the line common to their outlines is in the direction of signal
flow. There is at least one logic connection between the elements when the line common to their outlines is
perpendicular to the direction of signal flow. The number of logic connections between elements will be
clarified by the use of qualifying symbols, and this is discussed further under that topic. If no indications are
shown on either side of the common line, it is assumed there is only one connection.

When a circuit has one or more inputs that are common to more than one element of the circuit, the
common-control block may be used. This is the only distinctively shaped outline used in the IEC system.
Figure 2 shows that, unless otherwise qualified by dependency notation, an input to the common-control
block is an input to each of the elements below the common-control block.

Common-Control Block

a
| C b
b —
= -
(o4
C
d d

Figure 2. Common-Control Block



A common output depending on all elements of the array can be shown as the output of a common-output
element. Its distinctive visual feature is the double line at its top. In addition, the common-output element may
have other inputs as shown in Figure 3. The function of the common-output element must be shown by use
of a general qualifying symbol.

a d a —e——————————— d
e —
b —
o £ b — —@— €
Common-Output
Element T ——4 ~D07 f
c ————— —— g
g
T Must, like other elements, have a qualifying symbol to denote its c
logic function

Figure 3. Common-Output Element



3 Qualifying Symbols

3.1 General Qualifying Symbols

Table 1 shows general qualifying symbols defined by IEEE Standard 91. These characters are placed near
the top center or the geometric center of a symbol or symbol element to define the basic function of the device

represented by the symbol or of the element.

Table 1. General Qualifying Symbols T

SYMBOL DESCRIPTION
& AND gate or function
>1 OR gate or function. The symbol was chosen to indicate that at least one active input is needed to activate the
output.
=1 Exclusive OR. One and only one input must be active to activate the output.
= Logic identity. All inputs must stand at the same state.
2k An even number of inputs must be active.
2k+1 An odd number of inputs must be active.
1 The one input must be active.
> or < A buffer or element with more than usual output capability. Symbol is oriented in the direction of signal flow.
g Schmitt trigger; element with hysteresis
XIY Coder, code converter (DEC/BCD, BIN/OUT, BIN/7-SEG, etc.)
MUX Multiplexer/data selector
DMUX or DX | Demultiplexer
> Adder
P-Q Subtracter
CPG Look-ahead carry generator
T Multiplier
COMP Magnitude comparator
ALU Arithmetic logic unit
gt Retriggerable monostable
171l Nonretriggerable monostable (one shot)
J‘S‘L Astable element. Showing waveform is optional.
J‘!S‘L Synchronously starting astable
J‘(E_!FL Astable element that stops with a completed pulse
SRGm Shift register. m = number of bits
CTRm Counter. m = number of bits; cycle length = 2M
CTR DIVm Counter with cycle length =m
RCTRm Asynchronous (ripple-carry) counter; cycle length = 2M
ROM Read-only memory
RAM Random-access read/write memory
FIFO First-in, first-out memory
=0 Element powers up cleared to O state
=1 Element powers up set to 1 state
(0] Highly complex function; gray-box symbol with limited detail shown under special rules

T Not all of the general qualifying symbols have been used in TI's data books, but they are included here for completeness.




3.2 Qualifying Symbols for Inputs and Outputs

Qualifying symbols for inputs and outputs are shown in Table 2 and are familiar to most users, with the
possible exception of the logic polarity symbol for directly indicating active-low inputs and outputs (negation).
The older logic negation indicator means that the external O state produces the internal 1 state. The
internal 1 state means the active state. Logic hegation may be used in pure logic diagrams; in order to tie the
external 1 and O logic states to the levels high (H) and low (L), a statement of whether positive logic (1 = H,
0 =L) or negative logic (1 =L, 0 =H) is being used is required or must be assumed. Logic polarity indicators
eliminate the need for calling out the logic convention and are used in various data books in the symbology
for actual devices. The presence of the triangular polarity indicator indicates that the L logic level produces
the internal 1 state (active state) or that, in the case of an output, the internal 1 state produces the external
L level. Note how the active direction of transition for a dynamic input is indicated in positive logic, negative
logic, and with polarity indication.

The internal connections between logic elements abutted together in a symbol may be indicated by the
symbols shown in Table 2. Each logic connection may be shown by the presence of qualifying symbols at
one or both sides of the common line and, if confusion can arise about the numbers of connections, use can
be made of one of the internal connection symbols.

