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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES - INTEGRATED CIRCUITS -

Part 2: Digital integrated circuits

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical commitiees (IEC National Committees). The object of the IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, the IEC publishes International Standards. Their preparation is
entrusted to technical committees; any IEC National Committee interested in the subject deait with may
participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. The IEC collaborates closely with the International Organization
for Standardization (ISO) in accordance with conditions determined by agreement beiween the two
organizations.

2) The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has representation
from all interested National Committees.

3) The documents produced have the form of recommendations for international use and are published in the form
of standards, technical reports or guides and they are accepted by the National Committees in that sense.

4) In order to promote international unification, IEC National Commitiees undertake to apply 1IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the |IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter. )

5} The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

6) Attention is drawn to the possibility that some of the elements of this International Standard may be the subject
of patent rights. The |IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60748-2 has been prepared by subcommittee 47A: Integrated
circuits, of IEC technical committee 47: Semiconductor devices.

This second edition cancels and replaces the first edition published in 1985, amendment 1
(1991) and amendment 2 (1993).

The text of this standard is a compilation of the first edition, its amendments 1 and 2 and the
following documents:

FDIS Report on voting
47A/502/FDIS 47A/506/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This standard shall be used in conjunction with IEC 60747-1 and IEC 60748-1. In these
publications, the user with find all basic information on terminology, letter symbols, essential
ratings and characteristics, measuring methods, acceptance and reliability.

Although not conform to Part 3 of ISO/IEC Directives, the numbering of the clauses of this
standard remains the same as that of the first edition. The next technical revision will conform
to Part 3 of the Directives.
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SEMICONDUCTOR DEVICES - INTEGRATED CIRCUITS - |

Part 2: Digital integrated circuits

CHAPTER |: GENERAL

1 Scope

This part of IEC 60748 is applicable for the following categories or subcategories of devices:

combinatorial and sequential digital circuits;
integrated circuit memories;

integrated circuit microprocessors;
charge-transfer devices.

|

2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this International Standard. At the time of publication, the editions
indicated were valid. Al normative documents are subject to revision, and parties to
agreements based on this International Standard are encouraged to investigate the possibility
of applying the most recent editions of the normative documents indicated below. Members of
IEC and ISO maintain registers of currently valid International Standards.

IEC 60747-1: 1983, Semiconductor devices - Discrete devices — Part 1: General
IEC 60748-1: 1984, Semiconductor devices — Integrated circuits — Part 1: General

IEC 60748-3: 1986, Semiconductor devices — Integrated circuits — Part 3: Analogue integrated
circuits

IEC 60748-4: 1987, Semiconductor devices — Integrated circuits — Part 4: Interface integrated
circuits
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CHAPTER Ili: TERMINOLOGY AND LETTER SYMBOLS

1 Terminology for combinatorial and sequential integrated circuits

1.1 General terms

NOTE - A signal is a physical representation of information. A digital signal is the time-dependent behaviour or
variation of a physical quantity with a finite number of non-overlapping ranges of values. A digital signal can be
used for transmission of information or for information processing. Taking into account common practice, simplified
definitions have been chosen below. Referring to digital circuits, this will generally produce no ambiguity or
misunderstanding.

1.1.1 Digital signal

The variation with time of a physical quantity, having a finite number of non-overlapping ranges
of values, that is used for transmission or the processing of information.

NOTE 1 — The physical quantity may include imltage, current, impedance, etc.
- NOTE 2 - For convenience, each range of values can be represented by a single value, e.g. the nominal value.

1.1.2 Binary signal

A digital signal with only two possible ranges of values.

1.1.3 Low range (of a binary signal)

The range of least positive {most negative) levels of a binary signal.
NOTE - This range is often denoted by "L-range" and any level in the range by "L-leval".
1.1.4 High range (of a binary signal)

The range of most positive (least negative) levels of a binary signal.
NOTE - This range is often denoted by "H-range" and any level in the range by "H-level®.
1.1.5 Input terminal

A terminal by means of which an applied signal may modify the output configuration (output
pattern) of the circuit:

— either directly;
— or indirectly by modifying the ways in which the circuit reacts to signals at other terminals.

1.1.6 Three-state output

An output of a binary circuit that is a relatively low-impedance source or sink at the high and
low levels and, in addition, under appropriate input conditions, provides a high-impedance state
approaching an open-circuit.

NOTE ~- In function tables and function (sequential) matrices, the abbreviation Z should be used for the high-
impedance state. ’

1.2 Terms related to functions
1.2.1 input configuration (input pattern) (of a binary circuit)

A combination of the L-levels and H-levels at the input terminals at a given instant.
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1.2.2 Output configuration (output pattern) (of a binary circuit) _
A combination of the L-levels and H-levels at the output terminals at a given instant.

NOTE - When there is no possibility of ambiguity, the output configuration {output pattern) may be represented by
the level {expressed as L-level and H-level) of the signal at a stated terminal of the circuit (the reference output
terminal).

1.2.3 Function table

A representation of the necessary or possible relations between the values of the digital signals
at the inputs and the outputs of a digital circuit, these values of the digital signals being
indicated either by using electrical values directly or by stating the electrical significance of the
symbols (e.g. L and H for binary circuits).

Generally:

—~ every column indicates the values of the digital signals at an input or at an output of the
digital circuit;

— every line indicates the combination of values of the digital signals at the input(s) and the
resulting values of the digital signals at the output(s);

— whenever the value of the digital signal at an output is not determined, it should be indicated
by a question mark;

- whenever the value of a digital signal at an input has no influence, it should be indicated by
the symbol L/H or X.
1.2.4 Truth table (for a relation between digital variables)

A representation of the logic relationship between one or more independent digital variables
and one or more dependent digital variables, by means of a table which, for each possible
combination of the values of the independent variables, gives the appropriate values of the
dependent variables:

NOTE - The distinction between 'funcfion tabie" and "truth table" is fundamentally necessary, because the same

digital circuit may fulfil several different logic operations, according to the arbitrary choice of the assignment of the
values of the digital variables to the values of the digital electrical quantities.

1.2.5 Excitation
An input configuration (input pattern), or change in input configuration (input pattern), that can:

— cause the circuit to change its output éonfiguration (output pattern), either directly, or in
conjunction with an already existing state of preparedness;

~ or put the circuit in a state of preparednsss; V

— or either cancel or modify an already existing state of preparedness.

NOTE 1 - The repetition, or reiteration, of a given excitation will not necessarily produce the same effect.