Table 2. Qualifying Symbols for Inputs and Outputs

SYMBOL DESCRIPTION
—03d Logic negation at input. External O produces internal 1.
o— Logic negation at output. Internal 1 produces external 0.
N Active-low input. Equivalentto ———C] in positive logic.
P Active-low output. Equivalentto [O—— in positive logic.
ka Active-low input in the case of right-to-left signal flow
—4 Active-low output in the case of right-to-left signal flow
—— Signal flow from right to left. If not otherwise indicated, signal flow is from left to right.
—>— Bidirectional signal flow
o> ) Positive Logic Negative Logic Polarity Indication
Dynamic ’ ’ ; g not used
inputs 1 | | 0
—D active on 0 1 H —l_
indicated not used not used L
A 1 0 H
—> transition 0 I | 1 L _I—
— Nonlogic connection. A label inside the symbol usually defines the nature of this pin.
_ﬂ¢ Input for analog signals (on a digital symbol) (see Figure 14)
_#{ Input for digital signals (on an analog symbol) (see Figure 14)
-I- Internal connection. 1 state on left produces 1 state on right.
4) Negated internal connection. 1 state on left produces 0 state on right.
B Dynamic internal connection. Transition from O to 1 on left produces transitory 1 state on right.
'E- - Internal input (virtual input). It always stands at its internal 1 state unless affected by an overriding dependency
.- relationship.
-- -} Internal output (virtual output). Its effect on an internal input to which it is connected is indicated by dependency
e notation.




The internal (virtual) input is an input originating somewhere else in the circuit and is not connected directly
to a terminal. The internal (virtual) output is likewise not connected directly to a terminal. The application of
internal inputs and outputs requires an understanding of dependency notation, which is explained in
Section 4.

In an array of elements, if the same general qualifying symbol and the same qualifying symbols associated
with inputs and outputs would appear inside each of the elements of the array, these qualifying symbols
usually are shown only in the first element. This is done to reduce clutter and to save time in recognition.
Similarly, large identical elements that are subdivided into smaller elements may each be represented by an
unsubdivided outline.

3.3 Symbols Inside the Outline

Table 3 shows some symbols used inside the outline. Note particularly that open-collector (open-drain),
open-emitter (open-source), and 3-state outputs have distinctive symbols. An EN input affects all the external
outputs of the element in which itis placed, plus the external outputs of any elements shown to be influenced
by that element. It has no effect on inputs. When an enable input affects only certain outputs, affects outputs
located outside the indicated influence of the element in which the enable input is placed, and/or affects one
or more inputs, a form of dependency notation indicates this (see 4.10). The effects of the EN input on the
various types of outputs are shown.

It is particularly important to note that a D input is always the data input of a storage element. At its
internal 1 state, the D input sets the storage element to its 1 state, and at its internal O state it resets the
storage element to its O state.

The binary grouping symbol is explained more fully in Section 8. Binary-weighted inputs are arranged in order
and the binary weights of the least-significant and the most-significant lines are indicated by numbers. In this
document, weights of input and output lines are represented by powers of two, usually only when the binary
grouping symbol is used, otherwise, decimal numbers are used. The grouped inputs generate an internal
number on which a mathematical function can be performed or that can be an identifying number for
dependency notation (Figure 28). A frequent use is in addresses for memories.

Reversed in direction, the binary grouping symbol can be used with outputs. The concept is analogous to that
for the inputs, and the weighted outputs indicate the internal number assumed to be developed within
the circuit.

Other symbols are used inside the outlines in accordance with the IEC/IEEE standards, but are not shown
here. Generally, these are associated with arithmetic operations and are self-explanatory.

When nonstandardized information is shown inside an outline, it is usually enclosed in square brackets [ ].
The square brackets are omitted when associated with a nonlogic input, which is indicated by an X
superimposed on the connection line outside the symbol.



Table 3. Symbols Inside the Outline

SYMBOL DESCRIPTION
- Postponed output (of a pulse-triggered flip-flop). The output changes when input initiating change (e.g.,
a C input) returns to its initial external state or level (see Section 5).
— T Bi-threshold input (input with hysteresis)
- . . +
N-P-N open-collector or similar output that can supply a relatively low-impedance
Ob— L level when not turned off. Requires external pullup. Capable of positive-logic
wired-AND connection.
Passive pullup output is similar to N-P-N open-collector output but is supplemented ﬁ/
oF— . g )
with a built-in passive pullup. s
. o . . +
N-P-N open-emitter or similar output that can supply a relatively low-impedance &)
SH— H level when not turned off. Requires external pulldown. Capable of positive-logic
wired-OR connection. ﬁ/
5 Passive pulldown output is similar to N-P-N open-emitter output but is
supplemented with a built-in passive pulldown. 1
VI— 3-state output
> Output with more than usual output capability (symbol is oriented in the direction of signal flow)
Enable input. When at its internal 1 state, all outputs are enabled. When at its internal O state,
EN open-collector and open-emitter outputs are off, 3-state outputs are at normally defined internal logic
states and at external high-impedance state, and all other outputs (e.g., totem-poles) are at the internal
0 state.
J, KR, S Usual meanings associated with flip-flops (e.g., R =resetto 0, S = reset to 1)
—=>T Toggle input causes internal state of output to change to its complement.
. . S
—D Data input to a storage element equivalent to: ﬂ =
——» m ——4— m| Shift right (left) inputs, m = 1, 2, 3, etc. If m = 1, it usually is not shown.
— +m —— -m | Counting up (down) inputs, m = 1, 2, 3, etc. If m = 1, it usually is not shown.
0
| Binary grouping. m is highest power of 2.
—'m
— CT=15 The contents-setting input, when active, causes the content of a register to take on the indicated value.
CT=9|— The content output is active if the content of the register is as indicated.
‘ Input line grouping . . . indicates two or more terminals used to implement a single X E
logic input. X N
" Fixed-state output always stands at its internal 1 state.