NOTE 2 - In some cases, an excitation can also maintain an ouiput configuration {(output pattern) which it could
have produced.

1.2.6 Active level (of a digital signal to a sequential circuit)

A level of a digital input signal which can produce excitation.

1.2,7 Active transition (of a digital signal to a sequential circuit)

A transition from one level of a digital input signal to another level, which can produce
excitation. ;

NOTE - An active transition may also be subject to limitations arising from the slope of the signal.
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1.2.8 Stable output configuration (output pattern) (of a sequential circuit)

An output configuration (output pattern), in which the circuit will remain- after the excitation that
produced it, or any other that could have maintained it, has been replaced by an input
configuration (input pattern) which is not an excitation,

or:

an outpdt configuration (output pattern) which the circuit takes up in the absence. of excitation.

NOTE - Any short persistence of the output configuration (output pattern) due to undesired effects such as
capacitance, storage and propagation times, etc., is ignored.

1.2.9 Pseudo-stable output configuration (output pattern) (of a sequential circuit)

An output configuration (output pattern) which does not persist after the excitation that
produced it, or other excitations that have maintained it, have been replaced by an input
configuration (input pattern) which is not an excitation.

NOTE - Any short persistence of the output configuration (output pattern) due to undesired effects such as
capacitance, storage and propagation times, etc., is ignored.

1.2.10 Meta-stable output configuration (output pattern) (of a sequential circuit)

An output configuration (output pattern) which persists, for a limited duration only, after the
appropriate excitation has been applied.

NOTE 1 - The duration of the meta-stable cutput configuration {output pattern) will depend on the design of the
circuit, may depend on the duration of the excitation that produced it and may be affected by further excitation.

NOTE 2 - Any short persistence of the output configuration (output pattern) due to undesired effects such as
capacitance, storage and propagation times, etc., is ignored.

1.2.11 Function (sequential) matrix

A table having several inputs which gives the possible output configurations for each input
configuration(s) and from which the output configuration(s) resulting from a transition from
each individual input configuration to any other input configuration can be read directly.

NOTE - Where appropriate, a function (sequential) matrix may be compleied by additional data or details
concerning time conditions (e.g. transition times for the input levels, delay tims, duration of the input configuration
to produce a desired new output configuration).

1.2.12 Preparatory input terminal

An input terminal through which an applied digital signal can modify the manner in which the
circuit reacts to signals at other input terminals, without directly causing a change of the output
configuration (output pattern) of the circuit.

1.2.13 Enable input

An input that when active permits one or more specific operations to be commenced.

NOTE 1 — An "enable" signal may either:

a) permit one or more operations to be performed while the signal is maintained at a specified level, or

b} operate a latch that will allow an operation to continue even after the "enable® signal has been removad.
NOTE 2 ~ "Enable” is a generic term. It may be qualified by suitable descriptive adjectives as raquired.

1.2.14 Chip-enable input

An enable input that when inactive causes the integrated circuit to be in a reduced-power
stand-by mode.
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1.2.15 Chip-select input

An enable input that when inactive prevents both input and output of data to and from the
integrated circuit.

1.2.16 Output enable input
An enable input that when inactive prevents the output of data‘from the integrated circuit.

NOTE — When not enabled, the outputs will assume a low level, a high level, or a floating (high-impedance) state,
depending on the design of the particular circuit.

1.2.17 Write-enable input

An input that, when active, permits data to be entered into a memory for storage.

1.2.18 Disable input; inhibit input
An input that when active prevents one or more specific operations from being performed.

NOTE 1 — These are alternative names for an enable iﬁput emphasizing the complementary or negative aspect.

NOTE 2 - When inactive, an enable input disables or prevents the operations that it would permit if active.
Conversely, when inactive, a disable input permits the operation(s) to be performed that it would pravent if active.

1.2.19 Level-operated input

An input that continues to be active (to cause excitation) as long as it remains at an active
level. ,

1.2.20 Transition-operated input

An input that is active (causes excitation) only on one of the two directions of transition or an
input that causes excitation only if the rate of change from one level to another is sufficiently
large.

1.2.21 Set
1) (1SO) To cause a counter to take the state corresponding to a specified number.

2) (ISO) To place a storage device into a specified state, usually other than that denoting zero.
NOTE ~ Contrast with "reset".

1.2.22 Resets
1) (ISO) To cause a counter to take the state corresponding to a specified initial number.

2) (I1SO) To restore a storage device to a prescribed initial state, not necessarily that denoting
zero.

NOTE - Contrast with "set".
1.3 Types of circuits
1.3.1 Digital circuit

A circuit which is designed to operate by means of digital signals at the input(s) and at the
outpui(s).

NOTE 1 ~ in this definition, it is understood that “inputs" and “outputs” exclude static power supplies.
NOTE 2 - In some digital circuits, e.g. certain types of astable circuits, the input(s) need not exist.
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1.3.2 Binary circuit

A digital circuit designed to operate with binary signals.

NOTE - The pairs of ranges of values of the binary signals may be different at different terminals.
1.3.3 Combinational (digital) circuit

A digital circuit in which there exists one, and only one, combination of the digital signals at the
outputs for each possible combination of digital signals at the inputs.

1.3.4 Sequential (digital) circuit

A digital circuit in which there exists at least one combination of the digital signals at the inputs
for which there is more than one corresponding combination of the digital signals at the
outputs. ,

NOTE - These combinations at the outputs are determined by previous history (as a result of internal memory,
delay, ete.)

1.3.5 Elementary combinational circuit

A binary combinational (digital) circuit which has only one output terminal; and in which the
output signal accepts the value occurring only once in the function if, and only if, the signals
applied to all the input terminals are either all in the H-range or all in the L-range.

NOTE 1 - Because the output signal value (occurring only once in the function table) can lie either in the H-range
or in the L-range, there are four types of elementary combinational circuits. According to the assignment of the
signal values L and H to the binary values 0 and 1 of Boolean aigebra, the following logic operations can be
realized by means of the four types of elementary combinational circuits: AND, OR, NAND, NOR.

NOTE 2 - Non-elementary combinational circuits can be formed by combining elementary combinational circuits or
-by combining elementary combinational circuits with inverters.
1.3.6 Bistable circuit

A sequential circuit which has two, and only two, stable output configurations (output patterns).

NOTE 1 - This broad classification can be divided into sub-classes according to the numbars and kinds of pseudo-
stable and meta-stable output configurations (output patterns) available and the number of applications of
appropriate excitations required to change from one stable output configuration {output pattern) to the other,

NOTE 2 - A stable outbut configuratibn (output pattern) of a bistable circuit can be expressed by the L-lavel or the
H-level of the reference ouiput terminal.