4 Dependency Notation

4.1 General Explanation

Dependency notation is the powerful tool that sets the IEC symbols apart from previous systems and makes
compact, meaningful symbols possible. It provides the means of denoting the relationship between inputs,
outputs, or inputs and outputs without actually showing all the elements and interconnections involved. The

information provided by dependency notation supplements that provided by the qualifying symbols for an
element’s function.

In the convention for the dependency notation, the terms affecting and affected are used. In cases where it
is not evident which inputs must be considered as being the affecting or the affected ones (e.qg., if they stand
in an AND relationship), the choice may be made in any convenient way.

So far, 11 types of dependency have been defined and all of these are used in various Tl data books.
X dependency is used mainly with CMOS circuits. They are listed below in the order in which they are
presented and are summarized in Table 4.

seron | R e
4.2 G, AND
4.3 General Rules for Dependency Notation
4.4 V, OR
4.5 N, Negate (Exclusive-OR)
4.6 Z, Interconnection
4.7 X, Transmission
4.8 C, Control
4.9 S, Setand R, Reset
4.10 EN, Enable
4.11 M, Mode
4.12 A, Address




4.2 G (AND) Dependency

A common relationship between two signals is to have them ANDed together. This traditionally has been
shown by explicitly drawing an AND gate with the signals connected to the inputs of the gate. The 1972 IEC
publication and the 1973 IEEE/ANSI standard showed several ways to represent this AND relationship using
dependency notation. While ten other forms of dependency have since been defined, the ways to invoke AND
dependency are now reduced to one.

In Figure 4, input b is ANDed with input a and the complement of b is ANDed with c. The letter G has been
chosen to indicate AND relationships and is placed at input b, inside the symbol. A number considered
appropriate by the symbol designer (1 has been used here) is placed after the letter G and also at each
affected input. Note the bar over the 1 at input c.

a —— | a

— . -
s S )

o

C

L - - - c

Figure 4. G Dependency Between Inputs

In Figure 5, output b affects input a with an AND relationship. The lower example shows that it is the internal
logic state of b unaffected by the negation sign that is ANDed. Figure 6 shows input a to be ANDed with a

= s D
e s R ] W

Figure 5. G Dependency Between Outputs and Inputs

Figure 6. G Dependency With a Dynamic Input
The rules for G dependency can be summarized thus:

— Whena Gminputoroutput (mis the number) stands at its internal 1 state, all inputs and outputs
affected by Gm stand at their normally defined internal logic states.

— Whenthe Gminput or output stands at its O state, all inputs and outputs affected by Gm stand at
their internal O states.



4.3 Conventions for the Application of Dependency Notation in General

The rules for applying dependency relationships in general follow the same pattern as was illustrated for
G dependency. Application of dependency notation is accomplished by:

1. labeling the input (or output) affecting other inputs or outputs with the letter symbol indicating the
relationship involved (e.g., G for AND) followed by an identifying number, appropriately chosen, and
2. labeling each input or output affected by that affecting input (or output) with that same number.

If it is the complement of the internal logic state of the affecting input or output that does the affecting, then
a bar is placed over the identifying numbers at the affected inputs or outputs (Figure 4).

If two affecting inputs or outputs have the same letter and same identifying number, they stand in an OR
relationship to each other (Figure 7).

_ —_— 21
a Gl _ a &
b —G1 —_— - | L
c ———1 C

Figure 7. ORed Affecting Inputs

If the affected input or output requires a label to denote its function (e.g., D), this label is prefixed by the
identifying number of the affecting input (Figure 15).

If an input or output is affected by more than one affecting input, the identifying numbers of each of the
affecting inputs appear in the label of the affected one, separated by commas. The normal reading order of
these numbers is the same as the sequence of the affecting relationships (Figure 15).

If the labels denoting the functions of affected inputs or outputs must be numbers (e.g., outputs of a coder),
the identifying numbers to be associated with both affecting inputs and affected inputs or outputs are replaced
by another character selected to avoid ambiguity, e.g., Greek letters (Figure 8).

a —«a a —1
Ga E b —G1
c ——{a c —1

Figure 8. Substitution for Numbers
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4.4V (OR) Dependency
The symbol denoting OR dependency is the letter V (Figure 9).

S o R 0 | S

<
[ =
o @
]
]
[
]
N
\A
=
o
]
]
[
]
N
o Q@

Figure 9. V (OR) Dependency

When a Vm input or output stands at its internal 1 state, all inputs and outputs affected by Vm stand at their
internal 1 states. When the Vm input or output stands at its internal O state, all inputs and outputs affected
by Vm stand at their normally defined internal logic states.

4.5 N (Negate) (Exclusive-OR) Dependency
The symbol denoting negate dependency is the letter N (Figure 10).

a N1
1

b

= = Dy

Ifa=0,thenc=b,ifa=1,thenc=b

Figure 10. N (Negate) (Exclusive-OR) Dependency

Each input or output affected by an Nm input or output stands in an exclusive-OR relationship with the Nm
input or output.

When an Nm input or output stands at its internal 1 state, the internal logic state of each input and each output
affected by Nm is the complement of what it otherwise would be. When an Nm input or output stands at its
internal O state, all inputs and outputs affected by Nm stand at their normally defined internal logic states.

11



4.6 Z (Interconnection) Dependency
The symbol denoting interconnection dependency is the letter Z.

Interconnection dependency is used to indicate the existence of internal logic connections between inputs,
outputs, internal inputs, and/or internal outputs.

The internal logic state of an input or output affected by a Zm input or output is the same as the internal logic
state of the Zm input or output, unless modified by additional dependency notation (Figure 11).

a b
..... 1 —
a Z1 1 b where — — =4I>
--- 1

1
..... where —— & ‘47

E

[

a
a (c1~ b— | | |.___]
2 c
b 172

Figure 11. Z (Interconnection) Dependency
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4.7 X (Transmission) Dependency
The symbol denoting transmission dependency is the letter X.

Transmission dependency is used to indicate controlled bidirectional connections between affected
input/output ports (Figure 12).

L b If a =1, there is a bidirectional connection between b and c.

/1 —»— ¢
X1 If a = 0, there is a bidirectional connection between c and d.
1—&—— d

Figure 12. X (Transmission) Dependency

When an Xm input or output stands at its internal 1 state, all I/O ports affected by this Xm input or output are
bidirectionally connected and stand at the same internal logic state or analog signal level. When an Xm input
or output stands at its internal O state, the connection associated with this set of dependency notation does
not exist.

Although the transmission paths represented by X dependency are inherently bidirectional, use is not always
made of this property. This is analogous to a piece of wire, that may be constrained to carry current in only
one direction. If this is the case in a particular application, then the directional arrows shown in Figures 12,
13, and 14 would be omitted.

n

n—} J{
p ——— b %%Fb

a — 4|1 1

p

Figure 13. CMOS Transmission Gate Symbol and Schematic

MUXDMUX
0
x 0
1 3 N
o—<+—>—
N
N 1—<+—>—
—<4—>»—{ 0/1/2/3 N
2 4> —r
N
34> ——

Figure 14. Analog Data Selector (Multiplexer/Demultiplexer)
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4.8 C (Control) Dependency
The symbol denoting control dependency is the letter C.
Control inputs typically are used to enable or disable the data (D, J, K, R, or S) inputs of storage elements.

They may take on their internal 1 states (be active) either statically or dynamically. In the latter case, the
dynamic input symbol is used as shown in the third example of Figure 15.

""" &
S
. O — T I
1D - e |
..... b
a —C1 a —G1 a— & & S
ph ———Jcz2 = b ——HJice = P
&
c —1,2D c —— 2D R
c 1o
Note AND relationship of a and b ==-
T T a — &
a G1 b & |s
—_— >
1,2D —_
c >
c ———pP C2 & |R
o a & | 21 ..
a 1,2D
- & |g
b 120 = &
—G1 - b
c . &
d c2 R
d - - -

Input ¢ selects which of a or b is stored when d goes low.
Figure 15. C (Control) Dependency

When a Cm input or output stands at its internal 1 state, the inputs affected by Cm have their normally defined
effect on the function of the element, i.e., these inputs are enabled. When a Cm input or output stands at its
internal O state, the inputs affected by Cm are disabled and have no effect on the function of the element.

14



4.9 S (Set) and R (Reset) Dependencies
The symbol denoting set dependency is the letter S. The symbol denoting reset dependency is the letter R.

Set and reset dependencies are used if it is necessary to specify the effect of the combination R=S =1 on
a bistable element. Case 1 in Figure 16 does not use S or R dependency.

Case 1
S R Q Q
S S Q 0 0 NC NC
0 1 0 1
R R o—— 6 1 0 1 0
1 1 ? ?