NOTE 3 ~ The term "bistable circuit® is used as a generic term to cover the whole range of sequential circuits with
two, and only two, stable output configurations. it may be used itself for any kind or class of bistabis circuits, when
such use does not result in ambiguity or misunderstanding. In particular, the abbreviated term "bistable circuit® is
often used for the single excitation bistable circuits.

1.3.6.1 Edge-iriggered (transition-operated) bistable circuit

A bistable circuit having one or more transition-operated inputs.

1.3.6.2 Pulse-triggered bistable circuit

A bistable circuit requiring that a signal at a preparatory input be set up with respect to a first
transition of a signal at a triggering input and be held with respect to a second transition
occurring at the same triggering input and possibly causing the outputs to change state.

NOTE — This definition does not preclude the possibilities that minimum set-up and/or hold times may be negative.
1.3.6.3 Data-lock-out bistable circuit

A bistable circuit requiring that the signals at the preparatory inputs be set up and held with
respect to that transition of the triggering-input signal that does not cause the outputs to
change state.
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1.3.7 Monostable circuit

A sequential circuit which has only one stable output configuration {output pattern).

NOTE 1 - The definition above is given in its most general form. In present usage, the term *monostable circuit”
implies that there is at least one meta-stable output configuration {output pattern) in addition to the stable output
configuration {output pattern).

NOTE 2 ~ In general, such circuits may have one or more meta-stable and/or pseudo-stable output configurations
(output patterns). )

1.3.8 Expander circuit

An auxiliary circuit which can be used to expand the number of inputs of equal influence of an
associated circuit without modifying the function of the associated circuit.

1.3.9 Binary inverter

Binary circuit which has only one input terminal and one output terminal, and in which a signal
value L {H) at the input produces a signal value H (L) at the output.

1.3.10 Master-slave arrangement

An arrangement of two bistable circuits such that one of them, called the "slave”, reproduces
the output configuration of the other circuit, called the "master". The transfer of information
from the master to the slave is produced by means of an appropriate signal.

1.3.11 Register

An arrangement of bistable circuits by means of which information may be accepted, stored,
and retrieved.

NOTE - The register may form part of another memory and is of 8 specified capacity.
1.3.12 Shift register

A register that, by means of an appropriate‘control signal, can transfer information between
consecutive bistable circuits with the sequence being preserved.

1.3.13 Counter

A sequential circuit for storing numbers that permits such numbers to be incremented or
decremented by a defined constant, including unity.

1.3.14 Digital decoder (integrated circuit)

An arrangement of logic elements (or the equivalent) that selects one or more output channels
according to the combination of input signals present.

1.3.15 Programmable logic device (PLD)

An integrated circuit that consists of logic elements with an interconnection pattern parts of
which are user programmable.

1.3.16 Programmable logic array (PLA)

A programmable logic device in which the logic elements consist mainly of arrays of AND gates
and arrays of OR gates. ‘

1.3.17 Programmable gate array (PG/A)

A programmable logic device in which the logic elements include switches and memory
elements that hehave as nrouns of natas.
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1.4 Terms related to ratings and characteristics
1.4.1 (Input) threshold voltage

The input voltage level that, when crossed, enables an output to change its logic state.

NOTE - The term hysteresis, often used in data sheets, denotes the difference between the positive-going and
negative-going threshold voltages.
Vhys =Vire = Vi

or: Viye = Virp = Virn
1.4.1.1 Positive-going (input) threshold voltage Vi1, ViTp

The input threshold VOItage when the input voltage is rising.
NOTE — See note to 1.4.1.

1.4.1.2 Negative-going (input) threshold voitage V|1_, Vitn

The input threshold voltage when the input voltage is falling.
NOTE - See note fo 1.4.1. '
1.4.2 Input loading factor (of a binary digital circuit)

A factor which indicates the ratio of the input current of a specified input terminal of a digital
circuit to the input current of a particular circuit which is chosen as d reference load.

NOTE - The reference load should preferably be chosen in such a way that the input loading factor becomes an
intager.

1.4.3 Output loading capability (of a binary digital circuit)

A factor which indicates the ratio of the maximum output current of a specified output terminal
of a digital circuit to the input current of a particular circuit which is chosen as a reference load.

NOTE - The reference load should preferably be chosen in such a way that the output loading capability becomes
an integer.

1.4.4 Set-up time

The time interval between application of a signal that is maintained at a specific input terminal
and a specified subsequent active transition at another input terminal.

NOTE 1 — The set-up time is measured between the instants at which the magnitudes of the two signals pass
through specified values within the transition of the signal ievels.

NOTE 2 - The set-up time is the actual time between two signals and may be insufficient to accomplish the
intended resuit. A minimum value is specified that is the shortest interval for which correct operation of the digital
circuit is guarantesd.

NOTE 3 - The set-up time may have a negative value, in which case the minimum limit defines the longest interval
(between the active transition and the application of the other signal) for which interval correct operation of the
digital circuit is guaranteed.

1.4.5 Hold time

The time interval during which a signal is retained at a specified input terminal after an active
transition occurs at another specified input terminal.

NOTE 1 - The hold time is measured between the instants at which the magnitudes of the two signals pass through
specified values within the transition of the signal levels. '

NOTE 2 - The hold time is the actual time between two signals and may be insufficient to accomplish the intended
result. A minimum value is specified that is the shortest interval for which correct operation of the digital circuit is
guaranteed. i

NOTE 3 - The hold time may have a negative value, in which case the minimum limit defines the longest interval
(between the active transition and the application of the other signal) for which interval carrect operation of the
digital circuit is quaranteed.
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1.4.6 Resolution time

The time interval between the cessation of one input pulse and the commencement of the next
input pulse applied to the same input terminal.

NOTE 1 — The resolution time is measured between the instants at which the magnitude of the inpu‘t signal passes
through specified values within the transition of the signal levels.

NOTE 2 — The resolution time is the actual time between two pulses.and may be insufficient to ensure that both
pulses are recognized. A minimum value is specified that is the shortest interval for which correct operation of the

digital circuit is guaranteed.
1.4.7 High-level to low-level (low-level to high-level) propagation time

The time interval between specified reference points on the input and on the output pulses,
when the output is going to the low-(high-)level and when the device is driven and loaded by
typical devices of stated types.

NOTE 1 - In some circumstances, the driving and the loading circuits may be replaced for test purposes by
equivalent networks which must be specified.

. NOTE 2 - The mean value between the upper limit of the input low range and the lower limit of the input high range
is generally used as the specified reference levsl.

1.4.8 High-level to low-level (low-level to high-level) transition time

The time interval between specified reference points on the edge of the output pulse when the
output is going to the low-(high-)ievel and when a specified input signal is applied through a
specified network and the output is loaded by another specified network.

1.4.9 Enable time

The time interval from a specified point on the transition of the enabling signal to a specified
point on an output waveform that represents the commencement of the intended operation.

1.4.10 Disable time

The time interval from a specified point on the transition of the disabling signal to a specified
point on an output wafeform that represents the cessation of the affected operation.

1.4.11 Output enable time (of a three-state output)

The time interval between the specified reference points on the input and output voltage
waveforms, with the three-state output changing from a high-impedance (off) state to either of
the defined active levels (high or low).

1.4.12 Outpu‘t disable time (of a three-state output)
The time interval between the specified reference points on the input and output voltage

waveforms, with the three-state output changing from either of the defined active levels (high
or low) to a high-impedance (off) state.

1.4.13 Pulse duration (width)

The time interval between the specified reference points on the two transitions of the pulse
waveform. ’

1.4.14 Valid time

The time interval during which an output signal is valid or during which an input signal must be valid.
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1.4.15 Output data-valid time

The time interval during which output data continues to be valid following a change of input
conditions that could cause the output data to change at the end of the interval.

1.4.16 Equivalent input (output) capacitance (of a binary circuit)

The capacitance of a discrete capacitor that causes the same effect on the waveform of a
digital signal as the capacitive component of the input (output) impedance of a binary circuit.

1.5 Latch-up concept
1.5.1 Latch-up state

A state in which a low-impedance path has resulted from and persists following the current
resulting from an input, output or supply overvoltage that triggers a parasitic four-layer bipolar
structure.

NOTE - In the latch-up stats, the device becomes inoperable.
1.5.2 Latch-up effect

A process that results in a latch-up state.

1.5.3 Latch-up on-state voltage (Vcc), Vop())

The voltage between the supply voltage terminals of an integrated circuit at a specified current
when the integrated circuit is in the latch-up state.

1.5.4 Latch-up current (fiatcn)
The lowest current that flows into or out of a specified terminal of an integrated circuit at the -
onset of latch-up.

2 Examples

2.1 Elementary combinatorial circuits

2.1.1 Types of elementary combinatorial circuits and their function tables
a) L-AND, H-OR circuit

Inputs Output

ABC Q

LLL...L L

All combinations with H H

b) L-NAND, H-NOR circuit

Inputs Output

ABC Q

LLL...L H

All combinations with H L
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c) H-AND, L-OR circuit

Inputs Output
ABC Q
HHH...H H
All combinations with L L
d) H-NAND, L-NOR circuit ‘
inputs Output
ABC Q
HHH...H L
All combinations with L H
e) Binary inverter
Input Output
L H
H L

2.1.2 Realization of logic operations by means of elementary combinatorial circuits

(for two possible assignments of the signal values L and H to the binary values 0 and 1 of
Boolean algebra)

Circuit Assignment

Type ' Name Le1 L=0
. H=z0 H=z1

a L-AND, H-OR AND OR
b L-NAND, H-NOR NAND NOR
c L-NOR, H-AND ' OR AND
d L-NOR, H-NAND NOR NAND

2.2 Principles of characterizing bistable circuits and related sequential digital circuits,
shown by examples using letter designations

Two different ways of presenting the (sequential) function matrices are quoted.

2.2.1 Preamble

2.2.1.1 If the signal applied to the input terminal concerned is:
~ active when it is at the H-level,
— or active during the transition from the L-level to the H-level,

then the letter which represents the input is used without a bar.
Examples: R, S, J ...

If the signal applied to the input terminal concerned is:

— active when it is at the L-level (i.e. NOT AT THE H-LEVEL),

— or active during the transition from the H-level to the L-level (i.e. NOT DURING THE
TRANSITION FROM THE L-LEVEL TO THE H-LEVEL),
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then the letter which represents the input is used with a bar.

Examples: R, S, J ...

In cases of level/transition-operated circuits where the above gives rise to contrary indications,
priority is given to the transition.

2.2.1.2 The output terminals of a bistable circuit are denoted by Q and Q*, where Q is the ‘
reference-output terminal.

2.2.1.3 Normally, in the two stable output configurations (output patterns) of a bistable circuit,
the levels at the terminals Q and Q* are complementary.

The pseudo-stable output configuration (output pattern) is stated by the letters H or L or
combinations thereof, to be put in brackets following the letters RS, when it occurs.

if, in the pseudo-stable output configuration (output pattern), the levels at Q and Q* are
complementary, both the letters H and L are used, the first letter designating the level at Q.

If, in the pseudo-stable output configuration (output pattern), the levels at Q and Q* are the
same, only one letter is used to designate these levels.

Examples: RS(H), RS(L), RS(HL), RS(LH).
If not required, the brackets and letters between them can be omitted.

2.2.1.4 All other types of RS, RgSg, JK, JrKt circuits, etc., can be described in a manner
analogue to the examples that follow. ‘

2.2.2 Circuits
2.2.2.1 RS (L) circuit

- A circuit having two level-operated input terminals R and S. Either input signal can be active in
- the H-level only. :

The input configuration (input pattern) (R, S) = (L, H) produces the output configuration (output
pattern) (Q, Q*) = (H, L). The return of the input signal at the S terminal to the L-level produces
no action. ‘

The input configuration (input pattern) (R, S) = (H, L) produces the output configuration (output
pattern) (Q, Q*) = (L, H). The return of the input signal at the R terminal to the L-leve! produces
no action. ,

The input configuration (input pattern) (R, 8) = (H, H) produces the pseudo-stable output
configuration (output pattern) (Q, Q*) = (L, L). The simultaneous return of both input signals
from the H-level to the L-level produces a non-foreseeable stable output configuration (output
pattern).

NOTE - In some cases, the input configuration (input pattern) (R, S) = (H, H) may not be permitted due to technical
reasons.
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Function (sequential) matrices:

R L H R L H
s | L H Lfjala a
OIROREREN RS L
@1 |{3|@)L|H H
211 | @l e L)L L

IEC 1859/97

Timing diagram:

« L

IEC 1680/97

Figure 1

2.2.2.2 RS (H) circuit

A circuit having two level-operated input terminals R and S. Either input signal can be active in
the L-level only.