Case 2
S R Q Q
S S1 1 Q 0 0 NC NC
0 1 0 1
R R 1p— Q 10 10
1 1 1 0

Case 3
S R Q Q
S S 1 Q 0 0 NC NC
0 1 0 1
R R1 10— 6 1 0 1 0
1 1 0 1

Case 4
S R Q Q
S S1 1 Q 0 O NC NC
0 1 0 1
R R2 2p— Q 10 10
1 1 1 1

Case 5
S R Q Q
S S1 2 Q 0 0 NC NC
0 1 0 1
R R2 1o0———— 6 1 0 1 0
1 1 0 O

0 = external O state, 1 = external 1 state, NC = no change, ? = unspecified

Figure 16. S (Set) and R (Reset) Dependencies

When an Sm input is at its internal 1 state, outputs affected by the Sm input react, regardless of the state of
an R input, as they normally would react to the combination S =1, R = 0. See cases 2, 4, and 5 in Figure 16.

When an Rm input is at its internal 1 state, outputs affected by the Rm input react, regardless of the state
of an S input, as they normally would react to the combination S=0, R = 1. See cases 3, 4, and 5in Figure 16.

When an Sm or Rm input is at its internal O state, it has no effect.

Note that the noncomplementary output patterns in cases 4 and 5 are only pseudo stable. The simultaneous
return of the inputs to S = R = 0 produces an unforeseeable stable and complementary output pattern.
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4.10 EN (Enable) Dependency
The symbol denoting enable dependency is the combination of letters EN.

The ENm input has the same effect on outputs as an ENinput, see 3.1, but it affects only those outputs labeled
with the identifying number m. It also affects those inputs labeled with the identifying number m. By contrast,
an EN input affects all outputs and no inputs. The effect of an ENm input on an affected input is identical to
that of a Cm input (Figure 17).

1v

a EN1

Figure 17. EN (Enable) Dependency

When an ENm input stands atits internal 1 state, the inputs affected by ENm have their normally defined effect
on the function of the element and the outputs affected by this input stand at their normally defined internal
logic states, i.e., these inputs and outputs are enabled.

When an ENm input stands at its internal O state, the inputs affected by ENm are disabled and have no effect
on the function of the element, and the outputs affected by ENm are also disabled. Open-collector outputs
are turned off, 3-state outputs stand at their normally defined internal logic states but externally exhibit high
impedance, and all other outputs (e.g., totem-pole outputs) stand at their internal O states.
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4.11 M (Mode) Dependency
The symbol denoting mode dependency is the letter M.

Mode dependency is used to indicate that the effects of particular inputs and outputs of an element depend
on the mode in which the element is operating.

If an input or output has the same effect in different modes of operation, the identifying numbers of the relevant
affecting Mm inputs will appear in the label of that affected input or output between parentheses and
separated by solidi (Figure 22).

4.11.1 M Dependency Affecting Inputs

M dependency affects inputs the same as C dependency. When an Mm input or Mm output stands at its
internal 1 state, the inputs affected by this Mm input or Mm output have their normally defined effect on the
function of the element, i.e., the inputs are enabled.

When an Mm input or Mm output stands at its internal O state, the inputs affected by this Mm input or output
have no effect on the function of the element. When an affected input has several sets of labels separated
by solidi (e.g., C4/2 - /3+), any set in which the identifying number of the Mm input or Mm output appears has
no effect and is to be ignored. This represents disabling of some of the functions of a multifunction input.

The circuit in Figure 18 has two inputs, b and c, that control which one of four modes (0, 1, 2, or 3) will exist
atany time. Inputs d, e, and f are D inputs subject to dynamic control (clocking) by the a input. The numbers
1and 2 areinthe series chosen to indicate the modes so inputs e and f are only enabled in mode 1 (for parallel
loading) and input d is only enabled in mode 2 (for serial loading). Note that input a has three functions. It
is the clock for entering data. In mode 2, it causes right shifting of data, which means a shift away from the
control block. In mode 3, it causes the contents of the register to be incremented by one count.

Note that all operations are synchronous.

a — > C4/2-/3+

In mode O (b =0, ¢ = 0), the outputs remain at their existing
0 } Y states as none of the inputs has an effect.

c 1 3

Inmode 1 (b =1, ¢ = 0), parallel loading takes place through
] C inputs e and f.

d 2,4D
In mode 2 (b =0, c = 1), shifting down and serial loading through

e 1,4D .
input d take place.

f —1,4D 7/ Inmode 3 (b =c =1), counting up by increment of one per clock
pulse takes place.

Figure 18. M (Mode) Dependency Affecting Inputs

4.11.2 M Dependency Affecting Outputs

When an Mm input or output stands at its internal 1 state, the affected outputs stand at their normally defined
internal logic states, i.e., the outputs are enabled.

When an Mm input or output stands at its internal O state, at each affected output any set of labels containing
the identifying number of the Mm input or Mm output has no effect and is to be ignored. When an output has
several different sets of labels separated by solidi (e.g., 2,4/3,5), only those sets in which the identifying
number of this Mm input or Mm output appears are to be ignored.