The input configuration (input pattern) (R, S) = (H, L) produces the output configuration (output
pattern) (Q, Q*) = (H, L). The return of the input signal at the S terminal to the H-level produces
no action.

The input configuration (input pattern) (R, S) = (L, H) produces the output configuration (output

pattern) (Q, Q*) = (L, H). The return of the input signal at the R terminal to the H-level
produces no action. .

The input configuration (input pattern) (R, S) = (L, L) produces the pseudo-stable output
configuration (output pattern) (Q, Q*) = (H, H). The simultaneous return of both input signals
from the L-level to the H-level produces a non-foreseeable stable output configuration (output
pattern).

NOTE - In some cases, the input configuration (input pattern) (R, S§) = (L. L) may not be permitted due to technical
reasons.
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Function (sequential) matrices:

R L

S| H o
32| @ L
3|1 @@ H
@|l2|~ H

Timing diagram:

R N i N e N

wl

ot

2.22.3 T circuit

A circuit having one input terminal, T, which is transition-operated.

I
L LIl

I O I OO

Figure 2

R H
35 o
L
H
H
IEC 1861/87
L] L]
L
L.
o
IEC 1662/87

When the signal applied to the input terminal changes from the L-level to the H-level, it

produces change-over of the output configuration (output pattern).

The return of the input signal from the H-level to the L-level produces no action.

Function (sequential) matrices:

TlLr|H]alao
®|2fL|H
3 | @fiH | L
@|4fH|L
1| @)L |H
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Timing diagram:

IEC 1664/97

Figure 3

2224 Tcircuit
A circuit having one input terminal, T, which is transition-operated.

When the signal applied to the input terminal T changes from the H-level to the L-level, it
produces change-over of the output configuration (output pattern).

The return of the input signal from the L-level to the H-level produces no action.

Function (sequential) matrices:

T LjHjpQ]|Q

2oL |H

@lalH]L
4 |@FH|L
@] 1 L|H

IEC 1065/97

Timing diagram:

S e I m B
S TR e T e B

{EC 168897
Figure 4

2.2.2.5 General Tg circuit
A circuit having one transition-operated input terminal, T, and one level-operated input terminal, G.
While the G input signal has the H-level, the circuit functions like a T circuit.

While the G input signal has the L-level, the T input signal has no effect on the output
configuration (output pattern).
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The simultaneous change of both input signals produces a non-foreseeable output
configuration (output pattern) if the T input signal changes from the L-level to the H-level
and the G input signal changes, either from the L-level to the H-level, or from the H-level to the
L-level. :

Function (sequential) matrices:

G L H G L H
T L H tjJojo T a
®|s]|?*]2JL]H H
1 12|41 @JL]|H H
1|®| @l 2L ]|H H
s | @] @] s]H]|L L
6213 {®JH]|L L
®|la|l2185fH]|L L
IEC 1667/97
Timing diagram:
T T et
e———__ 1 ]
oI 1 | |
S l 1
IEC 166897
Timing diagram of general Tg circuit (continued):
1 _ I _ _ I
R _ L 1
Q __1 . . - ___J. . . ‘
a— 7 ? . ? L.
(I —_ I —_—
IEC 1865/97
Figure 5
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Function (sequential) matrices of the Tg circuit with T delayed with respect to G:

G|{L|H|W G| L|{H|w
T| H |Lf]aleo
2ls|@fL|H
Q|@|1]L|H
@|@|a]H]|L

IEC 1670497

G|L|wH|H G| L|WH|H
T{L]|H|[L}o | Q
Ol®lz2]L|H H
1|3 |[@fL|H H
Oi|®|4H|L L
sl1]|]@fH]L L

IEC 1871/57

Figure 6

2.2.2.6 (Transition-operated) JK circuit

A circuit having two transition-operated input terminals, J and K, for which the input signals are
active during the change from the L-level to the H-level.

When the signal applied to the J input terminal changes from the L-level to the H-level, it
produces the output configuration (output pattern) (Q, Q*) = (H, L). The return to the input
signal at the J terminal to the L-level produces no action.

When the signal applied to the K input terminal changes from the L-level to the H-level, it
produces the output configuration (output pattern) (Q, Q*) = (L, H). The return of the input
signal at the K terminal to the L-level produces no action.

The simultaneous change of both input signals from the L-level to the H-level produces
change-over of the output configuration (output pattern).

The return of either, or both, input signals to the L-level produces no action.
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Function (sequenrial) matrices:

K L H K L H
J L H Lja|a J
OIENEREOY ERE
11 @@ 1]JL]H
4|4 (OO} H|L

IEC 1672/97

Timing diagram:

N

IEC 167387

Figure 7

2.2.2.7 (Transition-operated) J, K circuit

Description analogous to 2.2.2.6, but where the input signals are active during the change from
H-level to L-level.

2.2.2.8 Dg circuit
A circuit having two level-operated input terminals D and G.

While the G input signal has the H-level, the level at the reference outpuyt terminal Q is the
same as the level of the D input signal.

When the G input signal changes from the H-level to the L-level, the output configuration
{output pattern) is maintained.

While the G input signal has the L-level, the D input signal has no effect.

The simultaneous change of both input signals produces a non-foreseeable output
configuration (output pattern) if the G input signal changes from the H-level to the L-level and
the D input signal changes either from the L-level to the H-level, or from the H-level to the L-
level.
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Function (sequential) matrices (these matrices apply only for the case where D is delayed with
respect to G):

IEC 1674097

Timing diagram:

IEC 1675/97
Figure 8
2,229 Dg circuit |
A circuit having two level-operated input terminals, D and G.

~ While the G input signal has the L-level, the level at the reference output terminal Q is the
same as the level of the D input signal.

When the G input signal changes from the L-level to the H-level, the output configuration
(output pattern) is maintained.

While the G input signal has the H-level, the D input signal has no effect.

The simultaneous change of both input signals produces a non-foreseeable output

configuration (output pattern) if the G input signal changes from the L-level to the H-level and
the D input signal changes either from the L-level to the H-level, or from the H-level to the
L-level. '
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Function (s:gquenﬁal) malrices (these matrices apply only for the case where D is delayed with
respect to G):

G L | H G L H
plL|H|w]la]lo D a
ol2lolu|H H
1 |@1OfH ]| L L
IEC 16768/07

Timing diagram:

IEC 1877797

Figure 9
2.2.2.10 Dr circuit

A circuit having one level-operated input terminal, D, and one transition-operated input
terminal, T.

The change of the T input signal from the L-level to the H-level produces at the reference
output terminal Q a level which is the same as the level of the D input signal.

When the T input signal changes from the H-level to the L-level, the output configuration
(output pattern) is maintained.

While the T input signal has either the L-level or the H-level, the D input signal has no effect.
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Function (sequential) matrices (these matrices apply only for the case where D is delayed with
respect to T):

T L H T L H
D|L|H|wWHja]|O a
Ol2lO)L | H H
1@ afjL]H H
4 ]®|1@H|L L
@31 JH]L L

IEC 1878/97

Timing diagram:

S e I e O [

g — 1 1 l

e R L
Figure 10

2.2.2.11 DT circuit

A circuit _having one level-operated 'input terminal, D, and one transition-operated input
terminal, T.

The change of the T input signal from the H-level to the L-level produces at the reference
output terminal Q a level which is the same as the level of the D input signal.

When the T input signal changes from the L-level to the H-level, the output configuration
{output pattern) is maintained.

While the T input signal has either the H-level or the L-level, the D input signal has no effect.
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Function (sequential) matrices (these matrices apply only for the case where D is delayed with
respect to T): '

Tlte HH

D |WH|H LI-Q_Q‘
o ——
Dlz2|®fL|H
3] @{1JL|H
@|@|asfH]|L
t|3|@FH] L

IEC 168057

Timing diagram:

p— [ LI e

T L L] L LI
S e B —
N 1T
IEC 1681/97
Figure 11

2.2.2.12 RgSg (L) circuit
A circuit having three level-operated input terminals, R, S and G for which H is the active level.
While the G input signal has the H-level, the circuit functions as a RS (L) circuit.

When the G input signal changes from the H-level to the L-level, the output configuration
(output pattern) is maintained, provided that it is not pseudo-stable.

When the output configuration (output pattern) is pseudo-stable, i.e. (Q, Q*) = (L, L), the
change of the G input signal from the H-level to the L-level produces a non-foreseeable output
configuration (output pattern).

While the G input signal has the L-level, the R and S input signals have no effect.
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Function (sequential) matrices:

G L H
R L H L
8 L H L H L Q|a

®
CAR Y]
T

G L H
R L H L
H Lfao|oO
] L H
b | 2 JL|H
? H L
H|L
2L
IEC 188297
Timing diagram:
R L1 LU I B
e— T1M T I L
o LI LTI 1 | L] I
1 [ T R O S
Q ----------
o 1__TU l fo
IEC 188397
Figure 12
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2.2.2.13 RgSg (L), BgSq (H) and Ry Sg (H) circuits
Description analogous to 2.2.2.12.

2.2.2,14 JyKy circuit

A circuit having two level-operated input terminals, J and K, and one transition-operated input
terminal, T. :

When the T input signal changes from the L-level to the H-level, an input configuration (output
pattern) corresponding to the levels of the J and K input signals is produced as follows:

For the input configuration (input pattern) (J, K) = (L, H),
the output configuration (output pattern) (Q, Q*) = (L, H).

For the input configuration (input pattern) (J, K) = (H, L),
the output configuration (ocutput pattern) (Q, Q*) = (H, L).

For the input configuration {(input pattern) (J, K) = (H, H),
change of the output configuration (output pattern).

For the input configuration (input pattern) (J, K) = (L, L),
the output configuration is maintained.

The return for the T input signal from the H-level to the L-level has no effect. When the T input
signal has either the H-level or the L-level, the J and K input signals have no effect.

Function (sequential) matrices (the following matrices apply only for the case where J and K
are delayed with respect to T):

T L H T L H
K L H H K
J |t H Ljwjala J

Q2|2 O|®fL|H

11 @@ 1]4]L|H

4| 41Q@I®|1}H]|L
@D|@|s|s|@FH]|L
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Timing diagram:

FRRE e W N
. | 3 B
L LI N R
a [ | I S
@ l | I

NOTE - Definitions for the other classes of J7Kr circuits are still under consideration.

Figure 13
2.2.2.15 J7K5, Jr Ky and JzKx circuits
Descriptions analogous to 2.2.2.14.
2.2.2.16 RS (H), J; K5 circuit

Function (sequential) matrices:

RS JK T
- \
S| L |u H H S
RIL]|H H H R
T X H L T
J X H | L |x J
K X L] H {Lx]ele K
3lal@j2]|2lO|D|OL|H
slal1|olol1|1]|afLlH
@laf1]|2]22|2]2|H]|H
sl@|1|@|s|{s|@|@fn|L]
sla|1|{4|l®l®lalr1ln]L

3 Terminology for integrated circuit memories

3.1 General terms
3.1.1 Memory cell (or memory element)

The smallest subdivision of a memory into which a unit of data has been or can be entered, in
which it is or can be stored, and from which it can be retrieved.
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3.1.2 Integrated circuit memory

An integrated circuit consisting of memory cells (elements) and usually ihcluding associated
circuits such as those for address selection, amplifiers, etc.

3.1.3 Storage zone of data

A subdivision of the memory, including one or several memory cells, that is the smallest part of
the memory that can be selected.

NOTE — The content of a storage zons of data is usually called a "word".
3.1.4 Address

A group of bits that identifies a particular storage zone of data
or:
the appropriate electrical signals applied to the inputs to access this storage zone.

3.1.5 Destructive readout

A reading process that causes the loss of stored information from the storage zone that has
been read. ‘

3.1.6 Block

A continuous range of‘memory addresses.

NOTE — The number of addresses in the range is frequently equal to 2".
3.1.7 Erase

To remove information from a memory.

3.2 General terms relating to memory function and organization
3.2.1 Organization of information storage
3.2.1.1 Bit-oriented organization

An arrangement in which the storage zones each consist of one memory cell.

3.2.1.2 Word-oriented organization

An arrangement in which the storage zones each consist of a defined number of memory cells
that form a word. ,

3.2.1.3 Block-oriented organization

An arrangement in which the storage zones form a block.

NOTE - The storage zones in a block may each contain a different number of memory cslls.
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3.2.2 Presentation of information
3.2.2.1 Parallel presentation of information

The simultaneous transmission of several bits of data on separate channels or bus lines.

-3.2.2.2 Serial presentation of information

The transmission of several bits of data in succession on a single channel or bus line.

3.2.3 Mode of addressing
3.2.3.1 Parallel addressing

The selection of a storage zone by the simultaneous presentation of each bit of the address.