Figure 19 shows a symbol for a device whose output can behave like either a 3-state output or an
open-collector output, depending on the signal applied to input a. Mode 1 exists when input a stands at its
internal 1 state and, in that case, the 3-state symbol applies and the open-element symbol has no effect.
When a =0, mode 1 does not exist, so the 3-state symbol has no effect and the open-element symbol applies.
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a M1
b EN
c —— IVAie b— ¢

Figure 19. Type of Output Determined by Mode

In Figure 20, if input a stands at its internal 1 state, establishing mode 1, output b stands at its internal 1 state
only when the content of the register equals 9. Since output b is located in the common-control block with
no defined function outside of mode 1, the state of this output outside of mode 1 is not defined by the symbol.

a — Ml 1ICT=9 F— b

—r-
S iy

Figure 20. An Output of the Common-Control Block

In Figure 21, ifinput a stands at its internal 1 state, establishing mode 1, output b stands at its internal 1 state
only when the content of the register equals 15. If input a stands at its internal O state, output b stands at its
internal 1 state only when the content of the register equals O.

a ——— M1 1CT=15 T b
1CT=0
|

L .
|

Figure 21. Determining an Output’s Function

In Figure 22, inputs a and b are binary weighted to generate the numbers 0, 1, 2, or 3. This determines which
one of the four modes exists.

r<=—f/—=——=— |
a —— o
MmO (2/3)4=7 e
b —1 3 -
| 04 b———— 1
¢ ——————|\4
2,4/13,5 g
d ——es
b d

Figure 22. Dependent Relationships Affected by Mode

At output e, the label set causing negation (if ¢ = 1) is effective only in modes 2 and 3. In modes 0 and 1, this
output stands at its normally defined state as if it had no labels. At output f, the label set has effect when the
mode is not 0, so output e is negated (if c = 1) in modes 1, 2, and 3. In mode 0, the label set has no effect,
so the output stands at its normally defined state. In this example, 0,4 is equivalent to (1/2/3)4. At output g
there are two label sets. The first set, causing negation (if ¢ = 1), is effective only in mode 2. The second set,
subjecting g to AND dependency on d, has effect only in mode 3.

Note that in mode 0 none of the dependency relationships has any effect on the outputs, so e, f, and g stand
at the same state.
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4.12 A (Address) Dependency
The symbol denoting address dependency is the letter A.

Address dependency provides a clear representation of those elements, particularly memories, that use
address control inputs to select specified sections of multidimensional arrays. Such a section of a memory
array usually is called a word. The purpose of address dependency is to allow a symbolic presentation of the
entire array. An input of the array shown at a particular element of this general section is common to the
corresponding elements of all selected sections of the array. An output of the array shown at a particular
element of this general section is the result of the OR function of the outputs of the corresponding elements
of selected sections.

Inputs that are not affected by any affecting address input have their normally defined effect on all sections
of the array, whereas, inputs affected by an address input have their normally defined effect only on the
section selected by that address input.

An affecting address input is labeled with the letter A, followed by an identifying number that corresponds with
the address of the particular section of the array selected by this input. Within the general section presented
by the symbol, inputs and outputs affected by an Am input are labeled with the letter A, which stands for the
identifying numbers, i.e., the addresses of the particular sections.

Figure 23 shows a 3-word by 2-bit memory having a separate address line for each word, and uses EN
dependency to explain the operation. To select word 1, input a is taken to its 1 state, which establishes
mode 1. Data can now be clocked in the inputs marked 1,4D. Unless words 2 and 3 are also selected, data
cannot be clocked in at the inputs marked 2,4D and 3,4D. The outputs will be the OR functions of the selected
outputs, i.e., only those enabled by the active EN functions.

a EN1
b EN2
a Al ¢ EN3
b A2 d —Jca
c A3
— 1 C >1
g — lca = 1.4D 1 f
- - 2.4D 2
e — Taa Alb—— ¢ 3.4D 3
>1
g — | ™ g 1,4D 1 h
2.4D 2
3.4D 3

Figure 23. A (Address) Dependency

The identifying numbers of affecting address inputs correspond with the addresses of the sections selected
by these inputs. They need not necessarily differ from those of other affecting dependency inputs (e.g., G,
V, N, . ..) because in the general section presented by the symbol they are replaced by the letter A.

If there are several sets of affecting Am inputs for the purpose of independent and possibly simultaneous
access to sections of the array, then the letter A is modified to 1A, 2A, etc. Because they have access to the
same sections of the array, these sets of A inputs may have the same identifying numbers.