3.2.3.2 Serial addressing

The selection of a storage zone by the presentation in succession of each bit of the address.

3.2.3.3 Multiplexed addressing, serial-parallel addressing -

The selection of a storage zone by the presentation of several groups of bits that together
constitute the address, the bits of each group being presented in parallel and the groups
themselves being presented in series.

3.3 Types of memories
3.3.1 Read-only memory (ROM)

A memory in which the contents are intended to be read only and not to be altered during
normal operation.

NOTE - Unless otherwise gualified, the term "read-only memory" implies that the data content is determined by its
structure and is unalterable.

3.3.1.1 Fixed-programmed read-only memory

A read-only rhemory in which the data content of each cell (element) is determined during
manufacture, and is thereafter unalterable.

a) Mask-programmed read-only memory

A fixed-programmed read-only memory in which the data content of each cell (element) is
determined during manufacture by the use of a mask.

3.3.1.2 Field-programmable read-only memory

A read-only memory that, after being manufactured, can have the data content of each memory
cell (element) altered.
a) Programmable read-only memory (PROM)

A field-programmable read-only memory that can have the data content of each memory cell
(element) altered once only.

b) Reprogrammable read-only memory

A field-programmable read-only memory that can have the data content of each memory cell
(element) altered more than once.
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3.3.2 Read/write memory

A memory in which each cell (element) may be selected by applying appropriate electrical input
signals, and in which the stored data may be either:

a) sensed at appropriate output terminals, or
" b) changed in response to other appropriate electrical input signals.

3.3.3 Random-access memory (RAM)

A memory that permits access to any of its address locations in any desired sequence.

NOTE - By common usaga, this term usually denotes a “read/write” memory; but it could also apply to a “redd-only”
memory.

3.3.4 Static read/write memory

A memory in which the data content is retained in the absence of control signals.

NOTE 1 - The words "read/write” may be omitted from the term when no misunderstanding may occur.
NOTE 2 - A static memory may use dynamic addressing and/or sensing circuits.

3.3.5 Dynamic read/write memory

A memory in which the cells (elements) require the repetitive application of control signals in
order to retain the data stored.

NOTE 1 - The words "read/write” may be omitted from the term when no misunderstanding may occur.

NOTE 2 — Such repetitive application of the control signals is normally called a refresh operation.

NOTE 38 — A dynamic memory may use static addressing and/or sensing circuits.

NOTE 4 - This definition applies whether or not the control signals are generated inside or outside the memory.

3.3.6 Volatile memory

A memory in which the data content is lost when power is no longer supplied to it.

3.3.7 Serial access memory

A memory in which storage zones can only be accessed in a predetermined sequence.

3.3.8 Content addressable memory (CAM) (associative memory)

A memory that responds with all the data in a storage zone if a portion of that data matches the
data used for addressing the memory.

NOTE - If a match could occur in more than one storage zone, then usually the data read out will be that contained
in the storage zone having the lowest address value.
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3.4 Terms related to ratings and characteristics

3.4.1 Cycle

A sequence of operations necessary to perform one of the functions of the memdry.

In general, four possible cycles can be identified, i.e.:

a) Read.
b) Write.
¢) Read-write.
d) Write-read.

3.4.2 Cycle time (see notes 1, 2 and 3)

The time interval necessary to perform one cycle, i.e. the tlme interval between the start of a
cycle and the end of that cycle.

a) Read cycle time

The time interval between the start and the end of a read cycle.
b) Write cycle time

The time interval between the start and the end of a write cycle.
c) Read-write cycle time '

~ The time interval between the start of a cycle in which the memory is read and new data are
entered, and the end of that cycle.

NOTE - The term ‘"read-modify-write cycle" is sometimes used as an alternative title for "read-write cycle”;
however, this usage is deprecated because "read-modify-write" is also used in another context to indicate that data
are extracted, processed, and then re-entered into the memory.

d) Write-read cycle time

The time interval between the start of a cycle in which data are entered and the memory is then
read, and the end of that cycle.

NOTE 1 ~ These times are the actual time intervals between two pulses, and may be insufficient for the completion
of operations within the memory. In each case, a minimum value is specified that is the shortest time in which the
memory will perform its corresponding function(s) correctly.

NOTE 2 - The "end of a cycle” is to be understood as the earliest instant at which any subsequent cycle can start
with correct functioning of the memory.

NOTE 3 — A cycle is always performed for a constant address.
3.4.3 Write recovery time (see note 1 {0 3.4.2)

The time interval between the termination of a write pulse and the initiation of a new cycle, this
time interval being provided for the memory to recover from a write operation and operate
correctly.

3.4.4 Sense recovery time

The time interval needed to switch a memory from a write mode to a read mode, and to obtain
valid data signals at the output.

3.4.5 Access time

The time interval between the application of a specific input pulse, other necessary inputs
being already present, and the availability of valid data signals at an output.
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The access time can only be defined with reference to an output signal (read operation).

NOTE ~ Examples of various access times are:

Address access time: time between address input and data output.
Enable access time: time between enable input and data output.
Read access tima: time between input and data output.

In general, there are two values for each access time, depending on whether the output goes to the high level or to
the low level.

3.4.6 Refresh time interval

The time interval between the beginning of successive signais that are intended to restore the
level in a dynamic memory cell to its original level.

NOTE -~ The refresh time interval is the actual time between two refresh operations and may be insufficient to
protect the stored data. A maximum value is specified that is the longest interval for which correct operatlon is
guaranteed.

3.4.7 Precharge time (of a dynamic memory)

The time interval between specified transitions at one or more inputs that ailows the internal
nodes of the circuit to be charged or discharged to predetermined voltage levels prior to the
start of a new cycle.

NOTE - This defines the actual precharge time interval, which is determined by the system in which the device is to

operate. A minimum value is specified that is the shortest interval for which correct operatlon of the device is
guaranteed.

3.5 Typical waveforms for static read/write memories

NOTE - Four waveform diagrams are shown to illustrate the definitions of "cycle times® {(given in 3.4.2) for four
modes of operation. These diagrams are examples only; they are for static memories, and do not necessanly
represent any particular memory device.

They are not intended to indicate the precise points on the waveforms between which the various times are
measured. These points shall be part of the specification for a particular integrated circuit.

The diagram also include some additional tarms to assist understanding, though no formal titles or definitions exist
for those additional terms at present.
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IEC 1887/97

Typical waveforms

= read cycle time

= address access time

= read access time

= @nable access time

= address set-up time before read
= read set-up time before enable
7 = address set-up time before enable
8 = putput valid time after address
9 = output valid time after read

10 = output valid time after enable

11 = address hold time after enable
12 = read hold time after enable

oD oA =

Point@is the earliest instant at which a subsequent
cycle can start.

The active levels for the read and enable inputs are
indicated by tha letters in parentheses (H or L).

m input : irrelevant
output : unknown or changing

Figure 14 - Read cycle
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IEC 1688/97

Typical waveforms
1 = write cycle time
= address set-up time before write
= address set-up time before enable
= onable set-up time before (end of) write
= data-in set-up time before (end of) write
= write pulse duration
= address hold time after write
= address hold time after enable
= enable hold time after write
0 = data-in hold time after write

n

- 0 Wm~ND;M LK

Point@is the earliest instant at which a
subsequent cycle can start.

The active levels for the write and enable
inputs are indicated by the Iletters in
parentheses (H or L).

m input :irrelevant
output : unknown or changing

Figure 15 — Write cycle
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Output
IEC  168%/97
Typical waveforms
1 = read-write cycie time
2 = address access time
3 =read access time
4 = enable access time
5 = address set-up time before read
& = read set-up time before enable
7 = address set-up time before enable
8 = data-in set-up time before (end of) write
9 = write pulse duration
10 = output valid time after read
11 = address hold time after write
12 = enable hold time after write ’
13 = data-in hold time after write
Point @ is the earliest instant at which a
subsequent cycle can start.
The active levels for the read/write and enable
inputs are indicated by the istters in parentheses
(Horl).
m input : irrslevant
output : unknown or changing
Figure 16 — Read-write cycle
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Typical waveforms

1 = write-read cycle time

2 = address set-up time before write
3 = enable set-up time before write
4 = data-in set-up time before {(end of) write
§ = write pulse duration

8 = data-in hold time after write

7 =sense recovery time

8 = output valid time after address
9 = output valid time after enable

10 = write recovery time

Point (@) is the earliest instant at which a
subsequent cycle can start.

The active lavels for the write-read and enable
inputs are indicated by the letters in parentheses
(HorlL).

m input  : irrelevant
output : unknown or changing

Figure 17 — Write-read cycle
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3.6 Terms and descriptions for test patterns for memory testing

3.6.1 Introduction

3.6.1.1 Working definitions for principal terms

3.6.1.1.1 Daia pattern

An array of logic ZEROs (0's) and logic ONEs (1's) within a field of memory cells.
NOTE — A field is usually subdivided intb *rows" and “columns®.

3.6.1.1.2 Address sequence

A specified sequence of addresses.

3.6.1.1.3 Test pattern

A specified address sequence with the operations specified for each address so as to create a
specified data pattern.

3.6.1.2 General

The enumeration given in 3.6.2 to 3.6.4.2 ié not exhaustive and is limited to descriptions only.

No considerations are made regarding elapsed test times or failure modes and related test
patterns. All test patierns described in subclause 3.6.4 are intended to perform tests on a
specified data pattern. For each description, an assumption is made on the allocation of the
memory addresses to the topological location of the memory cells. On this basis, the address
sequence is chosen.

In practice, a different allocation may be chosen by the manufacturer, for example, in a 4 k
RAM, cell number 4095 may be located in the upper left corner of the field of memory cells,
adjacent to cell number 0. Then the address sequence correspondmg to the specified data
pattern shall be changed accordingly.

In all specifications, the address sequence corresponding to the specified data pattern shall be
stated by the manufacturer. Examples given are based on a square field where the numbers of
"rows" and "columns" are equal. :

To the extent that much of the information given relates to data patterns within the memory, the
logic symbols "0" and "1" have been used (instead of L and H). :

NOTE — N means the number of memory cells. The addresses run from 0 to N-1.
3.6.2 Data patierns

In the figures representing data patterns, the number of memory cells is represented by the
sequence 0 to N-1, where N is the total number of cells. The numbering used is row-by-row
and from left to right.

NOTE - Representations may be in either logical or graphical form as shown in the a) or b} versions of the figures
given.
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3.6.2.1 All ONE (all ZERO)
A data pattern consisting of all 1s (all 0s) (see figure 18 for all 1s).

0 1 2

IEC 169197
Figure 18

3.6.2.2 Single ONE (single ZERO)

A data pattern consisting of a single 1 (single 0) on a background of all 0s (all 1s) (see figure 19
for a single 1).

a) b)

N-1 N-1
IEC 1692797
Figure 19
3.6.2.3 Column bars
A data pattern of alternating columns of Os and 1s (see figure 20).
0 1 2 0
] 1 ] 1
0 1 0 1
a) b)
0 1 0 1
0 1 0 1
N-1
IEC 1683/57
Figure 20
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3.6.2.4 Row bars

A data pattern of alternating rows of Os and 1s (see figure 21).

0 1 2 0 1 2
4] 0 0 0

N-1
IEC 1894/97

Figure 21
3.6.2.5 Diagonal

A data pattern of diagonal 1s or Os on the background of complementary data.

NOTE - In a square array of memory cells, "diagonal® denotes a configuration in which all cells are located either
on a main diagonal (see figure 22) or on two parallel diagonals such that only one memory cell is located in each
row and each column (see figure 23).

Example 1:

0 1 2

0 0 0 1

0 0 1 0
a)
] 1 0 0
1 0 ] ]
N-1
IEC 1895/87
Figure 22
Example 2:
0 1 2
0 1 0 ]
1 0 0 0 8
a) b)
] 0 ] 1
0 0 1 0
N-1
IEC 189607
Figure 23
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3.6.2.6 Checkerboard

A data pattern of alternating Os and 1s in both directions (that is, columns and rows) (see figure 24).

0 1 2

o b L

IEC 1697/97

Figure 24

3.6.3 Address sequences

NOTE - By means of suitable address sequences, data patterns can be shiftéd, complemented or extended within
memory fields.

3.6.3.1 Marching

An address sequence by means of which all cells are sequentially read and rewritten with
complementary data.

NOTE ~ Background data and rewritten data are complementary to each other (see figure 25).

0 1 2 0 1 2

1 1 1 1

a)

N-1 N-1
IEC 16087

Figure 25

3.6.3.2 Walking

- An address sequence by means of which a specified pattern in one or more consecutive cells
is shifted through the whole memory, all cells except those written with the shifted pattern
being read after each shifting (see figure 26).
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