Figure 24 is another illustration of the concept.
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20

RAM 16 x 4
EN
0

A0

15

3
c1
] C
A,1D AV

Figure 24. Array of 16 Sections of Four Transparent Latches With 3-State Outputs
Comprising a 16-Word x 4-Bit Random-Access Memory

Table 4. Summary of Dependency Notation

TYPE OF LETTER
DEPENDENCY symeoL AFFECTING INPUT AT ITS 1 STATE AFFECTING INPUT AT ITS 0 STATE
Address A Permits action (address selected) Prevents action (address not selected)
Control C Permits action Prevents action
Prevents action of inputs
< outputs off
Enable EN Permits action ¥ outputs at external high impedance,
no change in internal logic state.
Other outputs at internal O state.
AND G Permits action Imposes 0 state
Mode M Permits action (mode selected) Prevents action (mode not selected)
Negate (Exclusive-OR) N Complements state No effect
Aff i |
Reset R _ected 8utput reacts as it would to No effect
S=0,R=1
Set S Aff_ected Sutput reacts as it would to No effect
S=1,R=0
OR \Y Imposes 1 state Permits action
Transmission X Bidirectional connection exists Bidirectional connection does not exist
Interconnection z Imposes 1 state Imposes 0 state

T These letter symbols appear at the affecting input (or output) and are followed by a number. Each input (or output) affected by
that input is labeled with that same number. When the labels EN, R, and S appear at inputs without the following numbers, the

descriptions above do not apply. The action of these inputs is described under Section 3.3.




5 Bistable Elements

The dynamic input symbol, the postponed output symbol, and dependency notation provide the tools to
differentiate four main types of bistable elements and make synchronous and asynchronous inputs easily
recognizable (Figure 25). The first column shows the essential distinguishing features; the other columns
show examples.

Transparent
Latches
r——=—=/ —| 1D —
| | c1 S
| cm ——-o
| | Cc2 —
| R — — 1p N
Edge Triggered
r——=—=— —s . I
| | ——1 1D —D> 1
—pPC I—
=> m | —-—>C1 — 1K
| I— | NN R N R
I AN IS
| .
Pulse Triggered S 1S
r——=—=— — -
| | — 11
lecm A b— —C1
! ! — Iz N
| R —— | il
E 1R R
— NR
S
& -
Data Lockout 1J N
i- -i — 11 ) S
| S —— | & - 1K B
1K N
R

Figure 25. Four Types of Bistable Circuits
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Transparent latches have a level-operated control input. The D input is active as long as the C input is at its
internal 1 state. The outputs respond immediately. Edge-triggered elements accept data from D, J, K, R, or
S inputs on the active transition of C. Pulse-triggered elements require the setup of data before the start of
the control pulse; the C input is considered static since the data must be maintained as long as C is at its
1 state. The output is postponed until C returns to its O state. The data lock-out element is similar to the
pulse-triggered version except that the C input is considered dynamic, in that shortly after C goes through
its active transition, the data inputs are disabled and data does not have to be held. However, the output is
still postponed until the C input returns to its initial external level.

Notice that synchronous inputs can be readily recognized by their dependency labels (1D, 1J, 1K, 1S, 1R)
compared to the asynchronous inputs (S, R), which are not dependent on the C inputs.
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6 Coders

The general symbol for a coder or code converter is shown in Figure 26. X and Y may be replaced by
appropriate indications of the code used to represent the information at the inputs and at the
outputs, respectively.

XIY

Figure 26. Coder General Symbol

Indication of code conversion is based on the following rule:

Depending on the input code, the internal logic states of the inputs determine aninternal value. This
value is reproduced by the internal logic states of the outputs, depending on the output code.

The indication of the relationships between the internal logic states of the inputs and the internal value is
accomplished by:

1.

2.

labeling the inputs with numbers. In this case the internal value equals the sum of the weights
associated with those inputs that stand at their internal 1 state, or by

replacing X by an appropriate indication of the input code and labeling the inputs with characters
that refer to this code.

The relationships between the internal value and the internal logic states of the outputs are indicated by:

1.

labeling each output with a list of numbers representing those internal values that lead to the
internal 1 state of that output. These numbers shall be separated by solidi, as shown in Figure 27.
This labeling may also be applied when Y is replaced by a letter denoting a type of dependency (see
Section 7). If a continuous range of internal values produces the internal 1 state of an output, this
can be indicated by two numbers that are inclusively the beginning and the end of the range, with
these two numbers separated by three dots (e.g., 4 . . . 9 = 4/5/6/7/8/9) or by

replacing Y by an appropriate indication of the output code and labeling the outputs with characters
that refer to this code, as shown in Figure 28.

Alternatively, the general symbol may be used, together with an appropriate reference to a table, in which
the relationship between the inputs and outputs is indicated. This is a recommended way to symbolize a
PROM after it has been programmed.

FUNCTION TABLE

INPUTS OUTPUTS
c b a g f e d
XIY
1 V4 p—— d 0 o0 0 0 o0 0 0
/3 o 0 o0 1 0 o0 0 1
0 1 0 0 o0 1 0
4 EL) E——— 0 1 1 0 1 1 0
7 g 1 0 0 0 1 0 1
1 0 1 0 o0 0 0
1 1 0 0 o0 0 0
1 1 1 1 0 0 0

Figure 27. An X/Y Code Converter
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FUNCTION TABLE

OUTPUTS

INPUTS

XIOCT

Figure 28. An X/Octal Code Converter
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7 Use of a Coder to Produce Affecting Inputs

It often occurs that a set of affecting inputs for dependency notation is produced by decoding the signals on
certain inputs to an element. In such a case, use can be made of the symbol for a coder as an embedded
symbol (Figure 29).

1 14 G2
2 294 V4

2/3 4 N5
C3

Figure 29. Producing Various Types of Dependencies

If all affecting inputs produced by a coder are of the same type and their identifying numbers are shown at
the outputs of the coder, Y (in the qualifying symbol X/Y) may be replaced by the letter denoting the type of
dependency. The indications of the affecting inputs should then be omitted (Figure 30).

XIM XIY
o+ . 0+ Mo
14 — 14 M1
S —
24 24 m2

Figure 30. Producing One Type of Dependency

25



8 Use of Binary Grouping to Produce Affecting Inputs

If all affecting inputs produced by a coder are of the same type and have consecutive identifying numbers
not necessarily corresponding with the numbers that would have been shown at the outputs of the coder, use
can be made of the binary grouping symbol. k external lines effectively generate 2K internal inputs. The
bracketis followed by the letter denoting the type of dependency, followed by m1/m2. The m1isto be replaced
by the smallest identifying number and the m2 by the largest one, as shown in Figure 31.

XIY
04 A0
. 14 A1
Ol . 24 A2
ADQ = X 34 A3
2J ! 44 A4
—4
' 54 A5
. 6 1+ A6
74 A7
L}
L}
---- XIY
04 G5
0 — 14 G6
G2 = !
8 2 24 G7
‘ 34 G8
.
.

Figure 31. Use of the Binary Grouping Symbol
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9 Sequence of Input Labels

If an input having a single functional effect is affected by other inputs, the qualifying symbol (if there is any)
for that functional effect is preceded by the labels corresponding to the affecting inputs. The left-to-right order
of these preceding labels is the order in which the effects or modifications must be applied. The affected input
has no functional effect on the element if the logic state of any one of the affecting inputs, considered
separately, would cause the affected input to have no effect, regardless of the logic states of other
affecting inputs.

If an input has several different functional effects or has several different sets of affecting inputs, depending
on the mode of action, the input may be shown as often as required. However, there are cases in which this
method of presentation is not advantageous. In those cases the input may be shown once with the different
sets of labels separated by solidi (Figure 32). No meaning is attached to the order of these sets of labels. If
one of the functional effects of an input is that of an unlabeled input to the element, a solidus precedes the
first set of labels shown.

G2
¢ ——1RN2R

1|

N P = . §
Gl

Figure 32. Input Labels

If all inputs of a combinational element are disabled (caused to have no effect on the function of the element),
the internal logic states of the outputs of the element are not specified by the symbol. If all inputs of a
sequential element are disabled, the content of this element is not changed and the outputs remain at their
existing internal logic states.

Labels may be factored using algebraic techniques (Figure 33).

Figure 33. Factoring Input Labels
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10 Sequence of Output Labels

If an output has a number of different labels, regardless of whether they are identifying numbers of affecting
inputs or outputs or not, these labels are shown in the following order:

1. If the postponed output symbol has to be shown, this comes first, if necessary, preceded by the
indications of the inputs to which it must be applied

2. Followed by the labels indicating modifications of the internal logic state of the output, such that the
left-to-right order of these labels corresponds with the order in which their effects must be applied

3. Followed by the label indicating the effect of the output on inputs and other outputs of the element.

Symbols for open circuit or 3-state outputs, where applicable, are placed just inside the outside boundary of
the symbol, adjacent to the output line (Figure 34).

Gl

EN2
1 C

12V

Figure 34. Placement of 3-State Symbols

If an output needs several different sets of labels that represent alternative functions (e.g., depending on the
mode of action), these sets may be shown on different output lines that must be connected outside the outline.
However, there are cases in which this method of presentation is not advantageous. In those cases, the
output may be shown once, with the different sets of labels separated by solidi (Figure 35).

= 1CT=9 b

- —_— 1CT=9 b
a ———————|M 1CT=9/1CT=15 O——— b = a — M1l

Figure 35. Output Labels

Two adjacent identifying numbers of affecting inputs in a set of labels that are not already separated by a
nonnumeric character should be separated by a comma.

If a set of labels of an output not containing a solidus contains the identifying number of an affecting Mm input
standing at its internal O state, this set of labels has no effect on that output.

Labels may be factored using algebraic techniques (Figure 36).
a3 p——— = 1,3/2,3]7
1,2,34(5CT=9/5CT=0) |——— = 1,2,3,4,§CT:9/1,2,3,4,SCT:O]7

Figure 36. Factoring Output Labels
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